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Nematicid*l Activity of the Fungicide Ethazole 
R. RODRIGUEZ-KABANA and PEGGY S. KING 1 

Abstract: T h e  nemat ic ida l  activity of the  fnngic ide  ethazole was s tudied  u n d e r  g reenhouse  
condi t ions  in which  a nematode- infes ted ,  Norfolk sandy loam was p lan ted  to co t ton  (var. = 
'Rowden ' ) .  At  p l an t i ng  t ime,  the  fungic ide  was incorpora ted  in the  soil at rates of  0-100 m g / k g  
soil. W h e n  assayed 4 weeks af ter  p lan t ing ,  p lant -paras i t ic  nematodes  in soil and  roots occurred 
in decreasing n u m b e r s  wi th  increas ing concent ra t ions  of the  fungicide;  the  degree of control  
ob ta ined  was from 60-100% wi th  the  four  h ighes t  concentra t ions .  Resul ts  ind.;cate tha t  ethazole 
possesses nemat ic ida l  activity at  rates r e c o m m e n d e d  for field appl icat ion.  Key Words: non ta rge t  
effects, terrazole, chemical  control.  

Tile effects of fungicides on nematodes 
have received little attention, despite 
occasional reports that some of these com- 
pounds possess stimulatory or repressive 
properties towards nematodes. Chlorinated 
nitrobenzene fungicides, depending on 
dosage and compound,  have been shown 
either to stimulate (1, 7), or kill 
plant-parasitic and other  nematodes. 
Carbamate-type fungicides have been found 
to stimulate the hatching of cyst-nematode 
eggs and to reduce the number  of larvae of 
these nematodes in soil (2, 6). Systemic 
benzimidazole fungicides have antihelmin- 
thic properties (3, 4, 5). 

Tile  fungicide ethazole (5-ethoxy-3- 
trichloromethyl-l,2,4-thiadiazole) is mar- 
keted in the Uni ted States under  the name 
Terrazole® for the control of soilborne 
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flmgal pathogens which cause seedling 
diseases in cotton, soybean, peanut, and 
other row crops. In the past, we have 
observed beneficial responses following 
applications of this fungicide to soybean 
fields with no serious seedling-disease 
problems. Since these responses could be 
due to effects of tile fungicide on plant- 
parasitic nematodes, we investigated the 
effects of ethazole on these parasites under  
laboratory and greenhouse conditions. 

MA TERIA LS  AND M E T H O D S  

Laboratory study: T h e  direct toxicity of 
ethazole was determined in vitro by using a 
culture of the microbivorous nematode 
Pelodera chitwoodi (Bassen) Dougherty. An 
emulsion of the fungicide was prepared by 
dissolving 1 gm of technical ethazole (Olin 
Corporation) in 1 ml of Tween  20 which 
was then increased to 1 liter with water. A 
series of dilutions of the stock emulsion 
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were prepared to provide concentrations of 
10, 20, 40, 50, 75, and 100/~g/ml. 

Five, vigorous, adult  nematodes were 
placed in each of a series of 2-cm diam 
Syracuse dishes. Each dish contained 1 ml 
of one of the fungicide concentrations. Each 
di lut ion was represented by a total of three, 
g-dish replications. T h e  Syracuse dishes 
were main ta ined  at 27 C on 10 ml of water  
wi thin  a covered standard petri plate. A 
t rea tment  with water  alone and one with 
0.l ml Tween  20/l i ter  were included to 
serve as controls. Nematodes  were observed 
12 and 24 h after ini t iat ion of the test, and 
the percentage of dead nematodes was 
recorded. 

Greenhouse experiments: A stock emul- 
sion of ethazole for evaluat ion in soil was 
prepared by dissolving l0 gm of technical 
grade fungicide in 5 ml of Tween  20 and 
adding water  to make 1 liter. Th i s  emulsion 
contained 10 m g / m l  ethazole. A series of 
aqueous dilutions were prepared from the 
stock emulsion so that  when 10 ml were 
added to 500 gm of soil, the resul tant  con- 
centrations of ethazole were: 0, 5, 10, 20, 40, 
60, 80, and 100 m g / k g  soil. A solution 
containing 5 ml / l i t e r  of Tween  20 was 
also prepared and  tested at the rate of 10 
m l / k g  of soil to determine the effect of the 
emulsifier on nematodes.  

