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INTR ODUC TION 

T h e r e  a r e  a n u m b e r  o f  s t u d i e s  d e a l i n g  w i t h  t h e  a n t i -  
f t m g a l  e f f e c t s  o f  b e n o m y l  ( B O L L E N  e t  a l . ,  1970; E D G I N G T O N  
e t  a l .  , 1971; E R W I N ,  1973) b u t  i t  w a s  n o t  u n t i l  r e c e n t l y  t h a t  i t s  
e f f e c t s  on  s o i l  b a c t e r i a  w e r e  c o n s i d e r e d .  T h e  f i r s t  b a c t e r i a  
s t u d i e s  s u g g e s t e d  t h a t  b e n o m y l  m a y  h a v e  l i t t l e  e f f e c t  ( S T A R E N  
e t  a l . ,  1964; W E N S L E Y  e t  a l . ,  1970)~ h o w e v e r ,  H O F E R  (1971) 
f o u n d  t h a t  b e n o m y l  r e d u c e d  r a t e s  o f  n i t r i f i c a t i o n  in  t h e  s o i l .  
T h e s e  r e s u l t s  l e d  us  to  i n v e s t i g a t e  t h e  e f f e c t s  o f  b e n o m y l  on  
n a t u r a l l y  o c c u r r i n g  s o i l  b a c t e r i a ,  a n d  to  r e - e x a m i n e  the  
i n f l u e n c e  o f  t h i s  f u n g i c i d  e on  s o i l  n i t r i f i c a t i o n ,  u s i n g  t h e  
D e r f u s i o n  a p p a r a t u s .  

M A T E R I A L S  A N D  M E T H O D S  

A d e s c r i p t i o n  o f  t he  f i e l d  s i t e  a n d  the  m e t h o d s  u s e d  to 
o b t a i n  a n d  t r e a t  s o i l  s a m p l e s  i s  p r e s e n t e d  in  F O S T E R  (1975).  

T o  i s o l a t e  b a c t e r i a ,  s o i l  s a m p l e s  w e r e  s u s p e n d e d  in  
a u t o c l a v e d  t a p  w a t e r  a n d  t h r o u g h  s e r i a l  d i l u t i o n ,  r e d u c e d  to a 
p o w e r  of  10 - 6  . N u t r i e n t  a g a r  w i t h  a l o w  c a r b o n :  n i t r o g e n  r a t i o  
a n d  w i t h o u t  a d d i t i v e s  w a s  u s e d  in  t h e  i s o l a t i o n s .  M a n y  b a c t e r i a  
w e r e  f o u n d  to  g r o w  f r e e l y  on  t h i s  m e d i u m  w i t h o u t  u n d u e  
i n t e r f e r e n c e  f r o m  f u n g a l  s p e c i e s .  I n c u b a t i o n  w a s  a t  Z 5 ~  f o r  
f i v e  d a y s .  I t  i s  a p p r e c i a t e d  t h a t  t h i s  m e t h o d  d o e s  n o t  y i e l d  a n  
a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e  t r u e  s o i l  b a c t e r i a  p o p u l a t i o n s ,  
h o w e v e r ,  i d e n t i c a l  p r o c e d u r e s  w e r e  e m p l o y e d  t h r o u g h o u t  t h e  
e x p e r i m e n t s  a n d  do a l l o w  c o m p a r i s o n s  b e t w e e n  e x p e r i m e n t a l  
a n d  c o n t r o l  p l o t s .  

