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1997 AGENDA

73%° CUMBERLAND-SHENANDOAH FRUIT WORKERS CONFERENCE

THURSDAY MORNING, NOV. 20

8:30

9:00

9:30

10:45

11:00

12:00

Registration

Welcome and Call of States

General Session Part I: Food Quality Protection Act

Overview of the 1996 Food Quality Protection Act. Paul Lewis, EPA. Washington, D.C.

The 1996 Food Quality Protection Act From the Pesticide Registrant Perspective. Beth
Carroll, Novartis Crop Protection. Greensboro, NC.

Break

General Session Part II: A Travel Guide of Fruit Production and Pest Management
in Europe

Fruit Production in Central Europe: Poland, Hungary, Romania. Mark Brown, USDA
Appalachian Fruit Research Station. Kearneysville, WV.

Pesticides and Pest Management in Ukraine. Doug Pfeiffer, VPI&SU. Blacksburg, VA.

Delivery of IPM Programs to Fruit Growers in Italy. Dean Polk, Rutgers Fruit Research
and Extension Center. Cream Ridge, NJ.

Buffet Lunch

THURSDAY AFTERNOON, NOV. 20

1:00

Break-out Sessions: Horticulture, Plant Pathology, Entomology

FRIDAY MORNING, NOV., 21

8:30

10:30

11:00

12:00

Break-out Sessions: Horticulture, Plant Pathology, Entomology
Break
Summary and Business Meeting

Adjourn
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New Jersey State Report - 1997
Cumberland-Shenandoah Fruit Workers Conference

Robert Belding
Norman Lalancette
Peter Shearer
Rutgers Agricultural Research and Extension Center
121 Northville Road, Bridgeton NJ 08302

Low temperatures April 4, 5, 10, and May 3 caused scattered peach flower
damage and low temperatures during bloom caused widespread poor peach set. In many
places fruit not pollinated failed to develop. Only one frost event occurred during apple
bloom, which did little damage, but the cool wet bloom weather resulted in poor apple
fruit set. Still, the year was not a complete wash out. New Jersey sold 65 million pounds
of apples, slightly down from the 5 year average of 66 million pounds, and 68 million
pounds of peaches putting 1997 about 20% less than 1996. Cool weather is blamed for
russetted finish on nectarines. Following the cool spring was a 6-week drought through
June into July, which put off fruit size further, and caused hardship for newly planted
trees.

Disease: Stone fruit crop was lighter than normal and a lot of fruit were culled due
to split pit and subsequent brown rot. Bacterial spot was severe in many locations and
caught many growers by surprise. Dry weather provided false confidence that the disease
would be light, but the inoculum level was high from the wet 1996 season. 20-30%
bacterial spot infected fruit was common. Fusicoccum epidemic continues where
severely infected blocks can have up to 20 - 40% of current shoots infected.

Insects: European apple sawfly was more prevalent in South Jersey than in
previous years. Confirm was used against tufted apple budmoth in several orchards and
“grower testimonials” indicated that they has considerably less TABM damage than in
the past.



STATE REPORT FOR NORTH CAROLINA

The 1997 tree fruit crop in North Carolina was significantly reduced from freezing temperatures
in April. March was very mild and the trees were progressing towards an earlier then average
bloom. Peaches were the most adversely affected when they were subject to a freeze at
approximately 3/8 -1/2 inch diameter state, which resulted in approximately a 50% crop state
wide. A secondary problem in some areas was that peaches did not size well due to seed injury
without the fruit abscising. The apple crop was also reduced approximately 30-40% due to the
cold temperatures in April. In addition, cloudy, cool, wet weather followed bloom, during the cell
division stage of development, which we speculate resulted in reduced fruit size at harvest. The
greatest crop loss was to the earlier blooming varieties such as Red Delicious and Mutsu.
However, there were also areas which had a very good crop and some of the newer varieties,
Ginger Gold, Gold Rush, Pink Lady, HoneyCrisp, Gala, etc., seemed to come through the cold
weather fairly well. There were no outstanding insect or disease problems, although codling moth
damaged continued to increase in many areas.