Soil for the study was a Norfolk  sandy 
loam from a field under  cotton monocul- 
ture. T h e  soil was natural ly  infested 
with Hoplolairnus galeatus (Cobb) Sher, 
TyIenchorhynchus claytoni (Steiner), Praty- 
lenchus brachyurus (Godfrey) Filipjev and 
Schuurmans Stekhoven, and Meloidogyne 
incognita (Kofoid and White)  Chitwood. 
T h e  soil also contained a variety of 
tylenchoid (Ditylenchus + Tylenchus), 
dorylaimoid,  and saprophagous nematodes.  
T h e  soil was sieved (2-ram sieve), moistened 
to 0.5 bar, and placed in 500-gm port ions 
in plastic bags. Each bag received 10 ml of 
the appropr ia te  ethazole emulsion. T h e  
bags were shaken vigorously and the soil 
transferred to 1 l-cm diam plastic pots. T w o  
cotton (Gossypiurn hirsutum L.) seeds of  
cuhivar  'Rowden '  were planted in each pot  
and allowed to grow under  greenhouse 
conditions. The re  were 8 repl icates/ t reat-  
ment .  Pots were arranged in a randomized 
complete  block design. 

After 4 weeks of p lan t  growth, 50 cm 3 

of soil were collected from each pot  for 
de terminat ion  of nematode  populat ions by 
the molasses-flotation-sieving technique (8). 
Cot ton roots were carefully washed and 
weighed, the number  of M. incognita galls 
counted, and the gall ing index (9) value 
estimated. T h e  general appearance and con- 
di t ion of the roots were also evaluated by 
using a scale of 0-5 on which 0 represented 
poor development  with considerable necro- 
sis, and 5 represented excellent growth with 
no necrosis. T h e  heights of plants and the 
fresh weights of shoot systems were also 
determined.  T h e  numbers  of nematodes in 
the roots were de termined by incubat ing 10 
gm of fresh roots on a 2-mm screen barely 
covered with water  in a beaker; after 72 h, 
tile water  was passed through a 38-#m (400- 
mesh) sieve and the nematodes collected 
were washed into a count ing dish. 

All data  were analyzed according to 
standard procedures for analysis of variance. 
Least significant differences were calculated 
and included in the graphs for ease of 
interpretat ion.  

R E S U L T S  A N D  DISCUSSION 

Tween  20 did not  injure Pelodera 
chitwoodi in the in vitro test. T h e  percent 
of P. chitwoodi found dead after 12 tl (Fig. 
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FIG. 1. Effect of ethazole on Pelodera chitwoodi 
in in vitro test. 



Nematicidal  Activity of Ethazole: Rodriguex-Kabana, King 205 

G--'---,O Ty linchoid 

: 4 0  =o o 0  - 

30=~ 8O _ 

.,.:,or\ \ - 
i4°F 4\ 

z 0 0 20 

0 20 40 60 80 100 

I I I I I I I i I I I B / 
25 A 50 -- H. Slaleat~l) ~i/ 

LS0 ( P = 0.05) : 14.5"1 
P. brach~urus 

LSD IP =0.051=6.3 
T~ claytoni 

200 

~ 150 

o 

_-= so 
0 

Etl~azole ( m g s / K g  soil) 0 20 40 60 80 100 
E t h a z o l e  ( m g s l K g  s o i l )  

~ Galls 

I ~so,;=~;;;=,, FIG. 2-(A-C). EIl'ects of ethazole on popula- 
" , C O Root-knot index ~ p  ~.~;k__"o.toiT'~" titms of Tylencho,'/unchus claytoni, Hoph, laimus 
~ ~t galeatus, Pratylenehus brachyurus, Meloidogyne .~ ~ Root conditionion index 

so {;=:.=:)~°2:s incognita, and free-living nematodes. A) Soil 
- 2  fraction. B) Root fraction. C) Gall development 

and root condition. 

! 

) 20 40 60 80 100 
E t h a z o l e  ( m g s l K g  soi l )  

1) increased almost linearly in response to 
ethazole concentrations above 20 t~g/ml; all 
nematodes in dishes with less than 20 tLg/ml 
o[ the fungicide were alive. T h e  mean 
percent of nematodes killed alter 24 h 
varied from 79-100%, in dishes containing 
ethazole, with no constant pa t tern  between 
treatments.  

Tween  20 applied alone to the soil had 
no effect on the numbers  of nematodes in 
the roots or in soil. T h e  only nematodes 
found in significant numbers  in the soil 
were T. claytoni, tylenchoids (Tylenchus + 
Ditylenchus), and free-living forms. Num- 
bers of nematodes in soil declined (Fig. 2-A) 
sharply and propor t ionate ly  in response to 
ethazole concentrations. However,  the 

sharpest reductions in numbers  occurred in 
tim range of concentrat ions of 0-40 mg/kg ;  
differences between means for the three 
highest concentrations of the fungicide were 
not  significant. 

