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ABSTRACT. Foliar spray banding was explored as a means of reducing pesticide use conzpared to broadcast applications 
Va*ioics geonzet~-ic spray patterns and deliveiy angles oJfo1ra1- spi-ay bands were investigated to increase spray deposits in 
a crop 1 7 7 1 ~  at a constant spray rate of 94 L/ha. Wind-fiee laborato>y results indicated that a banded application using thi-ee 
65 "hollow-cone i70zzless, with a laser-measured volume median diameler (VMD) of I10 pn, resulted in the highest Ip = 0.05) 
upper canopy coverage of water-sensitive paper (WSP) of 37%, conzpared to 31% for a broadcast, 80 "flat-fan application 
(VMD = 152 pn). H o ~ ) e v e ~ ;  the fore-a$ trajectoy created by a twin-or$ce ilozzle (VMD = 135 pn) resulted in less upper 
canopj) deposit and did not increase deposit in the lower canopy. No statistical difSei-ences were observed in lower canopy 
WSP coverage. Cunzulative volume distt,ibutions (CVD) of deposit droplet spectra in the upper and lower canopy indicated 
that large droplets were deposited on WSP in the lower canopy. Field test results indicated that the broadcast, 80 Oflat-fan 
nozzle produced the numerically highest malathion residues of 7.5 ng/cm2 on leaf tops, but this was not statistically different 
Cp = 0.05) from a banded 40 "flat- fan nozzle application. Banded twirl -orzjiie and three - nozzle hollow-cone treatments 
produced the statistically lowest Ip = 0.05) leaf-top residues of <3 ng/cm2. No significant Ip = 0.05) d~ffeerences were obsewed 
in leaf bottom residues and boll weevil mortality. 111 summary, downward-pointed sprays produced the greatest leaf-top 
residue levels uizderfield conditions with a weak cross~7iizd. Banded, narrow-angle (40 93at-fan nozzles resulted in more 
deposit than a three-nozzle hollow-corze nozzle arrangement in the field. Thus, light wind conditions appeared to negde any 
advantages offered by multiple geo~netric spray patterns and deliveiy angles. 
Keywords. Application technology, Crop protection, Droplet, Enviivnnzent, Pesticide reduction, Sprayer eficiencjt. 

elivering crop protection sprays in bands is an un- 
pretentious means of reducing pesticide use. A 
banded application distributes product in parallel 
bands at a concentration equivalent to the broad- 

cast concentration (ASAE Standwds, 2000a). Banding re- 
duces pesticide use because the total amount of applied 
pesticide is proportional to the ratio of band width to band 
spacing. Knowing and reporting the effective band width is 
very important to accurately define the treated area so as to 
not apply a concentration, or effective application rate, great- 
er than that of a broadcast application. When chemical con- 
centration per unit of treatment area is higher than the 
broadcast concentration of similar application rate, then it is 
clearly defined as a directed application (ASAE Standards, 
2000a). Directed applications focus a concentration of prod- 
uct to a specific strip (ASAE Standards, 2000a) or reduced 
area, and may or may not reduce pesticide use compared to 
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a broadcast application. Though there are explicit differences 
between banded and directed applications, the terms are 
often used interchangeably, which leads to confusion in iden- 
tifying and interpreting band application test results. 

Foliar spray banding applies a horizontally measured band 
to row crop foliage. A few studies have examined the 
effectiveness of nozzle treatments on foliar banding. For 
example, Heim (1993) concluded that foliar banding of 
insecticides was viable based on the control of cotton 
bollworm (Heliothis) and European corn borers (Ostririnia 
nubilalis). The study compared insecticide efficacy and 
water-sensitive paper deposits for: (1) a band application 
with a single hollow-cone nozzle (although band width was 
not clearly reported), (2) a three-nozzle directed spray 
application with hollow-cone nozzles, and (3) a broadcast 
application with hollow-cone nozzles. Total spray rate 
ranged from about 74 to 100 Llha, and mean cotton height 
ranged from 1.06 m to 1.3 m. Heim determined that each 
single-nozzle arrangement had significantly less deposit 
downwards in the canopy, and that the multiple-nozzle 
directed spray improved deposition at low canopy levels. It 
was not clear whether the im~roved de~osition was a result 
of increased droplet targeting efficiency or increased con- 
centration of the directed application. 