Mike Parker
Dept. Horticultural Science
NC State University
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“Call of the States” - Pennsylvania

Above average temperatures in February and March pushed bud development. A
freeze, with temperatures of 23 and 20°F on 9 and 10 April in Biglerville, killed king
blossoms on Delicious, caused some losses in peach, and eliminated much of the pear
crop. The season continued cooler and drier than normal. Rainfall from April through
October was about 4 inches below normal, compared to 17 inches above normal in 1996.

Pressure from apple scab was light to moderate and from fireblight was light. Dry
conditions lead to low incidence of sooty blotch and flyspeck and of summer rots.

European red mite populations were generally high. Agri-Mek applied more than a
week after petal fall failed to give residual control. Pyramite was used extensively to
control summer mite populations. Tufted apple bud moth caused low to moderate injury,
although Confirm provided excellent control. Obliquebanded leafroller injury was severe
in isolated cases in Adams County. Pear psylla was abundant in orchards on a limited
spray program due to lack of crop.

Fruit finish was excellent. Fruit size was below normal due to poor thinning and
drought conditions. Cool weather delayed ripening. Overall crop volume was average.



STATE REPORT FOR WEST VIRGINIA

Horticulture. The winter of 1996-'97 arrived early in November with below normal
temperatures. Normal conditions through January 1997 were followed by mild
conditions in February and March. Snowfall was below normal and most precipitation
occurred as rain. Warm temperatures in March advanced bud development, and some
cultivars like ‘Delicious’, ‘Empire’, and ‘Stayman’ were near full bloom on April 10 when
a hard freeze was recorded. Temperatures as low as -7°C (19°F) were reported the
morning of April 10. Examination of fruit buds indicated a wide range of bud kill:
‘Golden Delicious’ - 12 to 52%; 'Gala’ - 12%; ‘Empire’ - 87%,; 'Delicious’ - 90%; ‘Fuji’ -
55 to 93% and ‘York’ - 18 to 22%. The few sweet cherries in the region suffered a near
100% loss as they were in full bloom at the time of the freeze. Most apple varieties set
a crop of fruit, and overall the area saw about a 40% reduction in the apple crop.
Peach losses were related to variety and location. Near record cool conditions
prevailed in April and May, and certainly affected fruit growth and ultimate size of
apples. Goldens were one of the few varieties requiring thinning and they proved very
easy to thin. The growing season was generally cool and very dry. Only 55 cm (21.7
in) of precipitation was recorded from January through October, compared to 131 cm
(51.6 in) for the same period in 1996. Peach quality was good to excellent, but some
nectarine varieties experienced an unusual high rate of skin cracking. The small size in
apples was not aided by irrigation, and fruit cracking was observed in several varieties
(‘Fuji’ and ‘Gala’), in addition to the normal cracking of ‘Stayman’ even where trees
were regularly irrigated. Conditions appeared to favor pre-harvest fruit drop, but drop
was generally considered light. Cool temperatures in August aided color development
in most varieties, however, ‘Jonagold’ exhibited very poor color even when allowed to
hang until mid-October. Except for the latest varieties like ‘Granny Smith’, fruit
generally matured about seven days later than normal.

Plant Pathology. Eight primary Mills infection periods occurred during the period from
23 March through 30 May. Conidia of the apple scab fungus were first observed in late
April. Ten additional infection periods favorable for continued disease development
occurred from 1 June through 30 August, with 4 infection periods in June, 5 in July, and
1in August. Total precipitation in April, May, June, July, and August was 1.3, 1.3, 1.9,
3.5, and 2.6 inches, respectively, and was well below normal. Incidence of primary
scab was moderate in experimental plots (about half of that observed in 1996), and
secondary scab development was also light to moderate, with only intermittant rains
and moderate temperatures during the summer. Overwintering cedar-apple rust
inoculum generally was light to moderate, although five infection periods from mid-May
through mid-June were favorable for infection. Rust infection of foliage was moderate in
some unprotected orchards. The long bloom period of the 1997 season was relatively
cool. We recorded four fire blight infection periods (5/1, 5/3, 5/18, and 5/19, with two
additional infection periods on extremely late blossoms on 5/24 and 5/25). First
symptoms of fire blight were observed on 19 May. Growers who made one well-timed
streptomycin application to protect against the early May infections were generally free
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of the disease in 1997. Summer disease pressure was low to moderate in commercial
orchards, due to generally fewer opportunities for infection (relative to 1995 and 1996);
however, incidences of sooty blotch, flyspeck, and summer rot diseases, aithough
delayed in their appearance, were moderate to high in research plots.

