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Introduction; Priority Addressed: Researchers at Michigan State University, Washington State 
University, and Cornell University have developed a novel foliar spray platform, optimized for 
high density tree fruit production. This Solid Set Canopy Delivery System (SSCDS) is composed 
of a network of microsprayers positioned within the canopy. SSCDS has many advantages 
compared to airblast sprayers: reduced application time, reduced fuel consumption, precision 
application timing, allowing applications under tractor impassable conditions, and reduced 
worker application exposure.  SSCDS will reduce the energy and labor for foliar applications, 
while improving a grower’s ability to apply more selective, reduced risk pesticides and inputs. 
These benefits would be invaluable to Michigan small fruit growers who experience a multitude 
of disease and insect pressures linked to rainy, humid summers that are characteristic to the 
region.  

Small fruit growers, like tree fruit growers, rely on large tractor driven airblast and 
cannon sprayers. Since high density tree fruit production and perennial small fruit production 
share narrow canopies they may be good candidates for SSCDS technology. Spray coverage is 
the most critical aspect of any foliar delivery system, without consistent and adequate deposition, 
pest and disease outbreaks can quickly escalate into devastating problems. Our prototype SSCDS 
has provided adequate coverage and pest management in two consecutive years in apples. The 
goal of this project will be to evaluate spray coverage in blueberries, raspberries, and grapes, 
using a small, portable SSCDS. The data developed by this project has the potential to greatly 
expand the application of this promising new technology.  
 
Objectives, hypotheses, and methods to be employed (by Objective): 
1. Determine spatial pattern and distribution of spray coverage in grapes, raspberries, and 

blueberries using a portable SSCDS system. We hypothesize that coverage will be adequate, 
but different, in each small fruit crop.   

 
Methods: We utilized a small portable SSCDS supported by scaffolding for our research (Fig. 
1). Microsprayer assemblies were spaced every 3’ along 1” polyethylene irrigation line. Each 
assembly \ consisted of: 1.) A PVC Reservoir, 2.) 35psi Jain barbed leak prevention device, 3.)  2 
lengths of 22” length of .25” irrigation line, 4.) Jain bayonet nozzle holder (Hadar bridge), 4.) 2 
Jain Modular Group 7000 Microsprinklers (8gal/min). Test sprays were made using a 79cc gas 
engine pump made by Pacific Hydrostar, and a 212cc, 135psi EPA III wheelbarrow air 
compressor manufactured by Central Pneumatic. Applications approximated a 70 gallon per acre 
spray volume.   
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Four blueberry, raspberry, and grape plots were 
selected at the Michigan State University’s Entomology 
Farm and Horticultural Teaching and Research Center, with 
each plot measuring 10m by 2m. Applications were made in 
September and October under full canopies. A sampling grid 
was used to determine spray coverage in each crop. Sampling 
was done on 5 evenly spaced points distributed at 2 heights 
on East and West sides of each row. (Raspberry-(H)3ft 
(L)1.5ft, Blueberry-(H)6ft (L)4ft, Grape-(H)6ft (L)4ft)   

We used 1”  x 1” TeeJet water sensitive spray cards to 
evaluate coverage at each sampling point. Pairs of cards were 
labeled, clipped back-to-back, and oriented to reflect leaf 
surfaces within the canopy. Immediately following card 
placement we applied a spray, after which, cards were 
collected, individually bagged with a silicon desiccant, and 
returned to the lab for high resolution digitization and then 
analysis using GNU Image Manipulation Program. 

Sprays consisted of a solution of a bright orange food 
grade tracer dye (Keystone Inc., Keyacid Tartrazine) and a nonionic surfactant (Latron B-1956). 
The dye allowed for collection and direct quantification of spray deposits on leaf surfaces. Spray 
solutions were composed of 1g/L Tartrazine, and 1.25mL/L Latron B-1956. After spray had dried 
on foliage, leaves were collected and bagged for analysis. Individual leaves at the two sampled 
heights (Raspberry-(H)3ft (L)1.5ft, Blueberry-(H)6ft (L)4ft, Grape-(H)6ft (L)4ft) and on both 
sides of the row were collected at five different locations, for a total of 20 leaves per replicate, and 
80 leaves per crop.  