In  t h e  f i e l d ,  t w o  t y p e s  o f  e x p e r i m e n t s  w e r e  r u n .  In  t h e  
f i r s t ,  b e n o m y l  w a s  a p p l i e d  o n c e  to  t h e  e x p e r i m e n t a l  p l o t s  a n d  
s a m p l e s  w e r e  t a k e n  e a c h  d a y  f o r  t he  f i r s t  10 d a y s  a n d  t h e n  on  
d a y s  12, 14, 16, 18, 20,  24,  28,  a n d  3Z. In  t he  s e c o n d  s e t  o f  
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e x p e r i m e n t s ,  b e n o m y l w a s  a d d e d  e v e r y  7 d a y s  fo r  11 and  12 
w e e k s  (two e x p e r i m e n t s )  a n d  s a m p l e s  w e r e  t a k e n  on the f i r s t  
7 d a y s  and  then  on e v e r y  t h i r d  a n d  s e v e n t h  d a y  of e a c h  w e e k .  
In a l l  c a s e s  b e n o m y l  w a s  a d d e d  in  a s o i l  d r e n c h ,  s u s p e n d e d  
in I0 1 of water. 

In the l a b o r a t o r y ,  a p o s i t i v e  p r e s s u r e  s o i l  p e r f u s i o n  
a p p a r a t u s  ( L E E S  e t  a l . ,  1946; K A U F M A N ,  1965) w a s  u s e d .  
T w e l v e  un i t s  w e r e  u s e d ,  a n d  to s t a r t  e a c h  e x p e r i m e n t ,  50 g 
of s o i l  w a s  d r i e d  a n d  p l a c e d  in  the  s a m p l e  tube  of e a c h  uni t .  
The  r e s e r v o i r s  c o n t a i n e d  500 m l  of N / 5 0  a m m o n i u m  s u l p h a t e  
w h i c h  w a s  p e r f u s e d  t h r o u g h  the s a m p l e .  The r e s e r v o i r s  a l s o  
contained benomyl in the quantities: 0 ppm = 3 controls, 

0. I ppm = 3 experimentals, 1.0 ppm = 3 experimentals, 

i0. 0 ppm = 3 experimentals. The perfusate was sampled on 
days: I, 2, 3, 5, 7, 10, 14, 18, 22, 26, and 30. The nitrate 

nitrogen was measured volumetrically by the method described 

by CHASE (1948). 

R E S U L T S  

SINGLE APPLICATION FIELD EXPERIMENTS 

In t h i s  s e r i e s ,  e x p e r i m e n t s  1 and  2 ( F i g .  1) i n v o l v e d  
the a p p l i c a t i o n  of r e c r y s t a l l i z e d  b e n o m y l  a t  the c o n c e n t r a t i o n  
of 0 . 5  g / m  2 d i s p e r s e d  in  w a t e r .  In bo th  t h e r e  w a s  no 
s i g n i f i c a n t  d i f f e r e n c e  ( 0c = 0. 05) b e t w e e n  c o n t r o l  a n d  
e x p e r i m e n t a l  p l o t s  in  the  2 4 - h o u r  s a m p l e  bu t  t h e r e  w a s  a 
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the r e a d i n g s  a t  48 h o u r s .  
H o w e v e r ,  though  t h e s e  s i g n i f i c a n t  d i f f e r e n c e s  c o n t i n u e d  fo r  
s e v e r a l  d a y s ,  the  t o t a l  n u m b e r s  of b a c t e r i a  in  the  e x p e r i m e n t a l  
p l o t  r e t u r n e d  to t h o s e  in the  c o n t r o l  p l o t  w i t h i n  14 to 16 d a y s .  
T h e s e  r e s u l t s  s u g g e s t  t ha t  b e n o m y l  r e d u c e d  i s o l a t i o n s  of 
v i a b l e  f o r m s  of b a c t e r i a  f r o m  the s o i l ,  bu t  t h a t  the e f f e c t  
w a s  s o m e w h a t  s h o r t e r - l i v e d  than  t h a t  upon funga l  p o p u l a t i o n s  
( F O S T E R ,  1975). In e x p e r i m e n t  3 ( F i g .  l) B e n l a t e ,  the 
c o m m e r c i a l  f o r m  of the f u n g i c i d e  w a s  a p p l i e d  so  a s  to 
p r o d u c e  the s a m e  c o n c e n t r a t i o n  of a c t i v e  m a t e r i a l  u s e d  in  
e x p e r i m e n t s  1 a n d  2. The r e d u c t i o n  of b a c t e r i a l  i s o l a t i o n s  
f r o m  the e x p e r i m e n t a l  p l o t  w a s ,  h o w e v e r ,  c o n s i d e r a b l y  
g r e a t e r  than  in  the  two p r e v i o u s  e x p e r i m e n t s .  T h i s  w a s  
p r o b a b l y  a s s o c i a t e d  w i t h  the  u n i f o r m i t y  of the  s u s p e n s i o n  
p r e p a r e d  f r o m  the c o m m e r c i a l  p r o d u c t  c o m p a r e d  w i t h  t h a t  
p r e p a r e d  f r o m  r e c r y s t a l l i z e d  b e ~ o m y l .  S i g n i f i c a n t  r e d u c t i o n s  
(oa = 0 . 0 5 )  of i s o l a t i o n s  f r o m  the e x p e r i m e n t a l  p l o t ,  c o m p a r e d  
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with those from the control plot, were evident after 24 hours. 
Moreover, this reduction remained significant for 16 days 
despite considerable bacterial growth in both experimental 