Entomology. On peaches, green peach aphid was quite abundant in many orchards
during mid to late May. The population of lesser peachtree borer was comparable to
1996, but peachtree borer and Oriental fruit moth were lower. Emergence of peachtree
borer and first generation of lesser peachtree borer was approximately three to four
weeks later than in 1996. Populations of catfacing insects and their injury appeared to
be about average. Japanese beetle was more abundant than in 1996. On apples, a
few problems were encountered with rosy apple aphid, but generally this insect was not
very troublesome. The period of spirea aphid abundance was shorter than last year,
probably aided by the drought which caused terminal growth to harden off sooner.
Predation from ladybird beetles, especially the Multicolored Asian Ladybeetle, also
helped to suppress aphid populations. Woolly apple aphid was more abundant,
whereas leafthoppers and leafminers were less abundant than last year. Conditions
were quite favorable for both European red mite and apple rust mite. Pheromone trap
counts of tufted apple bud moth were comparable to last year, however, fruit injury was
less. A few cases of internal worms in fruit at harvest occurred, with one sample
identified as Oriental fruit moth and the remainder codling moth.

Prepared by:
Stephen Miller

Alan Biggs
Henry Hogmire
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The Influence of Hydrophobic Particle Sprays on Insect, Disease,
Photosynthesis, Fruit Thinning, Fruit Quality, and Pre-harvest Fruit
Drop of ‘Rome’ Apples

R. E. Byers, K. S. Yoder, and T. K. Wolf

Virginia Polytechnic Institute and State University,
Alson H. Smith, Jr. Agricultural Research and Extension Center,
595 Laurel Grove Road
Winchester, VA 22602

Introduction

Mineral particles are widely used as carriers in the formulation of pesticides.
Mineral particles may be treated with coatings that produce highly hydophobic particles.
Several years ago | had an objective of making fruit trees water repellent to inhibit fruit
cracking and fruit russet from dew and rain . The primary problem at the time was that
the product could not be immersed in water because of its hydrophobicity. In 1987, |
used organic solvents such as methanol, ethanol, and acetone to make a sprayable
suspensions. Airblast applications these particles in a 4:96 ethanol/water suspensions
(4% organic solvent) with water were used in a ‘Stayman’ cracking experiment in 1988.
Fruit cracking was reduced slightly but not very much. The failure of the coating was
thought to be caused by poor retention in rains, since observations during the rains
indicated that the particles tended to float. Further development was abandon due to
the inability of getting a good attachment to the plant while maintaining hydrophobicity,
technical problems with application of material with typical commercial airblast sprayers,
and lack of funding and interest by the companies supplying materials.

Interest in these particles has been revived by D. M. Glenn, G. J. Puterka, T.
vanderZwet, and C. Feldhake (1997) of the USDA, Kearneysville, WV. Effects on
insect, disease, and tree physiology are now being studied extensively on many crops
by the USDA and company representatives.

The objectives of the experiment reported here was 1) to compare a full season
airblast applications of hydrophobic particles on 2) insect, 3) disease, 4)
photosynthesis, 5) fruit thinning, 6) fruit quality, and 7) pre-harvest fruit drop of apple to
a conventional protectant spray program and a non-sprayed control.

ateri nd ods

Experiment 1. In a 14-year-old ‘Rome'/MM111 planting, eighteen nine-tree plots
were selected and were blocked according to row and terrain 6 blocks for 3 treatments

11
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listed in Table 1. A non-sprayed control was compared to a conventional protectant
Sulfur + Ziram program and hydrophobic particles (M-96-018). Specific information
about spray application dates and chemical rates are reported in Table 1. All
applications were made at 100 gal/acre.

Data on insect, disease, photosynthesis, fruit thinning, fruit quality, and pre-
harvest fruit drop of apple are summarized in Table 1. Ten shoots were examined
randomly for each of 12 sample dates from 29 Apr to 13 July. Specifically leaves were
examined for Rosy aphids, Green aphids, Wooly aphids, Leaf hoppers, leafhopper
damage, and leafminers. In addition, leaves were further examined for leafspots, apple
rust lesions, powdery mildew, and apple scab on each of the 10 shoots. Twenty five
leaves were taken from each tree and mechanically brushed on to a glass plate for
counting all destructive mite species and their eggs for each of five dates from 15 July
to 13 Aug. All species were combined and presented in Table 1.

