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ABSTRACT

Rodriguez-Kabana, R., C. F. Weaver, D. G. Robertson, and E. L. Snoddy. 1986. Population
dynamics of Meloidogyne arenaria juveniles in a field with ‘Florunner’ peanut. Nematropica
16:185-196.

The development of juvenile populations of Meloidogyne arenaria was studied for 3
years in a peanut field near Headland, Alabama. The field had been in peanut for the
preceeding 7 years. Soil samples for the study were collected from 20 different sites in
the 7-ha field. Each site consisted of a plot 2 rows wide and 20 m long. Soil samples were
collected every 2-3 wk through the peanut-growing season (May-September). In the last
year of the study (1985 season) samples were also taken after harvest at 1-2 month inter-
vals. Samples were collected to a depth of 20-25 ¢cm and consisted of 16-20 cores (2.5-cm-
diam.) per site. The cores from each site were composited and a 100-cm® subsample was
used to determine juvenile populations. Juvenile numbers were low (<50/100 cm® soil)
during the first 80 days after planting but increased rapidly through the last month before
harvest. The relation between numbers of juveniles in soil (J) and days from planting to
harvest (T) was best described each year by ] = Ae®', where A and B are constants
characteristic for each season. Juvenile populations declined sharply after harvest; the
relation between numbers of juveniles and days after harvest (t) was described (R2 = 0.87)
by J = 344.53(0.99)"/t"'%.

Additional key words: nematode ecology, pest management, quantitative nematology, methodology,
Arachis hypogaea, legumes, nematode conirol.

RESUMEN

Rodriguez-Kédbana, R., C. F. Weaver, D. G. Robertson, y E. L. Snoddy. 1986. Dindmica
de la pobacion larval de Meloidogyne arenaria en un campo de mani ‘Florunner’. Nema-
trépica 16:185-196.

Se estudi6 por 3 aios el desarrollo de poblaciones de larvas de Meloidogyne arenaria en
un campo de mani de 7 ha que habia estado con este cultivo durante los 7 aflos precedentes
al estudio. Se tomaron muestras de suelo de 20 parcelas diferentes en el campo. Cada
parcela era de dos surcos de ancho y 10 m de largo. Las muestras de suelo se tomaron
cada 2-3 semanas cada ano en el periodo del cultivo del mani (Mayo-Septiembre). Tam-
bién, en el ultimo ano del estudio (1985) se tomaron muestras cada 1-2 meses después de
haberse cosechado el mani. Las muestras para cada parcela se tomaron de la regién
radicular de las plantas y hasta una profundidad de 20-25 cm componiéndose de 16-20
cilindros de suelo tomados con un taladro tubular de 2.5 cm de didmetro. Los cilindros
correspondientes a cada parcela se mezclaron bién y se tomd una porcién de 100 cm?® de
la mezcla para determinar la poblacién de larvas. El ndmero de larvas fué bajo (<50
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larvas/100 cm? suelo) durante los primeros 80 dias después de la siembra pero aumenté
rapidamente especialmente en el ultimo mes antes de la cosecha del mani. La relacién
entre el nimero de larvas en el suelo (J) y el numero de dias (T) transcurridos entre la
siembra y el momento de la cosecha se pudo caracterizar cada afio con la funcién J =
Ae®T, en la cual A y B son constantes caracteristicas de cada afio. Las poblaciones larvales
disminuyeron rapidamente después de la cosecha. La relacion entre el numero de larvas
y el nimero de dias transcurridos después de la cosecha (t) se pudo caracterizar (R% = 0.87)
con la funcién: J = 344.53(0.99)"t"'8.

Palabras claves adicionales: ecologia de nematodos, manejo de plagas, nematologia cuantitativa,
Arachis hypogaea, leguminosas, combate de nematodos, metodologd.

INTRODUCTION

The root-knot nematode Meloidogyne arenaria (Neal) Chitwood is one
of the major limiting factors in the production of peanuts (Arachis
hypogaea L.) in the southeastern United States (7,8,20) and indeed in
many other areas of the United States (9). Surveys conducted in
Alabama by Ingram in 1977 (3,4) indicated that this root-knot nematode
was present in 47% of the peanut fields in the southeastern counties,
the principal peanut-producing region of the state. The survey also
showed that 20% of the peanut acreage was infested with the nematode
to such levels that treatment with nematicides would likely result in
economical yield responses (6,11). Information on the population
dynam‘cs of M. arenaria on peanut is limited (1,4). However, quantifica-
tion of the population dynamics of the nematode is essential to be able
to predict losses (20), to make better use of the nematicides available
(6,11,13,14,18), and in general to assist the development of strategies
that will lead to proper management of nematode populations in peanut
fields (10,17). This paper presents results of a 3-year study conducted
to obtain a quantitative description of the development of root-knot
nematode in a field of ‘Florunner’ peanut.

