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AsstrAcT. Particle film technology is a developing pest control system for tree fruit production systems. Trials were
performed in Santiago, Chile,and Y ork Springs, Pa., Wenatcheeand Y akima, Wash., and K ear neysville, W.Va., toevaluate
theeffect of particletreatmentson apple[Malussylvestris(L .) Mill. var . domestica(Borkh) M anst.] leaf physiology, fruit yield,
and fruit quality. L eaf carbon assimilation wasincreased and canopy temper atur eswer ereduced by particletreatmentsin
seven of the eight trials. Yield and/or fruit weight wasincreased by the particle treatmentsin seven of the eight trials. In
Santiagoand K ear neysville, a* valuesof thefr uit surfacewer emor epositivein all trialsalthough a* valueswer enot incr eased
in Wenatcheeand Yakima. Resultsindicatethat particlefilm technology isan effectivetool in reducing heat stressin apple
treesthat may result in increased yield potential and quality.

Environmental dusts and particul ate coverings on plants gener-
ally reduce photosynthesisand productivity (Farmer, 1993; Hirano
et d., 1995) due to leaf shading and interference with stomatal
activity. However, particul ate sprays have been applied to increase
foliage reflectivity and reduce heat load on plants with some
increases in plant productivity.

Abou-Khaled et a. (1970) found that areflective kaolin spray
decreased leaf temperature by increasing leaf reflectance and re-
duced transpiration morethan photosynthesisat high solar radiation
levels in species which are light saturated at low irradiances.
Doraiswamy and Rosenberg (1974) coated soybean [Glycine max
(L.) Merrill] plantswith kaolinite to increase reflection of incident
radiation and found that net radiation was reduced 8% and short-
wave radiation was reduced 20%, suggesting a potential reduction
intranspiration and water use. Basnizki and Evenari (1975) applied
a reflectant coating to globe artichoke (Cynara scolymus L.) and
reduced leaf temperature, increased water use efficiency, and in-
creased plant survival. Stanhill et a. (1976) applied kaolinto grain
sorghum (Sorghum bicolor Moench) and increased yield by 11%
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over a3-year period despiteareductionintherateof CO, uptakeand
early leaf senescence. Moreshet et al. (1979) sprayed kaolin on
cotton (GossypiumlirsutumL.) and caused an 11%increaseinyield
the first year but found no increase the second year. Kaolin treat-
ments reduced “* CO, uptake due to areduction in light absorption
and partially blocked the ssomata resulting in reduced water stress.
SoundaraRajan et a. (1981) increased yidld, pod number, and test
weight of peanuts (Arachis hypogaea L .) by applying kaolin under
dry land conditions. Rao (1985) applied kaolin to nonirrigated
tomato (Lycopersicon esculentum Mill) and demonstrated that the
reflectivekaolinimproved thewater statusandyield of nonirrigated
plants compared to the nontreated controls.

It gppears that gpplying a reflective coating to plants under water
gress provides more benefit in reducing the heet |oad than reduction in
potentia photosynthesis. Glennet d. (1999) demondrated that adusted
partidefilm did not reduce carbon assmilation in potted gpple (Malus
sylvedtris var. domestica) peach [Prunus persica (L.) Batsch (Peach
Group)], and pear (PyruscommunisL.) in growth chamber conditions
withanirradianceof 900 umoal-n2-s. They aso gpplied thisreflective
dust filmto peachtreesinafield sudy and observed noreductioninfruit
yied or qudity, however, leaf temperature was reduced. Glenn et d.
(1999) demondtrated thet particle films have broad disease and insect
control potentid in tree fruit crops. Therefore, the following research
utilized an aqueousformulation of aparticlefilmof Glennet d., (1999)
andexaminedtheeffect onappleleaf physiology, yieldcomponents, and
fruit quaity in varying environments.

Methodsand Materials
Materials
Apple trees received applications of a highly reflective, white,



hydrophobic particle (M96-018, Engehard Corp., Isdin, N.J)
following bloom in addition to a conventional pesticide spray
program. M96-018 kaolin utilizesakaolin minerd processedtoabright
whitecolor of >85%, with mean particlesze<2 umin diameter, thet is
surfacetreated with aproprietary hydrocarbon torender it hydrophaobic.
TheM96-018 treatment was prepared by first mixing the particleswith
methanol to wet them and then the particdle-methanol durry was added
towater. Thefind mixture contained 3% (w/v) M96-018 and 4% (V/V)
methanol inwater (Sekutowski et d., 1999). TheM 96-018 mixtureand
the conventiond trestment were gpplied to runoff using a handgun
Sprayer or ar blast sprayer, as pecified.