At harvest, the number of fruit/cm2 cross sectional area limb were counted (limbs
were selected prior the thinning the whole block with NAA when fruit were
approximately 10 mm in fruit diameter), and crop load was visually estimated as a
percentage of a full crop in Sept. (full crop=100%). A 10 fruit sample was taken 13 Oct
for determining fruit diameter, firmness, SSC, and rated for starch and red color as
previously described.

Photosynthesis (CO, mol/m?%sec), transpiration, stomatal conductance were
determined with a portable LiCor Infrared CO, analyzer. Chlorophyll levels were
determined by % absorbance using a Spectometer 20. A 7 mm disk was taken from 10
randomly selected leaves and placed in 10 ml methanol for 24 hours in the dark at
room temperature. Leaf area was determined using a Licor 3000 area meter.

A one bushel sample was taken from each tree, and the total number numbers
of fruit per tree was estimated from the total weight (yield/tree) of fruit/tree harvested
divided by the number of fruit in the bushel on 13 Oct. These fruit were also evaluated
for insect damage and disease incidence.

A 50 leaf samples/tree was also taken for nutrient analysis.

Experiment 2&3. A 10 acre section in a block of ‘Delicious'/seedling and
‘Stayman’/seedling was sprayed by a grower with M-96-018 and an adjacent larger
acreage was sprayed a conventional spray program. Ten trees of similar terrain and
location in the block were chosen for monitoring insects, disease, and fruit quality for
both cultivars/treatments. A one bushel sample was taken on 12 Sept. from each tree
for observations regarding insect disease, and fruit quality for both cultivars

Experiment 4. In 1997, sixty six ‘Golden Delicious'/M.27 apple trees were
selected for uniform crop and were blocked according to row and terrain into six blocks
for 11 treatments listed in each table (Tables 4). Specific information about chemical

12
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rates are listed table 4. M-96-018 was applied alone (trt 5) or with or without three
typical thinning combinations (Sevin+Ethrel; Sevin+Accel; or Sevin+NAA). Thinning
treatments were applied either without (trts 2,3,4) M-96-018, tank mixed with M-96-018
(trts 6,7,8), or applied just after an application of M-96-018 (trts 9,10,11).

esults and Di io

Experiment 1. M-96-018 gave no control of rosy or green aphids; but was
equally effective as the conventional program for leafhopper numbers and damage, and
leafminer damage control was as good as the conventional protectant program (Table
1A). Leafspots from various causes was increased by M-96-018 (Table 1B). Rust
infections were increased by M-96-018 (Table 1B). Total mites and eggs were very low
but the M-96-018 had fewer numbers than the control or the conventional (Table 1B).

NAA caused more fruit thinning of the conventional trees than the control or the
M-96-018 trees (Table 1 C&D). For this reason fruit diameter was greater (Table 1
C&D). Yield/tree was increased by the M-96-018 and the single fruit weight was greater
than the control which had less fruit per tree or per CSA (Table 1 D). Leaf condition
also appeared to be better for the M-96-018 treatment and less fruit drop occurred
(Table 1 D) than the with untreated control. However, the conventional treatment had
a similar drop as the M-96018, and the leaves appeared to be in poorer condition.

Transpiration, stomatal conductance, chlorophyll, and leaf weight were greater
for the M-96-018(Table 1 E). In addition, N, P, Ca were higher than either trt #1 or
trt#2 (Table 1F). The zinc and sulfur levels were higher for trt #2 than trts 1&3 because
Ziram and Sulfur were used as fungicides even though leaves were washed.

The M-96-018 gave some control of Brooks spot, Fly speck, but not of Scab,
Rots, Sooty blotch, or Powdery mildew (Tables 1G). In addition, M-96-018 gave some
control of Tufted apple bud Moth, Leaf roller, but levels of Plum curculio, codling moth,
and scale were too low to determine differences (Tables 1H).

