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ABSTRACT 

E f f e c t s of temperature and pentachloronitrobenzene 
on vegetative growth and development of S c l e r o t i n i a  
s c l e r o t i o r u m (Lib.) de Bary were studied using Newton's 
s y n t h e t i c l i q u i d medium. M i c r o c o n i d i a l growth incre a s e d 
u n t i l the e i g h t h day of i n c u b a t i o n at 2L}. .Lj.° C » a f t e r 
which maximum dry weights were obtained. . Growth and 
development of mycelia and. s c l e r o t i a ^ w a s most r a p i d at 
2i|° C., although a s i m i l a r , but s l i g h t l y l e s s response was 
obtained at 20° C. On a dry weight b a s i s , i n h i b i t i o n of 
m y c e l i a l growth and. development of J3. s c l e r o t i o r u m by PCNB 
was greater i n shake c u l t u r e than s t a t i o n a r y c u l t u r e at 
room temperature. PCNB was f u n g i s t a t i c at the concentra
tions used. 

P a t h o g e n i c i t y of s o i l - b o r n e inoculum of S. s c l e r o t i o r u m 
on Perm Lake l e t t u c e seeds was a f f e c t e d by temperature, 
inoculum d e n s i t y , PCNB and a Trichoderma sp. The number 
of emerged seedlings decreased w i t h i n c r e a s i n g concentra
t i o n of s o i l inoculum and decreasing s o i l temperature. 
PCNB a p p l i e d to U.C. S o i l Mix C as a drench treatment not 
only f a i l e d to c o n t r o l disease caused by S. s c l e r o t i o r u m , 
but a l s o f o l l o w i n g use of the f u n g i c i d e , disease increased 
a p p r e c i a b l y at a l l concentrations used. Trichoderma sp. 
reduced disease only at 1$° C. and was i n e f f e c t i v e at 
lower s o i l temperatures. Decreases i n height of l e t t u c e 
seedlings were observed w i t h i n c r e a s i n g inoculum d e n s i t y of 
S. s c l e r o t i o r u m . 
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INTRODUCTION 

In the vegetable growing areas of the c o a s t a l region 
of the Lower F r a s e r V a l l e y of B r i t i s h Columbia, l o s s e s due 
to S c l e r o t i n i a s c l e r o t i o r u m (Lib.) de Bary emend. Purdy ( 1 + 2 ) 
have been serious i n some years but not i n others. I n the 
summer of 1 9 6 5 a vegetable disease survey was c a r r i e d out 
( 1 + 1 ) i n order to e s t a b l i s h a record of the occurrence, 
s e v e r i t y and r e g i o n a l d i s t r i b u t i o n of vegetable diseases 
i n the Musqueam (Southwest Marine D r i v e ) , Southeast Marine 
D r i v e , Richmond-Queensborough, Ladner-Boundary Bay and 
Cloverdale areas. Although a l l vegetable crops were 
in c l u d e d , s p e c i a l emphasis was placed on l e t t u c e due to 
severe l o s s e s that occurred i n May and June. S. s c l e r o t i o r u m 
has an extremely wide host range as i n d i c a t e d by the exten
s i v e l i s t s compiled by Brown and B u t l e r (8) and Young ( 6 l ) . 

Since the above l i s t s were formed, the pathogen has been 
found on the common bachelor's button ( 3 ) , peas ( 2 1 ) and 
g l o x i n i a ( 2 5 ) . The fungus i s al s o a p a r a s i t e on s e v e r a l 
weed hosts ( 3 5 ) , thus making i t a very d i f f i c u l t pathogen 
to c o n t r o l . 

In the f i e l d S. s c l e r o t i o r u m was observed to a t t a c k 
a l l stages of growth from s e e d l i n g t r a n s p l a n t s to mature 
f u l l y headed l e t t u c e . The s e v e r i t y of disease increased 
w i t h the s i z e of the p l a n t as small-leaved seedlings were 
seldom i n f e c t e d while mature p l a n t s were often completely 
destroyed. Diseased l e t t u c e p l a n t s i n the two to f i v e 
l e a f stage w i l t e d r a p i d l y and e i t h e r d r i e d up or were 
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decomposed. I t was d i f f i c u l t to determine whether S. s c l e r o t i o r u m 
was res p o n s i b l e i n a l l cases because of the r a p i d i t y of de
hyd r a t i o n and degradation. The f i r s t symptom of p a r a s i t i c 
a t t a c k on mature l e t t u c e p l a n t s was a c h a r a c t e r i s t i c w i l t i n g 
of the la r g e outer expanded leaves as observed by Brown and 
B u t l e r ( 8 ) . This w i l t i n g was i n v a r i a b l y followed by a complete 
c o l l a p s e of a l l p l a n t l e a v e s , which i n very warm weather, 
resembled a l i g h t green f o l d e d c l o t h . 

S c l e r o t i n i o s e of l e t t u c e was found i n varying degrees of 
s e v e r i t y i n a l l f i e l d s where l e t t u c e was grown. Each f i e l d 
examined was of a d i f f e r e n t s o i l type although a l l had high 
organic matter contents c h a r a c t e r i s t i c of muck s o i l s . Several 
f i e l d s were l o c a t e d on peat bogs. I t was observed that very 
few p l a n t s , i f any, were i n f e c t e d by S. s c l e r o t i o r u m on newly 
planted peat s o i l s . With the exception of the l a t t e r s o i l 
there appeared to be l i t t l e d i f f e r e n c e among s o i l types as 
to disease s e v e r i t y . Much v a r i a t i o n i n the amount and d i s t r i 
b u t i o n of disease was observed from f i e l d to f i e l d . These 
observations agree w i t h most i n v e s t i g a t o r s such as Moore, et 
a l . (35) who found that l o s s e s due to s c l e r o t i n i o s e ran from 
a trace i n some f i e l d s to 100$ i n others. 

Lettuce crops planted f o r the e a r l y market were o f t e n 
severely attacked by S. s c l e r o t i o r u m and los s e s were hi g h . 
As the growing season progressed, the incidence of the disease 
d e c l i n e d u n t i l very few diseased l e t t u c e heads were noted. 
The development of the disease was favored, by c o o l s o i l s and 
high moisture c o n d i t i o n s . With i n c r e a s i n g s o i l temperatures, 
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d r y i n g out of s o i l s took p l a c e , e s p e c i a l l y near the surface 
and s c l e r o t i n i o s e dropped o f f . I n May and June the disease 
was most severe where e a r l y morning mists were heavy and 
where water was re t a i n e d i n low f i e l d , areas. These obser
v a t i o n s are i n accord w i t h Partyka and Mai (1+0) who found 
that the percentage of potato h i l l s i n f e c t e d by S. s c l e r o 
tiorum was greater i n moist s o i l and a i r than i n dry s o i l 
and a i r . In a ten year study of r a i n f a l l - t e m p e r a t u r e 
r e l a t i o n s h i p s on the incidence of S. s c l e r o t i o r u m i n vege
t a b l e s , Moore (3k) reported that c o o l , wet s o i l s induced 
heavy dews by c h i l l i n g the warm moist a i r around growing 
p l a n t s . 

In s e v e r a l i n s t a n c e s , areas of s o i l were observed 
where no p l a n t s were growing. Although pre-emergence 
d.amping-off was suspected, post-emergence damping-off could 
not be disregarded because of the r a p i d i t y by which the 
w i l t e d p l a n t s were decayed. Diseases of the pre-emergence 
type i n l e t t u c e are not common although Smieton and Brown 
(53) reported that low emergence of l e t t u c e seed r e s u l t e d 
even w i t h c o n d i t i o n s of good s o i l moisture and temperature. 

In order to observe the method of i n f e c t i o n by 
S. s c l e r o t i o r u m s e v e r a l p l a n t s and the surrounding s o i l were 
examined c a r e f u l l y f o r s c l e r o t i a and apothecia. Apothecia 
were never found, even under c o n d i t i o n s of heavy i n f e c t i o n . 
S c l e r o t i a were found i n abundance on i n f e c t e d p l a n t t i s s u e s . 
I n f e c t i o n appeared to take place near the c o l l a r of the 
p l a n t , as noted by Wi l l i a m s and Western (60), progressing 



upward along the l a r g e m i d - r i b of each l e t t u c e l e a f u n t i l 
the e n t i r e p l a n t was c o l o n i z e d . Exposure of the i n f e c t e d 
area by removing the co l l a p s e d leaves revealed a white-
cot t o n - l i k e growth of the pathogen w i t h o f t e n a narrow 
water-soaked area between uni n f e c t e d and i n f e c t e d t i s s u e . 
The root systems of s e v e r a l p l a n t s were removed from the 
s o i l and the e x t e r n a l s o i l fragments were shaken o f f g e n t l y . 
In a l l cases the root systems were not co l o n i z e d by 
S. s c l e r o t i o r u m . The i n i t i a l stages of i n f e c t i o n l e a d i n g 
to complete pathogenesis were not observed. 

With the exception of l a t e p l a n t i n g , no method'of 
c o n t r o l was observed which was e f f e c t i v e . Smieton and 
Brown (53) noted that l a t e p l a n t i n g , however, was not 
always e f f e c t i v e as unfavorable weather c o n d i t i o n s could 
develop r e s u l t i n g i n l o s s of the l a t e crop. Row and d r i l l 
spacing were observed which helped to provide f o r b e t t e r 
a i r c i r c u l a t i o n around each l e t t u c e p l a n t and a l s o permitted 
mechanized t i l l a g e and spraying operations. A form of 
crop r o t a t i o n was observed i n some areas but the disease 
did not appear to be reduced. Several f i e l d s were under 
water f o r p a r t of the winter and e a r l y s p r i n g . I n these 
f i e l d s , however, the disease rate was j u s t as high i f not 
higher than the water-free areas. The use of chemical 
sprays and dusts was not observed. The problem of 
s c l e r o t i n i o s e of l e t t u c e was noted to be f u r t h e r accentuated 
by poor management p r a c t i c e s i n which diseased p l a n t t i s s u e s , 
i n s t e a d of being removed and destroyed, were returned to 
the s o i l . As a r e s u l t , the f i e l d inoculum was increa s e d . 

I n f e c t i o n of l e t t u c e by S. s c l e r o t i o r u m appears to be 
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i n f l u e n c e d g r e a t l y by the environment, e s p e c i a l l y tempera
ture and moisture. Although not a serious problem, p r e -
emergence damping-off has not been i n v e s t i g a t e d thoroughly 
enough. In general there i s no e f f i c i e n t c o n t r o l f o r the 
disease despite s e v e r a l methods which have been recommended 
such as the use of pentachloronitrobenzene dusts and 
sprays (32, 5 D « A number of experiments, t h e r e f o r e , were 
o u t l i n e d i n order to determine the e f f e c t s of various 
f a c t o r s such as temperature, associated s o i l m i c r o f l o r a 
and f u n g i c i d e s on the growth and p a t h o g e n i c i t y of S. s c l e r o 
tiorum. I t was hoped that these studies would provide 
knowledge l e a d i n g to a b e t t e r understanding of the pathogen 
and the disease i t causes on l e t t u c e . 



6 

REVIEW OF THE LITERATURE 

I . Physiology of Growth 
Questionable use of agar media 
L i n e a r growth measurements of f u n g i on agar media do 

not c o r r e l a t e w e l l w i t h the t o t a l amount of fungus produced 
i n l i q u i d c u l t u r e . A l s o , the i n t e r p r e t a t i o n of data 
obtained from l i n e a r growth of f u n g i on s o l i d surfaces 
(agar) i s not always c l e a r . Purdy and. Grogan sharply 
c r i t i c i z e d the work of Tanrikut and Vaughan (Sk) i - n which 
the l a t t e r concluded that the growth of S. s c l e r o t i o r u m 
on agar media d e f i c i e n t i n e i t h e r of the f o l l o w i n g elements 
K, P, Fe or Mg, was as r a p i d as on a complete agar. Purdy 
and Grogan ik$) compared the growth of S. s c l e r o t i o r u m i n 
a l i q u i d medium and the same medium s o l i d i f i e d w i t h agar. 
They found that growth was s i g n i f i c a n t l y reduced i n s o l u 
t i o n s l a c k i n g the e s s e n t i a l elements P, Mg or the heavy 
metals and t h a t l i t t l e or no growth occurred i f the s o l u t i o n 
l acked K. Barnett and. L i l l y (1+) found that although 
S c l e r o t i n i a camelliae Hara covered a 0.2% malt agar surface 
f a s t e r than a 2% malt agar s u r f a c e , the m y c e l i a l mat was 
much t h i c k e r on the 2% than on the 0.2$ malt agar. I n a 
comparison of the growth of two s t r a i n s of S. t r i f o l i o r u m 
E r i k s s . , Held (2i|) observed a )\$% greater amount of growth 
on agar media of the normal versus the degenerate s t r a i n . 
I n l i q u i d media, however, there was no s i g n i f i c a n t 
d i f f e r e n c e i n the dry weight of mycelium produced by the 
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two s t r a i n s . Cochrane ( 13) , while recommending the assay 
of growth g r a v i m e t r i c a l l y i n a l i q u i d medium, c r i t i c i z e d 
weaknesses i n the agar-plate method which takes i n t o account 
only r a d i a l growth and. not m y c e l i a l d e n s i t y . In a study 
of fungal growth k i n e t i c s , Mandels (33) s t a t e d that dry 
weight measurement i s the most b a s i c and meaningful way of 
representing the amount of organism produced. 

E f f e c t of temperature on growth 
Despite the above c r i t i c i s m s , s t u d i e s of temperature 

e f f e c t s on growth of S c l e r o t i n i a spp. demonstrate a l a c k 
of s t a n d a r d i z a t i o n of technique e s p e c i a l l y w i t h regard to 
the type of substrate used. 

Using measurements of l i n e a r growth of S. s c l e r o t i o r u m 
on potato-dextrose agar, Tanrikut and Vaughan (5U) noted 
that most growth occurred at 20° C. w i t h the r a t e of growth 
decreasing above and below t h i s f i g u r e . A l l c u l t u r e s grew 
w e l l at 30° C. S i m i l a r s t u d i e s were made by C a p p e l l i n i (11) 

who reported, that the maximum growth of S. s c l e r o t i o r u m 
took place at 20° and Z$° C. Keay ( 2 8 ) , measuring the 
r a d i a l growth of my c e l i a on m a l t - e x t r a c t agar at various 
temperatures, found that S. s c l e r o t i o r u m grew best at 20° 

to 25° G. Ramsey (1+6) studied the growth of various 
S c l e r o t i n i a spp. on potato-dextrose agar over a range of 
temperatures. He found that 20° C. was the optimum although 
there was much v a r i a t i o n among i s o l a t e s . Morgan (36) under
took a study of the growth rate of 23 S c l e r o t i n i a i s o l a t e s 
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using the agar-plate method. He stat e d that optimum growth 
took place from 1 5 . 5 ° . to 20° C. despite a wide v a r i a t i o n 
between i s o l a t e s . Hansen and Thomas (23) observed that 
m y c e l i a l growth and s c l e r o t i a l production of S. cam e l l i a e 
on potato-dextrose agar was more r a p i d at 1 5 ° to 18° than 
at 21+° C. Studies of the rate of growth of S. camelliae 
i n l i q u i d media were made by Barnett and L i l l y (1+) who . 
mentioned that the growth r a t e at 22° G. was approximately 
the same as at 25° C , the optimum being between the two 
temperatures. 

E f f e c t s of f u n g i c i d e s on growth 
Very l i t t l e l a b o r a t o r y work has been done on the e f f e c t s 

of f u n g i c i d e s on the growth of S. s c l e r o t i o r u m . Kendrick 
and Middleton (29) noted that 10 p.p.m. p e n t a c h l o r o n i t r o 
benzene (PCNB) suspended i n potato-dextrose agar showed 
f u n g i s t a t i c e f f e c t s against S. s c l e r o t i o r u m . Grover (22) 

studied the e f f e c t of sever a l f u n g i c i d e s suspended i n 
Ashour's n u t r i e n t agar on m y c e l i a l growth and. s p o r u l a t i o n 
of S. s c l e r o t i o r u m . He found that higher concentrations 
were r e q u i r e d to i n h i b i t m y c e l i a l growth than c o n i d i a l 
formation. 