Physiological and fruit quality parameters

Carbon assimilation (A) and stomatal conductance (Gs) were
measured at varioustimesduring aclear sky day using aphotosyn-
thesis system (L1-6200; LI-COR, Lincoln, Nebr.) in 1997. Two
leaves/tree were enclosed individually in the cuvette. Measure-
mentswere completed within 60 to 90 s of enclosure. Undamaged,
mature leavesfrom the distal fiveleaves on an exposed branch and
leaves with similar levels of M96-018 residue were chosen for
measurement. In 1998, a combined infrared gas analysis system
(CIRAS-1; PP Systems, Haverville, Mass.) with an external light
sourcewas used to measure A and Gs. In 1998, A was measured at
aphotosynthetic photon flux (PPF) of 1000 umol-m=-s%, otherwise
the sampling procedures were the same as 1997. Fruit surface
temperature was measured at solar noon using an IR thermometer
(model 110; Everest Interscience, Tustin, Calif.). The canopy—air
temperature differential (AT) was measured at each sampling hour
with the IR thermometer. About 1 m? of the canopy wasinthe IR
thermometer’ sfield of view and theilluminated portion of thetree
was measured. Air temperature was measured with a thermistor
located on the infrared thermometer.

Ten mature leaves were collected from the digd fifth to tenth |esf
position for chlorophyll analysis. Leaveswere detached and placed on
ice and frozen at —80 °C within 30 min of removd. Chlorophyll was
extracted by placing discs of known areain liquid N and crushing with
amortar and pestle. Acetone (80% + 20% water) was added to the legf
tissue. Chlorophyll aand b and total chlorophyll were extracted and
analyzed spectrophotometrically according to MacKinney (1941).

Inal studies, fruit were harvested a optimum maturity for storage
based on firmness, starch, and soluble solids concentration (SSC). In
some cases, the particle film trestments delayed harvest by 1to 2 d.
Unless otherwise specified, 10 randomly selected fruit per plot were
collected & harvest and shipped tothe U.S. Department of Agriculture,
Agriculture Ressarch Sarvice (USDA/ARS) Wenatchee, for quality
evauation. Firmnesswasdeterminedusingthe TA-X T2 TextureAndy-
ss System (Texture Technologies Corp., Scarsdde, N.Y.) equipped
with a 11.1 mm probe. Externd color was determined using the
Commisson Internaionde d Eclairage (CIE) L*, a, b* color space
coordinates. Threeva uesfor color weredetermined around thecircum-
ference of each fruit. SSC and titratable acidiity (TA) were determined
fromandiquot of expressedjuiceof alongitudind dicefromeachof 10
fruit. SSCwasmeasuredwithanAbbetyperefractometer (modd 10450,
American Opticd Scientific Ingtruments Div., Buffdo, N.Y.) with a
ucrose scale cdlibrated at 20 °C. TA was measured with aradiometer
titrator (mode TTT85, Radiometer, Copenhagen, Sveden). Acidswere
titrated to pH 8.2 with 0.1 mol-L NaOH and expressad as percentage
mdic acid.

Study sites
SANTIAGO, 1997. The apple orchard was a high density, trellis
planting (1000 trees’ha) of ‘ Red Chief’ /Malling 26 (M.26), located

=100 km south of Santiago. Thetreeswerefurrow irrigatedonan 8-
d basis and hand thinned postbloom. There were three treatments:
1) 12 weekly applications of M96-018 following bloom, 2) a
conventional pesticide spray program, and 3) anontreated control.
About 1.5 L of 3% M96-018 was applied per tree. Treatmentswere
applied with a handgun sprayer. Conventional orchard practices
were used for training and weed control. The experiment was a
randomized block design with 12 trees/plot and fivereplications. In
February 1997, 3 weeks before harvest, A, Gs, and AT, were
measured onthreeconsecutivecloud-freedays, at 1000, 1100, 1300,
1500, and 1700 HR from the center tree in each plot. Fruit surface
temperature was measured on 50 fruit/plot from the center trees of
each plot on only thefirst day at solar noon. At harvest, total fruit
number andfruit weight fromthecenter 10trees/pl ot wererecorded.
Red color (a* value) of 10 fruit randomly selected from the har-
vested plot sample was measured using a chromometer (model
CR221; MinaltaCorp., Ramsey, N.J.). Color was measured at four
locationsaround thecircumference of eachfruit. Particledensity on
theleaves was measured after application by wash-off with deion-
ized water into a preweighed beaker, and ranged from 800 to 1000
pg-cm?,

