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I.  Executive Summary 
 
 Application technology is commonly overlooked as a solution to help reduce 
pesticide use (and thus costs) while meeting increasing demands for environmental 
stewardship.  Conventional spraying practices for insect control in the majority of pome 
fruit orchards involve delivery of insecticides through air-blast sprayers.  The main target 
is the codling moth (CM).  The spray is atomized under pressure through nozzles and 
then directed in a 180° arc toward the canopy.  Most growers in the Pacific Northwest 
(PNW) spray every row on both sides.  Surveys of orchard pest management practices in 
Washington State show that 85% of respondents reported spraying 100% of a treated 
block.  Yet in the Midwest and Eastern U.S. fruit growing regions, growers spray every 
other row using a technique called alternative row middle spraying.  However, growers 
spray on 7-10 day intervals, a frequency that is much higher than in PNW orchards.  
Nevertheless, use of alternative row middle spraying (ARM) may have advantages to 
PNW growers by reducing use of insecticides as well as reducing drift out of orchards.  If 
the latter can be shown as a likely outcome, growers may be able to mitigate the size of 
required no spray zones for protecting threatened and endangered species.  Growers 
would also be likely to adopt alternative spraying practices if data proved that efficacy 
would not be affected even though residues are reduced.   
 To generate data useful to growers to clear up uncertainties about alternative 
spraying practices, this project explored three objectives and associated sub objectives.  
1. Test the ability of alternative spraying practices (as defined in Figure 1) to reduce 

insecticide use but provide effective insect pest control. 
a.  Conduct bioassays on sprayed leaves and apples to determine bioactivity against 

neonate codling moth; 
b.  Determine relationship between insecticide residues and codling moth bioactivity. 

2. Determine the capability of alternative spraying practices to help growers meet 
Federal Court mandates of no-spray zones without sacrificing adequate pest control. 
a.  Determine how alternative row spraying practices affect insecticide drift. 
b.  Determine the effect of outside row spraying on insecticide drift. 

3. Facilitate technology transfer to growers through the use of visual markers that 
illustrate spray deposition and biological assays as surrogates for commercial 
efficacy. 
a.  Present results at grower meetings and pesticide recertification training workshops. 

 
The above objectives served to test the main hypothesis:  ARM practices are equally 
effective as conventional (CONV) spraying practices for controlling codling moth larvae 
while reducing residues on apples and off-target insecticide drift.  
 Experiments were conducted on a 5-acre block of ‘Gala’ apples at a commercial 
orchard east of Prosser, WA.  Three spraying treatments consisting of 25 trees were 
assigned across the first 12 rows of the orchard block:  CONV (every tree row sprayed); 
ARM (every other row sprayed; i.e., one side of a tree row was left unsprayed); SR (skip 
row; one row completely left unsprayed and flanked by tree rows with only one side 
sprayed).  Azinphos-methyl (AZM; formulated as Guthion) was applied to each spraying 
treatment.  Samples of foliage and apples were collected to determine residue distribution 
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and magnitude and its relationship with bioactivity against neonate CM larvae.  Drift to 
ground was determined using silica gel plates laid along transects outside and within the 
orchard.  Plates were also hung in trees to compare them to leaves and apples as 
collectors of residues.   
 A second experiment was set up to test if outside row spraying could contribute to 
downwind drift through a phenomenon called the backwash effect.  The outer two rows 
of the orchard were sprayed in two passes.  The first pass of the sprayer applied 
insecticide to the outside of the trees of row one with the leeward set of nozzles shut off 
as recommended by the Guthion product label.  A second pass of the sprayer applied 
AZM to tree rows one and two by traveling up the alley between the rows and then 
applying the insecticide to the outside of row one as in the pass one spray.  Silica gel 
deposition plates were laid in transects on the ground within and outside of the orchard. 
 AZM residues did not significantly differ on leaves collected from sprayed and 
unsprayed sides of trees.  Residues were significantly lower on leaves from the untreated 
row of the SR treatment.  Bioactivity followed a parallel trend with mortalities of neonate 
CM between 80 and 100% on leaves collected from sprayed and unsprayed sides of the 
tree.  Thus, foliar residues and bioactivity did not differ among treatments, validating the 
main hypothesis of this study.   
 In contrast to leaves, residues on apples and percentage reduction of CM feeding 
injury were significantly lower on apples from unsprayed sides of trees than sprayed 
sides of trees.  Thus, the hypothesis of equivalence between CONV and ARM practices 
with regard to apples was not validated.  Nevertheless, the results with foliage suggested 
that ARM spraying may be a viable practice in the PNW because CM females 
disproportionately lay their eggs on foliage around the apples and then must crawl over 
the leaf surfaces to search for an apple.  Past work has shown that larvae die quickly after 
exposure to treated leaf surfaces (LT50 ~54 minutes).  Thus, insecticide residues and 
bioactivity on leaves may make a major contribution to control of codling moth larvae in 
the field. 
 Drift was detected to a distance of 200 feet from the field.  However, drift was not 
different among the three spraying techniques.  AZM residues on the ground within the 
orchard were lowest for the SR treatment, and the residues in the ARM treatment were 
lower than the CONV treatment.   
 Backwash of spray aerosols from the airblast sprayer during outside row spraying 
was shown to contribute as much as 34% of the downwind drift associated with spraying 
both sides of the trees in the first two rows of an orchard.   A drift retardant adjuvant did 
not reduce drift compared to a no adjuvant treatment when the outside of a row was 
sprayed.  However, when rows one and two were sprayed in addition to the outside of 
row one, the drift retardant seemed to reduce drift somewhat compared to the no adjuvant 
treatment.   
 To facilitate technology transfer, results from experiments described herein were 
combined with other data and presentation to numerous grower meetings and pesticide 
recertification training workshops.  The audiences were quite diverse and included urban 
applicators, foresters and natural resource managers, noxious weed control personnel, and 
agronomic and horticultural crop consultants and applicators. 
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II. Project Background 

 
Application technology is commonly overlooked as a solution to help reduce 

pesticide use (and thus costs) while meeting increasing demands for environmental 
stewardship.  Conventional spraying practices for insect control in the majority of pome 
fruit orchards involve delivery of insecticides through air-blast sprayers.  The main target 
is the codling moth.  The spray is atomized under pressure through nozzles and then 
directed in a 180° arc toward the canopy.  Most growers spray every row on both sides.  
Surveys of orchard pest management practices in Washington State show that 85% of 
respondents reported spraying 100% of a treated block (Jones et al. 2002).  This 
conventional spraying strategy can be designated as the “every row” spray.   Twelve 
percent of survey respondents sprayed 50% or less of a block, and 2% indicated only 
spraying border rows (Jones et al. 2002).  Less than whole block treatments can be 
achieved by alternating sprayed rows (designated as “alternate row” or “alternate row 
middle” spray, Figure 1).  Another possibility is to skip rows (i.e., “skip row” treatment).  
Given the low use of “alternate middle row” and “skip row” spraying in Pacific 
Northwest orchards, these practices may be considered alternatives to the “every row” 
conventional practice. 

 

 
 

Figure 1.  Conventional and alternative row spraying practices for pome fruit orchards.  
Within this report, the acronyms CONV, ARM, and SR are used to designate 
conventional every row spraying, alternative middle row spraying, and skip 
row spraying, respectively. 
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On a per acre basis, ARM and SR spraying has the potential to reduce insecticide 
use by approximately 50% and 65%, respectively.  Growers will not take the risk of 
reducing pesticide use, however, unless they are presented data that prove efficacy at 
different sites over several years.  On the other hand, growers will readily adopt new 
technologies and pest control methods if data repeatedly show favorable efficiency.  
Information from a pilot study suggested that alternative row spraying practices can be 
effective against codling moth larvae (Felsot et al. 2004).  Further study and validation of 
preliminary results could produce data that stimulates growers beyond the timeframe of 
the proposed project to try alternative row spraying practices. 

One advantage of using skip-row spraying practices is the potential to use a no-
spray zone that starts within the orchard. In response to a lawsuit requesting an injunction 
to prevent use of insecticides deemed likely to affect endangered salmon populations, the 
Federal Court has mandated that users of OP insecticides must leave a minimum 60-ft 
buffer around listed salmon bearing streams (Felsot 2003).  With skip row spraying 
practices, growers can avoid spraying end rows and thus use the approximately first 20-
25 feet of their orchards as part of a no-spray zone (i.e., the distance between the middle 
of tree row one and the line of travel of the sprayer).  Predicted reductions in mass of drift 
outside of the orchard will reduce nontarget exposures.  However, before growers will 
risk not spraying outside rows, they must have evidence that skipping rows during 
spraying will provide adequate efficacy against codling moths. 

To motivate growers to adopt alternative practices, communication must include 
the use of visual aides that show them results in near real time.  Fluorescent dyes are well 
suited to allowing growers to observe how their spray practices can affect spray 
deposition within the canopy and out of the orchard.  Overtly visual presentations (video 
and still images) made available through a web site and grower/pesticide applicator 
education meetings should stimulate more growers to try alternative row spraying 
practices on at least part of their orchards. 
 
III. Project Objectives 
 
 The effect of alternative spraying practices on bioactivity of insecticide residues 
against codling moth (CM) larvae, concentration of residues on leaves and fruit, and on 
ground deposition of drifting residues were tested at a commercial orchard in the Yakima 
Valley during June 2005.  Measurement of these three dependent variables were 
necessary to make a case that alternative row spraying practices have validity for 
maintaining fruit quality while protecting environmental resources.  Thus, the 
experiments described herein tested the hypothesis that ARM practices are equally 
effective as CONV practices for controlling codling moth larvae while reducing residues 
on apples and off-target insecticide drift.  The hypothesis was tested under three broad 
objectives and associated specific sub-objectives:   
1. Test the ability of alternative spraying practices (as defined in Figure 1) to reduce 

insecticide use but provide effective insect pest control. 
a.  Conduct bioassays on sprayed leaves and apples to determine bioactivity against 

neonate codling moth; 
b.  Determine the relationship between insecticide residues and codling moth 

bioactivity. 
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2. Determine the capability of alternative spraying practices to help growers meet 
Federal Court mandates of no-spray zones without sacrificing adequate pest control. 
a.  Determine how alternative row spraying practices affect insecticide drift. 
b.  Determine the effect of outside row spraying on insecticide drift. 

3. Facilitate technology transfer to growers through the use of visual markers that 
illustrate spray deposition and biological assays as surrogates for commercial 
efficacy. 
a.  Present results at grower meetings and pesticide recertification training workshops. 

 
IV. Experimental Procedures and Methods 
 
 Two separate experiments were conducted in the field with residue analysis and 
biological assays of collected materials conducted in the laboratory.  Each experiment 
was assigned the designation Protocol I or Protocol II.   
 Protocol I tested the following hypothesis:  Deposition of insecticide residues by 
alternative spraying practices known as “alternate row middle” will be sufficient to 
control neonate codling moth larvae with the conventional insecticide azinphos-methyl 
(AZM; formulated as Guthion Solupak). 
 Protocol II tested the following hypothesis:  Air backwash from the fan rotation of 
axial fan sprayers that are spraying the outside rows contributes to out-of-field drift even 
though the leeward nozzles are off. 
 The original protocols as used to set up the field sites are included as appendices 
A and B.  These protocols list the objectives used to test each hypothesis.  Both protocols 
were conducted at the same field site and used similar analytical procedures that are 
described in the following sections.  All laboratory protocols used as methods for 
Protocol I and II are also included in Appendices C-G.  Minor modifications to the 
originally written protocols were sometimes needed as certain field or laboratory 
situations arose; these modifications are included in the procedures/methods narrative in 
the following sections.  
 
A.  Field Site 
 The experiments were conducted at the Klingele Orchard east of Prosser, WA on 
Case Road south of Hanks Road (geographic coordinates 46° 16' N, 119° 40' W) during 
June and July 2005.  A five-acre block of ‘Gala’ apples (known as block 2) was used for 
the experiments.  The block consisted of 33 rows of trees with about 80 trees per row, 
and it was located adjacent to a non-cropped open field.  The orchard sloped from an 
elevation of 977 feet corresponding to tree one, row one to 928 feet corresponding to tree 
80, row one. Trees were planted on a 14 ft (between rows) x 7 ft (between trees) grid.  
Tree height was approximately 12 feet. 
 
B.  Experimental Design—Protocol I 
 Alternative row spray treatments (conventional, designated CONV; alternative 
row middle, ARM; skip row, SR) were overlaid on the first 12 rows of the orchard block 
(Figure 2).  
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Figure 2.  Plot schematic for Protocol 1. 
 
 
 Definition of Treatments 

• CONV:  Sprayer traveled down every alley (i.e., between rows), spraying 
simultaneously one side of each tree row.  The effective spray deposition 
pattern was the whole canopy of each tree. 

• ARM:  Sprayer traveled down every other alley, spraying simultaneously one 
side of each tree row.  The effective spray deposition pattern was only one 
side of each tree row. 