PCNB a f f e c t s the growth and development of s e v e r a l 
f u n g i other than S. s c l e r o t i o r u m . R e a v i l l ( I 4 7 ) working 
w i t h c h l o r i n a t e d nitrobenzenes, showed that growth of 
Trichoderma v i r i d e Pers. ex P r i e s on malt agar was retarded 
i n i t i a l l y but was able to su r v i v e and c o l o n i z e the p l a t e . 
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S p o r u l a t i o n was se v e r e l y depressed i n the presence of both 
t e t r a c h l o r o - and pentachloronitrobenzene. Gibson, e_fc a l . 
( 2 0 ) found that PCNB i n i t s vapor phase i n h i b i t e d the growth 
of P e n i c i l l i u m p a x i l l i B a i n . Torgeson (55) showed that 
PCNB was i n e f f e c t i v e i n reducing oxygen uptake of Fusarium  
oxysporum f . cubense (E.F.Sm.) Snyd. and Hans., Sc l e r o t i u m  
r o l f s i i Sacc. and Phytophthora p a r a s i t i c a (Dast.) var. 
ni c o t i a n a e (B. de Haan) Tucker. 

The biochemical mechanism of PCNB has not been c l e a r l y 
e s t a b l i s h e d i n f u n g i . B u r c h f i e l d ( 9 ) observed t h a t PCNB 
p a r t i c i p a t e d i n a true s u b s t i t u t i o n r e a c t i o n . B e t t s , et a l . 
( 7 ) reported that PCNB was metabolized i n the r a b b i t by 
re d u c t i o n of the n i t r o group y i e l d i n g p e n t a c h l o r o a n i l i n e , 

\ 
h y d r o x y l a t i o n y i e l d i n g pentachlorophenol and l o s s of the 
n i t r o group g i v i n g N-acetyl-S-pentachlorophenyl L - c y s t e i n e . 
The m a j o r i t y of the dose administered to the r a b b i t was 
not absorbed. H o r s f a l l ( 2 7 ) noted t h a t c h l o r i n a t i o n of 
benzene d e r i v a t i v e s and phenol gave improvement i n f u n g i c i d a l 
a c t i v i t y . This was thought to be due to an increase i n f a t 
s o l u b i l i t y . 

Vegetative growth i n c u l t u r e 
N u t r i t i o n and temperature are the main f a c t o r s a f f e c t i n g 

the formation of s c l e r o t i a i n c u l t u r e . Bedi (5) noted that 
formation of s c l e r o t i a was dependent on p l e n t i f u l mycelium 
and a b a r r i e r such as the edge of two or more c o l o n i e s coming 
together or the w a l l o f the c u l t u r e v e s s e l . A f u r t h e r 
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stimulus to s c l e r o t i a l formation i s the accumulating products 
of metabolism. Demetriades (15) reported that a s y n t h e t i c 
medium l a c k i n g Mg and. S completely i n h i b i t e d the formation 
of s c l e r o t i a but not the mycelium of S. s c l e r o t i o r u m . 
The a d d i t i o n of e i t h e r Mg or S alone d i d not favor s c l e r o t i a l 
or m y c e l i a l development but when S and Mg were added together, 
growth equal t o tha t of the c o n t r o l was obtained. Purdy 
and Grogan (1+5) found that s c l e r o t i a were formed on Houston's 
s o l u t i o n agar minus Mg a f t e r 12 days, whereas the c o n t r o l 
r e q u i r e d 11+ days. Bedi (6) examined the e f f e c t s of tem
perature on s c l e r o t i a l f ormation. He st a t e d that the rate 
of formation increased between 5 ° and 2 5 ° C. Only a few 
l a r g e s c l e r o t i a formed a t 5 ° C. while many small ones formed 
at 30° C. 

The p r i n c i p a l f a c t o r s governing the formation of 
appressoria are the presence o f a carbon source and the 
stimulus of a mechanical b a r r i e r . Purdy (1+3) noted that 
a p p r e s s o r i a l masses d i d not form a t random but only i n con
t a c t w i t h a s o l i d b a r r i e r such as a cover s l i p . He a l s o 
found that a p p r e s s o r i a did. not form i n s o l u t i o n s l a c k i n g 
a carbon source, regardless of the presence or absence of 
mineral elements e s s e n t i a l f o r growth. 

I t appears that the age o f the c u l t u r e i s the main 
f a c t o r i n determining the formation of m i c r o c o n i d i a although 
temperature may also be important. Purdy (1+3) mentioned, 
that microspores were produced, at any locus along a hyphal 
f i l a m e n t i n s o l u t i o n s that were l a c k i n g i n a carbon source 
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as w e l l as complete ones. Ramsey (1+6) observed that 
S c l e r o t i n i a can produce m i c r o c o n i d i a at a l l stages i n i t s 
l i f e h i s t o r y p r o v i d i n g proper conditions are f u r n i s h e d . 
He found t h a t most s t r a i n s did, not begin m i c r o c o n i d i a l p r o 
d u c t i o n u n t i l they were 20 to 30 days o l d . Hansen and 
Thomas (23) s t a t e d t h a t S. camelliae produced microspores 
i n abundance at 2l[° G. Barnett and L i l l y (1+0 noted t h a t 
the g r e a t e s t microspore production took place near 25° C. 

I I . P a t h o g e n i c i t y 
Growth r a t e and p a t h o g e n i c i t y 
Morgan (36) reported, that the c o r r e l a t i o n of growth 

of S c l e r o t i n i a i s o l a t e s i n v i t r o w i t h p a t h o g e n i c i t y was 
poor due to the wide v a r i a t i o n between i s o l a t e s both i n 
growth r a t e i n v i t r o and i n the amount of i n f e c t i o n of the 
various hosts. 

I n f e c t i o n and p e n e t r a t i o n 
The m y c e l i a l growth of S. s c l e r o t i o r u m i n s o i l i s 

important f o r p a r a s i t i c c o l o n i z a t i o n of host t i s s u e s . 
W i l l i a m s and Western (60) found that m y c e l i a grew to the 
surface of the s o i l and then i n f e c t e d the host through 
the c o l l a r . Vaughan and Dana (58) s t a t e d that most i n f e c 
t i o n s of beans r e s u l t e d from mycelium growing s a p r o p h y t i -
c a l l y through the s o i l . 

N o n - l i v i n g organic matter p l a y s an important and 
underestimated r o l e i n the i n f e c t i o n of mature p l a n t t i s s u e s 
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by S. s c l e r o t i o r u m . Chamberlain (12) observed that i n f e c 
t i o n of soybean seedlings d i d not occur when m y c e l i a l 
suspensions or s c l e r o t i a alone were placed at the base of 
each s e e d l i n g . Purdy and Grogan (I4.I4) showed that i n f e c t i o n 
of l e t t u c e from m y c e l i a of germinating s c l e r o t i a took place 
only when n o n - l i v i n g organic matter such as dead l e t t u c e 
leaves was present. No i n f e c t i o n r e s u l t e d when germinating 
s c l e r o t i a alone were i n contact w i t h the stem. In a f i e l d , 
study, Purdy (I43) noted that l e t t u c e p l a n t s remained, f r e e 
from i n f e c t i o n u n t i l the lower leaves became senescent and. 
died . Mycelium from germinating s c l e r o t i a c o l o n i z e d the 
leaves and i n f e c t i o n of healt h y t i s s u e s took p l a c e . 

Pre-emergence damping-off of l e t t u c e and other seeded 
crops by S c l e r o t i n i a spp. i s l e s s w e l l known than p o s t -
emergence i n f e c t i o n of mature p l a n t s . Smieton and Brown 
(53) found that the causal agents of pre-emergence damping-
o f f were species of Pythium. Chamberlain (12) s t u d i e d the 
e f f e c t s of steamed versus non-steamed s o i l on the patho
g e n i c i t y of S c l e r o t i n i a on soybean seeds. He reported a 
greater number of i n f e c t e d seeds i n steamed s o i l than i n 
the non-steamed f i e l d s o i l . K err (30) noted that seeds and 
seedlings of r a d i s h , l e t t u c e , beet, and c l o v e r were seve r e l y 
reduced i n s i z e when grown i n s o i l c o n t a i n i n g i n o c u l a of 
§.* home o carp a Bennett. A t o x i c substance was suspected as 
the organism was not recovered from dead seeds. 
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P a t h o g e n i c i t y of s o i l - b o r n e inoculum 
In general the q u a n t i t a t i v e measurement of the patho

g e n i c i t y of s o i l - b o r n e inoculum of S c l e r o t i n i a spp. has 
not been standardized. Seldom have s e e d l i n g emergence 
counts been used to determine p a t h o g e n i c i t y . Using a water 
suspension of macerated mycelium and s c l e r o t i a poured 
d i r e c t l y over soybean seeds planted i n steamed s o i l , Chamber
l a i n (12) noted 97$ and 27$ emergence i n the c o n t r o l and 
i n o c u l a t e d f l a t s r e s p e c t i v e l y . Kerr (30) mixed 2 grams 
of sand-maize-meal inoculum w i t h 100 grams of u n s t e r i l i z e d 
s o i l and counted the emergence of seedlings from seeds 
planted i n i n o c u l a t e d and uninoculated s o i l . He reported 
a l a r g e r e d u c t i o n i n numbers of emerged seedlings of r a d i s h , 
l e t t u c e , beet, c l o v e r , pea, bean and tomato i n the i n o c u l a t e d 
s o i l as compared, to the c o n t r o l s . 

C o n t r o l w i t h pentachloronitrobenzene 
PCNB has been recommended as a s e l e c t i v e s o i l f u n g i c i d e 

f o r the c o n t r o l of diseases caused by R h i z o c t o n i a s o l a n i 
Kuhn, Plasmodiophora b r a s s i c a e Wor., and S c l e r o t i n i a  
s c l e r o t i o r u m ( 5 l )• I n general, however, the f u n g i c i d e has 
not proven e f f e c t i v e i n the c o n t r o l of S. s c l e r o t i o r u m 
(111, 1+0, 5 2 ) . 

The methods by which PCNB i s a p p l i e d i n the f i e l d are 
numerous. S h a r v e l l e (51) s t a t e d that PCNB may be appli e d . 
e i t h e r as a s o i l mix, surface a p p l i c a n t , t r a n s p l a n t s o l u t i o n 
or as a seed treatment. 



PCNB moves very l i t t l e , i f a t a l l , i n s o i l s o l u t i o n 
due to i t s i n s o l u b i l i t y i n water ( 5 D • Kendrick and 
Middleton (29) noted t h a t s o i l drenches of PCNB at 10 , 

100 and 1,000 p.p.m. f a i l e d to reach inoculum d i s c s placed, 
j u s t beneath the s o i l s u r f a c e . 

The r e s u l t s concerning the e f f e c t i v e n e s s of PCNB i n 
s o i l are c o n t r a d i c t o r y . Munnecke, et a l . (37) studied the 
f u n g i c i d a l a c t i v i t y of a i r passed through a column of s o i l 
t r e a ted w i t h PCNB. He found that PCNB did not produce 
t o x i c vapors i n the e f f l u e n t a i r even at concentrations 
of 2 ,000 p.p.m. f o r 30f? hours. In these experiments the 
e v a l u a t i o n of f u n g i c i d a l a c t i v i t y was made a f t e r exposure 
to the f u n g i c i d e . Richardson and Munnecke (1+8) measured 
the t o x i c i t y of vapor escaping from s o i l to which had been 
appli e d PCNB. The degree of i n h i b i t i o n of r a d i a l growth 
of Pythium i r r e g u l a r e Buisman, R h i z o c t o n i a s o l a n i and 
Trichoderma v i r i d e was recorded on potato-dextrose agar. 
In these experiments the assessment of f u n g i c i d a l a c t i v i t y 
was made during the exposure of the t e s t f u n g i to the 
t o x i c vapors of the f u n g i c i d e - t r e a t e d s o i l . They found 
that of the three organisms, T. v i r i d e was the most 
s u s c e p t i b l e to the t o x i c vapors. 

In the f i e l d PCNB has, i n g e n e r a l , f a i l e d to give 
s a t i s f a c t o r y c o n t r o l under a number of s o i l c o n d i t i o n s . 
Smieton and Brown (53) found that PCNB dust was i n e f f e c t i v e 
i n c o n t r o l l i n g pre-emergence damping-off of l e t t u c e s e e d l i n g s . 
In a number of experiments designed to c o n t r o l S. s c l e r o t i o r u m 
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on l e t t u c e , Darby (11+) found that drenching the s o i l before 
p l a n t i n g o f f e r e d some p r o t e c t i o n but unless these t r e a t 
ments were f o l l o w e d by f o l i a r a p p l i c a t i o n s , they were of 
l i t t l e b e n e f i t . Skotland (52) f a i l e d to achieve c o n t r o l 
of S. s c l e r o t i o r u m i n l e t t u c e using a number of sprays and 
dusts of PCNB. Partyka and Mai (1+0) observed t h a t PCNB, 
when sprayed on the ground or placed i n the s o i l , d i d not 
c o n t r o l S. s c l e r o t i o r u m on potatoes. 

P h y t o t o x i c i t y due to PCNB sprays or dusts o f t e n i s 
a f f e c t e d by environmental c o n d i t i o n s . Smieton and Brown 
(53) found, that PCNB checked the growth of l e t t u c e seedlings 
and that a f t e r a f r o s t the dusted p l a n t s showed more i n j u r y 
than the c o n t r o l s . Darby (11+) mentioned that PCNB caused 
moderate i n j u r y at 15 pounds per 100 g a l l o n s per a p p l i c a t i o n 
under some environmental c o n d i t i o n s , although d e t a i l s of 
the environmental c o n d i t i o n s were not given. This i n j u r y 
was minimized by a p p l i c a t i o n i n c l e a r weather j u s t a f t e r 
mid-day. 

H i g h l y undesirable r e s u l t s have f o l l o w e d from s o i l 
treatment using s p e c i f i c s o i l f u n g i c i d e s (3D. Gibson, 
et a l . (20) found t h a t , a f t e r s o i l treatment w i t h PCNB, 
increased l o s s e s due to a Pythium sp. occurred. This was 
due, at l e a s t i n p a r t , t o the suppression of growth of 
P e n i c i l l i u m p a x i l i i i n the s o i l . 

E f f e c t of m i c r o f l o r a on growth 
I n o c u l a t i o n of u n s t e r i l i z e d s o i l w i t h a pathogen oft e n 
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r e s u l t s i n f a i l u r e o f the pathogen to cause i n f e c t i o n of 
the t e s t p l a n t s . In an experiment comparing i n f e c t i v i t y 
of inoculum of S. s c l e r o t i o r u m i n s t e r i l i z e d and u n s t e r i l i z e d 
s o i l , Chamberlain (12) noted a greater number of unemerged 
seedlings i n the s t e r i l i z e d s o i l compared w i t h n o n - s t e r i l i z e d 
s o i l . Sanford ( I 4 . 9 ) observed that Trichoderma lignorum 
(Tode) Harz i n h i b i t e d the formation of s c l e r o t i a of R h i z o c t o n i a 
s o l a n i i n s t e r i l i z e d s o i l but not i n n a t u r a l s o i l . 

S c l e r o t i a of s o i l - b o r n e f u n g i such as S. s c l e r o t i o r u m 
are subject to a t t a c k by p a r a s i t i c f u n g i . Hi.no (26) r e 
ported that Trichoderma virid.e p a r a s i t i z e d and o f t e n 
destroyed the s c l e r o t i a and mycelia of S. s c l e r o t i o r u m . 
Campbell (10) found that s c l e r o t i a of S. s c l e r o t i o r u m were 
r e a d i l y p a r a s i t i z e d by Coniothyrium minitans Campbell when 
pycnidiospores were brought i n t o d i r e c t contact w i t h the 
s c l e r o t i a or when they were poured on the surface of sand 
under which the s c l e r o t i a were b u r i e d . Tribe (56) showed 
that C. minitans a c t i v e l y k i l l e d s c l e r o t i a of S. t r i f o l i o r u m 
w i t h i n 11 weeks i n s o i l . The s o i l inoculum mix, e i t h e r a 
loamy sand or a heavy c l a y , remained i n f e c t i v e f o r at l e a s t 
1L[ months. 

