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Effects of Site-specific Application of Aldicarb on Cotton in a
Meloidogyne incognita-infested Field'
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Abstract: Cotton farmers in Missourj commonly upply @ single rate of aldicarb throughout the field at planting to protect their
crop from Melvidogyne incognita, even though these nematodes are spatally aggregated. Our purpose was to determine the eflect of
sitespecific application of aldicarb on cotton production in a ficld infested with these nematodes in 1997 and 1998, Cotton vields
were collected from sites not weated with aldicarb (control), sites receiving aldicarb at the standard recommended rate of 0.58 Lg

/ha, and sites receiving specific aldicarb rates based on the soll popu]mmn densities of second-stage infective juveniles of
root-knot nematode. Yie Id« for the standard rate and sitespecific rate treatments were similar anc greater (P = 0.05) than L!n
control treatment. Less aldicarb was used for the site-specific than the uniform-rate treatment each year —46% less in 1997 and 619
less in 1998, Costs associated with the sitespecific ireatment were very high compared with the uniform-rate treatment due to a
greater number of soil samples analyzed for nematodes. Site-specific application of aldicarb for root-knot nematode management
in cotton may pose tewer environmental risks than the uniform-rate application of aldicarb.

Key words: aldicarb, couwon, Gossypium hirsutwm, Meloidogyne meognita, root-knot nentatode, sttespecific precision agriculture.

Farmers in Missouri harvest approximately 150,000
ha of couwon (Gossypium hirsutum L.) annually. The ma-
Jjority (98%) is grown in New Madrid, Pemiscot, and
Dunklin Counties (Pauley and Oxenhandler, 1999) in
southeast Missouri.

The presence and geographic disuibution of nema-
tode pests of cotton in Missouri have been described
(Wrather et al., 1992). Root-knot nematodes, Meloido-
gyne incognita (Kofoid & White) Chinvood, were found
in 30% of the cotion fields surveyed in Missour}, and
nematode distribution was spatially aggregated within
each field. The esumated cotton yield reduction in Mis-
sourt due to root-knot nematodes averaged 653.1 wet-
ric tons of hnt each year from 1994 to 1997 (Wrather et

1., 1997). The value of this loss was about $1.1 million
per year. Reniform nematades, Rotylenchulus reniformis
(Linford & Oliveira), and lance nematodes, Hoplo-
laimus galeatus (Cobb) Thorne, also were found in this
survey but were presentin only 3% and 2% of the fields
sampled, respectively. The population density of both
nematodes was never =10 juveniles/ 100 cm® soil.

Very few Missowri farmers rotate couon with root-
knot-resistant sovbean culivars, and rootv-knot nema-
tode-resistant cotton cultivars adapted for Missouri
have not been developed. Therefore, the primary man-
agement option for the nematode is an at-planting ap-
plication of the nematicide aldicarb. This nematicide is
apphed throughout a field at one rate depending on
the nematode population density determined from a
field-wide assay. The University of Missouri-recom-
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mended rates for infurrow application of aldicarb for
management of M. incogrita in cotton are 0 kg a.i./ha
for 0 o 149 J2, 0.5 kg a.i./ha for 150 to 499 ]2, 0.83 kg
a.i./ha for 500 to0 999 J2, and 1.17 kg a.i./ha for =1,000
J2/250 ¢cm® s0i! from samples co]lected in September of
the year before planung (Wrather e al., 1997). How-
ever, a single-rate treatiment may be inefficient, consid-
ering the tendency for spatial aggregation of these
nematodes in Missouri cotton fields (Wrather et al.,
1992). Precision applicaton of aldicarb only to nema-
tode-infested areas of a held may be more economical
and environmentally sound.

Precision farming, a cwrrent area of interest in agri-
culture, is usually defimed as railorving soil and crop
management to fit the different conditions found
within a field (Sawyer, 1994). Precision farming uses
the global positoning system (GPS) and other technol-
ogy Lo ensure precise application of agricultura)
amendments to identfied locations within fields. The
GPS is a nenwork of satellites, controlled by the U.S.
Department of Defense, designed to help ground-hased
units detenmine their real-time location using latiwde
and longitude coordinates (Strickland et al., 1998). For
agricultwral applications, GPS is being used for ma-
chine gwndance and control (variable-rate-input appli-
cations), data collection during harvesiing operations,
soil samipling, and field scouting.

Recent advances in GPS technology may be useful for
move precise application of nemaucides for cotion
rootknot nematode management. Fields may be grid-
samipled using GPS to develop density maps of nema-
tode populations, and a nematicide may then be ap-
plied to areas where the nematode population density
is above the damage threshold. Furthermore, the raie
of nemaricide applied may be adjusted based on nema-
tode population density. Advantages of this approach
over uniform field-wide application may include im-
proved efficiency in nemactode coutrol. lower nemati-
cide mput costs, and decreased environmental risks by
applying less nemadacide.

