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Evaluation of Electrostatic Application of Insecticides for
Control of Sweet Potato Whitefly on Cauliflower

J.C. Palumbo and W.E. Coates

Abstract

Various rates of endosulfan and pennethrin were applied to cauliflower with
electrostatic, hydraulic air- assist and conventional hydraulic spray systems.
Sweetpotato whitefly abundance and plant growth were measured at several
intervals during the study. In addition, spray coverage was measured with each
insecticide application. No differences in whitefly control or spray deposition
were observed among the three sprayers. However, imidacloprid, provided
excellent control. The significance of the spray technologies for whitefly
control and future modifications are discussed.

Introduction

The sweetpotato whitefly (SPWF), Bemisia tabaci, continues to be a serious threat to production of fall
vegetable crops in the desert growing areas of Arizona and Southern California (Byrne et al. 1991). In the past two
years, this pest has become well adapted to several vegetable crops throughout the southwest. Control of whiteflys
with conventional insecticide programs has been marginally effective and often very expensive. Canopy penetration
of aerially and ground applied pesticides is largely ineffective and application technology designed to deposit sprays
to these targets has not been sufficiently developed (Toscano and Palumbo 1993). As a result, growers apply
maximum rates of endosulfan in combination with pyrethroids at short intervals in an attempt to suppress migrating
adults and colonizing immatures.

Charged spraying, commonly referred to as electrostatic spraying, has been evaluated for some crops using
various sprayer designs (Law 1982). These methods employ electrostatic forces of attraction, which place a surface
charge to an airborne spray droplet. This reportedly increases the attraction between the spray droplets and the plant
surface and leads to a greater proportion of the spray reaching and remaining on the target site. This attraction may
allow droplets to be drawn to undersides of leaves which normally are left untreated using conventional techniques.
Law and Mills (1980) concluded that electrostatic spraying offered increased insect control with concurrent reduction
in both pesticide usage and spray volume. Because of the potential for improved spray coverage on lower plant parts
obtained using charged spraying and for increasing efficacy with less active ingredient, research was initiated in the
fall of 1992 to evaluate whitefly control on cauliflower with two rates of endosulfan and permethrin applied with
electrostatic, hydraulic air -assist and conventional spray equipment.

Materials and Methods

Experimental Design The study was conducted at the Yuma Valley Agric. Center, Yuma, AZ. in 1992.
Individual cauliflower plots were 4 -beds wide by 22 m long, with a 0.9 m spacing between beds and an 8 -foot
buffer between plots. Cauliflower seedlings 'snowcrown' were transplanted into plots on 8 Sep using standard
mechanical procedures. All other plot preparation and seasonal maintenance were conducted followed local
agronomic practices. Treatments were assigned to plots in a randomized complete block design with 4 replications.
Treatments consisted of the following: (1) electrostatic sprayer (ESS) at a 1.0X rates of permethrin (0.10 lbs
ai /acre) +endosulfan (1.0 lbs ai /acre) mixtures, (2) ESS at 0.5X rate of permethrin (0.05 lbs ai /acre) +endosulfan
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(0.5 lbs ai /acre) mixtures, (3) Hydraulic air -assist sprayer (AIR) at 1.0X rate of permethrin+endosulfan mixtures,
(4) AIR at 0.5X rate of permethrin +endosulfan mixtures, (5) conventional sprayer (CON) at 1.0X rate of
permethrin +endosulfan mixtures, and (6) CON at 0.5X rate of permethrin+endosulfan, (7) Imidacloprid (NTN)
at 0.50 lbs ai /acre as a transplant drench, and (8) an untreated control. Imidacloprid is a systemic, soil applied
insecticide selective for piercing -sucking insects, and was included as a tool to provide low infestation levels. Foliar
applications of treatments were made on 19, 24, 30 Sep, 8, 15, Oct and 2 Nov. Bacillus thuringiensis, 'aizawai',
(Xentari) was applied to all treatments with standard application equipment on 24 and 28 September to control
lepidopterous larvae.