Y aKIMA, 1997. The apple orchard was amoderate density plant-
ing (485 trees’ha) of ‘ Red Spur Delicious /M.111 located adjacent
tothe USDA/ARS Fruit Research Laboratory near Wapato, Wash.
Thetreeswere under-tree sprinkler irrigated on aweekly basisand
hand thinned postbloom. There were three treatments: 1) seven
applicationsof M96-018throughout thegrowing season, 2) 10more
closaly spaced applications of M96-018 throughout the growing
season, and 3) anontreated control. About 4 L of 3% M96-018 was
applied per tree. The M 96-018 mixturewas applied todripusing an
air blast sprayer. Conventional orchard practices were used in
training and weed control. The experiment wasarandomized block
design with six trees/plot and threereplications. In August 1997, 5
weeks before harvedt, A, Gs, and AT were measured on four
consecutive cloud-free days at 900, 1200, 1300, and 1500 HR. At
harvest, 30 fruit from the upper half of the canopy and 30 fruit from
thelower half of the canopy were collected per treeand the six trees
werepooledfor plot weight and number. Fruit quality waseval uated
by USDA/ARS Wenatchee using the Color Machine (Pecific
Scientific, Silver Spring, Md.). Red color (a* value) was measured
on 20fruit/plot fromfruitrandomly selected fromtheharvested plot.
Particledensity ontheleaveswas measured by wash-off withwater
into apreweighed beaker and ranged from 150to 250 pug-cm. Leaf
samples were collected for chlorophyll analysisin July.

K EARNEYSVILLE, 1997. Theappleorchard wasamoderate density
planting (400 trees’ha) of ‘Bisbee Red Spur Delicious /M.111
located at the USDA/ARS Appadachian Fruit Research Station,
Kearneysville. The trees were nonirrigated and were not thinned
postbloom. The three treatments were 15 weekly applications of
M96-018 throughout the growing season 2) a nontreated control,
and 3) aconventional pest control program. About 4 L of 3% M96-
018 was applied per tree. The M96-018 mixture was applied to
runoff using an air blast sprayer. Conventional orchard practices
were used in training and weed control. The experiment was a
randomized block design with three trees per plot and four replica-
tions. In August 1997, 3weeksbefore harvest, A, Gs, and AT were
measured on two cloud-free days at 1000 and 1400 Hr. At harvest,
all fruit were collected, counted, and weighed on aplot basis. Fruit
colorwasevauated by USDA/ARS, Wenatchee. Stemwater poten-
tial was measured on leaves covered with foil at sunset of the
previous day. The stem water potential was measured with a
pressure chamber a 1000 and 1400 HR. Stem water potentid was



measured on two leaves/plot at each sampling time. Particledensity on
theleaveswas measured using achromometer (modd CR221; Minolta
Corp.) asdescribed by Glenn et d. (1999) and ranged from 300 to 500
pg-cn?, Leaf samplesfor chlorophyll andysiswere collected in duly.

Y ork SPRINGS, 1997. Theappleorchard wasalow density planting
(205 trees/ha) of ‘ Golden Ddlicious /seedling rootstock located at
the Cloverdale Orchard near Gettysburg, Pa. The trees were
nonirrigated and chemicaly thinned. Chemica thinning sprays
were gpplied after the initial applications of M96-018. The three
treatments were 1) conventional pest control treatment, 2) eight
applications of 3% M96-018, and 3) eight applications of 1.5%
M96-018 and 2% methanol in water. The M96-018 mixture was
applied to drip using an air blast sprayer. About 10 L of M96-018
was applied per tree in treatments 2 and 3. Conventional orchard
practices were used in training, thinning, and weed control. The
experiment wasarandomized block design with 0.5 haplotsof each
treatment and two replications. At harvest, 20 fruit from six ran-
domly selected trees per replicate were weighed. Fruit diameter,
russet incidence and severity, and L*, &, and b* color space
coordinates were measured on each fruit. Color was determined
with ascanning spectrophotometer (Colortron; Light Source, Lark-
spur, Calif.). Particledensity ontheleaveswasnot measured but was
estimated visually at 100 to 300 ug-cnm2.