Giles and Slaughter (1997) examined a broadcast applica- 
tion with 75 cm s~aced fan nozzles at 223 L h a  a 15 cm wide 
row directed appiication (they termed it "yaw& band") with 
yawed fan nozzles at 223 Llha, and a 15 cm wide banded 
application (they termed it "precision band") with yawed fan 
nozzles at 223 L h a  (treated area) to apply a 500 ppm Zn 
tracer to field tomatoes (14 cm wide x 25 cm high) grown in 
a single 1.5 m wide bed in two rows. They reported VMD 
droplet size from the nozzle manufacturer as 325 pm for 
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broadcast and directed applications, and 425 pnm for the 
banded application. Deposition results indicated that the 
upper foliage had 1.06,2.63, and 0.77 jL/cm2, and the lower 
foliage had 1.04, 2.47, and 0.55 p ~ / c n ~ ~  for broadcasted, 
directed, and banded applications, respectively. The directed 
application deposition was significantly (P = 0.05) greater 
than that of the other methods, whereas the banded applica- 
tion had a significantly (P = 0.05) reduced deposit in the 
lower foliage. It is interesting to note that about 2.4-fold 
increase of directed versus broadcast is less than the expected 
increase of 5 fold (i.e., a ratio of 75/15) that may have been 
due to the rowbed configuration. They conducted another 
study on bedded rows of leaf lettuce. Results of tracer spray 
deposits indicated reduced values for the banded application. 
The ratio between banded and broadcast deposit ranged from 
0.72 to 0.87, depending on sample location across the bed, 
and the pooled ratio was 0.80. This reduction was attributed 
to a gradually increased band width to accommodate the 
letiuce that grew wider than the original flow-calibrated 
band width. 

An electronic literature search yielded other band spray- 
ing studies, although it was not always certain whether the 
applications were banded or directed, based on the reported 
test conditions. 

Reducing insecticide use in row crops through improved 
application method (Womac et al., 1992) and droplet size 
spectra (Luttrell and Smith, 1990; Womac et al., 1994) may 
be of interest. Analyses indicated that foliar spray banding of 
insecticides had potential economic benefit (Smith, 2001). 
The hypothesis of the research reported herein is that 
geometric spray pattern and delivery angle of foliar spray 
banding can be adjusted to compensate for reduced pesticide 
use in band applications, and may achieve spray deposits 
comparable with broadcast application. 

The specific objective was to characterize broadcast and 
foliar band spray applications, of various geometric spray 
patterns and delivery angles, on the partitioning of spray 
deposit in a field crop row under similar droplet volume 
median diameter (VMD), band width, and spray rate. 

MATERIALS AND METHODS 
SPMY NOZZLES 

Spray nozzles were selected to examine broadcast and 
foliar spray banding deposits due to various geometric spray 
patterns and delivery angles. Nozzles were selected to hold 
VMD (for water), band width, and spray rate as nearly 

constant as possible. Spray rate was calibrated so that the 
actual application rate was within 5% of the intended rate 
(ASAE Standards, 2000b). Broad categories of nozzles 
included 80" flat-fan, 65" twin flat-fan, 40" flat-fan, and 65" 
hollow-cone nozzles. Relatively narrow spray angles were 
identified to focus spray energy, based on spray impact 
factors (PNR America, 2003), and to potentially improve 
penetration in band widths appropriate for foliar banding of 
insectic~des. Very narrow (25") Rat-fan nozzles were tested 
in preliminary studies on young stands of cotton; however, 
inconsistent row guidance and targeting led to abandonment. 
Major axes from fan nozzles were oriented normal to the 
direction of travel, and most spray patterns were oriented 
straight down, although there were exceptions. The 65O twin 
flat-fan emitted two 65" fans; the minor axis of one fan was 
angled 30' forward from a downward direction, and the 
minor axis of the other fan was angled 30" rearward from a 
downward direction. Three 65" hollow-cone nozzles per row 
were mounted with a row application kit. One of the three 
nozzles sprayed downward over the row center; the remain- 
ing two nozzles were each mounted 28 cm from the center on 
each side of the row, and 15 cm below the center nozzle. 
These side nozzles were canted 30" from vertical towards the 
row, with the outermost edge of each plume defining the 
edges of the three-nozzle spray band. 

