
Detection and Quantification of Nursery Spray Penetration and Off-
Target Loss with Electron Beam and Conductivity Analysis 
 
 Many of the products of the nursery and 
horticulture industry are attacked by pests and require 
sprayed chemical or natural pest control agents.  While 
horticultural industries use less total volume of pest 
control materials, the variety of those materials and 
frequency of use is greater due to the vulnerability of 
ornamental and food-use crops to many insect pests and 
diseases.  We tested two grower application programs 
conducted at production nurseries to assess their 
performance. 
 Spray penetration and off-target loss from a 
conventional, air-assist, axial-sprayer and a high-
clearance, boom-type sprayer were investigated in 
Honey Locust and Canadian Hemlock trees located in 
two different production nurseries.  Aqueous tracer 
solutions of either Ca(NO3)2 foliar fertilizer or Cu(OH)2 
fungicide were used in the experiments.  The spray 
deposition distributions within canopies and off-target 
loss due to drift or sprayed onto the ground were 
assessed via residues collected on foliage, electron 
microscope stubs, artificial plates, vertical and ground-
level profile plastic tapes, and high-volume air samplers.  
Electron beam analysis (EBA) was used to assay 
residues on stubs, leaves, and needles placed and 
collected at several locations and heights in the canopy 
(Figure 1 and 2).   
 

 
 
 
Figure 1.  Electron beam analysis of Ca(NO3)2 on Honey 
Locust leaf: (a) secondary electron image of a typical globular, 
uniform Ca(NO3)2 smooth spray droplet (arrow), bar = 50 µm; 
(b) x−ray distribution map of Ca(NO3)2 droplet from (a); (c) 
energy dispersive x−ray analytical spectrum of the Ca(NO3)2 
spray droplet in (a), note Ca peak; and (d) Ca(NO3)2 droplets 
on mounting stub observed in the Honey Locust trees. 
 
 
 

 Figure 1a shows typical spray droplets, 
represented by arrows, observed by EBA.  Fig. 1b 
shows the complementary x-ray distribution map with a 
substantial Ca peak (Figure 1c).  Fig. 1d shows 
Ca(NO3)2 droplets on stub observed in the Honey Locust 
trees.  This same study was done with Cu(OH)2 residue 
as annular-shaped spray droplets on needles of 
Canadian Hemlock and inert stubs (Figure 2).   
 Statistical analysis indicated no significant 
differences between coverage on leaves and coverage 
on inert stubs measured by EBA.  The study also 
showed that the coverage on the lower surfaces of 
Honey Locust trees was significantly less than that found 
on the upper surfaces regardless of elevation above the 
ground.  Average total percentage of Cu coverage on 
needles and stubs within Canadian Hemlock trees was 
significantly different between the tree locations.  It was 
also determined that ground deposits decreased rapidly 
with increased distance from the spray path.   
 We have shown paper that EBA determined the 
percent Ca and Cu residue coverage on both leaf and 
stub surface areas within tree canopies and provided an 
assessment method with both visualized image and 
quantification analysis to determine spray deposition for 
nursery spray applications. 
 
 

 
 
Figure 2.  Electron beam analysis of Cu(OH)2 droplets on 
Canadian Hemlock needles: (a) secondary electron image, bar 
= 50 µm; (b) x−ray distribution map of Cu(OH)2 droplets in 
(a); (c) x−ray spectrum of droplet in (a), note Cu peak; and (d) 
Hemlock needle surface before being sprayed. 
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