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EVALUATION OF TERRACLOR AND TERRACLOR SUPER-X FOR THE 
CONTROL OF RHIZOCTONIA ON POTATO IN BRITISH COLUMBIA' 

N . S .  Wright* 

Abstract 
Broadcast applications of Te r rac lo r  o r  Te r rac lo r  Super-X containing a minimum 

of 20 lb quintozene/acre, when applied to  the soil  prior to planting and incorporated by 
disking or  rototilling, controlled Rhizoctonia solani on 'Netted Gem' potatoes grown in a 
clay soil. However in muck soil  ra tes  a s  high a s  90 lb/acre did not control the disease.  
Rates of up to 90 lb/acre did not affect yield adversely.  Control of s t em cankers gave 
increased marketable yield in 1966, when soil  moisture was deficient for about 3 weeks 
in mid-season. In 1965 and 1967, when soi l  moisture was supplemented by irrigation or  
when no shortage occurred, control of s t em cankers failed to influence yield. Quintozene 
residues in tubers were  found only in the peels. Tubers f rom plots that received 90 lb 
quintozene/acre contained a maximum residue of 0. 512 ppm in the peel o r  a calculated 
residue of 0. 101 ppm in whole tubers.  

Introduction 
3 Ter rac lo t3  and Ter rac lo r  Super-X a r e  pro-  

ducts which contain quintozene, the common name 
fo r  pentachloronitrobenzene. Terraclor  S u p  e r-X 
also  c o n t a i n s  Terrazole3, a t r a d e  name,for  5- 
ethoxy- 3-trichloromethyl 1, 2-4-thiadiazole. Quin- 
tozene is known t o  s u p  p r e s s Rhizoctonia solani ~- 
KUhn (Thanatephorus cucumeris (Frank) D o n k )  by 
making the soil  solution toxic (4). However, in the 
Columbia River Basin in Washington, where potatoes 
a r e  g r o w n  under irrigation, quintozene failed t o  
consistently r e d u  c e rhizoctonia s tem canker and 
tuber black scurf o r  to increase the yield of m a r -  
ketable tubers (1, 2, 3). 

The tes ts  reported here  were  conducted on a l-  
luvial clay and on muck soils in the F r a s e r  River 
delta of Brit ish Columbia. In the low-lying soils of 
this area ,  moisture is  normally adequate until mid- 
season or  la ter  and often, due to subirrigation or  
summer rain, there  i s  no need to apply water.  Ex-  
periments w e r e  c o n d u c t e d  during t h e  growing 
seasons of 1965, 1966, and 1967. 

Materials and methods 
The experiments were  located on well-managed 

farms on which there  was a history of moderate to  
severe  Rhizoctonia i n f  e c t i o n  on potato (Solanum 
tuberosum L.) .  The variety 'Netted Gem' was used 
each year and W a  r b a' was included in the 1967 
test .  
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In  1965 soil  mois ture  was not measured,  but 
irrigation water was a p p l i e d  a s  required in the 
opinion of experienced f a r m  operators .  In 1966 and 
1967, the soil  moisture in the 'Netted Gem' plots was 
determined by a bouyoucos bridge with conductivity 
blocks placed a t  the 6-, 12-, and 18-inch levels.  
No supplementary water was added in either year .  

Te r rac lo r  and Terraclor  Super-X were  used a s  
emulsifiable concentrates e a c h year.  In addition 
both products were used a s  wettable p o w d e r s  in 
1965 and a s  granules in 1967. Rates applied were  
in lb/acre actual quintozene. 

In 1 9  6 5 both clay and muck soils were  given 
broadcast treatments a t  ra tes  of up to 90 lb/acre.  
In 1966 ra tes  u p  to 60 lb/acre were  a p p l i e d  a s  
broadcast treatments to clay soil. In 1967 s imi l a r  
clay soils were  t rea ted a t  ra tes  of up to 60 U)/acre 
a s  b r o a d  c a s t and up to 20 lb/acre as row t r ea t-  
ments.  

