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Variable Rate Application of Nematicides on Cotton Fields:
A Promising Site-Specific Management Strategy
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Abstract: Field tests were conducted to determine if differences in response to nematicide application (i.e., root-knot nematode
(RKN) populations, cotton yield, and profitability) occurred among RKN management zones (MZ). The MZ were delineated using
fuzzy clustering of five terrain (TR) and edaphic (ED) field features related to soil texture: apparent soil electrical conductivity
shallow (ECa-shallow) and deep (ECa-deep), elevation (EL), slope (SL), and changes in bare soil reflectance. Zones with lowest mean
values of ECa- shallow, ECa- deep, NDVI, and SL were designated as at greater risk for high RKN levels. Nematicide-treated plots (4 rows
wide and 30 m long) were established in a randomized complete block design within each zone, but the number of replications in
each zone varied from four to six depending on the size of the zone.The nematicides aldicarb (Temik 15 G) and 1,3-dichloropropene
(1,3-D,Telone II) were applied at two rates (0.51 and 1.0 kg a.i./ha for aldicarb, and 33.1 and 66.2 kg a.i./ha for 1,3-D) to RKN MZ in
commercial fields between 2007 and 2009. A consolidated analysis over the entire season showed that regardless of the zone, there
were not differences between aldicarb rates and 1,3-D rates. The result across zones showed that 1,3-D provided better RKN control
than did aldicarb in zones with low ECa values (high RKN risk zones exhibiting more coarse-textured sandy soils). In contrast, in low
risk zones with relatively higher ECa values (heavier textured soil), the effects of 1,3-D and aldicarb were equal and application of any
of the treatments provided sufficient control. In low RKN risk zones, a farmer would often have lost money if a high rate of 1,3-D was
applied. This study showed that the effect of nematicide type and rate on RKN control and cotton yield varied across management
zones (MZ) with the most expensive treatment likely to provide economic benefit only in zones with coarser soil texture. This study
demonstrates the value of site specific application of nematicides based on management zones, although this approach might not be
economically beneficial in fields with little variability in soil texture.
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tode, precision agriculture, variable rate application.

Apparent damage from plant-parasitic nematodes, in
spite of treatment, has increased across the U.S. cotton
belt in the last 25 years; annual average cotton yield
losses of 2.0% were reported in 1985 and 4.1% in 2010
(Blasingame and Patel, 2011). Because of its broad host
range and damage potential, the Southern root-knot
nematode (Meloidogyne incognita, RKN) is considered
the most harmful nematode pest to cotton production
in the U.S. In Georgia, dominant producer of Upland
cotton in the U.S., estimated losses attributed to nema-
todes in 2010 totaled 212,500 bales with RKN respon-
sible for 76% of those losses (Blasingame and Patel,
2011). A survey conducted in 2002 and 2003 showed
that major cotton-producing counties in Georgia had
RKN population densities above the recommended
action threshold (100 second-stage juveniles/100 cm3

of soil for samples collected in the fall) resulting in
estimated losses of 17 million kg of cotton annually
(Blasingame and Patel, 2001; Kemerait et al., 2004).
Management of RKN in the southern U. S. may include
crop rotation, but nematicides are the most often used
control tactic (Kinloch and Rich, 1998; Wheeler et al.,
1999; Zimet et al., 2002; Koenning et al., 2004). Nem-
aticide applications are typically made at uniform rates
across whole fields despite the aggregated pattern of
RKN distribution (Ortiz, 2008). However, the spatial
variability of nematode and damage, and the high cost
of nematicides suggest a potential for site-specific
applications. Variable rate application of nematicides
utilizing site-specific management zones could increase
cotton yield or reduce pesticide use or both. Manage-
ment zones, subregions within a field each one having
a similar combination of yield-limiting and reducing
factors for which a single rate of a specific input is ap-
propriate (Doerge, 1999), have been used to evaluate if
nematicides (products and/or rates) have a differential
response by zone with respect to nematode populations
and yield. Studies in Louisiana have shown that soil
texture affects the efficacy of nematicides on nematode
populations and cotton yields (Erwin et al., 2007; Wolcott,
2007). When evaluating the differences in yield be-
tween 1,3-D and other treatments applied across two
fields in Louisiana, coarsely textured areas in one of the
fields showed a greater response to the application of
1,3-D than did areas with relatively heavier soil textures
(Erwin et al., 2007). Overstreet et al. (2005) compared
nematicide response across management zones and
reported a 435 kg/ha yield increase only in the lighter
(coarser) soil-texture zone when 1,3-D was applied.
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Wheeler et al. (1999) compared variable and single-rate
applications of aldicarb on eight cotton fields in Texas
and found that the variable rate treatment had greater or
equal yield in only three fields; however less nematicide
was applied in those three fields. In two other fields in
the same experiment, the variable rate treatment used
more aldicarb than did the single rate, with no difference
in yield. Wrather et al. (2002) reported similar cotton
yields in Missouri for uniform and variable rate aldicarb
treatments, but 46% to 61% less aldicarb was used in the
variable rate treatment than in the uniform rate treat-
ment. The authors reported that spatial variation of RKN
population density was associated with apparent differ-
ences in soil texture across the field, though no corre-
lation between soil texture and nematode efficacy was
presented. We hypothesized that nematode manage-
ment zones, delineated from the combination of surro-
gate data for soil texture, can be used to support variable
rate application of nematicides or for targeting soil sam-
ple collection prior to determining nematicide options.

In the Southeastern U. S., Upland cotton is grown in
the Coastal Plains of Alabama, Florida, Georgia, North
and South Carolina and Virginia on coarse-textured
soils that often have a clay subsoil. On these soils,
cotton is subject to attack by the Southern root-knot
nematode (Meloidogyne incognita, RKN), reniform nema-
tode (Rotylenchulus reniformis), Columbia Lance nematode
(Hoplolaimus columbus), and sting nematode (Belonolaimus
longicaudatus) among others; but the most common is the
RKN. The RKN is known to be associated with sandy soils
and concentrated in the sandier portions of fields. Di-
recting treatment where the nematode is at damaging
levels is a logical tactic, but sandy areas are also often the
lowest-yielding because of their poor water and nutrient
holding capacities, so expensive treatment of such areas
might not be profitable. The objectives of this study were
to determine 1) if the response of RKN population levels
and cotton yield to nematicide treatments differed among
management zones within a field, and 2) if the greatest
economic value was provided by the same rate and type
of nematicide in each RKN management zones within
a field.