The previous paragraph described the general nozzle 
designs used to achieve the various geometric spray patterns 
and delivery angles. Table 1 lists additional details of the 
nozzles tested in the laboratory and in the field, including: 
XR80015 extended-range, single-elliptical orifice, 80" 
flat-fan nozzles (Spraying Systems Co., Wheaton, Ill.); 
TJ60-650134 dual single-elliptical orifice, 65" twin flat-fan 
nozzles (Spraying Systems Co., Wheaton, Ill.); 40-01 (and 
40-015) single-elliptical orifice, 40" flat -fan nozzles (for- 
mer Delavan, Inc., Lexington, Tenn.); and a three-nozzle 
arrangement, described above, of TY-2, 65" hollow-cone 
nozzles (Spraying Systems Co., Wheaton, Ill.). The 80" 
flat-fan and 65" twin flat-fan nozzles were used for 
broadcast application in laboratory and field tests. Broadcast 
nozzle heights ranged from 46 to 56 cm above the row 
foliage. The 40" flat-fan and 3-nozzle 65" hollow-cone 
nozzles each applied a 56 cm band in the laboratory study. 
The 65" twin flat-fan, 40" flat-fan, and three-nozzle 65" 
hollow-cone nozzles each applied a 56 cm band in the field 
study. Banding nozzle heights were closely adjusted to an 
actual measured band width of 56 cm. The reported nozzle 
heights are actual measurements and differed slightly from 
the theoretical height calculated using nominal spray angle. 

Table 1. Spray nozzle parameters for laboratory and field applications of broadcast and foliar banding sprays. 
Nozzle Nozzle S P Y  

Nozzle S P Y  Speed I-leight Presswe Rate 
Test Tmbnent Method Mixture (kmh) (cln) @@a) 0-ma) 

Laboratory XR800 15 Broadcast Water 6.4 46 207 94 

TJ60-650134 Broadcast Water 6 4 53 276 94 
40 -0 1 56 c n ~  band Water 6 4 53 262 94 

ozzte, 56 cm band 

held XR800 15 Broadcast Malahon 6 4 46 152 94 

TJ60-650134 Broadcast Malahon 6 4 56 200 94 
TJ60-650134 56 cm band Malathion 6.4 53 228 94 

40-015 56 cm band Malath~on 6 4 62 193 94 
T\' - 2 3 -nozzle, 56 cm band Malathion 6 4 46 372 94 
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In addition to a uniform band width of 56 cm for foliar 
band spray treatments, a constant application speed of 
6.4 kmlh and a total spray rate of 94 Liha were held constant 
for all treatments. Reported pressures vary between laborato- 
ry and field tests because of different spray application 
systems described below. 

SPI~AY DEPOSIT TESFS 
A laboratory track sprayer at The University of Tennessee, 

Knoxville, was used to consistently traverse a spray boom 
over water-sensitive paper (WSP) attached to a single row of 
40  cm high artificial philodendra plants. The synthetic 
philodendra plants had 6 cm wide, 8 cm long heart-shaped 
leaves; stems were pruned to resemble soybean plants at 
approximately V6 stage of growth (vegetative, sixth node) 
(Hill, 1994). Plants were spaced 21 cm to form a continuous 
row canopy with a leaf area index of approximately 2, based 
on a survey of leaf density. A trolley, resting on a 12.2 m long 
steel track and cable-driven by a 90 VDG 0.7 kW motor 
(Magnetek, El Paso, Texas), canied a dry boom with three 
nozzle bodies spaced at 5 1 cm. Nozzles were supplied with 
liquid from a portable canister subjected to regulated air 
pressure. Application speed was maintained at 6.4 krnh with 
a motor controller (RG8 series, Dart Controls, Zionsville, 
Ind.). Limit switches stopped the trolley in both directions. 
Laboratory temperature and relative humidity ranged from 
approximately 21°C to 23OC and 60% to 70%, respectively. 
Very little air movement, or wind, existed since all laboratory 
fans were off and doors were closed. This test applied water 
that was collected as spray deposit with eight WSP stapled 
face-up on leaves marked so that sample locations were 
consistent among replications. Of the eight cards per 
replicate, four were placed at 30 cm height (upper canopy), 
and four were placed at 15 cm height (lower canopy). 
Collection interference between WSP in the upper and lower 
canopies was minimized, since no plant had WSP placed in 
both the upper and lower canopy. The test used a completely 
randomized split plot design with spray nozzle as the 
whole-plot treatment factor and canopy level as the sub-plot. 
Three replications per treatment were performed, and data 
were analyzed using PROC MlXED (SAS Institute, Cary, 
N.C.). Laboratory tests also included laser diffraction droplet 
sizing of spray treatments, as described below. 