Significant numbers  in the roots were 
only found for H. galeatus, P. brachyurus, 
and T. claytoni (Fig. 2-B). T h e  highest 
numbers  were observed for H. galeatus and 
T. claytoni. T h e  response to ethazole con- 
centrat ion followed the pat tern  found for 
soil populations.  Few or no nematodes of 
any species were collected f rom roots grown 
in soil with more than 40 m g / k g  ethazole. 

T h e  number  of galls/10 gm fresh root  
(Fig. 2-C) increased in response to 10 m g / k g  
ethazole only to decline again at higher 
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c o n c e n t r a t i o n s  so tha t  the re  were  no  gal ls  
on  roo ts  f rom the  po ts  w i th  the  th ree  h igh-  
est ra tes  of  the  fungic ide .  Va lues  for  the  
r o o t - k n o t  i n d e x  for M. incognita p a r a l l e l e d  
the  p a t t e r n  desc r ibed  for gal l  n u m b e r .  

T h e  genera l  c o n d i t i o n  of  the  roo ts  (Fig. 
2-C) was b e t t e r  in  a l l  t r e a t m e n t s  w i t h  
e thazole ,  a n d  no  d i sce rn ib l e  p a t t e r n  of  
di f ferences  was obse rved  w i th  d i f fe ren t  
fung ic ide  rates.  Differences in  r o o t  a n d  to ta l  
p l a n t  weights  be tween  t r e a tmen t s  were  no t  
s ignif icant ;  however ,  suppress ion  of e longa-  
t ion  ( p l a n t  he igh t )  was obse rved  at  the  
th ree  h ighes t  c o n c e n t r a t i o n s  of  the  fungi-  
cide. 

O u r  resul ts  show tha t  the  fung ic ide  
e thazo le  possesses n e m a t i c i d a l  act ivi ty .  T h e  
fung ic ide  is mos t  c o m m o n l y  used  as an  in- 
fu r row a p p l i c a t i o n  at  ra tes  of 0.6-2.25 k g / h a  
a n d  is u sua l ly  de l i ve r ed  in  m i x t u r e s  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  (PCNB),  a n o t h e r  
fungic ide .  Since the  v o l u m e  of  soil t r ea t ed  
w i th  i n - fu r row a p p l i c a t i o n s  is e q u i v a l e n t  
to a cy l inde r  3-4 cm in r a d i u s  and  the  
l eng th  of  a s ingle-row hectare ,  the  ra tes  for 
e thazo le  a re  in  the  r ange  of  20-70 k g / h a ,  on  
a b r o a d c a s t  basis.  T h e  ra tes  used  in  these 
e x p e r i m e n t s  r e p r e s e n t  those for  the  v o l u m e  
of  soil  in  an  in - fu r row a p p l i c a t i o n  t ha t  
w o u l d  be  in  i n t i m a t e  con tac t  w i th  the  
fungic ide .  T h e  ra tes  are,  consequen t ly ,  those 
of e q u i v a l e n t  b r o a d c a s t  app l i ca t ions .  O u r  
resul ts  s t rong ly  suggest  t ha t  good  nema t i -  
c ida l  ac t iv i ty  is p r o b a b l y  a t t a i n e d  in  the  
seed fu r row w h e n  the fung ic ide  is a p p l i e d  
a t  r e c o m m e n d e d  rates.  T h e  observed  nema-  
tode  con t ro l  m a y  e x p l a i n  the  benef ic ia l  
effects of the  fung ic ide  no ted  in  fields w i th  
no  s igni f icant  damping -o f f  p r o b l e m  (nn- 
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p u b l i s h e d  obse rva t ions  by  the  authors) .  O u r  
resul ts  also i n d i c a t e  t ha t  the  n e m a t i c i d a l  
ac t iv i ty  of  e thazo le  c o u l d  be used to r educe  
rates  of  s t a n d a r d  n e m a t i c i d e  w h e n  a p p l i e d  
in- fur row,  or  to c o m p l e m e n t  insect ic ides  
wi th  m o d e r a t e  n e m a t i c i d a l  ac t iv i ty  to a t t a i n  
good  n e m a t o d e  con t ro l  d u r i n g  the  ear ly  
phases  of  s eed l ing  d e v e l o p m e n t  in  crops 
such as co t ton .  
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