• SR:  Sprayer traveled down every third alley, spraying simultaneously one 
side of each tree row.  The effective spray deposition pattern was one tree row 
left completely unsprayed and the adjacent tree rows were sprayed from one 
side of their canopy.  

 
 Each treatment consisted of 12 rows by 25 trees.  Consecutive groupings of 25 
trees within each row were designated for SR, ARM, and CONV spraying treatments.  
Six transects perpendicular to row one were delineated from a distance of 200 feet away 
from the orchard to 35 feet within the orchard (equivalent to the alley between rows three 
and four).  At various distances along the transects, aluminum-backed silica gel plates (20 
cm x 10 cm) were placed directly on the ground to collect off-target insecticide residues 
resulting from spraying and drift.  Two days after spraying, samples of foliage and apples 
were collected from the treated and untreated sides of trees, as well as from the untreated 
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row of the SR treatment.  Samples of foliage and fruit were subjected to residue analysis 
and bioassays with neonate codling moths as described below.   
 
 Rationale for Experimental Design:  Agronomic field experiments are typically 
conducted using a randomized block design with at least four replicates of each main 
treatment.  Although this method works well with field crops, orchards present a special 
problem owing to the use of axial fan airblast sprayers that cause a lot of drift from row 
to row (i.e., cross row movement of spray).  Also, multiple rows must be treated to 
simulate a commercial application and the overlaying of residues that occurs as 
successive rows are sprayed. Thus, with three treatments and the need to lower costs and 
maintain efficiency, a random block design was not practical.   
 If measurements of biological activity (e.g., codling moth counts; codling moth 
damage) were the objective, then a random block design would typically be used to 
control for the expected clumpiness or stratification of such activity.  However, 
quantification of deposited residues is the main objective in testing the aforementioned 
stated hypothesis.  Because the sprayer speed and nozzle-driven spray emissions are on 
average similar as the tractor travels down a row, an assumption of homogeneity was 
made with respect to spray deposition within any one spraying pattern treatment.  The 
replicates were therefore the individual trees within a treatment that were chosen for 
foliage and apple samples and thus will be considered the experimental units. 
 
C.  Experimental Design—Protocol II 
 Protocol II was designed to examine the validity of the hypothesis that the sprayer 
air backwash effect may cause significant drift.  Additionally, a drift control adjuvant was 
examined as a potential mitigating technology to allay drift near the orchard borders.  The 
first three rows of block 2 of the Klingele orchard were used as the plot for Protocol II 
(Figure 3).  The plot encompassed the first 50 trees in the rows.  Four treatments were 
tested in sequence as shown in the following chart (Table 1).   
 
Table 1.  Treatments associated with Protocol II. 

Treatment Sprayed Area Adjuvant 
First Pass Outside row, leeward nozzles off None 

Second Pass Rows 1/2 + Outside row None 
First Pass Outside row, leeward nozzles off In-Place 

Second Pass Rows 1/2 + Outside row In-Place 
 
 For each treatment, silica gel drift plates (20 cm x 10 cm) were laid in transects to tree 
row one starting inside the orchard at tree numbers 8, 18, 33, and 43.  Transects were 
extended to a distance of 100 ft outside of the orchard and to a distance of 35 ft within the 
orchard.  
 
D.  Insecticide Application & Meteorological Monitoring 
 A modified Pak-Blast axial fan sprayer, owned and operated by WSU personnel 
and used for IR-4 magnitude of residues studies, was deployed for the insecticide 
application.  AZM formulated as Guthion Solupak (50% AI) was applied at a rate of 1 lb  
 



FEQL Project 0405 Final Report  Page 12 of 58 

 
 
Figure 3.  Plot schematic for Protocol 2. 
 
 
AI/acre and delivered at a volume rate of 180 gallons of water per acre.  The sprayer was 
calibrated before start of operations using similar protocols as used for IR-4 studies. 
 Meteorological conditions during insecticide application were monitored with a 
Davis Pro Weather Station situated about 100 feet away from tree row one, 
perpendicularly located along a transect passing through tree no. 25 of the plot.  A data 
logger recorded temperature, humidity, wind speed, and wind direction at one-minute 
intervals.  All weather data corresponding with different spray operations are tabulated in 
Appendix H.   
 
E.  Sampling  
 Protocol I and II in Appendix A and B, respectively, incorporated the sampling 
procedures for drift monitoring and collection of apple and foliar samples.  For drift 
monitoring, aluminum-backed silica gel thin layer plates (20 cm x 10 cm x 0.25 mm 
thick; 200 cm2 surface area) were used as insecticide deposition collecting surfaces.  The 
plates were placed directly on the ground in the orchard within tree rows and in 
alleyways (Figure 2, 3, 4).  Plates were tethered to ensure that only one surface was 
exposed and the cards would not be blown off the transect either by the sprayer or the 
wind .  Outside of the orchard, cards were placed on the ground in an open field along 
perpendicular transects at intervals of 20, 40, 60, 75, 100, and 150 ft (Protocol II) or 200 
ft (Protocol I) (Figure 4).   
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Figure 4.  Placement of silica gel cards directly on the ground within the orchard and in 

the adjacent open field.   
 
 
 In addition to placement on the ground, silica gel plates were hung up in the trees 
corresponding to the within orchard transects.  These “tree plates” were constructed by 
cutting in half a 20 x 10 cm plate and then stapling the two pieces together.  The tree 
plates were hung in the trees from a short wire that allowed the plate mobility with air 
movement, similarly to a leaf.  Thus, both sides of the plate, constituting a total of 200 cm2 
were available as a deposition surface.  One tree plate was placed at mid-canopy level on 
both sides of a tree in each of the first three rows.   
 After insecticide spraying ceased, the deposition plates were picked up by the 
edges, labeled on the aluminum backing with a pre-printed sticky address label and 
placed in a similarly labeled aluminum foil pouch.  All plates were returned to the Food 
and Environmental Quality Lab and immediately stored frozen at -20°C. 
 Two days after insecticide application, apples and foliage were collected from 
rows 5-12 of the plots in areas corresponding to each spraying pattern treatment.  Prior to 
collection, a random number generator was used to pre-select individual trees within each 
treatment.  The first and last three trees in each treatment area were excluded from 
sampling.  From the CONV treatment, ten trees were randomly chosen.  From the ARM 
treatment, the treated (designated ARMT) and untreated sides (designated ARMU) of 
trees were independently sampled.   Thus, 10 trees of each type of collection from the 
ARM treatment were randomly sampled.  From the SRU treatment, the treated (SRT) and 
untreated (SRU) sides of ten trees were independently sampled, and apples/foliage were 
also sampled from ten randomly chosen trees in the completely unsprayed or skipped row 
(designated SRUR).  Ten and twenty-one days after insecticide application, additional 
apple and foliage samples were collected from ten randomly selected trees that 
corresponded to treatment codes CONV, ARMU, and SRUR. 
 At each pre-selected tree, seven apples and surrounding foliage within ~12 in of 
an apple were cut from a height of chest to extended arm length (i.e., mid canopy).  The 
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sample was dropped into a plastic bag containing an index card with the treatment code 
and tree number.  Bags were returned within 4 h to the FEQL and immediately 
refrigerated.  Over the next 24 h, apples were separated from leaves and five were then 
frozen at -20°C.  Forty-five circular leaf disks (2.54-cm diam.) were punched from 
foliage and then placed in a refrigerator (~4-8°C).  Within 2-3 days after collection, 40 
leaf disks were subjected to extraction for insecticide residues.  Two apples and two of 
the remaining five leaf disks from each tree were subjected to bioassays with neonate 
codling moths.  Samples collected 10 and 21 days after insecticide application were 
processed similarly as described but only subjected to bioassays.  The protocol for 
preparation of leaves and apples prior to residue analysis or bioassay is shown in 
Appendix C.  
 Prior to the spraying, untreated apples and foliage were collected from five rows 
beyond the first 12 rows of the orchard block.  Five apples and surrounding foliage were 
collected from each row and then composited into one sample.  These samples served as 
untreated checks for laboratory quality control (QC) samples and for background 
mortality determinations in bioassay.  Although these samples were not treated with 
AZM in the field, they likely contained insecticide residues from the use of carbaryl 
(Sevin) as a thinning agent as well as an early season application of pyriproxyfen 
(Esteem).  Sevin is not used as a codling moth larval control agents, and pyriproxyfen 
functions as an ovicide.  Residues of both compounds were at least 30 days old by the 
time of experiment initiation.   
 
F.  Bioassays 
 Bioassay protocols are displayed in Appendix G.  Codling moth eggs were 
obtained on a weekly basis from the USDA-ARS laboratory in Wapato, WA.  Eggs were 
allowed to hatch at a temperature of ~28°C.  Neonate larvae were transferred to subject 
leaf disks and apples within 24-48 h after hatching.   
 For leaf bioassays, five neonate CM were placed on the top of two leaf disks from 
each tree.  The leaf disks were held in a small plastic weighing boat in a 9-cm diam Petri 
dish.  The Petri dish contained a piece of Whatman filter paper that was moistened with 
deionized water to prevent desiccation of the leaves over the next 24 h.  The dishes were 
incubated at 28°C.  Numbers of surviving larvae were counted under a stereoscope after 
3.5-4 h of exposure and after 24 h of exposure.  Observations of any feeding by the living 
larvae were made to gauge the degree of intoxication, even if larvae were not killed 
outright.  Dead larvae were easily recognized as lying on their dorsal surface and/or with 
a desiccated thorax and abdomen.  Larvae that were not dead but lethargic and not 
responsive to probing with a dissecting needle were also counted as dead.  Percentage 
mortality was calculated as the number of dead larvae relative to the total number of 
larvae (dead + alive) observed on the leaves or in the Petri dish after 4 and 24 h.  
Untreated check leaves from the orchard were bioassayed to determined background or 
control morality.  Leaves from an ornamental Hawthorne tree on the WSU campus were 
used occasionally as a second type of control. 
 Five neonate CM were placed on the shoulder in the vicinity of the stem of each 
of two apples.  After 48 h, apples were examined for signs of surface feeding (scars) and 
for entry holes.  The entry holes typically had a small pile of frass surrounding them and 
were easily noted without the aid of a stereoscope.  All entry holes, however, were 
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examined under a stereoscope to confirm CM feeding.  Untreated apples from the orchard 
were used as a control to characterize expected average number of entry holes and serve 
as a baseline for calculating percentage reduction in entry holes (including feeding scars).  
During the course of the bioassay, apples were held at ambient room temperature.   
 
G.  Analytical Methodology 
 Protocols for extraction and analysis of insecticide residues are shown in 
Appendices D (extraction and analysis of leaves), E (apple processing, extraction, and 
analysis), and F (drift plate extraction and analysis).  Each method is briefly described 
herein.   
 Apple Processing, Extraction, and Analysis 
 Prior to processing apples for extraction, five apples from each of ten trees were 
weighed individually and their diameter determined to compute the relationship between 
apple weight and surface area, assuming each apple approximated a spherical shape.   
Each sample of five apples from each tree was composited by blending with dry ice in a 
Robocoupe mill.  The homogenized, composited sample was then immediately refrozen 
at -20°C.   
 Apples were extracted using the USDA developed QuEChERS method that 
combines extraction with minimal solvent and solid phase dispersive cleanup in a test 
tube (Anastassiades et al. 2003; Schenck and Hobbe 2004).   Ten grams of homogenized 
apple were weighed into a 50-mL centrifuge tube followed by 4 g of MgSO4 and 1 g of 
NaCl.  Ten ml of acidified acetonitrile (0.1% acetic acid) was added and the tube was 
shaken vigorously and then centrifuged.  Five mL of the supernatant was poured into 
another graduated tube and 0.3 g MgSO4 and 0.125 g secondary primary amine (PSA) 
sorbent was added.  The tube was vortexed and then centrifuged.  The volume of 
recovered supernatant was recorded and then it was evaporated to dryness under nitrogen.  
The extract was re-constituted to a 2-mL volume with ethyl acetate.  Residues were 
quantified using a Varian 3400CX Gas Chromatograph (GC) equipped with a pulsed 
flame photometric detector (PFPD).  AZM was separated on an Alltech EC-1 column, 15 
m long by 0.53 mm id using the following program:  septum programmable injector with 
temperature program of 100-250°C at 250°C/min; column programmed from 90-300°C at 
35°C/min; PFPD at 300°C.  Ultra pure He was the carrier gas with a flow rate of ~1.6 
mL/min.  Flame support gases, H2 and air, were optimized per vendor recommendations 
to maximize sensitivity and resolution.   
 The instrumental limit of quantitation (LOQ) was defined by the lowest 
calibration standard (0.05 µg AZM /mL) giving a signal at least three times greater than 
instrumental noise level.  Given than only 5 grams equivalent of apple was carried 
through the complete extraction procedure and the final volume of the extract used for 
GC analysis was 2 mL, the effective LOQ was 0.020 µg AZM/g apple.  Because the 
average apple weight to surface area relationship (1.385 cm2/g) had been determined 
prior to homogenizing replicate samples of apples, the LOQ on a surface area basis was 
0.014 µg/cm2. 
 Each day sets of 10 samples were extracted, at least two untreated 10-g samples 
of homogenized apples were fortified with 1 µg of AZM (0.100 µg/g effective 
concentration) and also extracted.  Periodically, untreated apples were extracted without 
fortification to check for interfering co-extracted compounds.  In all, twenty-five fortified 
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QC samples were extracted, yielding an extraction efficiency of 81.9% (95% confidence 
limit [CL], ±10.5%) 
 