MATERIALS AND METHODS

Study fields and experimental plan: Differences between
nematicides and nematicide rates across RKN man-
agement zones were evaluated in three commercial
fields (20-23 ha) located in an intensively row-cropped
region of southern Georgia, USA. One of the tests was
conducted at the CC field in 2007 (designated CC07).
The others were conducted in 2008 and 2009 at the
WHE and PRY fields (designated WHE08, WHE09,
PRY08, and PRY09). The fields were planted with cotton
(Gossypium hirsutum L.) variety Delta & Pineland (D&PL)
‘555 Boll-Guard, Round-Up-Ready’. Planting occurred
approximately 2 weeks after each field was strip-tilled.

Management zones (MZ) for RKN were delineated
based on fuzzy clustering of various surrogate data for soil
texture (Ortiz et al., 2011). This approach was chosen
based on the association between the level of aggregation
of RKN population and soil properties, specifically dif-
ferences in soil texture indirectly estimated by soil elec-
trical conductivity (Ortiz et al., 2010); and the strong
relation between nematode population and soil texture
with yield (Monfort et al., 2007; Ortiz et al., 2007).

The surrogate data for soil texture used for MZ de-
lineation included terrain elevation and slope, normal-
ized difference vegetation index (NDVI) calculated from
bare soil spectral reflectance, and apparent soil electri-
cal conductivity (ECa). A VERIS 3100 implement (Veris
Technologies, Salina, Kansas, USA) was used to collect
soil ECa at two soil depths: 0 to 30 cm (ECa-shallow) and
0 to 90 cm (ECa-deep). The number of zones delineated
in each field was a function of the scale of variation of
terrain and edaphic features observed in a field (Ortiz
et al., 2011). The zones can be used to delineate areas
within a field with different levels of risk (probability) for
having RKN population levels above the action thresh-
old recommended in Georgia (Ortiz et al., 2010). Areas/
zones with low populations of RKN are associated with
higher mean values of ECa, (relatively less coarse tex-
ture) and high RKN populations are associated with
areas/zones with lower mean values of ECa (relatively
more coarse texture ) (Ortiz, 2008; Ortiz et al., 2010).
Characteristics of the RKN management zones with re-
spect to terrain and edaphic features for the studied
fields are shown in Table 1.

Nematicide treatments at each test site were arranged
in a randomized complete block design. The four nem-
aticide treatments were randomized within 16-row strips
with each treatment applied to four rows. The 16-row
strips were replicated several times in each field, and
within the 16-row strips, 30-m sections that were ran-
domly distributed throughout each zone were designated
as blocks. The number of blocks (replications) in each
zone varied from four to six depending on the size of
the zone. The two nematicides evaluated were aldicarb
(Temik 15G �) and 1,3-dichloropropene (1,3-D; Telone
II�) with the following treatments: aldicarb at 0.51 kg
a.i./ha (T1), aldicarb at 1.0 kg a.i./ha (T2), 1,3-D at 33.1
kg a.i./ha plus aldicarb at 0.51 kg a.i./ha (T3), and 1,3-D
at 66.2 kg a.i./ha plus aldicarb at 0.51 kg a.i./ha (T4).
Treatment T3 is the 1,3-D rate recommended to cotton
farmers to control RKN in Georgia (Kemerait, 2011). For
this study, 1,3-D was applied approximately 30 cm deep
during the strip-tillage operation. Between each set of 16
rows of treatments an additional strip of four rows was left
as a buffer which received 0.51 kg a.i./ha aldicarb for
insect control.

Data collection and analysis: Nematode population
density and yield data were collected from all four rows
(4 rows by 30 m) of each nematicide treated plot within
each block. Composite soil samples for nematode
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population determination were collected from the
planting row in each plot three times during 2007 and
four times during the 2008 and 2009 growing seasons.
Approximately 10 soil cores per plot were randomly
collected from a depth of 0-20 cm using a soil probe
with a 3 cm diameter opening. Second-stage juveniles
(J2) were extracted from 100 cm3 of soil by gravity
sieving followed by sucrose centrifugal flotation. Cotton
was harvested and the yields were determined using an
Ag Leader cotton yield monitor system (Ag Leader
Technology, Ames, IA) installed on a four-row picker.
The system used an AgGPS 132 DGPS receiver with
differential correction to continuously calculate the
position of the harvester in the field.

Nematicide treatment effects and MZ differences on
nematode populations over time and the interaction
MZ 3 treatment were tested using a mixed repeated
measures analysis. The same procedure was used to test
within-zone differences among nematicide treatments
on nematode populations over time. When testing for
zone and treatment differences over time, replicate and
replicate 3 zone were included as random effects and
zone, treatment, and time as fixed effects. Within a
zone, differences among nematicide treatments over
time were tested with time and treatment as a fixed
effect and replication as a random effect.

Nematicide treatment effects on yield and individual
nematode population measurements after planting
within each MZ were evaluated by mixed models anal-
ysis using the PROC MIXED procedure in SAS (v9.2,
Cary, NC). Additional analysis of variance and mean
comparisons were conducted using Waller Duncan
K-ratio t-test (P # 0.05).

The profitability analysis was conducted using a partial
budget approach to reflect differences in revenues and

costs among the treatments. Revenue was based on yield
and the average Southeast Base Price for November
2008 ($0.549/lb) and November 2009 ($0.519/lb). The
November 2009 price included a loan deficiency pay-
ment. The resulting average base price used to calculate
revenue was $0.534/lb. The nematode control costs
included the nematicide treatment and application
costs (fuel, labor, repairs and machinery operations).
Costs based on yield included ginning, storage, and
warehousing costs minus a credit for cotton seed. The
average price for cotton seed during November 2008
and 2009 was $164/ton. Other costs not associated with
the differences in treatments such as fertilizer, crop
insurance, irrigation, etc., were assumed constant across
years and treatments and therefore not included in the
analysis. Adjusted revenue was calculated by subtracting
the treatment and marketing costs from revenue. Ad-
justed revenues for the treatments were statistically ana-
lyzed by mixed models analysis using the PROC MIXED
procedure of SAS and means were compared using
Waller Duncan K-ratio t-test (P # 0.05). Within a zone,
differences in revenue among treatments were tested
using treatment as fixed effect and replication and
replication 3 treatment as random effects.