WENATCHEE, 1998. Theappleorchard wasahighdensity planting
(980 trees’ha) located near the USDA/ARS Fruit Research Labora
tory, Wenatchee. Thetreeswere under-tree sprinkler irrigated ona
weekly basisand were chemically thinned postbloom following the
initial application of M96-018 for the May application treatment.
‘OregonSpur’/M.7and* StarkrimsonDelicious /M. 7 receivedvary-
ing applicationsof M96-018in additionto anontreated control. The
M96-018 mixture was applied to runoff using an orchard sprayer.
About 2 L of 3% M96-018 was applied per tree. Conventional
orchard practices were used in training and weed control. The
experiment wasarandomized block designwiththreetrees/plotand six
replications. Thetreatmentswerethetimeof initiating particle gpplica:
tion: May, June, July, August, and September. After thefirst application,
trestmentswere regpplied every 14 d until harvest. In September 1998,
21 dbeforeharves, A, and Gsweremeasured onthe center treeper plot
for three consecutive cloud-free days when air temperature did not
exceed25°Cat 1000and1500Hr. Becausethel argetreesat cl osegpacing
prevented an adequate view of the canopy, AT was not meesured. At
harvest, dl fruit per plot were measured and yield and average fruit
weight of 20 randomly sdected fruit were recorded. Fruit color was
evauated by USDA/ARS, Wenatchee. Fruit number wascd culated by
dividing total plot yield by averagefruit size. Particle density onthe
leaveswasmeasured using achromometer (model CR221; Minolta
Corp.) withthemethodol ogy of Glenneta. (1999), andrangedfrom
100 to 500 pg-cmr2,

K EARNEYSVILLE, 1998. Theappleorchard wasamoderatedensity
planting (500 trees’ha) of ‘Empire’/M.7A located at the USDA/
ARS Appalachian Fruit Research Station, Kearneysville. Thetrees
were nonirrigated and were not thinned postbloom. Trees were
treated withM 96-018 or werenontreated. All trestmentswereover-
sprayed with conventional pesticides to insure no insect damage.
The M96-018 mixture was applied to runoff using an air blast
sprayer. About 4 L of 3% M96-018 was applied per tree. Conven-
tional orchard practiceswereusedintraining and weed control. The
experiment wasarandomized block designwiththreetrees/plot and
six replications. The treatments were the time of initiating particle
application; May, June, July, and August. After thefirst application,
treatments were reapplied every 7 d until harvest. A and Gs were
mesasuredon5dinAugust and September at 1300HRfromthecenter tree

of eachplot. Becausethedatesof A measurement werepartly cloudy AT
washotmeesured. Atharves, dl fruitwereweighed and countedineach
plot. Fruit color waseva uated by USDA/ARS, Wenetchee. Fiveleaves
per tree were collected in July and Augugt for chlorophyll andysis.
Particledensity onthel eaveswasmessuredusingachromometer (mode
CR221; MindltaCorp.) withthemethodology of Glennetd. (1999) and
ranged from 300 to 500 pg-cn.

Data analysis

Datawere subjected to analysisof variance proceduresbased on
the experimenta design. Treatment means were compared using
Fisher's protected least significant difference (Lsp), P = 0.05.

Results

SANTIAGO, 1997. Thedate x trestment interaction was not signifi-
cant for gas exchange data, so data were pooled over dates. The
M96-018 treatment had higher leaf carbon assimilation at 1000,
1100, and 1300 HR (Fig. 1A) and higher stomatal conductance (Fig.
1B) thantheconventional or nontreated control at 2000, 1100, 1300,
and 1500 Hr. Canopy—air AT was aso lower for the M96-018
treatment throughout the day (Fig. 1C). The M96-018 leaf—air AT
from the cuvette was lower than the conventional treatment for all
hours of sampling, and the control was intermediate. Fruit surface
temperature was|lower for the M 96-018 treatment compared to the
conventional and nontreated control (34.5 vs. 35.8, and 35.5 °C,
respectively, P =0.05, n=6). Yield and average fruit weight were
not affected by thetreatments, however, & valuewasincreased by
the M96-018 treatment (Table 1).

