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ABSTRACT

Rodriguez-Kabana, R., R. A, Shelby, P. S. King, and M. H. Pope. 1982.
Application time and effectiveness of four systemic nematicides against
Meloidogyne arenaria on Florunner peanuts. Nematropica 12(1): 85-96.
The effect of application time on the effectiveness of four systemic
nematicides (aldicarb, carbofuran, oxamyl, and phenamiphos) for con-
trol of root-knot nematode [ Meloidogyne arenaria (Neal) Chitwood] on
Florunner peanuts (Arachis hypogaea L.) was determined in field exper-
iments at Headland, Alabama. The nematicides were applied at planting
time and at two, four, and eight weeks after planting. Each nematicide
was studied in a separate experiment and was applied at rates of 1.1, 2.2,
and 3.4 kg a.i./ ha. Effectiveness of the treatments was compared to that
of an untreated control and a fumigant control consisting of a planting
time injection of EDB 90 (Soilborm® 90) at 18.7 1/ ha. Results indicated
that greatest yield increments were obtained when the nematicides were
applied during the first two weeks of crop growth; lowest yields were
obtained when treatments were effected at the blooming-early pegging
stage of peanut development, eight weeks after planting. Applications of
phenamiphos depressed larval populations of M. arenaria at all applica-
tion times. The eighth week applications of aldicarb at all rates and
oxamyl at 1.1 kg/ha resulted in higher larval populations than those
corresponding to earlier applications. Larval populations in the carbofu-
ran experiment were highest in plots treated with the two lowest rates at
planting time.
Additional Key Words: Furadan, Nemacur, Temik, Vydate, chemical
control, insecticides, population dynamics.

RESUMEN

Rodriguez-Kabana, R., R. A. Shelby, P. S. King, y M. H. Pope. 1982.
Relacion entre el tiempo de aplicacion y la eficacia de cuatro nematicidas
sistémicos para el combate de Meloidogyne arenaria en mani Florunner.
Nematropica 12(1): 85-96.

Se estudio el efecto del tiempo de la aplicacidn sobre la eficacia de
cuatro nematicidas sistémicos (aldicarb, carbofuran, oxamil, y fenami-
fos) para el combate del nematodo nodulador del mani [ Meloidogyne
arenaria (Neal) Chitwood] en mani (Arachis hypogaea L.) Florunner en
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un campo cerca de Headland, Alabama. El efecto sobre cada nematicida
se estudi6 en experimentos individuales en los que se utilizaron dosis de
1.1,2.2,y3.4kgi.a./haaplicadas en el momento de la siembra y alas dos,
cuatro y ocho semanas despu-s. La eficacia de cada tratamiento se
compar6 con los resultados obtenidos con un tratamiento testigo y
también con los de uno con dibromuro de etileno (Soilbrom® 90) a dosis
de 18/7 1/ha. Los resultados sefialaron que los mayores aumentos en
rendimiento se obtuvieron cuando los nematicidas se utilizaron durante
las primeras dos semanas de cultivo siendo los rendimientos mas bajos los
correspondientes a aplicaciones efectuadas en el periodo de floracién-
fructificacién del mani, ocho semanas después de la siembra. Las aplica-
ciones de fenamifos redujeron las poblaciones de larvas de M. arenaria en
el suelo sin que hubiese relacion con el tiempo de aplicaciéon. Sin
embargo, las aplicaciones durante la octava semana de todas las dosis de
aldicarb o dela dosis de 1.1 kg/ ha de oxamil resultaron en mayor nimero
de larvas en el suelo que los nimeros correspondientes a las efectuadas
antes. Las poblaciones de larvas en el experimento con carbofuran fueron
mayores en las parcelas tratadas durante la siembra que en las que
recibieron el nematicida posteriormente.

Palabras claves adicionales: Furadan, Nemacur, Temik, Vydate, com-
bate quimico, insecticidas, dindmica de poblaciones.