B r o a d c a s t treatments were  incorporated by 
double disking o r  rototilling within 4 hours of appli- 
cation. Planting was completed within a week after 
treatment.  Row treatments were  applied in a 12- 
inch band on the bottom and sides of open furrows 
just  before planting. The experiments were  set up 
in a (randomized block design containing four repli-  
c a t i o n s .  The standard plot for  broadcast t r ea t-  
ments  contained eight rows 34 inches apa r t  and 25 
feet  long. Row treatments were  applied t o , b o  rows 
34-inches apa r t  and 25 feet long. 

All s tems in 50 feet o f  row in each broadcast-  
t rea ted plot and all s tems in 10 feet of row in each 
row-treated plot were  dug 30-40 days af ter  planting. 
Each s t em was ra ted  a s  follows: 0 = no cankers, 
1 = few superficial  cankers, 2 = m a n y  superficial  
and 2 deep cankers,  3 = 3 o r  m o r e  deep cankers,  
4 = s t em completely girdled. A canker index was 
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calculated for each plot by multiplying the number 
of sterns in each c lass  by the c lass  value, adding 
the products and dividing the sum by the number of 
s t ems  examined. In 1967 a second canker i p d e x  
was calculated on another sample taken f rom each 
t rea tment  of 'Netted Gem' 77 d a y s  after ,planting. 

A t  harvest ,  after grading a n d  w e i g h i n g ,  a 
randorn sample o f  approximately 80 tubers f r o m  
each plot was s tored in a dry  room for 2 weeks. 
The tubers were  then washed and e x a m i n e d  for 
sclerotia.  Each sample was assigned a sc lerot ia l  
index calculated (as described) f rom tuber ratings, 
based on surface covered by sclerotia,  as follows: 
0 = no sclerotia,  1 = 0.570 o r  l e s s ,  2 = 170, 3 = 370, 
4 = 5%, 5 7% o r  more .  

In 1965 tubers grown in clay soi l  were  analyzed 
for  residues of quintozene by the Agricultural Ex- 
periment Station, Washington State Un i v e r s i t  y, 
Pullman; in 1966 analyses were  made by the Agri- 
cultural  Pesticide Laboratory, B r i t i s h Columbia 
Department of Agriculture, Vancouver. Tubers that 
had been in storage for  about 4 months were  scrub- 
b e d w i t h  a b r u s h  u n d e r  r u n n i n g  water before 
extractions were made f rom the p e e 1 s a n d  f rom 
peeled tubers.  Quintozene residues were  identified 
by gas chromatography. 

Resullts 
Soil mois ture  -- 

In 1965 sufficient irrigation water was applied 
to both the clay and muck soils to provide excellent 
growing conditions. In 1966 the mois ture  content in 
the top 12 inches of soil  was lowest f rom mid-July 
until August 10. Some temporary  wilting of plants 
occurred. During this period the Bouyoucos bridge 
indicated resistance of 10-15 X l o 3  ohms a t  the 6- 
inch level, 7-10 X lo3  ohms at  t h e  12-inch level, 
and 3-5 X 103'ohms a t  t h e  18-inch level. Before 
and after this dry  period the same blocks indicated 
resistance of 4-8 X l o 3  ohms a t  the 6- and 12-inch 
levels and 3-4 X l o 3  ohms a t  the 18-inch level. In 
1967 res is tance  a t  a l l  levels was 6 X 10 ohms or  
lower t h r o u g h o u t  t h e  season and there was no 
evidence that mois ture  was deficient at any time. 

3 

The control of s t em cankers and tuber-borne 
sclerol.ia and the effect on yield of Te r rac lo r  and 
Terraclor  Super-X were independent of formulation. 
Consequently, the r e  s u 1 t s of multiple tes ts  with 
e i t h e r  product in t h e  same e x p e r i m e n t  were  
cons oli.date d. 

