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permeability, and the use of kaolin as an insecticide and synergist of chlorantraniliprole
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‘ Cuticular hydrocarbons: Factors associated with their variation in the navel orangeworm ‘

Background: Cuticular hydrocarbons (CHCs) are the main components of the epicuticular wax layer in many insects.
Functioning primarily as a barrier against desiccation, CHCs play other roles, including serving as sex pheromones,
kairomones, and colony-, caste-, species-, and sex-recognition signals in social insects. More recently, they have been
implicated in resistance to insecticides in many insects, including the navel orangeworm (NOW). The content and
composition of CHCs can vary with age, diet, development stage, environment, and sex. In our study, we investigated
the effect of age and strain on the composition of CHCs in NOW adults.

Methods: CHCs were extracted from resistant and susceptible adults of different ages (1, 3, 5, and 7 d) following
methods by Nelson and Buckner! with modifications. Individual adults were submerged for 10 min in 200 pl hexane
containing 1-bromooctadecane as the internal standard: 25 ng/ul. Extracts were transferred to clean glass vials. The
adults were rinsed with an additional 200 pl of hexane containing the internal standard, which was combined with the
initial extract. We analyzed ten replicates of extracts using gas chromatography-mass spectrophotometry (GC-MS).

Figure 1. Effect of age on the composition of cuticular hydrocarbons in susceptible and resistant navel orangeworm strains
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Results: There were significant age-based differences between pyrethroid-resistant and susceptible NOW strains. Post-
eclosion, total CHCs increased with adult age. In general, on day 1 adults had significantly lower amounts of the most
abundant hydrocarbon constituents compared to days 3, 5, and 7 (Figure 1). In addition, within each age class, adults
from resistant populations had greater quantities of CHCs in total than those from susceptible strains (Figure 1).

Significance: CHC profiles in NOW vary by age and strain. Our findings are consistent with others in Lepidoptera and
other insects. Our results suggest that CHC profiles may be useful as biomarkers to differentiate between insecticide-
resistant and susceptible populations and adults of different ages. Knowledge of the factors associated with variation in
NOW CHC profiles is an important step in enhancing monitoring and management strategies.

‘ Selective sweeps in the genome of pyrethroid-resistant navel orangeworm

Figure 2. Genomic diversity levels for three strains of navel orangeworm (NOW): ALM (pyrethroid-susceptible NOW from almond
orchards), FIG (NOW from figs with some resistance to pyrethroids), and R347 (pyrethroid-resistant NOW from Kern County)
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Background: Selective sweeps are regions in the genome that display abnormally low levels of nucleotide variation,
which result from intense selection on a specific trait that promotes survival.

Results and Significance: In the case of NOW, the target of selection could be in the para gene with the mutation “kdr”
(knock-down-resistance), which confers resistance to pyrethroids, and/or in a chain of cytochrome P450s (CYP6AB54,
CYP6AB55, and CYP6ABG66) situated in the center of the sweep. CYP6ABs have been previously implicated in pyrethroid
resistance in other lepidopterans (e.g., cotton bollworm, Helicoverpa armigera).

‘ Insecticidal and synergistic activity of kaolin against navel orangeworm ‘
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Table 1. Pooled navel orangeworm mortality data 1, 7, and 12 days after applications of Altacor with adjuvants Kinetic, Vintre, and kaolin
(Surround). Application rates:

Insecticide: Altacor, at 4.5 oz/acre

Adjuvant 1: Vintre at 16 0z/100 gal (0.125%)

Adjuvant 2: Kinetic at 4 0z/100 gal (0.031%)

Adjuvant 3: Kinetic at 4 0z/100 gal (0.031%) + Surround at 15 Ibs/acre (1.875%)

Spray Rig: AiroFan PTO with multinozzles (GB36); Speed: 2 mph; Volume: 100 gal/acre

There were 6 rows per treatment, separated by 4 row buffers. The middle two rows were used for each treatment to hang hooks.

significantly adversely affected (Fig. 3). In field trials in
pistachios, adding kaolin to Altacor + Kinetic resulted
in @ 6.7% increase in mortality, a greater increase than
that caused by the addition of Vintre (Table 1).

Mortality Effect

Treatment
Altacor Mortality £ SD Kinetic Alone

83.25% + 0.086. (N=59) (2,456/2,950) A
T T

Altacor Mortality + SD Vintre Alone

86.80% + 0.083. (N=60) (2,604/3,000) B 4.3% Increase over Kinetic
-/ |

Altacor Mortality £ SD Kinetic + Surround

Significance: These results indicate that kaolin can
improve insecticide efficacy, perhaps disrupting CHCs.

88.80% + 0.066. (N=60) (2,664/3,000) C 6.7%Increase over Kinetic
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