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Behavioral Effects of Carbofuran and Phenamiphos on 
Pratylenchus vulnus. II. Attraction to Bean Roots 

N. Marban-Mendoza~, ~ and D. R. Viglierchio 8 

Abstract: Pratylenchus vulnus (Ls, L4, adults) are attracted to the roots of growing bean 
seedlings. The attraction is inhibited by treating the nematodes with solutions of carbofuran o r  

phenamiphos at concentrations below those necessary to inhibit motility and dispersion. Nema- 
ticide treatments of plants without treatment of nematodes are ineffectual because nematodes 
a r e  attracted equally well to treated and untreated seedlings. Key Words: root-lesion nematodes, 
non-volatile nematicides, mode of action. 

Nematodes respond to the chemical 
stimuli of their environment.  T h e  mechan- 
ism of detection and perception of the 
environment,  however, is poorly under- 
stood. Seeking activity and feeding-site se- 
lection by Tylenchid  nematodes has been 
explained to be a result  of an elaborate 
sensory system (1). The re  is substantial 
evidence that emanations from plant roots 
attract nematodes (4,6,9). Several chemical 
substances that attract nematodes are known 
to emanate from the roots of plants (4). 
Certain nematodes (e.g., Pratylenchus 
pratensis (5) and P. penetrans (1)) are at- 
tracted to specific areas of host roots. 

MATERI AL S  AND M E T H O D S  

Attraction studies were carried out with 
the equipment  and system described previ- 
ously (9). T h e  containers consisted of alu- 
minum channel sections of different lengths, 
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coated with asphaltum and with the edge 
inscribed at 1-cm intervals. Longer sections 
of channel were used for growing plants in 
sand and shorter channels for containing 
nematodes uniformly dispersed in sand. For 
the bioassays a dialysis membrane strip 
(average pore size 24 A) was placed between 
the channels containing plants and nema- 
todes to separate the nematodes from the 
host roots while allowing for diffusion. 
Seeds of snap bean, Phaseolus vulgaris var. 
Kentucky Wonder,  were germinated in 
vermiculite in a greenhouse unti l  the seed- 
lings were 4 to 6 cm high. T h e n  the seed- 
lings were removed and washed free of 
vermiculite, and 12 to 16 were selected for 
uniformity and transplanted into each plant  
channel. T h e  plants were grown in a growth 
chamber regulated to maintain the sand 
temperature at 23 --- 0.5 C, with a photo- 
period o[ 10 h light and 14 h darkness. T h e  
plants were watered with l /2-strength 
Hoagland's solution unti l  they were about  
l0 to 13 cm tall. Each plant  dish was then 
leached with 1 liter of distilled water to 
reduce the solubles resulting from nut r ien t  
watering and root  growth, or with nemati- 
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cide if nematicidal treatment was desired. 
About  3,000 to 5,000 nematodes (L~, L ,  
and adults) obtained from carrot stock 
cultures were pretreated for 12 h in nema- 
ticide solution or distilled water. The  nem- 
atodes were resuspended in the treatment 
solutions and then poured into the channel 
container. Quartz sand (150 to 250/~m) was 
immediately sprinkled into the channel as 
evenly as possible with the aid of screens. 
The  plant channel and nematode channel 
were juxtaposed (Fig. 1) and placed in a 
high-humidity chamber inside the growth 

Fig. 1. Schematic diagram of the apparatus used 
in the attraction experiments. 

chamber. After the appropriate incubation 
period, the assemblies were removed from 
the humidity chamber. The  sand was then 
removed from the channel in 10-mm sec- 
tions beginning at the membrane and pro- 
ceeding outward. Each section was placed 
in a petri dish and washed three times with 
20 to 25 ml of water to extract the nema- 
todes in suspension. The  washings were 
combined, the nematodes allowed to settle 
overnight, the supernatant decanted, and 
the nematodes counted. The  number  of 
nematodes per 10-mm section of sand was 
expressed as a percentage of the total num- 
ber of nematodes recovered from that par- 
ticular channel container. 