The objectives of this research project were to deter-
mine: (i) the effect of site-specific applicanon of aldi-
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carb on cotton yield in a field infested with M. incognita,
(i) it a distribution map of nematode densities could
be used more than 1 year tor guiding site-specific ap-
phcacon of aldicarb, and (ni} if soil samples aken on a
0.1-ha grid were suitable 10 develop accurate nematode
population maps. Applications of either aldicarb or the
soil fumigant 1,3-dichloropropene (1,3-D) have been
reporied to improve cotton vield significandy m M. -
cognitee-infested fields (Colyer er al., 1997; Kinloch and
Rich, 1998; Wheeler et al., 1999). Although vield im-
provement appears (0 be greater in some situations
with 1,3-D, aldicarb was selected for this study because
it s less difficult to apply and is most commonly used by
cotton growers in Missouri.

MATERIALS AND METHODS

A 4.5-ha poruon of a field near Hornersville, Mis-
sourl, was selected as the sindy site. The soil was a fine-
silty, mixed, thenuic, Aeric Ochraqualfs and was 67%
sand, 13% silt, and 20% clay. The field was planted to
cotron from 1994 through 1999.

We collected soil samples for nematode counts from
the field during September 1996, 1997, 1999 and June
1997, using a strategy referred to as grid-point sampling
(Wollephaupt et al., 1994). We used the Northstar In-
tegrated GPS/DGPS Position Sensor to establish the
grid (Northstar Technologies, Acton, MA). The accu-
racy of the sensor with U.S. Coast Guard broadcast dif-
ferential signals was =1 m. The GPS sensor was attached
to a laptop computer, and both were mounted on a
backpack frame. We carried the equipment around the
boundary of the site, and the computer generated an
mage of the site border on the screen. The software
then overlaid a grid on the border image. The spacing
between grid intersecuon points was 31.8 m, resulting
in 45 grid inwersection points in the 4.5-ha area. The
cursor showed the positivn of the backpack-mounted
sensor relatve o the grid during movement through
the field.

Fifteen soil cores (2.5 cm diam. x 20 cm deep) were
arbitrarily collected from within rows of cotton from
a 4-m® area centered over each grid node point
(I sample/0.10 ha}. The soil cores were composited,
and nematodes were extracted from a 250-cm® sub-
sample by semiautomatic etueriator and centrifugation
(Barker, 1978). Plant-parasitic nematodes were identi-
fied 1o genus. Second-stage juveniles (J2) of root-knot
nematode were assumed to be M. incognite because of
the history of couon in the field and because other
species of Meloidogyne have not been found in Missouri
cotton fields.

To test whether sampling on a 31.8-m grid was at a
spacing sufficiently closc for ereaung interpolated maps
of the nematode population, geostatistical analysis of ]2
was performed for each September sampling date. For
this analysis, a semivariagram figure was created that

showed semi-vanation (half the variaton) beuveen
pairs of points (y axis) relative to the distance between
those points (x axis). Typically, a number of pairs at the
same distance are averaged. If the semivariation for the
various separation distances examined is approximately
the same, then the interpretation is that information
obtained at any grid point s independent of the infor-
mation at any other grid point. If semi-variation in-
creases with ncreasing separation distance, the inter-
pretavion is that the gnd spacing is close enough (o
capture spatial dependence information hetween the
points. Spatial dependence of nematode population
levels in this site was evaluated using GS+ 5.1.] software
(Gamma Design Software, Plainwell, MI). Because only
four samples were obtained along the north-south axis
at this site due to the shape of the field, we assessed the
spaual structure of the nematode population from
samples collected along the eastwvest axis (i.c., aniso-
wopic semivariagram), using a total of 9 to 13 samples
per row. When spatial dependence between sample
pons was evident, linear, spherical, and exponential
models were tested and the best-iitting model was jden-
tihed using a leastsquarces procedure (i.e., greatest RY).
For all 8 years, maps showing nematode densites within
cach cell of the grid were drawn (Surfer 7.0, Golden
Software, Golden, CO).

Four wreatments were established at each of the 45
arid points in 1997 and 1998. The orcatments were in-
furrow applications of 0.58, 0.83, and 1.17 kg a.1./ha of
aldicarb at cotton planting and a control that received
no aldicarb. These rates were sclected based on Unn-
versity of Missouri reconnmendations (Wrather et al,,
1997). The treatments were randomized at each gnd
point. Treated plots were two rows wide (0.97-m row
spacing) and 15 m long. The cotton cultivar Suregraw
125 was planted 1 May 1997 and 4 May 1998. The acid-
delinted seeds were treated with imidacloprid (Gus-
tafson, Inc., Dallas, TX) at 2.76 g a.i./kg seed prior to
planung for carlyseason msect conwol. The crop was
harvested when mature with a 2-row picker.

