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Abstract: There are numerous early-season pests of cotton, Gossypium hirsutum L., that are economically
important, including tobacco thrips, Frankliniella fusca (Hinds), and reniform nematode, Rotylenchulus
reniformis (Linford & Oliveira). Both of these species have the potential to reduce plant growth and
delay crop maturity, ultimately resulting in reduced yields. A field study was conducted during
2015 and 2016 to evaluate the influence of tillage, at-planting insecticide treatment, and nematicide
treatment on pest management, cotton development, and yield. Treatment factors consisted of two
levels of tillage (no-tillage and conventional tillage); seven levels of at-planting insecticide treatments
(imidacloprid, imidacloprid plus thiodicarb, thiamethoxam, thiamethoxam plus abamectin, acephate
plus terbufos, aldicarb, and an untreated control); and two levels of nematicide (no nematicide and
1,3-dichloropropene). There were no significant interactions between tillage, at-planting insecticide
treatment, or nematicide for any parameters nor was there a difference in the main effect of nematicide
on thrips control or damage. The main effects of tillage and at-planting insecticide treatment impacted
thrips densities and damage. The no-tillage treatments and aldicarb in-furrow or acephate seed
treatment plus terbufos in-furrow significantly reduced thrips populations. Early-season plant
response was impacted by tillage and at-planting insecticide treatment; however, that did not result
in significant yield differences. In regard to nematicide treatment, the use of 1,3-dichloropropene
resulted in lower yields than the untreated.
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1. Introduction

The complexity of early-season pest management in cotton, Gossypium hirsutum L., production
systems can be impacted by both tobacco thrips, Frankliniella fusca (Hinds), and reniform nematode,
Rotylenchulus reniformis (Linford and Oliveira). Tobacco thrips are a consistent and predictable pest of
seedling cotton across the United States [1]. Cotton is susceptible to thrips injury from emergence until
the fourth or fifth true leaf, or approximately 28 days after emergence under optimal conditions [2].
The common symptomology of thrips damage includes ragged or wrinkled leaves, a silvery appearance
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to cotyledons and leaves, distorted or malformed leaves after expansion, and/or loss of apical dominance
when injury is severe enough to damage the apical meristem [1–3]. Additionally, several studies
suggest that seedling root growth and development can be negatively impacted by thrips feeding [4–7].
Damage caused by thrips may lead to reduced plant height, delayed maturity, and/or reduced yield.
Cotton does have the ability to compensate for thrips damage depending on the severity of the injury
and environmental conditions [6,8,9].

The reniform nematode is a semi-endoparasitic nematode that penetrates and feeds on the cortex
of cotton roots. Nematode infestation and feeding impact cotton root development by limiting effective
water and nutrient uptake, as well as increasing the susceptibility of plants to soil-borne diseases [10].
Nematode damage is often confused with nutrient deficiencies due to above-ground symptomology
including stunted growth, premature plant wilt, and/or non-uniform plant stand [11,12]. Feeding of
the reniform nematode may also reduce or stunt the developing root system which could lead to fewer
blooms, reduced leaf area or boll size, increased fruit shed, delayed crop maturity, or plant death [12–14].
Yield losses from both thrips and nematodes can be variable depending on environmental conditions
and compounding stresses. Individually, the reniform nematode is a stress pathogen that causes
an estimated yield loss between 7 and 8% but may cause much greater yield losses under adverse
conditions [15–18]. Cotton losses in Mississippi due to thrips in 2016 were estimated at 16,129 bales of
the 1,074,896 total bales harvested [19].

Yield losses associated with early-season pests can generally be minimized by various cultural
and chemical practices. Conservation tillage has been reported to influence both thrips densities and
damage, and nematode densities [20]. Reduced thrips densities and damage have been associated with
conservation tillage systems compared to conventional tillage systems [16,20–22]. Thrips densities
were lower in plots where strip-till practices were implemented compared to those with conventional
tillage [2]. However, less is known regarding the impact of tillage systems on nematodes. Bauer et al. [20]
reported that root-knot nematode, Meloidogyne incognita, densities were reduced in some years following
conservation tillage practices. Although Minton [23] suggested that tillage system and nematode
species may be dependent on one another; conservation tillage practices lowered populations of some
plant-parasitic species, while populations of other species increased with the remaining plant residues.
However, conventional tillage systems that incorporated plant residues and destroyed roots prevented
additional nematode reproduction. Conversely, other studies reported that conventional tillage had
minimal impact on reducing nematode populations [10,24]. Deep tillage in clay soils, or in the presence
of a hardpan, has been beneficial for tap root growth and soil penetration in the presence of lance
nematode, Hoplalaimus galeatus, infestations [25].

While tillage practice may aid in reducing populations, seed treatments and at-planting in-furrow
pesticides are the most commonly used control method for thrips and are generally more effective
than foliar applications in preventing yield losses [26–28]. While nematode management options are
limited, some seed treatments are packaged with an insecticide and nematicide targeting thrips and
nematodes. Generally, seed treatments are not as effective at suppressing nematode populations as
soil fumigants or aldicarb [23,29]. However, Roberts et al. [30] reported that the positive effects of a
nematicide in regards to early root growth may be affected by thrips injury, which has the potential to
impact root development. Therefore, to better understand the effect of thrips and nematodes on cotton
growth and development, studies were conducted to evaluate the influence of tillage, at-planting
insecticide treatments, and nematicide use on pest control and cotton yield. While this research may be
similar to previously conducted research, it is important to remember that with limited control options
for thrips due to resistance, how other factors such as tillage or nematode stress could positively or
negatively impact a production system.