Despite the above re p o r t s of s c l e r o t i a l p a r a s i t i s m of 
S. s c l e r o t i o r u m by species of s o i l f u n g i , no studies of 
r e d u c t i o n i n p l a n t disease due to m y c e l i a l p a r a s i t i s m have 
been made, although f u n g i other than S. s c l e r o t i o r u m have 
been t e s t e d . A l l e n and Haenseler (1) noted that w i t h 
s o i l - i n o c u l u m mixtures of Trichoderma, R h i z o c t o n i a and 

http://Hi.no


1 7 

Pythium, s e e d l i n g emergence of peas and cucumbers were 
high, i n the s e r i e s i n o c u l a t e d w i t h Trichoderma. This 
i n d i c a t e d an i n t e r f e r e n c e , i n some way, w i t h the p a r a s i t i c 
a c t i v i t y of Pythium and R h i z o c t o n i a . 
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METHODS AND MATERIALS 

I . Physiology of Growth 
Organism 
The organism used f o r p h y s i o l o g i c a l studies was a s t r a i n 

of S c l e r o t i n i a s c l e r o t i o r u m recovered from i n f e c t e d bean 
p l a n t s i n 1961).. Stock c u l t u r e s were grown i n a l i q u i d , n u t r i e n t 
medium (see under media) and s t o r e d i n a r e f r i g e r a t o r at 
k° C. f o r f u t u r e use. 

Media 
Due to i n c o n s i s t e n t r e s u l t s using agar media i t was 

decided, to s e l e c t a simple n u t r i e n t s o l u t i o n which would 
support good growth of the organism used. Media t r i e d were 
Houston's s o l u t i o n (l\k) $ Newton's s o l u t i o n (38) and G a r r e t t ' s 
s o l u t i o n (19), the names r e f e r r i n g to the author who f i r s t 
used these media. Chemicals were weighed to 0.1 mg. on an 
a n a l y t i c a l balance, t r a n s f e r r e d to a 1 l i t r e v o l u metric f l a s k 
and brought to volume w i t h d i s t i l l e d water. The s o l u t i o n was 
w e l l shaken and f i l t e r e d through #1 Whatman f i l t e r paper. 
Twenty-five mis. of media were p i p e t t e d to each of f o r t y -
f i v e 250 ml. Erlenmeyer f l a s k s and autoclaved at lf> l b s . pres
sure f o r 15 minutes. Inoculum plugs, cut w i t h a 9 . 0 mm. cork 
borer from r a p i d l y growing c o l o n i e s on potato-dextrose agar 
p l a t e s were t r a n s f e r r e d to the cooled medium. Cultures were 
incubated under a v a r i e t y of temperatures and growing c o n d i t i o n s . 
Growth was determined, a f t e r I4 days by the amount of v i s i b l e 
mycelium produced, and. rated from complete coverage of the 
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medium surface (++++) to no growth (-••), (Table 1 ) . 

TABLE 1 
GROWTH ON SEVERAL MEDIA 

Co n d i t i o n of Media 
i n c u b a t i o n Houston's Newton's Gar r e t t ' s 

20° C. +++ +++ ++ 

25° C. +++ +++ ++ 

30° C. - - -
Shake c u l t u r e 

(20-250 c . ) + + -
S t i l l c u l t u r e 

(20-250 C ) ++ ++ + 

Although both Houston's and Newton's media gave s i m i l a r 
r e s u l t s , the l a t t e r medium was adopted f o r i t s ease of 
p r e p a r a t i o n . The f o r m u l a t i o n i s as f o l l o w s ( 3 8 ) : 

Dextrose 20.0 gm. 
K 2HP0^ 0.2 " 
KNO3 0.2 " 

CaS0^-2H20 0.1 " 
MgSO^ 0.1 " 
D i s t i l l e d water to make 1 l i t r e 

F ungicide 
The f u n g i c i d e t e s t e d was pentachloronitrobenzene (PCNB) 

75$ wettable powder. Concentration of the f u n g i c i d e was 
expressed as pa r t s per m i l l i o n a c t u a l PCNB. The amount of 
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f u n g i c i d e required to give the highest c o n c e n t r a t i o n i n a 
s e r i e s of concentrations was weighed to 0.1 mg., t r a n s f e r r e d 
to a volumetric f l a s k and brought to volume w i t h d i s t i l l e d 
water. The contents were shaken w e l l , appropriate a l i q u o t s 
were removed and d i l u t e d t o give a s e r i e s of c o n c e n t r a t i o n s . 
A magnestir (Figure 1) was used to promote even suspension 
of the f u n g i c i d e while p i p e t t i n g 1 ml. a l i q u o t s of each 
con c e n t r a t i o n to 250 ml. Erlenmeyer f l a s k s c o n t a i n i n g 25 
mis. of n u t r i e n t s o l u t i o n . F l a s k s were stoppered w i t h 
cotton wool and. autoclaved at 15 l b s . pressure f o r 15 minutes. 

Inoculum p r e p a r a t i o n 
In order to o b t a i n c o n s i s t e n t r e s u l t s w i t h r e p l i c a t e d 

treatments, i t was necessary to prepare and d i s t r i b u t e 
inoculum i n homogeneous c o n d i t i o n . Several experiments 
were c a r r i e d out toward, the establishment of a technique 
which would s a t i s f y both q u a l i t a t i v e l y and q u a n t i t a t i v e l y the 
above requirements of inoculum p r e p a r a t i o n . 

1) growth of inoculum 
Several c u l t u r e s of S. s c l e r o t i o r u m were removed from 

r e f r i g e r a t i o n and allowed to reach room temperature. Using 
a nichrome needle, small pieces of p e r i p h e r a l mycelia were 
t r a n s f e r r e d t o s e v e r a l ( u s u a l l y s i x to ten) 250 ml. c u l t u r e 
v e s s e l s c o n t a i n i n g 25 mis. of f r e s h l y autoclaved l i q u i d media. 
I t was necessary to t r a n s f e r mycelia from the growing edge 
of the colony due to the matted surface growth. Inoculated, 
c u l t u r e s remained at room temperature or were p l a c e d i n 



21 
P l a t e 1. 

Figure 1. Apparatus used i n f u n g i c i d e and 
inoculum p r e p a r a t i o n . L e f t , 
Waring blender. Center, magnetic 
s t i r r e r . R i g h t , r h e o s t a t . 
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constant temperature cabinets at 2 1 + ° C. Growth began almost 
immediately, forming a hyaline colony which grew submerged 
f o r s e v e r a l days. Depending on the temperature and amount 
of t r a n s f e r r e d m y c e l i a , u s u a l l y from 5 to 6 days were r e 
q u i r e d f o r the submerged growth to occupy the f u l l volume of 
the l i q u i d medium. Upon c o n t a c t i n g the surface of the 
medium, white a e r i a l hyphae were formed which, w i t h i n 2 l j . 
hours, massed over several areas of the medium. These 
c u l t u r e s were e i t h e r used immediately or were r e f r i g e r a t e d 
at i+° G. The l a t t e r was necessary due to the r a p i d massing 
a c t i o n of the a e r i a l hyphae which formed r e l a t i v e l y compact 
masses of m y c e l i a . 

2 ) p r e p a r a t i o n of m y c e l i a l suspension 
One to s e v e r a l c u l t u r e s of S. s c l e r o t i o r u m were added 

to an autoclaved and cooled Waring blender j a r (Figure 1 ) . 
A rheostat was used to a d j u s t the momentum of the w h i r l i n g 
blades i n order to avoid the i n i t i a l b u r s t of speed and 
subsequent s p l a t t e r i n g of hyphae on the w a l l s and l i d . of the 
j a r (Figure 1 ) . From 3 O - I 4 O seconds were re q u i r e d to o b t a i n 
a f i n e suspension of hyphal strands. I t was f e l t that a 
longer period may have impaired the growth h a b i t of the 
organism due to a p h y s i c a l s h a t t e r i n g of the hyphae. 

To determine the d e n s i t y of hyphal p a r t i c l e s which 
would give uniform growth among r e p l i c a t e s , a s e r i e s of 
experiments were c a r r i e d out i n which the inoculum was 
d i l u t e d w i t h d i s t i l l e d water. T y p i c a l weights i n mgm. of 
se v e r a l d i l u t i o n experiments are given i n Table 2 . 
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TABLE 2 

THE EFFECT OF INOCULUM 
DILUTION ON GROWTH 

R e p l i c a t e D i l u t i o n o f i n o c u l u m 

l : O a l:l+ b 1 :6° 

1 63.8 66.9 11+7.1 

2 59.6 82.7 11+1.1 

3 58.5 8 0 . 0 120.1 

k 63. k 58.2 101+.6 

25 m i s . o f i n o c u l u m c u l t u r e : 0 m i s . d i s t i l l e d w a t e r 

^25 m i s . of i n o c u l u m c u l t u r e : 1 0 0 m i s . d i s t i l l e d w a ter 

°25 m i s . o f i n o c u l u m c u l t u r e : l 5 0 m i s . d i s t i l l e d w a t e r 

I t was found, t h a t d i l u t i o n o f i n o c u l u m gave h i g h l y v a r i a b l e 

r e s u l t s among r e p l i c a t e s o f a t r e a t m e n t whereas d i r e c t 

p i p e t t i n g o f t h e homogenate gave more u n i f o r m r e s u l t s . These 

r e s u l t s a r e i n agreement w i t h F o s t e r (16) who t h o r o u g h l y 

r e v i e w e d the s u b j e c t o f i n o c u l a t i o n t e c h n i q u e . He p o s t u 

l a t e d t h a t d i l u t i o n s e r v e d t o reduce the number of v i a b l e 

m y c e l i a l s t r a n d s p e r u n i t volume, t h e r e f o r e the c o m p e t i t i o n 

between g r o w i n g hyphae was reduced, and, v a r i a t i o n between 

r e p l i c a t e s was more pronounced. T o x i c i t y o f d i s t i l l e d , w a t e r 

to the homogenized h y p h a l s t r a n d s cannot be i g n o r e d . The 

normal o s m o t i c exchanges between the media and the h y p h a l 

w a l l cannot t a k e p l a c e i n an environment l a c k i n g e s s e n t i a l 

i o n s . 
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3) d i s t r i b u t i o n o f i n o c u l u m 

Immediately a f t e r homogenation, the h y p h a l s u s p e n s i o n 

was t r a n s f e r r e d f r o m the Waring b l e n d e r j a r t o an a u t o c l a v e d 

and c o o l e d Erlenraeyer f l a s k . The most e f f i c i e n t i n o c u l u m 

l o a d was determined by measuring the growth o b t a i n e d from 

a l i q u o t s of v a r i o u s s i z e s . The d r y w e i g h t s of growth i n 

mg. of s e v e r a l volumes o f m y c e l i a l s u s p e n s i o n s are g i v e n 

i n Table 3 . 

TABLE 3 

THE EFFECT 
SIZE ON 

OF INOCULUM 
GROWTH 

R e p l i c a t e Volume of i n o c u l u m 
1 m l . 5 m l . 10 m l . 

1 63.8 67.6 90.7 

2 59.6 67.2 86.9 

3 58.5 76.1+ 92.9 

h 63.1* 72.3 87.7 

5 56.1 51.7 87.9 

6 65.1 70. k 87.8 

Growth was g r e a t e r i n th o s e f l a s k s i n o c u l a t e d , w i t h the 

l a r g e r i n o c u l u m s u s p e n s i o n s . I t was d e c i d e d , however, to 

use the 1 m l . q u a n t i t y because o f the ease of h a n d l i n g 

s m a l l e r amounts o f i n o c u l u m . Wide t i p p e d p i p e t t e s ( l / 8 " 

diameter) were used t o ensure r a p i d d e l i v e r y o f i n o c u l u m 

i n o r d e r t o reduce the p o s s i b i l i t y of c o n t a m i n a t i o n w h i l e 
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t r a n s f e r r i n g the inoculum. S t e r i l i z a t i o n of p i p e t t e s was 
secured by a u t o c l a v i n g at 15 l b s . pressure f o r 15 minutes. 
To prevent k i l l i n g of the hyphal strands i n suspension, 
the p i p e t t e s were not flamed between t r a n s f e r s . One p i p e t t e 
was used to i n o c u l a t e a l l c u l t u r e v e s s e l s i n each experiment. 

Inoculum was kept i n suspension by s w i r l i n g the con
tents of the f l a s k v i g o r o u s l y before each t r a n s f e r . I t 
was found, i n previous experiments t h a t even d i s t r i b u t i o n of 
inoculum was c r i t i c a l f o r c o n s i s t e n t r e s u l t s . Another 
method i n v o l v i n g the use of a magnetic s t i r r e r was t r i e d 
but was abandoned, due to the formation of long c r y s t a l s i n 
s o l u t i o n which i n t e r f e r r e d w i t h the uptake of the hyphal 
suspension. C r y s t a l formation d i d not take place when the 
inoculum was shaken by hand. 

Cu l t u r e v e s s e l 
C a r e f u l l y washed c o n i c a l shaped 250 ml. Erlenmeyer 

f l a s k s were used i n a l l growth experiments. A t o t a l of 25 
mis. of medium was d i s t r i b u t e d to each f l a s k using a 25 ml. 
volumetric p i p e t t e . The f l a s k s were stoppered w i t h c o t t o n 
plugging and autoclaved at 15 l b s . pressure f o r 15 minutes. 
Cotton plugging Was made as loose as p o s s i b l e so as not to 
i n t e r f e r e w i t h gas exchange yet f a c i l i t a t e pure c u l t u r e 
c o n d i t i o n s . 

The number of r e p l i c a t e s used i n a l l experiments was 
s i x . P r e l i m i n a r y work using three and f o u r r e p l i c a t e s was 
h i g h l y v a r i a b l e , however the cause of the v a r i a t i o n was due 
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to a combination of f a c t o r s and not the number of r e p l i c a t e s 
alone. With s i x r e p l i c a t e s the number of experimental 
u n i t s was increased and. the use of a six-tube S e r v a l l -
R e f r i g e r m a t i c c e n t r i f u g e was f a c i l i t a t e d . 

Incubation 
Depending on the experiment, c u l t u r e vessels were 

incubated i n three ways: 1) i n small constant-temperature 
cabinets ( c a p a c i t y of s i x t y - 2 5 0 ml. Erlenmeyer f l a s k s ) , 
2) at room temperature, or 3) on a mechanical shaker appara
tus (120 c y c l e s per minute). Temperature cabinets were 
placed i n a l a r g e r e f r i g e r a t e d room a t 10° G. i n order 
that temperatures higher than 16° C. could be obtained. 
Temperatures were measured at three l e v e l s i n each incubator 
w i t h thermometers placed i n cotton-stoppered 125 ml. 
Erlenmeyer f l a s k s c o n t a i n i n g 0 . 5 " d i s t i l l e d water. Readings 
were taken three times d a i l y . A tempscribe recorder was 
used to check f o r p o s s i b l e temperature f l u c t u a t i o n s between 
the times of r e c o r d i n g . The temperature of c u l t u r e s on 
the r o t a r y shaker ( c a p a c i t y 68 f l a s k s ) was measured as 
above. 

Harvest of growth 
At the desired, time, two f l a s k s were removed from each 

s h e l f of the incubator and e i t h e r harvested immediately or 
stored at l+.5° G. u n t i l s u f f i c i e n t time could be had. 
M y c e l i a l growth and s c l e r o t i a adhering to the w a l l s o f the 
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c u l t u r e v e s s e l s were removed w i t h a rubber-tipped s t i r r i n g 
r od. 

F i l t r a t i o n of the growth of S. s c l e r o t i o r u m using #1 
Whatman f i l t e r paper proved t o be d i f f i c u l t and very slow 
due to the g e l a t i n o u s and slim y growth i n l i q u i d c u l t u r e . 
Attempts were made to weigh c e n t r i f u g e d m y c e l i a l growth on 
tared f i l t e r paper, but due to the r a p i d g a i n i n weight 
through removal of moisture i n the a i r by the hygroscopic 
f i l t e r paper, the method was abandoned. 