YAKIMA, 1997. There was some leafhopper [Empoasca fabae
(Harris)] stippling in the nontreated control treesbut leaves chosen
for assimilation were free of visible leafhopper damage and were
otherwise hedlthy. There was a significant trestment x date of
samplinginteractionfor carbonassmilation, someatal conductance, and
AT. Therewasatypicd late afternoon depressionin A, but both M96-
018 treatments had less of areduction compared to the control at 1100,
1300, and 1500 HrR on Al (Fig. 2A). Gswas higher for the particlefilm
trestmentsat al datesandtimesexcept themorning of 17 duly (Fig. 2B).
Canopy AT was more negetive on dl days for the 1300 and 1500 HrR
measurements of the particle film trestments compared to the control
except for 18 July (Fig. 2C) and the seven gpplications of M96-018 on
17 duly. The AT within the cuvette for both M96-018 trestments
generdly had lower AT vauesthan the control (Fig. 2C). Fruit weight
increasedwithadditiond gpplicationsof M96-018andbothparticlefilm
trestmentsincreased fruit weight over the contral (Table 2). Treatment
did notinfluencea* vaues(Table2). Leaf chlorophyll content, soluble
solids, acidity and firmness were not significantly affected by the
treatments (data not presented).

KEARNEYSVILLE, 1997. There was not a significant treatment x
sampling date interaction for A, Gs, AT or stem water potential, so
data were pooled for the 2 sampling days. A and Gs were signifi-
cantly higher for the particle treatment than for the conventional
treatment (Table 3). Leaf and canopy AT and stem water potential
weremore negativefor theparticlefilm treatments compared tothe
control (Table 3). Yield was higher for the particle film treatment
dueto decreased preharvest fruit drop compared totheconventional
and control treatments (Table 4). The control trees had severe
defoliation dueto disease and insect damage. Although the particle
film-treated trees had the most fruit, fruit weight was equivalent to
theconventional treatment and greater than thenontreated. Also, a*
values were highest for the particle film and the control treatment
(Table 4) than for the conventiond treatment. SSC, TA, and



firmnesswere not significantly affected by the treatments (data not
presented).

YoRK SPRINGS, 1997. Fruit size was greatest for the 3% rate of
M96-018 than for the 1.5% M96-018 and conventional treatment
(Tableb5). Both M 96-018 treatmentsreduced the percentage of fruit
withrusseting and the severity of russeting compared tothe conven-
tional treatment. Percentagesof fruit downgraded duetorusset were
13.8, 3.3, and 2.9 for conventional, 3% M96-018, and 1.5% M 96-
018, respectively (P = 0.05). Fruit treated with 1.5% M 96-018 had
more positive b* values than conventionally trested fruit.

WENATCHEE, 1998. Despite chemical thinning, particle film ap-
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Fg. 1. (A) Ledaf carbon assmilation, (B) stomata conductance, and (C) lesf—air
temperature or canopy—ar temperature differentia (AT) of ‘Red Chief’ gpple in
Santiago, Chile, treated with aparticle film trestment (M 96-018), nontrested control,
or conventiond pesticides. Dataare pooled over a3-d period. The protected Lsp (P <
0.05, n=15) for the analysisis represented by the vertical barsin each figure.

plication increased yield due to increased fruit number when treat-
mentswereinitiatedinMay or Junefor * Starkrimson Red Delicious

(Table6) and in June for ‘ Oregon Spur Ddlicious' (Table 7). Fruit
weight and & vaues were not affected by the time of treatment.
SSC, TA, and firmness were not significantly affected by the
treatments (data not presented). There was not a significant sam-
plingtime(1000vs. 1400HR) X sampling dateinteraction, sothedata
were pooled over sampling time and date for each experiment.
Treatments did not influence A of * Starkrimson Delicious’, how-
ever for ‘ Oregon Spur Delicious' the particle treatments generdly
reduced A compared to the conventional treatment (Table 8). Leaf
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Tablel. Fruit pertree, fruit weight, yield, and a* valuesof ‘ Red Chief Delicious' fruit asinfluenced by treatment with aparticlefilm (Santiago, Chile,

1997).
Fruit/tree Fruit wt Yield
Treatment (no.) (g/fruit) (kgftree) a* value
M96-018 139 & 171a 23.7a 36.1a
Conventional 156 a 179a 27.8a 34.8b
Control 130 & 169 a 219a 339b

“Mean separation (n = 5) within columns by Fisher’s protected Lsp at P < 0.05.

