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ABSTRACT

Rodriguez-Kdbana, R., C. F. Weaver, and P. S. King. 1985. Combinations of 1,3-D and
aldicarb for management of Meloidogyne arenaria in peanuts. Nematropica 15:93-106.

The efficacy of planting time applications of the fumigant 1,3-D (Telone® 1I) and the
systemic nematicide aldicarb (Temik® 15G) for control of Meloidogyne arenaria in ‘Florun-
ner’ peanut (Arachis hypogaea) was studied in a field near Headland, Alabama. Aldicarb
was applied at 1.1 and 2.2 kg ai’ha in a 20 cm band with the seed furrow in the middle;
1,3-D was injected to a depth of 25 cm at rates of 17.2, 34.4, and 51.6 L/ha using 2 injectors
per row set 20 cm apart with the seed furrow in the middle between the injectors. All
possible combination treatments with the 2 nematicides at these rates were also studied.
A treatment of 16.8 L/ha of EDB applied as described for 1,3-D was included as a stand-
ard. The experiment was conducted in the same field in 1983 and 1984. There was no
interaction between the effects of aldicarb and 1,3-D on either yield or soil larval popula-
tions of M. arenaria. Aldicarb increased yield (Y) in a manner best described by Y =
Ym-e“*N where k and C are constants, Ym the maximal yield possible, and N the
nematicide rate. Yield responses to 1,3-D applications also followed the same type function
in 1983; however, in 1984 no clear pattern of response was observed. Larval populations
of M. arenaria (L) were reduced proportionately to dosages of aldicarb according to L =
A + B/N, where A and B are constants; this equation also described the response to 1,3-D
in 1983. In 1984 larval populations were reduced by 1,3-D in a linear manner. Results
indicated that it is possible to equal or surpass the performance of EDB in increasing yields
and in control of M. arenaria with combination treatments of aldicarb and 1,3-D. Some
degree of phytotoxicity was observed each year in response to 1,3-D applications.
Additional key words: pest management, cultural practices, carbamate nematicides, halogenated hy-
drocarbons, crop losses.

RESUMEN

Rodriguez-Kabana, R., C. F. Weaver, y P. S. King. 1985. Tratamientos combinados de
1,3-D con aldicarb para combatir Meloidogyne arenaria en el mani. Nematrépica 15:93-106.

Se estudid la eficacia de applicaciones combinadas en la siembra del fumigante 1,3-D
(Telone® 1I) con el nematicida sistémico aldicarb (Temik® 15G) para combatir
Meloidogyne arenaria en el mani ‘Florunner’ (Arachis hypogaea) en un campo aledaio a
Headland, Alabama. Se aplicé aldicarb en dosis de 1.1 y 2.2 kg i.a./ha en una franja de
20 cm con la sementera en el medio; 1,3-D fue inyectado a una profundidad de 25 cm
en dosis de 17.2, 34.4, y 51.6 L/ha utilizandose. para ello 2 inyectores por surco separados
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20 cm el uno del otro quedando las semillas en el medio entre los inyectores. Todas las
combinaciones posibles entre las dosis descritas para los dos nematicidas fueron es-
tudiadas. También en el experimento se incluyé un tratamiento con EDB a dosis de 16.8
L/ha inyectado en el suelo de la misma forma que el 1,3-D. El experimento se efectué en
1983 y fue repetido en 1984 en el mismo campo. Las interacciones entre los efectos de
los tratamientos con aldicarb y los de los tratamientos con 1,3-D sobre la produccién o
sobre las poblaciones de larvas de M. arenaria, no fueron significativas. Los tratamientos
con aldicarb aumentaron el rendimiento (Y) de acuerdo con la ecuacién Y = Ym-e“*N,
en la cual k y C son constantes, Ym representa el rendimiento méximo posible y N la dosis
del nematicida. Los aumentos en rendimiento como consecuencia de las aplicaciones de
1,3-D también siguieron el mismo modelo pero sélo en 1983; en 1984, no hubo relacién
definida entre las dosis de 1,3-D y el redimiento de mani. Las poblaciones de larvas de
M. arenaria (L) disminuyeron como consecuencia de las aplicaciones de aldicarb de acuerdo
con la funciéon L = A + B/N en la cual A y B son constantes; esta ecuacion tambien definié
la relacion entre las larvas y las dosis de 1,3-D en 1983 aunque en 1984 la relacién entre
las dos variables fue de tipo linear. Los resultados del estudio sefialan que es posible
obtener aumentos de rendimiento y combatir M. arenaria al igual o mejor que lo que se
obtiene con el uso del EDB. En cado afno del estudio se observaron ciertos niveles de
fitotoxicidad debidos a los tratamientos con 1,3-D.