RESULTS

Nematode Population Density:

CC field: The CC field was divided into three zones, with
zone 3 having the lowest ECa-shallow and ECa-deep values and
therefore being designated as the highest RKN risk zone.
The repeated-measures analysis of RKN population
levels throughout the season indicated differences
among zones (P = 0.093), treatments (P = <.0001), and

TABLE 1. Terrain and edaphic characteristics of the RKN management zones for the three study sites.

Field ID County
Zone
IDa

Elevation
(m)

ECa-shallow
(mS/m)

ECa-deep
(mS/m)

Soil Particle
Size (Percentage)

Sand Clay Silt Sand Clay Silt Soil Type

Mean CV Mean CV Mean CV Shallow (0-30cm) Deep (0-90cm) Symbol Name Description

CC 07 Colquit 1 257 1.7 1.4 115.0 1.9 74.0 89.4 1.9 8.6 88.4 2.9 8.6 Kdb Kershaw
sand

Thermic, uncoated
Typic
Quartzipsamments,
0 to 5% slope

2 250 1.1 0.8 121.0 1.1 89.0 92.1 2.9 4.9 91.6 2.9 5.4
3 261 0.8 0.6 24.6 0.6 26.6 93.4 3.0 3.5 93.1 3.0 3.8

WHE
08-09

Mitchell 1 105 0.7 3.0 27.5 5.4 58.0 81.3 7.6 11.1 72.0 16.0 11.4 TqB Tift loamy
sand

Fine-loamy,
kaolinitic, thermic
Plinthic
Kandiudults,
2 to 5% slopes

2 108 0.6 2.6 26.5 3.1 56.0 80.5 6.7 12.7 74.6 13.0 12.5

PRY
08-09

Colquit 1 94 0.6 1.8 39.0 3.1 47.2 86.6 2.3 11.1 84.7 3.4 11.8 TfA Tift loamy
sand

Fine-loamy,
kaolinitic, thermic
Plinthic
Kandiudults,
2 to 5% slopes

2 96 0.6 1.7 40.4 2.8 50.3 87.1 2.3 10.6 86.3 3.6 10.1

a Zone 3 in the CC field and zone 2 in the WHE and PRY fields were treated in this study as the zones at greatest risk for high RKN population levels.
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a treatment 3 time (P = 0.0044) interaction. There was
not a zone 3 treatment interaction on nematode pop-
ulations indicating that the treatments had similar ef-
fects in all zones.

Early in the season at 76 days after planting (DAP),
the RKN population was low, but increased across all
treatments at midseason (108 DAP) and at harvest (177
DAP), especially in zone 3 (Table 2). Regardless of
treatment, the highest RKN population levels were ob-
served in zone 3. When the repeated-measures analysis
of RKN populations was conducted within a zone,
treatment differences were observed only in zone 2 (P =
0.006) and zone 3 (P = 0.012) with season average RKN
levels in the 1,3-D treated plots (T3 and T4) reduced
60% compared to aldicarb treated plots (T1 and T2) in
both zones (Table 2). When data were analyzed by in-
dividual RKN sampling times, no significant differences
in RKN populations among treatments were observed
early in the season (76 DAP) in any zone. However,
differences between treatments were only observed in
zones 2 and 3 after midseason (108 and 177 DAP). At
mid-season, 108 DAP, average RKN levels in the 1,3-D
treatments (T3 and T4) were lower than the aldicarb
treatments (T1 and T2) with reductions of 62%, 60%,
and 72% for zone 1, 2, and 3, respectively. Populations
of RKN in the 1,3-D treatments (T3 and T4) were also
low compared to the aldicarb treatments at 177 DAP,
and RKN levels were lowest at the high 1,3-D rate. None
of the treatments differed from the standard practice
by the farmer (T1) in zone 1 (Table 2).

WHE field - 2008: The WHE field had 2 zones with
zone 2 having the lowest ECa-shallow and ECa-deep values
and therefore being designated as the highest RKN risk
zone. The repeated-measures analysis of RKN popula-
tion levels throughout the season showed differences
between zones (P = 0.016), treatments (P = 0.0027),
and a zone 3 treatment interaction (P = 0.113) which
indicated treatment differences between the zones.

Overall, season average RKN levels in the 1,3-D treated
plots (T3 and T4) reduced between 35% ( zone 1) and
60% (zone 2) respect to the aldicarb treatment (T1 and
T2) (Table 3).

When the analysis was conducted by zone, average
RKN densities among treatments differed only in zone
2 (P = 0.015) (Table 3). Within zone 2, 1,3-D suppressed
RKN more than aldicarb (P = 0.0017), and the high rate
of 1,3-D suppressed levels more than either the low (P =
0.019) or high rate (P = 0.0019) of aldicarb. For most
treatment comparisons, treatment differences were nu-
merically greater in zone 2 than zone 1.

When RKN population data was analyzed by indi-
vidual sampling time, no significant differences among
treatments within either zone were observed early in
the season (3 and 67 DAP) (Table 3). After mid-season,
110 DAP, significant differences between the 1,3-D
treated plots and aldicarb treated plots existed in both
zones with reductions of RKN levels on 1,3-D treat-
ments with respect to aldicarb treatment quantified on
89% and 78% in zones 1 and 2, respectively. At harvest,
152 DAP, there were no significant differences in RKN
population among treatments in either zone; however,
RKN levels in 1,3-D treated plots were reduced 30% with
respect to aldicarb treated plots in zones 2 (Table 3).

WHE field - 2009: In the repeated measures analysis,
there were differences among treatments (P = <.0001)
and a zone 3 treatment interaction (P = 0.0478) in-
dicating that the effect of the treatments on RKN pop-
ulations differed between the zones. Early in the season,
37 and 69 DAP, the RKN population was very low for
all treatments in both zones. For zone 1, significant
differences between the treatments were observed at
69, 125 and 183 DAP (Table 4). In contrast, no dif-
ferences were observed in zone 2 except at 125 DAP
(P = 0.155) (Table 4). At mid-season, 125 DAP, average
RKN levels in the 1,3-D treatments (T3 and T4) were
reduced compared to the aldicarb treatments (T1 and

TABLE 2. Seasonal Meloidogyne incognita (RKN) population density differences between nematicide treatments applied across the RKN
management zones in the CC field.