Table2. Fruitweightanda* valuesof ‘ Red Spur Delicious’ asinfluenced
by treatment with a particle film (Y akima, Wash., 1997).

Fruit wt
Treatment (g/fruit) a* value
M96-018 (10 applications) 195 & 21.7a
M96-018 ( 7 applications) 177b 228a
Conventional 164 c 215a

“Mean separation (n = 3) within columns by Fisher’s protected Lsp at P
<0.05.

AT was not affected by the treatments for either cultivar.
KEARNEYSVILLE, 1998. Yield, fruit harvested per tree, andaverage
fruit weight of * Empire’ were highest when particlefilm treatments
wereinitiated in May or June compared to the conventional treat-
ment (Table9). Initiation of particlefilmtreatmentsin May resulted
inhigher a* valuescompared to al other treatments. SSC, TA, and
firmnesswere not significantly affected by the treatments (data not
presented). A was not affected by thetreatmentson 14 and 18 Aug.

and 7 Sept., but washigher for dl particlefilm trestmentscompared
totheconventiona treatment on 26 Aug. and two of thefour particle
treatmentshad higher A that the conventional on 1 Sept. (Table 10).
Similarly, leaf AT was lower for all the particle film treatments
compared to the conventional trestment on 26 Aug. and threeof the
four particletreatmentshad lower leaf AT than the conventional on
1 Sept. Leaf chlorophyll content was not affected by the treatments
(data not presented).

Discussion

Six field experiments in semiarid and subhumid environments
were conducted to evaluatethe effect of aparticlefilmonyieldand
quality of apple. Intwoexperiments(K earneysville, 1997, 1998) the
trees were not thinned and in both cases fruit set and final fruit
number were highest when particle film application was initiated
early in the season suggesting that photosynthesis was aso in-
creased early in the growing season and decreased fruit abortion.

Table 3. Leaf carbon assimilation, leaf—air temperature differential (leaf—air AT), canopy—air temperature differential (canopy—air AT), stomatal
conductance, and stem water potential for * Starkrimson Delicious' trees treated with a particle film treatment and measured at 1000 and 1400

HR (Kearneysville, W. Va., 1997).

Carbon Leaf—air Canopy—air Stomatal Stem water
assimilation AT AT conductance potential
(umol-m=s?) (°C) (°C) (mol-m2.s?) (MPa)
Time (HR)
Treatment 1000 1400 1000 1400 1000 1400 1000 1400 1000 1400
M96-018 875& 954a 0.0a -0.1b -45b -5.7b 0.44 a 0.70a -0.66 b -0.81b
Conventional  6.57b 6.79b 1.0b 0.8a -3.3a —4.9a 0.26b 0.43b -0.60a -0.66a

ZMean separation (n = 8) within columns by Fisher’s protected Lsp at P < 0.05. Data are pooled for 6 and 8 Aug. 1997.

Table4. Fruit pertree, fruitweight, yield, and a* valuesof * Starkrimson’ Deliciousfruit asinfluenced by treatment with aparticlefilm (Kearneysville,

W. Va, 1997).

Fruit/tree Fruit wt Yield
Treatment (no.) (g/fruit) (kgftree) a* value
M96-018 382 135a 51.6a 239a
Conventional 322b 136 a 43.7b 19.7b
Control 246 ¢ 123 b 30.1c 232a
“Mean separation (n = 4) within columns by Fisher’s protected Lsp at P < 0.05.
Table 5. Size and quality parameters of ‘ Golden Delicious' fruit from trees treated with a particle film (Y ork Springs, Pa., 1997).

Fruit diam Russeting Russet
Treatment (mm) (%) rating’ b* value
Conventional 67 b¥ 138a 18a 34.1b
M96-018 (3%) 69 a 33b 15b 346D
M96-018 (1.5%) 67b 29b 14b 359a

“Russet rating: 1 = no russet; 2 = raised lenticels; 3 = <5% russet; 4 = 5% to 10% russet; 5 = 11% to 25% russet; 6 = >25% russet on fruit surface.
YMean separation (n = 12) within columns by Fisher’s protected Lsp at P < 0.05.