Although time-consuming, the c e n t r i f u g a t i o n method 
of washing m y c e l i a l growth was used because i t proved to be 
the best method of washing the s l i m y and gelatinous growth 
of S. s c l e r o t i o r u m . The contents of each c u l t u r e were 
t r a n s f e r r e d to 200 ml. Nalgene c e n t r i f u g e b o t t l e s w i t h the 
a i d of 150 mis. of d i s t i l l e d water. The m y c e l i a l mats and 
pieces of the colony were ce n t r i f u g e d at 8,000 x g r a v i t y 
f o r 5 minutes. The supernatant l i q u i d was poured c a r e f u l l y 
i n t o a beaker to check f o r l o s s of m y c e l i a l fragments. The 
ce n t r i f u g e d m y c e l i a l growth was r e - f l o a t e d w i t h the a d d i t i o n 
of 150 mis. of d i s t i l l e d water, s w i r l e d w e l l and c e n t r i f u g e d 
again. I t was found that a t o t a l of 5 c e n t r i f u g a t i o n s were 
r e q u i r e d to adequately wash the m y c e l i a l mats. 

Weighing 
The washed m y c e l i a l growth was t r a n s f e r r e d to tared 

weighing b o t t l e s (125 ml. Erlenmeyer f l a s k s ) w i t h the a i d of 
small streams of d i s t i l l e d water. The growth was oven-dried 
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at 70° C. to constant weight. A f t e r a p e r i o d of f i v e days 
at 70° C. the dried, growth was placed i n a d e s i c c a t o r f o r 
10 hours. Weights were recorded on a C h r i s t i a n Becker 
Chainomatic swing balance to 0.1 mg. 

I I . P a t h o g e n i c i t y Studies 
Organisms used. 
Studies on the growth of S. s c l e r o t i o r u m i n s o i l were 

made by determining the p a t h o g e n i c i t y of various inoculum 
d e n s i t i e s on the germination and emergence of l e t t u c e seeds. 
The s t r a i n of S c l e r o t i n i a used was the same as t h a t used 
i n studies of the physiology of growth. To determine the 
e f f e c t of a s o i l - b o r n e saprophyte on the growth and. patho
g e n i c i t y of S. s c l e r o t i o r u m , a species of Trichoderma was 
i s o l a t e d from s o i l and various inoculum mixtures used. 

Inoculum 
Large q u a n t i t i e s of inoculum were prepared i n o n e - l i t r e 

f l a s k s by soaking T e r r a l i t e v e r m i c u l i t e w i t h Newton's l i q u i d 
media (unfiltered.) at a r a t i o of 1:3 by volume as by the 
method of Varney (57). The f l a s k s were stoppered w i t h c o t t o n 
plugs and autoclaved at 15 l b s . pressure f o r 15 minutes. 
When c o o l , the soaked v e r m i c u l i t e was in o c u l a t e d w i t h agar 
plugs cut from r a p i d l y growing c u l t u r e s . A l l inoculum was 
grown at room temperature (20° - 25° C.) f o r 1 month. A f t e r 
2 weeks each f l a s k was shaken to break up and d i s t r i b u t e 
the inoculum more e f f e c t i v e l y . S. s c l e r o t i o r u m grew abun
dan t l y throughout the medium producing l a r g e masses of 
white mycelium but few, i f any, s c l e r o t i a were formed. 
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S c l e r o t i a which were formed were very small and grew on the 
i n s i d e edge of the f l a s k above the medium. This agrees 
w i t h Purdy and Grogan (i+5) who found that media d e f i c i e n t 
i n K have been shown to give small s c l e r o t i a i n the above 
manner. The Trichoderma sp. grew very s l o w l y and sporulated 
only at the edge of the inoculum adjacent to the g l a s s 
container w a l l . D i f f i c u l t y was experienced i n o b t a i n i n g 
abundant growth and s e v e r a l c u l t u r e s f a i l e d to grow. 

Studies w i t h s o i l inoculum 
1) s o i l used 
The study of the p a t h o g e n i c i t y of S. s c l e r o t i o r u m i n 

s o i l was c a r r i e d out using the U.C. S o i l Mix C ( 2 ) . This 
s o i l , composed of 50$ Evco dry mortar sand and 50$ Canadian 
Acme peat moss, was sel e c t e d because of i t s u n i f o r m i t y and 
r e p r o d u c i b i l i t y . The moisture h o l d i n g c a p a c i t y was 
determined to be 1|3.6$. The f o l l o w i n g chemicals were added 
to two cubic f e e t of sand and peat (1 cu. f t . sand plus 
1 cu. f t . p e a t ) : 

KN0 3 8.1+ gm. 
K 2S0^ l l + . i + n 

S i n g l e superphosphate 8i+.0 " 
Calcium carbonate lime 8I4.O " 
Dolomite lime 252.0 " 

Each chemical was ground i n a l a r g e mortar i n order 
to break up small lumps. The peat moss was screened, through 
a #8 screen to remove l a r g e roots and p l a n t fragments. 
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The sand was t a k e n from bags d i r e c t l y and mixed w i t h the 

p e a t moss i n a wheelbarrow. The sand p a r t i c l e s i z e was 

l a r g e r t h a n recommended f o r t h e U.C. S o i l M i x C b u t due 

to the convenience of u s i n g the sand d i r e c t l y f r om the bag, 

s c r e e n i n g was n o t employed. The f i n e l y ground c h e m i c a l s 

were added t o the s o i l and mixed w i t h a s h o v e l . 

The s o i l mix ( m o i s t u r e p e r c e n t a g e o f 2.56) was s t o r e d 

a t room temperature (19° - 20° C.) i n a p o l y e t h y l e n e l i n e d 

box. No attempt was made t o s t e r i l i z e the s o i l . 

2) s o i l i n o c u l u m p r e p a r a t i o n 

A p p r o p r i a t e w e i g h t s o f i n o c u l u m were added t o the 

U.C. M i x so as t o g i v e a range of i n o c u l u m d e n s i t i e s on a 

p e r c e n t a g e by w e i g h t b a s i s . V e r m i c u l i t e , m o i s t e n e d w i t h 

d i s t i l l e d w a ter and a u t o c l a v e d , was added, as r e q u i r e d t o 

b r i n g t h e v e r m i c u l i t e l e v e l o f each i n o c u l u m d e n s i t y up to 

t h a t o f t h e h i g h e s t i n o c u l u m l e v e l . The s o i l - i n o c u l u m 

m i x t u r e was b l e n d e d i n a two g a l l o n p l a s t i c p a i l by m i x i n g 

w i t h a spoon f o r a p p r o x i m a t e l y 5 m i n u t e s . 

3) s e e d i n g 

I m m e d i a t e l y a f t e r p r e p a r a t i o n , the s o i l i n o c u l u m 

m i x t u r e s were p l a c e d u n i f o r m l y i n t o 3 x 3" p l a s t i c p o t s . 

Twenty Penn Lake l e t t u c e seeds were s c a t t e r e d e v e n l y o v e r 

the s u r f a c e and c o v e r e d t o a d e p t h o f 0 . 5 " w i t h t h e approp

r i a t e s o i l - i n o c u l u m m i x t u r e . The s o i l i n each p o t was 

a d j u s t e d t o 60$ m o i s t u r e h o l d i n g c a p a c i t y w i t h d i s t i l l e d 

w a t e r . Due to the m o i s t e n e d v e r m i c u l i t e and i n o c u l u m added, 

the adjustment t o 60$ was o n l y approximate. 
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U) f u n g i c i d e s 

S o i l f u n g i c i d e s used were PCNB ( T e r r a c l o r ) and 

T e r r a z o l e ( 3 - t r i c h l o r o m e t h y l - 5 - e t h o x y - l , 2 , 1+ t h i a d i a z o l e } 

60$ W.P. Each f u n g i c i d e was a p p l i e d as a drench t r e a t m e n t 

t o the s o i l s u r f a c e . F o r m u l a t i o n s were made as p a r t s p e r 

m i l l i o n on a s o l u t i o n b a s i s . F i v e m i s . were a l l o w e d t o 

ru n s l o w l y f r o m a p i p e t t e over t h e s o i l s u r f a c e . Adjustment 

t o m o i s t u r e h o l d i n g c a p a c i t y was t h e n made w i t h d i s t i l l e d 

w a t e r . 

5) i n c u b a t i o n 

I m m e diately a f t e r m o i s t u r e adjustment the p o t s were 

p l a c e d on r a c k s and i n c u b a t e d a t the r e q u i r e d t emperature 

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

i n s i d e each c a b i n e t was r a i s e d t o a maximum by pans o f 

wate r p l a c e d n e a r the top and bottom. M o i s t a i r was t h e n 

c i r c u l a t e d throughout e a c h c a b i n e t by a c o n s t a n t l y r u n n i n g 

f a n . The c i r c u l a t i o n o f a i r t h r o u g h o u t the c a b i n e t was 

f a c i l i t a t e d by p r o p e r s p a t i a l adjustment o f the s o i l 

c o n t a i n e r s . 

The s o i l t e m perature a t a de p t h of 0 . 5 " was o b t a i n e d 

by i n s e r t i n g one thermometer h o r i z o n t a l l y i n t o the s o i l 

t h r o u g h a h o l e d r i l l e d i n t h e s i d e o f the p o t . 

S e e d l i n g c o u n t s were made f o r a l l t r e a t m e n t s a f t e r 

the c o n t r o l s emerged and had reached a c o n s t a n t number. 
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OBSERVATIONS AND RESULTS 

I . P h y s i o l o g y of Growth 

F o r m a t i o n o f m i c r o c o n i d i a 

A l t h o u g h the f a c t o r s of m i c r o c o n i d i a l f o r m a t i o n i n 

c u l t u r e by S_. s c l e r o t i o r u m have been e l u c i d a t e d (1+3, 1+6)» 

a q u a n t i t a t i v e measurement o f the growth r a t e has not been 

r e c o r d e d i n the l i t e r a t u r e . An experiment was d e v i s e d so 

as t o o b t a i n i n f o r m a t i o n on the growth r a t e of the m i c r o 

c o n i d i a l s t a g e of S_. s c l e r o t i o r u m i n l i q u i d media. Inoculum 

was p r e p a r e d u s i n g mycelium taken f r o m the s u r f a c e o f 2—1+ 

week o l d c u l t u r e s . The c o n t e n t s o f f i v e ( 5 ) s i x day o l d 

c u l t u r e s were used as homogenizing m a t e r i a l . The pH o f the 

medium was 6 . 5 0 . The i n o c u l a t e d f l a s k s were p l a c e d i n a 

2i+.i+° - 1° c . temperature c a b i n e t w i t h two f l a s k s removed 

f r o m each s h e l f as r e q u i r e d f o r w e i g h t d e t e r m i n a t i o n s . 

O b s e r v a t i o n s on growth were made d a i l y . 

A f t e r two days the f i r s t v i s i b l e s i g n o f growth was 

observ e d t o be i n the form o f s m a l l , submerged c o l o n i e s . 

S l i g h t s u r f a c e g r o w t h and the i n i t i a t i o n o f m y c e l i a l m a s s i n g 

i n t h e f o r m o f s m a l l t u f t s were observed on the t h i r d day. 

W i t h the f o r m a t i o n o f a e r i a l hyphae, growth appeared t o be 

e x t r e m e l y r a p i d and on the f o u r t h and f i f t h days, the s u r f a c e 

of t he medium was c o m p l e t e l y covered w i t h a f e l t of l i g h t 

green m y c e l i a l growth. A t t h i s s t a g e , the c u l t u r e s r e s e m b l e d 

those o f a co n t a m i n a n t , as n o t e d by Ramsey (1+6). Dark 

c o l o r e d a p p r e s s o r i a were formed, as a t h i c k r i n g on the w a l l s 
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o f the c u l t u r e v e s s e l . Growth c o n t i n u e d i n t h i s way, w i t h 

the s u r f a c e o f the c o l o n y becoming d e n s e l y c o v e r e d w i t h 

l i g h t green masses of m y c e l i a l t u f t s ( F i g u r e 2 ). I n - a l l 

c u l t u r e s , s c l e r o t i a f a i l e d t o f o r m . 

Dry w e i g h t s of mycelium o f S. s c l e r o t i o r u m i n c r e a s e d 

r a p i d l y a f t e r t h e t h i r d day o f growth, r e a c h i n g a maximum 

average d r y w e i g h t o f 49 mg. on the e i g h t h day (T a b l e i | , 

Graph I ) . 

TABLE L\ 

MICROCONIDIAL GROWTH OF S. s c l e r o t i o r u m 
IN LIQUID MEDIA AT 2l|.i+° C. 

R e p l i c a t e Time i n days 
3 4 5 6 8 10 12 

1 1 . 9* 11.7 12.8 29.1+ 37.9 4 0 . 0 45.4 

2 3.3 6.7 20.7 35. 4 39.0 4 4 . 7 42.7 

3 2.7 13.3 19.1 35.0 51.9 41 .0 4 6 . 7 

4 3.6 14.1 11.7 1+6.6 36.5 41.1 . 4 5 . 9 

5 2.7 12.2 22.2 30.7 5 8 . 2 38.5 55 .6 

6 1.9 5 .5 21.7 28.7 70.1 39.9 5 4 . 2 

T o t a l 16.1 63.5 108.2 205.8 293.6 245.1 290.5 

Average 2.7 10.6 18.0 34-3 4 8 . 9 4 0 . 8 4 8 . 4 

-"•milligrams d r y w e i g h t . 

The p e r i o d o f r a p i d growth between t h e t h i r d and e i g h t h days 

was i n i t i a t e d when a e r i a l m y c e l i a were formed on the s u r f a c e 

o f the l i q u i d medium. F o r m a t i o n of t u f t - l i k e masses o f 
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Plate 2. 

Figure 2. Microconidial growth of S. sclerotiorum i n 
l i q u i d culture at 20°G. L e f t , growth aft e r 
6 days. Center, growth a f t e r 10 days. 
Right, growth a f t e r 17 days. 
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hyphae i n c r e a s e d s t e a d i l y a l s o , a f t e r the t h i r d day o f 

i n c u b a t i o n . The e f f e c t of a temperature g r a d i e n t i n the 

i n c u b a t o r on growth was not r e f l e c t e d i n the d r y w e i g h t s 

o f the two c u l t u r e s removed from each l e v e l i n the 

i n c u b a t o r . V a r i a t i o n among r e p l i c a t e s was s l i g h t e x c e p t 

f o r the s i x t h r e p l i c a t e on the e i g h t h day o f growth. The 

average o f the s i x r e p l i c a t e s was, t h e r e f o r e , h i g h and 

tended t o i n d i c a t e t h a t t h e g r e a t e s t amount of m y c e l i a l 

and m i c r o c o n i d i a l p r o d u c t i o n was on the e i g h t h day. 

The e f f e c t of temperature on growth 

The growth o f S. s c l e r o t i o r u m a t d i f f e r e n t t e m p e r a t u r e s 

i n l i q u i d media has not been r e c o r d e d , a l t h o u g h much work 

has been done u s i n g l i n e a r measurements on agar media (11, 

28, 36, 1+6, £!+)• To compare the m i c r o c o n i d i a l growth o f 

S. s c l e r o t i o r u m w i t h m y c e l i a l growth and t o g a i n an under

s t a n d i n g o f t h e e f f e c t of temperature on m y c e l i a l g r o w t h , 

f u r t h e r e x p e r i m e n t s were c a r r i e d o u t u s i n g t e m p e r a t u r e s o f 

16°, 20° and 21+° C. Inoculum was taken from e i g h t c u l t u r e s , 

grown f o r seven days a t 2lj.° C. One c u l t u r e o f i n o c u l u m 

was f o r m i n g a e r i a l t u f t s of m y c e l i a on the s u r f a c e of the 

l i q u i d medium. A f t e r homogenation i n a Waring b l e n d e r , 

l a r g e p i e c e s o f massed m y c e l i a were seen suspended i n the 

homogenate. The pH o f the medium i n o c u l a t e d was 6 . 5 l . 

Temperature g r a d i e n t s i n each i n c u b a t o r were 2l+° t 1.2° C. 

and 16° t 0.6° G. C u l t u r e s were h a r v e s t e d a t v a r i o u s 

i n t e r v a l s i n the growth o f the organis m so as to o b t a i n a 
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q u a n t i t a t i v e measurement o f growth d u r i n g the p e r i o d o f 

r a p i d f o r m a t i o n o f v e g e t a t i v e s t r u c t u r e s . 

