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ABSTRACT 

Grey mould of conta iner-grown c o n i f e r  s e e d l i n g s  i n  B r i t i s h  Columbia 

f o r e s t  n u r s e r i e s  is caused  by B o t r y t i s  c i n e r e a  P e r s .  and  a f f e c t s  f o l i a g e  o f  

s e e d l i n g s  d u r i n g  t h e  growing s e a s o n  and i n  subsequen t  c o l d  s t o r a g e .  C o n t r o l  

of d i s e a s e  due t o  t h i s  fungus  is becoming i n c r e a s i n g l y  i m p o r t a n t  a s  a c c e l e r a -  

t i n g  needs  f o r  r e f o r e s t a t i o n  c a u s e  a s h i f t  i n  n u r s e r y  p r o d u c t i o n  methods from 

b a r e r o o t  t o  c o n t a i n e r  c u l t u r e .  

The o b j e c t i v e s  of t h i s  paper  are t o  d e s c r i b e  t h e  c i r c u m s t a n c e s  l e a d i n g  

t o  t h e  - B. c i n e r e a  moulding problem i n  B.C. v i a :  

1. a rev iew of s e e d l i n g  p r o d u c t i o n  t e c h n i q u e s  

2. a n  examina t ion  o f  host -pathogen i n t e r a c t i o n s  

3 .  a rev iew o f  c u r r e n t  c o n t r o l  methods. 

Based on f i n d i n g s  i n  B.C. and e l s e w h e r e ,  recommendations are made f o r  areas 

of i n v e s t i g a t i o n  i n t o  c o n t r o l  o f  t h i s  d i s e a s e .  

P r e v e n t i o n  of d i s e a s e  r e q u i r e s  a n  i n t e g r a t e d  approach  w i t h  major  

emphasis on c u l t u r a l  methods t o  r e n d e r  t h e  environment  u n s u i t a b l e  f o r  t h e  
b 

pathogen.  While t i m e l y  a p p l i c a t i o n s  o f  f u n g i c i d e s  are l i k e l y  b e n e f i c i a l ,  t h e  

p o t e n t i a l  f o r  r a p i d  build-up of  r e s i s t a n t  p o p u l a t i o n s  n e c e s s i t a t e s  c l o s e  

moni to r ing  of t r e a t m e n t  e f f i c a c y .  

Economic l o s s e s  from d i s e a s e  i n  t h e  n u r s e r y  and f o l l o w i n g  p l a n t i n g ,  due  

t o  e f f e c t s  on growth and y i e l d  and d i r e c t  m o r t a l i t y ,  have n o t  been i n v e s t i -  

g a t e d  i n  B.C. Q u a n t i t a t i v e  assessment  of  t h e  problem i s  n e c e s s a r y  b e f o r e  a 

mandate t o  r e d u c e  B. c i n e r e a  l o s s e s  t o  a  minimum c a n  be r e c e i v e d .  
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I. INTRODUCTION 

Operational reforestation began in British Columbia (B.C.) in 1939, with 

approximately 4000 ha per year being planted between 1941 and 1965 (Johnson 

1981). A paper presented at a 1974 symposium on seedling production reported 

that in Canada and the United States 50.6 million ha of productive forest 

land were in need of artificial regeneration and that current levels of re- 

forestation were reducing the backlog by less than 2% annually (Bingham 

1974). In B.C., with a 47.4 million ha public forest base (Anon. 1984a), 

annual reports of the B.C. Ministry of Forests indicate that on Crown Land in 

1981 and 1982, 39% (Anon. 1983a) and 45% (Anon. 1984a) of the approximately 

200,000 ha surveyed annually were classified as not satisfactorily restocked 

(NSR). To meet the reforestation needs under rapidly expanding harvesting 

rates in B.C. (Kinghorn 1970), container seedling culture was investigated as 

a method to supplement existing bareroot seedling production and make more 

effective use of manpower through increased mechanization. Kinghorn (1970) 

stated that rising labour costs and the scarcity of social capital available 
b 

to forestry operations accentuated the urgency for developing planting met- 

hods with the capacity for huge gains in productivity. 

Following several years of cultural experimentation (Matthews 1971) and 

planting trials (Vyse et al. 1971), a large scale container seedling program 

was established by the B.C. Ministry of Forests. In 1980, an inventory of 

public nurseries showed production of 33 million container seedlings, versus 

approximately 137 million bareroot seedlings (Anon. 1981a). The 1981-86 B.C. 

Ministry of Forests Five-Year Forest and Range Resource Program calls for 

production of 150 million plantable seedlings in 1985-86, with one-third of 



these to be produced by private nurseries (Anon. 1981b). Of these seedlings, 

50% will be container stock (Johnson 1981). To ensure adequate production of 

plantable seedlings in 1985-86, the report stated that a total of 168 million 

should be grown in that year to compensate for unavoidable annual 

losses (Anon. 1981b). 

Some portion of the annual loss in nurseries is due to pest problems in 

the crop. While most pests encountered in container culture have been seen 

earlier in bareroot nurseries (Sutherland et al. 1981), some, particularly 

grey mould caused by the fungus Botrytis cinerea Pers., have assumed much 

greater importance. Peterson (1974) stated that Botrytis had caused more 

losses in containerized facilities than any other pathogen, resulting in >20% 

mortality of Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco) seedlings in 

some greenhouses. Sutherland and Van Eerden (1980) noted that foliar dis- 

eases were of much greater importance on container-grown than bareroot stock 

and found that the incidence of - B. cinerea had increased steadily with in- 

creasing container culture and was prevalent in nurseries throughout B.C. 

Infection or contamination of container stock by - B. cinerea during the grow- 

ing season leads to moulding in overwinter storage (Sutherland et al. 1981), 

thereby increasing losses to this pathogen. 

The objectives of this paper are to describe the circumstances leading 

to the - B. cinerea moulding problem in B.C. container nurseries, with partic- 

ular attention to seedling production techniques and their development, an 

examination of Botrytis-conifer interactions and current control methods for 

this problem. Based on findings in B.C. and elsewhere, recommendations are 

made for investigations on control of this disease. 



11. NURSERY PRACTICES 

A .  C o n t a i n e r  C u l t u r e  

Conta iner  c u l t u r e  w a s  i n i t i a l l y  i n v e s t i g a t e d  i n  B.C. as a method of  de- 

c reas ing  r e f o r e s t a t i o n  c o s t s  th rough  i n c r e a s e d  mechan iza t ion  o f  t h e  p l a n t i n g  

p r o c e s s  (Kinghorn 1970) .  The f i r s t  s t u d i e s  o f  c o n t a i n e r  c u l t u r e  were i n  

1957, w i t h  s e e d l i n g s  grown i n  milk  c a r t o n s  (Johnson 1981) ,  and by 1961 a 

method had been deve loped  f o r  growing and p l a n t i n g  s e e d l i n g s  i n  i n d i v i d u a l  

p l a s t i c  c o n t a i n e r s  which became known as "Wal te r s '  b u l l e t s "  ( W a l t e r s  1961).  

With t h e  u s e  of a  s p e c i a l l y - d e v e l o p e d  p l a n t i n g  gun, p l a n t i n g  rates of abou t  

2400 s e e d l i n g s  p e r  person-day were ach ieved  w i t h  " b u l l e t s "  v e r s u s  400-900 

f o r  c o n v e n t i o n a l  b a r e r o o t  s t o c k  (Cayford 1972) .  Although t h e  " b u l l e t s "  were 

s t r u c t u r a l l y  weakened a n d  slit t o  f a c i l i t a t e  r o o t  e g r e s s ,  f i e l d  t r i a l s  begun 

i n  1967 showed t h a t  s e e d l i n g  s u r v i v a l  w a s  s i g n i f i c a n t l y  improved i f  t h e  

c o n t a i n e r  was removed p r i o r  t o  p l a n t i n g ,  a l l o w i n g  b e t t e r  r o o t - s o i l  c o n t a c t  

(Van Eerden 1972; A r n o t t  1975) .  F r o s t  heaving was a l s o  found t o  be  a problem 

wi th  s e e d l i n g s  p l a n t e d  i n  " b u l l e t s " ,  whereas i t  was n e g l i g i b l e  f o r  p l u g s ,  

i . e . ,  s e e d l i n g s  p l a n t e d  w i t h  c o n t a i n e r s  removed (Van Eerden 1972).  

The "Walters' b u l l e t "  had been des igned  f o r  ease of  p l a n t i n g ,  r a t h e r  
6 

than  r e a r i n g  s e e d l i n g s ,  a n d  i n  1967 a j o i n t  Canadian F o r e s t r y  Service1B.C. 

M i n i s t r y  of F o r e s t s  p r o j e c t  w a s  i n i t i a t e d  t o  develop a  c o n t a i n e r  which l e n t  

i t s e l f  t o  mechanizat ion o f  p rocedures  i n  t h e  n u r s e r y  and from which s e e d l i n g s  

would be removed a t  t h e  p l a n t i n g  s i t e  ( A r n o t t  1973). A moulded s ty rofoam 

block was developed which had round,  t a p e r e d  c a v i t i e s  of approx imate ly  twice 

t h e  volume of " b u l l e t s "  (Cayford 1972) ,  a l l o w i n g  f i r m ,  unbound r o o t  p l u g s  t o  

form which f a c i l i t a t e d  d i b b l e  p l a n t i n g  (Kinghorn 1970). Ra ther  t h a n  each 

c a v i t y  being an i n d i v i d u a l  u n i t  a s  w i t h  " b u l l e t s " ,  each "BC/CFS S tyrob lock  2" 

had 192 c a v i t i e s  and c o u l d  be loaded w i t h  growing medium, seeded and covered 



w i t h  g r i t  mechan ica l ly  ( A r n o t t  1973) .  An o p e r a t i o n a l  t r i a l  i n  1970 showed 

t h a t  p l a n t i n g  r a t e s  cou ld  be a s  h i g h  as 1200-1800 s e e d l i n g s  p e r  person-day 

when s e e d l i n g s  were p l a n t e d  d i r e c t l y  o u t  of q u a r t e r e d  s t y r o b l o c k s  (Vyse e t  

a l .  1971) ,  a  c o n s i d e r a b l e  i n c r e a s e  o v e r  b a r e r o o t  p l a n t i n g  rates. 

The f i r s t  l a r g e - s c a l e  c o n t a i n e r  f a c i l i t y  was c o n s t r u c t e d  by t h e  B.C. 

M i n i s t r y  o f  F o r e s t s  i n  1971 a t  S u r r e y  and had a c a p a c i t y  o f  a b o u t  8 m i l l i o n  

s e e d l i n g s  ( A r n o t t  1973) .  I n  t h e  same y e a r ,  a p u b l i c a t i o n  w a s  i s s u e d  by t h e  

Canadian F o r e s t r y  S e r v i c e ,  V i c t o r i a ,  e n t i t l e d  "Conta iner  S e e d l i n g  Produc t ion :  

a p r o v i s i o n a l  manual" which d e t a i l e d  n u r s e r y  c o n s t r u c t i o n  and a l l  phases  of  

c o n t a i n e r  s e e d l i n g  c u l t u r e  (Matthews 1971) .  C o n t a i n e r  f a c i l i t i e s  e s t a b l i s h e d  

by t h e  B.C. M i n i s t r y  of  F o r e s t s  o v e r  t h e  n e x t  decade a t  new and e x i s t i n g  

n u r s e r i e s  numbered 1 0  by 1980, and produced a t o t a l  of 31.7 m i l l i o n  s e e d l i n g s  

i n  t h a t  y e a r  (Anon. 1981a) .  A new F o r e s t  Act was procla imed i n  1978 which 

a l lowed p r o d u c t i o n  of f o r e s t  s e e d l i n g s  by non-minis t ry  n u r s e r i e s  (Johnson 

1981) .  

The impor tance  of p r o d u c t i o n  of h e a l t h y ,  adequa te ly - s i zed  s t o c k  was 

i l l u s t r a t e d  e a r l y  i n  o u t p l a n t i n g  t r i a l s ,  where f a i l u r e s  were a t t r i b u t e d  t o  
b 

low-qual i ty  s e e d l i n g s .  A s t r o n g  impe tus  f o r  c o n t a i n e r  s e e d l i n g  p r o d u c t i o n ,  

e s p e c i a l l y  i n  e a s t e r n  Canada, was t h e  p o t e n t i a l  f o r  producing l a r g e  numbers 

of s e e d l i n g s  i n  ve ry  s h o r t  p e r i o d s  i . e . ,  8-12 weeks (Cayford 1972) ,  which 

could  be sown and o u t p l a n t e d  c o n t i n u o u s l y  th rough  t h e  growing s e a s o n  (King- 

horn 1970).  F i e l d  tests soon showed, however, t h a t  ve ry  small s e e d l i n g s  had 

poor s u r v i v a l  rates. I n  Quebec i n  1966-67 p l a n t i n g s  were made of 8-week o l d  

b lack  s p r u c e  ( P i c e a  mar iana  [ M i l l .  ] BSP) i n  p l a s t i c  open-ended "Onta r io  

tubes"  when secondary growth was o n l y  1.5-2.0 cm above t h e  edge of  t h e  t u b e s  

(Arno t t  1969) .  A f t e r  one growing s e a s o n ,  55-60% of t h e  s e e d l i n g s  were clas- 



s i f i e d  as dead /unhea l thy  ( t e r m i n a l  dead o r  d y i n g ) ,  of  which 86% a t  one s i t e  

had been k i l l e d  by f r o s t  heav ing  o r  wa te r logg ing .  

A 1967 f i e l d  t r i a l  compared s u r v i v a l  of  Douglas - f i r  and w e s t e r n  hemlock 

(Tsuga h e t e r o p h y l l a  [ R a f . ]  S a r g . )  p l u g  s t o c k  c l a s s e d  as small and r e g u l a r  

( A r n o t t  1971) .  Average s u r v i v a l  of small s t o c k  3 y e a r s  a f t e r  p l a n t i n g  was 

approx imate ly  50% l e s s  t h a n  t h a t  of  r e g u l a r .  S i n c e  t h e  small s e e d l i n g s  were 

i n  poor c o n d i t i o n  a t  p l a n t i n g  due  t o  t o o  much shade  and no f e r t i l i z e r  d u r i n g  

t h e  growing s e a s o n ,  t h i s  t e s t  l i k e l y  r e f l e c t e d  t h e  need f o r  h e a l t h y ,  v igour-  

ous  s e e d l i n g s  a t  o u t p l a n t i n g  as much as  a need f o r  c e r t a i n  s i z e  cr i ter ia  t o  

be m e t  ( A r n o t t  1972) .  