A tractor with a six-row, rear-mounted sprayer at the 
USDA-ARS (Stoneville, Miss.) applied field spray treat- 
ments to 8 1 cm tall, DPL-5409 cotton (Delta and Pine Land 
Co., Scott, Miss.) planted on 102 cm row spacing. The 
sprayer had a 6.1 m boom, 5 1 cm nozzle spacing, and a roller 
pump and pressure regulator setup. Travel speed was 
calibrated to 6.4 kmih using a tape measure and stopwatch, 
and was maintained with a selective gear transmission and 
engine speed tachometer. The field test applied an aqueous 
solution of malathion 4EC formulation mixed at 1.12 kg-a.i.1 
ha. Six row plots, 14 m in length, were sprayed in the 
afternoon at an ambient temperature of 32"C, relative 
humidity of 73%, and light crosswind ranging from 4 to 
6 h / h .  Six 102 cm spaced cotton rows were left unsprayed 
between plots to serve as a buffer zone. Five WSP were 
randomiy paper-clipped face-up in the top of the canopy (3rd 
node down from terminal); WSP in the lower canopy was 
activated by ambient moisture and was rendered useless. 
After spraying, ten leaves per plot from the 4th node down 
from the terminal were collected in iced, plastic bags for 

malathion residue recovery from top and bottom leaf 
surfaces. In addition, ten leaves per replicate from the 3rd 
node down from the terminal were placed in plastic bags on 
wet ice, and five boll weevils were sealed with a given leaf 
in a Petri dish to study mortality. A completely randonlized 
experimental design with four replicates was used. Leaf side 
was used as a subplot treatment factor for leaf washes, and all 
data were analyzed using PROC MIXED (SAS Lnstitute, 
Cary, N.C.). 

ANALYTICAL TECI$NIQUES 
Water-sensitive paper (WSP) (Ciba-Geigy brand, Spray- 

ing Systems Co., Wheaton, Ill.) was digitized with a 
Scanman 256 handheld scanner (Logitech, Inc., Fremont, 
Cal.) and corresponding software (FotoTouch Color v.1.3, 
Logitech, Inc.). Scanner resolution was set at 42.3 pm/pixel 
(600 dpi). It should be noted that droplets with diameters 
greater than 50 pm activate WSP, so the method was biased 
toward larger droplets. Images scanned from cards were 
analyzed for percent coverage, spot density, and discrete size 
data for each spot using the software program L-Count 
(Franz, 1993). Droplet diameter was determined with a 
regression equation computed from spread factors supplied 
with the WSP (Franz, 1993). 

Malvem laser diffraction droplet size analyses with an 
800 mm lens set were conducted on the same nozzles, 
pressures, and heights as used in the laboratory tests. The 
instrument detector was polled 10,000 sweeps for a given run 
while the downward-directed discharge was completely 
traversed back and forth several times through the laser 
beam. Obscuration and lens fouling was checked to ensure 
accurate droplet sizing. Since the WSP has a 50 pm 
droplet-diameter activation threshold, and that the WSP was 
scanned at a 42.3 pmipixel resolution, the first ten Malvem 
size bin categories (4 to 58.4 pnl) were collapsed into one 
category to facilitate comparisons with droplet spectra 
results from image scanner analysis. Mean cumulative 
volume percentages were concurrently graphed for Malvem 
laser droplet size and WSP determinations. In other words, 
each droplet size determined from WSP with image analysis 
was used to create a cumulative droplet size distribution 
using the bin sizes defined by the Malvem lens. 

Malathion residue from the top and bottom surfaces of 
cotton leaves were removed with 3 mL of ethanol per leaf 
surface by using dual side leaf washers (Carlton, 1992). 
Aliquots (2 rnL) were placed in autosampler vials for analysis 
by a gas chromatograph (Model 5890, Hewlett-Packard, 
Wilmington, Del.) equipped with a flame photometric 
detector and operated by Chemstation software (Hewlett- 
Packard). The residue analysis parameters were: injector 
temperature = 200°C; detector temperature = 200°C; oven 
program = 120°C initial temperature with a 25OCImin 
increase to 250°C for 1 min, then a 25"Cimin increase to 
280°C for 4 min. A Hewlett-Packard Ultra- 1 cross-linked 
methyl silicone gum phase column (25 m x 0.32 mm x 
0.52 mm) with a 2.65 mL/min flow of helium was used. 
Retention time of malathion was 5.597 mi 

Boll weevil mortality studies were conducted with 
susceptible boll weevils provided by the USDA- ARS in 
Stoneville, Mississippi. Five weevils were placed on a 
sprayed leaf in a Petri dish (100 x 15 mm). Dishes were 
covered and checked for mortality 48 h after placement of 
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weevils. Control treatment leaves were taken from unsprayed nozzles, and due to droplet size. Laser-measured droplet 
regions of the cotton field. VMD was 18% less for the three-nozzle TY-2 treatment than 

for the broadcast TJ60-650134 treatment (table 2). The 
three-nozzle TY-2 treatment produced WSP coverage and 