2. Materials and Methods

Field experiments were conducted in Hamilton, MS during 2015 (two locations) and in 2016
(two locations) to evaluate the influence of tillage, at-planting insecticides, and nematicide on tobacco
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thrips and reniform nematode control. The field study was implemented as a randomized complete
block design with a split-split plot treatment arrangement with four replications. The main-plot
factor included two levels of land preparation: conventional tillage and no-tillage. Conventional
tillage plots were subsoiled 48 to 51 cm on 9 Apr 2015 and 16 Apr 2016. Immediately following
subsoiling, tilled plots were bedded with a four-row hipper/bedding implement. The sub-plot factor
included two levels of a nematicide: 1, 3-dichloropropene (Telone II, Dow AgroSciences, Indianapolis,
IN) applied at 28 L ha−1 and no nematicide [31]. Applications of 1,3-dichloropropene were made
30 to 35 cm in depth on 5 May 2015 and 19 Apr 2016 using a four-row Coulter injection system.
The sub-sub-plot factor included seven levels of at-planting insecticide: imidacloprid (Gaucho 600,
Bayer CropScience, Research Triangle Park, NC) at 0.375 mg ai seed−1, imidacloprid plus thiodicarb
(Aeris, Bayer CropScience, Research Triangle Park, NC) at 0.375 plus 0.75 mg ai seed−1, thiamethoxam
(Cruiser 5FS, Syngenta Crop Protection Inc., Greensboro, NC) at 0.34 mg ai seed-1, thiamethoxam plus
abamectin (Avicta Duo Cotton, Syngenta Crop Protection Inc., Greensboro, NC) at 0.34 plus 0.49 mg
ai seed−1, acephate (Orthene 97, AMVAC Chemical Corporation, Los Angeles, CA) at 3.9 g ai kg−1

of seed plus terbufos (Counter 15G, AMVAC Chemical Corporation, Los Angeles, CA) at 75.7 g ai
ha−1 (2015) or aldicarb (AgLogic 15G, AgLogic LLC, Chapel Hill, NC) at 340.5 g ai ha−1 (2016), and an
untreated control [32–38]. All seed were treated with a base fungicide (ipconazole at 0.01 mg ai seed−1

+ metalaxyl at 0.002 mg ai seed−1 plus myclobutanil 0.06 mg ai seed−1 plus penflufen at 0.02 mg ai
seed−1) to minimize any effects from seedling disease. Granular insecticides terbufos and aldicarb were
applied directly into the seed furrow at the time of planting by planter mounted granular insecticide
boxes. All other at-planting insecticides were applied as seed treatments. Sub-sub-plots were four
3.6-m rows measuring 15.2-m in length. Stoneville 4946 (Bayer CropScience, Research Triangle Park,
NC) cotton seed were planted at a depth of approximately 2-cm at a population of 135,850 seed ha−1

on 12 May 2015 and Stoneville 6448 (Bayer CropScience, Research Triangle Park, NC) on 10 May
2016. While some Stoneville cotton varieties are considered to have resistance to root-knot nematode,
including those used in this study, they are not considered to have any tolerance to reniform nematode
nor was there any indication of root-knot nematode populations. Standard production practices were
followed according to the Mississippi State University Extension Service recommendations.

Nematode samples were collected prior to the nematicide application, at first square,
and post-harvest. Nematode populations were determined by collecting ten, 20-cm deep soil cores from
individual plots using a 2.5 cm diameter soil sampling probe. Cores were combined, and a sub-sample
of 300 cm3 was processed by the Mississippi State University Extension Plant Diagnostic Laboratory
in Starkville, MS using a semi-automatic elutriator and sucrose extraction; and then identified to
species [39,40]. Reniform nematode thresholds are 2000 nematodes per pint of soil during summer
(July–August) months and 5000 nematodes per pint of soil during winter (September to February)
months (Mississippi State University Extension).

Thrips damage ratings and thrips densities were evaluated at the 1–2 and 3–4 leaf stage of cotton
growth. Damage ratings were recorded on a scale of 0 (no injury) to 5 (severe injury). Thrips densities
were estimated by randomly cutting five plants from each plot at ground level and placing them into a
0.47-L glass jar with a 50% ethanol solution. Plants were rinsed with a 50% ethanol solution and the
remaining solution was poured through a Buchner funnel. Thrips adults and nymphs were collected on
filter paper and that paper was placed into a Petri dish for counting under a microscope. Adult thrips
darker in color were considered to be tobacco thrips based on the observations of Stewart et.al [41]
where 98% of thrips species in Mississippi were determined to be tobacco thrips [42,43]. Immature
thrips were not identified to species and pooled.

Plant vigor was assessed at 1–2 and 3–4 leaf stages on a scale of 1 (poor stand) to 10 (excellent,
uniform stand). Total above- and below-ground biomass samples were evaluated by uprooting five
random plants from the outer two rows at the 4-leaf stage. Above- and below-ground portions of the
five uprooted plants were placed into paper bags and dried in a forced-air-dryer for 48 hours at 38
◦C. After drying, samples were weighed to determine dry biomass. The cotton yield was determined
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by harvesting the center two rows of each plot with a modified spindle-type cotton picker for small
plot research.

Data were analyzed using analysis of variance (PROC GLIMMIX, SAS 9.4; SAS Institute; Cary,
NC). Year, location, and replication were considered to be random effects, and tillage, nematicide,
and at-planting treatments were considered to be fixed effects. Means were separated using Fisher’s
Protected LSD procedure at the 0.05 level of significance.