P l a n t i n g  t r ia ls  of D o u g l a s - f i r ,  l o d g e p o l e  p i n e  ( P i n u s  c o n t o r t a  Dougl. 

e x  Loud) and whi te  s p r u c e  ( P i c e a  g l a u c a  [Moench] Voss) produced by v a r i o u s  

means showed t h a t  bo th  s i z e  and a g e  of  s t o c k  a t  p l a n t i n g  i n f l u e n c e d  s e e d l i n g  

e s t a b l i s h m e n t  (Van Eerden 1972) .  Van Eerden recommended t h a t  s t a n d a r d s  f o r  

s i z e  a s  w e l l  a s  q u a l i t y  be e s t a b l i s h e d  f o r  container-grown s t o c k .  High pos i -  

t i v e  c o r r e l a t i o n s  between s e e d l i n g  h e i g h t  a t  o u t p l a n t i n g  and growth increment  

and h e i g h t  f o r  s e v e r a l  y e a r s  a f t e r  p l a n t i n g  have been shown f o r  s o u t h e r n  

p i n e s  ( B a r n e t t  1982) ;  h e i g h t  a t  p l a n t i n g  was t h e  c h a r a c t e r i s t i c  most i n d i c a -  

t i v e  of  subsequen t  f i e l d  performance.  S t e i n  and Owston (1977) no ted  t h a t  

w h i l e  r e q u i r e d  s e e d l i n g  h e i g h t  may be a t t a i n e d  3 months a f t e r  g e r m i n a t i o n ,  

a d d i t i o n a l  growing t i m e  i s  r e q u i r e d  t o  a c h i e v e  d e s i r e d  stem d i a m e t e r ,  r o o t  

mass and dormancy. 

Although t h e  u s e  of s t y r o b l o c k s  r a t h e r  c o n t r a d i c t e d  t h e  o r i g i n a l  i n t e n t  

of  c o n t a i n e r  growth i n  B.C. ,  i . e .  mechanized p l a n t i n g ,  s e v e r a l  advan tages  

over  b a r e r o o t  s e e d l i n g  p r o d u c t i o n  have been r e a l i z e d  from i t .  Nursery lo -  

c a t i o n  is  n o t  r e s t r i c t e d  by p h y s i c a l  f a c t o r s  impor tan t  i n  b a r e r o o t  n u r s e r i e s ,  

such a s  s o i l  q u a l i t y  and d e p t h  of water  t a b l e  (Hahn 1982; H a r r i s  1982) ,  and 



requires only a suitable climate and water supply (Kinghorn 1970). 

Relatively small areas are required for production, with plant densities 

of approximately 6 million container seedlingslha , versus 0.4-0.5 million/ha 

1 
for bareroot stock (J. Halusiak , pers. comrn.). Thus shelters for seedlings 

ranging from simple shadecloth over gravel or cement (Matthews 1971) to more 

elaborate fibreglass or glass houses can readily be constructed. These 

structures, depending on their complexity, allow the grower to manipulate 

light intensity, moisture, relative humidity and temperature (McDonald 1982). 

In southwestern B.C., where the growing season is long and the climate mod- 

erate, germination of seedlings is frequently carried out under controlled 

conditions with germinants later moved to open shadehouses (Matthews 1971). 

Supplemental lighting may be supplied to seedlings from high altitude or high 

latitude seed sources to provide the critical day lengths necessary to inhi- 

bit premature cessation of shoot growth and terminal bud formation (Arnott 

and Mitchell 1981; Arnott and Macey 1985). In areas with cooler climates 

supplemental heat, requiring enclosed structures (Stein and Owston 1977), may 

be needed at the beginning or end of the growing season. 
L 

Close control of cultural conditions can be maintained from sowing 

through to extraction (Hahn 1982), removing non-inherent variability within a 

crop which could occur in the field with bareroot seedlings. Uniform com- 

position and volume of growing medium within a crop of container seedlings 

allow development of the "best" cultural conditions (Kinghorn 1970) which, in 

theory, should benefit all seedlings equally. These conditions contrast 

sharply with bareroot culture, where aspect, slope, soil composition and 
' 

I' CIP Inc., Saanich Forestry Centre, Saanichton, B.C. 



t h e r e f o r e ,  m o i s t u r e  and n u t r i t i o n ,  c a n  va ry  w i t h i n  a p l a n t i n g ,  r e s u l t i n g  i n  

a compromise i n  which o n l y  some p o r t i o n  of t h e  c r o p  i s  a t  optimum c o n d i t i o n s .  

I n  c o n t r a s t  t o  b a r e r o o t  c u l t u r e ,  a p p l i c a t i o n s  o f  water, n u t r i e n t s  and 

p e s t i c i d e s  t o  c o n t a i n e r  s e e d l i n g s  a r e  ach ieved  w i t h  a minimum of  l a b o u r  v i a  

overhead i r r i g a t i o n  sys tems ,  and minimal c o s t  of materials due t o  t h e  s m a l l  

areas and s o i l  volumes invo lved  (Matthews 1971) .  S i n c e  c o n t a i n e r  s e e d l i n g s  

a r e  u s u a l l y  a n  a n n u a l  c r o p ,  t h e r e  i s  seldom any c a r r y o v e r  o f  p e s t  o r  n u t r i -  

t i o n a l  problems (Matthews 1971) .  I n  a d d i t i o n ,  c o n t a i n e r  c u l t u r e ,  w i t h  i t s  

w e l l - c o n t r o l l e d  g e r m i n a t i o n  and g rowth ,  is f e l t  t o  make t h e  most e f f e c t i v e  

u s e  of s e e d ,  e s p e c i a l l y  i f  i n  l i m i t e d  q u a n t i t y  o r  g e n e t i c a l l y  improved (Hahn 

1982; Armson 1981) .  

B. Cold S t o r a g e  

S t o r a g e  p r a c t i c e s  f o r  c o n t a i n e r  s t o c k  a r e  based on r e s e a r c h  w i t h  bare-  

r o o t  hardwood and c o n i f e r  t r e e s  which h a s  been conducted s i n c e  t h e  1930 ' s  i n  

t h e  Uni ted  S t a t e s  (Ruth 1953; Hopkins 1958).  E x t e n s i v e  s t o r a g e  s t u d i e s  were 

begun i n  t h e  1 9 5 0 ' s  i n  Europe (Sandvik  1959) ,  England (Aldhous 1964) ,  t h e  US 

(Deffenbacher  and Wright 1954; Simon 1961)  and Canada ( Jo rgensen  and Stanek 
L 

1962; Wilner  and V a a r t a j a  1958).  The o b j e c t i v e s  of s t o r a g e  have been many 

a l t h o u g h  t h e  most i m p o r t a n t ,  from b i o l o g i c a l  and o p e r a t i o n a l  p o i n t s  o f  view, 

was t o  p rov ide  s t o c k  f o r  p l a n t i n g  a t  s i t e s  c l i m a t i c a l l y  s e p a r a t e d  from t h e  

n u r s e r y  by l a t i t u d e  o r  e l e v a t i o n ,  o r  bo th .  S t o r e d  s t o c k  cou ld  be mainta ined 

i n  a  dormant c o n d i t i o n  f o r  l a t e  p l a n t i n g  a t  h i g h  e l e v a t i o n  long  a f t e r  t h e  

n u r s e r y  c l i m a t e  had warmed (Simon 1961) ,  and ,  c o n v e r s e l y ,  t r e e s  c o u l d  be 

removed from s t o r a g e  and p l a n t e d  b e f o r e  t h e  c l i m a t e  i n  t h e  n u r s e r y  warmed 

s u f f i c i e n t l y  t o  a l l o w  l i f t i n g  (Wilner  and V a a r t a j a  1958; E l i a s o n  1962) .  

Deffenbacher and Wright (1954) p o i n t e d  o u t  t h a t  s t o r a g e  a l l o w s  q u a n t i t y  



p r o d u c t i o n  i n  l i f t i n g  and pack ing ,  t h e r e b y  maximizing u s e  of manpower, and 

t h a t  p l a n t i n g  c o n t r a c t o r s  cou ld  o r d e r  trees i n  small q u a n t i t i e s ,  e l i m i n a t i n g  

t h e  need f o r  h e e l i n g - i n  s t o c k  a t  p l a n t i n g  sites u n t i l  i t  c o u l d  be  used.  Cold 

s t o r a g e  was i n v e s t i g a t e d  as a means t o  a l l o w  s u r p l u s  s e e d l i n g s  from one y e a r  

t o  be saved and used t h e  n e x t  (Aldhous 1964).  M u l l i n  and Bunt ing  (1972) 

s t a t e d  t h a t  e x t e n s i o n  of t h e  r e g u l a r  s p r i n g  p l a n t i n g  s e a s o n  w a s  o n e  of  t h e  

c h i e f  advan tages  be ing  sough t  i n  o v e r w i n t e r  s t o r a g e .  More r e c e n t l y ,  Hines ley  

(1982) found t h a t  l a t e  f a l l  l i f t i n g  and s t o r a g e  o f  F r a s e r  f i r  (Abies  f r a s e r i  

[Pursh . ]  P o i r . )  e l i m i n a t e d  t h e  problem of  s e v e r e  t e r m i n a l  bud a b o r t i o n  t h a t  

accompanied s p r i n g  l i f t i n g .  F r o s t  heav ing  is a s e r i o u s  problem w i t h  b a r e r o o t  

s e e d l i n g s  overwin te red  i n  t h e  ground a t  t h e  n u r s e r y ;  Johnson (1981) r e p o r t e d  

t h a t  i n  t h e  p e r i o d  from 1975-1976 t h e  B.C. M i n i s t r y  of F o r e s t s  l o s t  22 m i l -  

l i o n  1+0 I n t e r i o r  s p r u c e  t h r o u g h  f r o s t  heaving.  L i f t i n g  and s t o r a g e  of seed-  

l i n g s  i n  t h e  f a l l  a v o i d s  t h i s  problem. Cold o v e r w i n t e r  s t o r a g e  a l s o  a v o i d s  

t h e  damage which can  o c c u r  on overwin te red  c o n t a i n e r  s e e d l i n g s  i n  c o o l  green-  

houses  o r  shadehouses  due t o  sudden f r e e z e s ,  d e s i c c a t i n g  winds and s t i m u l a -  

t i o n  of f o l i a r  a c t i v i t y  on sunny days  ( S t e i n  and Owston 1977).  
L 

Packing methods i n  s t o r a g e  have i n c l u d e d  b u r y i n g  e n t i r e  bund les  of 5 0  o r  

100 s e e d l i n g s  i n  mois t  sand ( E l i a s o n  1962) ,  l a y e r i n g  s e e d l i n g s  on open t r a y s  

w i t h  mois t  packing m a t e r i a l s  o r  u p r i g h t  i n  open crates w i t h  t h e  r o o t s  i n  

mois t  sphagnum moss o r  washed s h i n g l e  tow (Deffenbacher  and Wright 1954) ,  and 

bund l ing  s e e d l i n g s  t i g h t l y  i n  b a l e s  o f  750 w i t h  b u r l a p  o r  waterproof  packing 

materials l e a v i n g  bottom and t o p  e n d s  open (Mul l in  and Bunt ing 1972) .  The 

above methods,  and e s p e c i a l l y  t h e  f i r s t ,  r e q u i r e d  l a r g e  s t o r a g e  a r e a s  and it 

was found t h a t  open-s tored s e e d l i n g s  were s u b j e c t  t o  d e s i c c a t i o n  (Deffenbac- 

h e r  and Wright 1954) .  S t o r a g e  t r i a l s  of  s e e d l i n g s  i n  bund les  o r  l o o s e  i n  



open o r  c l o s e d  p o l y e t h y l e n e  o r  p o l y e t h y l e n e - l i n e d  paper  bags  have shown 

v a r y i n g  d e g r e e s  o f  s u c c e s s  (Mul l in  and Bunt ing 1972; Bunt ing  1974) ,  however, 

i t  a p p e a r s  t h a t  c l o s e d ,  po ly - l ined  paper  bags  p r o v i d e  t h e  b e s t  c o n d i t i o n s  f o r  

t h e  s e e d l i n g s  i n  s t o r a g e .  I n  B.C., s e e d l i n g s  are s t o r e d  i n  b u n d l e s  i n  

c l o s e d ,  poly- l ined k r a f t  paper  bags  i n s i d e  waxed ca rdboard  c a r t o n s  a t  abou t  

0•‹C (Hopkins 1975) .  

111. MOULDING BY BOTRYTIS CINEREA 

A .  The Fungus 

i. Taxonomy 

The genus B o t r y t i s  was e r e c t e d  by M i c h e l i  i n  1729,  making i t  one of t h e  

f i r s t  genera  of f u n g i  d e s c r i b e d ,  and i n  1801 Persoon d e s i g n a t e d  f i v e  s p e c i e s  

i n c l u d i n g  - B. c i n e r e a ,  which had been named by von Haller i n  1771 ( J a r v i s  

1977).  Lack of a  c o r r e c t  t y p e  s p e c i e s  and pe rhaps  m i s i d e n t i f i c a t i o n  of  many 

f u n g i  over  t h e  y e a r s  r e s u l t e d  i n  380 s p e c i e s  be ing  a s s i g n e d  t o  t h e  genus by 

1960 when Henneber t ,  i n  a d o c t o r a l  t h e s i s ,  r e -eva lua ted  t h e  genus and reduced 

t h e  number of s p e c i e s  t o  22 (Henneber t  1973) .  