 Leaf Extraction and Analysis 
 The extraction procedure was modified from one used to determine dislodgeable 
foliar residues.  A quick surface extraction of leaves was used for the following reason.  
Because the first generation of neonate CM larvae tend to lay their eggs disproportionately 
on leaves surrounding the apple, they would be exposed to insecticide by crawling over a 
leaf surface in search of an apple.  CM larvae do not eat leaves in the field and thus 
insecticide residues on leaf surfaces are effectively the bioavailable residues.  To 
determine this putative bioavailable residue, 40 leaf disks (representing a surface area of 
405 cm2) in a jar were shaken for five minutes in 45 mL of 2:1 acetone:water.  The extract 
was decanted into an amber bottle and then another 45 mL was added to the leaves and the 
jar was shaken by hand for 10 seconds.  The second supernatant was added to the first. 
 At this point, bottles containing the acetone:water extracts could be stored at -20°C 
before further preparation after 5 mL of methylene chloride (CH2Cl2) were added.  The 
extracts were removed from storage, warmed to room temperature, and partitioned in a 
separatory funnel with 30 mL CH2Cl2, 50 mL deionized water, and 5 mL 20% NaCl.  
When the phases separated, the bottom CH2Cl2 layer was drained through anhydrous 
granular Na2SO4.  Another 20 mL of CH2Cl2 were added to the funnels and the bottom 
layer drained through the Na2SO4 after phase separation.  The extract was then rotary 
evaporated to dryness and reconstituted with 10 mL ethyl acetate.  Samples were diluted as 
necessary prior to GC analysis.   
 Extracts were analyzed on a Varian 3400CX GC simultaneously on two columns 
joined together by a guard column.  Thus, after an injection through a septum 
programmable injector, the extract was split into an EC-1 (15 m x 0.5 mm id) capillary 
column connected to a PFPD, and a DB1701 (15 m x 0.5 mm id) connected to a thermionic 
specific detector (TSD; Varian Instruments version of a nitrogen-phosphorus detector 
[NPD]).  The data output from the TSD detector was used for quantitative analysis of AZM 
residues. Column conditions were as follows:  septum programmable injector, 90-280°C at 
280°C/min; column, 100-280°C at 50°C/min.  Helium carrier and flame support gases (H2 
and air) were optimized as needed to achieve useable sensitivity with acceptable resolution.   
 For every set of 10 leaf samples that were extracted, at least one acetone:water 
extract from untreated leaf samples were fortified with either 10 or 100 µg of AZM and 
extracted simultaneously with the field samples.  Periodically, a non-fortified untreated leaf 
extract was prepared to check for interfering co-extractives.   
 Based on the lowest calibration standard of 0.1 µg/mL and the final 10 mL volume 
of extract, the instrumental based LOQ for 405 cm2 of leaf surface (i.e., 40 leaf disks) was 
0.003 µg/cm2.  The extraction efficiency of leaf extracts fortified at a rate of 0.025 µg/cm2 
was 110.3% (95% CL, ±3.4%, n=3).  At a fortification rate of 0.25 µg/cm2, the extraction 
efficiency was 88.5% (95% CL, ±12.0%, n=6). 
 
 Extraction and Analysis of Silica Gel Drift Deposition Plates 
 Silica gel plates were cut into small pieces and placed in jars with 30 mL of 
acetone:hexane (1:1).  Jars were shaken for 20 minutes at high speed on a reciprocal 
mechanical shaker.  Extracts were filtered through Whatman AH934 glass microfiber filter 
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paper and then concentrated to dryness on a vacuum rotary evaporator with a water bath set 
to 35°C.  The AZM residues were re-dissolved in ethyl acetate and diluted as needed to 
keep the GC output signal within the standards calibration range.  AZM residues were 
detected and quantified using a Varian model 3400CX GC equipped with a PFPD. The GC 
column was a 15-m long x 530-µm diam. capillary column coated with either EC-20 
(plates from Protocol I) or EC-1 (plates from Protocol II).  The GC injector was 
programmed from 100°C to 280°C at a rate of 280°C/min, and the column was 
programmed from 100° C to 330°C at a rate of 35°C/min.   
 As with apple and foliage sample QC, blank 20 x 10 cm plates were fortified with 
known amounts of AZM to determine extraction efficiency for each set of plates extracted 
on a given day.  The limit of quantitation (LOQ) was determined to be ~0.001µg/cm2 based 
on repeated extractions of plates fortified with 0.2 µg of analytical grade AZM.  The 
extraction efficiency of Protocol II plates at the LOQ was 54.3% (n=2) and at a fortification 
of 0.0025 µg/cm2, the extraction efficiency was 71% (95% CL, 13.2%; n=6).  To improve 
the extraction efficiency, Protocol I plates were subjected to a second extraction with 
acetone:hexane (1:1).  The extraction efficiency improved to 93.2% (fortification rate, 
0.005 µg/cm2; 95% CL, 7.5%; n=18).  
 
H.  Statistical Analyses 
 For apple and foliage samples, each tree was considered an independent 
experimental unit within each area designated for spray treatments.  Thus 10 randomly 
selected apple and leaf samples constituted the sample size subjected to statistical analysis.  
First, the distribution of residue data was checked for normality using the Statistical 
Analysis System (SAS) Univariate procedure.  If the test for normality failed, the data were 
transformed to logarithms prior to running the SAS GLM (General Linear Means 
procedure) to examine significant differences (using p≤ 0.05) among spraying treatments.  
Multiple comparisons among treatments were made using Tukey’s test with p≤ 0.05. 
 Each transect of drift plates within a spraying practice treatment was considered an 
independent experimental unit.  Data from drift plates (ground and trees) were averaged by 
distance from tree row one and the 95% CL calculated.  Data for ground deposition plates 
were graphed as the logarithm of µg/cm2 recovered relative to distance (in ft) from tree row 
one.  Overlapping 95% CL for each mean residue per distance interval indicated the 
average residue from one interval/treatment combination could not be concluded to be 
significantly different form the corresponding interval of another treatment.  For ease of 
inspection drift-deposition graphs are shown without error bars and significant differences 
are discussed within the results narrative.   
 Bioassay results (% mortality from leaf assays; % reduction in feeding injury from 
apple assays) were checked for conformance to a normal distribution.  The apple assay data 
were normally distributed, but the leaf data were not.  Therefore, the leaf data were 
transformed by the arcsine square root procedure and then subjected to the SAS GLM 
procedure.  Multiple comparisons among means were made using Tukey’s test with p≤ 
0.05. 
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V.  Results and Discussion 
 
A.  Effect of Spraying Treatment Practices on AZM Residues and Bioactivity 
 The most bioactive insecticide for preventing neonate codling moth damage to 
apples has been the OP insecticide AZM.  This insecticide has historically dominated the 
market with over 90% of acreage treated in years past.  The reason for the widespread 
reliance of growers on this insecticide is the high sensitivity of CM exclusively to this 
insecticide. For example, studies in the FEQL indicated that on leaves, CM neonates 
exhibited an LC50 of 0.017 µg/cm2 and an LC95 of 0.075 µg/cm2, both representing 
surface residues nearly an order of magnitude lower than typically found after a field 
spray (Felsot 2004).  Furthermore, the time to kill is very quick, with an LT50 of 54 min 
(Felsot, unpublished).  Even though AZM is highly toxic to neonate CM, it is considered 
only moderately toxic to natural enemies (predators and parasitoids), especially to 
predatory mites (Knight and Hull 1992a).   
 With the advent several years ago of the neonicotinoid insecticide acetamiprid, 
use of AZM has dropped to 73% of treated apple acreage.  Acetamiprid has a very low 
LC50 against CM (0.007 µg/cm2), but its LC95 (0.166 µg/cm2) is about two-fold higher 
than that of AZM and much closer to actual leaf residues after spraying (Felsot 2004).  
Thus, growers have been generally reluctant to completely give up use of AZM because 
of its uniquely high activity.  This reluctance necessarily opens the question of whether 
this product (as well as others in the future) can be used in ways that will lower the active 
ingredient load, thereby saving growers money, conserving natural enemies, and meeting 
demands for protective sensitive nontarget species (like endangered and threatened 
salmon).   
 In the context of current AZM use practices and the need to implement no-spray 
zones as either mandated on current Guthion product labels or mandated by court order, 
alternative spraying practices were proposed as a possible solution to resolving conflicts 
between acceptable levels of CM control and environmental stewardship.  Few growers 
in the Pacific Northwest (PNW) use the technique of spraying alternate rows, and little 
attention has been paid to the efficacy of this practice (Jones et al. 2003).  The technique 
is used more routinely in the Midwestern and eastern apple growing regions of the U.S. 
(Knight and Hull 1992).  The practice, however, is used in conjunction with spray 
frequency intervals of 7-10 days, and unsprayed sides of trees during one spray cycle are 
treated during the next spray cycle.   
 Residues of AZM and several other insecticides, as well as bioactivity against 
tufted apple bud moth, following single and multiple (“season long”) ARM spraying 
practices were studied in a Pennsylvania orchard (Knight and Hull 1992a,b).  Although 
widely used by northeastern growers, ARM practices were not as effective under 
controlled experimental conditions, perhaps as a result of the development of resistance 
to AZM in field populations of the tufted apple bud moth.  To date, no systematic study 
of ARM practices using AZM for control of CM has been conducted in the PNW, yet this 
region represents the largest production of pome fruit in the U.S. 
 Given the experiences of other regions in adopting ARM practices, a plausible 
hypothesis for studying its potential effectiveness in the PNW was proposed:  
“Deposition of insecticide residues by alternative spraying practices known as “alternate 
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row middle” will be sufficient to control neonate codling moth larvae with the 
conventional insecticide azinphos-methyl.”  If validated, and more growers adopted the 
practice, then concerns about exposure of nontarget and endangered species to excessive 
residues from drift to adjacent sites (streams and/or urban neighborhoods) could be 
mitigated. 
 The first step in testing the hypothesis was to measure the resulting insecticide 
residues on leaves and apples following ARM practices and comparing them to 
conventional practices.  Given observations of significant cross row movement of spray 
from axial fan airblast equipment, studying the efficacy of a skip row practice was also 
logical.  No significant differences in residue concentrations on leaves was observed 
among sprayer treatments when leaves were collected from the sprayed side of the trees 
and the unsprayed side of the trees (Figure 5).  In contrast to leaves, apple residues from 
the sprayed side of trees were significantly higher than residues on apples from the 
unsprayed side of trees.  Leaves and apples from the SRUR treatment had significantly 
lower AZM residues than corresponding samples in other spraying treatments.   
 Silica gel plates hung in trees tended to be more efficient than leaves or apples as 
collecting surfaces for residues from the sprayed side of the tree (ARMT, SRT, ARMU 
treatments), and leaves collected on average more residues than apples (Figure 5).  
However, when deposition occurred as a result of drift through the canopy (ARMU, 
SRU, and SRUR treatments), residues on silica gel plates, leaves, and apples were not 
significantly different from one another.   
 

 
Figure 5.  Recovery of azinphos-methyl residues from apples, leaves, and silica gel plates 

hanging in trees.  Samples were collected immediately after spraying. 
Horizontal black lines represent 95% confidence limits for the mean.  CONV:  
conventional practice with every tree row sprayed; ARMT:  alternative row 
middle practice, treated side of tree; SRT:  skip row spray, treated side of tree; 
ARMU:  alternative row middle, untreated side of tree; SRU:  skip row spray, 
untreated side of sprayed tree; SRUR:  skip row spray, leaves and apples from 
untreated tree row. 
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Table 2.  Percentage of residues on unsprayed side of tree relative to the sprayed side of 

the tree. 
Treatment Comparison Plates Leaves Apples 
ARMU/ARMT 1/ 20.0 72.3 34.1 
SRU/SRT 3.1 54.5 43.7 
SRUR/SRT 3.1 16.9 10.0 

1/  See legend to Figure 4 for definition of treatment codes. 
 