3. Results

3.1. Reniform Nematode Control

When evaluating the effect of tillage system on nematode populations prior to nematicide
applications, conventional tillage plots had significantly lower population of 1178 nematodes per 500
cm3 of soil compared to that of the no-tillage plots which had 1704 nematodes (F = 13.90; df =1365;
p < 0.01). No differences in nematode populations were observed at first square for any interaction
(F> 0.01; df = 6, 332; p >0.13) or the main effects of tillage (F = 2.31; df = 1332; p = 0.13), nematicide
(F = 0.05; df = 1332; p = 0.83), or at-planting insecticide treatment (F = 0.94; df = 6332; p = 0.47).
At the post-harvest sample date, there was no significant three-way interaction among any factors
(F = 0.89; df = 6332; p = 0.50) and there was not a significant effect of at-planting insecticide (F = 1.73;
df = 6332; p = 0.11). There was a significant interaction between tillage and nematicide (F = 4.13;
df = 1332; p = 0.04). No differences were observed among nematicide treatments in the no-tillage
treatments. However, the number of nematodes per 500 cm3 of soil were reduced by 36% with the use
of 1,3-dichloropropene compared to no nematicide in the conventional tillage system (Table 1).

Table 1. Interaction of tillage treatment and nematicide application on the post-harvest nematode
populations in cotton in Hamilton, MS during 2015 and 2016.

Treatment Density per 500 cm3 a (±SE)

No Tillage No 1,3-dichloropropene 3879ab (672)
No Tillage 1,3-dichloropropene 4278ab (560)

Conv. Tillage No 1,3-dichloropropene 5102a (679)
Conv. Tillage 1,3-dichloropropene 3278b (600)

p-value 0.043
a Means within the column that are followed by the same letter are not different according to Fisher’s. Protected
LSD with an alpha of 0.05.

3.2. Tobacco Thrips Densities and Damage

There were no significant interactions among factors for thrips densities (F > 0.03; df = 6341;
p > 0.21) or damage (F > 0.03; df = 6338; p > 0.09). Nematicide did not have a significant effect on the
density of immature or adult thrips at any sampling period (F > 0.03; df = 1341; p > 0.58). At the 1–2
leaf stage, tillage system did not have an effect on the density of immature or adult thrips, (F > 0.13;
df = 1341; p > 0.40). At the 3–4 leaf stage, there were 33% fewer immature thrips and 29% fewer adult
tobacco thrips per five plants in the no-tillage plots compared to conventional tillage (F > 4.08; df = 1341;
p <0.04) (Table 2). Applications of acephate plus terbufos and imidacloprid plus thiodicarb followed
by aldicarb and imidacloprid provided greater control of immature thrips than both thiamethoxam
treatments as well as the untreated control at the 1–2 leaf stage (F = 10.51; df = 6341; p < 0.01) (Table 2).
Acephate plus terbufos provided the greatest control of adults thrips at the 1–2 leaf stage, followed by
all other at-planting treatments which provided greater control than the untreated (F = 14.64; df = 6341;
p < 0.01) (Table 2). At the 3–4 leaf stage, immature thrips (F = 10.89; df = 6341; p < 0.01) densities
were significantly reduced by aldicarb applications compared to all other treatments, while acephate
plus terbufos applications resulted in the greatest level of adult control (F = 8.73; df = 6341; p < 0.01)
(Table 2).
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Table 2. Impacts of tillage treatment and at-planting insecticide treatment on thrips populations at the
1–2 and 3–4 cotton leaf stage in Hamilton, MS during 2015 and 2016.

Treatment

Densities per Five Plants a

1–2 Leaf Stage 3–4 Leaf Stage

Immatures (±SE) Adults(±SE) Immatures(±SE) Adults (±SE)

No Tillage 12.91b (1.3) 5.28b (0.8)
Conv. Tillage 19.27a (1.6) 7.46a (1.2)

p-values 0.0004 0.0442

Untreated Control 11.35a (2.6) 3.32b (0.4) 16.98cd (2.4) 7.94ab (2.0)
Thiamethoxam 13.4a (1.8) 4.78a (0.7) 25.73a (2.9) 9.84a (1.9)

Thiamethoxam plus abamectin 10.15a (1.3) 3.52b (0.5) 24.65ab (2.9) 10.3 a (1.9)
Imidacloprid 5.47b (5.4) 3.42b (0.7) 19.97bc (2.9) 5.70b (1.2)

Imidacloprid plus thiodicarb 3.62bc (0.4) 3.03b (0.4) 12.86de (2.1) 7.74ab (2.2)
Acephate plus terbufos 1.09c (0.4) 1.34c (0.2) 8.56ef (0.4) 1.34c (0.4)

Aldicarb 5.24b (0.7) 3.12b (0.1) 3.86f (2.6) 7.45ab (0.3)
p-values 0.0001 0.0001 0.0001 0.0001

a Means within the column that are followed by the same letter are not different according to Fisher’s Protected LSD
with an alpha of 0.05.

When evaluating main effects for thrips damage, nematicide did not have a significant effect
at the 1–2 leaf stage (F = 10.51; df = 6341; p = 0.57). However, minor reductions in thrips damage
from the 1,3-dichlorpropene treatments were observed compared to no nematicide at the 3–4 leaf
stage (F = 3.99; df =1335; p = 0.05) (Table 3). Thrips damage was significantly reduced at both rating
intervals in the no-tillage system (F > 15.99; df = 1335; p < 0.01) compared to the conventional tillage
system (Table 3). When comparing at-planting insecticide treatments, there was a wide range of thrips
damage. Furthermore, applications of acephate plus terbufos or aldicarb provided the greatest level of
protection from thrips damage at both rating intervals, while the greatest level of damage was in the
untreated control and thiamethoxam treatments (F > 113.26; df = 6335; p < 0.01) (Table 3).

Table 3. Impact of tillage, nematicide, and at-planting insecticide treatment on tobacco thrips damage
and cotton plant vigor at the 1–2 leaf stage and the 3–4 leaf stage in Hamilton, MS during 2015 and 2016.

