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Abstract: Penetration of bean roots by Pratylenchus vulnus was inhibited by cont inuous ex- 
posure of the nematode to carbofuran and phenamiphos  and by drenches of higher  concentrations 
of these chemicals. The  inhibi t ion was explicable by inhibi t ion of motility, dispersion, and attrac- 
tion. If incubated in aerated distilled water, nematodes treated with carbofuran and phenamiphos  
recovered and reproduced as well as untreated nematodes. Foliar t reatments were ineffective. 
Apparently,  no basipetal transport of carbofuran and phenamiphos  occurs in beans. Both nema- 
ticides arrested nematode development by interfering with egg product ion and transitions be- 
tween life stages. Key Words: beans, root-lesion nematodes, control mechanism. 

Nonfumigant  nematicides are being ex- 
plored intensively for replacement and sup- 
plementation of fumigant nematicides. 
Among the compounds being tried currently 
for this purpose are carbofuran (2,3-dihy- 
dro-2,2-dimethyl-7-benzofuranyl methylcar- 
bamate; Niagara Chemical Division, F.M.C. 
Corp., Middleport, New York) and phen- 
amiphos (ethyl 4-(methylthio)-m-tolyl iso- 
propylphosphoroamidate; Mobay Chem. 
Corp., Kansas City, Missouri). Litt le is 
known about their mode of action against 
nematodes, particularly at sublethal concen- 
trations. Previous reports have suggested 
that direct contact of nematodes with carba- 
mate or organophosphate nematicides or 
their metabolites can influence behavioral 
responses and development (5,6,11,12,16, 
18). Investigation has been made of the ef- 
fects of carbofuran on penetration by 
Tylenchorhynchus claytoni (7), of oxamyl 
or phenamiphos on penetration by Pratyl- 
enchus penetrans (6), of carbofuran and 
phenamiphos on the development of 
Aphelenchoides rutgersi (16), and of carbo- 
[uran on the development of Acrobeloides 
nanus (25). We (14,15) have established 
the threshold concentrations at which carbo- 
furan and phenamiphos inhibit  P. vulnus 
motility, dispersion, and attraction to bean 
roots, and we have found conditions under 
which P. vulnus recovers normal activity 
after the toxicant is removed. This study 
investigates the influence of carbofuran and 
phenamiphos on the penetration and de- 
velopment of P. vulnus in bean roots. 
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GENERAL MATERIALS AND 
METHODS 

Technical-grade carbofuran and phen- 
amiphos, and Phaseolus vulgaris cv. Ken- 
tucky Wonder (Northrup King Seed Co., 
Minneapolis, Minn. 55413) were used with 
Pratylenchus vulnus obtained from carrot 
cultures (14). Acetone was used to help dis- 
solve the chemicals, and Tween® 80 (Atlas 
Chemical, Wilmington, Del.) promoted leaf- 
wetting in foliage treatments. 

Seedlings germinated to 3 to 5 cm high 
in vermiculite in a greenhouse were trans- 
planted singly to 30-ml disposable plastic 
cups containing steam-sterilized quartz sand 
(150-250 /~m). The  cups were placed in a 
growth chamber regulated to maintain the 
sand at 23 C with a photoperiod of 10 h 
light and 14 h darkness. Plants were watered 
with half-strength Hoagland's nutr ient  solu- 
tion and inoculated with P. vulnus when 
they were 8 to 10 cm tall by pouring onto 
the sand a 2-ml aqueous suspension contain- 
ing the appropriate number  of treated or 
untreated nematodes. 

To  evaluate the population structure of 
P. vulnus, seedlings were removed from the 
plastic cups after appropriate incubation 
periods. Then  the roots were washed free of 
sand, fixed with 5% formalin, and stained 
in 0.5% acid fuchshin-lactophenol. Each 
stained root system was chopped into small 
pieces and macerated with a Waring 
blender for 30 seconds in 25 ml of water. 
Large root fragments were removed with a 
screen with 0.246-mm aperture, and life 
stages were counted under  a stereoscope at 
125× magnification. 

A randomized block design was used in 
each experiment, and data were subjected 
to analysis of variance and Duncan's 
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multiple-range tests except as specified 
otherwise. 

U N T R E A T E D  N E M A T O D E S  
C H A R A C T E R I Z E D  

T h e  life cycle of P. vulnus is poorly 
understood, as are other factors affecting 
penetrat ion and development  in the host. 
I t  was obligatory to establish the character- 
istics of several parameters,  e.g. inoculation 
density, dura t ion  of incubation, differential 
penetrat ion of life stages etc., necessary to 
the selection of a set of conditions under  
which the influence of the nematicides 
could be assessed. 

