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The University of Vermont Apple Program received a USDA grant to study the long-term 
effects of “particle film technology” on Northeast apple orchards.  This technology has been 
commercially available to growers since 2001 in the kaolin clay–based product Surround. 
Surround is viewed as a potential alternative for some organophosphate uses in orchards.  It is 
considered a “Reduced Risk Pesticide” by the EPA, indicating that it has characteristics such as very 
low toxicity to humans and non-target organisms including fish and birds, and low risk of 
groundwater contamination or runoff. The material also meets all Federal and State standards for use 
in organic crop production, and may be an important component in that expanding field. Currently 
for apples Surround is labeled for control of leafhoppers and overwintering oblique banded 
leafroller, and suppression of codling moth, plum curculio, apple maggot, green fruitworm, and a 
number of other insects. 
 When applied to the tree, Surround forms a white physical barrier on the surface of fruit 
and foliage.  This particle film barrier acts as a pest deterrent by either directly repelling insects or 
making feeding, egglaying, or colonization sites unrecognizable or unsuitable. By its nature, this 
technology is extremely dependent on thorough coverage of the fruit and foliage.  Dilute or near 
dilute applications are necessary and application rates can range from 25 to 50 pounds per acre on 
apples. 

The current material label states that “When applied at recommended rates and frequencies, 
benefits such as increased plant vigor and improved yields may occur in certain apple cultivars.  
Under high ambient temperatures, Surround reduces canopy temperature and, therefore, can help 
to reduce heat and water stress.  Many cultivars have shown improved fruit color, smoothness, and 
size with less sunburn, and cracking when Surround is used.”  However, much of the previous 
research on these variables has been performed in warmer, semi-arid, and sub-humid environments.  

Application of Surround at full rates has been suggested to reduce canopy temperature due 
to reflectance of solar energy from the white film. The objectives of our research are to determine 
potential non-target effects of thorough coverage of kaolin film on apple tree vigor, productivity, and 
fruit quality, including an economic assessment of the gross monetary value of the crop, and to 
determine non-target effects of kaolin film on diseases and bird damage (we are referring to these 
effects as ‘non-target’ because kaolin films have been developed and subsequently labeled primarily 
to manage insect pests) under the relatively cool and moist climate of the Northeast. 
 
Materials & Methods 
 

The research is being conducted at the UVM Horticultural Research Center in South 
Burlington, VT on ‘McIntosh’ trees on M.26 rootstock planted in 1988. In 2001, preliminary data 
were collected.  The study officially began in 2002 and continues through the 2004 growing season. 
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The experiment uses a completely randomized design with five treatments replicated six 
times.  Each replicate consists of single tree plots of ‘McIntosh’ with four treated guard trees.  
Treatments include: 

 
1) Surround beginning at green tip plus fungicides. 
2) Surround beginning at green tip without fungicides. 
3) Surround beginning at petal fall plus fungicides. 
4) Standard IPM. 
5) Nontreated control. In 2001 this treatment received fungicides.  For 2002 and beyond the 

protocol was amended to remove fungicides treatments. 
 

