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EFFECT OF BENOMYL ON BLACK ROOT ROT OF TOBACCO 
CAUSED BY THIELAVIOPSIS BASICOLA’  

S. K .  G a  yed 

Abstract 
Benomyl a t  concent ra t ions  of 1-2 ppm was f u n g i s t a t i c  t o  T h i e l a v i o p s i s  

b a s i c o l a  (Berk. and B r . )  Fer r .  i n  c u l t u r e ,  whereas 5 ppm was f u n g i c i d a l .  
Dipping r o o t s  of 4-week-old tobacco (Nico t iana  tabacum L.) s e e d l i n g s  i n  a 
suspension conta in ing  15 ppm benomyl p r o t e c t e d  them a g a i n s t  b lack  root ro t  
i n f e c t i o n  under c o n t r o l l e d  condi t ions  i n  a growth chamber, b u t  such 
t rea tment  f a i l e d  t o  p r o t e c t  o l d e r  s e e d l i n g s  when t r a n s p l a n t e d  i n t o  h e a v i l y  
i n f e s t e d  s o i l  i n  t h e  f i e l d .  Benomyl mixed wi th  i n f e s t e d  s o i l  i n  p o t s  a t  
concent ra t ions  o f  1,3, and 10 ppm s i g n i f i c a n t l y  reduced b lack  root r o t  
i n f e c t i o n .  I n  a heav i ly  i n f e s t e d  f i e l d ,  row t rea tment  a t  t h e  rate of 6.25 
kg benomyl/ha considerably checked t h e  d i s e a s e .  The e f f e c t i v e n e s s  o f  
benomyl on b lack  root ro t  may be due t o  t h e  c o n t a c t  e f f e c t  o f  t h e  fungic ide  
on T- b a s i c o l a  as w e l l  as t o  t h e  systemic e f f e c t .  

Introduction 
Black root r o t  o f  tobacco caused bv t h e  

s o i l  borne fungus Thie lav io  sis b a s i c o l a  
(Berk. and B r . )  Fer r .  is t h e  ‘most 
d i s e a s e  of  f lue- cured tobacco i n  Canada. I t  
a t t a c k s  t h e  root system forming b lack  l e s i o n s  
of  d i s i n t e g r a t e d  t i s s u e .  Maturi ty  of 
i n f e c t e d  p l a n t s  i s  delayed and, as they a r e  
s t u n t e d ,  t h e i r  y i e l d  i s  poor. 

The new sys temic  fungic ide  Benla te  (Du 
Pont o f  Canada Ltd. ,  Toronto, Ont.) , 
prev ious ly  known as Fungicide 1991, is a 50% 
w e t t a b l e  powder of benomyl (1- [butyl-  
carbamoyl] -2-benzimidazole carbamic a c i d ,  
methyl ester). I t  has been e f f e c t i v e  i n  
c o n t r o l l i n g  s e v e r a l  funga l  d i s e a s e s ,  e.g. 
damping o f f  ( 2 ) ,  v e r t i c i l l i u m  w i l t  ( 3 1 ,  
powdery mildews ( 4 ) ,  and f r u i t  rots ( 6 ) .  The 
p r e s e n t  paper  r e p o r t s  t h e  e f f e c t  of benomyl 
on t h e  growth of b a s i c o l a  i n  c u l t u r e  and 
on t h e  b lack  root r o t  d i s e a s e  under 
c o n t r o l l e d  condi t ions  and i n  t h e  f i e l d .  

Materials and methods 

I n  a l l  experiments concent ra t ions  of 
benomyl are expressed as amounts of a c t i v e  
i n g r e d i e n t .  