Plant exposure time: T o  assess penetra- 
tion as a function of exposure period, seed- 
lings were inoculated with 500 nematodes 
(39% L2, 24% L3-L,, 15% male and 
21% female) for six different exposure 
periods (Fig. 1). At the end of each incuba- 
tion period, root systems (eight replicates) 
were washed free of sand, fixed, and stained 
and the nematodes were counted. 

Results: Penetrat ion increased logarith- 
mically witlr exposure time until  it reached 
a m a x i m u m  at 48 h (Fig. l). 

lnoculum density: To  assess penetra t ion 
as a function of inoculum density (Fig. 2), 
beans were inoculated with different num- 
bers of nematodes (populat ion structure as 
above) and placed in the growttl chamber.  
After 48 h, roots were processed, and the 
nematode  popula t ion  structure was deter- 
mined.  
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Fig. l. Percentage penet ra t ion  of bean roots by 
P. vulnus (ca 500, mixed stages) over different ex- 
posure periods at 23 + 0.5 C. 
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Results: Percentage penetra t ion was not 
a function of inoculum density (P = 0.01) 
for the 48-h incubat ion period except for 
the lowest inoculum level tested (Fig. 2), at 
which the method  was unreliable. 

Life stages: T o  evaluate penetrat ion of 
bean roots as a function of nematode  life 
stage, bean seedlings were inoculated with 
known numbers  of each stage alone, or in 
combinat ion  with other  stages, and allowed 
48 h for penetrat ion.  Th i r t y  individuals of 
each stage, hand-picked under  a dissecting 
microscope, were used to inoculate single 
seedlings. The re  were five replicates. For 
comparat ive  purposes, a mixed-stage suspen- 
sion (as above) of P. vulnus was also used. 

Results: T h e  percentage penetra t ion for 
each stage was characteristic and consistent 
whether  the inoculum was composed of 
single stages, or mixtures of stages (Table  
1). Althouglt  all stages of P. vulnus pene- 
trated bean roots, the capabil i ty varied: 
females > males > L:~-L, > L2. Percentage 
penetra t ion increased with length of incu- 
bat ion period up  to 48 h and remained con- 
stant thereafter.  Poor penetra t ion by L2 can 
be explained, in part,  as a consequence of a 
lower capacity to disperse (14) and to re- 
spond to bean root emanat ions (15). These 
results are consistent with observations with 
P'ratylenchus penetrans on alfalfa (22,24). 
T h e  absence of correlation between the 
penetrat ion of P. vulnus and the inoculum 
density, however, was not  consistent with 
direct correlations repor ted  on wheat  roots 
with P. thornei (3), or red clover with P. 
penetrans (8), and on maize wi th  P. 
brachyurus and P. zea (19). 
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Fig. 2. Percentage Penet ra t ion  of  bean roots wi th  
different inoculum numbers  of P. vulnus (all stages) 
after 48 h at 23 -- 0.5 C. 
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Table 1. The percentage penetration of bean roots by each of four stages of P. vulnus, alone or in 
combination during a 48-h exposure period at 23 + 0.5 C. 

Percentage penetrating 
Life stages No. L 2 La-L 4 Males Females 

L2, 30 18 - -  - -  - -  
L3, L4, 30 - -  70 - -  - -  
Males 30 - -  - -  7 3  - -  

Females 30 - -  - -  - -  81 
Equal numbers of all stages 21 72 73 80 
Normal inoculum" 500 24 65 77 86 

5000 22 66 75 83 
LSD (P = 0.05) NS NS NS NS 

"Population structure: L 2 (39%), L3-L 4 (24%), males (15%), females (21%). 

C H E M I C A L  T R E A T M E N T S  OF 
N E M A T O D E S  

E~[ects on penetra t ion:  T o  assess tile 
ab i l i ty  of P. vu lnus  (L3, L4, adults)  to peele- 
t rate  bean  roots whi le  c o n t i n u o u s l y  exposed 
to nemat ic ide ,  seedlings g rowing  singly in  
30-ml cups were d renched  wi th  a b o u t  90 ml  
o[ nemat i c ide  sohl t ion,  placed in  the growth 
chamber  for 24 h, and  then  inocu la t ed  wi th  
500 nematodes  p re t rea ted  12 h at  the same 
concen t ra t ion .  T h e r e  were e ight  replicates 
for each concen t ra t ion .  After  48 h, nema-  
todes were extracted from the roots a n d  
counted.  Solute concen t ra t ions  in  these ex- 
pe r imen t s  were 0.12M acetone;  0.05, 0.025, 

0.005, 0.001, a nd  0.0003 m M  ca rbofu ran ;  
a n d  0.003, 0.001, 0.0005, 0.0003, a n d  0.0001 
m M  p h e n a m i p h o s .  