Treatment

Edaphic -Terrain Zone Number
1 2 3

Days after planting (DAP)a

76 108 171 Averageb 76 108 171 Averageb 76 108 171 Averageb

Meloidogyne incognita (RKN) population density (second stage juveniles / 100 cm3 of soil)

T1c - aldicarb (0.51 kg a.i./ha) 0.70a 154.4a 78.3a 77.8a 20.7a 218.3ab 69.3b 102.8a 40.7a 323.0a 157.3a 173.7ab
T2 - aldicarb (1.0 kg a.i./ha) 24.0a 132.0a 148.0a 101.3a 10.7a 324.0a 123.7a 152.8a 38.0a 360.3ab 188.0a 195.4a
T3d - 1,3-D(33.1 kg a.i./ha) +

aldicarb (0.51 kg a.i./ha)
4.70a 151.2a 34.0a 63.3a 9.0a 97.0ab 66.0b 57.3a 24.0a 135.3ab 111.7a 90.3ab

T4 - 1,3-D (66.2 kg a.i./ha) +
aldicarb (0.51 kg a.i./ha)

12.7a 61.6a 54.7a 43.0a 18.0a 85.3b 30.7b 44.7a 14.0a 68.7a 89.3a 57.3b

Pr > jtj 0.5609 0.5924 0.2473 0.2443 0.8305 0.0180 0.0090 0.006 0.489 0.0235 0.2346 0.0126

a Means within columns followed by the same letter are not significantly different (P#0.05) according to Waller-Duncan K-ratio t-test.
b Season average of nematode population within a management zone. Treatment comparisons were conducted by repeated-measures using RKN population

measured at various DAP.
c aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
d 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.
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T2) with reductions of 66% in zone 1 and 73% in zone
2. At harvest, 183 DAP, the RKN population in the 1,3-
D treatments (T3 and T4) was reduced 59% compared
to the aldicarb treatments (T1 and T2) in zone 1 and
25% in zone 2.

PRY field - 2008: The PRY field had 2 zones with zone
2 having the lowest ECa-shallow and ECa-deep values, and
therefore being designated as the highest RKN risk
zone. The repeated-measures analysis of RKN pop-
ulation levels throughout the season indicated that the
treatments had similar effects in all zones (there was
not a zone x treatment interaction). Within a zone,
average RKN population differences among treatments
were observed for zone 1 (P = 0.009) and zone 2 (P =
0.002) (Table 5). Overall, season average RKN levels in
the 1,3-D treated plots (T3 and T4) reduced between
59% ( zone 1) and 91% (zone 2) with respect to the
aldicarb treatment (T1 and T2) (Table5). As observed
in the other two fields, the RKN population early in the
season, 24 and 72 DAP, was low for all treatments in

both zones. After mid-season, 116 DAP, significant dif-
ferences in RKN population levels among the treat-
ments were observed in both zones. On average, the
RKN population levels in 1,3-D treated plots compared
to aldicarb treated plots was reduced 75% in zone 1 and
95% in zone 2. There were no significant differences
between rates either for aldicarb or 1,3-D in either
zone. At harvest, 177 DAP, there were no significant
differences in RKN population among treatments in
either zone. However, the RKN population in the 1,3-D
treatments (T3 and T4) was reduced 80% compared to
the aldicarb treatments (T1 and T2) in zone 2.

PRY field - 2009: The repeated-measures analysis of
RKN population levels throughout the season did not
showed differences between zones or treatment 3 zone
interaction, only treatment differences (P = 0.004) were
observed. When the analysis was conducted by zone,
treatment differences were only observed in zone 1 (P =
0.068) (Table 6). Overall, RKN population levels in
both zones were lower in 1,3-D treated plots than in

TABLE 3. Seasonal Meloidogyne incognita (RKN) population differences between nematicide treatments applied across the RKN manage-
ment zones in the WHE08 field.

Treatment

Edaphic -Terrain Zone Number
1 2

Days after planting (DAP)a

3 67 110 152 Averageb 3 67 110 152 Averageb

Meloidogyne incognita (RKN) population density (second stage juveniles / 100 cm3 of soil)

T1c - aldicarb (0.51 kg a.i./ha) 3.2a 120.0a 217.2a 271.2a 152.9a 14.0a 10.6a 180.8a 122.4a 82.0ab
T2 - aldicarb (1.0 kg a.i./ha) 2.8a 49.0ab 143.2ab 142.0a 84.2a 24.8a 20.4a 222.0a 154.2a 105.3a
T3d - 1,3-D(33.1 kg a.i./ha) +

aldicarb (0.51 kg a.i./ha)
2.0a 1.2b 29.4b 313.4a 86.5a 16.0a 0.6a 47.2b 127.2a 47.7bc

T4 - 1,3-D (66.2 kg a.i./ha) +
aldicarb (0.51 kg a.i./ha)

0.2a 2.4b 8.0b 271.0a 70.4a 0.0a 0.2a 40.0b 66.8a 26.7c

Pr > jtj 0.501 0.072 0.013 0.493 0.300 0.384 0.119 0.002 0.313 0.015

a Means within columns followed by the same letter are not significantly different (P#0.05) according to Waller-Duncan K-ratio t-test.
b Season average of nematode population within a management zone. Treatment comparisons were conducted by repeated-measures using RKN population

measured at various DAP.
c aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
d 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.

TABLE 4. Seasonal Meloidogyne incognita (RKN) population differences between nematicide treatments applied across the RKN manage-
ment zones in the WHE09 field.