The r e l a t i o n s h i p  of t h e  i m p e r f e c t  ( c o n i d i a l )  - B. c i n e r e a  t o  a p e r f e c t  
L 

( a p o t h e c i a l )  s t a g e  h a s  been t h e  s u b j e c t  of numerous s t u d i e s .  The p e r f e c t  

s t a g e  of t h e  fungus  was t h o u g h t  t o  be  P e z i z a  f u c k e l i a n a  by de  Bary i n  1864, 

a l t h o u g h  Fuckel  t r a n s f e r r e d  it t o  S c l e r o t i n i a  i n  1869 and Whetzel p laced  i t  

i n  t h e  genus B o t r y o t i n i a  i n  1945 ( J a r v i s  1977).  It w a s  n o t  u n t i l  1953 t h a t  a 

p o s i t i v e  g e n e t i c  connec t ion  was e s t a b l i s h e d  b e t w e e n - B o t r y o t i n i a  f u c k e l i a n a  

(de  Bary) Whetz. and B o t r y t i s  c i n e r e a  P e r s .  e x  P e r s .  (Groves and Loveland 

1953).  A 1974 Commonwealth Mycological  I n s t i t u t e  d e s c r i p t i o n  lists B. - c i n -  

e r e a  as t h e  c o n i d i a l  s t a t e  o f  S c l e r o t i n i a  f u c k e l i a n a  ( d e  Bary) Fuckel  ( E l l i s  

and Wal ler  1974) ;  l a t e r  works p l a c e  i t  i n  B o t r y o t i n i a  ( J a r v i s  1977,  1980a) .  



ii. D i s t r i b u t i o n  and Host  Range 

B. c i n e r e a  o c c u r s  th roughout  t h e  world  and is most common i n  humid t e m -  - 

p e r a t e  o r  s u b t r o p i c a l  areas ( E l l i s  and Wal le r  1974).  A s u r v e y  o f  t h e  Review 

of  Applied Mycology showed 235 h o s t  r e c o r d s  f o r  t h i s  fungus  (MacFarlane 1968) 

and a n  a n n o t a t e d  index  of  p l a n t  d i s e a s e s  and f u n g i  lists 1 6 3  h o s t s  i n  Canada, 

Alaska and Greenland (Conners 1967) .  Although p r i m a r i l y  a pathogen of  angio-  

sperms ( J a r v i s  1977) ,  - B. c i n e r e a  h a s  been recorded  on non-vascular  p l a n t s  

such as bryophy tes  (Anderson 1924) ,  lower  v a s c u l a r  p l a n t s  i n c l u d i n g  t h r e e  

genera  of f e r n s  (Anderson 1924) and gymnosperms (Peace  1962) .  

iii. I n f e c t i o n  o f  Host  

I n f e c t i o n  by c o n i d i a  i s  i n i t i a t e d  t h r o u g h  d i r e c t  p e n e t r a t i o n  of i n t a c t  

h o s t  c u t i c l e  w i t h  a n  i n f e c t i o n  peg from a germ t u b e  o r  appressor ium (McKeen 

1974).  F ree  w a t e r ,  p r e s e n t  a s  a f i l m  o r  d r o p  o v e r  t h e  conidium,  i s  n e c e s s a r y  

f o r  ge rmina t ion  t o  occur  ( J a r v i s  1977) .  The l e n g t h  of  t i m e  o v e r  which w e t -  

n e s s  i s  r e q u i r e d  t o  e n s u r e  i n f e c t i o n  v a r i e s  w i t h  t empera tu re .  Nelson (1951) ,  

s t u d y i n g  - B. c i n e r e a  of t a b l e  g r a p e s ,  found t h a t  a wet p e r i o d  o f  72-84 h o u r s  

a t  3•‹C was n e c e s s a r y  f o r  i n f e c t i o n  w h i l e  a 12-24 hour  p e r i o d  w a s  s u f f i c i e n t  

a t  16OC. Subsequent germ t u b e  growth,  appressor ium fo rmat ion  and p e n e t r a t i o n  

may r e q u i r e  o n l y  h i g h  r e l a t i v e  humid i ty  (Shoemaker and Lorbeer  1977; J a r v i s  

1980b). Whether p e n e t r a t i o n  i s  v i a  mechan ica l  o r  enzymat ic  means, o r  a com- 

b i n a t i o n  of b o t h ,  h a s  n o t  been e s t a b l i s h e d  (McKeen 1974; J a r v i s  1977) .  

Once p e n e t r a t i o n  i s  a c h i e v e d ,  8. c i n e r e a  l i v e s  s a p r o p h y t i c a l l y ,  p r i -  

m a r i l y  i n  t h e  h o s t  parenchyma, w i t h  hyphae advancing th rough  t i s s u e  k i l l e d  

o r  dying from e x c r e t e d  f u n g a l  enzymes ( J a r v i s  1977).  Con id ia  are borne i n  

c l u s t e r s  on branched c o n i d i o p h o r e s  which emerge from t h e  i n f e c t e d  t i s s u e  

(Hennebert  1973) .  



Growth of - B. c i n e r e a  myce l i a  o c c u r s  a t  t e m p e r a t u r e s  a s  low as  -2 t o  -3•‹C 

(Sommer e t  a l .  1985) and as h i g h  as  35OC (van den Berg and L e n t z  1968) w i t h  

a n  optimum a t  20-30•‹C, depending on t h e  s o u r c e  c o n s u l t e d  ( J a r v i s  1977) .  Van 

den Berg and Lentz  (1968) found t h a t  growth was v e r y  s low a t  O•‹C, w i t h  t h e  

rate i n c r e a s i n g  t o  a maximum a t  25OC and d ropp ing  o f f  r a p i d l y  a t  h i g h e r  

t e m p e r a t u r e s .  J a r v i s  (1977) s t a t e d  t h a t  t h e  optimum t e m p e r a t u r e  f o r  growth 

was 22•‹C and t h a t  s p o r u l a t i o n  was g r e a t e s t  a t  15•‹C. Germinat ion o f  c o n i d i a  

h a s  been recorded  a t  t e m p e r a t u r e s  from 0•‹C (Brooks and Cooley 1917) t o  26•‹C 

( J a r v i s  1977) .  

A s t u d y  of t h e  i n t e r a c t i o n  o f  t e m p e r a t u r e  and r e l a t i v e  humid i ty  (RH) on 

B. c i n e r e a  showed t h a t  m y c e l i a  s u r v i v e d ,  i n  t h e  absence  of n u t r i e n t s ,  2-12 - 

months a t  O•‹C and 85% RH and t h a t  s u r v i v a l  was >12 months i f  t h e  RH was 

r a i s e d  t o  95-100% (van den Berg and Len tz  1968) .  Con id ia  s u r v i v e d  2-6 months 

a t  0•‹C and 85-99% RH,  a l t h o u g h  a n  i n c r e a s e  i n  t e m p e r a t u r e  t o  20•‹C w i t h  85-90% 

RH reduced s u r v i v a l  t i m e  t o  <1 month. 

B. Epidemiology 

i. Moulding During t h e  Growing Season 
b 

Although grey mould of c o n i f e r s  is  g e n e r a l l y  c o n s i d e r e d  t o  be  a n u r s e r y  

d i s e a s e  a f f e c t i n g  b a r e r o o t  (Ha lbe r  1963; Bloomberg 1966; James 1980) and 

container-grown s e e d l i n g s  ( S u t h e r l a n d  e t  a l .  1981; James e t  a l .  1982) ,  i t  h a s  

o c c a s i o n a l l y  been found on o l d e r  trees. B o t r y t i s  i n f e c t i o n  of  young t w i g s  o f  

Norway s p r u c e  ( P i c e a  -- a b i e s  [L. ]  K a r s t e n ) ,  Douglas-f i r  and European l a r c h  

( L a r i x  dec idua  M i l l . )  on f o r e s t  t r e e s  o f  a l l  a g e s  was recorded  i n  Germany 

fo l lowing  a s p r i n g  of  e x c e p t i o n a l  humidi ty  (Zycha 1962) .  Peace  (1962) noted 

t h a t  a l t h o u g h  B o t r y t i s  was uncommon on p l a n t a t i o n  c o n i f e r s ,  a p p r e c i a b l e  

damage had been found on s u c c u l e n t  s h o o t s  of 2-3 m h i g h  Japanese  l a r c h  ( L a r i x  



kaempfer i  [Lamb.] C a r r . ) .  

I n  t h e  n u r s e r y ,  conta iner-grown s e e d l i n g s  a r e  much more l i k e l y  t h a n  

b a r e r o o t  s e e d l i n g s  t o  show - B. c i n e r e a  i n f e c t i o n  d u r i n g  t h e  growing s e a s o n  

( S u t h e r l a n d  e t  a l .  1981) due t o  h i g h  c r o p  d e n s i t y  ( S u t h e r l a n d  and Van Eerden 

1980) and f a v o u r a b l e  c o n d i t i o n s  of m o i s t u r e  and humid i ty  found i n  green- 

h o u s e / s h e l t e r h o u s e  f a c i l i t i e s  (James and Woo 1984; T h i e s  e t  a l .  1980).  

I n  c o n t r a s t  t o  p e r e n n i a l  c r o p s ,  such  as s t r a w b e r r i e s ,  which c a r r y  inoc-  

u l a  of s c l e r o t i a  and myce l i a  o v e r  t h e  w i n t e r  ( J a r v i s  1962) ,  a n n u a l  i n f e c t i o n s  

i n  container-grown s e e d l i n g s  are due  t o  a i r b o r n e  c o n i d i a  ( S u t h e r l a n d  e t  a l .  

1981) and p o s s i b l y  from con tamina ted  i r r i g a t i o n  water o r  s e e d  ( S u t h e r l a n d  and 

Van Eerden 1980).  These e a r l y  i n f e c t i o n s  become e s t a b l i s h e d  i n  s e n e s c e n t  and 

damaged t i s s u e s  ( J a r v i s  1977; S u t h e r l a n d  e t  a l .  1981) ,  s i n c e  B. c i n e r e a  i s  

b a s i c a l l y  a  saprophy te  ( J a r v i s  1977) ,  and o c c a s i o n a l l y  i n  young s u c c u l e n t  

growth ( J a r v i s  1980b; Cheung 1975).  Mycel ia  are l i k e l y  r e s p o n s i b l e  f o r  t h e  

p l a n t  t o  p l a n t  t r a n s m i s s i o n  of  d i s e a s e  which l e a d s  t o  expanding i n f e c t i o n  

c e n t r e s  w i t h i n  a  c r o p .  The s a p r o p h y t i c  food b a s e  from which mycel ia  advance,  

p l u s  t h e  dependence of c o n i d i a  on a f i l m  of  f r e e  water f o r  ge rmina t ion ,  g i v e  
L 

myce l ia  a  much g r e a t e r  inoculum p o t e n t i a l  t h a n  t h a t  of  germ t u b e s  emerging 

from c o n i d i a  ( J a r v i s  1977).  J a r v i s  (1962) found i n  a  f i e l d  t e s t  t h a t  o n l y  

1.4% o f  i n f e c t i o n s  of  i n t a c t ,  r i p e  s t r a w b e r r y  f r u i t  c o u l d  be a t t r i b u t e d  t o  

c o n i d i a  and t h a t  a l l  o t h e r s  o r i g i n a t e d  from myce l i a  i n  v a r i o u s  s a p r o p h y t i c  

food b a s e s .  Fo l lowing  i n i t i a l  i n f e c t i o n  i n  a c o n i f e r  s e e d l i n g  c r o p ,  t h e  

l i k e l i h o o d  of  d i s e a s e  e s t a b l i s h m e n t  e l s e w h e r e  w i t h i n  t h e  c r o p  is  probab ly  

g r e a t l y  i n c r e a s e d  by t h e  l a r g e  numbers of  a i r b o r n e  c o n i d i a  r e l e a s e d  from 

i n f e c t i o n  c e n t r e s  ( J a r v i s  1980b) .  

B o t r y t i s  ep idemics  a r e  f avoured  by t h e  c o o l ,  wet weather  t y p i c a l  i n  B.C. 



d u r i n g  t h e  autumn and w i n t e r  ( S u t h e r l a n d  and Van Eerden 1980; J a r v i s  1980b). 

F e r t i l i z e r s ,  e s p e c i a l l y  n i t r o g e n ,  c a n  p r e d i s p o s e  s e e d l i n g s  t o  i n f e c t i o n  

th rough  s t i m u l a t i o n  o f  s u s c e p t i b l e  s u c c u l e n t  growth ( J a r v i s  1980b) and from 

f o l i a r  burn  due t o  a p p l i c a t i o n  v i a  overhead w a t e r i n g  sys tems  ( S u t h e r l a n d  e t  

a l .  1981) .  

Many p e s t i c i d e s ,  i n c l u d i n g  f u n g i c i d e s  w i t h  i n  v i t r o  a c t i v i t y  a g a i n s t  B. 

c i n e r e a ,  have been r e p o r t e d  t o  enhance ep idemics  o f  d i s e a s e  due t o . t h i s  fun- 

gus  ( J a r v i s  1980b).  T h i s  e f f e c t  is  l i k e l y  due t o  p h y t o t o x i c i t y ,  e i t h e r  d i -  

r e c t l y  v i a  i n j u r e d  t i s s u e ,  o r  i n d i r e c t l y  by c a u s i n g  a p h y s i o l o g i c a l  change i n  

t h e  h o s t .  A r e l e a s e  of n u t r i e n t s  t o  c o n i d i a  from p l a n t s  sp rayed  w i t h  e thy-  

lene-bis-di thiocarbamate f u n g i c i d e s  was b e l i e v e d  t o  enhance - B. c i n e r e a  e p i -  

demics i n  tomatoes  (Lockhar t  and F o r s y t h  1964).  Douglas - f i r  s e e d l i n g s  t r e a t -  

ed w i t h  Bordeaux m i x t u r e  showed 100% i n f e c t i o n  by - B. c i n e r e a  w h i l e  wa te r  

t r e a t e d  c o n t r o l  s e e d l i n g s  were d i s e a s e - f r e e  (Bloomberg 1966).  Bloomberg 

no ted  t h a t  t h e  d i s e a s e  was s t i m u l a t e d  by Bordeaux m i x t u r e  and i t  seems l i k e l y  

t h a t  t h i s  occur red  th rough  p r e d i s p o s i t i o n  of t h e  h o s t ,  p o s s i b l y  th rough  t h e  

mechanism d e s c r i b e d  by Lockhar t  and F o r s y t h  (1964) ,  r a t h e r  t h a n  d i r e c t  en- 

L 

hancement of  t h e  fungus .  

P r e d i s p o s i t i o n  of  t h e  h o s t  due t o  f r o s t  damage h a s  f r e q u e n t l y  been i m -  

p l i c a t e d  i n  2. c i n e r e a  i n f e c t i o n s ,  e s p e c i a l l y  on f ie ld-grown s e e d l i n g s .  

Halber  (1963) r e p o r t e d  t h a t  - B. c i n e r e a  had caused o c c a s i o n a l ,  s p o t t y  i n f e c -  

t i o n s  of  Douglas - f i r  s e e d l i n g s  i n  t h e  n u r s e r y  and f e l t  t h a t  s u s c e p t i b i l i t y  o f  

t h i s  s p e c i e s  was governed by v e r y  s p e c i f i c  f a c t o r s ,  p a r t i c u l a r l y  unseasonab le  

f r e e z i n g  wea the r .  Peace  (1962) r e p o r t e d  t h a t  i n  some c a s e s  of  B. c i n e r e a  

i n f e c t i o n  on c o n i f e r s ,  i n i t i a l  a t t a c k  w a s  on f r o s t e d  t i p s  of  t h e  s e e d l i n g s .  

I n  B.C. and t h e  n o r t h w e s t e r n  U.S., container-grown Douglas-f i r  and 

wes te rn  hemlock a r e  t h e  s p e c i e s  most f r e q u e n t l y  a t t a c k e d  by B. c i n e r e a  (Suth- 



e r l a n d  e t  a l .  1981) ,  but  s e r i o u s  l o s s e s  have occur red  i n  l o d g e p o l e  p i n e ,  

ponderosa  p i n e  ( P i n u s  ponderosa Laws.) ,  Engelmann s p r u c e  ( P i c e a  enge lmanni i  

P a r r y )  and  w e s t e r n  l a r c h  ( L a r i x  o c c i d e n t a l i s  Nut t . )  i n  Montana and Idaho 

(James e t  a l .  1982; James and Woo 1984) .  Grey mould i s  a common, s e r i o u s  

d i s e a s e  on container-grown c o a s t  redwood (Sequoia semperv i rens  [D.Don.] 