Results:  U n d e r  c o n t i n u o u s  exposure  to 
nemat ic ide ,  n e m a t o d e  p e n e t r a t i o n  of bean  
roots was i n h i b i t e d  by exposures to m u c h  
lower concen t ra t ions  o[ p h e n a m i p h o s  t h a n  
o[ c a rbo fu ran  u n d e r  iden t ica l  condi t ions  
(Fig. 3). Sixteen times as m u c h  ca rbo fu ran  
as of p h e n a m i p h o s  was needed  for ful l  in- 
h i b i t i o n  of n e m a t o d e  pene t r a t ion .  I n h i b i -  
t ion  increased wi th  the c onc e n t r a t i on  of 
each nemat ic ide .  

Discussion:  P e n e t r a t i o n  o[ b e a n  roots 
was i n h i b i t e d  w h e n  the system was con- 
t i nuous ly  exposed to ca rbo fu ran  a n d  
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Fig. 3. Percent penetration (relative to controls) of bean roots by P. vulnus continuously exposed to car- 
bofuran or phenamiphos solutions. Bean roots were pretreated with nematicides, then inoculated with a 
pretreated 2-ml suspension (ca 500, L 3, L 4, adults) per seedling. Nematodes recovered from bean roots 48 h 
after inoculation. 
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phenamiphos .  T h e  degree of inhibi t ion 
depended on nematicide concentration.  
However,  no par t icular  behavioral  charac- 
teristics intrinsic to the immedia te  act of 
penetra t ion were observed to be affected by 
carbofuran or phenamiphos.  Nematode  re- 
sponses inhibi ted could be motili ty,  disper- 
sxon, or attraction. At higher concentrations 
where dispersion was inhibited, penetrat ion 
was also inhibited. At a lower concentrat ion 
(0.0001 m M  phenamiphos,  with full inhibi- 
tion of at tract ion and no inhibi t ion of dis- 
persion), penetra t ion was suppressed. At 
still lower concentrations, where there was 
no inhibi t ion of motility, dispersion, or 
attraction, penetra t ion was equivalent  to 
that  by untreated controls. 

Ellects of development and reproduc- 
tion: In  trials involving continuous ex- 
posure to chemicals, seedlings grown in 
30-ml cups in the growth chamber  were 
inoculated with a 2-ml suspension contain- 
ing about  1,000 nematodes (all stages) and 
incubated for 24 h. After incubation,  six 
replicates were used to determine the num- 
ber penetra t ing and the popula t ion  struc- 
ture. T h e  remain ing  seedlings were re- 
moved, and each was placed in a 150-ml 
glass funnel containing 0.12 M acetone; 
0.01 and 0.001 m M  carbofuran;  and 0.001 
and 0.0001 m M  phenamiphos  solutions. 
The re  were 12 replicates for each concen- 
tration. T h e  root system of each seedling 
was suppor ted  in the funnel just below the 
solution surface by a s topper in the plastic 
lid covering the funnel. Every 5 days, nem- 
atodes accumulat ing at the funnel t ip were 
collected and counted, and the solution in 
the funnel was replaced with fresh prepara- 
tion. At 10 and 20 days of incubation,  the 
roots of six replicates were harvested to de- 
termine the P. vulnus popula t ion  increase 
and  structure. 

An addi t ional  exper iment  was devised 
to determine the P. vulnus popula t ion  in- 
crease and structure as affected by a one- 
t ime drench (discontinuous treatment).  
Infested seedlings were t ransplanted into 
60-ml cups of sterilized sand and drenched 
with 180 ml  of t rea tment  solution. Treat-  
ments  replicated 12 times, included 0.6 M 
acetone; 1.0, 0.1, and 0.01 m M  carbofuran;  
and 0.1 and 0.01, and 0.001 m M  phenami-  
phos, and seedlings were grown in a growth 
chamber.  Dur ing the growth period, dis- 
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tilled water  was added as needed to main-  
tain adequate  moisture. Twen ty  days after 
inoculation,  roots of six replicates were 
harvested, fixed, stained, and macerated for 
determinat ions of nematode popula t ion  
and structure. Roots of the remain ing  six 
replicates were chopped and placed in a 
mist chamber  for 7 days to collect nema- 
todes for analysis of popula t ion  structure. 