MATERIALS AND METHODS

The study was conducted in a 7-ha field at the Wiregrass substation
near Headland, Alabama. The field was uniformly infested with M.
arenaria and had been in continuous peanut production for 7 years
prior to initiation of the study in 1983. Each year hairy vetch (Vicia
villosa Roth) was planted as a winter cover crop which was turned under
approximately 4-6 weeks before peanut planting time. The soil was a
sandy loam with an organic matter content of less than 1.0% (w/w) and
pH=6.0-6.2. Each year a total of 20 sites were established for the study
in the field. Each site consisted of a plot 2 rows wide (approx. 2 m) x
10 m long. Each year, soil samples were collected from each site at
intervals of 15-20 days during the peanut growing season (May-Sep-
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tember), beginning at planting. In addition, in 1985 sampling of all sites
was continued after harvest at 1-2 month intervals until early spring
1986. In 1985 one half of the plots were harvested and the other half
was not. Soil samples were collected to a depth of 20-25 cm and consisted
of 16-20 cores (2.5-cm-diam.) per site. The cores from each site were
composited and a 100-cm® subsample was used to determine juvenile
populations with the “salad bowl” incubation technique (15).

Cultural practices and control of foliar diseases, insects, and weeds
were as recommended for the area (2). The field was irrigated as
needed.

All data were analyzed following standard methods for regression
analysis and least square procedures for curve fitting (5,22).

RESULTS

Data for the three peanut growing seasons of the study are presented
in Fig. 1. Juvenile populations were very low during the first 80 days
after planting; in no year did the population exceed 50 juveniles per
100 cm® soil during this period. Numbers of juveniles at planting time
varied from 10-47/100 cm?® soil. The period of maximal population de-
velopment corresponded to the last 4-6 weeks of the crop. Population
development for all three years was described by an exponential equa-
tion of the type:

J = Aerr (I)

where J represents number of juveniles, T the number of days between
planting and harvest time, and A and B constants; values for A and B
differed for each season.

Fig. 2 presents all results for the 1985 samplings. The graphs present
results obtained during the peanut-growing period and those obtained
after harvest for both unharvested and harvested plots.

The data for unharvested plots (Fig. 2B) showed that juvenile popu-
lation development continued after harvest time reaching a maximum
value 164 days after planting (late October 1985). The population de-
creased sharply after attaining the maximum, so that 257 days after
planting (mid-January 1986) the numbers of juveniles was approxi-
mately equal to that recorded at harvest time. Sampling in the unhar-
vested plots was discontinued after January 1986 since the land was
plowed in early March, 1986 in preparation for peanut planting. The
data from these plots for the first 164 days after planting agreed well
with the exponential model of equation I (Fig. 3); the B coetficient for
the equation was similar to the corresponding coefficient of the equation
describing population development in 1985 up to harvest time (Fig. 1).
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Fig. 1. Population development of M. arenaria juveniles (J) as a funciton
of time since planting (T) during the 1983, 1984, and 1985 seasons in
a field with ‘Florunner’ peanut near Headland, Alabama.

The data for the harvested plots (Fig. 2A) indicated that juvenile
population development reached a maximum value at harvest time 120
days after planting and then declined sharply after harvest. Population
development to harvest time was best described by the exponential equ-
ation model I as represented in Fig. 1. The decline in juvenile numbers
after harvest was exponential in nature so that by planting time (1986)
the size of the population was the same as that observed at the same
time in the previous season. The exponential model equation (I) did not
describe the decline in population size as well as the Hoerl (5) equation
(Fig. 4):

J = ABH() (1)

where t represents days after harvest, A, B, and C constants, and ]
numbers of juveniles per 100 cm® soil.

DISCUSSION

Development of juvenile populations of M. arenaria in the peanut
field of this study followed the unrestricted growth model of equation
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Fig. 2. Changes in juvenile populations of M. arenaria during the 1985
peanut season in plots that were harvested (A) and in plots that were
not harvested (B).
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Fig. 3. Exponential curve describing M. arenaria juvenile population (])
development in unharvested plots as a function of time since planting
(T) for the 1985 peanut crop.