Modification of the attraction response 
of P. vulnus to bean root emanations by 
carbofuran and phenamiphos was estab- 
lished by the following treatments: a) 
both channels--nematode and plant--were 
drenched with the same nematicide concen- 
tration; b) only nematode channels or plant 
channels were drenched; c) treatment solu- 
tions included 0.17M acetone, 0.001, 0.0001, 
0.00005, and 0.00001 mM phenamiphos, and 
0.005, 0.001, and 0.0005 mM carbofuran. In 
addition, bean foliage treatments were car- 
ried out by immersing the whole stem foli- 
age area 5 to 6 cm above sand level in carbo- 

furan or phenamiphos solution for various 
periods (Table 1). A 4.06-mM stock solution 
of each compound was made up in 0.6M 
acetone to aid dissolution, plus 0.1% de- 
tergent to assist wetting of the foliage. The  
stock solution of both chemicals was then 
diluted threefold to 0.15 mM. Thus,  four 
concentration levels were tested: 4.06, 1.35, 
0.45, and 0.15 mM. T o  prevent chemical 
contamination of the sand, the plant chan- 
nels were held inverted until  the foliage 
dried. In  addition, strips of filter paper were 
placed around bean stems to preclude drain- 
age of water of guttation, or condensation 
from the foliage or petioles to the sand. The  
experiments were replicated six to eight 
times, and the experimental designs were 
randomized blocks. Where indicated, data 
were subjected to analysis of variance and 
Duncan's  multiple-range test. 

RESULTS 

Influence of bioassay time on attraction 
to emanations: The  control curve shows 
that in the absence of plants it was possible 
to prepare a channel container in which 
nematodes were distributed evenly, and to 
maintain that distribution indefinitely. The  
control curve was not  different (P -- 0.01) 
from that obtained with a 24-h exposure to 
bean root emanations. However, both of 
these curves were different from others ob- 
tained with the longer bioassay exposure 
periods (Fig. 2). 

Table 1. Attraction response of P. vulnus (L 3, 
L.e adults) to bean roots after 48 h. Bean foliage 
immersed in different concentrations of carbofuran 
(C) or phenamiphos (P) for various immersion 
periods. 
+ = normal attraction, x = phytotoxic, xx = very 
phytotoxic 

Concen- 
tration Nema- 
(mM) ticide 

Immersion period 

5 sec 50 sec 300 sec 

4.06 C + + + (x) 
P + + (x) + (xx)  

1.35 C + + + 
P + + + (x) 

0.45 C + + + 
P + + + 

0.15 C + + + 
P + + + 

Control + + + 
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Fig. 2. Percent  of P. v u l n u s  (L s, L4, adults)  pe r  
l -cm section of channe l  relative to the  dis tance f rom 
the  m e m b r a n e  for different  a t t rac t ion  times. Per- 
centages based u p o n  total  n u m b e r  of  nematodes  
recovered f rom each channel .  Each po in t  represents  
the  m e a n  of e ight  replicates.  

Influence of nematicides on attraction: 
T h e  effect of nematicides applied at various 
concentrations as a sand drench on nema- 
tode redistr ibut ion in both plant  and nema- 
tode channels is i l lustrated in Fig. 3 (carbo- 
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Fig. 3. Percent  of  P. v u l n u s  (L 3, L v adults)  pe r  
l - cm section of channe l  relative to the  dis tance  f rom 
the  m e m b r a n e  as affected by different  concent ra t ions  
of ca rbofuran  af ter  48 h. Percentages based u p o n  
total  n u m b e r  of  nema todes  recovered from each 
channel .  Each poin t  represents  the  m e a n  of e ight  
replicates.  
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furan) and Fig. 4 (phenamiphos).  In  0.005 
m M  carbofuran drenches, P. vulnus did not  
redistr ibute under  plant  influence (Fig. 3); 
the nematode distr ibution was not signif- 
icantly different from that  of untreated 
nematodes under  no plant  influence. In  a 
0.0005 m M  drench of carbofuran,  P. vulnus 
redistr ibuted under  plant  influence in the 
same fashion as untreated controls under  
p lant  influence. At a concentrat ion of 0.001 
m M  carbofuran,  P. vulnus redistributed,  
but  the redistr ibut ion was significantly dif- 
ferent from that with both higher and lower 
doses. 