Results: T h e  development  and repro- 
duct ion of P. vulnus exposed continuously 
to carbofuran  or phenamiphos  varied with  
the nematicide and its concentrat ion (Fig. 
4). Wi th in  10 days of exposure, develop- 
ment  and reproduct ion  were arrested by 
0.001 m M  phenamiphos  and slightly sup- 
pressed by 0.01 mM carbofuran,  as can be 
seen by the reduct ion of egg numbers.  Ti le  
20-day exposure amplified the differences 
among  treatments.  Carbofuran at 0.001 m M  
was equivalent  to untreated controls with 
respect to popula t ion  structure and repro- 
duction. At 0.0001 m M  phenamiphos,  pop- 
ulat ion structure was unchanged from those 
untreated,  but  actual numbers  of mixed 
stages and eggs were significantly (P = 0.05) 
reduced (Fig. 4). Phenamiphos  at 0.0001 
m M  completely inhibi ted development  and 
reproduction;  the numbers  within each 
stage and the total numbe r  of mixed stages 
were equivalent  to the initial popula t ion  
in the roots. No nematodes abandoned  the 
root system at  this concentrat ion through- 
out  tile 20 days. At other concentrations 
the number  of nematodes leaving the roots 
was inversely propor t ional  to the increasing 
concentrat ion of nematicides (Table  2). 
T h e  one-time drench, in a higher concen- 
trat ion range, effected responses similar to 
those in the continuous-exposure experi- 
ments (Fig. 5). Again, phenamiphos  was 
found to be active at lower concentrations 
than carbofuran.  Wi th  bo th  compounds,  
development  and reproduct ion were ar- 
rested or inhibited, depending on concen- 
tration. Popula t ion  structure in the one- 
t ime drench at tile end of the 20-day period 
indicated that  10 times as much  phenami-  
phos (0.01 vs 0.1 raM) and I00 times as 
much carbofuran  (0.01 vs 1.0 raM) was 
needed to cause an effect similar to that  ob- 
tained by tile continuous exposure. T h e  
greater nematode counts obtained under  
mist extraction probably  resulted from con- 
t inued or resumed development  and repro- 



Chemical Effects on Pratylenchus Development: Marban-Mendoza, Viglierchio 123 
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Fig. 4. Proportion of nemas in each life stage (number = counts) from infested bean roots, after 10 and 
20 days of continuous exposure to carbofuran or phenamiphos solutions, as indicated. For each exposure 
period, unlike letters are significantly different (P = 0.05) according to Duncan's multiple-range test. 

duction occurring after recovery, and during 
the additional 7 days of extraction. 

Discussion: Carbamate and organophos- 
phate nematicides may affect different be- 
havioral aspects directly associated with 
nematode development: feeding (13), at- 
traction of males by females (11), or hatch- 
ing (2,4,11,12,20,23). The  experiments show 
that a populat ion of P. vulnus within bean 
roots is affected by continuous or discon- 

Table 2. The numbers of P. vulnus (all stages) 
leaving bean roots/time when continuously exposed 
tO nematicide solutions. 

Days after 
Treatment incubation 

(raM) 5 10 15 20 Total 

Acetone 0.6 M 15 9 12 12 48 
Carbofuran 0.001 12 13 10 12 47 
Carbofuran 0.01 3 4 2 2 11 
Phenamiphos 0.0001 4 4 3 2 13 
Phenamiphos 0.00l 0 0 1 0 l 

tinuous immersion in nematicide solutions 
and that development and reproduction are 
inhibited under suitable conditions. The  
effect of both chemicals appea r s to  be sim- 
ilar but varies with concentration; at equal 
concentrations, phenamiphos is consistently 
more active. 

It  is apparent  that populat ion structures 
of untreated P. vulnus, given adequate food 
and proper conditions, attain a remarkably 
constant structure in populat ion numbers 
from about 1,000 up to 250,000 (Fig. 6). 
The  populations are about  60% larvae 
(35% L2, 28% L3-L4) and 40% adults 
(15% males and 25% females). 