Treatment
1–2 Leaf Stage a 3–4 Leaf Stage

Damage ( ± SE) b Vigor ( ± SE) c Damage( ± SE) Vigor( ± SE)

No Tillage 2.57b (0.07) 2.69b (0.2) 5.08b (0.07)
Conv. Tillage 2.83a (0.06) 2.79a (0.1) 6.12a (0.06)

p-values 0.0001 0.0001 0.0001

No 1,3-dichloropropene 2.62b (0.1)
1,3-dichloropropene 2.87a (0.2)

p-values 0.0466

Untreated Control 3.48a (0.06) 5.7d (0.16) 4.04a (0.52) 4.90e (0.11)
Thiamethoxam 3.4a (0.08) 5.81d (0.16) 3.55a (0.05) 4.81e (0.09)

Thiamethoxam plus abamectin 3.22b (0.09) 6.07c (0.15) 3.25b (0.07) 5.13d (0.10)
Imidacloprid 3.04b (0.08) 6.25c (0.16) 2.89c (0.06) 5.33d (0.09)

Imidacloprid plus thiodicarb 2.84c (0.07) 6.55b (0.15) 2.71c (0.06) 5.61c (0.09)
Acephate plus terbufos 1.78d (0.07) 7.33a (0.15) 1.79d (0.07) 6.24b (0.18)

Aldicarb 1.12e (0.13) 7.05a (0.12) 0.95e (0.09) 7.18a (0.12)
p-values 0.0001 0.0001 0.0001 0.0001

a Means within the column that are followed by the same letter are not different according to Fisher’s Protected LSD
with an alpha of 0.05. b Damage ratings are based on a 0 (no injury) to 5 (plant death) scale. c Plant vigor ratings are
based on a 1 (poor, uniform stand) to 10 (excellent, uniform stand) scale.

3.3. Effect on Plant Vigor, Biomass, and Cotton Yield

No significant interactions were observed for plant vigor (F > 0.75; df = 6339; p > 0.61), biomass
(F > 1.24; df = 6316; p > 0.28), or cotton yield (F > 0.60; df = 6333; p > 0.73). There was a significant
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interaction (F = 5.56; df = 1339; p = 0.02) between tillage and nematicide at the 1–2 leaf stage for plant
vigor, where plants in the conventional tillage plots regardless of nematicide had greater vigor than
those in the no-tillage plots (Table 4). However, there was a significant difference between nematicide
treatment in the no-tillage systems, where treatments containing 1,3-dichloropropene had greater vigor
than those in no-tillage plots with no nematicide (Table 4).

Table 4. Interaction of tillage and nematicide on plant vigor at the 1–2 cotton leaf stage in Hamilton,
MS during 2015 and 2016.

Treatment Vigor (±SE) ab

No Tillage No 1,3-dichloropropene 5.83c (0.12)
Conv. Tillage 1,3-dichloropropene 6.81a (0.15)

No Tillage 1,3-dichloropropene 6.11b (0.13)
Conv. Tillage No 1,3-dichloropropene 6.83a (0.11)

p-value 0.019
a Means within the column that are followed by the same letter are not different according to Fisher’s Protected
LSD with an alpha of 0.05. b lant vigor ratings are based on a 1 (poor, uniform stand) to 10 (excellent, uniform
stand) scale.

When evaluating at-planting insecticide treatments on plant vigor at both rating intervals,
applications of aldicarb or acephate plus terbufos resulted in greater observed plant vigor, followed by
imidacloprid plus thiodicarb (F > 49.19; df = 6339; p < 0.01). There were no differences between plots
treated with imidacloprid or thiamethoxam plus abamectin, yet they had an increased amount of plant
vigor compared to thiamethoxam alone and the untreated control (Table 3). When evaluating plant
vigor at the 3–4 leaf stage, there were no significant interactions between factors (F > 0.48; df = 6339;
p > 0.44), nor a significant difference for nematicide (F = 1.14; df = 1339; p = 0.29). Again, cotton vigor
was greater when grown in the conventional tillage plots compared to the no-tillage plots (F = 283.34;
df = 1339; p < 0.01) (Table 3).

Tillage (F = 4.08; df = 1, 341; p < 0.01), nematicide (F = 0.06; df = 1341; p = 0.01), and at-planting
insecticide treatments (F = 8.73; df = 6341; p < 0.01) had significant effects on total dry plant biomass
per five plants (Table 5). The greatest plant biomass resulted from conventional tillage compared to
no-tillage; applications of 1,3-dichloropropene compared to no nematicide; and applications of aldicarb
or acephate plus terbufos compared to all other at-planting insecticide treatments. While there were
indications of early-season plant response in regard to tillage and at-planting insecticide treatment,
there was no differences in cotton yield associated with tillage (F = 1.99; df = 1333; p = 0.16) or
at-planting treatment (F = 0.62; df = 1333; p = 0.71). However, nematicide treatments significantly
impacted yield (F = 15.91; df = 1333; p < 0.01), where the no nematicide applications resulted in
greater yield (1252 kg ha) than applications of 1,3-dichloropropene (1180 Kg Ha). There was a negative
correlation between nematode population and yield, for every increase per 500 cm3 soil in nematode
population there is a 0.3688 ha kg decrease in yield (p < 0.0001).
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Table 5. Impact of tillage, nematicide, and at-planting insecticide seed treatment on the total dry plant
biomass at the 4th cotton leaf stage in Hamilton, MS during 2015 and 2016.

