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Effect of Carbamate, Organophosphate, and Avermectin 
Nematicides on Oxygen Consumption by Three 

Meloidogyne spp, 1 
D. NORDMEYER AND D. W. DICKSON ~ 

Abstract: Second-stage juveniles (I2) of Meloidogyne arenaria consumed more oxygen (P -< 0.05) 
than M. incognita J2, which in turn consumed more than M. javanica J2  (4,820, 4,530, and 3,970 
~1 per  hour  per  g nematode dryweight, respectively). Decrease in oxygen consumption depended 
on the nematicide used. Except for aldicarb, there was no differential sensitivity among the  three  
nematode species. Meloidogyne javanica had a greater  percentage decrease (P -< 0.05) in oxygen 
uptake when t reated with aldicarb, relative to the untreated control, than ei ther  M. arenaria or M. 
incognita. Meloidogyne javanica J2 had a greater degree of recovery from fenamiphos or aldicarb 
intoxication, after subsequent transfer to water, than did M. incognita. This finding may relate to 
differential sensitivity among Meloidogyne spp. in the  field. Degree of  respiratory inhibition and loss 
of nematode motility for M. javanica after exposure to the nematicides were positively correlated 
(P ___ 0.05). 
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nematode. 

Oxygen consumption by an organism is 
an expression of  its biological activity. In- 
hibition or uncoupling of  an organism's 
respiratory functions will have a major in- 
fluence on its energy metabolism and may 
r ep re sen t  vu lnerab le  points  of  at tack 
against pest organisms (4). Nematicides 
were shown to influence oxygen uptake in 
several free-living nematodes (2,6,11), but 
to our knowledge the effect of  nonfumi- 
gant nematicides on oxygen consumption 
of  plant-parasitic nematodes has never been 
described. Field observations, mainly on 
tobacco, in recent years have indicated that 
the  th ree  major  roo t -kno t  nema tode  
species--Meloidogyne javanica (Treub)  
Chitwood, M. arenaria (Neal) Chitwood, 
and M. incognita (Kofoid & White) Chit- 
wood- - re spond  differently to nonfumi- 
gant nematicides (1,8,9). Our objectives 
were to determine whether there is a pos- 
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sible differential effect of  selected nonfu- 
migant nematicides on the oxygen uptake 
of  three Meloidogyne spp. and the revers- 
ibility of  inhibitory effects on nematode 
respiration. 

MATERIALS AND METHODS 

Meloidogyne javanica, M. arenaria, and M. 
incognita were cultured in the greenhouse 
on tomato (Lycopersicon esculentum Mill. cv. 
Rutgers). Eggs and second-stage juveniles 
(12) were extracted from tomato roots us- 
ing 0.5% sodium hypochlorite (12). 

The  nematicides used were technical 
formulations of  aldicarb, avermectin B2a, 
carbofuran, ethoprop, fenamiphos, and 
oxamyl. Stock solutions (1,000 /~g/ml) of  
each nematicide were prepared in acetone 
and stored at 5 C no longer than 14 days. 
Final concentrations in our experiments 
were 5 t~g/ml except avermectin B2a which 
was tested at 0.5 ttg/ml. Freshly hatched 
juveniles (no older than 48 hours) of  each 
species (12) were exposed to the nemati- 
cides in 50-ml glass beakers for 24 hours 
at 28 C. 

All nematode samples were washed thor- 
oughly with sterile distilled water over an 
8-/,m-pore filter to reduce bacterial con- 
tamination immediately before determin- 
ing their respiration. The  rinse water was 
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analyzed and showed no significant oxygen 
consumption. Oxygen consumption did not 
exceed 5 #1 per hour per g nematode dry 
weight. In preliminary tests it was found 
that the use of  antibiotics (streptomycin, 
penicillin) influenced oxygen uptake, thus 
they were omitted. The  oxygen uptake was 
measured by a Gilson K-1C oxygraph 
equipped with a Clark electrode. The  re- 
action chamber was cleaned thoroughly 
with acetone between each analysis. 

Each sample consisted of  50,000 J2 con- 
centrated in the 1-ml volume reaction 
chamber. During oxygen measurement, the 
nematode samples were stirred at a con- 
stant speed with a magnetic stirrer. The 
reaction chamber was inside a waterjack- 
eted cell through which 28 C water was 
pumped at a constant rate. Before mea- 
surement, air was bubbled through each 
nematode sample repeatedly and left for 5 
minutes for temperature equilibration. The 
cell was closed and the oxygen consump- 
tion was recorded for 5 minutes. The  
amoun t  o f  oxygen consumed was ex- 
pressed as microliters oxygen per hour per 
gram of nematode dry weight. The  oxygen 
concentration at the beginning of  an ex- 
periment was set at 100%, based on an air- 
saturated water control solution. To de- 
termine nematode dry weights for each 
species, 200,000 J2, no older than 48 hours, 
were concentrated in 2 ml distilled water 
and placed in an aluminum container. The  
samples were dried at 120 C for 48 hours 
and weighed immediately after drying. 
Containers with 2 ml distilled water served 
as controls. 