The  ratio of males to females (2:3) both 
in treated and untreated populations re- 
mained remarkably constant even though 
actual numbers changed (Figs. 4, 5). This 
suggests that there is no differential suscep- 
tibility between sexes. I t  is evident that 
these chemicals interfere with reproduction 
and larval development. 
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Fig. 5. Proportion of nemas of each life stage 
(numbers = counts) after one drench in carbofuran 
or phenamiphos solutions. Graphs indicate popula- 
tion structures 20 days after P. vulnus inoculation of 
bean roots (killed and stained); lower grouping 
illustrates population structures of nematodes ob- 
tained from roots mist-extracted 7 days after 20 
days of growth. * indicates 20-day structures after 
bean foliage dips 12 h prior to inoculation and 4 
times (every 5 days) subsequently. In each group, 
unlike letters are significantly different (P = 0.05), 
according to Duncan's multiple-range test. 

Al terat ion of P. vulnus reproduct ion was 
indicated by the reduction in eggs released 
into root  tissues at high concentrations of 
carbofuran (0.01, 0.1 mM) and phenamiphos  
(0.001, 0.01 mM) in the continuous exposure 
or the one-drench experiments  (Fig. 5). T h e  
reduced product ion  of eggs and egg-laying 
could be explained in par t  by the inhibi t ion 
of dispersion at the same concentrations. 
Keduced  dispersion would likely result in 
reduced contact between males and females 
but  would not account for the changes in 
popula t ion  structure. For example,  though 
egg product ion was greatly reduced with 
carbofuran,  L2 product ion proceeded well 
with continuous and discontinuous ex- 
posure, thus hatching was not inhibited. 
Nonetheless, in these part ial ly arrested pop- 
ulations, the Lz did not make the transit ion 
to L3-L~. T h e  L3-L4 group, however, con- 
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t inued to develop to adults, so this g roup  
was reduced in number  from the initial 
popula t ion  level. Therefore ,  the effect of 
carbofuran seems to have been to arrest the 
development  of L2 to L3. Fur thermore,  it 
could be in terpreted that  L~ was unaffected 
and able to make the transit ion to adult- 
hood; however, the adul t  was inhibi ted in 
egg production,  possibly because the re- 
duced dispersion interfered with normal  
mating. 

Phenamiphos  at high concentration, 
with both  continuous and discontinuous 
exposure test, not only influenced egg pro- 
duction but  obviously inhibi ted transitions 
between life stages. This  resulted in a pop- 
ulat ion unchanged in number  and struc- 
ture for the initial inoculation.  Interference 
of phenamiphos  with dispersion was verified 
by the lack of any nemas, regardless of stage, 
abandoning  the roots dur ing the contin- 
uous-exposure period. 

Once the nemas were released from the 
envi ronment  containing nematicide, normal  
egg product ion and larval development  re- 
sumed. T h e  one exception observed was 
with nemas exposed to a high concentrat ion 
(0.1 mM) of phenamiphos  as a one-time 
drench. T h e  7 days under  mist apparent ly  
leached nematicides from the nematodes.  
T h e  nematicide concentrat ion inside the 
body depends on the concentrat ion in the 
surrounding med ium (11,17). Dilut ion by 
misting would reduce the internal  concen- 
tration, releasing the nematode from the 
nematicide, and thus enhancing recovery. 
This  observation was consistent with other 
experiments  on recovery after nematicidal  
exposure. These results were significant 
since leaching of nematicides from plants, 
soil, and nemas could result in loss of nem- 
aticidal activity under  field conditions, 
especially after heavy rains or normal  irri- 
gation. 

Nematode recovery: T o  assess the capac- 
ity of P. vulnus to recover and penetra te  
bean roots after nematicide t reatment ,  500 
nematodes (L~, L4, and adults) were placed 
in individual  wells with 1 ml of nematicide 
solution. Each t rea tment  was replicated six 
times. T r e a t m e n t  concentrations consisted 
of 0.6 M acetone; 6.25, 2.75, 1.25, 0.7, and 
0.27 m M  carbofuran;  and 0.05, 0.009, 0.005, 
and 0.0005 m M  phenamiphos.  T h e  treat- 
ment  was either I or 7 days. Dur ing treat- 
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Fig. 6. N u m b e r s  of P. vu lnus  (ca 500 inocu lum)  
and  popu la t i on  s t ruc ture  af ter  90 days of  develop- 
m e n t  in carrot cul tures  at  23 + 0.5 C. Nema todes  
were t reated in ca rbofuran  or  p h e n a m i p h o s  so lu t ion  
for 1 or  7 days and  subsequen t ly  washed in aera ted  
dist i l led water  before incuba t ion .  

ment  the wells were kept  in a high-humidi ty 
box placed in a growth chamber.  