InKearneysville, fruit weight wasnot affectedin 1997, however
in 1998, fruit weight and fruit number were greatest when applica-
tionsbeganin May and June. In two of thefour experimentswhere
trees were commercially thinned, fruit weight was increased. In
Santiago, fruit weight was not affected by the particle film treat-
ment, and fruit number wasincreased by the May and June applica
tion timesin Wenatchee.

It appearsthat the particle film treatment increased the carrying
capacity of appletreesinfive of the six studiesby either increasing
fruit set and sizingtheremainingfruittoasizeequivaenttoor larger
than the reduced crop load on the conventional treatment, or
increasing the size of fruit on trees with limited crop load. Only in
Santiago was there not an increase in carrying capacity associated
with the particle film treatment, yet leaf A was increased by
treatment. Lack of a yield response was due in part to the hand
thinning that limited the size of the fruit sink. Theimprovement in
carrying capacity occurred, in large part, by a reduction in the
canopy temperature and leaf temperature within the cuvette due to
reflection of heat by the particle film. The lower leaf temperature
increased A and Gs. Increased A occurredinall experimentsexcept

Wenatchee, 1998. Leaf A a Wenatchee was measured when
midday air temperatures were <25 °C and the trees were well
irrigated and environmenta stresswas low. Thereductionin A in
this study may reflect the 5% to 10% reduction in light to the |eaf
surfacereported by Glenn et al. (1999) despite the saturating levels
of PAR and suggests that only light, and not other environmental
stresses, such asexcessivehest limited A. However, theWenatchee
experiment had asignificant increaseinyield for theMay and June
application times, demonstrating that at other times of the growing
season, A wasincreased. In al the other experiments, air tempera
tures were >30 °C, and even if irrigated, the trees were exhibiting
heat stress that was apparently reduced by the particle film and
resulted inincreased A, Gs, and productivity.

Early work with kaolin evaluated the potential to reduce heat
stress. Datafrom al trid sexcept Wenatchee suggest that transpira
tionisincreased dueto increased stomatal conductance contrary to
earlier work [Abou-Khaled et al. (1970); Basnizki and Evenari
(1975); Doraiswamy and Rosenberg (1974); Moreshet et al. (1979);
Rao (1985), Stanhill et al. (1976)]. Stem water potentials from the
1997 Kearneysville experiment were more negative than the con-

Table 6. Fruit yield, number, weight, and color of * Starkrimson Delicious’ apples from trees with varying numbers of applications of M96-018

(Wenatchee, Wash., 1998).

Time of Yield Fruit/tree Fruit wt

application (kg/tree) (no.) (g/fruit) a* value
May 820& 369 a 222a 200a
June 782a 398a 196 a 192a
July 57.2ab 262 b 218a 20.8a
August 534 ab 229 bc 233a 206a
September 458b 203c 225a 205a
Control 49.6b 237 bc 209 a 20.7a

“Mean separation (n = 6) within columns by Fisher’s protected Lsp at P < 0.05.

Table 7. Fruit yield, number, weight, and color of ‘ Oregon Spur’ applesfrom trees with varying numbers of applications of M96-018 (Wenatchee,

Wash., 1998).

Time of Yield Fruit/tree Fruit wt

application (kg/tree) (no.) (g/fruit) a* value
May 64.8 abv* 285b 227 a 16.9a
June 76.3a 350 a 218a 15.7a
July 420c 176d 238a 15.7a
August 55.3bc 250 bc 220a 16.2a
September 47.7 bc 217 cd 219a 156a
Control 49.6 bc 227 cd 218a 15.1a

“Mean separation (n = 6) within columns by Fisher’s protected Lsp at P < 0.05.

Table8. Leaf carbonassimilationratesandleaf—air temperaturedifferential (leaf—air AT) (°C) of thecuvettefor * Starkrimson Delicious” and‘ Oregon
Spur Delicious’ |eaves treated repeatedly with M96-018 (Wenatchee, Wash., 1998).

