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ABSTRACT

Rodriguez-Kébana, R., and D. G. Robertson. 1987. Vertical distribution of Meloidogyne
arenaria juveniles in a peanut field. Nematropica 17:199-208.

The relation between soil depth and population development of Meloidogyne arenaria
juveniles was studied for a 15-month period beginning in January 1986 in a peanut field
at the Wiregrass substation, Headland, Alabama. The soil was sandy loam with <1.0%
(w/w) organic matter and had been in peanut culture for the preceeding 10 years. Juvenile
numbers in soil were highest in the top 30-40 cm of the soil profile. A fairly constant but
low (<20 juveniles/100 cm?® soil) population of juveniles was observed throughout the
study at depths below 40 cm. The relationship between numbers of juveniles (J) and soil
depth in cm (X) conformed to the equation: J = A-BUX.XC where A, B, and C are
constants and X>0. The equation predicted largest numbers of juveniles at ca. 12 cm
depth. The greatest fluctuations in juvenile population size occurred in the top 30-40 cm
of the profile. Juvenile populations were highest just prior to peanut harvest and lowest
in the late-winter-spring period.

Additional key words: pest management, ecology, edaphic factors, soil texture, legumes, quantitative
nematology.

RESUMEN

Rodriguez-Kébana, R., y D. G. Robertson. 1987. Sobre la distribucién vertical de Melo:-
dogyne arenaria en un suelo con mani. Nematropica 17:199-208.

Se estudi6 por un periodo de 15 meses la relacion entre el desarrollo de Meloidogyne
arenaria y la profundidad del suelo en un campo de mani ubicado en la estacién experi-
mental Wiregrass, aledana a Headland, Alabama. El suelo en el campo es un limo arenoso
con <1.0% (p/p) de materia organica en el cual se habfa cultivado mani continuamente
por 10 afios precedentes al estudio. Los nimeros de larvas de M. arenaria en el suelo
fueron mayores en los 30-40 cm superiores del perfil edafico. También se not6 que existia
una poblacién baja (<20 larvas/100 cm® suelo) pero constante en las capas de suelo por
debajo de los 40 cm de profundidad. La relacion entre el numero de larvas (L) y la
profundidad del suelo en cm (X) se ajust6 al modelo: L = A-BYX.X€ en el cual A, B, y
C son constantes y X>0. El modelo sefalé que el niimero mas alto de larvas se encontraba
a una profundidad de 12 cm aproximadamente. Las fluctuaciones mas agudas en el
tamano de las poblaciones larvales se observaron en los 30-40 cm superiores del perfil
edafico. También, las poblaciones larvales fueron mas grandes en el momento de la
cosecha y mas reducidas en el periodo de invierno-primavera antes de la siembra.
Palabras claves adicionales: manejo de plagas, ecologia, factores eddficos, textura de suelos,
leguminosas, nematologia cuantitativa, cacahuete.
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INTRODUCTION

The peanut root-knot nematode Meloidogyne arenaria (Neal) Chit-
wood is widespread in peanut (Arachis hypogaea L.) fields of Alabama
and adjoining areas of the southeastern United States (4,5,9). Yield los-
ses on peanut caused by this nematode are severe (9,12,17) and con-
tinued economic production of peanut is not possible without appropri-
ate management of the nematode (12). Management of M. arenaria in
Alabama has been based on the use of nematicides (8,14) and rotations
to maintain populations at low levels (13). Recent suspensions of dib-
romochloropropane and ethylene dibromide from use in peanut has
left producers with relatively few alternative nematicides for the crop.
This situation coupled with the lack of commercially available cultivars
resistant (or tolerant) to M. arenaria (12) makes the development and
reliance on other management systems preemptory. A key component
for management models is an accurate description of the population
dynamics of the nematode. Recently we reported on seasonal fluctua-
tions in juvenile numbers of M. arenaria in peanut (18). There is, how-
ever, lack of quantitative descriptions of the relationship between soil
depth and juvenile population development of M. arenaria. This paper
presents information from a study on the vertical distribution of juvenile
populations of the nematode.

MATERIALS AND METHODS

The relationship between soil depth and population dynamics of
juveniles of M. arenaria was studied for a 15-month period in an irri-
gated peanut field at the Wiregrass substation, Headland, Alabama. The
7-ha field had been continuously in peanut with a winter cover crop of
hairy vetch (Vicia villosa Roth) for the preceeding 10 years. The soil was
a sandy loam with pH = 6.2 and organic matter content <1.0% (w/w).
The physical analysis of the soil in relation to profile depth (10) is pre-
sented in Table 1. The vertical distribution study was initiated on 21
January, 1986 and was concluded on 28 April 1987.