Treatment

Edaphic -Terrain Zone Number
1 2

Days after planting (DAP)a

37 69 125 183 Average b 37 69 125 183 Averageb

Meloidogyne incognita (RKN) population density (second stage juveniles / 100 cm3 of soil)

T1c - aldicarb (0.51 kg a.i./ha) 0.0a 96.0a 912.3a 722.7a 432.7a 0.0a 19.3a 676.0a 407.3a 275.7ab
T2 - aldicarb (1.0 kg a.i./ha) 2.7a 55.0ab 532.6ab 394.7ab 246.2b 0.0a 8.0a 996.7a 572.0a 394.2a
T3d - 1,3-D(33.1 kg a.i./ha) +

aldicarb (0.51 kg a.i./ha)
0.0a 0.0b 220.7b 230.0b 112.7b 0.0a 16.0a 367.3a 427.3a 202.7ab

T4 - 1,3-D (66.2 kg a.i./ha) +
aldicarb (0.51 kg a.i./ha)

2.7a 2.0b 275.0b 231.3b 127.7b 0.0a 10.0a 92.0b 302.7a 101.2b

Pr > jtj 0.476 0.074 0.014 0.025 0.0032 - 0.653 0.155 0.442 0.245

a Means within columns followed by the same letter are not significantly different (P#0.05) according to Waller-Duncan K-ratio t-test.
b Season average of nematode population within a management zone. Treatment comparisons were conducted by repeated-measures using RKN population

measured at various DAP.
c aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
d 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.
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aldicarb treated plots. At 39 and 67 DAP, the RKN pop-
ulation was very low and did not differ among treat-
ments in either zone. Treatment differences were only
observed at mid-season (123 DAP) for both zones. At
123 DAP, the RKN levels in the 1,3-D plots (T3 and T4)
were reduced compared to the aldicarb treated plots
(T1 and T2) by 85% in zone 1 and 62% in zone 2.

Yield and Profitablity

CC field: Yield differences among the zones were
observed regardless of the nematicide treatment (P =
0.0006). Average yields of 994 kg/ha, 709 kg/ha, and
417 kg/ha were observed for zones 1, 2 and 3, re-
spectively. Nematicide treatments did not affect yields
the same in each zone (a zone 3 treatment interaction,
P < 0.0001) (Table 7). Yields were greater in the 1,3-D (T3
and T4) compared to the aldicarb treatments (T1 and
T2). Yield increases on 1,3-D treated plots were 12%, 28%
and 70% for zones 1, 2, and 3, respectively. Revenue dif-
ferences among treatments were very small in the three

zones, and differences (P = <. 0001) were only observed
in zone 3 with 1,3-D treated plots being more profit-
able than aldicard treated plots (Table 8).

WHE field: In 2008, yield differences between the
zones were observed regardless of the nematicide treat-
ment (P = 0.015), and zone influenced the treatment
effects (zone 3 treatment interaction, P = 0.053). Av-
erage yields of 1046 kg/ha and 952 kg/ha were ob-
served for zones 1 and 2, respectively. Yield differences
among the nematicide treatments were only observed
in zone 2 (P = 0.058) (Table 7). Yield from the highest
rate of 1,3-D (T4) was higher than the other treatments
in zone 2. The lint yield in 2009 was higher than 2008
regardless of the treatment. Yield differences among
the treatments were observed in zone 2 (P = 0.036), but
unlike other fields/zones yield reductions on the 1,3-D
treated plots (T3 and T4) were observed respect to al-
dicarb treated plots (T1 and T2). Revenue did not dif-
fer among nematicide treatments in either zone during
2008 (Table 8). In 2009, however, differences in revenue

TABLE 5. Seasonal Meloidogyne incognita (RKN) population density differences between nematicide treatments applied across the RKN
management zones in the PRY08 field.

Treatment

Edaphic -Terrain Zone Number
1 2

Days after planting (DAP)a

24 72 116 177 Averageb 24 72 116 177 Averageb

Meloidogyne incognita (RKN) population density (second stage juveniles / 100 cm3 of soil)

T1c - aldicarb (0.51 kg a.i/ha) 1.2a 50.0a 402.8a 185.6a 159.9a 0.8a 21.8a 744.4a 253.2a 255.1a
T2 - aldicarb (1.0 kg a.i/ha) 2.4a 26.4b 570.0a 142.2a 185.3a 1.6a 23.6a 486.8a 198.0a 177.5a
T3d - 1,3-D(33.1 kg a.i./ha) +

aldicarb (0.51 kg a.i./ha)
0.8a 4.0c 186.2b 129.4a 80.1b 0.0a 0.6a 25.2b 44.8a 17.7b

T4 - 1,3-D (66.2 kg a.i./ha) +
aldicarb (0.51 kg a.i./ha)

0.0a 5.8cb 28.0b 206.4a 60.1b 0.4a 0.2a 41.2b 42.2a 21.0b

Pr > jtj 0.304 0.002 0.001 0.808 0.009 0.652 0.116 0.001 0.184 0.001

a Means within columns followed by the same letter are not significantly different (P#0.05) according to Waller-Duncan K-ratio t-test.
b Season average of nematode population within a management zone. Treatment comparisons were conducted by repeated-measures using RKN population

measured at various DAP.
c aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
d 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.

TABLE 6. Seasonal Meloidogyne incognita (RKN) population density differences between nematicide treatments applied across the RKN
management zones in the PRY09 field.

Treatment

Edaphic -Terrain Zone Number
1 2

Days after planting (DAP)a

39 67 123 166 Averageb 39 67 123 166 Averageb

Meloidogyne incognita (RKN) population density (second stage juveniles / 100 cm3 of soil)

T1c - aldicarb (0.51 kg a.i./ha) 18.7a 20.0a 420.7a 347.3a 201.7a 0.7a 14.0a 361.3a 397.3a 193.3a
T2 - aldicarb (1.0 kg a.i./ha) 6.3a 49.0a 388.3a 333.3a 194.2ab 0.7a 16.0a 168.7cb 318.6a 126.0ab
T3d - 1,3-D(33.1 kg a.i./ha) +

aldicarb (0.51 kg a.i./ha)
0.0a 30.0a 89.0b 247.3a 90.6ab 0.0a 0.7a 190.0b 208.0a 99.7ab

T4 - 1,3-D (66.2 kg a.i./ha) +
aldicarb (0.51 kg a.i./ha)

1.3a 29.3a 33.7b 120.7a 46.2b 0.3a 1.7a 11.0c 126.3a 34.8b

Pr > jtj 0.378 0.749 0.027 0.622 0.067 0.752 0.287 0.010 0.594 0.2016

a Means within columns followed by the same letter are not significantly different (P#0.05) according to Waller-Duncan K-ratio t-test.
b Season average of nematode population within a management zone. Treatment comparisons were conducted by repeated-measures using RKN population

measured at various DAP.
c aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
d 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.
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were observed among the treatments in zones 1 (P =
0.003) and 2 (P = <.0001) with the 1,3-D treatments
having the lowest revenue compared the aldicarb treat-
ments (Table 8).