1) Growth h a b i t 

I n g e n e r a l the f o r m a t i o n and development of v e g e t a t i v e 

s t r u c t u r e s i n s t a t i o n a r y c u l t u r e took p l a c e f a s t e r a t 2I4 0 

r a t h e r t h a n a t 20° o r 16° c. ( T a b l e s 5, 6 and 7). The 

d i f f e r e n c e s between 2 i | and 2 0 ° C. w i t h r e g a r d to the time 

o f f o r m a t i o n of d i f f e r e n t v e g e t a t i v e s t a g e s were s l i g h t , 

b e i n g a m a t t e r o f one day. Growth and development a t 16° C. 

was d e c i d e d l y s l o w e r , w i t h f o r m a t i o n o f a l l ' i n d i v i d u a l 

v e g e t a t i v e s t a g e s a p p r o x i m a t e l y f o u r days l a t e r than a t 

2I4 0 C. 
The i n c u b a t i o n p e r i o d , r e q u i r e d a t 2i+° C. f o r the f o r 

m a t i o n of mature b l a c k s c l e r o t i a was e i g h t d a y s . The 

development of mature s c l e r o t i a f o l l o w e d a d e f i n i t e sequence 

of e v e n t s , w h i c h was a l s o o b s e r v e d i n the 2 0 ° and 16° C. 

c u l t u r e s . 

Growth o f m y c e l i a l fragments a f t e r i n o c u l a t i o n was 

submerged s i n c e homogenized m y c e l i a l p a r t i c l e s were e i t h e r 

i n s u s p e n s i o n or had s e t t l e d t o the bottom o f t h e c u l t u r e 

v e s s e l . Growth i n i t i a l l y was i n the form o f s m a l l s e p a r a t e 

c o l o n i e s , but a f t e r t h r e e days, a l l c o l o n i a l growth became 

amalgamated i n t o one l a r g e , coherent c o l o n y w h i c h c o n t i n u e d 

to grow submerged. A t t h i s s tage no a p p r e s s o r i a were 

observed on the w a l l s o f the c u l t u r e v e s s e l . A e r i a l hyphae 

were produced on t h e f i f t h day. T h i s marked the b e g i n n i n g 
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TABLE 5 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL LIQUID CULTURE AT 21+oc. 
( S o l i d l i n e (-) i n d i c a t e s absence 
o f s t r u c t u r e , s o l i d , c r o s s (+) 
i n d i c a t e s a c t i v e f o r m a t i o n of 
s t r u c t u r e ) 

Growth Time i n days  
c h a r a c t e r i s t i c s 1 2 3 h 5 6 7 b 9 10 11 "~12" 
Submerged growth + 

S u r f a c e growth o r 
a e r i a l m y c e l i a - + 

M y c e l i a m a s s i n g 

on s u r f a c e - - - - - + 

F o r m a t i o n o f 

round, b o d i e s _ _ _ _ _ + 

E x t r u s i o n o f water 
from round b o d i e s - - - - - - + 
Da r k e n i n g o f 
round b o d i e s _ _ - - _ _ + , F o r m a t i o n o f 
b l a c k s c l e r o t i a + 
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TABLE 6 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL LIQUID CULTURE AT 20°C. 

Growth Time i n days  
c h a r a c t e r i s t i c s 1 2 3 U 5 6 7 b1 9 10 11 12 

Submerged growth + 

S u r f a c e growth o r 

a e r i a l m y c e l i a - - - - - + 

M y c e l i a m a s s i n g 

on s u r f a c e _ _ _ _ _ + 

F o r m a t i o n o f 
round b o d i e s _ _ _ _ _ _ + 
E x t r u s i o n of water 
from round, b o d i e s _ _ _ - . _ _ + 
D a r k e n i n g o f 
round b o d i e s 
F o r m a t i o n o f 
b l a c k s c l e r o t i a - - - - - - - + 



TABLE 7 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL LIQUID CULTURE AT 16°C . 

Growth Time i n days  
c h a r a c t e r i s t i c s 1 2 3 U 5 6 7 o 9 10 11 ~ T 2 

Submerged growth + 

S u r f a c e growth o r 
a e r i a l m y c e l i a 

M y c e l i a m a s s i n g 
on s u r f a c e 

F o r m a t i o n o f 
round b o d i e s 

E x t r u s i o n o f water 
from round b o d i e s 

D a r k e n i n g o f 
round b o d i e s 

F o r m a t i o n o f 
b l a c k s c l e r o t i a 

a o b s e r v e d i n c u l t u r e s on bottom s h e l f , 
b H i t it i t I I I I 

c » M I I It I I n 
d i t it n I I it it 

+ a 

+ c 

- - - +d 
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of r a p i d growth which culminated i n the formation of mature 
b l a c k s c l e r o t i a . The formation of a e r i a l hyphae was 
fo l l o w e d immediately by m y c e l i a l massing on the surface of 
the l i q u i d medium. As the white surface mycelium was r a p i d l y 
massing over s e v e r a l areas of the c u l t u r e medium, the t r a n s 
formation of these f l a t - a p p e a r i n g masses of mycelium i n t o 
round immature s c l e r o t i a was t a k i n g p l a c e . On the seventh 
day, a f t e r massing a c t i o n of the mycelium had ceased and 
d e f i n i t e round shaped white s c l e r o t i a were formed, e x t r u s i o n 
of water d r o p l e t s from s e v e r a l areas of the s c l e r o t i a began 
(Figure 3)» This process of emanation continued f o r two 
or more days depending on the temperature and the i n d i v i d u a l 
c u l t u r e . Color changes i n the white immature s c l e r o t i a 
took place as soon as, or immediately a f t e r , the formation 
of water dr o p l e t s was i n i t i a t e d . Each s c l e r o t i u m , i n the 
process of becoming darker, changed from pure white through 
several hues of brown u n t i l f i n a l l y a j e t b l a c k , carbonaceous 
s t r u c t u r e was formed on the surface of the fungus colony. 
The time r e q u i r e d f o r formation of black s c l e r o t i a a f t e r the 
i n c e p t i o n of a e r i a l growth was f o u r days. The l i q u i d medium, 
i n which the fungus was growing, d i d not change c o l o r but 
remained c l e a r throughout the growth of the organism. 

The growth and development of S. s c l e r o t i o r u m at 20° C. 
(Table 6) was s l i g h t l y slower than at 21+° C. although, i n 
genera l , d i f f e r e n c e s between the two temperatures were not 
la r g e enough to i n d i c a t e the f a v o r a b i l i t y of one temperature 
to another. Surface growth, formation and darkening of 
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P l a t e 3. 

F i g u r e 3. E x t r u s i o n o f w a t e r d r o p l e t s from an 
immature s c l e r o t i u m d e v e l o p i n g 
i m m e d i a t e l y a d j a c e n t t o a mature 
s c l e r o t i u m ( x l O ) . 
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round b o d i e s o c c u r r e d one day l a t e r a t 20° C. than a t 24° C. 

I n g e n e r a l the s i z e , c o l o r and number of s c l e r o t i a formed 

a t 20° C. was the same as a t 24° C. 

The p a t t e r n o f development a t 16° C. was s i m i l a r t o 

development a t 20° and 24° G., w i t h f o u r days b e i n g r e q u i r e d 

f o r the f o r m a t i o n o f b l a c k s c l e r o t i a a f t e r i n i t i a t i o n o f 

s u r f a c e growth (Table 7). There were, however, v a r i a t i o n s 

among c u l t u r e s s i t u a t e d a t v a r i o u s l e v e l s i n the i n c u b a t o r . 

I n a l l c a s e s the c u l t u r e s on t h e l o w e s t s h e l f showed s i g n s 

o f development b e f o r e c u l t u r e s on t h e m i d d l e o r upper 

s h e l v e s because o f the h i g h e r temperature a t the bottom o f 

the i n c u b a t o r where the h e a t i n g element was l o c a t e d . Mature 

s c l e r o t i a were formed a f t e r t w e l v e days on the l o w e r s h e l f , 

w h i l e i t was not u n t i l two days l a t e r t h a t c u l t u r e s on the 

upper and m i d d l e s h e l v e s were f o r m i n g b l a c k s c l e r o t i a . 

T h i s i l l u s t r a t e s the s e n s i t i v i t y of S. s c l e r o t i o r u m t o 

s l i g h t changes i n temperature a t 16° C. 
0 

2) Rate o f growth 

Growth o f S. s c l e r o t i o r u m a t 16°, 20° and 24° C. 

(Tab l e s 8, 9 and 10), r e s u l t e d i n t y p i c a l s igmoid c u r v e s 

(Graph I I ) . I n g e n e r a l c u l t u r e s grown a t 24° C. were 

h a r v e s t e d a t one day i n t e r v a l s so as t o o b t a i n q u a n t i t a t i v e 

d a t a on the growth o f S. s c l e r o t i o r u m d u r i n g the p e r i o d o f 

maximum v i s i b l e f o r m a t i o n o f v e g e t a t i v e s t r u c t u r e s i n l i q u i d 

c u l t u r e . C u l t u r e s i n c u b a t e d a t 20° C. were h a r v e s t e d e v e r y 

two days due t o the s l o w e r r a t e o f gro w t h . C u l t u r e s 

i n c u b a t e d a t 16° C. were h a r v e s t e d e v e r y t h r e e days a f t e r 



TABLE 8 

GROWTH OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT 21+ °C. 

Time i n days 
R e p l i c a t e 3 k 5 6 8 10 12 

1 0. 0* 0.8 5.7 17.9 72.6 82 .5 69.0 
2 0.2 1.0 6.1 29 . 5 73-5 61.2 80.7 

3 0.2 1.6 8.9 25.7 81+.5 85.6 90.6 

k 0.2 2.1 10.0 31.2 91+.6 85.9 86.2 

5 0.3 0 .5 9.i+ 38.6 67.1 93-3 99.1 

6 0 .5 1 .5 11+.9 58.5 85.1+ 88.7 89 .5 

T o t a l 1.1+ 7 .5 55.0 201.1+ 1+77.7 1+97.2 . 515.1 

Average 0.2 1.3 9.2 33.6 79.6 82.9 85.9 

-"-milligrams d r y w e i g h t . 



TABLE 9 

GROWTH OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT 20°C. 

Time i n days 
R e p l i c a t e 4 6 8 10 12 1U 16 

1 0.4* 11.9 19 .5 69.6 90.1 69.6 76.0 

2 0.2 4.9 57.6 75.2 54-2 76.4 69.8 

3 0.1 12.1 59.6 67.0 77.7 73.5 77.5 

4 0.7 11.4 46.4 52.9 76.2 73.2 74.5 

5 0.6 13.3 83.2 87,3 90.8 101.3 87.O 
6 1.9 31.8 59.8 76.2 86.2 78.6 87.5 

T o t a l 3.9 85.4 326.1 428.2 475.2 472.6 472.3 

Average 0.7 14.2 54.4 71.4 79.2 78.8 78.7 

•"•milligrams d r y w e i g h t . 
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TABLE 10 

GROWTH OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT 16°C. 

Time i n days 
R e p l i c a t e 8 9 11 11+ 17 20 23 

1 o.5* 2. 6" 1+0.0 55.2 100.1+ 65.5 87.8 

2 0.6 2 . 7 7.6 88.8 8 8 . 6 88.0 105.7 

3 0.7 2 . 3 1+2.9 1+1.6 81 .2 73.6 111.5 

k 0.7 5 . 7 30.9 61+. 6 102.7 107.1+ 88.0 

5 0 . 9 9. 5 55.5 69.1 91+ .7 95.2 62.5 

6 2.'8 7 . 2 1+1.1+ 65.1 72.9 89.2 105.2 

T o t a l 6.2 30. 0 218.'3 381+ .1+ 51+0.5 518.9 560.7 

Average 1.0 .5. 0 36.1+ 61+. 1 90.1 86.5 93.5 

-"•milligrams d r y w e i g h t . 
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the f i r s t three determinations were made at one and two 

days apart. The organism grew much fas t e r at 21+° than 

at 20° or 16° G. as indicated by the respective dry weight 

yiel d s of 85.9, 79.2 and 1+5.0 mg. a f t e r twelve days. Rapid 

increases i n dry weight at 21+° G. from the f i f t h to the 

eighth day of incubation (Table 8) corresponded with the 

formation of vegetative structures f o r the same period 

(Table 5) • Maximum growth of S. sclerotiorum at 21+° C. 

was reached a f t e r twelve days. A further record of growth 

after the twelfth day was not obtained due to the lack of 

incubator space and the lengthy procedure for the harvest 

of mycelial growth. 

Maximum yields of 79.2, 78.8 and 78.7 mg. were obtained 

from growth at 20° G. after 12, II4 and 16 days respectively. 

The maximum amount of growth, although less than that obtained 

at 21+° C. was reached, i n the same period of incubation. 

The formation of vegetative structures took place between 

the s i x t h and eighth days of incubation as the dry weights 

increased from 11+.2 to 5U«U mg' sclerotiorum continued 

to increase i n dry weight after mature s c l e r o t i a were 

produced. Yields of 71.k and 79.2 mg. were obtained on 

the tenth and. twelfth days, an increase of 17.0 and 21+.8 

mg. respectively a f t e r the eighth day. 

The rate of growth of S. sclerotiorum at 16° C. was 

considerably retarded. 1 After eleven days of incubation 

only 36.1+ mg. of mycelium was produced. As i n the 20° G. 

cultures, growth continued to increase f o r f i v e days aft e r 
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mature s c l e r o t i a were formed. A l t h o u g h f l u c t u a t i o n s i n 

d r y w e i g h t s were o b s e r v e d , maximum y i e l d s were o b t a i n e d 

a f t e r the s e v e n t e e n t h day o f growth. 

The r a t e o f growth o f S. s c l e r o t i o r u m w h i l e p r o d u c i n g 

m i c r o c o n i d i a was f a s t e r than m y c e l i a l growth f o r the f i r s t 

s i x days of i n c u b a t i o n (Graph I I I ) . A t t h i s p o i n t the 

r a t e of growth of the m y c e l i a l s t a g e i n c r e a s e d , r e a c h i n g 

a maximum d r y w e i g h t o f 85.9 mg. as compared t o 48.4 mg. 

f o r t h e m i c r o c o n i d i a l growth.. The f i n a l d r y weight of the 

m y c e l i a l growth a f t e r t w e l v e days was 77*4$ g r e a t e r t h a n 

t h a t o f the m i c r o c o n i d i a l growth. 

The e f f e c t o f p e n t a c h l o r o n i t r o b e n z e n e on growth 

The e f f e c t o f PCNB suspended i n agar on the growt h 

o f S. s c l e r o t i o r u m has been e v a l u a t e d ( 2 9 ) . The use o f 

r a d i a l measurements f o r growth o f f u n g i on agar media, 

however, has been c r i t i c i z e d (4, 13, 45). I t was d e c i d e d , 

t h e r e f o r e , t o e v a l u a t e the e f f e c t s o f PCNB on the growth o f 

S. s c l e r o t i o r u m by m i x i n g the f u n g i c i d e i n l i q u i d media and 

a s s a y i n g the growth g r a v i m e t r i c a l l y . Inoculum was t a k e n 

from n i n e i d e n t i c a l c u l t u r e s grown f o r s i x days a t 24° C. 

The c o n t e n t s were homogenized f o r 45 seconds i n a Wari n g 

b l e n d e r and 1 m l . was p i p e t t e d t o 25 m i s . o f s t e r i l e l i q u i d , 

media c o n t a i n i n g t h e p r e p a r e d f u n g i c i d e . The pH of the 

medium i n o c u l a t e d was 6.05. C u l t u r e s were i n c u b a t e d a t 

room temperature (20° - 24° C.) i n s t i l l c u l t u r e and on a 

r o t a r y s h a k e r f o r t e n t o twelve d a y s . The m e c h a n i c a l s h a k i n g 
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GRAPH I I I 
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Time i n Days 

M i c r o c o n i d i a l Growth o f 
S c l e r o t i n i a s c l e r o t i o r u m 

Compared t o M y c e l i a l Growth 
i n L i q u i d C u l t u r e a t 21+°C. 
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d e v i c e had a shake r v e l o c i t y of 120 c y c l e s p e r m i n u t e . 