Application Equipment Mixtures of endosulfan and permethrin were applied to cauliflower using electrostatic,
hydraulic air- assisted, and conventional application technology. The prototype electrostatic sprayer used was
fabricated in the Department of Agricultural and Biosystems Engineering, University of Arizona, using commercially
available components (Electrostatic Spraying Systems, Inc., Watkinsville , GA). Spray atomization was achieved
by air assist delivery (compressed air at 40 psi), and then electrically charged as droplets were hydraulically
delivered through nozzles at 35 psi. A 10 -HP engine drove two compressors mounted on the sprayer. These
compressors supplied air to the eight nozzles which atomized the liquid stream, and also pressurized the tank
containing the spray mixture. The electrostatic sprayer covered 2 rows and delivered 2.8 gpa. Hydraulic -air assist
applications were made with a commercially available sprayer, DeGanya (FMC Corp, Philadelphia, PA), that
delivered spray hydraulically to four rows at about 40 psi and then assisted by an air column, delivering 30.8 gpa.
Conventional applications were sprayed with standard commercial equipment fabricated at the Yuma Valley Agric.
Center. The boom -type, 4 -bed sprayer contained Twin -Jet 8004VS nozzles spaced at 20 inch intervals. It was
calibrated for broadcast delivery of 36.4 GPA at 60 psi. Ground speed was 4.0 mph for all sprayers.

Assessment of Whitejly Density Immature whitefly densities were estimated by counting total immatures on cm2
leaf disks taken from the undersides of leaves. Ten plants were randomly selected in each plot, and leaf samples
were collected from the terminal area (2nd -3rd fully expanded leaf from the terminal of the plant) and base area
(3rd -5th leaf from basal node) of the plant. The samples were immediately transported to the laboratory and the
underside of each leaf was then divided into 4 sectors, and all eggs, small nymphs (crawlers and 2nd instar), large
and red -eyed nymphs(3rd and 4th instar) within a 1 cm2 area of each sector were counted under a stereo microscope.
Adults were assessed by direct visual observations of adults on the undersides of leaves (leafturns). Ten leaves from
the terminal portion of the plant were randomly selected in each plot. The undersides of leaves were carefully turned
upward and the number of live adults on the 1/2 of the surface were recorded. Counts were made at sunrise between
0500-0600 hrs.

Plant Growth and Yield Measurements Relative estimates of plant growth were measured at plant establishment,
on 15 Oct (5 wk post - transplanting), and on 30 Nov (11 wk post transplanting). Plant growth was estimated by
randomly collecting 10 plants from each replicate and measuring total leaf area (cm2) and dry weight (g).
Cumulative area of individual leaves for each plant was measured with a LiCor- 3100A. Dry weight estimates were
made by placing all plant parts in a drying oven at 120 C for 48 hr. Hand harvest of plots for yield estimates
began on 30 Nov and ended on 12 Jan. All heads larger than 12 cm diameter were removed from the plant,
individually weighed, and evaluated for quality and size.

Measurement of Spray Deposition Two methods were selected to measure spray deposition within plants on both
adaxial and abaxial leaf surfaces. The first method was a dual -side leaf wash technique (Carlton 1992). The device
is clamped to a leaf, and used to wash a 14.5 cm2 area of the dorsal and ventral surfaces simultaneously. By mixing
a dye (FD & C #1 blue) with the spray solution, the amount of material on each leaf surface was measured. A
micro -spectrophotometer set to detect a 620 nm wavelength, was used to measure the dye concentration in the leaf
wash samples. Prior to the initiation of the test program, a series of calibration trialswere performed to establish
a baseline curve. Additional calibrations were conducted prior to each spray application. This was done to ensure
that changes in plant characteristics did not confound the results during the trials. Three sets of measurements were
taken in each plot from terminal and base leaves on several spray dates.
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Results and Discussion

Population densities were low immediately following transplant establishment. Within 7 days, populations
increased rapidly as adults immigrated from nearby cantaloupes. Table 1 shows the seasonal mean densities of adult
and immature SPWF estimated on terminal and bases leaves. Densities of nymphs observed on terminal leaf growth
were consistently lower than the base leaf and did not differ among treatments. Significant differences in egg
densities on terminal leaves were observed between the sprayed plots and the untreated control. However,
differences in egg densities were not observed among the three application techniques. Both adult and egg densities
were lower in the NTN soil drench plots.

