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Abstract

The cotton aphid, Aphis gossypii, has the potential to cause detrimental losses to a cotton crop. The use of chemical
control is the most common choice of farmers to eliminate not only the cotton aphid but many other arthropod pests
as well. Some commonly used insecticides may only worsen an aphid outbreak by removing aphid predator species
and allowing an aphid population to dramatically increase. The objective of this study was to observe the mortality
effects of various insecticides on the larvae of the ladybeetle, Hippodamia convergens, a natural enemy to the cotton
aphid. Carbine, Centric, Intruder, and Transform were used in an assay study at standard label rates. Each
insecticide was tested indirectly vs. directly on the ladybeetle larvae. The efficacy of Centric, Intruder, Transform,
and Cruiser on the cotton aphid, as well as their effects on the natural enemy population, was examined in a field
study. Significant differences were observed between the various spray treatments and the numbers of beneficial
insects present. Plots treated with Transform displayed satisfactory aphid control and contained the highest numbers
of beneficial insects.

I ntroduction

The cotton aphid, Aphis gossypii, has been recognized as a major pest of cotton since when Dwight Isely (1946)
reported that insecticide applications used to control the boll weevil would cause populations of cotton aphids to
increase dramatically. These high populations would cause stunted growth and development of the cotton plant
along with the growth of black sooty mold associated with the honeydew secretions of the aphid. These effects still
occur today with heavy aphid infestations. These infestations can occur naturally or are commonly due to
insecticide application that dramatically decreases natural enemy populations allowing aphid numbers to increase.

Aphids can be found feeding on the abaxial surface of cotton leaves and on the terminal area of the plant. Nutrients
in the form of phloem sap are extracted from the plant using sucking/piercing mouthparts and excess sugars are
excreted as honeydew. Loss of cellular fluid causes downward cupping of leaves which is a major indicator of
cotton aphid damage. Prolonged feeding can cause premature leaf abscission and even induce defoliation (Isley,
1946, Leigh et al. 1996). A number of other results can be observed due to injury including shorter plants, reduced
shoot biomass, and fewer main stem nodes (Bagwell and Baldwin 2005, Rosenheim et al. 1997).

Biological factors allow this insect’s population to rapidly grow, as well as, rapidly adapt resistances to insecticides.
Recommendations for controlling aphid populations include careful insecticide selection and usage along with
conservation of natural enemy species. The purpose of this study is to evaluate relationships among seed treatments,
foliar spray insecticide treatments, cotton aphid populations, and its natural enemy species populations. These data
can be utilized in current and future control of the cotton aphid. This study will also provide a more complete
ecological view of the natural enemy species populations before, during, and after control measures against the
cotton aphid have been taken.

M ethods

Field Test

The field tests were performed at Macon Ridge Research Station in Winnsboro, LA. The test was a 2x4 factorial
and contained four replicates in a randomized complete block design. The plots were eight rows and measured 8.1
m wide X 15.2 m in length. Factor A of the test was a seed treatment and factor B was the foliar spray insecticides.
The seed treatment Cruiser SFS (thiamethoxam) at 0.375 mg-ai/seed was applied prior to the planting date of 23
May 2013. The foliar spray insecticide treatments were applied on 21 June 2013. The foliar spray treatments were
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applied using a four-row multi boom with two nozzles per row. The spray system was pressurized with CO, and
calibrated to deliver 93.5 liters/ha with TX-6 hollow cone nozzles.

The aphid population was estimated by randomly selecting ten leaves from rows two and three of each plot. The
beneficial insect species were counted using the drop cloth method (1.5 row-m) in rows six and seven of each plot.
Pre-treatment data was collected on 21 June 2013, just prior to application. Data was again collected three and five
days after treatment. The data were analyzed using a factorial ANOVA and means were separated using a pairwise
t-test (P < 0.05).

Bioassays

Lady beetle larvae bioassays were performed using third/fourth instar Hippodamia convergens larvae collected from
cotton. Thiamethoxam (Centric), sulfoxaflor (Transform), acetamiprid (Intruder), and flonicamid (Carbine)
treatments were evaluated for toxicity to lady beetles at rates of 0.43, 0.14, 0.10 and 0.32 kg-ai/ha, respectively.