Experiment 2. Green aphids were lower on the M-96-018 treated ‘Delicious’
trees, but Wooly aphids, leafhoppers, leafhopper damage, and scab on leaves was
higher (Table 2A). A sample of fruit near harvest indicated M-96-018 treated fruit had
higher firmness, lower red color, higher russet, and scarf skin finish. From the one
bushel sample fruit scab was increased and Tufted apple bud moth and bitter pit were
increased in the M-96-018 treated fruit.

Experiment 3. Green aphids were lower on the M-96-018 treated ‘Stayman’
trees, but Wooly aphids, leafminer, leafspots, powdery mildew, and scab on leaves was
higher (Table 3A). From the one bushel sample fruit scab brooks spot, sooty blotch, fly
speck, russet and opalescence (scarf skin) were increased the M-96-018 treated fruit
(Table 3A&B).

13
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Experiment 4. Pre-treating or tank mixing M-96-018 with various thinner
combinations (Sevin+Ethrel; Sevin+Accel; or Sevin+NAA) did not interfere with thinning
of ‘Golden Delicious'/M.27 trees. One would expect that if absorption of a growth
regulator was required to obtain thinning, the application of a hydrophobic material just
prior to the application of the growth regulator (trts 9,10,1 1) would inhibited thinning. It
apparently did not.
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Table 1A. Effect of airblast sprays of M-96-018 on ‘Law Rome’ {(1997).
No. Treatment?Y Rate/ Rate ___  Sampledate
100 gal Apr May May May May June June June  June July July July
lacre 29 6 13 20 27 3 10 17 25 3 8 13
Rosy aphids{number leaves infested / 10 shoots)
1 No treatment 1.56aX23a 28a 125a 223a 453a 160a 00a 13a 0.0a O00a Oa
2 Ziram 76DF 4 Ibs 3lbs/75gal 0.6a 2.2a 24a 304a 10.0a 17.0a 22b 08a 00a 0.0a 00a Oa
+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal
3 M-96-018 751bs 56.3 Ibs 23a 30a 1.7a 17.2a 11.5a 33.2a 182a 00a b5.0a 0.0a 00a Oa
Green aphids{number leaves infested / 10 shoots)
1 No treatment 00a 00a 00a 03a 10.8a 75b 18.0a 23.2b 10.2a 28.2ab 23.2b 2.8b
2 Ziram 76DF 4 lbs 3lbs/75gal 0.0a 0.0a 0.0a 1.6a 4.2 a 6.2b 3.0b 39.2a 06b 35.2a 39.2a 126a
+ Microfine Sulfur 4 lbs 3 Ibs/75 gal
3 M-96-018 751lbs 56.3 lbs 00a 0.8a 00a 03a 5.7a 16.5a 153a 12.0b 11.2a 10.7b 12.0b 6.7 ab
Wooly aphids{number leaves infested / 10 shoots)
1 No treatment 20a 03a 08a 20a 0.2a
2 Ziram 76DF 4 |bs 3 Ibs/75 gal 00a 00a 00a 00a 0.0a
+ Microfine Sulfur 4 lbs 3 1bs/75 gal
3 M-96-018 751bs 56.3 Ibs 1.3a 0.8a 02a 13a 1.7a
Leafhoppers{number leaves infested / 10 shoots z
1 No treatment 3.8a 00a 1.2a 3.8a 43a 3
2 Ziram 76DF 4 Ibs 3 Ibs/75 gal 06a 00a 02a 00b 0.2b 3t
+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal hd
3 M-96-018 75 1bs 56.3 lbs 0.3a 00a 00a 02b 0.3b
Leafhopper damage(number leaves infested / 10 shoots)
1 No treatment 00a 13.2a
2 Ziram 76DF 4 |bs 3 Ibs/75 gal 06a 28b
+ Microfine Sulfur 4 lbs 3 Ibs/75 gal
3 M-96-018 75lbs 56.3 Ibs 0.2a 33b
Leafminer damaqe(number leaves infested / 10 shoots)
1 No treatment 23a 10.2 a
2 Ziram 76DF 4 Ibs 3 Ibs/75 gal 0.2a 3.0b
+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal
3 M-96-018 751bs 56.3 lbs 1.2a 2.7b

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.

Additional applications to trt # 2 {Conventional program) = Supracide + Qil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new muitiple range test, P<0.05.

b
7]



Table 1B. Effect of airblast sprays of M-96-018 on ‘Law Rome’ (1997).