The laboratory spray deposit test indicated wide variation 
in WSP coverage in the upper canopy, whereas no statistical 
difference (p = 0.05) was observed in WSP coverage in the 
lower canopy due to nozzle treaiment (table 2). The 
broadcast treatments had statisticallv identical WSP cover- 
age in the upper canopy, and this coverage fell between the 
extremes produced by the banding treatments. The broadcast 
XR80015 treatment had less WSP coverage and droplet 
density than the banded three-nozzle TY-2 treatment, and 
this may be partly attributed to the greater VMD produced by 
the flat-fan nozzle. For coverage and droplet density pooled 
for all nozzles, upper canopy coverage had low correlation 
with upper canopy stain number (r = 0.34), whereas lower 
canopy coverage was highly correlated with stain number 
(r = 0.95). 

~ r n o n g  broadcast treatments, the TJ60-650 134 had a 
droplet VMD reduced by 11% and slightly numerically less 
WSP coverage and droplet density in the lower canopy, 
although no statistical difference (p = 0.05) was observed. In 
contrast, the reduced VMD significantly increased WSP 
droplet density in the upper canopy. Evidently, the dual 
fore-aft spray directions at a reduced VMD of the 
TJ60-650134 did not improve droplet penetration to the 
lower canopy compared to the downward-aimed larger 
VMD of the XR.800 15. Thus, it appeared that the discharged 
spray with a slightly larger VMD and downward direction 
performed as well as the fore-aft spray directions in terms of 
canopy penetration. 

The band application with the 40-01 -nozzle treatment 
produced the least WSP coverage (p = 0.05), and the banded 
three-nozzle TY-2 treatment produced the greatest WSP 
coverage (p = 0.05) in the laboratory test (table 2). It was 
interesting to compare the performance of sprays with similar 
droplet VMD values. The broadcast TJ60-650134 (VMD = 

135 pm) and the banded 40-01 = 136 pm) treatments 
had statistically different (P = 0.05) WSP coverage and 
droplet density in the upper canopy, although no statistical 
difference was observed in the lower canopy. Either the dual 
fore-aft spray directions or the multiple-nozzle arrangement 
associated with the similar VMD from the TJ60-650134 
broadcast treatment affected WSP coverage and droplet 
density in the upper canopy. The high WSP coverage in the 
upper canopy from the three-nozzle TY-2 treatment was 
primarily attributed to the multi -directional spray plume due 
to the wide positioning of the outermost hollow-cone 

droplet density, in the lower canopy, that was not statiGically 
greater than at least one other treatment, although the TY-2 
resulted in the highest numeric values in the lower canopy. 
This, too, was attributed to the many droplet vectors 
associated with the three nozzle orientations and hollow- 
cone spray pattern. Womac et al. (1 992) noted in a previous 
study that droplet vectors played a crucial role in targeting the 
undersides of leaves, and hence showed that drop nozzles 
rigidly affixed to trip-type supports effectively improved 
spraying pest on the underside of leaves. In retrospect, the 
multi-vectored droplet effect of the study herein improved 
canopy penetration and more than offset any tendency for 
reduced penetration from small droplets. It should be 
emphasized that these laboratory results pertain to a "no- 
wind" situation, but they should at least provide a benchmark 
in determining the role of geometric spray patterns and spray 
delivery angles. 

LABORATORY DROPLET SPECTRA COMPARISONS 
Cumulative volume distributions (CVD) of the droplet 

spectra from the Malvern laser and the WSP from upper and 
lower canopy levels, for each laboratory-tested nozzle, are 
shown in figures 1-4. On these graphs, the abscissa is droplet 
size, based on the Malvem droplet size bins, and the ordinate 
is percentage of spray volume. Cumulative spray volume is 
plotted, i.e., the percentage volume is progressively increm- 
ented by the volume in each progressive bin. Inspection of 
figures 1-4 indicates that the largest droplets penetrated and 
deposited on the WSP placed in the lower canopy, as 
similarly reasoned by examination of WSP coverage in the 
previous paragraphs. Another overall observation is that in 
two cases (figs. 1 and 4) all WSP droplet spectra tended to be 
larger than that of the Malvern. The other two cases (figs. 2 
and 3) had a sharp rise in upper canopy distributions at VMD 
values less than the Malvern VMD. 

The laboratory broadcast application with the XR800 15 
flat -fan nozzle resulted in upper and lower canopy WSP-col- 
lected VMD values of 355 and 650 pm, respectively (fig. 1). 
Previous studies either assumed that the CVD produced by 
the sprayer was the same as that collected by the WSP (Fox 
et al., 2001); or they used a volume mean diameter (Salyani 
and Fox, 1999), which is different from the VMD (volume 
median diameter) used herein; or they examined a narrow 
droplet size range from 70 to 350 pm (Thacker and Hall, 
1991); or they focused primarily on percent coverage 
(Panneton, 2002). Thus, recent comparisons between Mal- 
vern- and WSP-detern~ined VMD are not widely available 

Table 2. Laboratory spray droplet and deposit data for broadcast and foliar band sprays. 