To determine nematode motility, 100 
freshly hatched M. javanica J2 were ex- 
posed to the individual nematicides for 24 
hours and subsequently observed at 40 x 
magnification on a microscope slide. All J2 
that showed body movement within ca. 10 
seconds were regarded as active. The speed 
of  juvenile motility, relative to the untreat- 
ed juveniles, was rated subjectively as reg- 
ular, slow, very slow, or none. 

To determine the reversibility of  ne- 
maticidal action, M. incognita and M. ja- 
vanica J2 were exposed to fenamiphos and 

TABLE 1. Decrease  in o x y g e n  up t ake  (%) by sec- 
ond . s t age  juven i l es  of Meloidogynejavanica relat ive to 
t he  u n t r e a t e d  con t ro l  a f te r  e x p o s u r e  to d i f ferent  ne-  
mat ic ides  for  1 h o u r  and  24 hours .  

Nematicide and 
final concentration 1 hr 24 hr 

C a r b o f u r a n ,  5 # g / m l  3.0 a 3.7 a 
Aldicarb,  5 t*g/ml  9.5 c 15.3 b 
E t hop rop ,  5 t~g/ml  6.0 b 18.7 c 
F e na miphos ,  5 t~g/ml  7.0 b 26.7 d 
Oxarnyl ,  5 u g / m l  20.0 d 26.7 d 
A v e r m e c t i n  B2a,  0.5 t~g/ml  44 .0  e 60 .0  e 

Data are mean of three replicates. Means within a column 
with the same letter are not significantly different according 
to Duncan's multiple-range test (P <- 0.05). 

aldicarb at 5 ~,g/ml for 24 hours. After 
determining the oxygen consumption, the 
nematicides were removed by quickly rins- 
ing the nematodes with distilled water over 
an 8-~m-pore filter. The  nematodes were 
then transferred to water for 24 hours and 
oxygen consumption was determined again 
after this period. Nematodes in sterile water 
served as untreated controls in all experi- 
ments. All experiments contained three 
replicates and were repeated at least twice. 
The  data were subjected to analysis of  vari- 
ance and treatment means were compared 
by Duncan's multiple-range test. 

R E S U L T S  

Meloidogyne arenaria consumed 4,820 gl 
02 per hour per g nematode dryweight. 
This was greater (P - 0.05) than that con- 
sumed by either 34. incognita (4,530 #1 02 
per hour per g) or M. javanica (3,970 ~1 02 
per hour per g). 

When M. javanicaJ2 were exposed to six 
different nematicides for 1 hour and 24 
hours, a nematicide-specific decrease in 
oxygen consumption relative to the con- 
trol was evident (Table 1). Carbofuran had 
little effect on oxygen uptake for either 
exposure period. Avermectin and oxamyl 
caused a greater reduction (P -< 0.05) in 
oxygen uptake than either aldicarb, etho- 
prop, or fenamiphos after 1 hour, but after 
a 24-hour exposure only avermectin re- 
duced oxygen uptake to a greater extent 
than the carbamates or organophosphates 
(P < 0.05). After 24 hours there was no 
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TXBL~ 2. Decrease  in moti l i ty  o f  second-s tage  ju -  
veniles o f  Meloidogyne javanica af ter  exposu re  to dif- 
f e r en t  nemat ic ides  for  24 hour s .  

Nematicide and final Active 
concentration (%) Relative motility 

U n t r e a t e d  91 e Regu la r  
C a r b o f u r a n ,  5 g g / m l  89 e Regu la r  
Aldicarb,  5 g g / m l  39 d Slow 
E thoprop ,  5 u g / m l  28 c Slow 
F e n a m i p h o s ,  5 / ~ g / m l  11 b Very  slow 
Oxamyl ,  5 ~ g / m l  10 b Slow 
A v e r m e c t i n  B2a, 0 .5 /~g / rn l  0 a N o n e  

Data are mean of three replicates. Means with the same 
letter are not significantly different according to Duncan's 
multiple-range test (P -< 0.05). 

TABLE 3. Decrease  in o x y g e n  up take  (%) by sec- 
ond-s tage  juveni les  o f  t h r e e  Meloidogyne spp. relat ive 
to t he  u n t r e a t e d  cont ro l  a f te r  exposu re  to d i f fe rent  
nemat ic ides  for  24 hours .  