Fungicides used include mancozeb pre-bloom and captan post-bloom, applied as needed 
according to weather and disease cycle monitoring.  The insecticide used for the IPM treatment was 
Imidan applied as monitoring dictated.   Surround sprays were applied weekly through first cover, 
then bi-weekly through mid-August.  Treatment sprays were applied near-dilute with a handgun at 
100 psi in 100 gallons of water per acre. All treatments received standard horticultural sprays 
including foliar nutrients and thinning sprays as determined by crop load monitoring.  Thinners used 
include Sevin XL at 1 quart per acre and NAA as needed. Two percent prebloom oil was applied to 
the entire block. Whole block oil, thinner, and nutrient sprays were applied via airblast sprayer.  
Surround rate varied with the previous spray’s coverage, from 25 to 50 pounds per 100 dilute 
gallons per acre.  Imidan, mancozeb, and captan were applied at standard labeled rates. 
 In this comprehensive study, data on numerous variables within the block are being 
collected. These include fruit quality and appearance characteristics  (fruit weight, color, firmness, 
soluble solids, and incidence of bitter pit, sunburn, and russeting), and tree data  (spur characteristics, 
bloom density, leaf density, foliar nutrient analysis, defoliation rate, harvested yield, and preharvest 
drop).  In addition, arthropod pest incidence and damage on fruit and foliage and disease incidence0.0024  Tw (soluble solidsu(.84 -13.8  TD -0.01050d03i(solublem8nt sprays 
utcnesied llogd withbirod pock damage ateharvese. Sience theresculsd prsieniedhwere rte) Tj
0  Tc -0.12  Tw ( ) Tj
0 -13.8  TD -0.0029  Tc-0.25ublem8n prlirmiarty,wetehvce cosied to rphore oklyoin tosis variables of(the x peitmentth atevalurategenneral ) TjT*D -0.002  Tc 0.069  Tw  horticultural cha) Tj
80.84 0  TD .0784  Tw (solubra2) Tj
9396 0  TD 0.0595  Tc(acteristics.) Tj245792 0  TD 0  Tc le soli1335.92 -13.8  TD ( ) Tj
36 0  TD/F34 12  Tf
0.0015  Tc 107675  Tw Ffruit qualitymseauretment,) Tj

34848 0  TD /F0 12  Tf 0  Tc 1.08  Tw .(  ) Tj121.16 0  TD 0.002  Tc21.1097  Tw An rndoomsamplce of30e fruithin2.00e and2.002 was(collectes) Tj
0  Tc 0.12  Tw ( ) Tj
1827.04 -13.8  TD -0  Tc 0.8895  Tw (foomeach( tree andevalurated ) Tj143.84 0  TD .0016  Tc 010ublem8n for,) Tj
1.84 0  TD .0.016  Tc 038.08  Tw  weigh  
g) skhin colo  visqua vesimrate of%o red lushg)  and percene a valute ofzmerthidi,  

coveed; twto -solub25%; thtre -

-solub75%;  and sivo solub cove .76% .  
 kg/TCA)2 wasmseaureed yt weigys 
ullf(the fruitoin thettre ) Tj388.536 0  TD .0085  Tc 14232  Tw ,( and) Tj
0  Tc 0.12  Tw ( ) Tj
4621.16 -13.8  TD 0.0002  Tc2.51741  Tw dividys 
 yt thettrey’strunk crost,-sec,   s o l u b P r t e -droe(kg/TC  

collecys 
uand weigys 
ullf(the fruitoin thegeroandbdefreteharvese and dvidys 
uit yt theTCA(. ) Tj451.26 0  TD 4  Tw (solub( ) Tj
451.26 -13.8  TD ( ) Tj
36 0  TD/F34 12  Tf -0.002  Tc1.3269  Tw Ttree ) Tj1.2032  Tc 9  Tw v ) Tj
1.536 0  TD .0002  Tc(igord) Tj
20024 0  TD /F0 12  Tf 0  Tc 1032  Tw .(  ) Tj121684 0  TD -0.0370  Tc 105241  Tw Sspurdiametter(mm)2 of sive fruiys 
(spusd pe( tree iametter of(thenext ypeay’d) Tj
0  Tc 0.12  Tw ( ) Tj
990.24 -13.8  TD -0.132  Tc3.3712  Tw  fruiys 
bu.) Tj540.24 0  TD 2  Tc3.38641  Tw ds2 wasmseaureed fortiedbudsd pe( treehinOctober. ) Tj
281448 0  TD 2  Tc3.482  Tw (  ) Tj120.84 0  TD .00002  Tc3.35741  Tw Ssecific, leaf weigh  dg. (dyo) Tj
0  Tc -0.12  Tw ( ) Tj
-35.512 -13.8  TD -0.0916  Tc 016941  Tw  weigh/s quretcm., leaf rtap)) Tj133652 0  TD -0  Tc 0.1075  Tw ( wasutcnesiedbtymseaurys 
(th,) Tj
51.536 0  TD .00029  Tc-012641  Tw  mutce and rtar of015 fruitaspur lerved pe(e solid87.762 -13.8  TD -0.016  Tc 00016  Tw  treehinAugusto) Tj67.926 0  TD 4  Tw (solub( ) Tj
67.926 -13.8  TD ( ) Tj
36 0  TD/F34 12  Tf
0.036  Tc Biro ) Tj
19396 0  TD -0.036  Tc (-) Tj
3.96 0  TD -0.0936  Tc1.20936  m8n pock damago) Tj645.08 0  TD /F0 12  Tf .132  Tc 9  Tw (. ) Tj71448 0  TD -0.116  Tc1.2741  Tw Iedboithypeas,d   i- n .  dropied andeharveseed fruid 