In  0.001 m M  phenamiphos  solutions, no 
redistr ibution of nematodes occurred (Fig. 
4); there was no significant difference in 
nematode distr ibution between this concen- 
trat ion and controls wi thout  plants. At 
0.0001 m M  phenamiphos  solution, nema- 
tode redistr ibut ion adjacent  to the mem- 
brane was significantly different from that  
of controls wi thout  plants or the 0.001 m M  
phenamiphos  solution with plants. At 
0.00005 m M  phenamiphos  solntion, the 
threshold concentration, nematode redistri- 
bttt ion was significantly less than that  of 
untreated controls under  the influence of 
plants. 

When  nematode-containing channels 
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Fig. 4. Percent  of P. ~mlnus  (L a, L 4, adul ts)  pe r  
l -cm section of  channe l  relative to the  dis tance f rom 
the m e m b r a n e  as affected by different  concent ra t ions  
of p h e n a m i p h o s  solut ions  af ter  48 h. Percentages  
based upon  total  n u m b e r  of nematodes  recovered 
from each channel .  Each po in t  represents  the  m e a n  
of  e ight  replicates.  
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were drenched and plant  channels were not 
drenched, results were similar to those ob- 
tained when both plant  channels and nem- 
atode channels were treated. When  plant  
channels only were treated, either by 
drenching or by d ipp ing  plant  foliage, no 
inhibi t ion of at traction was obtained. This  
was true over a broad range of nematicide 
concentrations, the highest of which caused 
phytotoxici ty (Table  1). 

DISCUSSION 

P. vuInus responded to a dialyzable 
s t imulat ing agent from bean roots by ac- 
cumulat ing in the 10-mm sand section near- 
est the membranes  separating bean roots 
f rom nematodes when bioassay exposure 
periods exceeded 24 h. Incubat ion  periods 
exceeding 48 h did not  increase the magni- 
tude of the response. T h e  at tract ion curve 
suggested that  the at tract ion response was 
operat ive within 1 to 2 cm of bean roots. I t  
was difficult to determine whether  nematode 
migrat ion from sections 2 to 6 cm from the 
membrane  was pr imar i ly  in response to a 
diffusing chemical s t imulant  from bean 
roots or to a poptdat ion density gradient 
established by a local area deplet ion (9) as 
a consequence of attraction. T h e  indication 
that  P. vulnus could be attracted over small 
distances by diffusing bean root  emanat ions 
was consistent with observations by Klingler 
(4) and Steinbach (8) with different nem- 
atodes. 

At 0.05 m M  carbofuran completely sup- 
pressed dispersion of P. vulnus (7), bu t  at 
0.005 m M  over 50% of the nematodes were 
able to disperse. At this lower concentrat ion 
the at traction response remained completely 
inhibited. Even at 0.0001 m M  of carbo- 
furan, 80% of the nematodes were capable 
of dispersion but  the at tract ion response 
was inhibi ted (P = 0.01). Similarly, differ- 
ences in the distr ibution pat terns between 
phenamiphos- t reated and untreated nema- 
todes indicated an impa i rmen t  of nematode  
at traction toward bean roots at concentra- 
tions too low to affect moti l i ty  and disper- 
sion. T h e  inhibi t ion of at tract ion was pro- 
port ional  to phenamiphos  concentrat ion 
and occurred over a broader  range than the 
carbofuran inhibit ion.  Below the threshold 
concentrat ion of 0.00005 mM, attraction 
was no different from that  of controls with 

plants (P = 0.01). At 0.0001 raM, phenami-  
phos at traction was substantially inhibited,  
with fewer nematodes redistr ibut ing toward 
the membrane ,  a l though dispersion was es- 
sentially unhindered (7). At the higher dose 
of 0.0001 m M  the nematode distr ibution 
pat tern  was similar to that of the control 
wi thout  plants, but  this same concentrat ion 
rendered nematodes immoti le  (7). 