Nematicide and M. M. M. 
final concentration javan~ca arenaria incognita 

C a r b o f u r a n ,  5 / ~ g / m l  3.7 a 2.0 a 4.3 a 
Aldicarb,  5 ~ g / m l  15.3 a 22.0 b 24.7 b 
E thoprop ,  5 / ~ g / m l  18.7 a 17.7 a 19.3 a 
F e namiphos ,  5 # g / m l  26.7 a 28.7 a 29.3 a 
Oxamyl ,  5 /~g / rn l  26.7 a 24.7 a 26.7 a 
A v e r m e c t i n  B2a, 0.5 t~g/ml 60.0 a 62.0 a 61.3 a 

Data are mean of three replicates. Means across columns 
with the same letter are not significantly different according 
to Duncan's multiple-range test (P -< 0.05). 

difference in the reduction in oxygen up- 
take between fenamiphos or oxamyl, but 
both compounds reduced oxygen uptake 
greater than aldicarb or ethoprop (P -< 
0.05). After 1 hour the carbamates and 
avermectin had reduced oxygen uptake to 
62-81% of the 24-hour inhibition rate, 
whereas after 1 hour the organophos- 
phates reduced oxygen uptake to 26-32% 
of the 24-hour measurement. 

When nematicides were compared for 
effects upon the motility of  M. javanica, 
only carbofuran failed to reduce J2 motil- 
ity below the untreated control (P _< 0.05) 
(Table 2). The  relative motility of J2 treat- 
ed with aldicarb, ethoprop, and oxamyl was 
rated as slow, whereas fenamiphos treated 
J2 were rated as very slow. Meloidogyne ja- 
vanica J2 treated with avermectin exhib- 
ited no activity. The relative motility of  M. 
javanica J2 (Table 2) was correlated posi- 
tively with the percentage of  decrease in 
oxygen uptake for the individual nemati- 
cides (Table 1) (r = 0.84, P -< 0.05). 

No differences (P - 0.05) were observed 
among the three Meloidog),ne species in their 
response to nematicides, except aldicarb, 
when the decrease in their oxygen uptake 
was compared (Table 3). Aldicarb induced 
a greater decrease (P --- 0.05) in oxygen 
uptake by M. javanica J2 than by either M. 
arenaria or M. incognita. There  was no dif- 
ference between M. arenaria or M. incog- 
nita. Exposure of  J2 of  M. javanica and M. 
incognita to aldicarb or fenamiphos for 24 
hours caused a decrease in their oxygen 

uptake (Table 4). When the nematodes 
were transferred to water for 24 hours, 
there was greater (P _-_ 0.05) reactivation 
of  oxygen uptake by M. javanica than by 
M. incognita. 

DISCUSSION 

All three Meloidogyne spp. showed differ- 
ent rates of  oxygen consumption, but they 
did not differ in their response to different 
nematicides, except aldicarb. This is con- 
trary to a finding with Aphelenchus avenae 
Bastian where three isolates showed similar 
rates of  oxygen consumption but differed 
in their response to respiratory inhibitors 
(7). 

We found that respiration rates of  Me- 
loidogynejavanica were affected differently 
by different nematicides. Similarly, n o n -  
fumigant nematicides each had a different 
effect upon the oxygen uptake of  Pana- 
grellus redivivus (L.) Goodey and Rhabditis 
oxycerca de Man (4,11). It seems, however, 
that the nematicide concentration needed 
to evoke an initial response had to be much 
higher for free-living nematodes than for 
Meloidogyne spp. 

The  differences in respiratory inhibition 
in M.javanicaJ2 after 1 hour and 24 hours 
exposures can probably be explained by 
the different rate of  nematicide uptake by 
the nematodes. The ranking of  the ne- 
maticides based on their effect on oxygen 
uptake corresponds with their physical 
properties (3). The  rather hydrophilic and 
highly water soluble oxamyl and aldicarb 
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TABLE 4. Decrease in oxygen (%) uptake by second-stage juveniles of two Meloidogyne spp. relative to the 
untreated control after 24-hour exposure to two nematicides and consumption (%) relative to the nematicide 
treatment after transfer to distilled water for 24 hours. 

After nematicide After water 
Nematicide and 

final concentration M. javanica 11/I. incognita M. javanica M. incognita 

Aldicarb, 5/Lg/ml 15.3 a, x 24.7 b, x 11.0 a, x 21.0 b, x 
Fenamiphos, 5/zg/ml 26.7 a, x 29.3 a, x 7.0 a, y 16.0 b, y 

Data are mean of three replicates. Means across columns within a treatment (a, b) or within a nematode species (x, y) with 
the same letter are not significantly different according to Duncan's multiple-range test (P -< 0.05). 

e x h i b i t e d  h i g h  in i t i a l  i n h i b i t i o n ,  w h e r e a s  
t h e  m o r e  l i p o p h i l i c  a n d  less w a t e r  s o l u b l e  
f e n a m i p h o s  a n d  e t h o p r o p  s h o w e d  l o w e r  
in i t i a l  ac t iv i ty .  