Recovery immediate ly  after t reatment  
was determined by washing each a l iquant  
three times with aerated distilled water  
(ADW), inoculat ing to bean seedlings, and 
allowing 48 h for penetrat ion.  T h e n  the 
seedlings were harvested, and the roots were 
stained by procedures already described. 
For longer recovery periods, t rea tment  con- 
centrations (7 days' exposure) were 0.6 M 
acetone; 6.25, 3.25, 1.25, and 0.25 m M  
carbofuran;  and 0.5, 0.05, 0.005, and 0.0005 
m M  phenamiphos.  After washing three 
times, the nematodes were re turned to A D W  
(replaced daily at 15C). At 2-day intervals 
al iquants (6 replicates) were tested for 
penetrat ion.  

T o  assess whether  short-term recovery 
estimates reflected recovery of nematodes to 
full potential ,  popula t ion  increase and 
structure after 90 days of culture was used. 
T r e a t m e n t  solutions consisting of 0.6 M 
acetone; 6.25, 2.75, 1.25, 0.7, and 0.25 m M  
carbofuran;  and 1.0, 0.5, 0.25, 0.05, 0.009, 
and 0.005 m M  phenamiphos  were appl ied 

to 500 nematodes in individual  wells for a 
period of I or 7 days. After t reatment ,  each 
a l iquant  of nematodes was washed three 
times with ADW, treated with Aretan, 
(Plant Protection Limited,  Yalding, Kent, 
England) 133 ppm, for 8 hours, washed 
aseptically in sterile ADW, and treated for 
12 h with 4,000 p p m  streptomycin sulfate 
before placing tile nematodes onto sterile 
carrot  discs for culture. After 90 days of  
incubat ion at 25C, nematodes were ex- 
tracted and counted, and the popula t ion  
su'ucture was determined.  

Results: Penetrat ion increased with a 
logari thmic decrease in concentrat ion of 
nematicide solution (Fig. 7). Ti le  response 
curves for 1- and 7-day treatments were 
l inear over the times and concentrations 
plotted. Phenamiphos  was more active at 
lower concentrations than was carbofuran,  
but, with both nematicides, the longer 
t rea tment  period was more effective in in- 
hibi t ing penetra t ion than the shorter treat- 
merit at the same concentration.  In  these 
tests the oppor tun i ty  to recover was l imited 
to the three washings in A D W  after removal  
from the nematicidal  envi ronment  and the 
48 h in which the bean roots were exposed 
for penetrat ion.  Addi t ional  nematodes re- 
covered from tile 1.25-mM, 7-day carbo- 
furan (Fig. 8) t rea tment  when addi t ional  
t ime up  to 6 days was allowed in A D W  
before inoculat ion of beans. Addi t ional  t ime 
in ADW did not  increase recovery from 
t rea tment  at the next-higher or -lower con- 
centrat ion of carbofuran.  Wi th  phenami-  
phos (Fig. 9) there was substantial  addi- 
tional recovery, up to 6 days, when incu- 
bated in ADW, but  more  than 6 days in 
A D W  gave no added benefit. At 0.5 m M  
phenamiphos  or 6.25 m M  carbofuran no 
recovery could be demonstrated.  

When  recovery occured, it was real and 
permanent ,  since reproduct ion and popul  a• 
t ion increases after t reatments were normal  
(Fig. 6). T h e  popula t ion  increases relative 
to controls (Fig. 10) followed a pat tern  
similar to penet ra t ion  evaluations and de- 
pended upon  t rea tment  concentrations for 
both  l-day and 7-day treatments.  T h e  nearly 
parallel regression lines of percentage pene- 
t rat ion (Fig. 7) after exposure to phenami-  
phos (1, 7 days) suggested that  inhibi t ion 
was not a simple fimction of concentrat ion 
and length of exposure bu t  was more  likely 
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Fig. 7. Percentage  pene t ra t ion  (relative to control) in bean roots by P. vulnus (L 3, L4, adults)  t reated 
wi th  var ious  concent ra t ions  of nemat ic ides  for one (open symbols) or  seven days (filled symbols),  followed 
by three  washings  in aera ted  dist i l led water.  Pene t ra t ion  was de t e rmined  after  48 h of exposure .  

the product  of concentration and time of concentration than of time. Fur thermore 
exposure over most of the active range. T h e  tile concentration range reflecting changing 
corresponding curves for carbofuran had a activity was much narrower than [or phen- 
greater slope and tile product  relation be- amiphos. T h e  sensitivity of P. vulnus was 
tween the two curves did not hold as it did about two orders of magni tude greater for 
for phenamiphos.  For carbofuran the tox- phenamiphos than for carbofuran. T h e  ex- 
icological activity as represented by relative tended recovery experiments (Figs. 8, 9) 
percent penetrat ion was more a function of /,..d 
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Fig. 9. Percent  pene t r a t ion  of  bean  roots by P.  