PRY field: In 2008, yield differences between the
zones were observed regardless of the nematicide
treatment (P = 0.097), however the zone 3 treatment
interaction was not significant. Yield increments on
1,3-D treated plots respect to aldicarb plots were 9%
and 6% for zones 1 and 2, respectively. In both zones,
yield was slightly higher from plots that received 1,3-D
at 66.2 kg a.i./ha (T4) rate. In 2009, average yields in-
creased considerably compared to 2008 (Table 7) but
no differences between the zones or zone 3 treatment
interaction was observed. In 2009, yield among the
treatments was only different in zone 2 (P = 0.080), but
yield increases in the 1,3-D treated plots (T3 and T4)
compared to aldicarb treated plots (T1 and T2) corre-
sponded to 8% in zone 1 and 13% in zone 2. Revenue
differences were not observed among the treatments in
zones 1 or 2 in 2008 or in 2009.

DISCUSSION

The aggregated spatial distribution of RKN suggests
that site-specific application of nematicides may be an
effective strategy to control this nematode and reduce
yield losses, and also reduce the amount of nematicides
used. Data collected from 11 cotton fields showed that
the identification of areas at risk for high RKN pop-
ulations within cotton fields is possible using ECa-shallow

and ECa-deep data (Ortiz et al., 2011). A negative spatial
correlation between RKN population and ECa-deep has
been shown, which indicates that high levels of RKN are
associated with sandy soil areas (Khalilian et al., 2001;
Monfort et al., 2007; Ortiz et al., 2010; Ortiz et al., 2011).
According to Ortiz et al. (2011), soil texture data, in the
form possibly of soil ECa data, may be used to delineate
management zones that can be sampled independently
to assess the actual nematode levels. They found that

areas within a field with the lowest soil ECa values have
a higher likelihood of having high RKN populations and
therefore, those areas would be likely to benefit from
a nematicide application.

In the present study and independent of the treat-
ment, average RKN population variations among man-
agement zones were only observed in the fields with
largest edaphic-terrain zone differences (CC and WHE
fields) (Table 1), therefore higher RKN population re-
sponse to the nematicide treatments between the zones
were observed in those fields. At those fields it was ob-
served that nematicide treatments, especially 1-3D, had
a much higher nematode population reduction in zones

TABLE 7. Influence of nematicide treatments on cotton yield within the RKN management zones.

Treatmentsb

Field ID
CC07a WHE08 WHE09 PRY08 PRY09

Zone ID
1 2 3 1 2 1 2 1 2 1 2

Lint (kg/ha)c

T1d 962.9a 634.7a 273.5a 971.1a 957.2ab 1239.4a 1268.1a 478.6a 670.2a 907.6a 896.8a
T2 862.2a 612.9a 327.9a 1042.5a 946.8ab 1202.8a 1262.7a 587.0a 695.5a 916.8a 851.2a
T3e 991.8a 753.0b 509.7b 1103.4a 836.31b 1181.4a 1163.7b 542.3a 696.8a 1037a 973.8a
T4 1087.0a 833.3b 553.1b 1067.7a 1069.2a 1140.5a 1131.1b 626.4a 748.8a 948.2a 1032.0a
Pr > jtj 0.1260 0.0021 <.0001 0.3796 0.058 0.3355 0.036 0.741 0.907 0.245 0.080

a CC07 = CC field in 2007, WHE08 = WHE field in 2008, WHE09 = WHE field in 2009, PRY08 = PRY field in 2008, PRY09 = PRY field in 2009.
b T1: aldicarb 0.51 kg a.i./ha, T2: aldicarb 1.0 kg a.i./ha, T3: 1,3-D 33.1 kg a.i./ha + aldicarb 0.51 kg a.i./ha, T4: 1,3-D 66.2 kg a.i./ha + aldicarb 0.51 kg a.i./ha.
c Means within columns followed by the same letter are not significantly different (P<=0.05) according to Waller-Duncan K-ratio t-test.
d aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to rate of 3.4 kg/ha and 6.7 kg/ha, respectively.
e 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to rate of 28 liters/ha and 56 liters/ha, respectively.

TABLE 8. Average revenue by zone and treatment.

Fieldb Zone

Revenue (US$/ha)a

Nematicide treatmentcd

Pr > jtjT1e T2 T3f T4

CC07 1 554a 486a 541a 562a 0.427
2 361a 340a 402a 413a 0.701
3 151a 174a 260b 250b <.0001

WHE08 1 592a 627a 627a 563a 0.339
2 584a 568ab 462b 564ab 0.060

WHE09 1 758a 713ab 689b 608c 0.003
2 773a 767a 665b 602b <.0001

PRY08 1 406a 412a 375a 366a 0.893
2 287a 345a 280a 290a 0.927

PRY09 1 546a 509a 547a 541a 0.821
2 553a 549a 586a 489a 0.154

a Revenue adjusted for marketing and treatment costs.
b CC07 = CC field in 2007, WHE08 = WHE field in 2008, WHE09 = WHE field

in 2009, PRY08 = PRY field in 2008, PRY09 = PRY field in 2009.
c T1: aldicarb 0.51 kg a.i./ha; T2: aldicarb 1.0 kg a.i./ha; T3: 1,3-D 33.1 kg

a.i./ha + aldicarb 0.51 kg a.i./ha, T4; 1,3-D 66.2 kg a.i./ha + aldicarb 0.51 kg
a.i./ha.

d Means within columns followed by the same letter are not significantly
different (P#0.05) according to Waller-Duncan K- ratio t-test.

e aldicarb at a formulation of 0.51 kg a.i./ha and 1.0 kg a.i./ha correspond to
rate of 3.4 kg/ha and 6.7 kg/ha, respectively.

f 1,3-D at a formulation of 33.1 kg a.i./ha and 66.2 kg a.i./ha correspond to
rate of 28 liters/ha and 56 liters/ha, respectively.
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with the lowest mean values of ECa-shallow and ECa-deep

and therefore the coarsest soil texture (zone 3 in the CC
field and zone 2 in the WHE). Fields having the smallest
zone differentiation respect to edaphic-terrain proper-
ties (PRY) did not exhibited RKN population differences
between zones. For the PRY field, nematode population
response to nematicide treatments were observed in
both zones, especially at mid-season (166 DAP); however,
the nematicide responses were similar in both zones
(PRY09, Table 6).