I (21). The model assumes that the rate of development of a population
(dJ/dT) is directly proportional to the number of individuals present or:

dJ/dT = B]J (111)

A solution for this differential equation is equation I. Equation III im-
plies that the rate of development will increase as the value of ] in-
creases. This is of great practical importance for the management of M.
arenaria in peanut. Equation III indicates that to keep dJ/dT low one
must maintain the value of J as low as possible and as early in the season
as feasible. Each year of the study, planting time juvenile populations
were very low and indeed remained low (<50 juveniles/100 cm?® soil) for
the first 80 days of the crop. It is during this early part of the season
when a]/dT is low that one must succeed in controlling the nematode
if one is to impede population development and consequent yield loss.
These concepts agree with what is known about the use of nematicides
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Fig. 4. Decline in M. arenaria juvenile populations (J) as a function of
time (T) following harvest of the 1985 peanut crop.

for management of M. arenaria in peanut. Previous work has shown that
nematicide applications in ‘Florunner’ peanut are most successful when
practiced at planting time or within 2-4 weeks after planting (12,16).
Also, nematicide applications performed at blooming-pegging time, 60-
80 days after planting, are not as effective as those practiced at or near
planting time (16). When effective planting-time applications of
nematicides are used, previous results have shown that additional peg-
ging time treatments with nematicides do not result in additional eco-
nomical yield response or nematode control over what is obtained with
the planting time treatment alone (16,18). Our results indicate that M.
arenaria juvenile populations undergo drastic declines following harvest
or death of the peanut plant following frost (November 1986) in unhar-
vested plots. Studies by Garcia (1) in Florida peanut fields showed that
there are no egg masses of M. arenaria in the fields except toward the
end of the peanut season just prior to harvest. In Alabama we have been
unable to recover egg masses of M. arenaria during the winter or spring
periods (unpublished data). These observations suggest that it is the
juvenile population that maintains M. arenaria in peanut fields from
season to season. It is thus important to determine the best time for
sampling to assess juvenile populations. Our results indicate that maxi-
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mal populations exist at harvest time. Therefore, it is at this time when
samples should be taken. Limitations in the accuracy of existing extrac-
tion or incubation methods for assessment of juvenile populations in soil
preclude the use of samples obtained during the spring or immediately
before planting when juvenile numbers are at the lowest level. Ingram
(3,4) has shown that the best way to assess root-knot nematode popu-
lations in peanut fields from winter or spring samples is to rely on
bioassay techniques. It is thus not surprising that in previous studies we
were able to correlate peanut yield loss to juvenile populations assessed
at or near harvest time with the incubation method used in the present
study (20); however, we have not been able to establish such correlations
using spring or planting-time samples (unpublished data).

The exponential equations describing M. arenaria juvenile popu-
lation development in peanut for the 3 years of the study differed sig-
nificantly in the values of the B coefficient; the highest value corres-
ponded to 1984 and the lowest for 1983. Since juvenile numbers at
planting time were very low each year, the value of B determined the
rate of population development, i.e., dJ/dT. This suggests that there are
significant seasonal effects influencing juvenile population development
in peanut fields. The field for the study was irrigated and water avail-
ability was not a limiting factor. Also, soil temperatures (20 cm depth)
from planting time (late April-mid May) to harvest (mid-September) in
Alabama range from 24-32C. This range of temperatures is well within
what is optimal for development of the nematode. We therefore do not
believe that in our case soil temperature or water availability had a sig-
nificant influence on development of juvenile populations. Seasonal dif-
ferences in population development must be due to other factors as yet
unknown to us. It is possible that there may be significant seasonal
differences in the distribution of juvenile populations throughout the
soil profile. Ingram (3,4) and Garcia (1) have shown that M. arenaria
juvenile populations persist through the winter at depths lower than 20
cm. Soil temperature changes in late fall-spring in Alabama are charac-
teristically more variable than the summer temperatures. This could
affect significantly the distribution and survival of juvenile populations
throughout the soil profile.

Juvenile population development in peanut differs significantly
from that observed for juveniles of M. incognita (19) in soybean (Glycine
max Merr.). Populations of M. incognita developed according to the logis-
tic equation model (21) which implies that there is a maximal population
(K) possible in a field and that

dJ/dT = kJ(K-]) 1v)
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where k is a constant. Factors such as the availability of feeding sites,
hence food available, limit the rate of population development. Equation
IIT has no such limitation on dJ/dT. However, this apparent discrepancy
is resolved if one considers that harvesting of peanut is performed be-
fore juvenile populations have exhausted food availability. This is sup-
ported by the 1985 post-harvest data; values for the B coefficient before
harvest was essentially identical to that of the equation describing popu-
lation development in unharvested plots before the frost. In contrast to
soybean, the peanut provides feeding sites for root-knot nematodes not
only on the roots but also in the pods and pegs (8). This suggests that
the peanut may have a greater carrying capacity for M. arenaria than
the soybean. In warmer climates not subject to frost, we would expect
the development of juvenile populations of M. arenaria in peanut to
continue and eventually become limited by feeding sites, i.e., dJ/dT
would decline and population growth would follow a logistic or similar
type model.
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