C u l t u r e s were removed as d e s i r e d f o r c e n t r i f u g a t i o n and 

d r y w e i g h t d e t e r m i n a t i o n . 

1) Growth h a b i t 

a) S t i l l c u l t u r e 

The e f f e c t o f PCNB a t 250 and 500 p.p.m. a c t e d p r i n c i 

p a l l y t o r e t a r d t h e f o r m a t i o n and development o f v e g e t a t i v e 

s t r u c t u r e s i n c u l t u r e ( T a b l e s 11, 12 and 1 3 ) . The p r o c e s s 

o f growth f r o m the i n i t i a t i o n o f s u r f a c e m y c e l i a t o the 

f o r m a t i o n o f mature b l a c k s c l e r o t i a took f o u r days t o 

complete i n the c o n t r o l , s i x days i n the 250 p.p.m. PCNB 

tr e a t m e n t and f i v e days i n the 500 p.p.m. PCNB t r e a t m e n t . 

The degree of i n h i b i t i o n of v e g e t a t i v e growth by PCNB 

depended m a i n l y on the c o n c e n t r a t i o n o f the f u n g i c i d e . I n 

t r e a t e d c u l t u r e s the growth o f the homogenized i n o c u l u m 

was i n h i b i t e d f o r s e v e r a l d a y s . M y c e l i a l fragments grew 

a b n o r m a l l y , f o r m i n g v e r y s m a l l s e p a r a t e c o l o n i e s w h i c h 

grew s l o w l y near the bottom o f the c u l t u r e v e s s e l . The 

i n i t i a l s u r f a c e growth was v e r y s p a r s e as the mycelium 

formed one o r two s m a l l s u r f a c e c o l o n i e s ( F i g u r e 1+) . I n 

most cases the f o r m a t i o n o f s c l e r o t i a and. o t h e r s t r u c t u r e s 

were d e l a y e d from t h r e e t o f i v e days by b o t h c o n c e n t r a t i o n s 

o f PCNB. The e x t r u s i o n o f wa t e r from s c l e r o t i a was more 

pronounced i n f u n g i c i d e t r e a t e d , c u l t u r e s than i n c o n t r o l 

c u l t u r e s . The e x t r u d e d w a t e r d r o p l e t s were l a r g e r i n s i z e 

and remained on the s c l e r o t i u m l o n g e r t h a n i n u n t r e a t e d 

c u l t u r e s . As each s c l e r o t i u m e x t r u d e d w a t e r the c o l o r chan 



5 2 

P l a t e I+. 

F i g u r e L\. The e f f e c t of PCNB on S. s c l e r o t i o r u m grown f o r 
7 days i n l i q u i d c u l t u r e a t room temperature 
( 2 0 ° - 2 i|°G.). L e f t , 5 0 0 p.p.m. PCNB; growth 
m a i n l y submerged. C e n t r e , 2 5 0 p.p.m. PCNB; 
m y c e l i a l massing o v e r s e v e r a l areas of c o l o n y , 
mature s c l e r o t i a a b s e n t . R i g h t , 0 p.p.m. 
PCNB; s e v e r a l mature s c l e r o t i a formed on 
s u r f a c e c o l o n y . 



TABLE 11 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT ROOM 
TEMPERATURE (20° - 2l+°C.) 

PCNB = 0 p.p.m. 
( S o l i d l i n e (-) i n d i c a t e s absence 
o f s t r u c t u r e , s t i p p l e d , c r o s s ( ) 
i n d i c a t e s i n i t i a l f o r m a t i o n and. 
s o l i d c r o s s (+) i n d i c a t e s a c t i v e 
f o r m a t i o n ) 

Growth 
c h a r a c t e r i s t i c s 

Time i n days 
1 k 5 6 7 8 9 10 

Submerged growth + 

S u r f a c e growth or 
a e r i a l m y c e l i a + 
M y c e l i a m a s s i n g 
on s u r f a c e + 
F o r m a t i o n o f 
round b o d i e s + 

E x t r u s i o n of wat e r 
from r o u n d b o d i e s + 
D a r k e n i n g o f 
round b o d i e s + 

F o r m a t i o n o f 
b l a c k s c l e r o t i a 
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TABLE 12 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT ROOM 
TEMPERATURE (20° - 2^°C . )• 

PCNB = 250 p.p.m. 

Growth Time i n days  
c h a r a c t e r i s t i c s 1 1+ 5 6 7 8 9 10 11 12 

Submerged growth + 

S u r f a c e growth o r 
a e r i a l m y c e l i a - - - - + 

M y c e l i a m a s s i n g 

on s u r f a c e - - - - - + 

F o r m a t i o n o f 
round b o d i e s - - - - - - T + 
E x t r u s i o n o f wat e r 
from round, b o d i e s _ _ _ - . - - - ! - + 
D a r k e n i n g o f 
round b o d i e s + 

( s t e e l g r ey) 
F o r m a t i o n o f 
b l a c k s c l e r o t i a _ _ _ _ _ _ _ _ - + 
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TABLE 13 

GROWTH HABIT OP S. s c l e r o t i o r u m 
IN STILL CULTURE AT ROOM 
TEMPERATURE (20° - 21+ °C.) 

PCNB = 500 p.p.m. 

Growth Time i n days  
c h a r a c t e r i s t i c s 1 1+ 5 6 7 8 9 10 11 12 

Submerged growth + 

S u r f a c e growth or 

a e r i a l m y c e l i a - - - - - i - + 

M y c e l i a m a s s i n g 
on s u r f a c e - - - - - - - + 
F o r m a t i o n o f 

roun d b o d i e s + 

E x t r u s i o n o f water 
from round b o d i e s - - - - - - - - J . + 
D a r k e n i n g o f 
round b o d i e s _ _ _ _ _ _ _ _ -;- + 
F o r m a t i o n o f 
b l a c k s c l e r o t i a - - - - - - - - - + 
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v e r y s l o w l y from w h i t e t o b l a c k . The c h a r a c t e r i s t i c g o l d e n -

brown c o l o r of u n t r e a t e d s c l e r o t i a was n o t o b s e r v e d i n 

s c l e r o t i a grown i n the t r e a t e d s o l u t i o n s . I n s t e a d , a g r e y 

c o l o r was observed w h i c h g r a d u a l l y became d a r k e r u n t i l the 

b l a c k c o l o r c h a r a c t e r i s t i c o f normal s c l e r o t i a became e v i d e n t . 

The number of s c l e r o t i a was v i s i b l y reduced i n the t r e a t e d 

v e r s u s the c o n t r o l c u l t u r e s , 

b) Shake c u l t u r e 

A f t e r f o r t y - e i g h t hours i n c u b a t i o n on the r o t a r y s h a k e r , 

g r o w t h i n each f l a s k was o b s e r v e d t o be i n the form of a 

s m a l l (2 mm.) a g g r e g a t e d , submerged m y c e l i a l c o l o n y . Growth 

was slow and i t was d i f f i c u l t t o d i s t i n g u i s h between the 

s i z e o f the t r e a t e d , and the u n t r e a t e d c u l t u r e s . The form 

o f growth i n the shake c u l t u r e s was o f two t y p e s . One was 

a c i r c u l a r , f l a t t e n e d , d i s k - l i k e o b j e c t w i t h f e a t h e r y 

r a d i a t i n g f l a n g e s of mycelium. The o t h e r resembled a s o l i d 

mass o f mycelium w i t h smooth edges from the r e p e a t e d t u m b l i n g 

i n s o l u t i o n w h i l e b e i n g shaken. The l a t t e r c u l t u r e s o f t e n 

had a v a r i e t y of shapes, none o f w h i c h resembled the d i s k 

l i k e o b j e c t w i t h r a d i a t i n g m y c e l i a l growth d e s c r i b e d above. 

The c o l o r o f each c o l o n y ranged f r o m w h i t e t o creamy w h i t e . 

I n a few c u l t u r e s , foaming was o b s e r v e d to take p l a c e 

toward the l a t t e r p a r t o f the i n c u b a t i o n p e r i o d . 

2) Rate of growth 

a) S t i l l c u l t u r e 

PCNB i n h i b i t e d the growth o f S. s c l e r o t i o r u m f o r the 

f i r s t s i x days of i n c u b a t i o n (Table II4, Graph I V ) , b u t 
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a f t e r t h i s p e r i o d the organism was a b l e t o u t i l i z e the 

n u t r i e n t s e f f e c t i v e l y and even appeared t o be s t i m u l a t e d 

by the compound. Dry w e i g h t s a f t e r f o u r and s i x days were 

8 . 0 and I48.L: mg. f o r the u n t r e a t e d c u l t u r e s , whereas growth 

was n o t w e i g h a b l e a f t e r f o u r days i n b o t h f u n g i c i d e con

c e n t r a t i o n s . A f t e r s i x days, d r y w e i g h t s of 5 .9 and Lj..2 mg. 

were o b t a i n e d f o r the 250 and 500 p.p.m. PCNB t r e a t e d 

c u l t u r e s . On the e i g h t h day o f i n c u b a t i o n , when the t r e a t e d 

c u l t u r e s were b e g i n n i n g t o form a e r i a l growth, the d r y 

we i g h t s i n c r e a s e d t o 27 .6 and 76 .0 mg. f o r the 250 and 

500 p.p.m. t r e a t m e n t s . C u l t u r e s a t b o t h c o n c e n t r a t i o n s 

o f PCNB c o n t i n u e d t o grow r a p i d l y , s u r p a s s i n g the c o n t r o l 

a f t e r t w e l v e days. Due to the t r a c e amount of growth o f 

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

were n o t t a k e n . These c u l t u r e s were h a r v e s t e d on the 

t w e l f t h day o f i n c u b a t i o n . The d a t a a f t e r t w e l v e days 

i n d i c a t e t h a t S. s c l e r o t i o r u m became a d j u s t e d t o the i n i t i a l 

t o x i c i t y o f PCNB and grew l i n e a r l y a f t e r a p r o l o n g e d l a g 

p e r i o d . 

TABLE 11+ 

THE EFFECT OF PCNB ON THE GROWTH 
OF S. s c l e r o t i o r u m IN STILL CULTURE 
AT ROOM TEMPERATURE (20© _ 2i|°C.) 

C o n c e n t r a t i o n 
o f PCNB 

Time i n days 
k 6 8 1 0 1 2 

250 
500 

0 p.p.m. 
tt 

8. 0* 
t r a c e 
t r a c e 

5.9 
i * . 2 

59.1* 
27.6 
1 6 . 0 

6 1 . 9 

6 2 . 7 

1*0.5 
87.2 
75.0 

-"-average o f s i x r e p l i c a t e s i n m i l l i g r a m s . 
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GRAPH IV 
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The E f f e c t of P e n t a c h l o r o n i t r o b e n z e n e on the 
Growth of S c l e r o t i n i a s c l e r o t i o r u m i n 
L i q u i d S t a t i o n a r y C u l t u r e a t Room 

Temperature (22o ± 2°C.) 
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b) Shake c u l t u r e 

The e f f e c t o f PCNB on growth was more s e v e r e i n shake 

c u l t u r e (Graph V) than i n the s t i l l c u l t u r e e x periments 

( T a b l e 15). The c o n t r o l shake c u l t u r e s c o n t i n u e d t o grow 

r a p i d l y u n t i l the t e n t h day whereas growth had re a c h e d a 

peak i n the s t i l l c u l t u r e s . Y i e l d s were s i m i l a r f o r the 

c o n t r o l s i n b o t h shake and. s t i l l c u l t u r e . Growth of the 

c o n t r o l was double t h a t o f the 250 p.p.m. tr e a t m e n t and 

f o u r times the 500 p.p.m. t r e a t m e n t . S h a k i n g of the c u l t u r e 

m e dia, t h e r e f o r e , appears t o i n c r e a s e the e f f i c i e n c y o f 

u t i l i z a t i o n o f the f u n g i c i d e . Y i e l d s o f the 250 p.p.m. 

t r e a t m e n t a f t e r t e n days f o r shake and non-shake i n c u b a t i o n 

were 34.0 and 62.7 mg. r e s p e c t i v e l y . C o r r e s p o n d i n g y i e l d s 

f o r the 500 p.p.m. PCNB t r e a t m e n t were 15.0 and 1+0.5 mg. 

The i n h i b i t o r y a c t i o n o f PCNB, t h e r e f o r e , i s a p p r e c i a b l y 

i n c r e a s e d by s h a k i n g t h e medium i n w h i c h the organism grew. 

TABLE 15 

THE EFFECT OF PCNB ON THE GROWTH 
OF S. s c l e r o t i o r u m IN SHAKE CULTURE 
AT ROOM TEMPERATURE (20O - 24 °C.) 

C o n c e n t r a t i o n Time i n days 
of PCNB k 6 8 10 

0 p.p.m. 6. 0* 27. k 55.2 66 .5 

250 " 0.9 6 .1 15.0 34-0 

500 1 1 1.1 5.6 11.3 15.0 

*average of s i x r e p l i c a t e s i n m i l l i g r a m s . 
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GRAPH V 

100 ,_ 

80 . 

Time i n Days 

The E f f e c t o f P e n t a c h l o r o n i t r o b e n z e n e on the 
Growth of S c l e r o t i n i a s c l e r o t i o r u m i n 

L i q u i d Shake C u l t u r e a t Room Temperature 
(22° t 2°C.) 
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I I . P a t h o g e n i c i t y S t u d i e s 

E f f e c t o f temperature on p a t h o g e n i c i t y 

The e f f e c t s o f s o i l t emperature on the p a t h o g e n i c i t y o f 

s o i l - b o r n e i n o c u l u m o f S c l e r o t i n i a spp. have been s t u d i e d 

(12, 36), b u t i n b o t h i n s t a n c e s the s o i l - i n o c u l u m r a t i o and 

the methods o f i n o c u l a t i o n were n o t g i v e n . Temperature o f t e n 

d e t e r m i n e s whether i n f e c t i o n w i l l take p l a c e (17). I n t h e 

c o a s t a l a r e a o f the Lower E r a s e r V a l l e y o f B r i t i s h C o l u m b i a , 

S. s c l e r o t i o r u m o f t e n causes 100$ l o s s o f beans and l e t t u c e . 

The environment under t h e s e c i r c u m s t a n c e s has been c o o l and 

m o i s t . I n o r d e r to i n v e s t i g a t e the temperature a s p e c t o f 

the p r o b l e m , a number o f experiments were conducted u s i n g 

l a r g e , temperature c o n t r o l l e d , r e f r i g e r a t e d i n c u b a t o r s . 

Inoculum was mixed, w i t h u n s t e r i l i z e d U.C. M i x s o i l t o g i v e 

a range o f 2.5, 5.0, 7.5 and 10.0$ i n o c u l u m d e n s i t i e s on a 

w e i g h t / w e i g h t b a s i s . C o n t a i n e r s were p l a c e d i n i n c u b a t o r s 

a t random. S e e d l i n g counts o f the v a r i o u s t r e a t m e n t s were 

made as soon as the number of emerged, c o n t r o l s e e d l i n g s 

became c o n s t a n t . S o i l t e mperatures used were 6°, 9°, 12°, 

15° and 18° C. To check f o r f u n g a l a t t a c k , f i v e t o t e n 

ungerminated seeds were removed f r o m the t r e a t e d , s o i l , s u r f a c e 

s t e r i l i z e d i n 10$ commercial c h l o r o x s o l u t i o n f o r two minutes 

and p l a t e d on w a t e r a g a r . A f t e r two days, h y p h a l t i p s o f 

f u n g a l growth were t r a n s f e r r e d t o tubes o f p o t a t o - d e x t r o s e 

agar f o r i d e n t i f i c a t i o n . 

The time r e q u i r e d f o r t h e emergence o f Penn Lake l e t t u c e 

s e e d l i n g s i n u n i n o c u l a t e d s o i l ( Table 16) i n c r e a s e d , as the 
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s o i l t emperature d e c r e a s e d . S e v e r a l days were r e q u i r e d ' a f t e r 

emergence u n t i l the number o f emerged s e e d l i n g s became c o n s t a n t . 