Dilferences in yield among treaiments were deter-
mined with analysis of variance (SAS Institute, Cary,
NC). A site-specific treatment was not included in the
experimental design because the application equip-
ment was not available. Instead, the yield for the site-
specific treatment was selected from the veatments (0,
0.58, 0.83, and 1.17 kg a.1./ha aldicarb) av each grid
point based on the nematode population that corre-
sponded 1o the action threshold tor that weaunent. For
example, the yield for the 1.17-kg a.i./ha aldicarb weart-
ment was selected as the sie-specific weannent when
the M. incognita population density there was =1,000
J2/250 cm” soi) at a grid point. The yield for the 0, 0.58,
or O.S%—kg a.d./ha aldicarb uvcatments was selected as
the site-specific weatment when the M. incognita popu-
ladion density was 0 to 149, 150 10 499, and 500 to 1,000
12/250 cm? soil at a grid point, respectively. There were



45 replicate plots for each uniform aldicarb treatment
and for the site-specific (reatment.

RrsuLrs

Pratylenchus spp., Helicotylenchus spp.. Trichodorus spp.,
and M. mcognita were detected in the soil sanples col-
lected at the field site in September 1996, 1997, 1999
and June 1997. Population densities of the first three
genera never exceeded 100 individuals/250 cm? soil in
September samples and 10 individuals/250 om? soil in
the samples collected in June. These nematodes are not
considered damaging 1o cotron in Missouri (Wrather et
al., 1992).

The average population density of M. incognita for
the 4.5-ha site was 350 J2,250 cm? soil in Septeniber
1996 and 180 J2/250 cm” soil in September 1997. The
population density of M. incognita at mdividual grid
points ranged from 0 to 1,127 J2/250 cm” soil in Sep-
tember 1996, 0 to 281 ]2/250 cm® soil in September
1997, and 0 to 852 J2/250 cm” soil in September 1999
(Fig. 1). The population density at grid points varied
from 0 o 45 J2/250 ¢cm® soil in June 1997. The root-
knot nematode population density was above the action
threshold at 47% of the grid points in 1996, 40% of the
grid points in 1997, and 17% ot the ¢rid points in 1999.
Soil population densities of M. incognita at maay indi-
vidual grid points varied among years. For example, the
densities at one point were 1,127; 181; and 120 J2/250
cm” soil in September of 1996, 1997, and 1999, respec-
tively. The |2 decline at individual grid points ranged
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Fig. 1. Densige-distribution maps of Meloidogyne ineognita second-
stage juveniles (J2) for September 1996, 1997, and 1999 from a 4.5-ha
southeast, Missouri cotton field. Each ecll represents J2/250 em™ soil
in a 0.1-ha area,
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from 70% to 99% from September 1996 to June 1997
The change in overwinter population density was not
determined for other years.

All three distribution maps provide evidence of
strong spatial heterogeneity in densities of M. incognitn
(Fig. ). Nematode densities were 1oo variable benveen
adjacenc grid points to observe any patierns in densiry
distribution using a 0.10-ha sampling grid in 1996 and
1997 (Fig. 2). However, spatial dependence of the root-
knot nematode populavon was apparent in Seprember
1999 (R? = 0.30) (Fig. 2). These data also indicate that
the population-density patterns of the nematode from a
31.8m grid sample spacing were not stable among
years.

The cost for collecting and assaying one sample for
every 0.10 ha was $220/ha (10 samples/ha @ §2/sam-
ple for collection and $20/sample tor newatode analy-
sis). Consultants curvently charge Missowri cotton farm-
ers 32/sample w collect soil. The University of Missouri
Nemartology Laboratory charges §20/sample to analyze
soi) for nematodes. The costs 1o develop density maps
were not included because, 10 our knowledge, na pri-
vate company in Missoun has developed fees for this.
The costs of collecting and analyzing soil samples may
be higher or lower in other states.

There were no differences in cotton yicld among the
three aldicarb wreatments or benveen these treatiments
and the sitesspecific treatment in 1897 and 1998, The
yields for all these treatments were greater than the
conurol in both years (Table 1). Yields were Jower for all
weatments in 1998 than 1997 because of dry weather,

On a heldawise basis, less aldicarb was used for the
site-specific treatment than tor the 0.58-kg a.i./ha aldi-
carb wewtment. The average population density for this
field was 350 [2/250 cm® soil, and a Missowri farmer
would apply 0.58 kg a.i./ha aldicarb field wide based an
this action threshold. This rate of aldicarb was applied
to plots at each of the 45 grid-intersection poi.nt_s in
1997 and 1998. The site-specific weatment in 1997 re-
sulted in no aldicarb applied at 24 points, 0.58 kg a.1./
ha applied at 14 points, 0.83 kg a.i./ha applied at 6
points, and 1.17 kg a.i./ha applied at 1 point. In 1998,
the site-specific treatment resulted in no aldicarb ap-
plied av 27 points and 0.58 kg a.i./ha applied at the
remaining 18 points. I€ the eniire area were treated
with the Jowest unmform raie, the total amount of aldi-
carb used would be 2.63 kg a.i./4.5 ha in 1997 and
1998. If the field were treated using site-specific rates,
the total amount of aldicarb used would be 1.44 kg
ai./4.5 ha in 1997 and 1.05 kg a.i./ha in 1998.