Endl . )  i n  n o r t h e r n  C a l i f o r n i a  (McCain and Smith 1978).  

Al though s u s c e p t i b i l i t y  t o  i n f e c t i o n  v a r i e s  among s p e c i e s  of c o n i f e r s ,  

Peace (1962) s t a t e d  t h a t  most s p e c i e s  can  l i k e l y  become i n f e c t e d  w i t h  - B. 

c i n e r e a  under  optimum c o n d i t i o n s  f o r  f u n g a l  growth. He c i t e d  i n f e c t i o n s  on 

Norway s p r u c e ,  S c o t s  p i n e  ( P i n u s  s y l v e s t r i s  L . )  and European l a r c h ,  a l l  we l l -  

known f o r  t h e i r  r e s i s t a n c e  t o  t h i s  fungus .  D i f f e r e n c e s  i n  s u s c e p t i b i l i t y  

between s p e c i e s  have been a t t r i b u t e d  t o  many c a u s e s ,  b o t h  chemical  and phys- 

i c a l  i n  n a t u r e .  

A s t u d y  of l e a f  waxes of Douglas - f i r ,  Norway s p r u c e  and t h r e e  s p e c i e s  o f  

p i n e s  showed t h a t  low c o n c e n t r a t i o n s  o f  v a r i o u s  c u t i c u l a r  wax f r a c t i o n s  i n -  

f l u e n c e d  germina t ion  and subsequen t  germ t u b e  development of - B. c i n e r e a  

c o n i d i a  -- i n  v i t r o  ( ~ c h c t t  1971) .  It w a s  found t h a t  t h e  s t i m u l a t i n g  e f f e c t s  o f  
b 

waxes from d i f f e r e n t  s p e c i e s  i n c r e a s e d  w i t h  t h e  observed d e c r e a s i n g  resist- 

a n c e  o f  t h e  s p e c i e s  t o  i n f e c t i o n ;  i .e .  p i n e  wax i n h i b i t e d  growth,  s p r u c e  wax 

enhanced o r  d i d  n o t  a f f e c t  growth and Douglas-f i r  wax always enhanced growth.  

The small c o n i d i a  o f  B. c i n e r e a  c o n t a i n  few r e s e r v e s  t o  e n s u r e  i n f e c t -  

i v i t y  and exogenous n u t r i e n t s  s t i m u l a t e  ge rmina t ion ,  subsequent  s u p e r f i c i a l  

m y c e l i a l  growth and d i r e c t  p e n e t r a t i o n  o r  fo rmat ion  of a p p r e s s o r i a  ( J a r v i s  

1980b) .  These  n u t r i e n t s  occur  i n  p e r s i s t e n t  m o i s t u r e  on l e a f  s u r f a c e s  due t o  

exosmosis  o f  v a r i o u s  s u g a r s  and a c i d s  by t h e  h o s t .  Known t o  vary wi th  h o s t  

s p e c i e s  (Kovacs and Szeoke 1956), t h e  e f f e c t s  of t h e s e  n u t r i e n t s  have n o t  



been i n v e s t i g a t e d  f o r  B o t r y t i s - c o n i f e r  i n t e r a c t i o n s .  

Growth h a b i t s  of s u s c e p t i b l e  s p e c i e s  such as Douglas-f i r  and w e s t e r n  

hemlock i n  c o n t a i n e r s  l e a d  t o  canopy c l o s u r e  by mid-summer and l i k e l y  con- 

t r i b u t e  d i r e c t l y  t o  t h e i r  h i g h  i n c i d e n c e  of i n f e c t i o n  th rough  reduced a i r  

f low and r e t e n t i o n  of m o i s t u r e  on t h e  f o l i a g e  (James and G i l l i g a n  1983). 

S u t h e r l a n d  e t  a l .  (1981) s t a t e d  t h a t  p i n e  and s p r u c e  may be less a f f e c t e d  by 

B o t r y t i s  due t o  t h e i r  u p r i g h t  growth h a b i t s .  Canopy c l o s u r e  n o t  o n l y  c r e a t e s  

a f a v o u r a b l e  mic roc l imate  f o r  t h e  fungus ,  but  l e a d s  t o  senescence  and a b s c i s -  

s i o n  of lower non-photosyn thes iz ing  l e a v e s  ( S u t h e r l a n d  e t  a l .  1981) ,  i n c r e a -  

s i n g  t h e  s a p r o p h y t i c  food base .  

ii. Moulding During S t o r a g e  

Moulding of s t o c k  h a s  been a common o c c u r r e n c e  th roughout  t h e  h i s t o r y  of 

c o l d  s t o r a g e  of c o n i f e r s .  E l i a s o n  (1962) s t a t e d  t h a t  t h i s  was t h e  o n l y  ser- 

i o u s  problem encountered i n  New York i n  numerous t r ia ls  i n  s e v e r a l  f a c i l i t i e s  

and a rev iew of  t r ia ls  i n  England showed t h a t  m o r t a l i t y  of 10-40% of t h e  

s e e d l i n g s  i n  some tests w a s  due t o  moulding (Aldhous 1964).  T h i s  problem is 

c o n s i d e r e d  t o  be  of major s i g n i f i c a n c e  i n  B.C. (Su ther land  and Van Eerden 
b 

1980) where s e e d l i n g s  are r o u t i n e l y  s t o r e d  f o r  p e r i o d s  up t o  4 .5  months 

(Hopkins 1975).  Although d i s e a s e  o c c u r r e n c e  v a r i e s  from y e a r  t o  y e a r ,  i t  can  

be common and s e v e r e  i n  l o c a l  n u r s e r i e s .  Ex tens ive  moulding was found on 6 . 5  

m i l l i o n  w h i t e  s p r u c e ,  wes te rn  hemlock and Douglas-f i r  s e e d l i n g s  i n  B.C. i n  

1973-74 (Hopkins 1975).  Bamford (1974) s t a t e d  t h a t  t h e  c o n s i d e r a b l e  t r o u b l e  

which was exper ienced  i n  c o l d  s t o r a g e  i n  1973 was due t o  a n  o u t b r e a k  of - •’30- 

t r y t i s  which was a g g r a v a t e d  by t e m p e r a t u r e s  t h a t  reached 4.5"C i n  improper ly  

des igned f a c i l i t i e s .  

I n  c o n t r a s t  t o  t h e  s u s c e p t i b i l i t y  d i f f e r e n c e s  s e e n  d u r i n g  t h e  growing 



s e a s o n ,  a l l  s p e c i e s  of  c o n t a i n e r  and b a r e r o o t  s e e d l i n g s  grown i n  B.C. have 

shown some degree  of  moulding i n  s t o r a g e  ( S u t h e r l a n d  and Van Eerden 1980).  

The f i r s t  s i g n s  o f  d i s e a s e  are f l u f f y ,  g r e y  mycel ia  on t h e  lower  f o l i a g e .  

T h i s  p r o g r e s s e s  upwards on t h e  s h o o t s  and i n f e c t e d  f o l i a g e  becomes water- 

soaked i n  a p p e a r a n c e ,  y e l l o w s  and f r e q u e n t l y  a b s c i s s e s  ( S u t h e r l a n d  and Van 

Eerden 1980) .  I n  s e v e r e  c a s e s ,  stem l e s i o n s  and cambial  d e a t h  o c c u r  (Su the r -  

l a n d  and Van Eerden 1980) .  Spread t o  a d j a c e n t  s e e d l i n g s  i n  a bund le  o r  t o  

a d j a c e n t  bund les  i s  l i k e l y  due p r i m a r i l y  t o  m y c e l i a l  growth i n  t h e  same 

manner as d u r i n g  t h e  growing season .  

While s t o r a g e  moulding o f  c o n t a i n e r  s t o c k ,  w i t h  its s o i l - f r e e  growing 

medium, i s  due a l m o s t  e x c l u s i v e l y  t o  B. c i n e r e a  ( S u t h e r l a n d  and Van Eerden 

1980) ,  t h e  growing environment  o f  b a r e r o o t  s e e d l i n g s  p r o v i d e s  exposure  t o  

numerous s o i l - b o r n e  f u n g i  which have been i m p l i c a t e d  a s  c a u s a l  a g e n t s  of  

s t o r a g e  moulding (Hopkins 1975) .  I n  l o c a l  n u r s e r i e s ,  i s o l a t i o n s  from moulded 

t i s s u e  have y i e l d e d  Fusarium s p p . ,  Rhizopus spp . ,  P e n i c i l l i u m  spp .  and many 

o t h e r s  ( S u t h e r l a n d  and Van Eerden 1980).  Fusarium s p p . ,  Trichoderma spp .  and 

P e n i c i l l i u m  spp.  were i d e n t i f i e d  a s  t h e  f u n g i  r e s p o n s i b l e  f o r  moulding i n  a n  

e a r l y  s t o r a g e  t e s t  of hardwoods (Wilner and V a a r t a j a  1958) ,  w h i l e  Hocking 
L 

(1971) r e p o r t e d  37 s p e c i e s  of  f u n g i  from moulded, c o l d - s t o r e d  w h i t e  s p r u c e  

and l o d g e p o l e  p ine .  E l i a s o n  (1962) s t a t e d  t h a t  p a t h o l o g i s t s  had i d e n t i f i e d  

t h e  d i s e a s e  organisms o n l y  as f u n g i  which grew w e l l  a t  n e a r - f r e e z i n g  tempera- 

t u r e s .  Most s t o r a g e  t r i a l  l i t e r a t u r e  reviewed f o r  t h i s  paper  r e f e r r e d  t o  

f u n g a l  i n f e c t i o n  o r  moulding w i t h o u t  i d e n t i f y i n g  t h e  c a u s a l  a g e n t s .  

I n  B.C., moulding of  s t o r e d  c o n t a i n e r  s t o c k ,  e s p e c i a l l y  o f  Douglas-f i r  

and wes te rn  hemlock, i s  f e l t  t o  be a c a r r y o v e r  from d e t e c t a b l e  - B. c i n e r e a  

i n f e c t i o n s  e s t a b l i s h e d  d u r i n g  t h e  growing s e a s o n  ( S u t h e r l a n d  e t  a l .  1981).  

S t o r a g e  moulding of t h e  less s u s c e p t i b l e  c o n t a i n e r  s p e c i e s  and of b a r e r o o t  



s t o c k  may be due t o  l a t e n t  i n f e c t i o n s  from t h e  growing season  ( S u t h e r l a n d  e t  

a l .  1981) o r  t o  i n f e c t i o n s  i n i t i a t e d  i n  s t o r a g e .  J a r v i s  (1977) s t a t e d  t h a t  

most c r o p s  e n t e r  s t o r a g e  w i t h  i n c i p i e n t  o r  l a t e n t  i n f e c t i o n s  o f  B o t r y t i s  

i n c u r r e d  i n  t h e  f i e l d ,  o r  a r e  contaminated w i t h  c o n i d i a  o r  s a p r o p h y t i c  

myce l ia .  

P r e d i s p o s i t i o n  of h o s t  t i s s u e s  t o  i n f e c t i o n  i n  s t o r a g e  th rough  decreased  

r e s i s t a n c e  p o t e n t i a l  a t  low t e m p e r a t u r e s  h a s  been found i n  v a r i o u s  f r u i t s ,  

v e g e t a b l e s  and woody m a t e r i a l s  ( J a r v i s  1977).  P r e d i s p o s i t i o n  may be due t o  

d e p l e t i o n  of food r e s e r v e s  ( R i t c h i e  1982) ,  a f a c t o r  i m p l i c a t e d  i n  t h e  sudden 

o n s e t  of moulding i n  s t o r e d  S i t k a  s p r u c e  ( P i c e a  s i t c h e n s i s  [Bong.] C a r r i e r e )  

(Buckley and Love11 1974) .  Such p r e d i s p o s i t i o n  may be i m p o r t a n t  i n  bo th  t h e  

t r a n s i t i o n  from l a t e n t  t o  a c t i v e  i n f e c t i o n s  i n  s t o r e d  s e e d l i n g s  and  t h e  

e s t a b l i s h m e n t  of new i n f e c t i o n s  from c o n i d i a  and myce l ia .  

I V .  DISEASE CONTROL 

A. C o n t r o l  During t h e  Growing Season 

i. C u r r e n t  Recommendations b 

Curren t  recommendations f o r  c o n t r o l  o f  B. c i n e r e a  i n  c o n t a i n e r  n u r s e r i e s  

i n  t h e  P a c i f i c  Northwest i n c l u d e  c u l t u r a l  and chemical  methods. Cooley 

(1981) s t a t e d  t h a t  s a t i s f a c t o r y  c o n t r o l  o f  B o t r y t i s  on c o n i f e r  s e e d l i n g s  

would never  be ach ieved  w i t h  f u n g i c i d e s  a l o n e ,  and t h a t  t h e y  must be used 

t o g e t h e r  w i t h  c u l t u r a l  c o n t r o l s .  Lowering t h e  r e l a t i v e  humidi ty  is recom- 

mended t o  make t h e  environment less f a v o u r a b l e  f o r  t h e  fungus  (Su ther land  e t  

a l .  1981; Cooley 1981) .  T h i s  can be accomplished d u r i n g  t h e  p e r i o d  o f  heav i -  

est d i s e a s e  p r e s s u r e ,  l a t e  summer onward, through s p a c i n g  of c o n t a i n e r s ,  

i n c r e a s i n g  a i r  c i r c u l a t i o n  and reduc ing  i r r i g a t i o n ,  p l u s  good s a n i t a t i o n  



p r a c t i c e s .  Major c o n t r o l  e f f o r t s ,  however, appear t o  r e l y  on f u n g i c i d e s ,  

with a p p l i c a t i o n s  being made r o u t i n e l y  v i a  overhead boom o r  p re s su r i zed  

sp raye r s  fol lowing canopy c l o s u r e  (Anon. 1984b; James and G i l l i g a n  1983). 