 
 Much higher percentages of AZM residues on leaves from the unsprayed side of 
the trees were found than previously reported in Pennsylvania studies (Knight and Hull 
1992).  Leaves from the unsprayed side of the tree had the highest percentage of residues 
relative to the sprayed side among the three collecting surfaces (Table 2).  In the ARM 
treatment, the unsprayed side captured 72.3% of the AZM residues that occurred on the 
sprayed side, a proportion that starkly contrasts with the  <5% of residues found on the 
unsprayed side of trees in a Pennsylvania orchard (Knight and Hull 1992).  Residues on 
apples from the unsprayed tree side contained less than 10% of the load recovered from 
the sprayed side (Table 2).  These data suggest that residues on leaves from the unsprayed 
side of the tree should be highly effective in killing CM larvae, but residues on apples are 
not likely to be sufficient for adequate prevention of feeding injury.    
 AZM residues were very effective in killing CM larvae during the first four hours 
of exposure to leaves collected from both the treated and untreated sides of the tree 
(Figure 6).  However, residues from the completely skipped row (SRUR treatment) only 
caused less than 50% mortality.  The high mortality of larvae on leaves from both 
sprayed and unsprayed sides of the trees but low mortality on leaves from the completely 
unsprayed trees is paralleled by recovery of residues that were not significantly different 
across treatments, except for the SRUR trees (Figure 6).   
 After 24 hours, mortality of neonate CM on untreated control leaves increased to  
 
 
Table  3.  Percentage mortality of neonate codling moth after exposure for four and 24 

hours to apple leaf disks collected from a treated orchard on the indicated date. 1/ 
16 June 24 June 05 July Treatment 4 h 24 h 4 h 24 h 4 h 24 h 

Conventional 100 A 100 A 98 A 100 A 98 A 100 A 
ARM—Untreated Side 87 A 100 A 71 A 98 A 71 B 98 A 
SR—Untreated Row 49 B 80 B 52 B 88 B 17 C* 75 B 
Untreated Check 10 C 49 C 9 C 22 C* 3 C 53 C 

1/  Means with the same letter are not significantly different from one another (Tukey’s 
test on arcsine square root transformed data, p=0.05); means were not significantly 
different across dates of sampling.  * indicates mean mortality within a treatment is 
significantly lower than mortality on other days; ARMU, CONX not significantly 
different across dates. 
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~49%, and consequently all treatments with less than 100% mortality after four h showed 
significant increases after 24 h (Table 3).  The increased mortality of larvae on the 
untreated leaves may be attributed to residual levels of carbaryl that was used as a 
thinning agent.  This hypothesis is based on past experiments that assayed leaves from an 
ornamental Hawthorne tree at the WSU campus.  The tree is not sprayed with any 
insecticides, and CM larvae exhibited little mortality after both 4 h and 24 h.   
 Bioactivity of AZM residues after 4 h exposure of neonates to leaves from the 
CONV treatment remained high for 21 day after insecticide application (Table 3).  
Similarly, bioactivity of leaves from the ARMU treatment remained high if larvae were 
exposed for 24 hours.    
 In contrast to high mortality of neonate CM on leaves, residues on apples were 
much less effective in reducing feeding injury (Table 4, Figure 7).  At best, AZM 
residues on apples collected from the sprayed side of trees (CONV, ARMT, SRT 
treatments) reduced feeding injury by only ~60% from the untreated controls.   
 
 

 
Figure 6.  Effect of spraying practice on azinphos-methyl residues (µg/cm2) recovered 

from leaf disks and corresponding mean mortality of neonate codling moth 
larvae exposed to leaf surface for 4 hours.  Horizontal black lines represent 
95% confidence limits for the mean.  CONV:  conventional practice with every 
tree row sprayed; ARMT:  alternative row middle practice, treated side of tree; 
SRT:  skip row spray, treated side of tree; ARMU:  alternative row middle, 
untreated side of tree; SRU:  skip row spray, untreated side of sprayed tree; 
SRUR:  skip row spray, leaves from untreated tree row; UTC:  untreated leaves 
from the same orchard. 
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Table 4.  Percentage reduction in feeding scars and entry holes on apples exposed to five 
neonate codling moth larvae. 1/ 

Treatment 16 June 24 June 05 July 
Conventional 59.1  A 63.5 A 48.1 A 
ARM—Untreated Side 22.7  B 24.9 B 13.3 B 
SR—Untreated Row 8.2  B 4.6 C 4.4 B 

1/  Means with the same letter are not significantly different from one another (Tukey’s 
test on arcsine square root transformed data, p=0.05); means were not significantly 
different across dates of sampling. 

 
 
 

 
Figure 7.  Effect of spraying practice on azinphos-methyl residues (µg/cm2) recovered 

from apples and corresponding percentage reduction in entry holes made by 
neonate larvae exposed for ~48 hours.  Horizontal black lines represent 95% 
confidence limits for the mean.  CONV:  conventional practice with every tree 
row sprayed; ARMT:  alternative row middle practice, treated side of tree; 
SRT:  skip row spray, treated side of tree; ARMU:  alternative row middle, 
untreated side of tree; SRU:  skip row spray, untreated side of sprayed tree; 
SRUR:  skip row spray, leaves from untreated tree row; UTC:  untreated leaves 
from the same orchard. 

 
 
 AZM residues on apples from the sprayed sides of the tree were all similar, 
averaging around 0.3 µg/cm2 (Figure 7).  Although a leaf residue of 0.3-0.4 µg/cm2 was 
sufficient to cause significant mortality to neonates, it was much less bioactive on the 
apple surface.  Part of the reason for this discrepancy may be due to a more adsorptive 
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apple surface compared to the leaf surface.  Another reason may be a very heterogeneous 
distribution of residues across the apple surface compared to the leaf surface, so that there 
are many regions of the apple with residues too low to kill the insects before they start 
burrowing into the apple.   
 AZM residues and bioactivity on apples from unsprayed sides of the tree were 
less than half of that observed for residues from apples on the sprayed tree sides.  Levels 
of feeding injury reduction under levels of 30% are unlikely to encourage a grower to use 
ARM practices.  
 Effective reduction of feeding injury (i.e., ~60%) did not last more than one week 
on apples from the CONV program, in contrast with the high rate of mortality on leaves 
after 21 days.  This discrepancy between mortality (or control of feeding injury) on 
leaves and apples raises the question of why AZM has been considered the most effective 
insecticide against CM.  One reason may be the oviposition behavior of female CM under 
field conditions.  Although CM larvae do not feed on leaves in the field, most eggs are 
laid on the leaves surrounding apples (Summerland and Steiner 1943; Jackson 1979; 
Plourde et al. 1985).  When the eggs hatch, neonate larvae quickly disperse across the 
leaves in search of apples.  Thus, they are exposed to leaf surfaces for at least a brief 
period of time.  Therefore, exposure to insecticide residues on leaves, although it may be 
brief, and subsequent high levels of mortality may be important in protecting apples.     
 
B.  Drift of AZM Residues in Association with Spraying Application Practices 
 Significant residues were wasted to ground within the orchard from all spraying 
practices.  The lower loading of spray in the SR treatment reduced the residues on the 
ground in comparison to the CONV and ARM practices (Figure 8).  The effect of trees on 
interception of residue is reflected in the up-and-down saw-like pattern of residues 
recovered within the orchard.  The residue highs were recovered from the ground in 
alleys between trees, and the lows were recovered on the ground between trees.  
Recovery of AZM residues within the orchard decreased in the order CONV>ARM>SR. 
 To better inspect drift outside of the orchard, ground-depositing residues were 
graphed on a semi-logarithmic scale (Figure 9).  Residues were detected at the maximum 
sampling distance of 200 feet.  In all treatments, rows one and two were sprayed, but only 
the CONV treatment received an outside to inside spray on row one.  Also, the ARM and 
SR treatments only sprayed one side of tree row two.  Hypothetically, more drift would 
be expected from the CONV spraying treatment than from the other treatments.  
However, extensive overlap of drift-deposition graphs from all three treatments showed 
no differences in drift.  Thus, as implemented in this experiment, ARM practices did not 
change the mass of AZM moving off-target, even though somewhat less was deposited 
on the ground between rows in the orchard (Figure 8). 
 The drift data offered the opportunity to test the validity of AgDrift, an empirical 
model for predicting residues from airblast spraying of orchards and vineyards.  AgDrift 
significantly under predicted near field drift (within the vicinity of 50 ft of tree row one), 
but over predicted the residues at 150 and 200 feet away (Figure 9).  Because AgDrift is 
empirically based on several actual field studies under specific conditions, lack of 
agreement with the reported experimental results is not surprising.  Wind speed and 
direction relative to orientation of sprayer travel can influence near-field drift, which  
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Figure 8.  Ground deposition of AZM within and outside the orchard by the three 

spraying practices.   
 
 

 
Figure 9.  Drift of AZM residues “downwind” of tree row one.  The black line represent 

model output from the AgDrift model using the pome fruit algorithm and 
setting the maximum rows sprayed to 12 in correspondence with the 
experimental design of Protocol I. 
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represents ground deposition of the largest spray aerosols.  During this study, the first six 
rows were sprayed over a 15-minute period (see Appendix H for meteorological details) 
and the scalar wind speed averaged 1.2 mph.  The wind direction was variable, swinging 
from 135° to 270° (scalar average of 215°).  Thus, sometimes the wind was blowing 
toward the open field and sometimes it was blowing into the orchard but it was very low 
and not likely to have influenced drift very much. 
 
C.  Drift of AZM Residues as Influenced by Outside Row Spraying 
 AZM was applied to the outside of row one in the CONV treatment in accordance 
with the Guthion product label.  The outside (i.e., leeward) sets of nozzles were shut off.  
Past observations on moderately windy days (~5 mph) suggested that as axial fan sprayers 
are drawing air into the fan cowling and allowing it to exit around the nozzles, the air 
whips the spray from one side of the sprayer to the other.  In this process called backwash, 
spray from the windward nozzles can be thrown to the leeward side, even though the 
nozzles are off on that side (Figure 10).  This phenomenon has not been studied for its 
contribution to downwind drift from orchards.  Because the purpose of this project was to 
understand how different spraying practices affect drift, a second experiment (described as 
Protocol II) was set up to measure the importance of backwash in an attempt to better 
interpret the results from the drift measurements taken under Protocol I.   
 In the first sprayer pass, the sprayer moved along the outside of row one (similarly 
to the procedure shown in Figure 10) and the spray was directed only into the orchard.  
Drift of AZM was detected on ground collectors to a distance of 100 feet.  For pass two, 
the applicator drove down the alley between rows one and two, spraying trees 
simultaneously in each row.  Then the applicator sprayed the outside of tree row one as in 
the first pass.  As predicted, higher residues were recovered both within the orchard and 
downwind in the open field after pass two spraying than after pass one (Figure 11).  The 
recovery of residues outside of the orchard after pass one proved the existence of the 
backwash effect.  During the several minutes it took to spray each pass, scalar wind speed 
averaged 2.5 mph during the outside row spraying of pass one and 1.8 mph during pass 
 
 
 

 
Figure 10.  The backwash effect observed when spraying the outside row with the 

leeward nozzles in the recommended off position.  This picture shows the 
dust kicked up from the sprayer fan and pushed away from the orchard.  This 
air mass can contain pesticide spray aerosols. The pictures were taken during 
2004 and during experiments reported herein in 2005.   
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Figure 11.  Recovery of AZM residues on the ground outside of the orchard after 

spraying the outside row alone and after spraying rows 1and 2 plus the 
outside row.  The lack of a difference in residues on the deposition plate at 
point 0 occurred because the plate during pass two was inadvertently placed 
adjacent to the outer side of a tree trunk rather than in between two trees as 
was the typical practice.   

 
 
 
two.  During pass one, the wind direction was variable, blowing from south-southwest 
diagonally out of the orchard to east northeast or toward the orchard.  Wind direction 
varied during pass two from the south to the northwest position.  Given the low wind 
speeds and highly variable direction, differences in drift patterns are not likely to have 
been influenced by meteorological conditions.  Thus, this experiment also illustrated that 
in addition to a backwash effect, axial fan airblast sprayers generate enough air 
movement to essentially create their own drift pattern. 
 The difference between mass of AZM recovered during pass one and pass two 
from each point along the transects within and outside of the orchard were calculated and 
expressed relative to the mass recovered after pass two.  This percentage difference 
represented the percentage contribution of the backwash effect to downwind spray drift 
(Figure 12).  The maximum contribution to drift from the single pass of the sprayer 
applying AZM to the outside row was 34% at a distance of 40 feet.  The outside row 
spray may contribute ~10% of the drift observed at 100 feet downwind of the orchard. 
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Figure 12.  Percentage contribution of the airblast sprayer backwash effect to downwind 

drift along a perpendicular transect away from tree row one.  As indicated in 
Figure 10, the data point at 0 feet represents an artifact from improper 
placement of the deposition plate within row one during pass two. 

 
 
 
 In an attempt to ameliorate the backwash effect, a drift control adjuvant was added 
to the tank mix, and pass one and pass two treatments were repeated under Protocol II.  The 
adjuvant, known as In-Place, had been shown in unpublished studies from the FEQL to 
notably reduce out of orchard drift of phosmet and acetamiprid when compared to sprays 
without adjuvants (Felsot unpublished data).  These latter experiments involved spraying at 
least four or more tree rows.  When just the outside row was sprayed in the present 
experiment, drift of AZM was significantly greater with use of the drift retardant than when 
no adjuvant was used (Figure 13).  However, when rows one and two were sprayed in 
addition to the outside of row one, the drift control agent seemed to mitigate slightly near-
field drift (Figure 14).  Wind speeds during this second experiment with the drift retardant 
averaged 3.5 mph, but wind direction was highly variable.  Thus, wind does not seem to be 
a factor that could explain these results.  One plausible hypothesis to explain the results is 
that the drift control agent aided deposition of AZM residues on tree surfaces during pass 
two, and thus comparatively less residues were prone to drift.  However, this hypothesis 
remains to be tested.   
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Figure 13.  The effect of a drift control adjuvant on AZM drift when just the outside of 

row one was sprayed. 
 