INTRODUCTION

The root-knot nematode Meloidogyne arenaria (Neal) Chitwood is one of
the principal yield limiting factors in the production of peanuts (Arachis
hypogaea L.) in Alabama. There is at present no commercially available
cultivar of the crop with resistance to the nematode (7). Consequently,
control of M. arenaria is almost exclusively based on the use of nematicides.
The use of granular systemic nematicides in peanut fields has increased in
recent years because of their ease of application in comparison to fumigant
nematicides which must be injected into soil. In addition, many systemic
nematicides possess insecticidal properties useful for control of early season
insects in peanuts (4,5). Systemic nematicides, however, require exacting
conditions for their application (12,15) and incorporation into soil (13).
Applications of these nematicides are typically performed during the planting
operations since there is evidence that applications made at the mid-pegging
stage of peanut growth (8-12 weeks after planting) are not as effective (6,14).
Although the evidence suggests that the timing of application is critical to
obtain maximal effectiveness of systemic nematicides in peanuts, there have
been no systematic studies conducted to determine the relation between
application time and control of M. arenaria on the crop. This paper presents
results of a study conducted to determine the effect of application time on the
efficacy of four representative systemic nematicides against M. arenaria.

MATERIALS AND METHODS

Experiments were established in 1981 at the Wiregrass substation at Head-
land, Alabama, in an irrigated field infested with M. arenaria. The field had
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been under peanut monoculture for the preceeding five years. Populations of
M. arenaria were maintained through the winter by planting hairy vetch
(Vicia villosa Roth.). The soil was a sandy loam with less than 1% (w/w)
organic matter and a pH of 6.2. The experiments were designed to study the
effect of time of application of four nematicides on soil populations of M.
arenaria and yield response of Florunner peanuts. There were four experi-
ments each with a single nematicide applied at threerates (1.1, 2.2, and 3.4 kg
a.i./ha) and four application times: 0, 2, 4, and 8 weeks after planting. The
nematicides chosen for the study were: aldicarb (Temik® 15G), carbofuran
(Furadan® 10G), oxamyl (Vydate® 10G) and phenamiphos (Nemacur® 15G).
The nematicides were applied on a 30-cm-wide band over the seed furrow and
were lightly incorporated (3-5 cm deep) into the soil by the use of spring
activated tines behind the band applicator. In each experiment a no treatment
control and a treatment with the fumigant EDB 90 (Soilbrom® 90) at 18.7
I /ha were included. The fumigant was injected into the soil to a depth of 20
cm using two injectors/row, placed 10 cm on each side of the seed furrow.
Thus, each experiment consisted of 14 treatments. Each treatment was
represented by eight replications (plots) arranged in a randomized complete
block design. Each plot was 10 m long with two rows, each 91.4 cm wide.

Cultural practices, control of insects, weeds and foliar diseases were as
recommended for the area (1). Soil moisture was maintained at a level
suitable for optimal peanut growth. Yield data were obtained by harvesting
the entire plots at maturity of the crop.

Soil samples for nematode analysis were taken 2-3 weeks prior to harvest to
coincide with the maximal larval population development of M. arenaria in
so0il(2,3). Soil samples were collected with a 2.54-cm diam soil probe from the
root zone to a depth of 20 cm along the two rows through the center of each
plot so as to have 16-20 cores per plot. The cores from each plot were
composited and a 100 cm3 subsample was used to determine nematode
numbers following the “salad bowl” incubation method (16).

The incidence of white mold disease caused by Sclerotium rolfsii Sacc. was
determined four weeks before harvest by counting the number of disease loci
as described elsewhere (10). The relative growth of peanuts in every plot was
determined at midseason using a subjective appearance index based on a scale
of 1-5 in which a value of 5 represented plots with excellent peanut growth
covering the entire surface of the plots and a value of 1 was assigned to plots
with unthrifty chlorotic plants with severely restricted plant coverage of the
plot surface.

All data were subjected to analysis of variance following standard $tatisti-
cal procedures (17). The effect of nematicide rate and application time was
also considered in a factorial treatment of the data following standard proce-
dures. Differences between means were evaluated for significance following a
modified Duncan’s multiple range test (17). Unless otherwise specified all
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differences referred to in the text were significant at a probability level of 5%
or lower.