Estimates of seasonal nymphal densities were much higher on base leaves, whereas egg numbers were low
(Table 1). Differences in the density of nymphs on base leaves were not observed among the application techniques.
However, plots sprayed with the 1.0 X rate ESS and CON did contain lower nymph densities than the untreated
control. As was expected, the NTN soil drench maintained SPWF numbers at significantly lower densities.

In general, adult populations in control plots peaked about 20 days after transplanting, followed by a peak
in egg densities about 4 -5 d later. This is consistent with high correlations between adult abundance and egg
densities on terminal leaves (r =0.88, P= 0.0001,n =32). Nymphal populations subsequently peaked about 2 weeks
later, consistent with temperature requirements for immature development during this period. Differences in
nymphal densities were observed at this time, with the ESS and CON IX treatments have significantly lower
densities than the other treatments (Fig 1,C). This is probably a reflection of greater adult suppression in the ESS
and CON plots earlier in the study, rather than direct mortality of the nymphs. Differences were not observed
among sprayers at the 0.5X rate and the untreated control. The NTN was the only treatment which maintained
SPWF at low densities. Imidacloprid has shown effectiveness against all stages of SPWF (Byrne 1991).

The failure of the various application techniques to show differences in SPWF densities may have been
directly due to the lack of sufficient coverage on the abaxial surface of the leaf. Concentrations of dye measured
on the lower leaf surfaces did not differ among the various methods of application (Table 2). However, in most
cases more pesticide was deposited on the upper surface relative to the lower surface. This was expected because
the nozzles were configured on a boom parallel to the soil surface with the spray directed downward.
Although there were some large numerical difference among treatments, variation within treatments was extremely
high.

Estimates of cauliflower growth measured 5 -wk after transplanting showed that all insecticide treatments
resulted in significantly less reduction in plant growth as compared with the untreated control (Table 3). However,
these treatments did suffer a reduction in growth as indicated by the lack of reduction in the NTN- treated plots.
Results of multiple harvests indicated that there were no differences in total yields per plot among all treatments
(Table 4). The high SPWF infestations observed in some plots apparently did not have a direct effect on head
production. However, SPWF infestation did have a significant impact on plant maturity. Estimates of plant growth
on Nov 30 showed that leaf area and dry wt was significantly reduced in all plots, as compared with the NTN
systemic treatment. As a result, about 25 % of the plants in the NTN plots were mature enough to harvest at that
time. On the average, the NTN soil drench allowed plants to harvest about 15 -20 days earlier than the heavier
infested treatments. There were no differences in average harvest date or cumulative yields among the foliar treated
and untreated plots.

Significant progress has been made in evaluating application techniques aimed at improving whitefly
management with insecticides. Preliminary results indicated that the electrostatic sprayer did not provide significant
control of SPWF with less active ingredient. However, it should be noted that less pesticide was used with the ESS.
The active ingredient was applied to a 20" band directly to the bed, whereas the conventional and air -assist spray
were configured to broadcast across the entire 40 inches. Thus on a per acre basis, the electrostatic sprayer only
uses half as much spray, but achieved the same level of efficacy.