 
 
Figure 14.  The effect of  a drift control adjuvant on AZM drift when rows one and two 

were sprayed in addition to the outside of row one. 
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VI.  Facilitation of Technology Transfer 
 
 Over the last two years, the project manager of this study, Allan Felsot, has given 
numerous presentations at grower meetings and pesticide recertification training 
workshops about management of pesticide spray drift.  The audiences have been very 
diverse including urban applicators, foresters and natural resource managers, noxious 
weed control personnel, and agronomic and horticultural crop consultants and 
applicators.  The data from experiments reported herein combined with other experiments 
from research conducted at the FEQL have been used to illustrate the basic principles of 
drift and candidate technologies for mitigating drift.  Fluorescent tracers have been used 
in past studies to show differences in deposition of residues on apple compared to 
deposition on leaves.  Examination of these photographs shows that apples do have gaps 
in coverage compared to nearly uniformly covered leaves.  A Quick-Time video clip of 
the air backwash effect recorded during experiments from Protocol II was shown at some 
of the presentations. 
 
VII.  Conclusions 
 
 Alternative row middle spraying practices are widely practiced in pome fruit 
growing regions outside of the PNW.  ARM practices have not received much 
recognition as being efficacious in the PNW as evidenced by adoption by a small 
percentage of growers.  One reason for low levels of adoption could be the lack of 
research on the efficacy of the practice and how the residues are related to bioactivity 
against codling moth.  Growers may be ready to try new spraying technologies and 
systems as they are increasingly pressured to adopt practices that promote environmental 
stewardship as well as face the loss of very effective compounds like AZM for codling 
moth control.  The objectives of this project were designed to generate the data growers 
need to have confidence that alternative spraying practices would be practical and 
effective.   
 One set of objectives examined the efficacy of ARM spraying practices in 
comparison to CONV and SR practices.  Residues of AZM on leaf surfaces from the 
foliage of unsprayed sides of trees effectively killed neonate CM within 4 hours of 
exposure.  AZM residues were not significantly different among spraying practices 
except for the foliage samples from the untreated tree row in the SR treatment.  Thus, the 
hypothesis generated under the first set of project objectives was accepted.  Deposition of 
insecticide residues on foliage by alternative spraying practices (specifically the ARM 
technique) should be sufficient to control neonate codling moth larvae with AZM.  
 On the other hand, when percentage reduction of feeding injury on apples was 
examined, AZM residues were either too low or too poorly distributed to sufficiently 
control larval feeding.  Pertinently, even residues on apples from the CONV treatment 
could only reduce feeding injury by 60%.  Thus, the hypothesis related to the first project 
objective was rejected as being applicable to residues on apples.  Nevertheless, the 
repeatedly observed effectiveness of AZM in the field suggested that foliar residues may 
be an important contributor to neonate CM control considering that most eggs are laid on 
foliage surrounding the apple. 
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 A second set of objectives was designed to test whether alternative spraying 
practices might mitigate the size of a no-spray zone outside of the orchard by reducing 
downwind drift.  Ground deposition of residues within the orchard was lower with ARM 
and SR practices than with the CONV spraying practice.  However, out of orchard drift was 
nearly identical among the three practices.  In this experiment, only one type of spraying 
pattern was tried.  Other patterns such as not spraying the first two or three rows or only 
spraying from the outside to the inside (and not spraying the outside of the first row) should 
be tried before definitively concluding that ARM practices do not alleviate drift. 
 A third objective was to understand what spraying practices might contribute to 
downwind drift.  Outside row spraying as recommended on insecticide product labels were 
of particular interest because field observations of sprayer operation indicated a backwash 
phenomenon.  Backwash of air flow created by the rapidly spinning axial fan of airblast 
sprayers was hypothesized to move spray aerosols from one side of the sprayer to the other.  
Drift of AZM residues during the single pass of a sprayer on the outside row were 
measured downwind to a distance of 100 ft.  Comparison of drift from a first outside pass 
was compared to drift from spraying the first two rows plus the outside row.  Outside row 
spraying per label instructions may contribute as much as 34% to the drift seen from 
spraying inside the first two rows.  
 A study was undertaken to determine if a drift retardant adjuvant could reduce drift 
during outside row spraying.  Compared to a tank mix without adjuvant, the drift control 
agent did not allay drift; in fact, drift seemed to be enhanced.  However, when the first two 
rows were sprayed in addition to the outside row pass, drift was lowered on average by the 
use of a drift control agent.   
 When considering that pesticide use in orchards is dominated by insecticides that 
pose the greatest hazards to humans and nontarget organisms, little research focuses on 
how to use sprayer and adjuvant technologies to lower use rates without sacrificing crop 
quality.  Few funds have been allocated to studying how to mitigate off target movement, 
including deposition to ground and downwind drift.  Strategies applicable to ground 
boom sprayers or fixed and rotary wing aerial applications are not transferable to orchard 
sprayers because the huge volumes of air required to push the spray into the canopy and 
initially high velocity of air output creates its own drift phenomenon independently of 
meteorological conditions.  Research funds need to be directed to new types of sprayers 
in addition to axial fan airblast equipment that can better direct sprays into the canopy.  
Alternative row middle spraying practices should be further studied, but different 
strategies such as avoidance of spraying the first three rows or only spraying them from 
the outside in should be tested.  One mitigation technique for the backwash occurring 
during outside row spraying is the use of a shield or baffle on one side of the manifold 
that would block or intercept the air flow containing spray aerosols.  However, such a 
shield is not presently commercially available and research is needed to optimize its 
design and placement. 
 This project has produced a few insights into how well ARM spray practices 
might do in the PNW.  However as detailed above for research needs, the project has also 
proposed more questions about alternative spray practices and technologies that require 
further research.   In the end, growers will only be convinced that alternatives to current 
practices are feasible when they see sufficient data that validates proposed management 
techniques.   
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IX.  Appendices 

 
Appendix A: 

• Includes Experimental Field Protocol I (Effect of Row Spraying Pattern on 
Deposition and Bioactivity of Insecticide Residues).  Minor modifications were 
made as needed to accommodate unforeseen field conditions; these were 
described in the Procedures section of the report. 

 
Appendix B: 

• Includes Experimental Field Protocol II (Effect of End Row Spraying and In-
Place Deposition Aide on Drift Deposition Residues).  Minor modifications were 
made as needed to accommodate unforeseen field conditions or change in data 
analysis plans; these were described in the Procedures section of the report. 

 
Appendix C: 

• Includes Field and Laboratory Protocol “Preparation of Field-Collected Leaves 
and Apples Before Extraction or Bioassay” 

 
Appendix D: 

• Includes Laboratory Protocol “Extraction and Analysis Procedures for Leaf 
Extracts—Guthion (azinphos-methyl) and Assail (acetamiprid)” 

 
Appendix E: 

• Includes combined Laboratory Protocols “Protocol for Processing Apples for 
Residue Extraction” and “Protocol for Apple Extraction” 

 
Appendix F: 

• Includes Laboratory Protocol “Analytical Protocol for Drift Deposition Plates” 
 
Appendix G: 

• Includes Laboratory Protocol “Apple and Leaf Bioassay Protocol and Data Sheet” 
 
Appendix H:   

• Tabulation of meteorological data downloaded from Davis Pro Weather Station 
on the day of insecticide application. 
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Appendix A 

 
Project Title:   

Reduction of Insecticide Use in Orchards and Implementation of No-Spray 
Zones Through Alternative Spraying Practices 

 
Experimental Field Protocol I: 

Effect Row Spraying Pattern on Deposition and Bioactivity of Insecticide Residues 
 
1. Overall Project Objectives:   

a. Test the ability of alternative spraying practices to reduce insecticide use but 
provide effective insect pest control; 

b. Determine the capability of alternative spraying practices to help growers 
meet Federal court mandates of no-spray zones without sacrificing adequate 
pest control; 

c. Facilitate technology transfer to growers through the use of visual markers 
that illustrate spray deposition and biological assays as surrogates for 
commercial efficacy. 

2. Hypothesis: 
a. Deposition of insecticide residues by alternative spraying practices known as 

“alternate row middle” will be sufficient to control neonate codling moth 
larvae with the conventional insecticide azinphos-methyl (formulated as 
Guthion Solupak). 

b. Objectives: 
i. Measure insecticide residues on foliage and apples after spraying using 

three patterns:  conventional (every tree row sprayed from both sides); 
alternate middle (every other alley sprayed; i.e., only one side of tree 
row sprayed); skip (only one of three alleys sprayed in a repeating 
patter skipping one complete tree row) 

ii. Measure corresponding ground deposition associated with out-of-field 
drift and within orchard drift of corresponding row spraying patterns 

3. Location:  Klingele Orchard, west of Prosser, on Case Road south of Hanks Road; 
geographic coordinates of orchard are 46.16 8°N; 119.4°W.  A 5-acre block of Gala apples 
(designated as Block 2), 33 rows with about 80 trees per row, has been delineated for the 
experiment.  Tree spacing is 14 ft (between rows) x 7 ft (between trees).  The orchard is 
adjacent to a non-cropped open field on the easterly side. 

a. Planned spray date:  June 14, 2005 
4. Experimental Design:  Treatments will be overlaid on the first 12 rows of Klingele 

Block 2.  Each treatment will consist of 12 rows by 25 trees laid out in a sequential 
manner going down the rows from the southerly to the northerly side (Figure 1).  
Samples of foliage and apples from each treatment will be collected randomly from 
the area encompassing rows 5-12.  Drift cards will be laid at intervals along straight 
line transects out to 200 ft from row one in the adjacent non-cropped field. 

a. Rationale for Experimental Design:  Owing to previous experience, 
significant cross row movement of sprays occur from axial fan airblast 
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sprayers.  Furthermore, multiple rows should be treated to simulate a 
commercial application and the overlaying of residues that occurs as 
successive rows are sprayed.  Thus, with three treatments and the need to 
lower costs and maintain efficiency, a random block design is not practical.  
 If measurements of biological activity (e.g., codling moth counts; 
codling moth damage) were the objective, then a random block design would 
typically be used to control for the expected clumpiness or stratification of 
such activity.  However, quantification of deposited residues are the main 
objective in testing the aforementioned stated hypothesis.  Because the sprayer 
speed and nozzle-driven spray emissions are on average similar as the tractor 
travels down 75 feet of row, an assumption of homogeneity is made with 
respect to spray deposition within any one spraying pattern treatment.  The 
replicates are therefore the individual foliage and apple samples taken from a 
treatment and thus will be considered the experimental units.   

5. Sprayer Equipment: 
a. Axial fan airblast; the sprayer is owned by WSU under the supervision of Dr. 

Doug Walsh and is used for IR-4 field studies. 
6. Insecticide, AI and Volume Rates of Application: 

a. Guthion Solupak (azinphos-methyl), 1 lb AI/acre; 200 gallons water per acre  
7. Treatments (Figure 1): 

a. Conventional © 
i. Sprayer travels down every alley, spraying simultaneously one side of 

each tree row; 
ii. The effective spray deposition pattern is the whole canopy of each 

tree. 
b. Alternate Row Middle (ARM) 

i. Sprayer travels down every other alley, spraying simultaneously one 
side of each tree row; 

ii. The effective spray deposition pattern is one side only of each tree 
row. 

c. Skip Row (SR) 
i. Sprayer travels down every third alley, spraying simultaneously one 

side of each tree row; 
ii. The effective spray deposition pattern is one tree row is left unsprayed 

and the adjacent tree rows are sprayed only from one side of their 
canopy. 