Control of s t em cankers 

Both Te r rac lo r  and Terraclor  Super -X reduced 
the numbers of rhizoctonia s t em cankers on pot* 
plants grown in clay soil  (Figure 1).  The minimum 
effective ra te  was approximately 20 lb quintozene/ 
a c r e  in broadcast applications. Results f rom t h e  
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Figure 1. Effect of Terraclor and Terroclor Super-X on rhizoctonia stem 
conker of 'Netted Gem' and 'Warbo' potatoes grown in muck or clay soils 
in 1965, 1966, and 1967. A canker index of 0 indicates absence of can- 
kers and 4 indicates complete girdling of the stem. Except where indica- 
ted, plants were examined 30-40 days after planting. 

row treatments were  inconsistent. In most  experi-  
ments  the fungicidal effectiveness of Te r rac lo r  and 
Ter rac lo r  Super-X were s imi lar ,  but the 1967 data 
indicate somewhat b e t t e r control by T e r r a c 1 o r 
Super-X than by Ter rac lo r .  
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Figure 2. Effect of Terraclor and Terroclor Super-X on the formation of 
tuber-borne sclerotia of Rhirocfonio soloni on tubers of 'Netted Gem' and 
'Worbo' potatoes. A sclerotial index of 0 indicates no sclerotio and 5 in- 
dicates 7% or more of the tuber surface covered by sclerotia. 

Control of sclerotia 

Te r rac lo r  a n d  Ter rac lo r  Super-X applied a s 
broadcast treatments t o  either clay o r  muck soil  
reduced the incidence of tuber-borne sc lerot ia  on 
'Netted Gem' potatoes (Fig. 2). In 1966 both pro-  
ducts controlled sclerotia on clay soil  when broad-  
cas t  at  ra tes  of 1 5  t o  30 lb quintozene/acre. In 1965 
on muck soil  and i n  1967 on clay soil, broadcast 
treatment with Te r rac lo r  Super-X gave good control 
i n  'Netted Gem', but Te r rac lo r  d i d  not. Neither 
product reduced s c l e  r o t  i a on t h e  ea r ly  variety 
'Warbaa and neither gave control o n  'Netted Gem' 
or 'Warba' when applied as a row treatment.  



79 VOL. 48, NO. 3 ,  CAN. PLANT DIS. SURV. SEPT. 1968 

Yield fungicides,  when applied to the c lay  s o i l  ( F i g u r e  l ) ,  
control led rhieoctonia s t e m  canker .  However,  i n  
1966, when w a t e r  w a s  not applied t o  r e l i e v e  a 
drought in late July,  an i n c r e a s e  in m a r k e t a b l e  yield 
f o l l o w e d  the use  of T e r r a c l o r  and of T e r r a c l o r  
Super-X (Table  2) .  This  i n c r e a s e  w a s  due to the 
prevention of second growth, which caused  t u b e r s  
in the control  plots to become knobby. 

Neither  T e r r a c l o r  nor  T e r r a c l o r  Sup- r-X a t  as 
much a s  90 lb quintozene/acre reduced  marke tab le  
o r  to ta l  yield. In 1965, when 'Netted Gem' potatoes 
w e r e  grown on t r e a t e d  clay o r  muck so i l s  that  w e r e  
i r r i g a t e d  to main ta in  good growing conditions, t h c r r  
w a s  no i n c r e a s e  in yield (Table l ) ,  even though both 

Table  1 .  Yield of 'Netted Gem' potatoes f r o m  i r r i g a t e d  plots on c lay  and m u c k  so i l s  
t r e a t e d  with b r o a d c a s t  applicat ions of T e r r a c l o r  o r  T e r r a c l o r  Super- X in 1965 

Soil 
Quintozene Mean'" yield (cwt /acre)  

Fungicide ( lb/acre)  Marke tab le  T o t a l  

Clay T e r r a c l o r  22.5 
T e  r r a c l o r  45 
T e r r a c l o r  90 
T e  r r a c l o r  Super- X 30 

30 8 342 
378 438 
31 2 360 
336 372 

Cont ro l  332 372 

Muck T e r r a c l o r  
T e  r r a c l o r  
T e r r a c l o r  
T e  r r a c l o r  Super -X 
T e r r a c l o r  Super- X 
T e r  r a c l o r  Super - X 

22 .5  
45 
90 
22 .5  
45 
90 

271 
247 
272 
264 
25 8 
25 8 

328 
316 
321 
332 
314 
326 

Cont ro l  272 344 

"Means a re  n o t  s ignif icantly different  a t  the 5'7'0 l eve l  (Duncan's  Multiple Range 
T e s t ) .  