Treatment
Total Biomass a

Grams (±SE)

No Tillage 3.55b (0.11)
Tillage 5.29 a (0.14)

p-values 0.0001
No 1,3-dichloropropene 4.21 b (0.13)

1,3-dichloropropene 4.63 a (0.14)
p-values 0.0076

Untreated Control 3.61 c (0.21)
Thiamethoxam 3.77 c (0.21)

Thiamethoxam plus abamectin 4.35 b (0.26)
Imidacloprid 4.12 bc (0.24)

Imidacloprid plus thiodicarb 4.41 b (0.20)
Acephate plus terbufos 5.46 a (0.44)

Aldicarb 5.24 a (0.29)
p-values 0.0001

a Means within the column that are followed by the same letter are not different according to Fisher’s. Protected
LSD with an alpha of 0.05.

4. Discussion

In this research, there were no significant interactions between tillage, nematicide, and at-planting
insecticide treatment for any parameter measured, nor did at-planting insecticide treatment impact
nematode densities. Lower nematode populations were observed prior to planting in conventional
tillage plots, but populations rebounded by first square to similar levels as in the no-tillage plots.
While tillage did not influence post-harvest nematode densities, 1,3-Dichloropropene applications to
conventional tillage plots reduced nematodes densities. Currently, there is limited understanding of
the impact of tillage on nematode persistence and survival. Both conventional tillage and no-tillage
practices have positive and negative attributes in regard to nematode management. Different tillage
practices may have variable impacts depending on nematode species. In previous research, the form
of tillage did not impact nematode populations, while in other cases, minimum tillage and root
residue resulted in the opportunity for increasing populations [23,44–47]. Numerous studies support
both the benefit of conventional and minimum tillage systems in the management of nematodes.
For example, Thomas [48] reported that when comparing various tillage practices, the highest densities
of Helicotylenchus pseudorobustus, Pratylenchus spp., and Xiphinema americanum were in no-tillage
systems while the lowest densities of these nematode species were observed in spring and fall plowed
systems. Alby et al. [49] reported higher densities of Pratylenchus scribneri in conventional tillage
soybean, Glycine max, systems compared to no-tillage systems. Reduced tillage or no-tillage systems
have the potential to limit the root’s ability to penetrate into the soil profile, especially in fields with
soil compaction issues, which increases the potential for negative impacts on plant development under
nematode stress [23]. Conventionally tilled systems might aid in plant root development; however,
there is greater potential for the spread of nematodes throughout the field. While tillage systems can
play a vital role in nematode management by minimizing other stresses, such as water or nutrient
stress, crop rotation and chemical control options largely aid in minimizing the losses associated with
nematodes [23]. An increase in populations of some species is possible in the presence of root residue,
adequate moisture, and warmer winter temperatures even after harvest.

The main strategy for chemical control options in nematode management is to target early-season
root growth. In a previous study, there were no differences in nematode populations at first square,
but there was an early-season response in the total dry plant biomass per five plants when using
nematode control practices. Numerous studies support 1,3-dichloropropene, aldicarb, and terbufos
as effective chemical options for suppressing nematode populations and protecting yields [13,50].
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The use of 1,3-dichloropropene had no impact on thrips densities or damage. The current study in
addition to other research shows that implementing no-tillage systems can reduce the amount of
damage sustained from tobacco thrips. This decrease is likely due to a reduced infestation of thrips
due to the lessened ability to detect the cotton plant within the previous crop residue which would
result in reduced damage. Seed treatments are one of the most effective control measures for reducing
thrips populations and damage on seedling cotton [26]. North et al. [51] found an average increase
of 115 kg lint ha−1 across 100 mid-south test locations when utilizing an insecticide seed treatment
compared to the fungicide alone. Of the at-planting treatments that were evaluated, applications
of aldicarb and acephate plus terbufos were the best options for controlling thrips populations and
reducing damage. Studies have previously reported a reduction in the efficacy of tobacco thrips
management with thiamethoxam and imidacloprid, and thiamethoxam performed similarly to the
untreated control in the current study [52,53]. When evaluating plant vigor and biomass, there was an
early-season plant growth response to tillage, nematicide, and at-planting treatment. Plant growth was
increased following conventional tillage, the presence of a nematicide, or the use of effective at-planting
treatments; however, none of those responses resulted in yield differences. While at-planting treatment
and tillage had no significant impact on yield, the absence of nematode control resulted in greater yields.

Cotton, unlike other crops, has the ability to compensate to some degree from early-season
damage sustained from pests such as thrips or nematodes [7,54]. There are a number of factors that
influence the plant’s ability to compensate, including but not limited to soil fertility, damage timing
and severity, and environmental conditions [55–57]. Optimal environmental conditions over the course
of the study aided in the plant’s ability to compensate for the early-season stress of tobacco thrips and
reniform nematode infestations. Ultimately, the goal in any production system is to minimize stressors
that can reduce yield. Given the data, we conclude that there are positive benefits to both no-tillage
and conventional tillage systems, as well as, applications of a nematicide and at-planting treatment;
however, the best management practices for controlling thrips and nematodes in cotton production
systems should be considered on a field-by-field basis and considering field history, risk aversion,
and economics. Additional research is needed to evaluate the influence of tobacco thrips and reniform
nematodes in cotton production systems and what other stress factors might compound damage from
the pest and ultimately reduce yields.