DiscussioN

Nematode density maps will be necessary betore site-
specific applicadon of nematicides can be made. The
tendency of M. incognite 1o aggregate in fields requires
intensive sampling 1o develop accurate predicuons of
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Semivariagram of density of Meloidagyne incognita second-
stage juveniles {]2) for September 1996, 1997, and 1999 from a 4.5-ha
southeast Missowri cotton field. There was no evidence that the J2 den-
sity at one sampling point was related o the density at an adjacent point
in 1996 and 1997, but there was spatial dependence in 1999, R® = 11,30,

Tapie 1. Effect of sitespecific application of aldicarb on sced
cotton yields (kag/ha) in a Meloidogyne incognita-infested field.

Treatment 1987 vield” 1998 yicld”

Control (no aldicarb)

4,285 b 21150
0.58 kg a.i./ha aldicarb 4,76% a 2,429 a
0.83 kg a.i./ha aldicarb 4,660 a 2,485 a
147 kg a.i./ha aldicarb 48182 2357 a
Site-specific treatment 4,720} a 2326 a

“ Data are means af 45 replicates, Means in a column followed by the same
letter are not sigmificantly different (P = 0.03) according to LSD.

nematode distribution (Barker and Campbell, 1981).
Sampling soil on a 0.10-ha grid was not always suflicient
for creating a predictive density map of M. incognita in
owr test location. The spacing between guid points in
September 1996 and 1997 was generally naot close
enough to provide evidence of spatial dependence be-
tween points with any statistical confidence. However,
the spacing between points in September 1999 could be
used 1o esumate population density between grid
points. Consequently, it appears that geostatistics may
provide accurate maps of root-knot nematode popula-
ton denstty, but grid spacing for collecting soil samples
may need to be much closer together than is economi-
cally pracuical.

Variabilicy in M. incognita population density at indi-
vidual grid points and among years was likely due o
edaphic, environmental, and host factors. The decline
in population density ar individual poinis from Septem-
ber 1996 to June 1997 (92% decline averaged over all
grid points) was dramatic, but not unexpected. Eggs of
M. incognita vepresent a major portion of the overwin-
lering nematode population (Starr, 1993; Stanr and
Jeger, 1985), and accurate techniques for detection of
eggs or egg masses free in soil have pot been developed
(Starr, 1993). Consequently, estimates of J2 density
from soil samples collected in the spring or early sum-
mer may be much lower than the acwal population
density. The variation in population-deunsity distribu-
tion among grid points at this site was similar o that
reported by others for M. incognita (Barker, 1985). Al-
though soil texture was not measured at each grid point
in this study, differences in soil texture across the field
were apparent. Soil texture can influence the ecology
and distribution of M. incognite (Koenning et al., 1996;
Prot and Van Guody, 1981; Robinson et al., 1987).

There were few grid-intersection points where the
rate of aldicarb applied for the site-specific treatment
was greatey than for the uniform-rate weatment. This
may explain why site-specific application of aldicarb did
not result in greater cotton yields than the uniform-race
reatment. Wheeler et al. (1999) also determined that
site-specific application of aldicarb did not consistently
result in greater cotton yields than a uniform applica-
fion in M. incognite-infested fields.

Site-specific application of aldicarb in this swdy



posed less environmental risk than the uniform-raie
treatment because less aldicarb was applied on a per-
hectare basis. In some situations, site-specific applica-
ton of nematicide may also save producers money.
However, a major impediment to this approach is the
labor, expense, and equipment required to develop
density distribution maps for plant-parasitic nematodes
(Wheeler ecal., 1999). The costs of sampling and nema-
tode assay, which were based on current fees charged
for these services in Missouri, were much greater than
the savings that would result from decreased costs for
site-specific application of nematicides relatve to uni-
torme-rate application. Additional costs also would be
expected from purchase and maintenance of the equip-
ment required to develop maps and apply site-specific
nematcide rates.

The potential for minimizing the environmental im-
pact of nematicide applicatons to cotton while main-
taining grower profitability merits further yovestigation.
Techniques such as aerial photography of growing
crops (Brunoehler, 1997), use of precision yield moni-
(ors to detect problem zones, or predictions based on
certain edaphic facrors such as soil texture also should
be investigated.
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