8. Samples to Be Collected:   
a. Foliage (initial deposition only);  
b. Apples (intervals to 21 days);  
c. Drift deposition plates (deposition immediately related to spraying only) in 

trees and on the ground 
9. Measurements: 

a. Insecticide residues on foliage, apples, and on drift deposition plates (trees 
and ground); 

b. Biological activity on leaves and apples 
10. Sampling Plans for Foliage and Apples: 
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a. Ten samples of apples and foliage from each spraying pattern treatment will 
be collected within 48 hours after application 

i. Apples will also be collected 10 and 20 days after application 
b. One, two, and three types of samples will be collected from the C, ARM, and 

SR treatments, respectively 
i. Ten samples will be randomly collected from the C treatment 

ii. From the ARM treatment, ten samples will be randomly collected 
from the sprayed side of a tree and ten samples will be randomly 
collected from the unsprayed side.   

iii. From the SR treatments, ten samples will be randomly collected from 
the sprayed side of a tree, ten samples will be randomly collected from 
the unsprayed side, and ten samples will be randomly collected from 
either side of the unsprayed row. 

c. Random samples will be chosen by assigning each tree a row number and tree 
number within the row and then choosing the trees using the Sampling 
statistical tool in the program, Microsoft EXCEL. 

i. Row numbers to be sampled will be 5-12;  
ii. Tree numbers will be sequential, 1-25 for each treatment, and trees 3-

23 will be subject to random sampling. 
11. Sampling Method (Apples/Leaves): 

a. Untreated apples from beyond rows 12 will serve as background controls; 
apples will be composited from samples taken from 5 rows. 

i. Five apples will be collected randomly from each of the 5 rows. 
b. At each sampling location, six apples and surrounding foliage within ~12 

inches of an apple will be collected from a height of head to extended arm 
length (i.e., mid canopy). 

i. Collection will be accomplished by cutting the apples and surrounding 
foliage with a shears and dropping the sample into a plastic bag 
containing an index card with the sample code. 

ii. Sample Code: 
1. The sample code will consist of the 6 digit date of collection 

(for example, samples collected on June 14, 2005 would have a 
code starting as 061405), the treatment code (C, ARM, SR), 
and the row/tree number (the first two digits will indicate the 
row number and the last two digits will indicate the tree 
number within the designated row). 

a. For the first sample only in which leaves will be 
collected, an L (leaves) or A (apple) will be placed in 
front of the date. 

2. An example code for a sample collected on June 24, 2005 from 
row 12, tree number 5 of the ARM treatment:   

a. 062405-ARM-1205   
12. Sample Handling (Apples/Leaves): 

a. Bags containing the samples will be loosely folded over and stapled. 
b. Bag will be returned to the FEQL within 5 hours of collection and placed into 

a refrigerator upon return and until processed. 
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c. Apples and foliage will be separated for the first collection within 48 hours of 
return to the FEQL. 

i. Leaf disks (1 inch diameter) will be punched using a Rabbit Tool 
puncher; leaves will be refrigerated for up to 3 days before extraction 
and/or bioassay 

ii. Apples will be frozen immediately after separated from the foliage 
d. For subsequent samples apples will be frozen within 24 hours of collection. 

13. Bioassay (Apple/Leaves) 
a. Protocols will be individually written for bioassay procedures 
b. For the first collection, two leaf discs per replicate sample will be assayed by 

placing five neonate codling moth larvae on each leaf and recording mortality 
after 24 hours. 

i. Codling moth eggs will be sent via FEDEX from the USDA lab in 
Wapato, WA. 

c. One apple per replicate collection will be assayed by placing five larvae on 
the shoulder of the apple near the stem. 

i. After 48-72 hours, apples will be examined for entry holes. 
14. Drift Deposition Monitoring (Ground): 

a. Ground deposition of drift will be monitored by collecting residues on 20 cm 
x 10 cm aluminum backed silica gel plates, 250-µm thickness.   

b. Transects will be perpendicular to the first orchard row closest to the adjacent 
open field. 

i. Two transects will be monitored per spraying pattern treatment. 
ii. Transects will be placed at tree numbers 8 and 18 for each treatment. 

1. Note that if trees are number continuously 1-75, then the 
positions are 8 & 18 (SR treatment), 33 & 43 (ARM 
treatment), and 58 & 68 (C treatment). 

2. Transects will be sequentially numbered T1, T2, T3, T4, T5, 
T6. 

c. Transects will be flagged at positions (oriented from within the orchard 
outward) -35, -28, -21, -14, -7, 0, 20, 40, 60, 75, 100, 150, and 200 ft from 
tree row one. 

i. Negative transect position numbers indicate the plates are located 
within the orchard; positive numbers indicate the plates are outside of 
the orchard.   

ii. Position 0 is the location of a plate within the tree line of row one. 
d. Plates will be placed directly on the ground in a cleared area of vegetation 

near each flagged position. 
i. Plates will be tethered in place by placing a bent wire over two corners 

of the plate and placing the straight part of the wire into the 
surrounding soil.  

e. After spraying, plates will be collected, a code label placed on its aluminum 
back, and placed in an aluminum foil pouch, returned to the FEQL and 
immediately frozen. 

f. Coding:  each code will be comprised of the date (061405), the transect 
number (T1 – T6), and the position (-28 – 200 ft). 
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15. Drift Deposition Monitoring (Trees): 
a. In rows 1-3, 10 x 10 cm silica gel deposition plates will be hung at the mid-

canopy level of trees corresponding to the location of the drift ground 
deposition transects (see [14] above). 

i. The plates will be prepared by cutting in half a 20 x 10 cm plate and 
then stapling the pieces together in four corners so that the silica gel 
faces to the outside (i.e., toward the spray).   

ii. A small hole will be punched with a nail in the top of the plate, and the 
plate hung on the tree via a thin wire. 

b. Each side of the trees will be considered to have either an easterly (E) 
orientation (i.e., the side nearest the open field) or a westerly (W) orientation 
(i.e., the side away from the open field). 

c. Plates will be hung on the E and W sides of rows 1, 2, and 3. 
d. Coding will be indicated by date, transect number, row number, and 

orientation.  For example, a plate hung in row 3 on the westerly side along 
transect 6 would be coded as follows:  061405-T6-3W   

e. Collection, handling, and storage will be the same procedure as used for the 
ground deposition plates. 

16. Residue Analysis 
a. Separate protocols are written for foliage, apple, and deposition plate 

extraction and quantitative analysis. 
17. Statistical Analysis 

a. For each treatment and sample type within a treatment, the total number of 
replicates (experimental units) is considered n=10.   

b. The mean and standard deviation for each of the replicates per treatment will 
be tested for distribution normality. 

i. If the distribution is normal, differences among treatments will be 
characterized by analysis using the statistical procedures ANOVA (if 
all replicates constitute a balanced design) or by GLM (General Linear 
Means; if missing replicates create an unbalanced design). 

ii. If the distribution deviates from normality, the analysis will either 
default to a transformation of the data to create a normalized 
distribution or will employ nonparametric statistical methods.   

c. The benchmark for consideration of statistical significance will be p<0.05. 
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Figure 1:  Plot design for Experimental Protocol 1 showing spraying patterns and 
transects for drift deposition collection. 
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Appendix B 

 
Project Title:   

Reduction of Insecticide Use in Orchards and Implementation of No-Spray 
Zones Through Alternative Spraying Practices 

 
Experimental Field Protocol II:  
Effect of End Row Spraying and 

In-Place Deposition Aide on Drift Deposition Residues 
 
18. Overall Project Objectives:   

a. Test the ability of alternative spraying practices to reduce insecticide use but 
provide effective insect pest control; 

b. Determine the capability of alternative spraying practices to help growers 
meet Federal court mandates of no-spray zones without sacrificing adequate 
pest control; 

c. Facilitate technology transfer to growers through the use of visual markers 
that illustrate spray deposition and biological assays as surrogates for 
commercial efficacy. 

19. Hypothesis: 
a. Backwash from the leeward unused nozzles of axial fan sprayers that are 

spraying the outside rows contributes to out-of-field drift.    
b. Objectives: 

i. Measure ground drift deposition from an axial fan orchard airblast 
sprayer when the leeward nozzles are shut off on the outside of row 
one. 

ii. Measure ground drift deposition from an axial fan sprayer as makes an 
outside row pass plus sprays rows one and two. 

iii. For each measurement above, compare the effects of the addition of 
In-Place deposition aide on ground deposition of residues. 

20. Location:  Klingele Orchard, west of Prosser, on Case Road south of Hanks Road; 
geographic coordinates of orchard are 46.16 8°N; 119.4°W.  A 5-acre block of Gala 
apples (designated as Block 2), 33 rows with about 80 trees per row, has been 
delineated for the experiment.  Tree spacing is 14 ft (between rows) x 7 ft (between 
trees).  The orchard is adjacent to a non-cropped open field on the easterly side. 

a. Planned spray date:  June 14, 2005 
21. Experimental Design (Figure 1): 

a. Two sprayer passes will be made to the first 50 trees of rows 1-3. 
b. Each set of sprayer passes will be made with and without the deposition aide 

In-Place. 
c. The first sprayer pass will treat row one from out to in with the leeward 

nozzles in the off position. 
d. The second sprayer pass will treat row one as described above in (c) and with 

the sprayer traveling through the alley spraying both rows 1 and 2. 
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e. For each sprayer pass, silica gel deposition cards will be placed along four 
transects.  Each transect will be considered an experimental unit. 

22. Sprayer Equipment: 
a. Axial fan airblast; the sprayer is owned by WSU under the supervision of Dr. 

Doug Walsh and is used for IR-4 field studies. 
23. Insecticide, AI and Volume Rates of Application: 

a. Guthion Solupak (azinphos-methyl), 1 lb AI/acre; 200 gallons water per acre 
b. In-Place deposition aide (rate at manufacturer’s recommendations) 

24. Treatments (Figure 1): 
a. Row one sprayed from outside to inside with one set of nozzles off; without 

and with In-Place deposition aide; 
b. Row one sprayed from outside to inside with one set of nozzles off plus rows 

one and two sprayed; without and with In-Place deposition aide. 
c. For each treatment above (a, b), 50 trees along the row will be sprayed. 

25. Sampling: 
a. For each treatment above, four transects will be laid out perpendicular to row 

one. 
i. Transects will correspond along the row to tree numbers 8, 18, 33, and 

43. 
ii. Transects will be coded T7, T8, T9, T10, T11, T12, T11, T12, T13, 

T14, T15, T16, T17, T18, T19, T20, T21, T22, T22.  Transects 
correspond to the following treatments. 

 
Transect Code Sprayed Area Adjuvant  
T7, T8, T9, T10 Outside Row None 
T11, T12, T13, T14 Outside Row + Row 1&2  None 
T15, T16, T17, T18 Outside Row In-Place 
T19, T20, T21, T22 Outside Row + Row 1&2  In-Place 
 

b. Along each transect position, distance intervals of -35, -21, -7, 0, 20, 40, 60, 
75, 100, and 150 ft will be flagged (Figure 1). 

c. At each interval, a silica gel drift deposition plate (20 x 10 cm; 250 µm thick 
coating of silica gel 60; aluminum backing) will be placed on the ground and 
tethered with wires bent over two sides of the plate and anchored in the soil. 

d. After the first pass treatments (outside of row one sprayed), the plates will be 
collected, wrapped in aluminum foil and held in a cooler until returned to the 
FEQL lab within 5 hours. 

e. After the second pass treatments (outside of row one, and rows one & two 
sprayed) the plates will be collected, wrapped in aluminum and held in a 
cooler until returned to the FEQL lab within 5 hours. 

f. After the deposition plates are returned to the lab they will be frozen until 
analyzed. 

26. Residue Analysis: 
a. A separate protocol will describe the analytical procedure. 

27. Statistical Analysis: 
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a. Residues of azinphos-methyl at each transect position will be averaged and 
subjected to an ANOVA (Analysis of Variance) by each position.  The class 
variables will be outside row spray only vs outside row/rows 1&2 spray and 
no In-Place vs In-Place deposition aide. 

b. Data will be graphed as residues depositing relative to distance along the 
transect.  Trend in deposition will be compared to output from the orchard 
module of the model AgDRIFT.   

c. For each transect position, the percentage difference in deposition between no 
In-Place and In-Place will be graphed to illustrate the potential reduction in 
drift.   

 

 
 
Figure 1:  Plot and sampling design for measuring the effects of In-Place deposition aide 

drift ground deposition of azinphos-methyl insecticide residues. 
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Appendix C 

 
1. PROJECT TITLE: 

Reduction of Insecticide Use in Orchards and Implementation of No-Spray 
Zones Through Alternative Spraying Practices 

 
2. Protocol Title: 
 Preparation of Field-Collected Leaves and Apples Before Extraction or Bioassay 
 
3. Collection of Samples Note: 

a. A 12-18 inch piece of branch containing at least one apple and surrounding 
leaves was collected and placed in a plastic bag with an index card containing 
the tree code. 

b. In the field, the apples were separated from the foliage and placed in a 
separate labeled bag (i.e., labeled with index card containing sample code). 

c. Apples and foliage were returned to the FEQL within ~3-4 hours after 
collection. 

d. In the field, the samples were kept in the shade and covered with a blanket to 
reduce exposure to sunlight.   

 
4. Return of samples from field 

a. As soon as the samples of leaves and apples are returned to the lab, the bags 
should be placed in a refrigerated incubator below 10°C 

 
5. Preparation of Leaves 

a. Leaves within 12 inches of an apple should be punched with the 1-inch 
diameter Rabbit Tool leaf puncher into a glass jar 

b. Punch 45 leaves per sample bag 
c. Remove 5 leaves and place in the 50 mL blue-capped conical centrifuge tubes; 

these leaves will be used for bioassay.  The remaining 40 leaves will be 
extracted 

d. Place the leaves (jars and conical tubes) in the refrigerated incubator until they 
are extracted. 

e. Record the date the leaves were punched on the sample collection sheet. 
 