Table  2 .  Yield of 'Netted Gem' potatoes f r o m  non- i r r iga ted  plots on c lay  s o i l  t r e a t e d  
with b r o a d c a s t  a p p l i c a t i o n s  of T e r r a c l o r  o r  T e r r a c l o r  Super- X i n  1966 

Quintozene Mean* yield (cwt/acre)  
Fungicide ( lb /acre)  Marke tab le  T o t a l  

- 
T e r r a c l o r  
T e r r a c l o r  
T e  r r a c l o r  Super - X 
T e r r a c l o r  Super- X 

30 
60 
15 
30 

366 a 438 
384 a 440 
342 ab 430 
366 a 438 

Cont ro l  308 b 418 

*Means followed by the s a m e  letter or no l e t t e r  a r e  not  s ignif icantly different  at 
the 5% l e v e l  (Duncan's Multiple Range T e s t ) .  
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In 1 Q67.  s o i l  m o i s t u r r  in the 'Netted Gem' plots ihdicated a d v e r s e  growing conditions, b r o a  d c a s t 
was  adequate throughout the growing season ,  and, a p p 1 i c a t i o n  s of b o t h T e r r a c l o r  and T e r r a c l o r  
although both products  c o n t  r o l l r  d s t e m  cankers  Super-X control led s t e m  cankers  ( F i g u r e  1 ) .  Smal l  
( F i g u r e  l ) ,  y i e l d  w a s  n o :  affected (Table 3) .  ,Jn i n c r r a s r s  i n  y ie ldof  'Warba '  fol lowrd the appl i -  
plots  of 'IVarba' in a location w h r r r  so i l  m o i s t u r r  cation o f  both fungicides a t  r a t e s  providing m o r e  
was  no: n i e a s u r r d  I> u t w h r r e  low yields (Table 3) than 40 lb quintozene/acre (Table  3 ) .  

Table 3. Yirld of potators  f r o m  non- i r r iga ted  plots on clay s o i l  t r e a t e d  with b r o a d c a s t  
o r  row applicat ions of T r r r a c l o r  o r  T e r r a c l o r  S u p e r - X  in 1976 

Pota to  Application 
va rir t y n ic  thod Fungicide (lb/a c r e )  Marke tab le  Tota l  

Quint o z e n c Me an':' y ie Id (cwt/a c r e )  

Warba Row 2 . 5  
5 

10 
20 

118 
112 
128 
124 

142 
140 
150 
148 

T e r r a cl o r  Supc r - X 
T e  r r a c  lor  Sup? r - X 
T e r r a c l o r  Suprr- X 
T e r ? <L c lor  Su pr  r - X 

Control  106 132 

B r o a d c a s t  T e r r a c l o r  
T e r r a c l o r  
T e rr a c l o r  
T e  r r a c l o r  S u p r r -  X 
T e  r r a c l o r  Super -X 
T r r r a c l o r  Super -X 

15 
30 
60 
11 
22 
44 

106 a 
136 ab 
154 b 
124 a 
124 a 
130 ab 

134 a 
168 b c  
184 b 
154 a c  
150 a c  
172 b 

Control  110 a 157 a c  

Netted Row 
Gem 

T e r r a c l o r  
T e r r a c l o r  
T e r r a c l o r  
T e r r a c l o r  Super- X 
T e r r a c l o r  Super - X 
T e r r a c l o r  Super-X 

384 
386 
392 
392 
378 
363 

444 
44 8 
44 2 
44 6 
430 
418 

5 
10 
20 

2. 5 
5 

10 

45 6 Cont r o l  388 

B r oadca s t T e r r a c  l o r  
T e r r a c l o r  
T e r r a c l o r  Super- X 
T e r r a c l o r  Super- X 
T e r r a c l o r  Super- X 