Su ther land  e t  a l .  (1981) suggested one o r  more a p p l i c a t i o n s  of a  sys temic  o r  

p r o t e c t a n t  fung ic ide  p r i o r  t o  canopy c l o s u r e  and a l t e r n a t i n g  chemicals  wi th  

d i f f e r e n t  modes of a c t i o n  i n  subsequent sp rays  t o  avoid a  build-up of resis- 

t a n t  funga l  popula t ions .  A t  p r e sen t  i n  B.C., and f o r  t h e  p a s t  s e v e r a l  yea r s ,  

c h l o r o t h a l o n i l ,  benomyl and cap tan  a r e  used f o r  c o n t r o l  of - B. c i n e r e a  on 

s e e d l i n g s  i n  f o r e s t  n u r s e r i e s  (Anon. 1981d; 1983b). Of t h e s e ,  on ly  benomyl 

i s  r e g i s t e r e d  f o r  t h i s  use p a t t e r n ,  a l though c h l o r o t h a l o n i l  is r e g i s t e r e d  f o r  

o t h e r  d i s e a s e s  on nursery c o n i f e r s  and cap tan  and captan/benomyl combinations 

a r e  r e g i s t e r e d  f o r  c o n t r o l  of B o t r y t i s  on o t h e r  c rops  (Anon. 1981c; G .  

2 
Shrimpton , pe r s .  comm.). 

Spray r eco rds  from a  l a r g e  Vancouver I s l a n d  nursery  show e i g h t  appl ica-  

t i o n s  of c h l o r o t h a l o n i l  from May 29 t o  December 21, 1984 wi th  combination 

t r ea tmen t s  of benomyl p lu s  cap tan  app l i ed  twice i n  November and once p r i o r  t o  

e x t r a c t i o n  i n  January 1985 (Anon. 1984b). I n  t h e  same nu r se ry ,  n ine  appl ica-  

t i o n s  of c h l o r o t h a l o n i l  were made between J u l y  5 and November 10, 1983, wi th  

benomyl p l u s  cap tan  sp rays  i n  October 1983 and January 1984 ( ~ n o n .  1983b). 

Heavy r e l i a n c e  i s  being placed on a  s i n g l e  chemical ,  c h l o r o t h a l o n i l ,  f o r  

d i s e a s e  c o n t r o l  throughout t h e  growing season.  A s  suggested by Suther land e t  

a l .  (1981) ,  t h i s  repea ted  use can l e a d  t o  r a p i d  development of r e s i s t a n t  

fungus popula t ions .  

2' Surrey Nursery, B.C. Minis t ry  of F o r e s t s ,  Sur rey ,  B.C. 



ii. F u n g i c i d e  Resistance 

R e s i s t a n c e  o r  t o l e r a n c e  o f  B. c i n e r e a  t o  f u n g i c i d e s  h a s  been  r e p o r t e d  i n  - 

t h e  l i t e r a t u r e  f o r  d e c a d e s .  The a b i l i t y  o f  t h e  f u n g u s  t o  d e v e l o p  r e s i s t a n c e  

i n  c u l t u r e  i n  t h e  p r e s e n c e  o f  c h l o r i n a t e d  n i t r o b e n z e n e s ,  s u c h  a s  PCNB and 

TCNB, was obse rved  a s  e a r l y  as  1947 ( J a r v i s  1 9 7 7 ) .  Subsequen t  w o r k e r s  have  

found  r e s i s t a n c e  t o  most f u n g i c i d e s  - i n  -9 v i t r o  i n c l u d i n g  coppe r  and  mercury  

s a l t s  ( P a r r y  and  Wood 1958)  and  h a v e  d e m o n s t r a t e d ,  t h r o u g h  r e p e a t e d  s u b c u l -  

t u r i n g ,  t h e  a b i l i t y  o f  t h e  f u n g u s  t o  grow a t  e x t r e m e l y  h i g h  l e v e l s  o f  t h e s e  

materials ( P a r r y  and Wood 1 9 5 9 ) .  Whi l e  t h e s e  s t u d i e s  i n d i c a t e  what  migh t  

o c c u r  d u r i n g  f i e l d  u s e ,  c l o s e  m o n i t o r i n g  of development  o f  r e s i s t a n c e  i n  t h e  

f i e l d  l i k e l y  p r o v i d e s  a b e t t e r  measu re  of  t h e  e f f i c a c e o u s  l i f e s p a n  and h e n c e ,  

s u i t a b i l i t y  f o r  c o n t i n u e d  u s e ,  of  a c h e m i c a l .  The case h i s t o r y  of benomyl i s  

p a r t i c u l a r l y  r e l e v a n t  t o  d i s e a s e  c o n t r o l  e f f o r t s  i n  B.C. c o n t a i n e r  n u r s e r i e s .  

The b e n z i m i d a z o l e s  were i n t r o d u c e d  i n  t h e  1 9 6 0 ' s  as  t h e  f i r s t  f u n g i c i d e s  

showing " sys t emic"  a c t i v i t y  ( M a r t i n  1971)  and benomyl,  r e l e a s e d  by DuPont as  

R 
Benlateoin 1968,  w a s  w i d e l y  a d o p t e d  f o r  u s e  i n  t h e  c o n t r o l  o f  d i s e a s e s  

c a u s e d  by B. c i n e r e a  and  numerous o t h e r  f u n g i  (Thomson 1 9 8 2 ) .  I n v e s t i g a t i o n s  . 
i n t o  t h e  mechanisms o f  r e s i s t a n c e  i n  - B. c i n e r e a  were s t i m u l a t e d  f o l l o w i n g  a 

r e p o r t  o f  a c q u i r e d  r e s i s t a n c e  t o  benomyl on cyclamen i n  a n u r s e r y  i n  t h e  

N e t h e r l a n d s  i n  1971 ( B o l l e n  and  S c h o l t e n  1971) .  Benomyl had been  used  o n l y  

t h r e e  times i n  t h i s  n u r s e r y ,  o n c e  i n  t h e  p r e v i o u s  y e a r  and twice on t h e  

c u r r e n t  c r o p ,  when two s p r a y s  a t  1.5-2.0 times t h e  l a b e l  ra te  n o t  o n l y  f a i l e d  

t o  c o n t r o l  t h e  d i s e a s e  b u t  l e d  t o  u n p r e c e d e n t e d  l o s s e s  t o  B o t r y t i s .  The 

a u t h o r s  p o s t u l a t e d  t h a t  t h e  c h e m i c a l  a c t e d  as  a m u t a g e n i c  a g e n t  on t h e  f u n g u s  

i n  t h e  f i e l d .  P o l a c h  and Mol in  (1975)  l a t e r  showed t h a t  r e s i s t a n t  i s o l a t e s  

7 
o f  - B. c i n e r e a  o c c u r r e d  a t  a f r e q u e n c y  o f  1 i n  5x10  c o n i d i a  i n  a s e n s i t i v e  



i s o l a t e  d e r i v e d  from a  s i n g l e  f i e l d - c o l l e c t e d  a s c o s p o r e  of  B o t r y o t i n i a  

f u c k e l i a n a .  They sugges ted  t h a t ,  s i n c e  t h i s  a s c o s p o r e  i s o l a t e  had n o t  been 

t r e a t e d  w i t h  mutagenic a g e n t s  i n  t h e  f i e l d ,  benomyl r e s i s t a n t  m u t a n t s  c o u l d  

arise spon taneous ly  under f i e l d  c o n d i t i o n s .  Po lach  and Molin ,  however, were 

u n a b l e  t o  f i n d  such  mutan t s  i n  t h e  f i e l d .  

The f i r s t  ev idence  of n a t u r a l l y  o c c u r r i n g  - B. c i n e r e a  r e s i s t a n c e  t o  

benomyl i n  t h e  f i e l d  was found i n  s t r a i n s  of  t h e  fungus  on snapdragon p l a n t s  

which had never  been exposed t o  f u n g i c i d e s  (Bol ton  1976) .  Con id ia  of a  

s i n g l e  i s o l a t e  from t h e s e  p l a n t s  ge rmina ted  and produced s p o r u l . a t i n g  c o l o n i e s  

on f i r s t  exposure  t o  300 ppm of  benomyl i n  a n  a g a r  medium. While e a r l i e r  

workers  had found c r o s s - r e s i s t a n c e  t o  o t h e r  benz imidazo le  f u n g i c i d e s  i n c l u -  

d i n g  th iophanate-methyl ,  f u b e r i d a z o l e  and t h i a b e n d a z o l e  ( B o l l e n  and S c h o l t e n  

1971; Polach and Molin 1975) ,  Bo l ton  a l s o  found r e s i s t a n c e  i n  t h i s  i s o l a t e  t o  

two u n r e l a t e d  f u n g i c i d e s ,  t r i a d i m e f o n  a t  6 0  ppm and d i c l o r a n  a t  700 ppm. He 

p o s t u l a t e d  t h a t  " n u c l e i  r e s i s t a n t  t o  s e v e r a l  f u n g i c i d e s  may be p r e s e n t  

a l r e a d y  i n  t h e  c e l l s  of t h e  fungus  i n  n a t u r e  and t h a t  combina t ions  of  resis- 

t a n t  and s u s c e p t i b l e  n u c l e i  e x i s t  i n  t h e  s p o r e s ,  which,  under  s e l e c t i v e  

C 

p r e s s u r e  from t h e s e  f u n g i c i d e s ,  r e p r o d u c e  r a p i d l y . "  

The p a t h o g e n i c i t y  of  f u n g i c i d e  r e s i s t a n t  v e r s u s  s e n s i t i v e ,  wi ld- type 

s t r a i n s  o f  - B. c i n e r e a  h a s  been s t u d i e d  e x t e n s i v e l y .  Bo l l en  and S c h o l t e n  

(1971) r e p o r t e d  t h a t  t h e i r  benomyl - res i s t an t  i s o l a t e s  were l e s s  pa thogen ic  

and l i k e l y  l e s s  c o m p e t i t i v e  t h a n  s e n s i t i v e  i s o l a t e s .  Polach and Molin (1975) 

found t h a t  w h i l e  a r e s i s t a n t  i s o l a t e  was somewhat less a g g r e s s i v e  when inocu- 

l a t e d  o n t o  bean l e a v e s  and pods ,  it s p o r u l a t e d  more p r o f u s e l y  t h a n  t h e  s e n s i -  

t i v e  i s o l a t e  i n  t h e  p resence  o r  a b s e n c e  of  benomyl and showed comparable 

l i n e a r  m y c e l i a l  growth.  High l e v e l s  o f  b e n z i m i d a z o l e - r e s i s t a n t  s t r a i n s  o f  - B. 

c i n e r e a  were i s o l a t e d  from v i n e y a r d s  where t h e s e  compounds had n o t  been 



a p p l i e d  f o r  t h e  p receed ing  4 y e a r s  (Schuepp and Kung 1 9 8 1 ) ,  i n d i c a t i n g  t h a t  

r e s i s t a n c e  d i d  n o t  c o n f e r  a c o m p e t i t i v e  d i s a d v a n t a g e  t o  t h e s e  s t r a i n s  of t h e  

fungus  . 
I s o l a t e s  of - B. c i n e r e a ,  from a p p l e  and  s t r a w b e r r y  f r u i t s ,  showing s t a b l e  

r e s i s t a n c e  t o  c a p t a n  were as p a t h o g e n i c  as  n o n - r e s i s t a n t  wi ld - types  (Barak 

and Edgington 1984).  Captan enhanced s p o r u l a t i o n  i n  9  o f  10 i s o l a t e s  of  - B. 

c i n e r e a  -- i n  v i t r o  (James and G i l l i g a n  1983) and low c o n c e n t r a t i o n s  of  bo th  

c a p t a n  and t h i r a m  can  s t i m u l a t e  g e r m i n a t i o n  of  - B. c i n e r e a  c o n i d i a  on a g a r  

( J a r v i s  1977) .  Some s t r a i n s  o f  - B. c i n e r e a  t o l e r a n t  t o  d ica rbox imide  

f u n g i c i d e s  a r e  less c o m p e t i t i v e  t h a n  s e n s i t i v e  s t r a i n s  -- i n  v i t r o  and -- i n  v i v o  

. ( G u l l i n 0  and G a r i b a l d i  1981).  It is  e v i d e n t  t h a t  p a t h o g e n i c i t y  and competi-  

t i v e  a b i l i t y  of f u n g i c i d e  r e s i s t a n t  s t r a i n s  of - B. c i n e r e a  va ry  w i t h  b o t h  t h e  

s t r a i n  of  t h e  f u n g u s  and t h e  chemica l  be ing  t e s t e d .  

iii. Fungic ide  S t u d i e s  

The p o t e n t i a l  of  v a r i o u s  f u n g i c i d e s  t o  c o n t r o l  - B. c i n e r e a  on c o n t a i n e r -  

grown s e e d l i n g s  h a s  been s t u d i e d  e x t e n s i v e l y  -- i n  v i t r o  and -- i n  v ivo .  Much o f  

L 

t h e  work h a s  been done by t h e  F o r e s t  S e r v i c e  i n  t h e  w e s t e r n  U.S. 

a .  S t u d i e s  i n  v i t r o  -- 
Gillman and '~ames (1978, 1980)  c o l l e c t e d  i s o l a t e s  o f  - B. c i n e r e a  from 

n e c r o t i c  t i s s u e s  of  l o d g e p o l e  and S c o t s  p i n e  and Engelmann and b l u e  s p r u c e  

( P i c e a  pungens  Engelm.) a t  t h r e e  Colorado n u r s e r i e s .  Widespread m o r t a l i t y  of  

l o d g e p o l e  p i n e  had o c c u r r e d  a t  o n e  n u r s e r y  d e s p i t e  f o r t n i g h t l y  a p p l i c a t i o n s  

of  benomyl, which had n o t  been p r e v i o u s l y  used a t  t h a t  f a c i l i t y .  A t  a second 

n u r s e r y ,  where benomyl had been used f o r  s e v e r a l  y e a r s ,  m o r t a l i t y  due t o  B. - 

c i n e r e a  had occur red  a n n u a l l y .  Losses  due t o  t h i s  fungus  were found d u r i n g  

t h e  f i r s t  yea r  i n  a  new greenhouse  a t  a  t h i r d  n u r s e r y ,  a g a i n  i n  s p i t e  of 



r o u t i n e  benomyl a p p l i c a t i o n s .  R a d i a l  m y c e l i a l  growth of t h e  fungus  on p o t a t o  

d e x t r o s e  a g a r  amended w i t h  f u n g i c i d e s  was used t o  e v a l u a t e  t o l e r a n c e  o f  - B. 

c i n e r e a  t o  t h e  chemica l s .  S i g n i f i c a n t  r a d i a l  growth was obse rved  i n  some o r  

a l l  o f  seven i s o l a t e s  t e s t e d  on medium amended w i t h  50 ppm o f  c h l o r o t h a l o n i l ,  

benomyl, c a p t a n ,  mancozeb o r  z i n e b ,  a l t h o u g h  t h e  maximum growth on c a p t a n  

amended medium was o n l y  16% o f  t h a t  obse rved  on c o n t r o l  medium. T o l e r a n c e  o f  

i n d i v i d u a l  i s o l a t e s  t o  more t h a n  o n e  f u n g i c i d e  was found.  D i c l o r a n  was t h e  

o n l y  m a t e r i a l  t e s t e d  f o r  which no t o l e r a n c e  was obse rved  i n  any  o f  t h e  seven  

i s o l a t e s  o f  t h e  fungus ,  a l t h o u g h  o t h e r  workers  (Webster e t  a l .  1970; Cooley 

1981) have found t o l e r a n c e  t o  t h i s  chemica l .  