and control plots between days 8 and 14. Experiment 4 (Fig. i) 
also received 1.0 g/m Z of Benlate. The reduction of isolations 

from the experimental plot were not so marked as in 
experiment 3, however, all but two samples over the 3Z-day 
experimental period displayed significant differences between 
control and experimental isolates. In experiment 5, 1.0 g/m Z 

of active fungicide was applied to the experimental plot. There 

was a significant (~ = 0. 05) depletion of isolations from the 
experimental plot after 48 hours in this experiment, followed 

by a continued and relatively enormous difference between the 

experimental and control plots which continued to register 

through the completion of the experiment. It is apparent from 

this experiment that an increased concentration of fungicide 
considerably reduced the total number of bacteria isolated 

compared with isolations at the lower concentration of the 
fungicide. 

MULTIPLE APPLICATION FIELD EXPERIMENTS 

Two experiments were run in which 0.5 g/m Z of benomyl 

(added as Benlate) was applied every seven days. In both, the 

experimental populations fell to a level of 50 % of the control 
populations within 48 hours, and remained at that level for the 

duration of the experiment (I0 weeks in the first experiment 
and II weeks in the second). The initial response was 

identical to that observed in the single application work, but 

the effect persisted because of the constant reinforcement by 
the continued addition of benomyl (Fig. 2). 

PERFUSION EXPERIMENTS 

The results from the field experiments involving soil 
drenches with Benlate indicated that the fungicide was not with- 

out effect upon soil bacteria. Significant declines in the 

bacterial populations of the experimental plots compared with 
those of the control plots were observed but these quantitative 

experiments gave no indication of which bacterial groups were 
affected. Consequently, it was decided that one of the 

essential physiological groups of soil bacteria, the nitrifiers, 

should be investigated in relation to the soil applications of 

Benlate. Two thirty-day experiments were run with concentra- 
tions of Benlate at i0.0, 1.0, and 0oi ppm in the soil. Three 

perfusion units were used at each concentration and the remain- 
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Figure 2. Colony counts x 106 plotted with respect to days for 

two long-term experiments. Benlate was applied every seven 
days in both experiments. Controls are represented by solid 

lines and experimentals by dotted lines. 

ing three units acted as controls. 

In the first perfusion experiment (Fig. 3) the control 

was found to rapidly convert the ammonium nitrogen to 
nitrate nitrogen. There was a short initial lag period followed 
by an increase in the conversion rate which showed no signs of 
leveling off before a concentration of I00 ug/ml was reached at 

approximately fifteen days after commencing the experiment. 
Compared with the control, the soils in which the Benlate was 
incorporated displayed varying reactions. At a conCentratlon 
of 0. I ppm Benlate, the initial rate of nitrification was some- 
what more rapid than that of the control soil. The lag period 
was less pronounced and until the 10th day, the nitrification 

rate remained higher than that of the control. The rate, 
however, dropped and by the 14th day of the experiment was 

below that of the control. At the end of the sampling period 
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the nitrate-nitrogen levels were showing signs of leveling off. 