For t e s t i n g  t h e  e f f e c t  of benomyl on t h e  
growth of H a r r o w  and Ky 1238-1 s t r a i n s  of 
b a s i c o l a ,  t h e  chemical w a s  mixed wi th  p o t a t o  
‘dextrose.agar  (PDA) a t  rates between 0.01 and 
100 ppm and poured i n t o  p e t r i  d i s h e s .  Four 
d i s h e s  were prepared f o r  each concent ra t ion ,  
inocu la ted  wi th  s tandard ized  myce l ia l  d i s c s  
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o f  e i t h e r  Harrow o r  Ky 1238-1 s t r a i n ,  and 
incubated f o r  2 weeks a t  25C. Linear  growth 
w a s  measured d a i l y .  Mycel ial  d i s c s  which d i d  
n o t  grow i n  t h e  presence of benomyl w e r e  
t r a n s f e r r e d  t o  PDA t o  f i n d  o u t  whether t h e  
t rea tment  w a s  f u n g i c i d a l  o r  f u n g i s t a t i c .  

To e v a l u a t e  t h e  e f f e c t  o f  benomyl on 
black r o o t  r o t ,  experiments w e r e  c a r r i e d  o u t  
i n  a growth chamber and i n  t h e  f i e l d .  

GROWTH CHAMBER EXPERIMENTS 

The fungic ide  w a s  app l ied  as a root d i p  
o r  as a so i l  amendment: 

Root d i  - Roots o f  4-week-old tobacco 
s d  were dipped i n  water o r  i n  a 5 
ppm suspension of benomyl f o r  24 h r .  The 
water or suspension w a s  cont inuously 
s t i r r e d  by a magnetic stirrer. The 
s e e d l i n g s  were then p l a n t e d  i n  p o t s  i n  
s t e a m- s t e r i l i z e d  sandy s o i l  which w a s  
subsequently i n f e s t e d  wi th  T. b a s i c o l a  
endoconidia  a t  a rate 10,000 
endoconidia p e r  gram so i l ;  

S o i l  t rea tment  - i n o c u l a t e d  sandy s o i l  
w a s  mixed w i t h  benomyl a t  t h e  rate of  
0,1,3, o r  10 ppm by weight  and 
d i s t r i b u t e d  i n  po ts .  A f t e r  3 days 
s e e d l i n g s  were t r a n s p l a n t e d  t o  t h e  po ts .  

I n  growth chamber experiments ,  t h e  H a r r o w  
s t r a i n  of T. b a s i c o l a  w a s  used as inoculum. 
Each treatmex c o n s i s t e d  of twelve p o t s  with 
t w o  s e e d l i n g s  of tobacco (Nico t iana  tabacum 
L.) , v a r i e t y  Hicks Broadleaf .  The pot- 
randomized i n  a growth chamber a d j u s t e d  t o  
17-19C, a r e l a t i v e  humidity of about  68%, and 
l i g h t  i n t e n s i t y  o f  about  3,000 f t - c  f o r  16 
hr/day. A f t e r  5 weeks, t h e  s e e d l i n g s  w e r e  
c a r e f u l l y  uprooted and t h e  r o o t s  c leaned  and 
r a t e d  f o r  d i s e a s e  l e s i o n s ,  us ing  a scale o f  
0-5, with 0 r e p r e s e n t i n g  no l e s i o n s  and 5 ,  
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complete coverage of t h e  r o o t  by l e s i o n s .  1238-1 s t r a i n s  of b a s i c o l a  i n  c u l t u r e .  
The f r e s h  and dry weights  of t h e  seedl ings;  Increas ing  t h e  concent ra t ion  of benomyl i n  
w e r e  ob ta ined ,  and t h e  r e s u l t s  were! the  medium between 0.1 and 1.0 pprn gradua l ly  
s t a t i s t i c a l l y  analysed.  decreased t h e  growth r a t e  o f  t h e  fungus. 

Concentrat ions between 1 and 2 .ppm were 
FIELD TRIALS f u n g i s t a t i c ,  whereas 5 ppm was f u n g i c i d a l .  