Fig. 8. Percent  pene t r a t i on  of bean  roots by P. vulnus (L 3, L 4, adults)  relat ive to controls,  a f te r  
vulnus (L 3, L 4, adul ts)  relat ive to controls,  af ter  seven days of exposure  to p h e n a m i p h o s  and  subse- 
seven days of exposure  to ca rbofu ran  and  subseque n t  q u e n t  washings  wi th  aera ted  dist i l led water .  Pene-  
washings  wi th  aera ted  dist i l led water.  Pene t ra t ion  t ra t ion  was d e t e r m i n e d  for six recovery per iods  in  
was de t e rmined  for six recovery per iods  in aera ted  aerated dist i l led water .  Bars indicate  95% confidence 
dist i l led water ,  l imits  for  the  means .  
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Fig. 10. Populat ion of P. vulnus, as percent of control, developed on carrot cultnres in 90 days at 23 +_ 0.5 
C from inocula treated with different concentrations of nematicides as indicated, for one (open symbols) or  
seven days (filled symbols). Nemas washed in aerated distilled water before incubation on carrot culture. 
* P ~.~ 0.05; ** P ~ 0.01. 

indicated that with both nematicides there 
existed a rapid  recovery (within 48 h of 
exposure for penetration).  Wi th  phenami-  
phos there was an addi t ional  slow recovery, 
complete within 6 days of incubat ion in 
ADW. With  carbofuran there appeared  to 
be no slow recovery except at 1.25 m M  con- 
centration. Since recovery increased to a 
determinate  value, less than 100%, and 
depended upon the concentrat ion of the 
nematicide treatment,  the P. vulnus popula-  
tion consisted of two groups of nematodes:  
those with a capacity to recover and those 
without.  Of those able to recover, one sub- 
group recovered quickly, while another  
group recovered more slowly, depending on 
the nematicide and the concentration. 
These observations suggested that  all in- 
dividuals of a popula t ion  of P. vulnus were 
not physiologically equivalent  in their re- 
action to these nematicides, and that  there 
were perhaps three factors (quick recovery, 
slow recovery, no recovery) that  influenced 
their immobil izat ion and penetrat ion.  

T h e  90-day population-increase experi- 
ments on carrots confirmed that  recovered 
nematodes possessed the full potent ial  of 

untreated nematodes (Fig. 10). T h e  sensi- 
tivity of P. vulnus to phenamiphos,  demon- 
strated in penetra t ion experiments,  was 
reflected in popula t ion  increase studies and 
was about  two orders of magni tude  greater 
than for carbofuran.  

N E M A T I C I D E  T R E A T M E N T  OF 
F O L I A G E  

T h e  bean seedlings used were 10 cm. tall. 
For assessing the effects of foliage nemati-  
cide treatments on nematode  penetrat ion,  
all foliage 3 centimeters above the sand level 
was immersed for 60 seconds in the nema- 
ticidal solutions. Plants were d ipped  one to 
six times at 12-h intervals for each concen- 
tration. Five hundred  P. vulnus (L3, L4, 
adults) were inoculated onto the sand of 
each pot 72 h after each t rea tment  and al- 
lowed to penetrate  for 48 h. The re  were six 
replicates of each treatment.  Stock solutions 
were prepared as described for other experi- 
ments  with the addi t ion of 0.1% wett ing 
agent, and were di luted to: 4.06, 1.35, 0.45, 
0.15, and 0.05 raM. T o  prevent  chemical 
contaminat ion  of the soil, the seedlings were 
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Table 3. Summary of results of bean (vat. Kentucky Wonder) foliage dip treatments in carbofuran and 
phenamiphos solutions. 