Overall, the nematicide treatments response among
zones was more evident at mid-season (108 through 125
DAP), with 1,3-D treated plots exhibiting higher re-
duction in RKN population in the highest RKN risk
zones (zone 3 in the CC field, and zone 2 in the WHE
and PRY fields) compared to the low RKN risk zone
(zone 1 in the CC, WHE, and PRY fields). In those
zones, the highest rate of 1,3-D provided the greatest
RKN population control, and the reduction was still
evident until harvest in most of the cases.

The zone differences and zone by treatment inter-
action on RKN population and the subsequent impact
on yield was very well illustrated in the CC field, the
field with the largest zone differences on edaphic-
terrain properties. The differences in RKN levels be-
tween treatments by zone, especially the control of
nematodes by 1,3-D with respect to aldicarb observed in
zones 2 and 3 resulted in yield increases of 21% and
43%, respectively. For those zones, the high rate of 1,3-
D (66.2 kg a.i./ha – T4) provided the highest nematode
control which resulted in the largest yield increase. In
contrast, the low response of nematode population to
the different nematicide treatments observed in zone
1 resulted on very small yield changes. These results
were consistent with Overstreet and Wolcott (2007) in
Louisiana, who reported from an evaluation of nema-
tode management zones in cotton fields that yield re-
sponse to zone application of 1,3-D was observed in
one zone of a six zones field and two zones from an-
other field with seven zones. In a similar study Over-
street et al. (2007) found from seven fields studied in
Louisiana that zone application of 1,3-D resulted in
zone responses from 17% to 100%.

A case of low or no response to zone application of
nematicide was observed at the PRY field, the field with
the smallest zone differences in edaphic-terrain prop-
erties. At this field, there were neither nematode differ-
ences between zones nor interaction zone x treatment
(PRY09); therefore, no yield benefit from zone applica-
tion of nematicides was observed. The results from this
study at the CC and WHE fields exemplify why signifi-
cant differences in management zones must exist for the
zone application of nematicide to produce the expected
differential nematode control and yield benefits.

The presence of high RKN population levels in soil
with low water availability, such as coarse-textured sandy
areas with the lowest ECa-deep values, may exacerbate

yield losses (Wheeler et al, 1991). Ortiz et al. (2007)
evaluated the relationship between cotton yield, soil
physical and chemical properties, and RKN population
in two cotton fields and found that the presence of high
RKN populations on coarse textured areas exacerbated
yield losses due to the low uptake of water and potas-
sium by RKN infected plants and the concomitant low
availability of these resources in sandy areas. In the CC
field, the yield average across treatments for zone 3, the
high RKN risk zone with the lowest ECa-deep values, was
489 kg/ha of cotton lint, but the average yield in 1,3-D
treated plots in that zone was 647 kg/ha, a 25% in-
crease. In the high RKN risk zones of the WHE08 and
PRY08 fields, yield increases in areas treated with the
high rate of 1,3-D relative to the zone average were 12%
and 6%, respectively. The application of 1,3-D on high
RKN risk zones resulted in yield increases in all three
fields, but the amount of increase was field specific.
These experiments strongly suggest that the differences
are related to between-zone differences in soil proper-
ties and topography, and the interaction of soil prop-
erties and rainfall at the locations.

Rainfall is an important factor that influences the effect
that RKN populations and nematicide treatment have on
yield. In 2009 at the WHE and PRY fields, there were no
significant yield differences among the treatments in ei-
ther management zone. The high yield observed in
2009 compared to 2008 and the small differences be-
tween nematicides and rates could be explained by the
high number of rainy days that occurred during the 2009
cotton growing season: there were 6 rainy days in May, 2
in July, 6 in August, 6 in September, and 10 in October.
This frequency of rain could reduce the effect of the
plant water stress that nematode parasitism might cause.

The economic analysis showed that the site-specific
application of nematicides is cost effective where sig-
nificant within-field variability exists in factors that in-
fluence RKN population spatial distribution like soil
textural properties (Table 1). The CC field exhibited
significant soil and terrain variability which resulted in
distinct management zones with different levels of RKN
population density. In the low RKN risk zone of this field,
the low RKN populations and small yield differences
between the 1,3-D and aldicarb treatments explained the
lack of profitability of the 1,3-D application compared to
aldicarb. Contrasting results in the high RKN risk zone
of this field (zone 3) showed that the application of
1,3-D at any rate improved RKN control and yield
compared to aldicarb treatments resulting in a posi-
tive economic return. Different from the benefits of
zone application of nematicides observed on the CC
field was the lack of benefits observed at the PRY field,
the smallest within-field variability. The management
zones delineated for the PRY exhibited very similar soil
and terrain properties; therefore, the absence of differ-
ences in RKN population between the zones which re-
sulted in none economic benefit from using 1,3-D rather
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than aldicarb. Furthermore, in the low RKN risk zone
(PRY09), the small yield increase in plots treated with
the high rate of 1,3-D was insufficient to cover its ap-
plication cost, resulting in economic losses. Research
studies conducted on Mississippi Delta soils in Louisiana
indicated that a yield increase of 90-112 kg/ha was nec-
essary to cover the cost of 1,3-D application at the rate
of 28 Liter/ha (Erwin et al., 2007). In 2009, excessive
rainfall reduced the benefit of 1,3-D application on nem-
atode control and yield increase, resulting in economic
losses for the WHE and PRY field, especially at the high
rate of 1,3-D (66.2 kg a.i./ha). Kinloch and Rich (1998)
reported a similar effect of rainfall on nematicide efficacy.
The results of on-farm trials conducted in Florida (Santa
Rosa County) in 1995 showed that excessive rainfall
(98 cm) from August to near cotton harvest ameliorated
the potential detrimental effects caused by nematodes
and reduced the value that could have been gained by
the application of various 1,3-D treatments. For risk-
tolerant producers, climate forecasts for the cotton grow-
ing season could influence the choice of nematicide.