Author Contributions: Conceptualization, A.L.C.; data curation, W.D.C.; formal analysis, W.D.C., A.L.C., J.G.;
investigation, W.D.C. and A.L.C.; methodology, W.D.C., A.L.C., J.G., D.M.D., D.R.C., and T.W.A.; project
administration, W.D.C.; resources, W.D.C., A.L.C., and D.M.D.; supervision, W.D.C.; validation, W.D.C.;
visualization, W.D.C.; writing—original draft, W.D.C.; writing—review and editing, W.D.C., A.L.C., J.G., D.M.D.,
D.R.C., and T.W.A. All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cook, D.; Herbert, A.; Akin, D.S.; Reed, J. Biology, Crop Injury, and Management of Thrips (Thysanoptera:
Thripidae) Infesting Cotton Seedling in the United States. J. Integr. Pest Manag. 2011, 2, B1–B9. [CrossRef]

2. Toews, M.D.; Tubbs, R.S.; Wann, D.Q.; Sullivan, D. Thrips (Thysanoptera:Thripidae) mitigation in seedling
cotton using strip tillage and winter cover crops. Pest Manag. Sci. 2010, 66, 1089–1095. [CrossRef] [PubMed]

3. Reed, J.T.; Reinecke, J. Western flower thrips on cotton: Plant damage and mite predation—Preliminary
observations. In Proceedings of the 1990 Beltwide Cotton Conferences, Las Vegas, NV, USA, 12–13 January
1990; Brown, J.M., Richter, D.A., Eds.; Natil Cot Counc: Memphis, TN, USA, 1990; pp. 309–310.

4. Telford, A.D.; Hopkins, L. Arizona Cotton Insects. Arizona Agricultural Experiment Station Bulletin 286;
University of Arizona: Tucson, AZ, USA, 1957.

5. Brown, S.M.; Roberts, P.M.; Kemerait, R.C. Potential implications of thrips control for nematode management.
In Proceedings of the 2008 Beltwide Cotton Conferences, Nashville, TN, USA, 8–11 January 2008; Boyd, S.,
Huffman, M., Richter, D., Robertson, B., Eds.; Natl Cott Counc: Memphis, TN, USA, 2008; p. 258.

http://dx.doi.org/10.1603/IPM10024
http://dx.doi.org/10.1002/ps.1983
http://www.ncbi.nlm.nih.gov/pubmed/20583202


Agronomy 2020, 10, 300 9 of 11

6. Roberts, B.A.; Rechel, E.A. Effects of early season thrips feeding on root development, leaf area, and yield.
In Proceedings of the 1996 Beltwide Cotton Conferences, 9–12 January 1996; Dugger, P., Richter, D.A., Eds.;
National Cotton Council: Memphis, TN, USA, 1996; pp. 939–941.

7. Sadras, V.O.; Wilson, L.J. Recovery of cotton crops after early season damage by thrips (Thysanoptera).
Crop Sci. 1998, 38, 399–409. [CrossRef]

8. Carter, F.L.; Tugwell, N.P.; Phillips, J.R. Thrips control strategy: Effects on crop growth, yield, maturity,
and quality. In Proceedings of the 1989 Beltwide Cotton Conferences, Nashville, TN, USA, 3–6 January 1989;
Brown, J.M., Richter, D.A., Eds.; Natl Cot Counc: Memphis, TN, USA, 1989; pp. 295–297.

9. Watts, J.G. Reduction of cotton yield by thrips. J. Econ. Entomol. 1937, 6, 860–863. [CrossRef]
10. Koenning, S.; Kirkpatrick, T.; Starr, J.; Wrather, J.; Walker, N.; Mueller, J. Plant parasitic nematodes attacking

cotton in the United States: Old and emerging production challenges. Plant Dis. 2004, 88, 100–113. [CrossRef]
[PubMed]

11. Lawrence, G.W.; McLean, K.S. Reniform nematodes. In Compendium of Cotton Diseases, 2nd ed.;
Kirkpatrick, T.L., Rothrock, C.S., Eds.; APS Press: St. Paul, MN, USA, 2001; pp. 42–43.

12. Monfort, W. Potential for Remote Identification of Within-Field Problem Zones Associated with Meloidogyne
incognita and Thielaviopsis basicola for Site Specific Control in Cotton. Ph.D. Thesis, University of Arkansas
Fayetteville, Fayetteville, AR, USA, 2005.

13. Gazaway, W.; Rush, D.; Edmisten, K. An evaluation of various Temik and Telone rates for controlling
reniform nematodes in cotton. Fungic. Nematic. Test 1992, 47, 161.

14. Kirkpatrick, T. Nematodes, hidden enemy of cotton. Delta Farm Press 2001, 58, 28–29.
15. Birchfield, W.; Jones, J.E. Distribution of the reniform nematode in relation to cropfailure of cotton in

Louisiana. Plant Dis. Rep. 1961, 45, 671–673.
16. Blasingame, D.; Patel, M.V.; Gazaway, W.; Olsen, M.; Kirkpatrick, T.; Davis, M.; Sprenkel, R.K.; Kemerait, B.;

Colyer, P.; Wrather, A.; et al. Cotton disease loss estimate committee report. In Proceedings of the Beltwide
Cotton Conferences, San Antonio, TX, USA, 3–6 January 2006; Available online: http://www.cotton.org/

beltwide/proceedings/2007 (accessed on 12 October 2017).
17. Blasingame, D.; Gazaway, W.; Lawrence, K.S.; Wrather, A.; Olsen, M.; Kirkpatrick, T.; Koenning, S.R.;

Goldberg, N.; Banks, J.C.; Sprenkel, R.; et al. Cotton disease loss estimate committee report. In Proceedings
of the Beltwide Cotton Conference, San Antonio, TX, USA, 5–8 January 2009; Volume 1, pp. 94–96.

18. Davis, R.F.; Koenning, S.R.; Kemerait, R.C.; Cummings, T.D.; Shurley, W.D. Rotylenchulus reniformis
management in cotton with crop rotation. J. Nematol. 2003, 35, 58–64.

19. Williams, M.R. Cotton insect losses: 2015. In Proc. 2015 Beltwide Cotton Conference; Richter, D., Ed.; National
Cotton Council: Memphis, TN, USA, 2016; pp. 507–525.