The effect of the 1985 peanut crop on the vertical distribution of M.
arenaria was studied following the 1985 peanut season. The field had
been planted with ‘Florunner’ peanut on 10 May 1985. The crop was
maintained in good growing condition by following local recommenda-
tions for control of foliar diseases, insects, weeds, and other standard
cultural practices (2). Twenty plots were established at random in the
tield. Each plot was 10 m long and 4 rows (each 0.9 m) wide. Peanuts
in 10 plots were dug on 27 September 1985, and the other 10 plots were
left with the plants growing until killed by frost (12 December 1985).
On 21 January and 13 February 1986, all plots were sampled using a
5-cm-d hydraulically operated cylindrical probe mounted on a pick-up
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Fig. 1. Relationship between numbers of juveniles (]J) of Meloidogyne
arenaria and soil depth (x) in winter 1986 in plots with unharvested
peanut and in others where the plants had been dug in September 1985.

truck load deck. The probe permitted collection of soil samples to
depths of over one meter. A total of 4 cores were taken from each plot.
Each core was divided with a spatula so as to have samples from the
following depths (cm): 0-20, 21-40, 41-60, 61-80, and 81-100. Each plot
sample from each depth was composited and a 100-cm?® subsample was
used to determine nematode numbers with the “salad bowl” incubation
technique (15).

The position of the plots was marked to permit sampling of the same
plots during the 1986 season. ‘Florunner’ peanut was again planted in
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Table 1. Soil texture as a function of depth for a Dothan soil located on
the Wiregrass substation near Headland, Alabama.

Depth (cm) % Sand % Silt % Clay
0-25 74.4 15.4 10.2
25-40 59.7 13.7 26.6
41-70 54.7 11.9 33.4
71-85 49.9 8.8 41.3
86-115 50.5 7.4 42.1
116 + 54.5 8.4 37.2

*Data from Puckett (10).

the field on 13 May 1986 and dug on 17 October 1986. Sampling of the
plots after February 1986 was conducted as described, but the individual
cores were divided to have samples from depths (cm): 0-15, 16-30, 31-
45, 46-60, 61-80, 81-100, and 101-115. Samples were collected on 22
July and on 25 September 1986. Post-harvest samplings were on 19
February and on 28 April 1987. Sampling dates were chosen to coincide
with periods where critical changes in juvenile populations of M. arenaria
were expected in peanut (18).

All data were analyzed following standard procedures for analysis of
variance (19). Fisher’s least significant differences were calculated and
are included in the tables together with the corresponding standard
errors of the mean. Correlation analysis and curve fitting also followed
standard procedures (6,7,19). Unless otherwise stated, all differences
referred to in the text were significant at the 5% or lower level of prob-
ability.

RESULTS

Numbers of juveniles of M. arenaria were higher in unharvested
plots than in those that were harvested (Table 2). Factorial analysis of
the data from unharvested plots revealed no significant soil depth x
sampling time interaction. The analysis indicated a sharp decrease in
juvenile populations from the January to the February 1986 samplings.
The analysis also revealed a definite general pattern of change in juve-
nile populations with soil depth. The relationship between numbers of
M. arenaria juveniles (J) in unharvested plots and soil depth (x) shown
in Fig. 1 was described (R? = 0.91%*) by the function:

632300000
J= [10G10537104] (D

Factorial analysis of the data from the harvested plots (Table 2) also
revealed no significant sampling date x soil depth interaction. As with
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Table 2. Vertical distribution of Meloidogyne arenaria juveniles in the
winter of 1986 in a peanut field with plots that had been harvested and
others with unharvested plants.

Juveniles per 100 cm?® soil

. Unharvested Harvested
Soil depth
(cm) Jan. 21 Feb. 13 Jan. 21 Feb. 13
0-20 142 42 58 14
21-40 372 63 41 27
41-60 84 9 11 3
61-80 51 14 13 4
81-100 19 11 11 7
LSD (P=0.05): 198 22 29 16
Sk:* 68 8 10 5

’Data represent the average of 10 replications.
*Sx = Standard error of the mean.

the unharvested plots, there was a significant overall decline in juvenile
population size from the January to the February samplings. The effect
of soil depth on juvenile populations did not follow the pattern observed
for the unharvested plots. There was a linear decline in juvenile num-
bers with increasing soil depth in harvested plots which was described
(R? = 0.73%*) by the equation:

Table 3. Changes in juvenile populations of Meloidogyne arenaria in soil
in relation to depth and time of sampling.

Juveniles per 100 cm? soil by sampling date”

Soil depth 22 July 25 Sept. 19 Feb. 28 March
(cm) 1986 1986 1987 1987
0-15 75 235 35 34
16-30 152 351 89 127

31-45 13 6 9 15
46-60 4 8 7 13
61-80 8 4 5 0
81-100 6 6 1 4
101-115 1 4 2 0
LSD (P=0.05): 53 183 30 42
Sx:* 18 63 11 15

YData represent the average of 20 replications.
*S%x = Standard error of mean.
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J = 3830 -0.40 x In

Numbers of juveniles of M. arenaria in harvested plots changed sig-
nificantly with time from January 1986 through the last sampling of the
study in April 1987 (Tables 2, 3). Most of the changes in juvenile num-
bers occurred in the top 0-40 cm: populations in deeper strata of the
soil profile remained fairly constant at levels <20 juveniles/100 cm? soil
throughout the entire study.