Ten i s o l a t e s  of  B o t r y t i s  were c o l l e c t e d  from i n f e c t e d  l o d g e p o l e  p i n e  a t  

a  Montana nuse ry  where c o n t r o l  f a i l u r e  w i t h  benomyl and c h l o r o t h a l o n i l  had 

o c c u r r e d  (James and G i l l i g a n  1983) .  Growth of  a l l  i s o l a t e s  o c c u r r e d  on 

medium amended w i t h  5 0  ppm benomyl o r  c h l o r o t h a l o n i l .  Nine of  t h e  10 i s o -  

l a t e s  grew on medium c o n t a i n i n g  5 0  ppm c a p t a n  and s i g n i f i c a n t  growth was 

recorded  f o r  two i s o l a t e s  on 50 ppm v i n c l o z o l i n .  None o f  t h e  i s o l a t e s  grew 

on p l a t e s  c o n t a i n i n g  50 ppm i p r o d i o n e  o r  d i c l o r a n .  
b 

b. S t u d i e s  i n  v i v o  -- 
E a r l y  t e s t i n g  of  t h e  f u n g i c i d e  t h i r a m  (Volger  1959) i n d i c a t e d  t h a t  i t  

cou ld  be  d e t e c t e d  i n  c o n i f e r  s e e d l i n g s  grown from s e e d  which had been soaked 

i n  t h i s  chemica l .  L iqu id  e x t r a c t s  o f  t h e s e  s e e d l i n g s ,  w i t h  s e e d c o a t s  removed, 

i n h i b i t e d  mycel ia  of  - B. c i n e r e a  on a g a r  medium. T h i s  work s t i m u l a t e d  s t u d i e s  

i n  Oregon t o  a s s e s s  t h e  e f f i c a c y  of  t h i r a m  when a p p l i e d  t o  s e e d l i n g s  as a 

p r o t e c t a n t  a g a i n s t  B o t r y t i s  (Ha lbe r  1963) .  Halber  was s u c c e s s f u l  i n  a c h i e v i n g  

i n f e c t i o n  of Douglas-f i r  s e e d l i n g s  o n l y  a f t e r  s u b j e c t i n g  them t o  t e m p e r a t u r e s  

of  -5•‹C f o r  3-7 h o u r s .  He a p p l i e d  t h i r a m  as a  s l u r r y  t o  t h e s e  s e e d l i n g s  and 



i n o c u l a t e d  them w i t h  a  s u s p e n s i o n  of  - B. c i n e r e a  c o n i d i a .  The c r i t e r i o n  f o r  

judging i n f e c t i o n  was a p p a r e n t l y  s e e d l i n g  d e a t h .  While more s e e d l i n g s  d i e d  i n  

t r e a t m e n t s  which were i n o c u l a t e d  w i t h  t h e  fungus  t h a n  t h o s e  which were n o t ,  

n e i t h e r  t h i s ,  nor  a  s u b s e q u e n t  f i e l d  t r i a l  performed on Douglas - f i r  s e e d l i n g s  

which had been s u b j e c t e d  t o  a  sudden e a r l y  f r o s t ,  proved t h e  a c t i v i t y  of  

t h i r a m  a g a i n s t  - B. c i n e r e a .  

I n  t h e  f i r s t  a p p a r e n t  r e c o r d  o f  - B. c i n e r e a  on c o n i f e r  s e e d l i n g s  i n  a 

B.C. n u r s e r y ,  Bloomberg (1966) t r e a t e d  Douglas - f i r  s e e d l i n g s  w i t h  ferbam, 

t h i r a m  o r  z i n e b .  C o n t r o l s ,  s p r a y e d  w i t h  w a t e r  o n l y ,  and z i n e b - t r e a t e d  seed-  

l i n g s  showed 73% and 56% i n f e c t i o n  by - B. c i n e r e a ,  r e s p e c t i v e l y ,  w h i l e  t h o s e  

t r e a t e d  w i t h  ferbam o r  t h i r a m  were d i s e a s e - f r e e .  I n  a d d i t i o n a l  t e s t i n g  h e  

found t h a t  c a p t a n  d i d  n o t  g i v e  comple te  p r o t e c t i o n  from B o t r y t i s .  

McCain and Smith (1978) compared s i x  f u n g i c i d e s  f o r  c o n t r o l  o f  B o t r y t i s  

on c o n t a i n e r  s e e d l i n g s  of  c o a s t  redwood. F u n g i c i d e s  were a p p l i e d  n i n e  t i m e s  

a t  14-day i n t e r v a l s  th roughout  t h e  growing season .  S e e d l i n g s  were  i n o c u l a t e d  

by s p r a y i n g  w i t h  a  s u s p e n s i o n  of  B o t r y t i s  c o n i d i a  between t h e  f i r s t  and 

second t r e a t m e n t s .  D i s e a s e  w a s  e v a l u a t e d  by c o u n t i n g  l e s i o n s  on t h e  main stem 

b 

12  weeks a f t e r  t h e  f i r s t  chemica l  t r e a t m e n t  and 4 weeks f o l l o w i n g  t h e  f i n a l  

a p p l i c a t i o n .  D i c l o r a n  and c h l o r o t h a l o n i l  p rov ided  e x c e l l e n t  d i s e a s e  c o n t r o l  

a t  t h e  f i r s t  e v a l u a t i o n ,  w i t h  l e s i o n s  on o n l y  0.5% and 3.7% o f  s e e d l i n g s ,  

r e s p e c t i v e l y .  L e s i o n s  were obse rved  on 27.5-38.5% o f  s e e d l i n g s  t r e a t e d  w i t h  

mancozeb, c a p t a n ,  t r i - b a s i c  copper  and t h i r a m  and on 45.0% of t h e  water-  

t r e a t e d  c o n t r o l  s e e d l i n g s .  Four weeks f o l l o w i n g  t h e  l a s t  t r e a t m e n t ,  o n l y  3.4% 

of t h e  d i c l o r a n - t r e a t e d  s e e d l i n g s  showed l e s i o n s ,  s i g n i f i c a n t l y  b e t t e r  t h a n  

c h l o r o t h a l o n i l  a t  51.0% and a l l  o t h e r  t r e a t m e n t s  a t  82.5%-91.0%. 

S i x  f u n g i c i d e s  were e v a l u a t e d  a s  p r o t e c t a n t s  a g a i n s t  B o t r y t i s  on con- 

tainer-grown wes te rn  l a r c h  s e e d l i n g s  i n  Idaho  (James e t  a l .  1982) .  Chemicals 



were a p p l i e d  e i g h t  t i m e s  a t  14-day i n t e r v a l s  throughout  t h e  growing season  

and s e e d l i n g s  were i n o c u l a t e d  w i t h  a c o n i d i a l  suspens ion  o f  - B. c i n e r e a  a f t e r  

t h e  second s p r a y .  Trea tments  were e v a l u a t e d  a f t e r  t h e  f i n a l  s p r a y ,  w i t h  

d i s e a s e  being s c o r e d  as p r e s e n t  o r  a b s e n t .  More t h a n  50% of t h e  s e e d l i n g s  

t r e a t e d  w i t h  benomyl showed d i s e a s e  f o l l o w i n g  t h e  f i n a l  t r e a t m e n t ,  s i g n i f i -  

c a n t l y  g r e a t e r  t h a n  c a p t a n  a t  29%. I n  c o n t r a s t  t o  t h e  r e s u l t s  of McCain and 

Smith (1978) ,  d i c l o r a n  was i n e f f e c t i v e ,  w i t h  d i s e a s e  e q u a l  t o  t h a t  found on 

benomyl-treated s e e d l i n g s .  Near ly  100% o f  t h e  wa te r - t rea ted  c o n t r o l  seed- 

l i n g s  were d i s e a s e d ,  w h i l e  t h o s e  i n  t r e a t m e n t s  of i p r o d i o n e  and two formula- 

t i o n s  of c h l o r o t h a l o n i l  showed less t h a n  10% i n f e c t i o n .  S e e d l i n g  s u r v i v a l  

was found t o  be d i r e c t l y  r e l a t e d  t o  t h e  degree  of d i s e a s e  c o n t r o l  ach ieved  by 

t h e  t r e a t m e n t s .  I n f e c t i o n  l e v e l s  were t o o  low t o  de te rmine  t r e a t m e n t  e f f e c t s  

i n  a d u p l i c a t e  tes t  performed on b a r e r o o t  wes te rn  l a r c h  s e e d l i n g s ,  d e s p i t e  

two s e p a r a t e  i n o c u l a t i o n s  w i t h  - B. c i n e r e a  (James and Woo 1984) ,  and were a l s o  

t o o  low i n  a c o n t a i n e r i z e d  w e s t e r n  l a r c h  t r i a l  i n  Idaho  (James and Genz 

1983).  

T h i e s  e t  a l .  (1980) s t u d i e d  t h e  e f f e c t s  of benomyl and c a p t a n  on g rey  
b 

mould of Douglas-f i r  s e e d l i n g s .  Drenches o f  chemica l s  were made a t  sowing 

(pre-germinat ion)  o r  a t  a p p e a r a n c e  of t r u e  l e a v e s  (post -germinat ion)  o r  a 

combination of b o t h  on a 2-week r e - t r e a t m e n t  s c h e d u l e .  S e e d l i n g s  i n  a l l  

t r e a t m e n t s  showed some l e v e l  o f  d i s e a s e  a t  t h e  t e r m i n a t i o n  of t h e  test ,  

approximately  6 months a f t e r  sowing,  w i t h  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 r e a t m e n t s  and c o n t r o l s .  The l e v e l  of g r e y  mould was a l s o  s t a t i s t i c a l l y  

e q u i v a l e n t  t o  t h a t  found i n  t r e a t m e n t s  of e t h a z o l  and fenaminosu l f ,  fung i -  

c i d e s  used as seed  t r e a t m e n t s  o r  s o i l  d r e n c h e s  f o r  p r e v e n t i o n  of damping-off 

(Thomson 1982) .  



The r e s u l t s  of  t h e s e  s t u d i e s  emphasize both  t h e  d e g r e e  of  r e s i s t a n c e  t o  

a l l  c h e m i c a l s  c u r r e n t l y  used i n  B.C. n u r s e r i e s  f o r  c o n t r o l  o f  - B. c i n e r e a  and 

t h e  v a r i a b i l i t y  between s t r a i n s  of  t h e  fungus .  They a l s o  i n d i c a t e  t h a t  i f  

r e s i s t a n c e  i s  p r e s e n t  i n  h i g h  l e v e l s ,  even 2-week s p r a y  i n t e r v a l s  w i l l  n o t  

p r o v i d e  a d e q u a t e  d i s e a s e  c o n t r o l .  

c.  P h y t o t o x i c i t y  

Along w i t h  poor e f f i c a c y  due t o  f u n g a l  r e s i s t a n c e  and t h e  p o t e n t i a l  

f o r  enhanc ing  ep idemics  t h r o u g h  p r e d i s p o s i t i o n  of  t h e  h o s t ,  f u n g i c i d e  treat- 

ments have f r e q u e n t l y  caused p h y t o t o x i c i t y  t o  c o n i f  er s e e d l i n g s .  Wall (1974) 

c i t e d  e x c e s s i v e  a p p l i c a t i o n s  o f  f u n g i c i d e s  as c o n t r i b u t i n g  t o  t h e  d e a t h  o f  

more t h a n  1 m i l l i o n  c o n i f e r  s e e d l i n g s  i n  t h e  Maritime p r o v i n c e s  from 1970- 

1974. D e s c r i p t i o n s  of damage r a n g e  from s l i g h t  c h l o r o s i s  on s h o o t  t i p s  

(James e t  a l .  1982) t o  s e e d l i n g  d e f o l i a t i o n  and d e a t h  (James and Genz 1983).  

Captan h a s  been known f o r  many y e a r s  t o  c a u s e  damage t o  s e e d l i n g s .  An 

i n h i b i t o r y  e f f e c t  was s e e n  on r o o t  and s h o o t  growth of  5-6-week o l d  S i t k a  

s p r u c e ,  S c o t s  p i n e  and w e s t e r n  hemlock s e e d l i n g s  f o l l o w i n g  a s i n g l e  a p p l i c a -  

t i o n  of  0.05% a . i .  c a p t a n  (Denne and Atkinson 1973) ,  a l e v e l  lower  t h a n  t h e  

recommended r a t e  f o r  d i s e a s e  c o n t r o l  (Anon. 1981~) .  Concomitant  r e d u c t i o n s  

i n  l e a f  s i z e  and we igh t  o c c u r r e d ,  becoming g r e a t e r  w i t h  i n c r e a s e d  concen t ra -  

t i o n s  and t r e a t m e n t s .  James e t  a l .  (1982) found s i g n i f i c a n t  r e d u c t i o n s  i n  

h e i g h t  of conta iner-grown l o d g e p o l e  p i n e  and w e s t e r n  l a r c h  f o l l o w i n g  m u l t i p l e  

a p p l i c a t i o n s  of  c a p t a n  a t  2-week i n t e r v a l s  u s i n g  recommended rates. 

Benomyl h a s  reduced s h o o t  growth of l o d g e p o l e  p i n e  (James e t  a l .  1982) 

and Douglas - f i r  ( T h i e s  e t  a l .  1980; S u t h e r l a n d  e t  a l .  1977) a l t h o u g h  Su the r -  

l a n d  e t  a l .  noted t h a t ,  i n  g e n e r a l ,  benomyl was n o t  p h y t o t o x i c  t o  s e e d l i n g s  

i n  t h e  greenhouse  o r  t h e  f i e l d .  

Treatment  of conta iner-grown w e s t e r n  l a r c h  and l o d g e p o l e  p i n e  wi th  



8 recommended r a t e s  of  two f o r m u l a t i o n s  of c h l o r o t h a l o n i l ,  i .e . ,  Dacon i l  and 

Bravo? p l u s  d i c l o r a n  and i p r o d i o n e  s i g n i f i c a n t l y  dec reased  s e e d l i n g  h e i g h t  

R 
o v e r  c o n t r o l s  (James e t  a l .  1 9 8 2 ) ,  and Bravoocaused s l i g h t  c h l o r o s i s  of  t i p s  

of  w e s t e r n  l a r c h  s e e d l i n g s .  These e f f e c t s  have n o t  been no ted  i n  l o c a l  nur-  

s e r y  s t o c k  due t o  u s e  of c h l o r o t h a l o n i l .  