RESULTS

All applications of aldicarb during the first four weeks of the crop resulted
in significant yield increases and reductions in numbers of larvae of M.
arenaria (Table 1); however, all three rates of the nematicide when applied
eight weeks after planting failed to reduce larval populations or to increase
peanut yields. For all three rates of aldicarb, applications during the first four
weeks of the crop resulted in yield increases and nematode control which were
equal or better than that obtained with the EDB 90 treatment. Although the
subjective appearance index indicated significant differences between treat-
ments, no general pattern of response in relation to aldicarb rates or time of
application was detected. Application of aldicarb eight weeks after planting
resulted in a significantly lower number of white mold loci than was observed
in control plots or in those treated with EDB 90. With two exceptions (1.1 kg
at the 4th week application and 3.4 kg/ha at the 2nd week application), the
number of loci in plots treated with aldicarb two and four weeks after planting
also were higher than those for plots treated eight weeks after planting.

Factorial analysis of the aldicarb data indicated significant yield differen-
ces in response to rates. Highest yields were obtained with the two highest
rates of the nematicide; however, differences between these rates were not
significant. The analysis also indicated no differences in yield between aldi-
carb treatments applied in the first four weeks of the crop, but a significant
reduction in yield for the eight-week treatments when compared with yields
resulting from earlier applications of the nematicide. Factorial analysis of the
larval data indicated no significant differences in numbers of larvae in
response to rates of aldicarb. Also, differences in larval populations between
aldicarb treatments applied during the first four weeks of the crop were not
significant; larval levels in plots treated eight weeks after planting, however,
were significantly higher than those from plots treated earlier. Factorial
analysis of the white mold data revealed no significant differences in response
to rates of aldicarb but a significant reduction occurred in number of loci as a
result of the 8th-week treatments when compared with data from earlier
applications. The interaction of aldicarb rates and time of application for the
data on subjective appearance was significant so that no general statement
can be made regarding the effects of rates or time of application on the
variable.

Applications of phenamiphos or EDB 90 did not have any significant effect
on the incidence of white mold or the subjective appearance index (Table 2).
When the nematicide was applied eight weeks after planting there was no
significant yield increase or reduction in larval numbers. The use of EDB 90
or phenamiphos during the first two weeks of the crop resulted in yield
increases significantly above that obtained in control plots; however, of these
treatments, only the EDB 90 treatment reduced larval populations. Applica-
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tion of phenamiphos four weeks after planting did not improve yields at the
1.1-kg/ha rate but did so at the two other rates even though these treatments
failed to reduce larval numbers significantly.

Factorial analysis of the phenamiphos yield data indicated no significant
differences between rates; however, the effect of application time was signifi-
cant and indicated lower yields for the eight week application than for the
other application times.

Oxamyl applied eight weeks after planting failed to increase yields above
those obtained from control plots (Table 3), but, when the nematicide was
applied at planting or two weeks later significant yield increases were
obtained regardless of the rate used. Application of oxamyl four weeks after
planting resulted in significant yield responses only with the two highest rates
of the nematicide. The EDB 90 treatment also resulted in significant yield
increases. All nematicide treatments in the oxamyl experiment reduced larval
populations of M. arenaria. Values for the subjective appearance index were
highest when oxamyl was applied during the first four weeks of the crop;
however, no significant differences in values were observed between-control
plots and those receiving EDB 90 or oxamyl applied eight weeks after
planting. Applications of oxamyl or EDB 90 had no effect on the incidence of
white mold.

Factorial analysis of the oxamyl yield data revealed no significant interac-
tion between rates and time of application. The two highest rates of oxamyl
were not significantly different in yield responses but yield differences
between these treatments and the yield obtained with the 1.1 kg/ha rate were
significant. The analysis also indicated that greatest yield response to oxamyl
was obtained when the nematicide was applied either at planting or two weeks
after. Factorial analysis of data for larval populations indicated that larval
numbers were lowest in plots treated with the two highest rates of oxamyl and
when the treatments were applied during the first two weeks of the crop.
Similar analysis of data on subjective appearance revealed no significant
differences in response to rates of oxamyl, but a marked decrease in values
when oxamyl was applied eight weeks after planting as compared to values
obtained with earlier applications. Factorial analysis of the white mold data
did not reveal any significant differences in response to rates of oxamyl or
application time.