Low whitefly numbers observed in plots treated with the soil applied NTN suggest that adequate control
was not achieved with our foliar sprays. This may be due in part to the active ingredient used during the study.
Other efficacy trials we have conducted have demonstrated that some active ingredients (ie. bifenthrin) offer similar
suppression as imidacloprid (Palumbo et al. 1993). Thus with a more efficacious compound, it may have been
possible to maintain whitefly adult numbers at lower densities during the early period of plant growth and insect
colonization. We have decided to use a combination of bifenthrin and endosulfan in our 1993 study, as this
combination is currently the standard mixture used by the vegetable industry in the southwest. However, deposition
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to the lower leaf surfaces for control of immature SPWF would be desirable and would probably require less
spraying. However, preliminary analysis of spray deposition indicates that no more active ingredient was delivered
to the undersides of leaves with the ESS than with the other methods. Therefore, we have configured the booms
of the ESS and CON sprayers with drop nozzles. This will allow thespray droplets to be directed towards the plant
from both sides, as well as above. We speculate that better coverage to the lower surface of the leaf will beattained
with this configuration.
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TABLE 2. Relative concentration of pesticides as measured by the leaf wash technique on adaxial and abaxial leaf
surfaces with various methods of application .

Date
Leaf position Leaf

surface

Mean µl dye / cm2 of leaf surface

Electrostatic Air Assist Conventional

30 Sep Terminal adaxial 1.3 aA 0.7 aA 1.4 aA

abaxial 0.3 bA 0.4 aA 0.2 bA

Base adaxial

abaxial

8 Oct Terminal adaxial 1.9 aA 0.9 aB 1.8 aA

abaxial 0.2 bB 0.1 bB 0.5 bA

Base adaxial

abaxial

15 Oct Terminal adaxial 0.8 aA 0.5 aA 0.7 aA

abaxial 0.2 bA 0.1 bA 0.2 bA

Base adaxial 1.3 aA 0.5 aB 1.3 aA

abaxial 0.1 bA 0.1 aA 0.1 bA

2 Nov Terminal adaxial 0.7 aA 0.5 aA 0.5 aA

abaxial 0.1 bA 0.1 bA 0.1 bA

Base adaxial 0.8 aA 0.2 aA 0.3 aA

abaxial 0.1 aA 0.2 aA 0.1 aA

Mean followed by the same lowercase letter within a column and means followed by the same uppercase letter
within a row are not significantly different (P =0.05; df= ".21; Ryan's Q- test).

82



TABLE 3. Estimates of plant leaf area and dry weight of cauliflower plants at mid -season and at harvest.

Application
method Rate

Mean leaf area /plant (cm') Mean dry wt /plant (g)

15 Oct b 30 Nov 15 Oct 30 Nov

Electrostatic 1.0X 1532.3 b 14142.2 b 11.2 b 232.8 b

Electrostatic 0.5X 1272.8 cd 12763.9 bed 9.6 c 207.0 be

Air Assist 1.0X 1220.1 d 13932.6 bc 9.6 c 182.1 bc

Air Assist 0.5X 1252.7 d 12603.4 bed 9.4 c 209.0 bc

Conventional 1.0X 1387.3 c 11803.4 bcd 11.0 b 202.5 bc

Conventional 0.5X 1343.3 cd 11494.3 cd 10.1 bc 184.3 be

NTN soil drench 1.0X 2126.0 a 18664.1 a 17.7 a 458.6 a

Untreated 958.3 e 10884.4 d 7.9 d 164.3 c

TABLE 4. Average harvest date and total yields of cauliflower plots managed with
various application methods.

Application
method Rate'

Avg. harvest
date b

Total yield
(cartons /acre)

Electrostatic 1.0X 106.5 b 677.1 a

Electrostatic 0.5X 109.4 ab 647.9 a

Air Assist 1.0X 110.6 a 685.0 a

Air Assist 0.5X 109.8 ab 708.3 a

Conventional 1.0X 109.6 ab 670.8 a

Conventional 0.5X 110.3 ab 681.3 a

NTN soil drench 1.0X 91.3 c 731.3 a

Untreated 111.2 ab 662.5 a

Means were transformed (log10 +1) prior to analysis of variance, actual means are presented above;
means followed by the same letter are not significantly different (P =0.05;
df= 7,21;Ryan's Q- test).

"refers to an weighted mean number of days after transplanting.
`cartons 9, 12, and 15
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