Palabras claves adicionales: manejo de plagas, carbamatos, hidrocarburos halogenados, pérdidas de
rendimiento.

INTRODUCTION

The peanut (Arachis hypogaea L.) is subject to attack by a variety of
nematodes (4). Principal among these are the root-knot nematodes,
Meloidogyne spp. Yield losses to root-knot nematodes can be considerable
(11). Control of these nematodes has been based in part on the use of
appropriate rotation with non-host or less susceptible plants; however,
in heavily infested fields some rotations are not very effective (9). There
are no resistant varieties because of a lack of sources of resistance (3).
Consequently, control of root-knot nematodes has been based mainly
on the use of nematicides. In Alabama the principal root-knot nematode
species is M. arenaria (Neal) Chitwood which infests over 40% of the
peanut acreage (2). In the past, control of M. arenaria in Alabama was
based on the use of the halogenated hydrocarbons DBCP and EDB.
Recent removal of these two fumigant nematicides by regulatory action
in the United States created a need to find substitute nematicide treat-
ments. At-plant use of the fumigant 1,3-D has been suggested (5,8) but
the performance of this fumigant for control of M. arenaria has not been
as good as that obtained with DBCP or EDB (unpublished data by the
authors). Since combination treatments of systemic nematicides (e.g. al-
dicarb) and 1,3-D could increase the efficacy of the nematicides against
M. arenaria, we conducted experiments to evaluate this type of treat-
ment.
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MATERIALS AND METHODS

Experiments were conducted at the Wiregrass substation near Head-
land, Alabama, in a level irrigated field infested with Meloidogyne arenaria
(Neal) Chitwood. The field had been in peanut for the preceeding 12
years. The soil was a silt loam with pH = 6.2 and organic matter content
< 1.0% (w/w). Plots were two rows (each 91 cm apart) wide and 10 m
long. There were 8 replications per treatment arranged in a randomized
complete block design. ‘Florunner’ peanuts were maintained in good
growing condition by following recommended cultural practices and
measures for control of foliar diseases, insects, and weeds (1).

The effect of 1,3-D (Telone® II) and aldicarb (Temik® 15G) on
populations of M. arenaria and on peanut yield were studied in an exper-
iment conducted in 1983 and repeated in 1984. Treatments consisted
of at-plant applications of 1,3-D at rates of 0, 17.2, 34.4, and 51.6 L/ha.
The fumigant was injected to a depth of 25 cm using 2 injectors/row set
20 cm apart with the seed furrow in the middle. Aldicarb was applied
at-plant at rates of 0, 1.1, and 2.2 kg a.i./ha; the nematicide was delivered
in a 20-cm band (7,10) with the seed furrow in the middle and was
lightly incorporated (5-cm depth) into the soil. The experiment also
contained treatments of the two nematicides applied as described in all
possible combinations of the rates used for each nematicide. The exper-
iment also included a treatment with EDB (Soilbrom® 90) applied at
16.8 L a.i/ha as described for the 1,3-D applications. The EDB treat-
ment served as a standard of comparison for the other treatments.

Soil samples for nematode analysis were collected 2 weeks befor har-
vest to coincide with the period of maximal larval population develop-
ment (2). Samples were collected from each plot using a standard 2.5-
cm-diam probe. A total of 16-20 cores of soil/plot were collected from
the root zone to a depth of 18-20 c¢cm in a zig-zag fashion along the
center of each plot. The cores for each plot were composited and a 100
cm® subsample was used to determine nematode numbers using the
“salad bowl” incubation technique (6).

The general appearance of plants in each plot was assessed 10 wk
after planting (pegging time) using a subjective scale of 1-5 with 1 rep-
resenting plants with the worst appearance and 5 those with the best.

Yields were obtained at maturity by harvesting the entire plot. Data
were analyzed using standard procedures for analysis of variance;
Fisher’s least significant differences were also calculated following stand-
ard procedures (12). Unless otherwise stated, differences referred to in
the text were significant to the 5% or lower level of probability.
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RESULTS

1983. Data for individual treatments obtained in 1983 are presented
in Table 1. Factorial analysis indicated no interaction between the effects
of 1,3-D and aldicarb on yield. The analysis also indicated that the effect
of 1,3-D independent of aldicarb on yield was significant and resulted
in a positive response to increasing rates of the fumigant (Table 2).