All post-plant nematicide treatments in the carbofuran experiment resulted
in significant increases in yield, reductions in larval populations, and reduc-
tion in incidence of white mold (Table 4). Factorial analysis of the yield data
from the carbofuran treatments revealed no significant interaction between
rates and dates of application. Results of the analysis indicated that highest
yields corresponded to the two highest rates of the nematicide, although no
significant differences existed between the two rates. The analysis also indi-
cated no significant differences in yield between treatments applied at plant-
ing time and those applied two weeks later; however, these treatments
resulted in higher yields than were obtained with later treatments. Yield
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differences resulting from applications performed four and eight weeks after
planting were not significant. Factorial analysis of the data on larvae indi-
cated an inverse relation between carbofuran rate and larval numbers. In
addition, highest numbers of larvae resulted with a planting time application
than with later applications. Differences in larval numbers resulting from
applications made post-planting were not significant. Similar analyses of the
carbofuran data for white mold and the subjective appearance index revealed
no significant response to rate or time of application.

DISCUSSION

Results from these experiments show conclusively that highest peanut
yields in response to applications of the four nematicides occur when they are
applied during the first two weeks after planting. Conversely, the lowest yields
are obtained when applications are delayed until eight weeks after planting at
the mid-pegging stage of peanut development. These findings explain the
reduced yields in response to applications at pegging reported by Minton (6),
and by Rodriguez-Kabana (14) in other studies where these were compared
with at-plant applications.

Results obtained for larval populations can be interpreted in light of what is
known about the population dynamics of M. arenaria in Alabama peanut
fields. Ingram and R odriguez-Kabana (2) have shown that soil larval popula-
tions of the parasite are typically low during the first four to six weeks of the
growing season, developing rapidly thereafter according to a Malthusian
function of the type: Pf= Pie t where Pf represents the final population at or
near harvest time, Pi the population at planting time, k a constant and t time.
Early application of a nematicide can be expected to delay the development of
populations of M. arenaria through reductions in the value of Pi by the
nematicide. When this occurs damage to the roots is also delayed, hence a
significant yield increase can be expected. As application time is delayed the
population represented by Pi is allowed to develop and damage the roots
during the period prior to application. Therefore, losses in yield would be
anticipated relative to yields obtained from earlier treatments. This, however,
may not always be reflected in Pf values (e.g. phenamiphos experiment) since
the first four weeks after planting the nematicide will be equally effective
against the developing nematode population. However, for some nematicides
(e.g. aldicarb, oxamyl) a long wait period before application, such as the
eighth week period of our experiments, may permit the nematode to develop
to such a level that these nematicides will have to act against larger larval
populations and Pf values corresponding to these treatments will be larger
than those corresponding to earlier applications of the nematicides. This
effect can be expected to be particularly evident at the lower (limiting dosage)
rates of the nematicides e.g., the 1.1 and 2.2. kg a.i./ha rates used in these
experiments.

Larval data for the carbofuran experiment may seem anomalous to the
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pattern described above for the other nematicides. However, if we assume
that carbofuran is not as effective a nematicide as the others in depressing Pi,
and that its effect against the nematode is not as long lasting, then we can
expect Pf values to be highest in plots receiving the two lowest rates of the
nematicide at planting time; as the rate is increased differences between dates
of application might be expected to dissappear as was observed in the
experiment.

Our results emphasize the importance of early season damage of the peanut
roots by M. arenaria. Early damage to the roots can impair development of
the main tap root and occurs at a time when the size of the root system is
relatively small. Such damage would be expected to affect peanut plant
growth more significantly than damage occuring later in the season when the
root system is well developed and may be capable of sustaining damage
without affecting plant growth (hence yield) as seriously.

The data for white mold did not reveal any pattern of response for carbofu-
ran, oxamyl or phenamiphos. However, delayed applications of aldicarb
resulted in lower incidence of the disease. It is possible that aldicarb may
possess fungicidal or fungistatic properties as is the case for some other
nematicides (8,9, 11). This possibility cannot be answered with the data from
this study.

CONCLUSION

Results indicate that highest yield responses from the use of aldicarb,
carbofuran, oxamyl and phenamiphos against M. arenaria are obtained when
the nematicides are applied during the first two weeks of the crop.
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