Starkrimson Delicious

Oregon Spur Delicious

Leaf carbon Leaf—air Leaf carbon Leaf—air

Treatment assimilation AT assimilation AT

initiated (CO,, umol-m?-s™) (°C) (CO,, umol-m?-s™) (°C)

No treatment 111& lla 135« 06a
May 102a 00a 10.3c 10a
June 10.8a 0la 11.3 abc 0.8a
July 95a 08a 106¢c 09a
August 94a 06a 11.1bc 05a
September 112a 0.7a 13.0ab 04a

“Mean separation (n = 36) within columns by Fisher’s protected Lsp at P < 0.05. Data were pooled for 3 d of sampling and 2 h of sampling.



Table 9. Fruit yield, number, weight, and color of *Empire’ apples on trees treated repeatedly with M96-018 (Kearneysville, W. Va., 1998).

Time of Yield Fruit/tree Fruit wt

application (kg/tree) (no.) (g/fruit) a* value
May 340 275a 123a 165a
June 30.8b 247 a 124 a 13.7b
July 275¢c 189b 117b 12.6b
August 24.2d 209 ab 116 b 12.2b
Control 274c 228 ab 119b 14.2b

“Mean separation (n = 6) within columns by Fisher’s protected Lsp at P < 0.05.

Table 10. Leaf carbon assimilation rates (A) (CO, umol -m2s?) and leaf—air temperature differential (AT) (°C) of ‘Empire’ leaves treated with

repeat applications of M96-018 (Kearneysville, W. Va., 1998).

Date of measurement

Treatment 14 Aug. 18 Aug. 26 Aug. 1 Sept. 7 Sept.
initiated A AT A AT A AT A AT A AT
Notreatment 11.6 & 0.8a 10.2a -0.7a 6.9b 25a 9.1b 00a 78a 17a
May 119a 09a 115a 00a 9.7a 11b 109a —0.7b 83a 15a
June 12.2a 0.8a 1l11a —O4a 10.1a 15b 105b -05b 79a 15a
July 12.1a 09a 110a —-06a 99a 15b 10.4 &b —-0.2ab 73a 18a
August 124a 08a 10.3a -06a 93a 15b 10.8a -04b 76a 17a

“Mean separation (n = 6) within columns by Fisher’s protected Lsp at P < 0.05.

ventiond treatments and demonstrate that agreater water potential
gradient was linked to increased stomatal conductance and was
driving greater transpiration. While the lower leaf temperature
would reduce the leaf-to-air vapor pressure deficit, the increased
stomatal conductanceisthe key parameter controlling actua tran-
spiration. Previouswork a so documented reduced A dueto kaolin
application under high temperature conditions[Abou-Khaled et al.
(1970); Basnizki and Evenari (1975); Doraiswamy and Rosenberg
(1974); Moreshet et d. (1979); Rao (1985), Stanhill et a. (1976)]
which does not occur with this particle film. Only under ‘ideal
conditions’ of air temperatures not exceeding 25 °C and thorough
irrigation at Wenatchee did we observe reduced A, which may be
due to reduced light penetration through the particle film. The
increasein crop load, fruit weight, and Gs also suggests that water
use was greater with the particle film treatments. In the future,
irrigation scheduling may need to be modified for particle film
treatmentsin order to insure adequate water availability.

In al the east coast trids and in Santiago, a* values were
improved by theparticlefilm, but notinany of theWashingtontrials.
Because the particle film reduced fruit surface temperature in
Santiago, itislikely that the color responseisduepartly totempera-
ture reduction, however, the mechanisms are unclear. Particle
application beginning in May 1998 or May 1997 in Kearneysville
resulted in higher a* values, while application beginning in June,
July, or August 1998 did not affect a* values. Color development is
alate season devel opmental process and why a season-long appli-
cation was effective requires moreresearch; however, theresponse
wascons stent over 2 yearsfor different cultivars. Residuelevelson
fruit were similar at harvest for all the time of application experi-
mentsin 1998 (datanot presented). Therefore, the color responseis
not entirely dueto lessresidue in the latter portion of the growing
season. IntheK earneysville 1997 experiment, thecontrol treatment
had & values similar to the particle film treatment, however, this
was duelikely to defoliation by pest damage that greatly increased
light penetration into the canopy.

Application of mineral particlesto plantswas not considered an

effective means of reducing heat load in the past based on the
literatureinthe1970sand 1980sbecause, ultimately, A wasreduced
dueto particleshading of theleaf. New technology can now modify
mineral particlesto makethemmorelight transmissiveandwehave
found that these new reflective particles not only reduce the heat
load on plantsbut promoteincreased A asaresult of thereduced heat
stress.
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