The effect of aldicarb on yield considered independently of the ef-
fect of 1,3-D on the variable was positive and significant (Table 3); the
greatest response was obtained with the 1.1 kg/ha rate. A small addi-
tional increase in yield was obtained in response to the 2.2 kg/ha rate.

There was no significant interaction between the effects of 1,3-D
and aldicarb on M. arenaria larval populations. All rates of 1,3-D re-
duced larval populations equally (Table 2) and both rates of aldicarb
reduced larval numbers to the same extent (Table 3).

Aldicarb singly or in combination with 1,3-D improved the general
appearance of peanut plants. There was no interaction between the
effects of 1,3-D and aldicarb on subjective appearance. There was a
general decline in appearance index values in response to increasing
rates of 1,3-D (Table 2), and a positive response to aldicarb (Table 3).

1984. Data obtained for individual treatments in 1984 are presented
in Table 4. Applications of 1,3-D alone resulted in significant yield in-
creases when injected at 34.4 L/ha or higher; at these rates the fumigant
reduced larval populations. Both rates of aldicarb increased peanut
yields and reduced larval populations. Interactions between 1,3-D and
aldicarb on yield or larval populations were not significant. The effects
of aldicarb independent of 1,3-D on yield and larval populations are
presented in Table 5. Greatest yield response and reduction in larval
populations were obtained with the 1.1 kg/ha rate of aldicarb; no addi-
tional responses were obtained with the 2.2 kg/ha rate.

The effects of 1,3-D independent of aldicarb on yield and larval
populations are presented in Table 6; the fumigant had no effect on
yield but reduced larval populations when applied at the two highest
rates.

There was a significant interaction between the effects of 1,3-D and
aldicarb on subjective appearance index values. Thus, no general con-
clusions could be drawn on the overall effect of either nematicide on
the index.

DISCUSSION

Yield in each of the experiments of the study can be thought of as
a function of several components, i.e., f(Y1,Y2,Y3,...,Yn). Also, for each
experiment there is a maximal yield possible (Ym), part of which may
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Table 2. Effects of at-plant applications of 1,3-D on peanut yields,
Meloidogyne arenaria, and subjective appearance index values, considered
independently of the effects of aldicarb on the variables in the 1983
experiment.

Subjective:
1,3-D Yield Larvae per appearance
(L/ha) (kg/ha) 100 cm? soil index*
0.0 3567 105’ 4.000
17.2 3668 42 3.80
34.4 3803 59 3.75
51.6 3960 32 3.54
LSD (P=0.05): . 251 28 : 0.29

*Index based on a scale of 1-5 where 1 represented plots with the worst
looking plants and 5 those with plants in excellent condition.
’Figures in each column are averages across aldicarb levels.

Table 3. Effects of at-plant applications of aldicarb on peanut yields,
Meloidogyne arenaria, and subjective appearance index values, considered
independently of the effects of 1,3-D on the variables in the 1983 exper-
iment.

Subjective
Aldicarb Yield Larvae per appearance
(kg ai/ha) (kg/ha) 100 cm? soil index”
0.0 2979 102° 3.05
1.1 4033 42 4.15
2.2 4236 35 4.19
LSD (P=0.05): 217 24 0.14

*Index based on a scale of 1-5 where 1 represented plots with the worst
looking plants and 5 those with plants in excellent condition.
’Figures in each column are averages across 1,3-D levels.
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Table 5. Effects of at-plant applications of aldicarb on peanut yields and
Meloidogyne arenaria, considered independently of the effects of 1,3-D
on the variables in the 1984 experiment.

Aldicarb Yield Larvae per
(kg ai/ha) (kg/ha) 100 cm?® soil
0.0 2678 269"
1.1 3194 147
2.2 3422 124
LSD (P=0.05): 384 48

*Figures in each column are averages across 1,3-D levels.

Table 6. Effects of at-plant applications of 1,3-D on peanut yields and
Meloidogyne arenaria, considered independently of the effects of aldicarb
on the variables in the 1984 experiment.