This study supports the site-specific application of
nematicides (product and rate) as a management strat-
egy to reduce yield losses associated with damaging RKN
population levels. RKN population and yield data fre-
quently showed a differential treatment response by zone
(treatment 3 zone interaction) suggesting that 1,3-D be
applied only to the high RKN risk zone, and that con-
clusion was supported in some years by the economic
analysis. The best response to zone application of nem-
aticide is seen when large between-zone differences exist
in soil textural properties, but the site specific application
of nematicides may not be economically beneficial in
fields with low variability. In fields where significant vari-
ability does exist, nematode management zones based on
soil ECa are an effective way to target nematode sampling
that can be used to determine where nematicides are
likely to be economically beneficial and which nemati-
cide and rate are likely to provide the greatest benefits.

LITERATURE CITED

Blasingame, D., and Patel, M. V. 2001. Cotton disease loss estimate
committee report. Pp. 102 in Proceedings of the 2001 Beltwide Cotton
Conferences, Anaheim, CA, 9-13 January 2001.

Blasingame, D., and Patel, M. V. 2011. Cotton disease loss estimate
committee report. Pp. 306–308 in Proceedings of the 2011 Beltwide
Cotton Conferences, Atlanta, GA, 4-7 January 2011.

Doerge, T. A. 1999. Management zone concepts. SSMG -2. in Site-
specific management guidelines. Potash & Phosphate Institute. At-
lanta, GA.

Erwin, T., Letlow, R., Overstreet, C., and Wolcott, M. C. 2007.
Nematode management of cotton in Morehouse Parish, Louisiana.
Pp. 1368–1376 in Proceedings of the 2007 Beltwide Cotton Confer-
ences, New Orleans, LA, 9-12 January 2007.

Kemerait, R. C., Davis, R. F., Jost, P. H., Brewer, C. L., Brown, S. N.,
Mitchell, B., Harrison, W. E., Joyce, R., and McGriff, E. 2004. As-
sessment of nematicides for management of the southern root-knot
nematode, Meloidogyne incognita, in Georgia. Pp. 202 in P. Jost, P.

Roberts, R. C. Kemerait, eds. 2004 Georgia cotton research and ex-
tension report. University of Georgia. http://commodities.caes.uga.
edu/fieldcrops/cotton/rerpubs/2004/index.htm

Kemerait, R. C. 2011. Managing plant-parasitic nematodes affect-
ing cotton in 2011. in Georgia cotton extension report. The Uni-
versity of Georgia Cooperative Extension System.7 March 2011,
Tifton, GA. http://commodities.caes.uga.edu/fieldcrops/cotton/
cnl030711.pdf

Khalilian, A., Mueller, J. D., Blackville, S. C., Han, Y. J., and
Wolak, F. J. 2001. Predicting cotton nematodes distribution utilizing
soil electrical conductivity. Pp. 146–149. in Proceedings of the 2001
Beltwide Cotton Conferences, Anaheim, CA, 9-13 January 2001.

Kinloch, R. A., and Rich, J. R. 1998. Responses of cotton yield and
Meloidogyne incognita soil populations to soil applications of aldicarb
and 1,3-D in Florida. Supplement to the Journal of Nematology
30:639–642.

Koenning, S. R., Kirkpatrick, T. L., Starr, J. L., Wrather, J. A.,
Walker, N. R., and Mueller, J. D. 2004. Plant-parasitic nematodes at-
tacking cotton in the United States: Old and emerging production
challenges. Plant Diseases 88:100–113.

Monfort, W. S., Kirkpatrick, T. L., Rothrock, C. S., and
Mauromoustakos, A. 2007. Potential for site-specific management
of Meloidogyne incognita in cotton using soil textural zones. Journal of
Nematology 39:1–8.

Ortiz, B. V., Sullivan, D. G., Perry, C., Davis, R. F., and Vellidis, G.
2007. Integrated effects of root-knot nematode, fertility, and lands
cape features on cotton yield response. in Proceedings Fourth World
Cotton Research Conference, Lubbock, TX, 10–14 September 2007.

Ortiz, B. V. 2008. Study of the spatial variability of the Southern
Root-Knot Nematode (Meloidogyne incognita) and its impact on cotton
yield. Ph.D Dissertation. Biological and Agricultural Engineering
Department, The University of Georgia.

Ortiz, B. V., Perry, C., Goovaerts, P., Vellidis, G., and Sullivan, D.
2010. Geostatistical modeling of the spatial variability and risk areas
of southern root-knot nematodes in relation to soil properties.
Geoderma 156:243–252.

Ortiz, B. V., Sullivan, D., Perry, C., and Vellidis, G. 2011. De-
lineation of management zones for southern root-knot nematode
using fuzzy clustering of terrain and edaphic field characteristics.
Communications in Soil Science and Plant Analysis journal 42(16),
1972–1994.

Overstreet, C., Wolcott, M. C., Burris, E., Padgett, G. B., Cook, D. R.,
and Sullivan, D. L. 2005. The response of Telone against the southern
root-knot nematode in cotton across soil electrical conductivity zones.
Journal of Nematology 37:387.

Overstreet, C., and Wolcott, M. C. 2007. Using verification strips to
validate nematode management zones in cotton. Nematropica 37:177.

Overstreet, C., Burris, E., Padgett, B., and Wolcott, M. C. 2007.
Defining nematode management zones in cotton. Journal of Nema-
tology 39:84–85.

Wrather, J. A., Stevens, W. E., Kirkpatrick, T. L., and Kitchen, N. R.
2002. Effects of Site-specific application of aldicarb on cotton in a
Meloidogyne incognita-infested field. Journal Nematology 34:115–119.

Wheeler, T. A., Barker, K. R., and Schneider, S. M. 1991. Yield-loss
models for tobacco infected with Meloidogyne incognita as affected by
soil moisture. Journal of Nematology 23:365–371.

Wheeler, T. A., Kaufman, H. W., Baugh, B., Kidd, P., Schuster, G., and
Siders, K. 1999. Comparison of variable and single-rate applications of
Aldicard on cotton yield in fields infested with Meloidogyne incognita.
Supplement of the Journal of Nematology 31:700–708.

Wolcott, M. C. 2007. Cotton yield response to residual effects of
Telone Fumigant. in Proceedings of the 2007 Beltwide Cotton Con-
ferences, New Orleans, LA, 9–12 January 2007.

Zimet, D. J., Smith, J. L., Kinloch, R. A., and Rich, J. R. 2002. Im-
proving cotton returns using nematicides in northwestern Florida
fields infested with root-knot nematode. Journal of Cotton Science
6:28–33.

Variable Rate Application of Nematicides: Ortiz et al. 39