20. Bauer, P.J.; Fortnum, B.A.; Frederick, J.R. Cotton responses to tillage and rotation during the turn of the
century drought. Agron. J. 2010, 102, 1145–1148. [CrossRef]

21. All, J.N.; Tanner, B.H.; Roberts, P.M.; Mullen, M.D.; Duck, B.N. (Eds.) Influence of no-tillage practices on
tobacco thrips infestations in cotton. In Proceedings Southern Conservation Tillage Conference; University of
Tennessee: Knoxville, TN, USA, 1992; pp. 77–78.

22. Lahiri, S.; Roberts, P.M.; Toews, M.D. Role of tillage, thiamethoxam seed treatment, and foliar insecticide
application for management of thrips (Thysanoptera:Thripidae) in seedling cotton. J. Econ. Entomol. 2019,
112, 181–187. [CrossRef] [PubMed]

23. Minton, N.A. Impact of Conservation Tillage on Nematode Population. J. Nematol. 1986, 18, 135–140.
[PubMed]

24. Davis, R.F.; Baird, R.E.; McNeill, R.D. Efficacy of cotton root destruction and winter crops for suppression of
Hoplolaimus columbus. J. Nematol. 2000, 32, 550. [PubMed]

25. Hussey, R.S. Effect of subsoiling and nematicides on Hoplolaimus columbus populations and cotton yield.
J. Nematol. 1977, 9, 83–86. [PubMed]

26. Layton, B.; Reed, J.T. Biology & Control of Thrips on Seedling Cotton; Mississippi State University Extension
Service: Mississippi State, MS, USA, 2002.

27. Reed, J.T.; Burris, E.; Allen, C.; Bagwell, R.; Cook, D.; Freeman, B.; Herzog, G.; Lentz, G.; Leonard, R. Thrips
(Thysanoptera: Thripidae) a Multi-State Survey: Mississippi; Mississippi State University Extension Service:
Mississippi State, MS, USA, 2001; Volume 22.

http://dx.doi.org/10.2135/cropsci1998.0011183X003800020022x
http://dx.doi.org/10.1093/jee/30.6.860
http://dx.doi.org/10.1094/PDIS.2004.88.2.100
http://www.ncbi.nlm.nih.gov/pubmed/30812414
http://www.cotton.org/beltwide/proceedings/2007
http://www.cotton.org/beltwide/proceedings/2007
http://dx.doi.org/10.2134/agronj2010.0037
http://dx.doi.org/10.1093/jee/toy320
http://www.ncbi.nlm.nih.gov/pubmed/30321379
http://www.ncbi.nlm.nih.gov/pubmed/19294154
http://www.ncbi.nlm.nih.gov/pubmed/19271009
http://www.ncbi.nlm.nih.gov/pubmed/19305573


Agronomy 2020, 10, 300 10 of 11

28. Faske, T.R.; Allen, T.W.; Lawrence, G.W.; Lawrence, K.S.; Mehl, H.L.; Norton, R.; Overstreet, C.; Wheeler, T.A.
Beltwide nematode research and education committee report on cotton cultivars and nematicides responses
in nematode soils, 2016. In Proceedings of the 2017 Beltwide Cotton Conferences, Dallas, TX, USA, 4–6
January 2017; National Cotton Council: Memphis, TN, USA, 2017.

29. Starr, J.L.; Koenning, S.R.; Kirkpatrick, T.L.; Robinson, A.F.; Roberts, P.A.; Nichols, R.L. The future of
nematode management in cotton. J. Nematol. 2007, 39, 283–294. [PubMed]

30. Roberts, P.M.; Toews, M.; Kemerait, B. Impact of early season thrips control on root development and
nematode management. In Proceedings of the 2009 Beltwide Cotton Conferences, San Antonio, TX, USA,
5–9 January 2009; Boyd, S., Huffman, M., Richter, D., Robertson, B., Eds.; National Cotton Council: Memphis,
TN, USA, 2009; p. 1140.

31. Anonymous. Telone II Soil Fumigant Label. Available online: http://www.cdms.net (accessed on 12
October 2017).

32. Anonymous. Gaucho 600 Insecticide Label. Available online: http://www.cdms.net (accessed on 12
October 2017).

33. Anonymous. Aeris Seed Applied Insecticide/Nematicide Label. Available online: http://www.cdms.net
(accessed on 12 October 2017).

34. Anonymous. Cruiser 5FS Insecticide Label. Available online: http://www.cdms.net (accessed on 12
October 2017).

35. Anonymous. Avicta Duo Cotton Nematicide/Insecticide Seed Treatment Label. Available online: http:
//www.cdms.net (accessed on 15 October 2017).

36. Anonymous. Orthene 97 Insecticide Label. Available online: http://www.cdms.net (accessed on 12
October 2017).

37. Anonymous. Counter 15G Insecticide Label. Available online: http://www.cdms.net (accessed on 12
October 2017).

38. Anonymous. AgLogic15G Insecticide Label. Available online: http://www.aglogicchemical.com/ (accessed
on 12 October 2017).

39. Byrd, D.W., Jr.; Barker, K.R.; Ferris, H.; Nusbaum, J.C.; Griffin, W.E.; Small, R.H.; Stone, C.A. Two
Semi-automatic elutriatiors for extracting nematodes and certain fungi from soil. J. Nematol. 1976, 8, 206–212.
[PubMed]

40. Jenkins, W.R. A rapid centrifugal-flotation technique for separating nematodes from soil. Plant Dis. Rep.
1964, 48, 692.