6. Preparation of Apples 
a. When the apples are returned to the lab, remove all but 5 apples and place in a 

separate plastic bag with code-labeled index card. 
b. Freeze the 5 apples in freezer Dasher. 

1. Record the date the apples were frozen on the sample collection 
sheet. 

c. The remaining apples should be placed in a refrigerated incubator and held 
until bioassay. 
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Appendix D 

 
1.  PROJECT TITLE: 

Reduction of Insecticide Use in Orchards and Implementation of No-Spray 
Zones Through Alternative Spraying Practices 

 
2.  Protocol Title: 
 Extraction and Analysis Procedures for Leaf Extracts—Guthion (azinphos-

methyl) and Assail (acetamiprid) 
 
3. Note:  The method is a procedure developed and used for project FEQL NG-1102 

during crop year 2003 and 2004. 
 
4. Method for Extraction of Leaf Punches (Guthion & Assail):  

a. Add 45 mL of 2:1 acetone:water to the leaf jars.  Prepare four jars at a time.  
Shake on mechanical reciprocal shaker for 5 minutes. 

b. Decant the liquid into storage bottles if the extract will be stored.  If not, 
decant into 250 mL separatory funnels.  See below for partitioning. 

c. Add another 45 mL of 2:1 acetone:water and shake by hand.  Add this extract 
to the preceding extract, either in the storage bottles or the separatory funnel. 

d. If using storage bottles, add ~5 mL of methylene chloride, then freeze.  Note 
that earlier samples extracted by this protocol were stored under refrigeration 
conditions (using incubators) for about 1 month and then frozen in Dasher.   

5. Method for Partitioning of Leaf Extracts (Guthion & Assail) 
a. Pour the contents of storage bottles into the separatory funnel.  If the extract 

was stored in brown bottles, the transfer can be done directly.  If the extract 
was stored in leaf punch jars, then it is recommended that the extract first be 
poured into a 600-mL beaker and then transfer to the separatory funnel.  
Safeguard against spillage!  Rinse out the storage bottle and/or 600-mL beaker 
twice with DI water and once with acetone and then add the rinsings to the 
separatory funnel.   

b. To the contents of the separatory funnel, add 50 mL of deionized water and 5 
mL of 20% NaCl solution.  Next add 30 mL of methylene chloride. 

c. Stopper and shake for ~1 minute. 
d. When phases have completely separated, draw off the bottom methylene 

chloride phase (which now contains the acetone) through sodium sulfate. 
e. Add another 20 mL of methylene chloride to the separatory funnel, shake for 

30 seconds and drain the extract through the sodium sulfate into a 250 mL 
evaporation flask (ST24/20).   

f. Rinse the sodium sulfate with about 10 mL of methylene chloride. 
6. Preparation for GC analysis (Guthion & Assail) 

a. Rotary evaporate the methylene chloride extract to dryness at ~40°C under 
vacuum. 

b. Add 10 mL of ethyl acetate.  Swirl flask well, and then transfer the whole 
extract to storage vials (10-mL brown glass vials). Make a manual test 
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injection on the appropriate column to determine if dilution of the sample is 
appropriate.  Suggested dilution rates are 1 mL in 10 mL of ethyl acetate 
(probably good enough for 1X samples) or 2 mL in 10 mL of ethyl acetate 
(probably adequate for 0.5X samples.  Run a check on sensitivity and GC 
stability before deciding final volume of lower concentration samples from 
later collection dates. 

c. Transfer the diluted extract to GC vials.   
d. Save the rest of the extract in the vials until after the GC run and the 

calculations are complete.  Afterwards, the extract may be discarded. 
7. GC Analysis (Guthion only) 

a. GC on 15-m DB1 megabore (0.53 mm diam) using GC MOE or HUEY.  Use 
Guthion method program.   

b. Note:  For the 061605 samples of leaf extracts, a dual column was used in 
MOE.  The columns were DB1 and DB1701.  The DB1 went to the PFPD 
detector, and the DB1701 went to the TSD detector.  For the calculations, the 
data from the PFPD detector were used. 

c. Note:  For all other leaf extracts (i.e., the 10 and 20 day samples) HUEY was 
used with an EC-20 column (megabore) and the PFPD detector. 

8. GC Analysis, etc. (Assail only) 
a. GC on 15-m DB1701 megabore (0.53 mm diam) using GC MOE.   

9. Naming Data Files 
a. Create the sample list using a name that reflects the date of the sample 

collection and the pesticide.  Also, number each set iteratively.  For example, 
if Assail-treated samples were collected on August 23, 2003, then name the 
sample list 082303ASL_1, which would represent the first set shot.  The 
second set shot would be 082303ASL_2.   

b. On the sample list page, click on data and save the data in the Data folder on 
the hard drive (i.e., outside of the Star environment).  The path is 
c:\Data\ng1102 Sprayer\NG-1102 Data 2003.   Thus the folder created for 
2003 data is NG-1102 Data 2003.  Within that subfolder, create a new 
subfolder using the same name as the sample list name. 

c. Also, when naming the data file, change the name of the run files (in the Data 
File name section) to the same as the sample list name.  For example, if the 
sample list name is 082303ASL_2, then enter this into the appropriate box for 
naming run files.  This naming procedure will increment each sample run 
number iteratively and be easier to track down later.   

10. Note:  Ensure all residue data sheets are filled in to indicate tracking of analysis. 
11. Fortifications: 

a. Spike UTC (untreated check) 2:1 acetone:water extracts with 500 µL or less 
quantities of various Assail or Guthion concentrations.  Run through the 
extraction and analysis procedure as for the treated field samples. 
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Laboratory Sample Analysis Sheet 
Laboratory Sample Number Extracted w/ 2:1 

Acetone: Water 
(Initials & Date)  

Partition w/ DCM 
(Volume extracted (i.e., 

whole sample or mL, 
Initials & Date) 

Rotary 
Evaporated 
(Initials & 

Date) 

Final 
Volume 

(mL) 

Dilution (X 
mL in Y mL 

final vol.) 

Sample List 
 
 

GC Run File 
       

       

       

       

       

       

       

       

       

       
• For the entries in the above table, initial and date when the operation was completed.  For the GC column, write the data file name and date of GC & initial. 
 
Fortification Sample ID Number Reference Solution Number Reference Concentration 

(µg/ml) 
Volume Used to Fortify 

Sample (µL) 
Fortification Concentration 

(µg/cm2) 
     

     

 
Observations and Comments (continue on back of form if necessary) 
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Appendix E 

 
Protocol for Processing Apples for Residue Extraction 
 
1. Remove apples from freezer and allow to thaw only slightly.   
2. Weigh each apple and then measure at least two perpendicular diameters.  Record 

data. 
3. Cut each apple into quarter sections or eighths depending on size of apple. 
4. Place apples in RoboCoupe with dry ice. 
5. Grind at high speed by slowly turning up knife rpms. 
6. Transfer to bag and freeze as soon as possible in Dasher. 
7. A double bag system should be used with an index card identifying the code of each 

sample placed face out in between the two bags. 
 
 
Protocol for Apple Extraction 
 
1. Weigh 10 ± 0.3 g of apple pulp into a 40 mL Falcon centrifuge tube.  Record mass of 

apple. 
2. Add 10 mL acetonitrile (ACN) (acidified to 0.1% with acetic acid; prepared by 

adding 1 mL of glacial acetic acid to 1 L of acetonitrile). 
3. Shake apple pulp and solvent vigorously by hand for ~1 min. 
4. Add 4 ± 0.1 g anhydrous MgSO4 and 1 ± 0.05 g NaCl to extract, mix by shaking 

vigorously by hand, and than shake for about 5 min on the mechanical reciprocal 
shaker. 

5. Centrifuge extract ~5 min @ dial setting #7. 
6. Transfer a 5 mL aliquot from step (5) to a labeled 12 mL Nalgene screw-cap 

centrifuge tube.  The 5 mL can be obtained by pouring the supernatant into the 
centrifuge tube, and using a transfer pipette to ensure the volume is accurate.   

7. Add 125 ± 5 mg (i.e., 0.125 ± 0.005 g) PSA sorbent and 300 ± 25 mg (i.e., 0.300 ± 
0.025 g) anhydrous MgSO4 to the 12-mL tube.  The reagents should be weighed 
individually on glassine paper and then added to the tube.   

8. Securely cap and vortex the centrifuge tubes for ~30 sec. 
9. Centrifuge tubes @ dial setting #7 for ~1 minute. 
10. Pour all the supernatant (~4.3 – 4.5 mL) into a glass centrifuge tube, and record the 

volume of supernatant.  Evaporate the supernatant under nitrogen in the Turbovap to 
just dry @ 60 degrees C and pressure 0.7 bar.  The process takes from 20-22 minutes. 

11.  Bring the final volume to a range of 1-5 mL in ethyl acetate, depending on the 
concentration needed to meet a detection limit of at least 50 ppb (0.05 µg/g).  Add the 
ethyl acetate using a volumetric pipette. 

12. Transfer an aliquot of the final extract to brown autosampler vials.  Carefully 
transcribe the sample i.d. to the vials. 
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Gas Chromatography 
13. Quantitate Assail (acetamiprid) using TSD detector w/ DB-1701 column; quantitated 

Guthion (azinphos-methyl) with the EC20 column on Huey.  (Note:  the EC1 column 
can be substituted for EC20). 
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Residue Data Sheet for Apple Extractions Using the QuEChERS Method 
Sample ID Weight of 

Apple 
Composite 

(grams) 

Extraction Step 
(4-g MgSO4, 1-
g NaCl, 10 mL 

acidified 
acetonitrile 

mL removed 
for Dispersive 
Phase cleanup 

Dispersive Phase 
Extraction Step 

100 mg PSA; 300 
mg MgSO4 

mL taken 
for solvent 
exchange 

Final 
Volume 

(mL ethyl 
acetate) 

GC File Run 
Name 

        

        

        

        

        

        

        

        

        

        

 
Fortification 
Sample ID 

Reference Solution 
No. 

Reference 
Concentration 
(µg/mL) 

Volume Added 
to Sample (µL) 

Fortification 
Concentration 

mL taken 
for solvent 
exchange 

Final Volume 
of Extract 

       

       

       

Notes:
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Appendix F 

 
Reduction of Insecticide Use in Orchards and Implementation of  

No-Spray Zones Through Alternative Spraying Practices--  
Analytical Protocol for Drift Deposition Plates 

 
1. Objective:  Determine the azinphos-methyl (Guthion) concentration (expressed as 
µg/cm2) on drift deposition plates. 

2. Take plates out of freezer Dasher and allow them to reach room temperature. 
3. Examine all the numbers for the day and prepare the plates in the order of expected 

least contaminated to expected most contaminated.   
4. Lay down a clean piece of aluminum foil under each individual plate and its 

associated aluminum foil wrapping.   
5. Record each plates field code on the laboratory residue data sheet. 
6. First cut the plate in half (across its width) and then into 4 strips.  Then cut the strips 

into small squares that will easily fit in the extraction jar (use the jars for the DFR, 
dislodgeable foliar residue, extractions--~100 mL volume).  The cutting can be done 
directly over the extraction jar. 

7. Rinse quantitatively the scissor blades and both of the aluminum foil pieces with 1:1 
hexane:acetone into the extraction jar containing the cut silica gel plates. 

8. Add 30 mL of 1:1 hexane:acetone, cap the jar tightly, and then shake for 20 minutes 
at the high speed setting of the mechanical reciprocal shaker. 

9. For quality control, spike one or two blank plates (200 cm2; i.e., 20 cm x 10 cm) with 
1 mL of an appropriate azinphos-methyl standard solution; spread the solution around 
the plate.  After the solvent dries cut the plate up as for the field samples.  Record the 
spiked plate information on the laboratory residue data sheet.  The spiked control 
samples should be labeled with the numeric date and the designation FS1, FS2, etc.  
For example, a plate prepared on April 12, 2005 would be coded 041205FS1.  
Occasionally, an unspiked plate should be extracted.   

10. Decant the solvent extract through Whatman filter paper (use glass microfiber filter 
paper, 940 AH) into a 250-mL filter flask under vacuum.  Dump the plate pieces into 
the funnel.  Rinse off the jar cap.  Add another 20 mL of hexane:acetone and shake 
the jars again by hand (pump the solvent directly into the extraction jar, cap, and 
shake by hand). Combine the rinsings with the other extracts by pouring directly over 
the plate pieces held in the filter.  Also, rinse the cap through the filter. 

11. Transfer quantitatively the combined extract to a 250 mL S/T 24/40 vacuum flask.  
Rinse the filter flask several times with a small amount of hexane:acetone into the 
vacuum flask. 

12. Rotary evaporate @~35°C the solvent to just dry and add either 2, 5, or 10 mL ethyl 
acetate, depending on the distance of the plate from the orchard.   