Nozzle 
Malvern D"o.5 

(VMD) 

WSP Coverage 
(%) [ C Q [ ~ ]  

WSP Drop Density 
(drops/cm2) [CV] 

. . 

XR80015 Broadcast 152 30.7 bib] [18.2] 5.2 a [21.2] 192 c [20.7] 72 ab [25.1] 
TJ60-650134 Broadcast 135 29.6 b I15.61 3.3 a [22.9] 226 a [16.0] 65 b [20.2] 

40 -0 1 56 cm band 136 19.1 c [16.4] 2.6 a [24.3] 202 bc [I 7.41 56 b [28.3] 
TY -2 3 -nozzle; 56 cm band 110 36.8 a [15.3] 6.5 a [18.8] 217 ab [19.2] 95 a [25.6] 

r a ]  CV = coeficient of variation (%). 
Ibl Means followed by the same letter in a given colwnn do not differ in painvise comparison test 0, = 0.05). 
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Figure 1. Droplet spectra disvibutions determined for upper and lower canopy with water-sensitive paper collections versus Malvern laser diffraction 
measurements for a flat-fan nozzle (XR80015) broadcast spraying from a laboratory track sprayer. 
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Figure 2. Droplet spectra distributions determined for upper and lower canopy with water-sensitive paper collections versus Malvern laser diffraction 
measurements for a twin-orifice flat-fan nozzle (TJ60-650134) broadcast spraying from a laboratory track sprayer. 
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Figure 3. Droplet spectra distributions determined for upper and lower canopy with water-sensitive paper collections versus Malvern laser diffraction 
measurements for a flat-fan nozzle (40-01) foliar band spraying from a laboratory track sprayer. 
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Figure 4. Droplet spectra distributions determined for upper and lower canopy with water-sensitive paper coiiections versus Malvern laser diffraction 
measurements for three-t~ollow-cone nozzle arrangement (TY-2) fotiar band spraying from a laboralory track sprayer. 

in the literature. Potential sources of error include the acknowl- 
edged, minimum droplet activation size of 50 pm for WSP; a 
lack of small droplets settling onto WSP; no accounting for 
droplet coalescence; the range of spread factor, which varies by 
more than that accounted for by the calibration equation; some 
small droplets that were missed by the image analysis system; 
the documented bias that the Malvem has towards small drop- 
lets (Womac et al., 1999); or some combination of the above. 

The laboratory broadcast application with the TJ60-650134 
dual flat-fan nozzle resulted in upper and lower canopy 
WSP-collected VMD values of 103 and 640 pn, respective- 
ly (fig. 2). The CVD for the upper canopy WSP upwardly 
crossed the Malvem CVD due to much spray volume 
collection in the 91 -105 pm size range, downwardly crossed 
the Malvem CVD at about 164 pm, and finally merged with 
the Malvem CVD at 965 p.m. Regardless of differences 
between Malvem- and WSP-determined CVD, WSP collec- 
tions clearly demonstrated a filtering and partitioning effect 
occuning between upper and lower canopy levels for this 
nozzle and all the other nozzles as well. Small droplets were 
best intercepted and collected in the upper canopy, whereas 
large droplets penetrated and were collected in the lower 
canopy. It should be noted that the CVD curves characterize 
the droplet spectrum reaching the WSP and not the quantity 
of deposit. WSP coverage and droplet density, previously 
presented in table 2, provide quantitative measures of the 
deposit quantity. WSP coverage and droplet density correlate 
with the sumnlations of spray volume and droplet numbers, 
respectively, that populate each CVD size range. 

The laboratory band application with the 40-01 flat-fan 
nozzle resulted in upper and lower canopy WSP-collected 
VMD values of 100 and 400 pm, respectively (fig. 3). WSP 
CVD curve shapes somewhat resembled those of the nozzle 
treatment discussed immediately above. The WSP-determined 
CVD for the upper canopy looped above the Malvem CVD. 

The Iaboratory band application with the three-nmle 
TY-2 hollow-cone nozzle resulted in upper and lower 
canopy WSP-collected W values of 370 and 830 pm, 
respectively (fig. 4). Both WSP curves lagged joining the 
Malvern CVD curve near loo%, compared to the previously 
discussed nozzle treatments. 