DIPPINGS (60 seconds) 

Conc. 
(raM) Nematicide 1 2 3 5 6 • 

4.06 Carbofuran . . . . .  
very phytotoxie 

Phenamiphos . . . . .  
phytotoxic very phytotoxic 

1.35 Carbofuran . . . . .  
phytotoxic 

Phenamiphos . . . . .  
phytotoxic very phytotoxic 

0.45 Carbofuran . . . . .  
Phenamiphos . . . . .  

phytotoxic 
0.15 Carbofuran . . . . .  

Phenamiphos . . . . .  
0.05 Carbofuran . . . . .  

Phenamiphos . . . . .  

a = 12-h interval between dip treatment. 
- -  = no inhibition of nematode penetration. 

he ld  inver ted  u n t i l  the foliage dried.  Stems 
were wrapped  wi th  filter paper  to avoid 
d ra inage  of water  of gu t t a t i on  or condensa-  
t ion  from the foliage or petioles to the sand. 

For d e t e r m i n i n g  the inf luence  of nema-  
ticides on  d e v e l o p m e n t  and  r ep roduc t ion ,  
pot  cul tures  were m a i n t a i n e d  for 20 days. 
T h e  foliage was d i p p e d  in to  nemat i c ide  
solut ions  (3.16 m M  ca rbo fu ran  or 1.32 m M  
phenamiphos )  once 12 h before i nocu la t ion ,  
and  subsequen t ly  four more  times at 5-day 
intervals .  Seedlings were grown in  a growth 
chamber  u n d e r  cond i t ions  described previ- 
ously. 

Results :  Al l  foliar  t r ea tments  were in- 
effective. No i n h i b i t i o n  of p e n e t r a t i o n  
(Tab le  3) or of deve lopmen t  of reproduc-  
t ion  (Fig. 5) was observed, even at phyto- 
toxic concen t ra t ions  of the chemicals. T h e  
results f rom at t rac t ion ,  pene t r a t ion ,  and  
deve lopmen t  exper imen t s  with foliar appli-  
cat ions of ca rbo fu ran  or p h e n a m i p h o s  indi-  
cated that  bas ipeta l  t r anspor t  d id  no t  occur 
in  bean  seedlings u n d e r  the cond i t ions  of 
these exper iments .  

Discussion: These  results are consis tent  
wi th  results for p h e n a m i p h o s  on  tomato  (L. 
esculentum) and  b road  bean  (Vicia faba) 
plan ts  (6,21) b u t  incons i s ten t  wi th  o ther  
reports  on  p ineapp l e  (1,10) and  sugar beets 
(9) and  With observat ions  of ca rbo fu ran  on  

tomatoes (21). Basipeta l  m o v e m e n t  of a 
"systemic" nemat i c ide  app l i ed  to foliage 
wou ld  be a useful  cont ro l  m e t h o d  for nem-  
atode pest p rob lems  in  foliage, stem, or 
roots. W i t h  c u r r e n t  g r a n u l a r  n o n f u m i g a n t  
nematic ides ,  acropeta l  m o v e m e n t  is m u c h  
more  c o m m o n  t h a n  the desi rable  bas ipeta l  
one. Because of the i m p o r t a n c e  of the prob- 
lem, the a p p a r e n t  inconsis tencies  of var ious 
reports  mer i t  fu r the r  study. 
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"Blinding" of shoots and a leaf gall in Amsinckia intermedia 
induced by Anguina amsinckia (Steiner and Scott, 1934) 

(Nemata, Tylenchidae), with a note onthe 
absence of a rachis in A. amsinckia 

C. Nagamine 1, 2 and A. R. Maggenti ~ 

Abstracl: "Blinding" and a leaf gall induced on Amsinckia intermedia Fisch. and Mey. by 
Anguina amsinckia (Steiner and Scott) are described. A. anlsinckia induced blinding by galling 
the terminal apical meristem of its host. The leaf gall was formed by a ventral curling of the 
distal edge of the leaf. The absence of a rachis in the ovary of A. amsinckia is noted. Key Words: 
Anguina morphology. 

Anguina arnsinckia (Steiner and Scott, 
1934) parasitizes the common fiddleneck 
Amsinckia intermedia Fisch. and Mey., an 
annual weed of the central valley of Cali- 
fornia capable of inducing pathological 
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disorders in livestock if ingested in sufficient 
quantit ies (2). Since A. amsinckia is a po- 
tential biological control agent of d. inter- 
media, knowledge of its biology and ecology 
is of economic as well as scientific impor- 
tal lce.  

MA TERIA LS  AND M E T H O D S  

A populat ion of A. intermedia illustrat- 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