Three bioassays were performed for each insecticide treatment: direct exposure, indirect exposure, and ingestion of
intoxicated aphids. For each bioassay, non-treated 25-mm diameter cotton leaf discs were cut and placed in petri
dishes filled with agar. The treatments were applied using a CO, pressurized two row hand boom with TX-6 hollow
cone nozzles that was calibrated to deliver 93.5 liters/ha. For the direct exposure bioassay a single lady beetle larva
was placed on each leaf disc prior to treating. For the indirect exposure bioassay, the leaves were allowed to dry
before the introduction of a single lady beetle larva to each leaf disc. Leaf discs treated for the ingestion bioassay
were allowed to dry and then infested with 10 adult cotton aphids. These aphids were allowed to feed for 24 h after
which a single lady beetle larva was introduced. The petri dishes for all assays were stacked on trays that were then
placed in a growth chamber set to 25° C on a 12:12 L:D. Lady beetle mortality was rated 24 h after introduction for
all bioassays. Data were analyzed using a one-way ANOVA, Kruskal-Wallis test, and a pairwise comparison was
made using a Dunn’s multiple comparison test (P < 0.05).

Results and Discussion

Field Test

Significant differences were observed after treatment in aphid population, as well as, natural enemy population.
Lady beetle adults and larvae comprised 45% of the natural enemies that were observed. There was a significant
interaction between the seed treatments and the foliar sprays in for cotton aphids per leaf (P = 0.023) (Figure 1).
Cotton with the seed treatment alone or in combination with a foliar spray had few aphids (Figure 1), few lady beetle
larvae (Figure 2) or total predators (Figure 3). Thus, thiamethoxam (Cruiser), exhibited adequate control of cotton
aphids and this lack of aphids resulted in few predators inhabiting those plots. The foliar spray treatments of
sulfoxaflor (Transform) and acetamiprid (Intruder) both exhibited excellent control of cotton aphids at 5 DAT, while
thiamethoxam (Centric) exhibited only moderate control (Figure 1). The lack of greater activity form thiamethoxam
towards cotton aphids was not unexpected since resistance to this insecticide is common in the Mid-South (Gore et
al. 2013. The non-treated plots had significantly more lady beetle larvae at 5 DAT (Figure 2). Among the foliar
insecticides, sulfoxaflor had the most surviving lady beetle larvae although not statistically more than the
thiamethoxam and acetamiprid treated plots. All of the foliar sprays contained a similar number of total predators
(Figure 3).
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Figure 1. Impact of thiamethoxam seed treatment and foliar insecticide sprays on cotton aphids in cotton.
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Figure 2. Impact of thiamethoxam seed treatment and foliar insecticide sprays on lady beetle larvae in cotton.
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Figure 3. Impact of thiamethoxam seed treatment and foliar insecticide sprays on insect predators in cotton.

Bioassays

Significant differences were only observed in the direct exposure bioassay (Figures 4-6). Acetamiprid exhibited the
most detrimental effects, while thiamethoxam and sulfoxaflor were moderately toxic to the lady beetle larvae
(Figure 4). There were no significant differences observed between flonicamid and the non-treated check. No
significant differences were observed in the indirect exposure and ingestion assays. The indirect contact assay
results suggest that all treatments were safe to the larvae once dried on the leaf. Even though the ingestion assay
results exhibited no significant differences between the treatments, factors such as the amount of aphid feeding time
allowed before the addition of the larvae and the number of aphids provided to each larva could have affected the
results. These factors will be adjusted in future studies.
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Figure 4. Direct exposure bioassays of lady beetle larvae exposure to foliar insecticides.
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Figure 5. Indirect exposure bioassays of lady beetle larvae exposure to foliar insecticides.
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Figure 6. Ingestion bioassays of lady beetle larvae fed insecticides intoxicated cotton aphids.
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