A t a l l t emperatures t h e r e was l i t t l e v a r i a t i o n among r e p l i 

c a t e s . 

TABLE 16 

DAYS TO APPEARANCE OP PENN LAKE LETTUCE SEEDLINGS 
AT VARIOUS SOIL TEMPERATURES PROM SEED PLANTED AT 
A DEPTH OP 0.5 INCHES IN U.C. SOIL MIX C. 

Number o f Days 
Temperature t o emerge 

l 8 ° c . 3 
15 " 5 
12 " 6 

9 " 10 
6 " 17 

The e f f e c t o f s o i l i n o c u l u m o f S. s c l e r o t i o r u m and s o i l 

t e mperature on the emergence o f Penn Lake l e t t u c e s e e d l i n g s 

can be seen i n T a b l e 17 and Graph V I . Prom Ta b l e 17, s e v e r a l 

i n t e r e s t i n g p o i n t s a r e , c l e a r . 

TABLE 17 

EMERGENCE OP PENN LAKE LETTUCE SEEDLINGS AT 
DIPPERENT TEMPERATURES IN SOIL INFESTED WITH 

S. s c l e r o t i o r u m 

_ ., Temperature Inoculum -
d e n s i t y 

2.5$ 
5 . 0 $ 
7.5$ 

10.0$ 

6 ° C . 9 ° C 1 2 ° C . i 5 ° c 1 8 ° C . 

98* 98 98 97 99 
7 15 81+ 99 95 
0 0 79 87 91* 
0 0 61 71 88 
0 0 56 55 89 

-::-The t o t a l number o f emerged s e e d l i n g s from 100 seeds 
p l a n t e d i n f i v e r e p l i c a t e s . 



12°C. 

2.5 5.0 7 .5 10.0 
P e r c e n t a g e Inoculum D e n s i t y 

The Emergence of Penn Lake L e t t u c e 
S e e d l i n g s a t D i f f e r e n t Temperatures 
i n S o i l I n f e s t e d w i t h S c l e r o t i n i a 

s c l e r o t i o r u m 
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The g e r m i n a t i o n and emergence o f Penn Lake l e t t u c e seed i n 

the u n t r e a t e d s o i l ( F i g u r e 5)> was 97 t o 99$ a t a l l tempera

t u r e s s t u d i e d . T h i s i n d i c a t e d t h a t t h e seed was of h i g h 

g e r m i n a t i o n . As the s o i l i n o c u l u m i n c r e a s e d the number of 

h e a l t h y emerged s e e d l i n g s d e c r e a s e d . T h i s was e s p e c i a l l y 

n o t i c e a b l e a t t e m p e r a t u r e s of 6° and 9° C. However, as the 

temperature i n c r e a s e d f r o m 9° t o 120 C , t h e r e was a l a r g e 

i n c r e a s e i n the number o f emerged s e e d l i n g s even a t the 10 

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

i n o c u l u m o f S. s c l e r o t i o r u m was noted t o be the h i g h e s t a t 

6° G. a l t h o u g h t h e r e were o n l y s l i g h t d i f f e r e n c e s between 

6° and 9° C. I n c r e a s e i n s o i l t emperature r e s u l t e d i n a 

de c r e a s e o f pre-emergence damping-off, e s p e c i a l l y a t 18° G. 

where p a t h o g e n i c i t y was s l i g h t , even a t the h i g h e r l e v e l s o f 

i n o c u l u m d e n s i t y . Graph V I shows c l e a r l y , the above r e l a t i o n 

s h i p s . 

I n g e n e r a l t h e r e was l i t t l e v a r i a t i o n i n the number 

o f emerged, s e e d l i n g s among r e p l i c a t e s o f the v a r i o u s t r e a t 

ments. There were d i f f e r e n c e s , however, among the v a r i o u s 

t r e a t m e n t s w i t h r e g a r d to s e e d l i n g h e i g h t . I n h i g h i n o c u l u m 

t r e a t m e n t s s e e d l i n g s o f 0.5 to 1.0 cm. i n h e i g h t were o b s e r v e d 

to emerge much l a t e r t h a n t h e m a j o r i t y of s e e d l i n g s w h i c h were 

a p p r o x i m a t e l y 3.0 t o ij.O cm. i n h e i g h t . These s t u n t e d 

s e e d l i n g s became more abundant w i t h i n c r e a s i n g s o i l - i n o c u l u m 

d e n s i t y . A l l emerged s e e d l i n g s were e t i o l a t e d due to growth 

i n l i g h t - f r e e i n c u b a t o r s . Damping-off o f emerged s e e d l i n g s 
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( F i g u r e 6) was r a r e l y o b s e r v e d . 

The growth o f m y c e l i a o f S. s c l e r o t i o r u m on the s o i l 

s u r f a c e ( F i g u r e 7) was f a v o r e d by h i g h i n o c u l u m d e n s i t y 

and low s o i l t e m p e r a t u r e s . A t t e m p e r a t u r e s of 6° and 9° C , 

the s o i l s u r f a c e o f each c o n t a i n e r was c o v e r e d w i t h w h i t e , 

f l u f f y , m y c e l i a l growth. W i t h time t h e growth became dense 

and m a s s i n g appeared t o o c c u r , however, s c l e r o t i a d i d n o t 

form. M y c e l i a l growth on t h e s u r f a c e o f c o n t r o l s o i l was 

no t o b s e r v e d . 

Uhgerminated seeds r e c o v e r e d f r o m the s o i l g e n e r a l l y 

appeared w a t e r soaked and n e c r o t i c ( F i g u r e 9 ) . Examina

t i o n o f s e v e r a l seeds revealed, the absence o f t i s s u e s i n s i d e 

the seed c o a t . F u n g i i s o l a t e d most f r e q u e n t l y were 

S. s c l e r o t i o r u m and. P e n i c i l l i u m spp. Seeds p l a n t e d i n and 

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

gave S. s c l e r o t i o r u m whereas P e n i c i l l i u m spp. and. S. 

s c l e r o t i o r u m were i s o l a t e d e q u a l l y a t t h e l o w e r i n o c u l u m 

d e n s i t i e s . 

S e v e r a l seeds were f o u n d w i t h s m a l l s c l e r o t i a attached, 

t o the seed ( F i g u r e 10, 11). These gave S. s c l e r o t i o r u m 

when p l a t e d on a g a r . 

E f f e c t o f PCNB and T e r r a z o l e on p a t h o g e n i c i t y 

D e s p i t e the recommended, use o f PCNB i n the c o n t r o l o f 

s o i l - b o r n e d i s e a s e s (32, 5 l ) , the f u n g i c i d e has f r e q u e n t l y 

f a i l e d , to p e r f o r m e f f i c i e n t l y ( l l j . , 1+0, 52) and under c e r t a i n 

c i r c u m s t a n c e s h i g h l y u n f a v o r a b l e r e s u l t s were o b s e r v e d (20). 
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Plate 5. 

Figure 5. Emergence of Penn Lake 
lettuce seedlings in 
uninoculated s o i l . 

Figure 6 . Damping-off of 
emerged Penn Lake 
lettuce seedlings. 

Figure 7. Mycelia of S. 
sclerotiorum on 
surface of s o i l 
incubated at 6°C 



67 
P l a t e 6. 

F i g u r e 8. H e a l t h y Penn Lake F i g u r e 9. I n f e c t e d , n e c r o t i c 
l e t t u c e seed ( x l O ) . l e t t u c e seed w i t h 

s c l e r o t i u m a t t h e r i g h t and 
m y c e l i a l t u f t a t t h e l e f t ( x l O ) . 

F i g u r e s 10 and 11 I n f e c t e d l e t t u c e seeds showing s c l e r o t i a 
b e i n g formed a t v a r i o u s l o c a t i o n s on the 
seed ( x l O ) . 
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Two experiments were d e v i s e d t o i n v e s t i g a t e the e f f e c t s of 

PCNB and a newly i n t r o d u c e d f u n g i c i d e , T e r r a z o l e ( 3 9 ) , on 

the p a t h o g e n i c i t y o f s o i l - b o r n e i n o c u l u m o f S_. s c l e r o t i o r u m . 

I n the f i r s t e x p e r i m e n t , PCNB a t s o l u t i o n c o n c e n t r a t i o n s of 

100, 200 and. [+00 p.p.m. was a p p l i e d u s i n g a 5 m l . p i p e t t e 

to the s u r f a c e of s o i l c o n t a i n i n g S. s c l e r o t i o r u m and seeded 

w i t h Penn Lake l e t t u c e . The s o i l t e m perature was 1 2 ° C. 

Emergence counts were made when the number o f emerged seed

l i n g s i n the c o n t r o l s became c o n s t a n t . 

I n the second e x p e r i m e n t , PCNB was a p p l i e d as a d r e n c h 

t r e a t m e n t a t a s o l u t i o n c o n c e n t r a t i o n o f 800 and 1600 p.p.m. 

A t h i r d d r e n c h t r e a t m e n t , c o n s i s t i n g of 800 p.p.m. PCNB and 

1600 p.p.m. T e r r a z o l e , was a p p l i e d i n o r d e r t o t e s t the e f f e c t 

of PCNB and T e r r a z o l e i n c o m b i n a t i o n . A l l t r e a t m e n t s were 

i n c u b a t e d a t 1 2 ° and. 1 5 ° C. 

Ex p e r i m e n t 1. 

T a b l e 18 and Graph V I I show t h a t t h e number of emerged 

s e e d l i n g s d e c r e a s e s w i t h i n c r e a s i n g c o n c e n t r a t i o n of b o t h 

PCNB and s o i l i n o c u l u m o f S. s c l e r o t i o r u m . The emergence 

o f Penn Lake l e t t u c e s e e d l i n g s was not a f f e c t e d by any of 

the c o n c e n t r a t i o n s of PCNB used. S e e d l i n g emergence was 

d e c r e a s e d by l\S.9 and. 60.7$ i n s o i l s c o n t a i n i n g i n o c u l u m 

d e n s i t i e s o f 7.5 and 10 .0$ and t r e a t e d , w i t h 1+00 p.p.m. PCNB. 
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TABLE 18 

EMERGENCE OP PENN LAKE LETTUCE 
SEEDLINGS I N SOIL INFESTED WITH 
S. s c l e r o t i o r u m AND TREATED WITH 

PENTACHLORONITROBENZENE 

Inoculum 
d e n s i t y 

C o n c e n t r a t i o n o f PCNB i n p.p.m. Inoculum 
d e n s i t y 0 100 200 J 4 O O 

0$ 98* 100 97 99 

2.5$ 8k 87 85 90 

5.0$ 79 72 72 66 

7.5$ 61 65 52 33 

10.0$ 56 1*8 1*U 22 

-*The t o t a l number o f emerged s e e d l i n g s 
from 100 seeds p l a n t e d i n f i v e r e p l i c a t e s . 

E x p e r i m e n t 2 . 

Drench t r e a t m e n t s w i t h the h i g h e r c o n c e n t r a t i o n s o f 

PCNB and the PCNB-Terrazole c o m b i n a t i o n gave e r r a t i c r e s u l t s . 

S e v e r a l f e a t u r e s o f i n t e r e s t , however, were n o t e d . The 

number o f emerged s e e d l i n g s a t 1 5 ° C. was g r e a t e r than a t 

12° c . Anomalous e f f e c t s o f t h e f u n g i c i d e s were a p p a r e n t , 

b u t were n o t as s e v e r e as t r e a t m e n t s i n Experiment 1. 

P h y t o t o x i c i t y o f PCNB and T e r r a z o l e on l e t t u c e s e e d l i n g s 

P h y t o t o x i c symptoms on l e t t u c e p l a n t s have l a r g e l y been 

due to a p p l i c a t i o n o f PCNB d u s t s o r s p r a y s t o the mature 

p l a n t s {Ikt 53) • The e f f e c t s o f f u n g i c i d e s s u c h as PCNB on 

the growth o f l e t t u c e p l a n t s has n o t been d e t e r m i n e d . The 

e f f e c t o f dr e n c h a p p l i c a t i o n s o f PCNB and PCNB-Terrazole on 
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GRAPH V I I 
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2.5 5.0 7.5 IO.O 
P e r c e n t a g e Inoculum D e n s i t y 

The Emergence o f Penn Lake L e t t u c e S e e d l i n g s 
i n S o i l a t 12°G. I n f e s t e d w i t h 

S c l e r o t i n i a s c l e r o t i o r u m 
and T r e a t e d w i t h P e n t a c h l o r o n i t r o b e n z e n e 
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the seedling height of Perm Lake l e t t u c e , grown i n s o i l 

containing S. sclerotiorum, was determined. Containers were 

incubated at 1 5 ° and 12° C. for 6 and 8 days respectively. 

Heights were measured when the emergence counts of control 

treatments became constant. 

Despite v a r i a t i o n i n the 800 p.p.m. PCNB treatment, 

the fungicides generally reduced the height of the lettuce 

seedlings grown i n various inoculum densities of S. s c l e r o 

tiorum (Graph V I I I ) . The pathogen retarded the growth of the 

seedlings as indicated by heights of 3 . 2 7 , 3.1+0, 2 . 8 0 , 2.08 

and 1.63 cm. f o r the 0, 2 . 5 , 5.0, 7.5 and 10.0$ s o i l ino

culum densities. The data show that the seedling height was 

increased by 800 p.p.m. PCNB at both temperatures. This i s 

probably not a r e a l i s t i c observation because a l l other 

treatments i n h i b i t e d s l i g h t l y the seedling height. 

The e f f e c t of Trichoderma on pathogenicity 

B i o l o g i c a l control of soil-borne disease has revolved 

around pioneer studies involving the s o i l saprophyte 

Trichoderma v i r i d e ( 5 9 ) . Since Weindling's work i n 1932, 

much research has revealed, that the success or f a i l u r e of 

experiments involving one organism against another often 

depends on t h e i r respective inoculum potential (17, 1 8 ) . 

Species of Trichoderma have been observed to attack s c l e r o t i a 

of S. sclerotiorum (26), however i n h i b i t i o n of mycelial 

growth i n s o i l has not been demonstrated. An i n v e s t i g a t i o n 

into the e f f e c t of temperature on the emergence of Penn Lake 
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GRAPH V I I I 

P e r c e n t a g e Inoculum D e n s i t y 

The Average H e i g h t o f Penn Lake L e t t u c e 
S e e d l i n g s Grown i n S o i l I n f e s t e d w i t h 
S c l e r o t i n i a s c l e r o t i o r u m and T r e a t e d 

w i t h PCNB and T e r r a z o l e 
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lettuce seedlings, i n various combinations of s o i l inoculum 

densities of S. sclerotiorum and a Trichoderma sp., was made. 

Treatments were incubated at temperatures of 6°, 9°, 12° 

and 15>° G. Emergence counts were made when the number of 

emerged seedlings i n the control treatments became constant. 

In treatments where seedling emergence was low, ungerminated 

seeds were recovered from the s o i l and plated on water agar 

i n order to determine the causal agent. 

In general the e f f e c t of increasing inoculum density of 

the Trichoderma sp. on reducing the pre-emergence k i l l of 

lettuce seeds by S. sclerotiorum was obscured by v a r i a t i o n 

among treatments (Tables 19, 20, 21, 22). Seedling emer

gence at 15° C. (Table 19) was notably increased at a l l 

inoculum densities of the Trichoderma sp. At 12° C., (Table 

20) the addition of various amounts of inocula of Trichoderma 

resulted i n a s l i g h t increase i n seedling emergence, however 

results among treatments were e r r a t i c . At temperatures of 

6° and. 9° C., (Tables 21 and 22) no appreciable increase i n 

emergence was observed with increasing rates of inoculum of 

the Trichoderma sp. Frequent i s o l a t i o n of the Trichoderma sp. 

from ungerminated lettuce seeds indicates that the organism 

was able to compete successfully f o r the dead substrate. 

Trichoderma alone d i d not i n f e c t or i n h i b i t the Penn Lake 

lettuce seeds or seedlings. 
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TABLE 19 

EMERGENCE OP PENN LAKE LETTUCE SEEDLINGS 
GROWN FOR 7 DAYS AT l 5°C. IN VARIOUS SOIL 
INOCULUM DENSITIES OF S. s c l e r o t i o r u m AND 

Trichode r m a sp. 