Container-grown wes te rn  l a r c h  t r e a t e d  w i t h  v i n c l o z o l i n  a t  l a b e l  rates 

t u r n e d  r e d d i s h - p u r p l e ,  d e f o l i a t e d  p remature ly  and cambia l  t i s s u e s  became 

n e c r o t i c ,  r e s u l t i n g  i n  h i g h  m o r t a l i t y  (James e t  a l .  1982) ,  w h i l e  s i m i l a r  

t r e a t m e n t s  of 2+0 b a r e r o o t  s t o c k  a t  a n o t h e r  n u r s e r y  caused no damage (James 

and Woo 1984) .  James and Woo f e l t  t h a t  t h i s  was n o t  a n  anomaly,  b u t  t h a t  

young, container-grown s e e d l i n g s  were more s e n s i t i v e  t o  t r e a t m e n t  t h a n  o l d e r ,  

f ie ld-grown s t o c k .  T h i s  e f f e c t  had been p r e v i o u s l y  d e s c r i b e d  by S u t h e r l a n d  e t  

a l .  (1977) ,  s t u d y i n g  t h e  e f f e c t s  of s i n g l e  a p p l i c a t i o n s  o f  v a r i o u s  p e s t i c i d e s  

on greenhouse-grown ( c o n t a i n e r )  and f ie ld-grown ( b a r e r o o t )  c o a s t a l  and in -  

t e r i o r  provenances  of  D o u g l a s - f i r ,  S i t k a  and w h i t e  s p r u c e  and l o d g e p o l e  p i n e .  

They no ted  t h a t  i n  s t o c k  of  comparable  a g e ,  more p h y t o t o x i c i t y  was observed 

i n  t h e  greenhouse  t h a n  i n  t h e  f i e l d  and t h a t  damage dec reased  i n  b o t h  a s  
b 

s e e d l i n g  age  i n c r e a s e d .  S u t h e r l a n d  e t  a l .  (1977) p o i n t e d  o u t  t h a t  i n t e r a c -  

t i o n s  w i t h  o t h e r  p e s t i c i d e s ,  u n f a v o u r a b l e  weather  and p h y s i o l o g i c a l  c o n d i t i o n  

o f  t h e  s e e d l i n g s  a t  s p r a y i n g  may i n f l u e n c e  p e s t i c i d e  p h y t o t o x i c i t y .  

B. C o n t r o l  During S t o r a g e  

C u r r e n t  recommendations f o r  c o n t r o l  of  s t o r a g e  moulding i n  B.C. n u r s e r -  

ies emphasize p r e v e n t i o n  of  d i s e a s e  p r i o r  t o  s t o r a g e  v i a  e f f e c t i v e  d i s e a s e  

c o n t r o l  th rough  t h e  growing s e a s o n  and one o r  more a p p l i c a t i o n s  o f  a s y s t e m i c  

f u n g i c i d e  l a t e  i n  t h e  growing s e a s o n  ( S u t h e r l a n d  e t  a l .  1981) .  These a u t h o r s  

a l s o  s u g g e s t  s h o r t  s t o r a g e  p e r i o d s ,  avo idance  of f o l i a r  m o i s t u r e  when s t o c k  



i s  p laced  i n  s t o r a g e  and s t o r a g e  t e m p e r a t u r e s  as low as  s t o c k  can  w i t h s t a n d .  

It was recogn ized  e a r l y  i n  c o n i f e r  s t o r a g e  t e s t i n g  t h a t  d i s e a s e  cou ld  be 

reduced th rough  low f o l i a r  m o i s t u r e  and low s t o r a g e  t e m p e r a t u r e s .  Deffen- 

bacher  and Wright (1954) found t h a t  i f  s h o o t s  of  trees i n  a d j a c e n t ,  open- 

ended b u r l a p  b a l e s  touched ,  o r  i f  t h e  m o i s t  sphagnum r o o t  packing m a t e r i a l  

touched t h e  f o l i a g e ,  moulding ensued .  They recommended keep ing  as much of  

t h e  tree s h o o t s  exposed a s  p o s s i b l e .  Although d e s i c c a t i o n  of  s t o c k  w i t h  t h i s  

t y p e  of s t o r a g e  was a problem, t e m p e r a t u r e s  o f  0.5-l.O•‹C were low enough t o  

s u p p r e s s  moulding,  y e t  w a r m  enough t o  a l l o w  maintenance of t h e  95% RH neces-  

s a r y  t o  p r e v e n t  e x c e s s i v e  m o i s t u r e  l o s s .  

E l i a s o n  (1962) f e l t  t h a t  t h e  most i m p o r t a n t  way t o  r e d u c e  d i s e a s e  damage 

was t o  p u t  t r e e s  i n t o  s t o r a g e  " f i e l d  d ry"  and t h a t  i f  a d d i t i o n a l  m o i s t u r e  w a s  

r e q u i r e d  it shou ld  be c a r e f u l l y  a p p l i e d  t o  t h e  r o o t s  o n l y ,  o r  t o  t h e  f a c i l i t y  

i n  g e n e r a l ,  t o  r a i s e  t h e  humid i ty .  T h i s  " f i e l d  dry" recommendation, i . e .  n o t  

add ing  m o i s t u r e  p r i o r  t o  s t o r a g e ,  as was t h e  p r a c t i c e ,  and e n s u r i n g  t h a t  r a i n  

o r  dew from t h e  f i e l d  had e v a p o r a t e d ,  was a l s o  s t r e s s e d  by Aldhous (1964) who 

a t t r i b u t e d  moulding i n  s e v e r a l  t r i a l s  t o  packing trees when t h e y  were w e t .  
b 

Evidence i n  B.C. i n d i c a t e s  t h a t  w e t t i n g  f o l i a g e  p r i o r  t o  s t o r a g e  may be 

b e n e f i c i a l  i n  p r e v e n t i n g  moulding (Hopkins 1975; S u t h e r l a n d  and Van Eerden 

1980) ,  a l t h o u g h  c u r r e n t  recommendations a r e  t o  a v o i d  s t o r i n g  wet s t o c k  (Suth- 

e r l a n d  e t  a l .  1981) .  

Recommendations f o r  sub-zero s t o r a g e  t e m p e r a t u r e s  t o  c o n t r o l  moulding 

were made as e a r l y  a s  1958, f o l l o w i n g  v e r y  l o w  o u t p l a n t i n g  s u r v i v a l  of f o u r  

hardwood s p e c i e s  due t o  d i s e a s e  i n c u r r e d  i n  c o l d  s t o r a g e  (Wilner and V a a r t a j a  

1958) .  Subsequent  work conf i rmed t h e  e f f i c a c y  o f  f r e e z i n g  t e m p e r a t u r e s  f o r  

d i s e a s e  c o n t r o l  (Mul l in  and Bunt ing 1972, 1979; Nyland 1974; Hines ley 1982; 



Racey e t  a l .  1984) .  S i n c e  t h e  e a r l y  1960 ' s  t h e r e  h a s  been a  s h i f t  from r e -  

f r i g e r a t e d  t o  f r o z e n  o v e r w i n t e r  s t o r a g e ,  w i t h  t e m p e r a t u r e s  of  -3 t o  -5OC 

r o u t i n e l y  b e i n g  used i n  many n o r t h e r n  areas, i n c l u d i n g  O n t a r i o  (Mul l in  and 

P a r k e r  1976; Wynia 1977) ,  Sweden (Mat t s son  1981) and t h e  US P a c i f i c  Northwest  

( R i t c h i e  1984) .  

While t r ia l s  comparing r e f r i g e r a t e d  and f r o z e n  o v e r w i n t e r  s t o r a g e  f o r  

t h e  p a s t  25 y e a r s  have y i e l d e d  v a r i a b l e  r e s u l t s ,  numerous tree s p e c i e s  s u r -  

v i v e  f r o z e n  s t o r a g e  w e l l  and when o u t p l a n t e d ,  f r e q u e n t l y  ou tpe r fo rm r e f r i g -  

e r a t e d  o r  f r e s h - l i f t e d  s t o c k .  T h i s  s u p e r i o r  growth and s u r v i v a l  h a s  been 

a t t r i b u t e d  t o  many f a c t o r s  i n c l u d i n g  l a c k  of  s t o r a g e  moulding (Hines ley  

1982) ,  e i t h e r  th rough  d i r e c t  s u p p r e s s i o n  o f  t h e  fungus  ( S u t h e r l a n d  and Van 

Eerden 1980) o r  t h r o u g h  i n c r e a s e d  r e t e n t i o n  by t h e  s e e d l i n g s  o f  s t o r e d  metab- 

o l i t e s ,  e s p e c i a l l y  c a r b o h y d r a t e s ,  f o r  resumpt ion o f  growth a t  p l a n t i n g  (Mul- 

l i n  and Bunt ing 1972; R i t c h i e  1 9 8 4 ) ,  and t o  i n c r e a s e d  r e s i s t a n c e  t o  f r e e z i n g  

weather  a f t e r  p l a n t i n g  ( Jo rgensen  and S tanek  1962) .  

C o n t r a d i c t o r y  r e p o r t s  of  s e e d l i n g  s u r v i v a l  and v i g o u r  f o l l o w i n g  f r o z e n  

s t o r a g e  c o n t i n u e  t o  appear  i n  t h e  l i t e r a t u r e .  For  i n s t a n c e ,  Cram and Lind- 

q u i s t  (1981) found t h a t  s t o r a g e  a t  -5OC f o r  6 .5  months was l e t h a l  t o  S c o t s  
L 

p i n e ,  w h i l e  Mat t s son  (1981) s t a t e d  t h a t  i n  Sweden t h e  normal t e m p e r a t u r e  f o r  

a n  e q u i v a l e n t  s t o r a g e  p e r i o d  i s  -5•‹C and t h a t  s t o r a g e  up t o  9  months a t  t h e s e  

t e m p e r a t u r e s  d o e s  n o t  a f f e c t  s u r v i v a l .  Racey and Hutchinson (1983) found no 

d i f f e r e n c e  i n  s u r v i v a l  and performance between f r e s h  o r  f r o z e n  S c o t s  p i n e  

s t o c k  which had been s t o r e d  5 months a t  -3OC. Aldhous (1964) r e p o r t e d  t h a t  

Douglas - f i r  t o l e r a t e d  -5OC a s  w e l l  a s  +2OC f o r  5-6 months; l o n g e r  s t o r a g e  a t  

-5OC l e d  t o  reduced s u r v i v a l .  R i t c h i e  (1984) s t a t e d  t h a t  o p e r a t i o n a l  exper-  

i e n c e  had shown t h a t  t h e r e  was a  c l e a r  p r e f e r e n c e  f o r  f r o z e n  s t o r a g e  of  

c o a s t a l  provenances  of  Douglas - f i r  and o t h e r  s p e c i e s  f o r  s t o r a g e  p e r i o d s  i n  



e x c e s s  of  two months.  I n  c o n t r a s t ,  van den D r i e s s c h e  (1977) found mean 

s u r v i v a l  r a t e s  f o r  c o a s t a l  and i n t e r i o r  provenances  o f  Douglas - f i r  o f  12% and 

88%, r e s p e c t i v e l y ,  f o l l o w i n g  4  months s t o r a g e  a t  - 5 O C  and d i d  n o t  recommend 

f r o z e n  s t o r a g e  f o r  t h i s  s p e c i e s .  

The s u c c e s s  of  o v e r w i n t e r  s t o r a g e ,  g e n e r a l l y  measured as s u r v i v a l  and 

growth o f  p l a n t e d  s e e d l i n g s  (Racey e t  a l .  1984) ,  depends h e a v i l y  on t h e  

p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  s e e d l i n g s  when l i f t e d .  S e e d l i n g  c o n d i t i o n  a t  

l i f t i n g  a p p e a r s  t o  be of  even g r e a t e r  importance  f o r  f r o z e n  t h a n  f o r  r e f r i g -  

e r a t e d  s t o c k  (Hocking and Nyland 1971) .  The impor tance  of  l i f t i n g  d a t e  w a s  

no ted  as e a r l y  as 1958 when i t  was found t h a t  s t o r a g e  s u r v i v a l  o f  Engelmann 

s p r u c e  and l o d g e p o l e  p i n e  p r o g r e s s i v e l y  d e c l i n e d  when t r e e s  were l i f t e d  a t  

i n t e r v a l s  f o l l o w i n g  bud swell i n  t h e  s p r i n g  (Simon 1961).  L ikewise ,  Aldhous 

(1964) r e l a t e d  some s t o r a g e  f a i l u r e s  t o  l i f t i n g  t o o  l a t e  and s t a t e d  t h a t  

s e e d l i n g s  must be  f u l l y  dormant when p l a c e d  i n  s t o r a g e .  Lavender and Wareing 

(1972) found up t o  80% m o r t a l i t y  of e a r l y  f a l l - l i f t e d  Douglas-f i r  f o l l o w i n g  

4-6 weeks of s t o r a g e  a t  a b o u t  4OC, w h i l e  s e e d l i n g s  l i f t e d  a few months later 

s u f f e r e d  no ill e f f e c t s .  Hocking and Nyland (1971) ,  i n  a rev iew o f  s t o r a g e  
b 

t r i a l s ,  s u g g e s t e d  t h a t  s t o c k  was n o t  f u l l y  dormant when performance of  f r o z e n  

s e e d l i n g s  w a s  poore r  t h a n  t h a t  of r e f r i g e r a t e d  s t o c k ,  a  view s u p p o r t e d  by 

Mul l in  and P a r k e r  (1976) ,  who f e l t  t h a t  l o s s e s  d u r i n g  f r o z e n  s t o r a g e  may have 

been due t o  improper  t i m i n g  o f  t h e  f a l l  l i f t  f o r  s t o r a g e .  

To maximize s t o r a g e  s u r v i v a l ,  i t  h a s  become e v i d e n t  t h a t  s e e d l i n g s  must 

be bo th  cold-hardy and dormant (Hocking 1972; Tanaka 1974; T i n u s  1981) ,  and 

t h e r e f o r e  i n  a  s t a t e  of  maximum r e s i s t a n c e  t o  stress ( Z a e r r  e t  a l .  1981; 

Lavender and S t a f f o r d  1985) p r i o r  t o  s t o r a g e  and o u t p l a n t i n g .  While c o r r e c t  

l i f t i n g  d a t e  f o r  b a r e r o o t  s e e d l i n g s  exposed t o  n a t u r a l  env i ronmenta l  con- 



d i t i o n s  g e n e r a l l y  e n s u r e s  t h a t  t h e s e  r e q u i r e m e n t s  a r e  m e t ,  conta iner-grown 

s e e d l i n g s  t a k e  much l o n g e r  t h a n  b a r e r o o t  s t o c k  t o  a c h i e v e  d e s i r e d  l e v e l s  of  

h a r d i n e s s  (Timmis and Tanaka 1976) and a r t i f i c i a l  methods of  i n c r e a s i n g  c o l d  

h a r d i n e s s  and i n d u c i n g  dormancy have been s t u d i e d  i n t e n s i v e l y .  