Leaves were then rinsed with 25mL of DI water in 50mL centrifuge tubes, repeatedly 
inverted for 20seconds, and then discarded. To quantify tartrazine residue, 200 µL of the rinsed 
solution was pipetted into three wells of a 96 well plate and the absorbance of the dye was 
quantified with a BioTek Synergy HT micro plate reader (Fisher Scientific, Hanover Park, IL). 
The three readings were averaged together to get a measure of the absorbance value of the 
tartrazine dissolved from each leaf, with 720 absorbance values recorded representing 240 leaf 
samples. Keyacid Tartrazine dye has a peak absorbance wavelength of 428 nm. The magnitude of 
absorbance of each sample was used to calculate the micrograms of dye in each sample. 
Micrograms of dye per representative leaf area were then calculated by determining the average 
leaf surface area from 25 leaves from each crop. This scaled the results so that dye concentration 
was not skewed by difference in leaf sizes between blueberries, raspberries, and grapes." 
 
Results and Discussion:  
 
Spray Coverage (Cards) Raspberries showed the highest levels of spray card coverage with 
between 30-40% coverage across the low and high strata. Blueberries and grapes had coverage 
between observed in raspberries and blueberries, with less numerically less deposition in grapes. 
Raspberries and blueberries had coverage between 20-25% (Fig. 2). Cards facing upwards 
received higher coverage in all three crops, consistent with previous coverage observations in 
apples (Fig. 3). Other researchers have suggested that maximum benefit of coverage occurs at 
30%, so our results are close to an optimum range.  

 
Figure 1: Portable SSCDS 
Blueberries 
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Spray Deposition (Dye) Deposition was comparable for blueberries and raspberries but slightly 
lower for grapes. Leaves collected from higher in the canopy (and closer to emitters) received 
20-25% higher levels of deposition. Interestingly deposition data for Grapes and Raspberries was 
much more consistent than coverage. This suggests that coverage delivered from the SSCDS 
may be better than inferred from spray cards.  

Coverage and deposition in small fruit crops had many of the same characteristics already 
strongly resembled those observed during previous SSCDS spray trials in apples – namely higher 
coverage on upwards facing cards, and greater coverage in sampling locations positioned closer 
to emitters. This is likely due to the droplet shower effect of the microsprinklers, once droplets 
lose their momentum from the nozzle they tend to settle under gravity. A fraction of these 
droplets are either directed at the right angle or are moved by air currents and are deposited 
under the leaves, but significantly less than the coverage on the upper surface. This said, our 
trials in apples have returned three years of data where pest management efficacy was at least as 
good in direct comparisons with air blast applications! 

The short stature and dense foliage of the raspberries (~3-4ft canopy) likely resulted in 
the differences between coverage at the two heights, leaves higher in the canopy partially 
blocked spray from cards lower in the canopy. However, the smaller canopy led to overall higher 
levels of coverage despite the difference in coverage between the two heights. The more vertical, 
open, and planar canopies of highbush blueberries and grapes led to similar levels of coverage, 
though deposition data indicate that the upper tiers of the blueberry canopy received a higher 
dose of tartrazine despite the similarity in levels of coverage. 
 
Conclusions and Next Steps: The seemingly inexorable replacement of broad spectrum, 
persistent plant protectants with reduced risk, short residual chemicals suggest that Michigan 
growers need to re-evaluate spray delivery technology to remain competitive in a global market. 
SSCDS may provide one approach for accomplishing this goal. Promising trials in high density 
apples with similar prototype systems has led to a number of advances that can easily be 
incorporated into small fruit SSCDS arrays. SSCDS have the potential to give growers 
unprecedented precision with agrochemicals that are increasingly becoming more expensive but 
with shorter residuals and narrower range. The next steps will be to evaluate pest management 
efficacy in one or more small fruit crops treated with SSCDS.  
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Figure 2 & 3 – The percent droplet coverage for each of the three small fruit crops, averaged 
over each sampling position and replication. Error bars represent the standard error of the 
proportion.  
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Figure 4: Average tartrazine deposition (µg) per representative leaf area (cm2) ± standard error 
of the mean. Representative leaf areas calculated using 25 leaves from each plot: 
Raspberry=34.34cm2 Blueberry=41.12cm2 Grape=73.16cm2 
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