Control  

1 2 . 5  
25 
1 2 . 5  
25 
45 

462 
414 
405 
427 
423 

537 
514 
45 8 
499 
49 1 

40 7 48 1 

'"In each  group, m e a n s  followed by the s a m e  l e t t e r  o r  n o  l e t t e r  a r e  not s ignif icantly 
different  a t  the 5% leve l  (Duncan's  Multiple Range T e s t ) .  
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Residue ana lyses  in the pee ls .  T u b e r s  f r o m  plots  that  rece ived  twice 
the amount r e q u i r e d  f o r  s t e m  canker  cont ro l  in  1965 
c o n t a i n e d  0 .  257 ppm quintozene in the skin and  
0. 054 pprn in the whole tuber .  In 1966, t u b e r s  f r o m  
s i m i l a r  plots contained 0.015 pprn in the skin.  

Analyses f o r  quintozene (Table 4) showed that  
the amount of res idue  i n  c r e  a s e d a s  the applied 
r a t e / a c r e  i n c r e a s e d .  
which v a r i e d  considerably in the 2 y e a r s ,  o c c u r r r d  

Virtual ly the e n t i r e  res idue ,  

Table 4.  Residues  of quintozene in potato t u b e r s  f r o m  plots on c lay  s o i l  t r e a t e d  f o r  
I_-_- Rhizoctonia cont ro l  by b r o a d c a s t  applicat ions 

--- -- 

Year  

Quintozenc 
applied to s o i l  

(lb/ac r e )  

Q u i n t o z e n e z s i d u e  * (ppm) 

P e e l  potato potato *<>% 

P e e l e d  Whole 

--I_-- - --------- 

1965 0 0.007 0.005 0.005 
22.5 0.079 0.005 0.019 
45 0.  257 0.005 0.054 
90 0.512 0.005 0.101 

1966 0 
15 
30 
60 

T r a c e  0 . 0  
0.004 0 . 0  
0.007 0 .0  
0.015 0 .0  

* Average of duplicate s a m p l e s .  
*':< Calculated f r o m  the values obtained for  the pee l  and  p e e l e d  port ions of the 

s a m p l e s  . 

Discussion 
This  evaluation of T e r r a c 1 o r and T e r r a c l o r  

Super- X shows t h a t  quintozene s u p p r e s s e s  growth 
of R .  so lan i  and  thereby  reduced t h e  incidence of 
s t e  m c a n k e r s  and tuber- borne  s c 1 e r o t i a .  The  
fungicides were m o r e  effect ive on c lay  than on m u c k  
so i l s ,  and  b r o a d c a s t  applicat ions w e r e  s u p e r i o r  t o  
row t r e a t m e n t s .  Quintozene res idues  w e r e  confined 
a l m o s t  total ly to the pee l  of the t u b e r s .  The a c t u a l  
amount of res idue ,  although smal l ,  var ied  cons ider-  
ab ly  in 2 y e a r s .  If a n  off icial  to le rance  i s  e s t a b-  
l ished,  m o r e  work  i s  needed before  a sa fe  appli-  
cat ion r a t e  can be  e s t i m a t e d .  

The r e s u l t s  show that  the benefi ts  that  a c c r u e  
f r o m  chemica l  cont ro l  of R. so lan i  s t e m  cankers  on 
'Netted Gem' p o t a t o  a r e  o b t a i n a b l e  in B r i t i s h  
Columbia b y  the provision of adequate s o i l  m o i s t u r e  
throughout t h e  growing s e a s  o n .  F u r t h e r ,  s ince  
tuber- borne  s c l e r o t i a  d o  n o t  const i tute a s e r i o u s  
grada defec t  in th i s  a r e a ,  it is unnecessary  a t  t h i s  
t ime  to r e c o m m e n d  c h e m i c a l  s o i l  t r e a t m e n t  f o r  the 
cont ro l  of this  fungus.  
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