1,3-D Yield Larvae per
(L/ha) (kg/ha) 100 cm? soil
0.0 29617 2617
17.2 3039 222
34.4 3371 130
51.6 3021 107
LSD (P=0.05): N.S.* 55

*All differences not significaﬁt at P=0.05.
’Figures in each column are averages across aldicarb levels.

be recovered through the application of nematicides. The rate at which
yield increases in relation to the amount of nematicide applied per hec-
tare (dY/dN) can be viewed as depending on the difference between Ym
and the individual components of yield,

dY/dN = k(Ym-Y1) (Ym-Y2)....... (Ym-Yn) €9
If, for simplicity’s sake, we assume that the magnitude of each of the

several components of yield is the same and express it as Y then (I)
becomes:
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dY/dN = k(Ym-Y)" (I1)
where k is a constant. In our experiments where the dominant yield-
limiting factor was damage from M. arenaria larvae (11), we can assume
that the number of yield components is limited. In the simplest model,
n=1, so that (IT) becomes:

dY/dN = k(Ym-Y)

or dY/(Ym-Y) = kdN (I1T)
Since JAY/(Ym-Y) = ~1n[Ym-Y] + C’
and k fdN = kN + C"’
C’ and C’ ' being constant, then
Y = Ym — e¢KN (1V)

where C = C' ' - C.

The effects of aldicarb applications on yield considered indepen-
dently of the effects of 1,3-D on the variable could be described
adequately by equation IV (Fig. 1). Ym was higher for 1983 than for
1984. This was not unexpected since larval populations in the 1984
experiment were more than double the size of those in the preceeding
year’s experiment. There is an inverse relationship between plant yield
and the number of larvae of M. arenaria in soil near harvest time (11).
Equation IV also described the effect of 1,3-D applications on yield for
1983 but not for 1984 (Fig. 3). Although the lack of conformance of the
1984 data with the model may be thought anomalous it was not unex-
pected. The relation expressed in (II) implies that all dosages of the
nematicide will be effective in increasing yield to some degree. In 1984,
1,3-D dosages were ineffective in increasing yield. It is possible that
applications of 1,3-D in 1984, for reasons unknown to us, may have
caused much higher phytotoxicity than in 1983, resulting in no signifi-
cant yield responses.

Reductions in larval populations (L) in soil through applications of
aldicarb could be described by the hyperbola

L=A+ B/N V)
where A and B are constants and N represents nematicide rate (Fig. 1).
Equation V indicates that there is a limit A towards which the nematode
population can be reduced by increasing nematicide rates. For aldicarb
the value of A was 3.7 times higher in 1984 than in 1983, a reflection
of the lower larval populations in the 1983 experiment.

The effect of 1,3-D on larval populations in 1983 could also be de-
scribed by (V), however, this was not the case for the 1984 experiment
(Fig. 3). In 1984 the effect of 1,3-D on M. arenaria larvae was linear. It
is conceivable that the observed linear response may represent only a
“branch” of a hyperbola since larval numbers in 1984 were much higher;
the rate at which larval populations were declining in response to in-
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Fig. 2. Relation between nematicide rate (N) and subjective appearance
index values for peanut plants in a 1983 experiment with 1,3-D and
aldicarb (Index values were on a scale of 1 to 5 where 1 represented the
worst looking plants and 5 plants in excellent condition).

creasing 1,3-D dosages remained fairly constant, larval values never ap-
proaching a lower asymptote.

The effects of aldicarb in 1983 on subjective appearance index values
were similar to the effects of the nematicide on yield. Indeed, an equa-
tion like (IV) adequately described the relation between index values
and aldicarb dosages (Fig. 2).

Results from the study indicate that it is possible to increase yields
and reduce larval populations with at-plant applications of 1,3-D. This
agreed with results obtained on soybeans (5,8); however, there are limi-
tations on effective rates. The most consistent response was obtained
with the 34.4 L/ha rate. The results also suggest that although feasible
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from the point of view of yield response, at-plant applications of 1,3-D
were always somewhat phytotoxic. Thus, in 1983 the subjective appear-
ance index values declined significantly when 1,3-D was used in combi-
nation with aldicarb when compared with the values obtained with al-
dicarb alone; in 1984, 1,3-D applications did not result in increased
yield although they reduced larval populations.

Results also indicate that it is possible to equal or surpass the perfor-
mance of EDB in increasing yields and reducing larval populations when
combinations of 1,3-D and aldicarb are used in peanut fields infested
with M. arenaria. It may be possible that improvements in the method
of application of 1,3-D will eliminate its phytotoxic effect and result in
greater and more consistent yield responses from at-plant treatments
with the fumigant.
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