An experiment w a s  c a r r i e d  o u t  i n  1968 i n  
a h e a v i l y  i n f e s t e d  f i e l d  grown with tobacco 
f o r  t h e  l a s t  13 years .  The experiment. 
c o n s i s t e d  of single- row p l o t s  10.5 m long 
wi th  105 c m  between t h e  rows and 45 cm 
between p l a n t s .  Three t rea tments  and t w o  
checks were arranged i n  a randomized block 
design r e p l i c a t e d  four  times. Benomyl was, 
a p p l i e d  a s  fol lows:  

Root d i  - r o o t s  of tobacco s e e d l i n g s  at. 
t h e  t r$nsp lan t ing  s t a g e  w e r e  dipped for 
24 h r  e i t h e r  i n  s t i r r e d  water  of i n  a 
suspension conta in ing  5 ppm benomyl. 

S o i l  t rea tment  - 7.22 g of t h e  w e t t a b l e  
powder ( e q u i v a l e n t  t o  6.25 kg/ha) was 
suspended i n  1 l i t e r  of water  and was 
uniformly sprayed i n  a 20-cm band along 
the row. A r o t o t i l l e r  was used to  
i n c o r p o r a t e  t h e  chemical i n  t h e  s o i l  t o  a 
depth of 10 c m .  The t rea tment  was made 
on June 3, e i g h t  days before  p l a n t i n g ;  

Treatment o f  t h e  p l a n t i n g  water  - 150 cc/ 
p l a n t  of a suspension conta in ing  15 ppai 
benomyl was used a s  p l a n t i n g  water. 

Shoot l eng th  was measured on J u l y  15. On 
August 21, p l a n t s  number 4,7,10,13, and 16 i n  
each row w e r e  dug o u t  c a r e f u l l y .  Their  r o o t s  
were cleaned and black r o o t  l e s i o n s  were 
r a t e d .  Fresh and dry weight of shoots  were 
ob ta ined .  

Results and  discussion 

Low concent ra t ions  of benomyl i n  PDA 
medium were h igh ly  t o x i c  t o  Harrow and Ky 

In  t h e  s o i l  i n o c u l a t i o n  experiment, 
dipping r o o t s  of 4-week-old tobacco s e e d l i n g s  
i n  a 5 ppm suspension of benomyl f o r  24 h r  
induced p r o t e c t i o n  a g a i n s t  black root r o t  
under c o n t r o l l e d  condi t ions  i n  t h e  growth 
chamber (Table 1). Such t rea tment  f a i l e d ,  
however, t o  p r o t e c t  7- t o  8-week-old 
t r a n s p l a n t e d  tobacco s e e d l i n g s  a g a i n s t  
i n f e c t i o n  i n  t h e  f i e l d  (Table 3). This  may 
have been due t o  t h e  d i f f e r e n c e  i n  age of t h e  
t r e a t e d  s e e d l i n g s  o r  t o  t h e  p r e v a i l i n g  
environmental c o n d i t i o n s ,  inc lud ing  t e m-  
p e r a t u r e ,  inoculum p o t e n t i a l  of t h e  pathogen, 
and s o i l  water  con ten t .  It  has been 
e s t a b l i s h e d  t h a t  t h e s e  f a c t o r s  a f f e c t  t h e  
incidence and s e v e r i t y  of t h e  black r o o t  r o t  
d i s e a s e  of tobacco (5). 

Treatment of i n f e s t e d  s o i l  w i t h  benomyl 
a t  concent ra t ions  of 1,3, and 10 ppm checked 
black r o o t  ro t  i n f e c t i o n  i n  p o t s  and 
increased  growth of tobacco s e e d l i n g s ,  as 
compared with s e e d l i n g s  grown i n  i n f e s t e d ,  
un t rea ted  s o i l  (Table 2). 