41. Stewart, S.; Akin, S.D.; Reed, J.; Bacheler, J.; Catchot, A.; Cook, D.; Gore, J.; Greene, J.; Herbert, A.; Jackson, R.;
et al. Survey of Thrips Species Infesting Cotton across the Southern U.S. Cotton Belt. J. Cotton Sci. 2013, 17,
263–269.

42. Cook, D.R.; Allen, C.T.; Burris, E.; Breeman, B.L.; Herzog, G.A.; Lentz, G.L.; Leonard, B.R.; Reed, J.T. A survey
of thrips (Thysonaptera) species infesting cotton seedlings in Alabama, Arkansas, Georgia, Louisiana,
Mississippi, and Tennessee. J. Entomol. Sci. 2003, 38, 669–681. [CrossRef]

43. Freeman, B.; Allen, C.; Bagwell, R.; Burris, E.; Cook, D.; Herzog, G.; Lentz, G.; Leonard, R.; Reed, J. Thrips a
Multi-State Survey: Summary of Observations for Alabama, Arkansas, Georgia, Louisiana, Mississippi, and Tennessee;
Alabama Cooperative Extension Service Publication: Auburn, AL, USA, 2002; 6p.

44. Caveness, F.E. Nematode populations under no-tillage soil management regime. In Soil Tillage and Crop
Production; Lal, R., Ed.; International Institute of Tropical Agriculture: Ibadan, Nigeria, 1979; pp. 133–145.

45. Fortnum, B.A.; Karlen, D.L. Effects of tillage system and irrigation on population densities of plant nematodes
in field corn. J. Nematol. 1985, 17, 25–28.

46. Stetina, S.R.; Molin, W.T.; Pettigrew, W.T. Effects of varying planting dates and tillage systems on reniform
nematode and browntop millet populations in cotton. Plant Health Prog. 2010, 11, 1. [CrossRef]

47. Tyler, D.D.; Overton, J.R.; Chambers, A.Y. Tillage effects on soil properties, diseases, cyst nematodes,
and soybean yields. J. Soil Water Conserv. 1983, 38, 374–376.

48. Thomas, S.H. Populations densities of nematodes under seven tillage regimes. J. Nematol. 1978, 10, 24–27.
49. Alby, T.; Ferris, J.M.; Ferris, V.R. Dispersion and distribution of Pratylenchus scribneriand and Hoplolaimus

galeatus in soybean fields. J. Nematol. 1983, 15, 418–426.

http://www.ncbi.nlm.nih.gov/pubmed/19259500
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.cdms.net
http://www.aglogicchemical.com/
http://www.ncbi.nlm.nih.gov/pubmed/19308224
http://dx.doi.org/10.18474/0749-8004-38.4.669
http://dx.doi.org/10.1094/PHP-2010-1227-01-RS


Agronomy 2020, 10, 300 11 of 11

50. Robinson, A.F.; Bell, A.A.; Augudelo, P.; Avila, C.A.; Stewart, J.M.; Callahan, F.E.; Hayes, R.W.; Jenkins, J.N.;
Mccarty, J.C.; Wubben, M.J.; et al. Development of reniform nematode resistancein Upland cotton.
In Proceedings of the World Cotton Research Conference, Lubbock, TX, USA, 10–14 September 2007.

51. North, J.H.; Gore, J.; Catchot, A.L.; Stewart, S.D.; Lorenz, G.M.; Musser, F.R.; Cook, D.R.; Kerns, D.L.;
Dodds, D.M. Value of neonicotinoid insecticide seed treatments in mid-south cotton (Gossypium hirsutum)
[Malvales:Malvaceae] production systems. J. Econ. Entomol. 2017, 111, 10–15. [CrossRef] [PubMed]

52. Darnell, C.H. Evaluation and Management of Neonicotinoid Resistant Tobacco Thrips (Frankliniella fusca) in
Cotton. Master’s Thesis, Mississippi State University, Starkville, MS, USA, 2017.

53. Huseth, A.S.; Campbell, T.M.; Langdon, K.; Morsello, S.C.; Martin, S.; Greene, J.K.; Herbert, A.; Jacobson, A.L.;
Reay-Jones, F.P.F.; Reed, T.; et al. Frankliniella fusca resistance to neonicotinoid insecticides: An emerging
challenge for cotton pest management in the eastern United States. Pest Manag. Sci. 2016, 72, 1934–1945.
[CrossRef]

54. Wilson, L.J.; Sadras, V.O.; Heimoana, S.C.; Gibb, D. How to succeed by doing nothing: Cotton compensation
after simulated early season pest damage. Crop Sci. 2003, 43, 2125–2134. [CrossRef]

55. Cox, P.G.; Marsden, S.G.; Brook, K.D.; Talpaz, H.; Hearn, A.B. Economic optimization of Heliothis thresholds
on cotton using the SIRATAC pest management model. Agric. Syst. 1990, 35, 157–171. [CrossRef]

56. Hearn, A.B.; Rosa, G.D. A simple model for crop management application for cotton (Gossypium hirsutum L.).
Field Crops Res. 1984, 12, 49–69. [CrossRef]

57. Sadras, V.O. Compensatory growth in cotton after loss of reproductive organs. Field Crops Res. 1995, 40, 1–18.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/jee/tox324
http://www.ncbi.nlm.nih.gov/pubmed/29281077
http://dx.doi.org/10.1002/ps.4232
http://dx.doi.org/10.2135/cropsci2003.2125
http://dx.doi.org/10.1016/0308-521X(91)90084-N
http://dx.doi.org/10.1016/0378-4290(85)90053-X
http://dx.doi.org/10.1016/0378-4290(94)00088-T
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Reniform Nematode Control 
	Tobacco Thrips Densities and Damage 
	Effect on Plant Vigor, Biomass, and Cotton Yield 

	Discussion 
	References