These  s t u d i e s  have focused on t r e a t m e n t s  d u r i n g  t h e  l a t t e r  p a r t  of  t h e  

growing s e a s o n  and have i n c l u d e d :  wi thho ld ing  a l l  n u t r i e n t s  ( E t t e r  1972);  

w i t h h o l d i n g  n u t r i e n t s  e x c e p t  po tass ium (Hocking 1972);  w i t h h o l d i n g . n i t r o g e n  

and f e e d i n g  w i t h  h i g h  l e v e l s  o f  po tass ium and phosphorus (Tanaka 1974) ;  warm, 

o r  c o o l ,  s h o r t  day (8 h )  p h o t o p e r i o d s  (Tanaka 1974; van den D r i e s s c h e  1969) ;  

and m o i s t u r e  s t r e s s  r a n g i n g  from mi ld  t o  s e v e r e  (Timmis and Tanaka 1976; 

Blake e t  a l .  1979).  There  do n o t  y e t  a p p e a r  t o  b e  s t a n d a r d i z e d  p r a c t i c e s  f o r  

dormancy i n d u c t i o n  i n  B.C. and c u r r e n t  t e c h n i q u e s  encompass some a s p e c t s  o f  

a l l  o f  t h e  above (J. H a l u s i a k ,  pers.comm.). Work w i t h  v a r i o u s  growth r e t a r d -  

a n t s  and i n h i b i t o r s  i n  wes te rn  hemlock s e e d l i n g s  i n d i c a t e d  t h a t  w h i l e  f o u r  o f  

f i v e  compounds t e s t e d  caused some d e g r e e  of  p h y t o t o x i c i t y  t o  t h e  s e e d l i n g s ,  

t h e s e  t y p e s  of m a t e r i a l s  may have p o t e n t i a l  f o r  u s e  as dormancy i n d u c e r s  

(Cheung 1975) .  

S e v e r a l  methods have been i n v e s t i g a t e d  f o r  judging r e a d i n e s s  o f  s t o c k  L 

f o r  s t o r a g e .  Bunt ing (1975) found a s t r o n g  c o r r e l a t i o n  between l a r g e  stem 

diamete r  a t  l i f t i n g  and s u r v i v a l  a t  o u t p l a n t i n g  and recommended c l o s e  adher-  

e n c e  t o  c u l l i n g  s t a n d a r d s  based on d i a m e t e r s .  He a l s o  proposed a Nega t ive  

Degree Day sys tem,  based on c u m u l a t i v e  n i g h t t i m e  a i r  t e m p e r a t u r e s ,  whereby 

t r e e s  would n o t  be l i f t e d  f o r  s t o r a g e  u n t i l  a predetermined t h r e s h h o l d  was 

reached (Bunt ing 1975) .  The f o l l o w i n g  y e a r ,  t h e  O n t a r i o  M i n i s t r y  of  N a t u r a l  

Resources  p u b l i s h e d  " P r o v i s i o n a l  g u i d e l i n e s  f o r  f a l l  l i f t i n g  f o r  f r o z e n  over-  

w i n t e r  s t o r a g e  of n u r s e r y  s tock" .  These g u i d e l i n e s  were based on a  s i m i l a r  

c o n c e p t ,  c a l l e d  Degree Hardening Days (Mul l in  and Parker  1976) .  E l e c t r i c a l  



c o n d u c t i v i t y  of stem l e a c h a t e s  h a s  a l s o  been used t o  measure t h e  c o l d  h a r d i -  

n e s s  of  s e e d l i n g s  (van den D r i e s s c h e  1969) .  

S t u d i e s  of f r o z e n  o v e r w i n t e r  s t o r a g e  of s e e d l i n g s  have n o t  been r e p o r t e d  

i n  B.C. and t h e  t e c h n i q u e  does  n o t  a p p e a r  t o  be  r o u t i n e l y  used f o r  d i s e a s e  

p r e v e n t i o n  ( S u t h e r l a n d  e t  a l .  1981) .  However, i t  is e v i d e n t  from t h e  l i t e r a -  

t u r e  t h a t  s e v e r a l  tree s p e c i e s  grown h e r e  can  w i t h s t a n d  f r o z e n  s t o r a g e ,  i n -  

c l u d i n g  w h i t e  s p r u c e  ( Jo rgensen  and S tanek  1962; E l i a s o n  1962; Bunt ing  1970, 

1 9 7 4 ) ,  S i t k a  s p r u c e  (Aldhous 1964) ,  l o d g e p o l e  p i n e  (Aldhous 1964) and Doug- 

l a s - f i r  (Aldhous 1964; R i t c h i e  1984) .  I n  a d d i t i o n ,  s e v e r a l  s p e c i e s  r e l a t e d  

t o  t h o s e  grown h e r e ,  i n c l u d i n g  b l a c k  s p r u c e  (Wynia 1977) ,  European l a r c h ,  

Japanese  l a r c h  and tamarack ( L a r i x  l a r i c i n a  [Du Roi l  C. Koch) (Mul l in  and 

Lucas 1982) ,  F r a s e r  f i r  (Hines ley  1982) and numerous p i n e s  (Racey and Hutch- 

i n s o n  1983; Mul l in  and P a r k e r  1976; Bunt ing 1975) have performed w e l l  i n  t h e  

f i e l d  f o l l o w i n g  extended f r o z e n  s t o r a g e .  

V .  DISCUSSION 

Research on g rey  mould of  container-grown s e e d l i n g s  i n  B.C. h a s  n o t  been 
b 

r e p o r t e d  i n  t h e  l i t e r a t u r e .  The economic importance  o f  t h e  problem d o e s  n o t  

a p p e a r  t o  have been e v a l u a t e d  and a c t u a l  l o s s  a s s e s s m e n t s  are prec luded  by 

t h e  c u r r e n t  c u l l i n g  p r a c t i c e s  a t  e x t r a c t i o n ,  which do  n o t  i n c l u d e  a breakdown 

of t h e  c a u s e s  f o r  which a s e e d l i n g  is  c o n s i d e r e d  u n s u i t a b l e  f o r  s t o r a g e  o r  

p l a n t i n g .  

L i t t l e  work h a s  been r e p o r t e d  on t h e  e f f e c t  of  moulding on s u r v i v a l  and 

growth of s e e d l i n g s  a f t e r  p l a n t i n g .  While f i e l d  performance o f  l i g h t l y  i n -  

f e c t e d  S c o t s  p i n e  and b l u e  s p r u c e  was found t o  be unimpaired (Cram and Lind- 

q u i s t  1981) ,  a s t u d y  of  moulded l o d g e p o l e  p i n e  r e p o r t e d  dec reased  performance 

i n  t h e  f i e l d  (Hocking 1971).  S t u d i e s  of moulded, o u t p l a n t e d  t r e e s  would 



a l l o w  a t h r e s h o l d  f o r  a  b i o l o g i c a l l y  a c c e p t a b l e  d e g r e e  o f  i n f e c t i o n  t o  be  

e s t a b l i s h e d  f o r  each  s p e c i e s .  

Methods of c o n t r o l  o f  B. c i n e r e a  d u r i n g  t h e  growing s e a s o n  must b e ,  a s  - 
S u t h e r l a n d  e t  a l .  (1981)  recommended, a combinat ion o f  c u l t u r a l  and chemical  

t e c h n i q u e s .  While s p a c i n g  of  c o n t a i n e r s  d u r i n g  t h e  l a t t e r  p a r t  of  t h e  

growing s e a s o n  l i k e l y  r e d u c e s  d i s e a s e  p r e s s u r e  th rough  lowered humid i ty  

around t h e  s t y r o b l o c k s ,  c o n t a i n e r  f a c i l i t i e s  I have v i s i t e d  are f i l l e d  t o  

c a p a c i t y  t o  maximize p r o d u c t i o n  a n d ,  e s p e c i a l l y  i n  g reenhouses ,  t h e r e  i s  

l i t t l e  o r  no room t o  s p a c e  t h e  b l o c k s  o u t .  Even i f  b l o c k s  are s p a c e d ,  i t  

does  n o t  a l t e r  t h e  f a c t  t h a t  w i t h i n  a 160 c a v i t y  s t y r o b l o c k  s e e d l i n g s  are a t  

2 
a d e n s i t y  of  approx imate ly  8 m i l l i o n / h a  o r  800/m , v e r s u s  b a r e r o o t  s e e d l i n g s  

2 
a t  a b o u t  50/m i n  t h e  f i e l d .  While some n u r s e r i e s  are s t a r t i n g  t o  u s e  b l o c k s  

w i t h  o n l y  110 c a v i t i e s ,  t h e  c a v i t y  s i z e  w i l l  be  50% l a r g e r  ( J . H a l u s i a k ,  p e r s .  

comm.), and i t  seems p o s s i b l e  t h a t  some o r  a l l  of  t h e  canopy d e n s i t y  reduc-  

t i o n s  which cou ld  be  r e a l i z e d  may be l o s t  f o r  some s p e c i e s  due t o  i n c r e a s e d  

s e e d l i n g  s i z e .  A r e d u c t i o n  i n  c a v i t y  number p e r  s t y r o b l o c k ,  w i t h  minimal o r  

no i n c r e a s e  i n  c a v i t y  s i z e  might have a s i g n i f i c a n t  e f f e c t  i n  l o w e r i n g  t h e  
b 

d e g r e e  of  canopy c l o s u r e  and making t h e  environment  l e s s  f a v o u r a b l e  f o r  - B. 

c i n e r e a .  Whether t h i s  wider  s p a c i n g  would d e c r e a s e  t h e  number of  s e e d l i n g s  

produced t o  a  g r e a t e r  e x t e n t  t h a n  t h e  l o s s e s  due t o  d i s e a s e  c o u l d  be  i n v e s t i -  

g a t e d ,  d u r i n g  g r a d i n g  a t  e x t r a c t i o n ,  i n  p a r a l l e l  t e s t s  of  t h e  sys tems .  

While many c o n t r a i n d i c a t i o n s  f o r  f u n g i c i d e  u s e  on c o n i f e r  s e e d l i n g s  have 

been p r e s e n t e d  i t  i s  u n l i k e l y  t h a t ,  even w i t h  good c u l t u r a l  p r a c t i c e s ,  t h e i r  

u s e  can be avo ided  comple te ly .  A r a t i o n a l  approach t o  t h e i r  u s e  r e q u i r e s  

knowing t h e i r  s t r e n g t h s  and weaknesses.  

Fung ic ide  t r e a t m e n t s  shou ld  be moni tored c o n t i n u o u s l y  i n  c o n t a i n e r  seed-  



l i n g  n u r s e r i e s  f o r  both  s h o r t - t e r m  d i s e a s e  c o n t r o l  and i n  t h e  longer- term f o r  

development of  r e s i s t a n c e .  Development o f  province-wide p r o t o c o l s  f o r  

t e s t i n g  and r e p o r t i n g  would p r o v i d e  r e l i a b l e ,  s t a n d a r d i z e d  i n f o r m a t i o n  upon 

which n u r s e r y  p e s t  managers c o u l d  make c o n t r o l  d e c i s i o n s  and which would 

i n d i c a t e  t o  r e s e a r c h e r s  t h e  areas of  s t u d y  r e q u i r e d .  G u i d e l i n e s  f o r  chemical  

u s e ,  p a r t i c u l a r l y  i n  t h e  a r e a s  o f  a p p l i c a t i o n  f requency  and t a c t i c a l  c h o i c e s  

f o r  a v o i d a n c e  of r e s i s t a n c e ,  s h o u l d  b e  e s t a b l i s h e d .  F u n g i c i d e  d e l i v e r y  

sys tems  c o u l d  be e v a l u a t e d  t o  d e t e r m i n e  whether  p r e s e n t l y  used equipment is 

t h e  b e s t  a v a i l a b l e ;  r e c e n t  s t u d i e s  i n d i c a t e  t h a t  f u n g i c i d e  a p p l i c a t i o n s  v i a  

overhead i r r i g a t i o n  sys tems  are much less e f f e c t i v e  i n  d e p o s i t i n g  m a t e r i a l  on 

t h e  f o l i a g e  t h a n  a r e  p r e s s u r i z e d  s p r a y e r s  (Smith and McCain 1981). 

I n  s p i t e  o f  good management p r a c t i c e s  d u r i n g  t h e  growing s e a s o n ,  some 

moulding w i l l  c o n t i n u e  t o  occur  d u r i n g  r e f r i g e r a t e d  o v e r w i n t e r  s t o r a g e .  For 

most s p e c i e s  grown i n  B.C., f r o z e n  s t o r a g e  a p p e a r s  t o  be  t h e  b e s t  s o l u t i o n  t o  

t h i s  problem, and r e p o r t s  i n  t h e  l i t e r a t u r e  concur  t h a t  moulding i s  complete-  

l y  p reven ted  a t  t e m p e r a t u r e s  around -5OC. Perhaps  some s p e c i e s  grown i n  B.C. 

may n o t  b e  a b l e  t o  w i t h s t a n d  f r o z e n  s t o r a g e  and w i l l  have t o  c o n t i n u e  t o  be 

L 

s t o r e d  a t  0-1•‹C. Recent r e s e a r c h  on - B. c i n e r e a  moulding o f  r o s e s  i n  r e f r i g -  

e r a t e d  s t o r a g e  h a s  shown t h a t  enhancement of a t m o s p h e r i c  c a r b o n  d i o x i d e  h a s  

he lped  t o  r e d u c e  d i s e a s e  ( P h i l l i p s  e t  a l .  1985) and may have some a p p l i c a t i o n  

t o  c o n i f e r s  i n  s t o r a g e .  C lose  adherence  t o  s t a n d a r d  r e f r i g e r a t e d  s t o r a g e  

recommendations o f  low f o l i a r  m o i s t u r e ,  good c u l l i n g  p r o c e d u r e s  o f  dead o r  

d i s e a s e d  s t o c k  and c a r e f u l  m o n i t o r i n g  of  s t o r a g e  c o n d i t i o n s  w i l l  h e l p  t o  

l e s s e n  t h e  s e v e r i t y  of d i s e a s e  i n  r e f r i g e r a t e d  s t o r a g e .  

Due t o  i ts  p r e v a l e n c e  and e c o l o g y ,  - B. c i n e r e a  w i l l  c o n t i n u e  t o  c a u s e  

d i s e a s e  i n  c o n t a i n e r  n u r s e r i e s .  I t  a p p e a r s  t h a t  e f f e c t i v e  p r a c t i c e s  a r e  

a v a i l a b l e  f o r  m a i n t a i n i n g  l o s s e s  t o  g r e y  mould a t  a c c e p t a b l e  l e v e l s .  
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