 37 

Results 
 

Fruit quality.  Fruit weight:  In both 2001 and 2002, in plots where Surround and 
fungicides were used (treatments 1 and 3), fruit size was significantly greater than the IPM standard 
(Table 1). The data were taken from observations made on 600 fruit samples (when available) per 
treatment. Satisfactory red fruit color was achieved in all treatments in both test years   Where 
Surround was applied without fungicides (treatment 2), color was consistently the best.  This may 
be due to the increased ethylene production in the scabby fruit in that treatment.  Where fungicides 
were applied, we consistently saw an increase in red color development in the Surround treated 
fruit (treatments 1 and 3) (Table 1).  While these increases were found to be significant statistically, 
it is important to also look at the magnitude of the increase. In 2001 the IPM fruit (treatment 4) had 
an average red color of 58% while the Surround and fungicide treated fruit (treatments 1 and 3) 
had 61% red color.  The increase between these treatments in 2002 was numerically greater, with 
62% red color in the IPM treatment versus 66 and 68 percent in the Surround treatments.  While 
the increase in red color may be small it has been consistent to date and may be of importance at 
packout.  Fruit russet at packout was evaluated in both years.  For each fruit a value of zero to five 
was asllyment versus 66 and 68 6  Tnording0.12und 
(3637.36 -13.8 r0 rg 
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Table 2.  The effects of Surround application on yield efficiency and fruit drop on  
‘McIntosh’/M.26 in 2001and 2002. 

 Yield efficiency (kg/TCAz) Number of dropped fruit / TCA 
Treatment  2001  2002  2001  2002 
1- Sur GT + Fung 0.72 Ay 0.59 ABy 1.41 Ay 1.38 Ay 
2- Sur GT no Fung 0.47 A 0.41 BC 1.25 A 1.38 A 
3- Sur PF + Fung 0.71 A 0.71 A 1.59 A 1.71 A 
4- IPM 0.71 A 0.59 AB 1.02 A 0.53 B 
5- NTC 0.65 A 0.32 C 1.51 A 1.34 A 
z TCA = trunk cross-sectional area 
yMeans within a column with the same letter are not significantly different (Fisher’s 
Protected LSD test, P<0.05) 
 
Tree Vigor.   There were no significant differences in spur diameter between the treatments 

in 2001 or 2002 (Table 3).  Spur leaf density showed differences in 2001, where the Surround 
treated leaves (treatments 1,2, and 3) were less dense than IPM or nontreated leaves (treatments 4 
and 5).  Data the following year did not replicate these results and showed no difference between 
treatments (Table 3).  Analysis of these indirect measurements of photosynthesis will become more 
important as the trees receive the treatments over multiple seasons and the results can be analyzed 
together.  At this point no conclusions can be made whether or not Surround treatments 
measurably affect tree vigor. 
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repeated applications of Surround to the same trees over a period of years.  Conclusions will be 
made after analyzing the study’s full data set through repeated measures analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4.  The effects of Surround application on  
‘McIntosh’/M.26 on bird peck damage on dropped 
fruit during 2001and 2002.  