13. Transfer the ethyl acetate extract to a brown 12-mL vial with the Teflon-lined screw 
cap.  Label the vial.   

14. For samples that don’t require dilution, use a Pasteur transfer pipette to transfer at 
least 1 mL of the extract to a GC autosampler vial.   
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15. For samples that require dilution, either dilute 100 µL (0.1 mL) to a volume of 5 mL 
in ethyl acetate or 1000 µL to a volume of 10 mL in ethyl acetate.  Use a 250 µL 
syringe to make the transfer to a 5-mL volumetric flask and a 1000 µL syringe to 
make the transfer to a 10-mL volumetric flask.  The dilution factor is respectively, 50 
fold or 10 fold.   

a. Transfer at least 1 mL of the diluted extract to GC autosampler vials. 
16. Store the 12-mL vials with the remaining extract in a cold incubator until the sample 

is shot and the concentration calculated and verified. 
17. GC on a 15-m EC-20 column using PFPD. 
18. Ensure the required information about the extraction and the GC process are recorded 

on the laboratory residue data sheet. 
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Laboratory Residue Data Sheet:  Drift Deposition Plates Analysis 
Laboratory Sample Code Date Matrix/Sample 

Location 
Hexane:Acetone 
(1:1) Extracted 

Rotary 
Evaporated 

Final 
Volume 

Dilution 
Factor 

GC Run File 

        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
 
Fortification Sample Code Reference Solution 

Number 
Reference 
Concentration (µg/mL) 

Volume Used to Fortify 
Sample (µL) 

Fortification 
Concentration (µg/cm2) 

Final 
Volume 

      
      
      
 
Observations, Notes, Comments:  



FEQL Project 0405 Final Report  Page 52 of 58 

 
Appendix G 

 
1. PROJECT TITLE: 

a. Reduction of Insecticide Use in Orchards and Implementation of No-
Spray Zones Through Alternative Spraying Practices 

 
2. Protocol Title: 

a. Apple and leaf bioassay protocol and data sheet 
 

3. Objectives:   
a. Determine bioactivity of Guthion (azinphos-methyl) residues on apples after a 

cover spray by one of three spraying practices (conventional every row, 
alternative middle row, skip row).   

b. Bioactivity on apples is to be determined by comparing the number of entry 
holes made by neonate codling moths in treated apples and apples collected 
from untreated checks. 

c. Bioactivity on leaves is to be determined by the percentage mortality of 
neonate larvae placed in 1-inch diameter leaf disks. 

 
4. Procedures for Apples: 

a. Allow apples to warm to room temperature. 
b. Examine apples for any evidence of insect damage prior to placing the larvae. 
c. Place five neonate codling moth larvae on at least two apples from each 

treatment bag. 
i. Note:  Apples had been stored at ~0-2°C prior to the bioassay 

ii. Note:  Untreated check apples were collected from row 15 of block 2 
of Klingele Orchard on 06/14/05. 

1. According to Keith Klingele, block 2 had only be sprayed with 
Esteem early in the season (during early May); only rows one 
and two received a Guthion cover spray; the orchard was 
treated with codling moth pheromone for mating disruption.  
Sevin had been used as a thinning spray in early May. 

d. Five neonate larvae are placed on the “shoulder” of the apple near the stem.  
The apple rests on the distal end in a filter paper lined plastic Petri dish lid or 
bottom.  Scotch tape may be used to keep the apple upright in the Petri dish. 

e. Apples are held at ambient temperature in the WSU “Biology” lab.  Ambient 
temperature was observed during the first bioassay to be 25-26 °C. 

f. After 96 hours, the apples are examined for entry holes 
i. When an entry hole is found, a scalpel is used to extricate the larva to 

determine if it is alive or dead. 
ii. Note:  Depending on findings from the first sets of apple bioassays, 

this procedure may optionally be eliminated if results are too variable 
to make any definitive conclusions about status of larvae that have 
entered, or alternatively, if over 90% of the larvae are still alive. 

g. Record the following information: 
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i. Apple treatment identity 
ii. Replicate number 

iii. Number of entry holes 
iv. Number of live larvae (difference from entry holes will be presumed to 

be either dead larvae or larvae not found). 
v. Date bioassay started (larvae added) and date apples examined for 

entry holes 
vi. Date larvae hatched. 

h. Transfer data to Excel spreadsheet and analyze by PROC GLM or ANOVA. 
 

5. Procedures for Leaves: 
a. Place two leave disks (bottom of leaf down) in a plastic weighing square, and 

place the square in a filter paper-lined 9-cm diam. Petri dish.   
b. Place five neonate codling moth larvae on the top surface of each leaf disk. 
c. Record morbidity and/or mortality after 24 and 48 hours.   

i. Mortality is defined of any lack of movement by larvae upon prodding. 
ii. Morbidity is defined as lethargic behavior with no obvious feeding 

activity in comparison to the untreated leaves or uncontrolled 
hyperactive movements such as writhing without any feeding activity. 

d. Untreated leaves are from row 15 of Klingele block 2 (labeled 061405-15-
UTC) and from the ornamental apple tree in front of the east building of the 
FEQL. 

e. Record on the data sheet the treatment code, no. of larvae dead at time 1 and 
time 2 and the total no. of larvae alive at each time. 

f. Make observations about larval behavior including no. of “feeding cocoons” 
or whether feeding had occurred (especially without the presence of a 
cocoon). 
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Apple Bioassay Data Sheet 
 
Larval Hatch Date ___________________________ 
 
Bioassay Date _________________________     Bioassay Read 
Date______________________ 
 

Treatment Code Replicate Entry 
Holes (#) 

Live/Dead 
Larvae 

Notes 
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Leaf Bioassay Data Sheet 
 

Larval Hatch Date ________________________  Bioassay Start Date:  ____________________ 
 

Treatment Code 

Time 1 
No. 

larvae 
dead 

Time 1 
Total 
larvae 
found 

Time 2 
No. 

larvae 
dead 

Time 2 
Total 
larvae 
found 

Observations 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

Bioassay Read Time and Date 
Time 1: 
Time 2: 
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Appendix H 

 
Meteorological conditions during insecticide application were monitored with a Davis 
Pro Weather Station situated about 100 feet away from tree row one, perpendicularly 
located along a transect passing through the 25 tree of the plot.  This distance corresponds 
to the midway point between T2 (i.e., transect 2) and T3 on the plot schematic for 
Protocol 1.  Archival rate was set to one minute.  The tabulated data (Table A1) have 
been abstracted from data that were downloaded from the station logger.  Spray events 
are shown at the approximate start time to correspond with specific weather conditions.   
 
Table C1.  Meteorological conditions associated with spray events. 
 

Time Event Temperature 
(°F) 

% Relative 
Humidity 

Wind 
Speed 
(mph) 

Wind 
Direction 

11:35 AM Start Spraying Row 1/2 63.5 44 2 S 
11:36 AM  63.4 44 1 SW 
11:37 AM Start spraying outside row 1 63.2 45 1 SW 
11:38 AM  63.1 45 2 WSW 
11:39 AM  63.1 45 3 SSE 
11:40 AM Start spraying row 3/4 62.7 44 3 SSE 
11:41 AM  62.7 43 2 SE 
11:42 AM  62.6 44 2 SE 
11:43 AM  62.4 45 0 SE 
11:44 AM Start spraying row 2/3 62.6 48 1 WSW 
11:45 AM  62.6 46 3 WSW 
11:46 AM  62.4 44 0 W 
11:47 AM  62.6 45 0 W 
11:48 AM Start spraying row 4/5 62.7 45 0 W 
11:49 AM  62.7 44 1 W 
11:50 AM Start spraying row 5/6 62.6 45 0 W 
11:51 AM  62.6 44 0 ------- 
11:52 AM  62.7 45 0 W 
11:53 AM  62.9 46 0 ------- 
11:54 AM  63.1 45 1 SSE 
11:55 AM  63.2 44 2 SSE 
12:23 PM Finish spraying row 5/6 63.7 41 2 S 
12:24 PM  63.9 41 2 S 
12:25 PM Start spraying row 6/7 64.0 41 3 SSW 
12:26 PM  64.0 42 0 SSW 
12:27 PM  64.2 39 0 SSW 
12:28 PM Start spraying row 7/8 64.2 38 1 WSW 
12:29 PM  64.2 40 2 W 
12:30 PM  64.2 38 2 W 
12:31 PM  64.0 41 3 WNW 
12:32 PM Start spraying row 8/9 64 38 2 NW 
12:33 PM  64.2 37 2 NW 
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12:34 PM Start spraying row 9/10 64.3 38 2 NNW 
12:35 PM  64.8 40 2 WNW 
12:36 PM  65.2 38 1 WNW 
12:37 PM  65.3 36 0 ------- 
12:38 PM Start spraying row 10/11 65.3 37 0 NNW 
12:39 PM  65.6 37 0 WNW 
12:40 PM  65.6 36 0 N 
12:41 PM  65.6 36 0 ------- 
12:42 PM Start spraying row 11/12 66.0 37 0 N 
12:43 PM  66.1 37 2 N 
12:44 PM  66.1 37 3 NW 
12:45 PM  66.0 36 4 NW 
1:26 PM  68.6 29 4 SSE 
1:27 PM Restart spraying row 11/12 68.9 33 2 WSW 
1:28 PM  69.4 31 4 SSW 
1:29 PM  69.8 29 4 SE 
1:30 PM End Spraying Protocol 1 69.4 28 3 SE 
1:31 PM Collect Drift & Tree Plates 69.4 29 2 SE 
1:32 PM  69.6 29 2 SE 
1:33 PM  69.4 31 2 SW 
2:38 PM  71.5 29 4 S 
2:39 PM Start Protocol 2 71.5 28 5 S 
2:40 PM Spray First Pass Outside Row 1  71.1 29 4 SW 
2:41 PM  70.9 28 5 SSW 
2:42 PM  70.6 28 3 SSW 
2:43 PM  70.3 28 3 SSW 
2:44 PM  69.9 29 2 SSW 
2:45 PM  70.6 28 2 NW 
2:46 PM  70.8 28 1 NW 
2:47 PM  70.8 28 2 ENE 
2:48 PM  70.6 28 3 E 
2:49 PM  70.6 28 0 NNE 
2:50 PM Collect Drift Plates First Pass 70.4 27 2 SSE 
2:51 PM  70.4 27 2 SSE 
2:52 PM  70.4 31 4 SW 
2:53 PM  70.3 30 2 WSW 
3:22 PM  72.1 31 3 SSE 
3:23 PM  72.3 29 2 S 
3:24 PM  72.3 29 1 SSW 
3:25 PM Spray 2nd Pass Row 1/2  72.3 28 2 S 
3:26 PM  72.0 28 1 S 
3:27 PM  72.1 27 1 N 
3:28 PM  72.1 30 2 SW 
3:29 PM  72.1 28 2 SW 
3:30 PM  72.5 28 1 SW 
3:31 PM  72.7 28 4 W 
3:32 PM  72.5 27 2 NW 
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3:33 PM  72.5 27 2 NW 
3:34 PM  72.8 27 1 NW 
3:35 PM Collect Drift Plates 2nd Pass 73.3 27 2 WSW 
3:36 PM  73.0 27 3 WSW 
3:37 PM  72.7 27 2 SW 
3:38 PM  72.7 28 1 NNE 
3:57 PM  72.0 28 3 SSW 
3:58 PM  72.0 28 3 S 
3:59 PM  72.1 27 3 WSW 
4:00 PM Spray 1st Pass Outside Row 1 72.3 28 2 SSW 
4:01 PM  72.5 28 4 SSE 
4:02 PM  72.8 27 4 SSE 
4:03 PM  72.7 28 6 SE 
4:04 PM  72.5 30 3 SSW 
4:05 PM  72.1 28 4 SSW 
4:06 PM  72.0 28 2 WSW 
4:07 PM  71.8 28 1 WSW 
4:08 PM  72.0 28 4 SW 
4:09 PM  72.5 28 2 WNW 
4:10 PM Collect Drift Plates 1st Pass 73 27 5 NW 
4:11 PM  73 26 2 NW 
4:12 PM  73.2 27 3 SW 
4:13 PM  73 27 3 S 
4:32 PM  73.3 27 3 SSW 
4:33 PM  73.2 26 5 WSW 
4:34 PM  73.0 26 2 SW 
4:35 PM Spray 2nd Pass Row 1/2 72.8 26 1 SSW 
4:36 PM  72.7 26 1 W 
4:37 PM  72.8 28 6 NW 
4:38 PM  73.0 26 4 NW 
4:39 PM  73.2 26 4 SW 
4:40 PM  72.8 28 3 W 
4:41 PM  72.8 28 5 W 
4:42 PM  72.7 27 6 WNW 
4:43 PM  72.7 26 4 WNW 
4:44 PM  72.5 26 4 SW 
4:45 PM Collect Drift Plates 2nd Pass 72.3 27 1 SSW 
4:46 PM  72.5 26 1 SSE 
4:47 PM  72.5 27 1 SSW 
4:48 PM  72.7 26 2 WNW 

 
 
 
 