Pe r c e n t a g e i n o c u l u m P e r c e n t a g e i n o c u l u m d e n s i t y 
d e n s i t y o f S. s c l e r o t i o r u m o f Trichod e r m a sp. 
• 0 2.5 5 .0 7.5 10 .0 

0 97* 98 99 98 97 

2.5 99 99 93 96 97 

5.0 87 93 82 93 95 

7.5 71 89 76 93 82 

10.0 55 82 79 78 90 

-«-the t o t a l number o f emerged s e e d l i n g s f rom 
100 seeds p l a n t e d i n f i v e r e p l i c a t e s . 
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TABLE 20 

EMERGENCE OP PENN LAKE LETTUCE SEEDLINGS 
GROWN FOR 9 DAYS AT 12C>C. IN VARIOUS SOIL 
INOCULUM DENSITIES OP S. s c l e r o t i o r u m AND 

Trichoderma sp. 

Perce n t a g e i n o c u l u m ' P e r c e n t a g e i n o c u l u m density-
d e n s i t y of S. s c l e r o t i o r u m o f Trichoderma sp. 

0 2.5 5.0 7.5 10.0 
0 99* 98 100 100 99 
2.5 91 88 91 96 88 
5.0 88 80 82 93 83 
7.5 72 77 62 68 79 

10.0 58 59 56 66 63 

-"-the t o t a l number o f emerged s e e d l i n g s f rom 
100 seeds p l a n t e d i n f i v e r e p l i c a t e s . 
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TABLE 2 1 

EMERGENCE OP PENN LAKE LETTUCE SEEDLINGS 
GROWN FOR 1 5 DAYS AT 9°C. IN VARIOUS SOIL 
INOCULUM DENSITIES OP S. s c l e r o t i o r u m AND 

Trichode r m a sp. 

Pe r c e n t a g e i n o c u l u m P e r c e n t a g e i n o c u l u m d e n s i t y 
d e n s i t y o f S. s c l e r o t i o r u m o f Tricho d e r m a sp. 

0 2 . 5 5 T o 7 . 5 1 0 . 0 

0 98* 9 5 9 5 9 7 9 8 

2 . 5 1 5 1 0 5 5 2 3 

5.o 0 1 0 0 1 

7 . 5 0 0 0 0 1 

1 0 . 0 0 0 0 0 0 

* t h e t o t a l number o f emerged s e e d l i n g s f r o m 
1 0 0 seeds p l a n t e d i n f i v e r e p l i c a t e s . 
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TABLE 22 

EMERGENCE OP PENN LAKE LETTUCE SEEDLINGS 
GROWN FOR 23 DAYS AT 6°C. IN VARIOUS SOIL 
INOCULUM DENSITIES OP S.. sclerotiorum AND 

Trichoderma sp. 

Percentage inoculum Percentage inoculum density 
density of S. sclerotiorum of Trichoderma sp. 

- 0 2.5 5 . 0 7.5 10.0 

0 9 & ? 98 98 95 96 

2.5 7 5 0 0 5 

5 .0 0 0 1 0 0 

7.5 0 0 0 0 0 

10.0 0 0 0 0 0 

*the total number of emerged seedlings from 
100 seeds planted in five replicates. 
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DISCUSSION 

The above experiments have shown the e f f e c t s o f some 

f a c t o r s on the growth and p a t h o g e n i c i t y of S. s c l e r o t i o r u m . 

Growth and development of v e g e t a t i v e s t a g e s of S. s c l e r o t i o r u m 

i n c u l t u r e were a f f e c t e d by temperature and p e n t a c h l o r o 

n i t r o b e n z e n e . P a t h o g e n i c i t y of s o i l - b o r n e i n o c u l u m was 

a f f e c t e d n o t o n l y by t e m p e r a t u r e , p e n t a c h l o r o n i t r o b e n z e n e 

and T e r r a z o l e b u t by c e r t a i n i n t e r a c t i o n s w i t h i n o c u l u m of 

a T richoderma sp. 

The m i c r o c o n i d i a l growth of S. s c l e r o t i o r u m , measured 

i n terms o f d r y w e i g h t p e r 25 m i s . of m edia, i n c r e a s e d 

s t e a d i l y u n t i l the e i g h t h day of i n c u b a t i o n . Maximum 

growth, a l t h o u g h f l u c t u a t i n g s l i g h t l y , was reached a f t e r the 

e i g h t h day. D e t e r m i n a t i o n s o f m i c r o c o n i d i a l growth i n 

q u a n t i t a t i v e terms have n o t been made b e f o r e , p o s s i b l y 

b ecause, as Ramsey ( I46) has mentioned, the m i c r o c o n i d i a l 

s tage o f growth o f S. s c l e r o t i o r u m has the appearance o f a 

contaminant i n c u l t u r e . I t was f o u n d t h a t c u l t u r e s r e t a i n e d 

f o r i n o c u l u m and l e f t a t room temperature f o r l o n g p e r i o d s 

o f t i m e , gave r i s e t o m i c r o c o n i d i a l growth upon t r a n s f e r t o 

f r e s h media. Ramsey ( I46) found t h a t the age o f the fungus 

i n c u l t u r e was the c h i e f d e t e r m i n i n g f a c t o r g o v e r n i n g m i c r o 

c o n i d i a l f o r m a t i o n . O b s e r v a t i o n s made d u r i n g the c o u r s e o f 

the p r e s e n t work t e n d t o s u p p o r t h i s e v i d e n c e . 

M y c e l i a l growth i n l i q u i d media, as measured by d r y 

w e i g h t s , was most r a p i d , a t 21+° C. The development of m y c e l i a 
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and sclerotia in culture was slightly faster at 2J40 than at 
20° C. Barnett and L i l l y (k) found, that mycelial growth . 
of S. camelliae at 22° C. was approximately the same as at 
25° C. They found, that sclerotial production was favored 
by a temperature of 18° G., whereas in the present studies 
sclerotial formation was favored by a temperature of 2l|° G. 
although development at 20° G. was very similar. Growth at 
16° C. reached a maximum weight greater than that obtained 
at 2l+° or 20° C., although the incubation period was much 
longer at 16° G. Due to a lack of time and space, the 
extension of incubation periods at 2l|° and 20° C. was not 
possible. 

For the most part, temperature studies involving linear 
measurements of growth on various agar media are not agreeable 
(11, 23, 28, 36, 1+6). It appears, therefore, that accurate 
measurements of the effects of temperature on fungal growth 
cannot be obtained using both li q u i d and solid media. Both 
systems are highly a r t i f i c i a l ; however dry weights of growth 
in liquid media include the total mycelium produced whereas 
radial measurements do not account for the three-dimensional 
growth of the organism. 

Microconidial growth was more rapid, than mycelial growth 
at 21+0 C. until the sixth day of growth. After this time 
the mycelial stage continued to increase steadily whereas the 
dry weights of the microconidial growth increased only 
slightly. At any given time after the eighth day of incuba-
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tion, the average weight of the mycelial growth per culture 
was J4O to 50% greater than microconidial growth. 

Pentachloronitrobenzene affected the mycelial dry weight 
and time of sclerotial formation in duplicate experiments, 
in shake and stationary cultures at room temperature (20° -

21+0 C ) . In s t i l l culture, dry weights of the control 
increased steadily with time reaching a maximum yield of 
61.9 mg. after ten days of incubation. In the 250 and 500 

p.p.m. PCNB treatment, growth was inhibited until the eighth 
day, after which dry weights increased, steadily giving yields 
of 63.O and. 1+0.0 mg. respectively after ten days. 

The inhibition of growth by PCNB in liquid shake culture 
was increased throughout the time of the experiment. After 
ten days of incubation the dry weight yields were as follows: 
control, 66 mg.; 250 p.p.m. PCNB, 3k mg. and 500 p.p.m. PCNB, 
15 mg. These results indicate that the inhibitory action of 
PCNB on growth of S. sclerotiorum grown for ten days in liquid 
media is increased in shake culture as compared to s t i l l 
culture. It should be noted, however, that in a l l concentra
tions of PCNB, S. sclerotiorum in s t i l l culture was able to 
form sclerotia and produce mycelial growth which steadily 
increased with time. 

The above results differ radically from those of 
Kendrick and Middleton (29), who found that 10 p.p.m. of 
PCNB suspended in potato-dextrose agar was fungistatic to 
the growth of S. sclerotiorum. The present experiments 
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have shown t h a t PCNB i s f u n g i s t a t i c f o r a s h o r t p e r i o d o f 

t i m e , a f t e r w h i c h growth i n c r e a s e s s t e a d i l y . The term 

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

under d i f f e r e n t c o n d i t i o n s . Under the c o n d i t i o n s o f the 

p r e s e n t s t u d i e s , PCNB was found t o be f u n g i s t a t i c f o r a s h o r t 

t i m e , a f t e r w h i c h ( i n s t i l l c u l t u r e ) i t became i n e f f e c t i v e . 

Whether t h i s was due t o d i f f u s i o n , o r b i o c h e m i c a l c o n v e r s i o n 

o f the compound, i s not known. B e t t s e_t a l . (7) found t h a t 

when a 2 gram p o r t i o n o f PCNB was a d m i n i s t e r e d , i n t o a 

r a b b i t , 12$ was reduced to form n i t r o a n i l i n e , a t r a c e was 

h y d r o x y l a t e d to form p h e n o l , 11+$ was converted, t o N - a c e t y l - S -

p e n t a c h l o r o p h e n y l - L - c y s t e i n e v i a l o s s o f a n i t r o group and 

62$ was unabs orbed.. 

The emergence o f Penn Lake l e t t u c e s e e d l i n g s i n s o i l 

i n f e s t e d w i t h S. s c l e r o t i o r u m was reduced w i t h d e c r e a s i n g 

s o i l t e m p e r a t u r e . P a t h o g e n i c i t y o f s o i l - b o r n e i n o c u l u m on 

l e t t u c e seeds was f a v o r e d by s o i l t e m p e r a t u r e s below 12° C. 

C h a m b e r l a i n (12) r e p o r t e d v a r i a t i o n i n emergence o f soybean 

s e e d l i n g s i n f i e l d s o i l i n f e s t e d w i t h cornmeal-sand i n o c u l u m 

of S c l e r o t i n i a sp. He found t h a t a t 15° C , emergence was 

53$ i n the u n i n o c u l a t e d p o t s and 87$ i n the c o n t r o l . L i t t l e 

d i f f e r e n c e i n emergence was o b s e r v e d a t 10° or 20° C. 

The r e c o v e r y of S. s c l e r o t i o r u m f rom ungerminated seeds 

p l a n t e d i n s o i l i n o c u l u m c o n s t i t u t e s e v i d e n c e t h a t t h e 

pathogen can i n v a d e h e a l t h y seed t i s s u e s . I n o n l y a few 

cases was damping-off of s e e d l i n g s o b s e r v e d , t h e r e f o r e i t i s 
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u n l i k e l y t h a t S_. s c l e r o t i o r u m causes damping-off i n the 

f i e l d . K e r r ( 3 0 ) , w o r k i n g w i t h S. homeocarpa found t h a t 

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

d i d n o t t a k e p l a c e . 

I n g e n e r a l t h e s o i l f u n g i c i d e s PCNB and T e r r a z o l e were 

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

on l e t t u c e seeds and s e e d l i n g s . W i t h the a d d i t i o n o f PCNB 

a t 100, 200 and 1+00 p.p.m. t o s o i l s u r f a c e s , the number of 

emerged s e e d l i n g s became reduced w e l l below t h a t o f the c o n t r o l . 

G i b s o n , e_t a l . (20) found t h a t l o s s e s due to a Pythium sp. 

i n c r e a s e d a f t e r s o i l t r e a t m e n t w i t h PCNB. He assumed t h a t 

t h i s was due to s u p p r e s s i o n o f P e n i c i l l i u m p a x i l l i , a common 

sapr o p h y t e i n t h e - s o i l . I n the p r e s e n t s t u d i e s , s o i l d i l u 

t i o n p l a t e s were used t o observe the m i c r o f l o r a i n the un

t r e a t e d TJ.C. M i x . F o r the most p a r t , s p e c i e s o f P e n i c i l l i u m 

appeared on the p l a t e s . I t may be assumed t h e n , t h a t upon 

a p p l i c a t i o n o f PCNB not o n l y i s the i n o c u l u m of S. s c l e r o t i o r u m 

k i l l e d o r i n h i b i t e d a t t h e s u r f a c e b u t a l s o the P e n i c i l l i u m 

spp. Inoculum p a r t i c l e s i m m e d i a t e l y below the s u r f a c e , 

however, b e i n g u n a f f e c t e d by the f u n g i c i d e , c o u l d u t i l i z e 

the dead m i c r o o r g a n i s m s as o r g a n i c f o o d bases i n o r d e r t o 

p a r a s i t i z e the l e t t u c e seeds. Purdy (Ij.3) and Purdy and 

Grogan (I4I4) have demonstrated the r e q u i r e m e n t o f o r g a n i c 

m a t t e r f o r i n f e c t i o n of l e t t u c e p l a n t s . Organic m a t t e r may 

a l s o be r e q u i r e d f o r i n f e c t i o n o f seeds. 

The above e x p e r i m e n t s have i n d i c a t e d t h a t the use o f 

s o - c a l l e d " s p e c i f i c " s o i l f u n g i c i d e s s u c h as PCNB may r e s u l t 
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i n unexpected and unwanted r e s u l t s . 

R e d u c t i o n i n the h e i g h t o f s e e d l i n g s grown i n s o i l 

i n f e s t e d w i t h S_. s c l e r o t i o r u m and d r e n c h t r e a t e d w i t h 

f u n g i c i d e s i s due m a i n l y t o t h e t o x i c e f f e c t of the p a t h o 

gen. S e c r e t i o n o f a t o x i c substance by S. homeocarpa i n 

s u f f i c i e n t c o n c e n t r a t i o n i n t h e s o i l to depress the growth 

of s e e d l i n g s of l e t t u c e and o t h e r p l a n t s p e c i e s was o b s e r v e d 

by K e r r (30). Other f a c t o r s a f f e c t i n g s e e d l i n g growth i n 

the p r e s e n t s t u d i e s were the p h y t o t o x i c e f f e c t s o f the 

f u n g i c i d e s and the c o m b i n a t i o n o f t h e f u n g i c i d e s w i t h v a r i o u s 

i n o c u l u m d e n s i t i e s of S. s c l e r o t i o r u m . S e e d l i n g h e i g h t s 

were v i s i b l y reduced w i t h i n c r e a s i n g i n o c u l u m d e n s i t y of the 

pathogen. A p p l i c a t i o n o f f u n g i c i d e s to n o n - i n f e s t e d s o i l 

d i d n o t r e s u l t i n i n h i b i t i o n o f s e e d l i n g growth to the same 

e x t e n t as. i n the. i n o c u l a t e d s o i l . C o m b i n a t i o n o f f u n g i 

c i d e s w i t h s o i l i n o c u l u m caused a marked d e p r e s s i o n i n 

s e e d l i n g h e i g h t . 

V a r i o u s i n o c u l u m d e n s i t i e s o f the Trichoderma sp. 

f a i l e d t o improve s e e d l i n g emergence i n s o i l c o n t a i n i n g 

S. s c l e r o t i o r u m a t 6°, 9° and 12° C. A f a v o r a b l e response 

was observed a t 15° C , where numbers of s e e d l i n g s i n c r e a s e d 

w i t h i n c r e a s i n g i n o c u l u m d e n s i t i e s o f the Trichoderma sp. 

The d a t a i n d i c a t e t h a t t h e Trichoderma s p e c i e s used does n o t 

grow w e l l i n s o i l s a t low t e m p e r a t u r e . The v a r i a t i o n observed, 

may have been due t o uneven growth o f the i n o c u l u m i n the 

v e r m i c u l i t e media and hence uneven d i s t r i b u t i o n i n the s o i l . 

V a r i a t i o n i n t h e s o i l used and m i x i n g t e c h n i q u e s may have 



been c o n t r i b u t i n g f a c t o r s to the o v e r a l l v a r i a t i o n from 
treatment to treatment. 
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