I t  is possible that  phenamiphos  inter- 
feres with the at traction response of other- 
wise active and motile P. vulnus, by dis- 
rup t ing  sensor or a sensor-control ganglia 
coordination f imction that  allows the nem- 
atodes to orient. These results suggest that  
P. vulnus attraction is inhibi ted only when 
the nematodes are exposed directly. When  
just the plants were treated, no inhibi t ion 
was observed under  the conditions of these 
experiments.  Apparent ly  the at traction re- 
sponse was not  impeded by nematicide dif- 
fusing from the plant  side toward the nem- 
atode side, because prel iminary experiments  
had established that  both  carbofuran 
and phenamiphos  were freely permeable  
through the dialysis membrane .  Further- 
more, when a treated nematode channel 
was placed adjacent  to an untreated plant  
channel, the treated nematodes adjacent  to 
the membrane  did not recover as the nem- 
aticide concentrat ion adjacent  to the mem- 
brane decreased as a consequence of dif- 
fusion through the membrane  into the plant  
channel. 

Nematode  at tract ion to bean roots was 
nearly completely inhibi ted at 0.0001 m M  
phenamiphos ,  whereas a hundredfold  in- 
crease in concentrat ion was required to 
fully suppress tile motor  functions involved 
in dispersion, and a five-hundredfold in- 
crease to suppress those involved in motility. 
These differences in responses suggested that  
the chemo-receptor and coordinat ion net- 
work by which P. vulnus detects and re- 
sponds to plant  at tractants was extremely 
sensitive to phenamiphos,  but  less so to 
carbofuran.  Whether  this effect was the re- 
sult of a receptor site b inding  or modifica- 
tion or a block in recognition and integra- 
tion neuro  circuitry therefrom, was not  
established. 

These  kinds of behavioral  responses are 
usefid to unders tanding of mode of action 
of nonfumigant  nematicides. As il lustrated 
by phenamiphos  concentrations of 0.0001 
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m M  in  the soil so lu t ion,  mass ac t ion  effect 
wou ld  ind ica te  tha t  host root  a t t r ac t ion  was 
essential ly e l i m i n a t e d  as a n a t u r a l  force, 
r e d u c i n g  the at tack pressure of P. vulnus on 
host roots; at a h igher  concen t r a t i on  of 0.01 
raM, coo rd ina t i on  func t i on  invo lved  in  dis- 
pers ion  was comple te ly  suppressed, whi le  
at  0.05 m M  mot i l i ty  was comple te ly  sup- 
pressed. C a r b o f u r a n  behaves similarly,  al- 
t hough  in  a h igher  concen t r a t i on  range.  
T h e  cu r ren t  bel ief  is tha t  in  field s i tua t ions  
most  carbamates  and  o rganophospha te  in- 
sec t ic ides /nemat ic ides  can on ly  cause nem- 
atode i m m o b i l i z a t i o n  or dea th  in  the recom- 
m e n d e d  commercia l  appl ica t ions .  I t  is 
ev iden t  tha t  these rates are marg ina l l y  
lethal,  so tha t  o ther  effects are responsib le  
in  pa r t  for the control  propert ies  observed 
in  the field. T h e  in ter ference  of n e m a t o d e  
o r i e n t a t i o n  by some n o n f u m i g a n t  nemat i -  
cides has been  repor ted  recently.  Di Sanzo 
(1) has shown that  c a rbo fu ran  has in ter -  
fered wi th  the o r i e n t a t i o n  of Tylenchorhyn- 
chus claytoni to corn roots in  sand and  
Pratylenchus penetrans to tomato  roots 
g rowing  on  agar. 

A ld ica rb  has been  repor ted  to i n h i b i t  
the o r i e n t a t i o n  mechan i sm  of Heterodera 
schachtii males to the female sex a t t r ac t an t  
(3). T h e  data  a n d  observat ions  offered in  
this repor t  clearly demons t r a t e  the capabi l-  
ity of the ca rbamate  and  o rganophospha te  
compounds  to effect subt le  behav iora l  re- 
sponses of nematodes  u n d e r  c o n t i n u o u s  
exposure  to specific doses tha t  d id  no t  affect 
n e m a t o d e  somatic  n e u r o m u s c u l a r  func t ion .  
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T h e y  also show tha t  these behav iora l  dis- 
r u p t i o n s  can r e m a i n  opera t ive  as long  as 
the nema t i c ide  concen t ra t ions  do  n o t  fall 
below threshold  levels. Above  such levels 
these c o m p o u n d s  may have affected a wide 
variety of n e m a t o d e  func t ions  i m p a i r i n g  
their  ab i l i ty  to infect.  
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