T h e  d e g r e e  o f  r e s p i r a t o r y  i n h i b i t i o n  in  
o u r  s t u d y  p a r a l l e l e d  a d e c r e a s e  in n e m a -  
t o d e  m o t i l i t y .  A l l  n e m a t i c i d e s  p r o d u c i n g  
n e m a t o d e  p a r a l y s i s  a l so  i n h i b i t e d  o x y g e n  
u p t a k e .  A l t h o u g h  a v e r m e c t i n  B 2 a  i n d u c e d  
to t a l  pa ra lys i s ,  i t  d i d  n o t  c o m p l e t e l y  i n h i b i t  
r e s p i r a t i o n .  A l l  n e m a t i c i d e s  e x c e p t  ca r -  
b o f u r a n  c a u s e d  n e m a t o d e  pa ra ly s i s  t h a t  
w o u l d  p r o b a b l y  p r e v e n t  t h e  n e m a t o d e  f r o m  
m i g r a t i n g  to  its hos t  p l a n t .  C a r b o f u r a n -  
t r e a t e d  J 2  a p p e a r e d  a b l e  to  m o v e  f r ee l y ,  
as has  b e e n  s h o w n  f o r  Pratylenchus vulvus 
A l l e n  & J e n s e n  w h e n  c a r b o f u r a n  was t e s t e d  
a t  a c o n c e n t r a t i o n  s im i l a r  t o  t h a t  r e p o r t e d  
h e r e i n  (5).  T h e  n e m a t i c i d e  p r o b a b l y  
b l o c k e d  c h e m o r e c e p t o r  si tes  n e c e s s a r y  f o r  
h o s t  f i nd ing .  C a r b o f u r a n  a t  5 # g / m l  a lso  
i n h i b i t s  n e m a t o d e  p e n e t r a t i o n  i n to  h o s t  
r o o t s  (10). 

T h i s  s t u d y  d o e s  n o t  p r o v i d e  e v i d e n c e  to  
e x p l a i n  w h y  M. javanica a p p e a r s  to  b e  less 
sens i t i ve  t h a n  o t h e r  Meloidogyne spp.  to  
s o m e  n o n f u m i g a n t  n e m a t i c i d e s  in t h e  f ie ld  
(8,9). W h e n  M. javanica a n d  M. incognita 
w e r e  s u b j e c t e d  to  a l d i c a r b  o r  f e n a m i p h o s  
a n d  w e r e  s u b s e q u e n t l y  t r a n s f e r r e d  to  wa te r ,  
M. javanica J 2  r e c o v e r e d  f r o m  r e s p i r a t o r y  
i n h i b i t i o n  to  a g r e a t e r  d e g r e e  t h a n  M. in- 
cognita. T h e  g r e a t e r  r e c o v e r y  m a y  e n a b l e  
M. javanica to  a p p r o a c h  a n d  p e n e t r a t e  hos t  
p l a n t s  m o r e  r a p i d l y  t h a n  M. incognita. T h i s  
m a y  b e c o m e  i m p o r t a n t  in  f i e ld  s i t u a t i o n s  
w h e r e  h e a v y  r a in f a l l s  o c c u r  i m m e d i a t e l y  
a f t e r  n e m a t i c i d e  a p p l i c a t i o n s  o r  d u r i n g  t h e  
f irst  4 - 6  weeks  f o l l o w i n g  such  a p p l i c a t i o n s .  
W i t h  t h e  r e d u c t i o n  in  t o x i c a n t  l e v e l s  

t h r o u g h  d i l u t i o n  a n d  (or)  l e a c h i n g  f r o m  
h e a v y  ra ins ,  a n e m a t o d e  t h a t  r e c o v e r s  
q u i c k l y  w o u l d  h a v e  a c o m p e t i t i v e  a d v a n -  
t a g e  o v e r  o n e  t h a t  d o e s n ' t  r e c o v e r  qu ick ly .  
T h e  a b i l i t y  to  r e c o v e r  f r o m  r e s p i r a t o r y  in-  
h i b i t i o n  d o e s  n o t  s e e m  to  b e  r e l a t e d  to  t o t a l  
o x y g e n  c o n s u m p t i o n .  Meloiclogyne javanica 
J 2  c o n s u m e d  less o x y g e n  t h a n  t h e  o t h e r  
two  species .  
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