Benlate, at a concentration of 1.0 ppm in soil caused a slightly 

longer lag period in the nitrification curve but after three days 

the rate of nitrification increased and paralleled that of the 

control until the 10th day of the experiment. At this point the 

rate began to diminish and the 30-day level of nitrate-nitrogen 

was very close to that of the 0. I ppm Benlate treatment. The 

highest concentration of Benlate at i0.0 ppm in soil produced 

a protracted lag period in the rate of nitrification and severely 

lowered the concentration of nitrate produced. At the termina- 

tion of the experiment, the nitrate-nitrogen level at this 

fungicide concentration, was less than 50% of that of the other 

Benlate treatments. 

In the second experiment (Fig. 3), 0. I ppm Benlate 

again stimulated nitrification. The nitrate-nitrogen concentra- 

tion remained higher than that of the control for seven days 

and then fell sharply below the control level. The I. 0 and 

I0.0 ppm concentrations of Benlate both produced significant 

declines in the rates of nitrification compared with that of the 

control although the reduction of rate in the 10 ppm concentra- 

tion was much closer to that at 1.0 ppm than in the previous 

experiment. 

DISC USSION 

The s i n g l e  a n d  m u l t i p l e  a p p l i c a t i o n  e x p e r i m e n t s  
i n d i c a t e  t h a t  t h e r e  i s  s o m e  i n h i b i t o r y  e f f e c t  of b e n o m y l  upon 
s o i l  b a c t e r i a .  At  the a c t i v e  c o n c e n t r a t i o n  of 0. 5 g / m  Z the  
f u n g i c i d e  r e d u c e d  the i s o l a t i o n s  of b a c t e r i a  f r o m  the e x p e r i -  
m e n t a l  p l o t  w i t h i n  48 h o u r s  a f t e r  f u n g i c i d e  a p p l i c a t i o n .  H o w -  
e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  in  the  n u m b e r  of b a c t e r i a  
i s o l a t e d  b e t w e e n  c o n t r o l  a n d  e x p e r i m e n t a l  p l o t s  d id  no t  
c o n t i n u e  t h r o u g h o u t  the d u r a t i o n  of the  e x p e r i m e n t s  a n d  the  
n u m b e r  of b a c t e r i a  f r o m  the e x p e r i m e n t a l  p l o t s  t e n d e d  to 
r e t u r n  to the  l e v e l s  of t h o s e  f r o m  the c o n t r o l  p l o t s  w i t h i n  
the e x p e r i m e n t a l  t i m e  p e r i o d .  W h e n  an  a c t i v e  c o n c e n t r a t i o n  
of 1.0 g/m 2 of fungicide was used, the differences in numbers 

of isolations from control and experimental plots were found 

to be significantly greater than those obCained at the lower 

concentration of fungicide. Moreover, the number of 

bacteria isolated from the experimental plot had not 

returned to the level of the control plot at the end of the 

experimental period. It appears, therefore, that the 

increased concentration of benomyl had an increased 
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inhibitory effect upon the isolation of bacteria from the soil. 

While it must be recognized that because this study only 

considers total soil bacteria, it is impossible to draw 

conclusions about the effects benomyl might have on soil 

ecology, but the data do suggest that more detailed work is 

war r ante d. 

One such approach is exemplified by the perfusion 

experiments which indicate that Benlate affects the rate of 
nitrification when incorporated into the soil at levels of 0. I, 
I. 0, and I0. 0 ppm. At 0. I ppm there appears to be some 

intitial stimulation of the nitrification in the soil but this rate 

is depressed below that of controls after approximately seven 
days. At higher concentrations Benlate retards rates of 
nitrification over the first 30 days although it does not inhibit 
this process completely. This supports the work of HOFER 

(1971) which suggests that benomyl affects the nitrifying 

bacteria in soil in a manner not yet established. 
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