The relationship between juvenile numbers and soil depth in har-
vested plots considered independently of sampling time (Fig. 2) con-
formed (R? = 0.89*%*) to the function:

57370000
J= [1009%)536974) (ITI)

The model was analogous to equation I and indicated that maximal
populations occurred at ca. 12 cm depth.
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Fig. 2. Numbers of juveniles (J) of Meloidogyne arenaria as a function of
soil depth x).
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DISCUSSION

There were significant differences in the vertical distribution of M.
arenaria juveniles in the soil. On all sampling dates, the greatest numbers
of juveniles were found in the top 0-40 cm of the soil profile. It is in
this upper profile where soil texture was lightest (Table 1), i.e., clay
content was the lowest. The peanut plant develops most of its root sys-
tem in this lighter section of the profile with fewer roots penetrating
into the heavier clay strata found below the 40 cm depth (1,11). This
suggests a direct relation between juvenile numbers and root density
that is dependent on light soil texture.

The equation used to describe juvenile numbers as a function of soil
depth predicted maximal juvenile populations at a depth of ca. 12 cm
with numbers of juveniles increasing sharply from 0-12 cm depth and
a quasi-hyperbolic decline in numbers with increasing depth below the
12-cm maximum. This pattern of distribution has practical implications
for nematode sampling and the placement of nematicides. The equation
suggests, at least for this soil, that fumigant nematicides which dissipate
upwards from the point of application in soil should be placed so as to
have these materials move through the section of the soil profile where
most juveniles are found, i.e., 0-30 cm. This agrees well with our previ-
ous finding on the use of 1,3-D for control of M. arenaria in this same
field (16); the most efficacious applications of the fumigant were those
delivered at a depth of 23 cm when compared to other shallower or
deeper application depths. Application of 1,3-D deeper than 23 cm ac-
tually resulted in some loss of control presumably because the fumigant
was “entrapped” in the clay of the deeper strata.

Routine sampling of peanut fields is performed to a depth of 15-20
cm. Our findings suggest that this sampling depth is likely to furnish
adequate description of the juvenile population in our soils. A popula-
tion of M. arenaria juveniles fairly stable in number was found through-
out the study at depths below 40 cm. This observation agrees with those
of Garcia (3) in Florida. He found that while juvenile numbers at soil
depths of 0-15 cm and 15-30 cm decreased rapidly beginning 2 months
after peanut harvest, numbers at deeper levels in the soil remained
more constant. These findings indicate that however successful control
of M. arenaria may be in the top 0-40 cm of the soil profile, there exists
a “reservoir” population of the nematode deeper in the soil that is poten-
tially capable of regenerating the nematode problem. This hypothesis
appears plausible when it is considered that M. arenaria juvenile popula-
tions in peanut fields develop exponentially (18) according to:

J = Ae® (IV)

where A and B are constants and t represents days after planting. We
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have shown previously (18) that initial (planting time) M. arenaria juve-
nile populations of <10 juveniles/100 cm? soil were capable of develop-
ing large populations (>200 juveniles/100 cm? soil) within the course of
a single season.

Our findings indicate that in management schemes there must be
consideration that M. arenaria is a pathogen emplaced deeply in soil.
This implies that practices for successful long-term management of the
nematode must be able to reduce populations found deep in the soil
profile.

Results from unharvested plots in January and February 1986 indi-
cated that harvesting of peanuts reduces populations in the top 40 cm
of the soil more drastically than in the lower strata. This is to be expected
since the digging of peanuts results in the removal of the root system
of the plant from the top 0-30 cm section of the soil profile. This results
in a loss of inoculum and subsequent reduction in juvenile populations
in soil (18).

Changes in M. arenaria juvenile populations with time confirm previ-
ous findings (18). Juvenile populations were low (<20 juveniles/100 cm?
soil) in the winter-spring period prior to planting. Numbers remained
low even after peanut planting (early-mid-May) so that it was only after
mid-July that populations increased and then did so exponentially ac-
cording to equation I'V; maximal numbers of juveniles in soil are always
found immediately before harvest (mid-September to early October). It
is significant that populations in the 0-15 cm and the 16-30 cm depths
followed essentially the same pattern of change with time.

The soil chosen for our study is typical of the peanut fields in
Alabama and other southeastern states. However, it is likely that differ-
ences in texture between soils at various depths may result in different
patterns of vertical distribution of M. arenaria.
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