FIELD SPRAY APPLICATIONS 
Field-applied nozzle treatment results are presented in 

table 3. Field performance of WSP coverage and droplet 
density for broadcast nozzle treatments (table 3) was very 
similar to the upper canopy results of the laboratory test 
(table 2). The broadcast XR80015 nozzle treatment resulted 
in the numerically highest leaf-top residue, although it was 
not statistically (p = 0.05) different from the band 40-015 
treatment. In contrast, band nozzle treatment results differed 
between field and laboratory. Field WSP coverage perfor- 
mance of the 40-015 flat-fan nozzle (table 3) resulted in 
significantly greater coverage than the three-nozzle TY-2 
nozzle treatment, which was a complete reversal of the 
laboratory results (table 2). Visual observations indicated 
that the spray from the three-nozzle TY -2 nozzle treatment 
tended to be blown off the row by a light crosswind ranging 
from 4 to 6 km/h. On the other hand, the increased nozzle size 
and reduced operating pressure of the 40-015 in the field, 
compared to the 40-01 used in the laboratory, created the 
largest CVD of all the field-tested nozzles (fig. 5). This 
largest droplet size corresponded with the least droplet 
density (table 3). These differences resulted in WSP coverage 
and leaf-top residues for the banded 40-01 5 nozzle treatment 
that were significantly greater (p = 0.05), by a factor of 2, than 
those of the banded three-nozzle TY-2 nozzle treatment 
(table 3). The advantage of the fore-aft dual fan spray from 
the TJ-650134 was evident for the broadcast application, but 
not the banded application, based on leaf-top residue 
(table 3). No significant (p = 0.05) differences were observed 
in leaf bottom residue or boll weevil mortality (table 3). 

WSP-determined CVD for field-tested nozzles are 
plotted in figure 5. VMD of broadcast XR80015, broadcast 
TJ60-650134, band TJ60-650134, band 40-01 5, and three- 
nozzle TY -2 band application treatments were approximate- 
ly 890,785,833,1070, and 250 pm, respectively (fig. 5). The 
smajlest CtrD of the TY-2 was distinctly diffaent, whereas 
the other nozzle treatments were grouped together. It is 
interesting to note that the CVD from the WSP in the field 
(fig. 5) were generally much coarser than the CVD obtained 
from either upper or lower canopy CVD from the laboratory, 
except for the TY-2 hollow -cone nozzles. 
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Table 3. Field data of spray deposit and boll weevil mortality for broadcast and foliar band sprays. 
WSP WSP h f ' r o p  Leaf Botlom Susceptible 

Nolzle Caverage Drop Density Residue Residue Boll Weevil Mortality 
Treatment Method (%) [ cv ] [~~  (drops/cm2) [CV] (~i~/cm?) [CV] (ng/m2) [CV] (%)Ib] [CV] 

XR800 15 Broadcast 3 1.20 able] 120.71 133 c [24.3] 7.52 a 113.21 0.1 1 a [62.7] 100.0 a [O] 

TJ60 -650 134 Broadcast 27.54 b [17.8] 172 b 120.31 5.1 7 b [19.4] 0.33 a [45.2] 100.0 a [0] 
11160-650134 56 cm band 29.51 b[18.0] 177 bi21.81 2.60 c 125.71 1.1  l a [34.5] 100.0 a [O] 

40-015 56 cm band 37.94 a 119.81 78 d [19.4] 6.32 ab [15.6] 0.14 a [58.3] 100.0 a [0] 
TY-2 3-no7zlc; 56 crn band 19.08 c [24.2] 295 a 127.91 2.94 c [24.2] 0.13 a 146.11 97.93 a [3. I] 

La] CV = coefficient of variation (%). 
fb] Control had 0.5%mortality. 
fcl Means followed by the sane letier in a given column do not differ in painvise coxnparison test (p = 0.05). 

1 1 -40-015, band 1 
+TJM)-650134, broad 
--cTJM)-650134, band 
-rc XR80015, broad 
-cW-2,3-nozzle band 

58.4 78.5 105 141 191 256 344 461 620 833 1120 1400 

Droplet Size Corresponding with Malvern Instrument Bins ( p m) 

Figure 5. Cumulative volume droplet spectra determined from water-sensitive paper for field trial of foliar banding and broadcast n o d e  treatments. 