Under heavy f i e l d  i n f e s t a t i o n ,  benomyl 
r o t o t i l l e d  i n t o  t h e  row a t  a r a t e  of 6.25 
kg/ha considerably reduced black r o o t  ro t  
i n f e c t i o n .  Such e f f e c t  was c l e a r  i n  J u l y  and 
became more pronounced i n  August (Table 3). 
A t  h a r v e s t ,  r o o t s  and shoots  of p l a n t s  i n  t h e  
t r e a t e d  rows were much f u r t h e r  developed than  
the  check p l a n t s ,  which were s t u n t e d  and had 
r o o t  l e s i o n s  r a t i n g s  s i g n i f i c a n t l y  h igher  
than t h e  t r e a t e d  p l a n t s  (Fig.  1 ) .  
Effec t iveness  i n  t h e  f i e l d  may be due t o  a 
c o n t a c t  e f f e c t  of t h e  fungic ide  on T. 
b a s i c o l a  i n  t h e  s o i l ,  as w e l l  a s  t o  system= 
ac t ion .  S ince  t h e  manufacturers  of benomyl 
s u s p e c t  t h e  s t a b i l i t y  o f  t h e  compound ( 1 )  , a 
decomposition product  (3) may also be a 
f a c t o r  i n  black r o o t  ro t  c o n t r o l .  

Table  1 .  Effec t  of dipping roo ts  of tobacco seedling in  benomyl suspens ion  f o r  24 h r  on 
b lack  roo t  ro t  infection under control led conditions in a growth chamber  

T r e a t m e n t  

Seedling 
f r e s h  weight 

( 9) 

Seedling 

( 9) 
d r y  weight Root l es ion  

r a t  in  g x< 

Benomyl, 5 p p m  5. 08 0 . 4 1 W  0. 39 * 0. 03W' 1.45 f 0 . 1 9 ~  

Water  ( c h e  ck) 1 . 6 2  * 0.11 0 . 1 9  * 0 . 0 1  3.38 f 0.17 

'k 0 = no visible lesions,  5 = l es ions  covering the root s u r f a c e  

Significant compared  with the  check (P = 0.01) ** 
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Table 2. Effect of soil  treatment with benomyl on severity of black root rot  under con- 
trolled conditions in a growth chamber 

Concentration Seedling Seedling 
of benomyl f resh  weight dry  weight 

( P P d  ( g) ( g) 

Root lesion 
rating* 

0.17 i 0.047** 1 4.97 i 0.67** 0 .52  i 0.065** 

3 4.40 f 0.48** 0.45 f 0.045** 0.05 f 0.021** 

0.51 i 0.052** 0.02 f 0.01** 10 5.18 i 0.55** 

Check 2.59 f 0.23 0.28 i 0.026 2.63 i 0.23  

* 0 = no visible lesions, 5 = lesions covering the root surface 

** Significant compared with the check (P = 0.01) 

Table 3. Effect of different treatments with benomyl on the severity of black root ro t  of 
tobacco in a highly infested field, 1968 

Treatment  

Shoot length (cm) Shoot Shoot Root 
f r e sh  wt dry wt lesion 

July 15 August 21 ( 9) ( g) rating* 

Seedling roots dipped in 
5 ppm benomyl for 24 h r  12. 8 54.7 224 29.0 3. 8 

Seedling roots dipped in 
water  for 24 h r  12. 5 52. 8 166 26.1 3. 8 

Benomyl rototilled i n  t o 
the row.at 6.25 kg/ha 16.2 102.0 559 77.5 1.2 

Benomyl in planting water, 
15 m m ;  150 cc/plant 13. 5 62.8 228 30.0 3. 6 

Check 12.9 55.6 169 25.5 3. 6 

L. S. D. 0. 05 1.89 13.16 98.97 12.76 0.40 
0.01 2. 66 18.47 136.92 17.91 0.56 

Coefficient of variation 9 70 13% 24% 22% 8 70 
- ~~ ~ 

* 0 = no visible lesions, 5 = lesions covering root surface,  
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Figure 1. Re la t ive  development o f  tobacco plants grown in a f i e l d  
heav i ly  infested wl th  Thielaviopsis basicolo. A )  ( le f t )  plant treated 

with benomyl ro to t i l led  into the row at  the rate o f  6.25 kg/ha; (r ight) 
untreated check; B) root from treated soil; C) root from untreated sail .  
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