CONCLUSIONS - Foliar spray banding provides an avenue to significantly 
reduce pesticide use in row crops without loss of spray de- 
posit coverage or reduced leaf-top chemical residues 
compared to a broadcast application from flat-fan 
nozzles. 
Under application conditions with virtually no crosswind, 
foliar banding with multiple spray delivery angles per row, 
such as that delivered by multiple hollow-cone nozzles, 
produce the greatest potential for increased spray cover- 
age in the upper and lower canopy of a row crop. - Under application conditions with a light crosswind, foliar 
banding with a downward-pointed spray with minimum 
delivery angles, such as that created by a single, narrow- 
angle flat-fan nozzle per row, produce the greatest poten- 
tial for increased spray coverage and leaf-top residue. - The plant canopy filters droplets by size, whether applied 
as broadcast or a foliar band, such that larger droplets are 
deposited at lower canopy levels when the droplets are al- 
lowed to settle without forced air. - Lower canopy coverage and droplet density and leaf bot- 
tom residue levels are small fractions of the total deposited 
spray, as compared to upper canopy and leaf-top ~esidue 
levels. 

REFERENCES 
ASAE Standards, 47th ed 2000a S327 2 Terminology and 

definitrons for agricultural chemrcal application St Joseph, 
Mrch ASAE 

ASAE Standards, 47th ed 2000b EP367 2 G u ~ d e  for preparing 

field sprayer calibration procedures S t  Joseph, M ~ c h  ASAE 
Carlton, J B 1992. Sunple techniques for measuring spray deposits 

m the field - 11. Dual side leaf washer ASAE Paper No. 921618 
St Joseph, M ~ c h  ASAE 

Fox, R D., M Salyani, J A. Cooper, and R D Brazee 2001. Spot 
s u e  compansons on oil- and water-sens~tive paper Applzed 
Eng m Agrzc 17(2) 131-136 

Franz, E 1993 Spray coverage analysis uslng a hand-held scanner 
Trans ASAE 36(5) 127 1 - 1278 

Glies, D K., and D C Slaughter 1997 Precision band spraylng 
with machine-vis~on guidance and adjustable yaw nozzles 
Trans ASAE 40(1) 29-36 

Heim, D C. 1993 The influence of spray adjuvants and apphcat~on 
procedures on msecticidal efficacy In cotton and soybean PhD 
dlss Rale~gli, N C North Carolina State University, Department 
of Enton~ology 

Hill, J H 1994 How a soybean plant develops Specla1 Report No 
53 Ames Iowa Iowa State Un~versity, Available at 
www extension ~astate.edu/Pages/hancocMagncultureisoybeanlb 
ean-develop/v6stage html Accessed 4 Dec 2001 

Luttrell, R G., and D B Smith 1990 Effect of spray depos~t 
charactenstics on lnsectlclde efficacy In Pest~cuie Fonnulatlons 
and Applzcat~on Systeins, vol 10 57-70 ASTM STP 1078 L 
E Bode, J. L Hazeii, and D G Chasm, eds Phlladelph~a P a  
ASTM 



Panneton, B. 2002. Image analysis of water-sensitive cards fol 
spray coverage experiments. Applied Eng. in Agn'c. 18(2): 
179-182. 

PNR America. 2003. introduction - Factors affecting sprays. 
Poughkeepsie, N.Y.: PNR America LLC. Available at: 
www.pnramerica.com/pdfs/p2-6.pdt Accessed 13 June 2003. 

Salyani, M., and R. D. Fox. 1999. Evaluation of spray quality by 
oil- and water-sensitive papers. 7kans. ASAE 42(1): 37-43. 

Smith, C. W. 2001. Insecticide reduction through precision foliar 
banding with various spray nozzles and droplet sizes. MS thesis. 
Knoxville, Tenn.: University of Tennessee, Department of 
Biosysterns Engineering. 

Thacker, 3. R. M., and F. R. Hall. 1991. The effects of drop size and 
formulation upon the spread of pesticide droplets impacting on 
water.sensitive papers. J. Enviw)n. Science and Health, Par? B - 
Peslicides, Food Confaminanf.~, and Agricultural Wastes 
26(5-6): 631 -651. 

Womac, A. R., J. E. Mulrooney, and W. P. Scott. 1992. 
Characteristics of air-assisted and drop-nozzle sprays in cotton. 
Pans. ASAE 35(5): 1369- 1376. 

Womac,A. R., J. E. Mulrooney, W. P. Scott, and J. R. Wiiliford. 
1994. Influence of oil droplet size on the toxicity of bifenthrin 
from cotton to tobacco budworm. Pesficide Science 40: 77 - 83. 

Womac, A. R., R. A. Maynard, and I. W. Kirk. 1999. Measurement 
variations in reference sprays for nozzle classification. Tratzs. 
ASAE42(3): 609-61 6. 

44 TRANSA~LONS OF THE ASAE 