No. TreatmentZY Rate/  Rate Sample date
. 100 gal Apr May May May May June June June  June July July July
/acre 29 6 13 20 27 3 10 17 25 3 8 13
Leafspots (number leaves infected / 10 shoots)
1 No treatment 0.0aX 0.0a 00a 1.0a 33a 25b
2 Ziram 76DF 4 |bs 3 Ibs/75 gal 0.0 a 0.0a 00a 08a 0.8a 00b
+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal
3 M-96-018 751bs 56.3 Ibs 0.0 a 00a O00a 0.2a 0.8a 195a
Rust (number leaves infected / 10 shoots)
1 No treatment 0.0a 0.0a 00a 47b b50b 180a
2 Ziram 76DF 4 |bs 3 Ibs/75 gal 0.0a 0.0a 00a 0.0b 0.2b 14b
+ Microfine Sulfur 4 Ibs 3 |bs/75 gal
3 M-96-018 751bs 56.3Ibs 0.0a 0.0a 00a 12.2a 17.8a 16.2a
Paowdery mildew {number leaves infected / 10 shoots
1 No treatment 0.7 a 0.2a 0.0a 00a 9.2a 02a
2 Ziram 76DF 4 lbs 3 1bs/75 gal 00a 00a 0.0a 0.2a 1.6b 00a
+ Microfine Sulfur 4 lbs 3 Ibs/75 gal
3 M-96-018 751bs 56.3 Ibs 00a 00a 00a 00a 93a 08a g
Scab @
1 No treatment 0.0a 0.0a 00a 00a 07a 0.2a g
2 Ziram 76DF 4 |bs 3 1bs/75 gal 0.0a 0.0a 00a 00a 04a 0.0a
+ Microfine Sulfur 4 Ibs 3 1bs/75 gal
3 M-96-018 751bs 56.3 Ibs 0.0a 00a 00a O05a 20a 00a
July July July Aug Aug
15 22 30 8 13
Mites / leaf
1 No treatment 0.7a 3.7a 58a 09a 0.2a
Ziram 76DF 4 Ibs 3 Ibs/75 gal 0.0b O0.4b 09b 0.6a 0.1ab
+ Microfine Sulfur 4 Ibs 3 |bs/75 gal
3 M-96-018 751bs 56.3 Ibs 0.1b 00b O00b 004a 00Db
Eqgs / leaf
1 No treatment ) Oa 35a 74a 40a 38a
2 Ziram 76DF 4 lbs 3 1bs/75 gal 0a 06ab 0.6b 1.5ab 4.1a
+ Microfine Sulfur 4 lbs 3 Ibs/75 gal
3 M-96-018 75Ibs 56.3 Ibs 0a 00b 0.2b 0.1b 0.1b

zSpray treatment dates for trt # 2 and 3: Apri! 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 (Conventional program) = Supracide + Qil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion+ Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.05.
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Table 1C. Effect of airblast sprays of M-96-018 on ‘Law Rome' (1997).

No. Color TreatmentZY Rate/ Rate Fruit/cm? cross Estimated Fruit Fruit Soluble Starch Red

100 gal sectional area  crop load diameter firmness solids color
limb (%) {cm) {Ib) (%) {1-8) (%)

lacre {June 12} Aug 27 {Oct 13) _ {Oct 13) {Oct 13) _ {Oct 13} {Oct 13}

1 W No treatment 9.53 aX 179 a 7.37b 18.35 b 1M11c 5.83a 97.6 a

2 B Ziram 76DF 4 lbs 3 Ibs/75 gal 8.36 a 85b 8.25a 19.72 a 13.1a 5.32b 973a

+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal
3 R M-96-018 751bs 56.3 lbs 10.2 a 154 a 7.59b 20.37 a 12.3b 5.,560ab 98.6a

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 (Conventional program) = Supracide + Qil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.5.
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Table 1D. Effect of airblast sprays of M-96-018 on ‘Law Rome’ (1997).
No. Color TreatmentZY Rate/ Rate Yield/tree Yield cross Fruit drop Pull Single fruit  Estimated total Estimated
{kg) sectional area /cmZ cross force weight number fruit number fruit
100 gal/ (kg/cm2) sectional  (kg) {g) harvested harvested/cm?2
acre area Itree cross sectional
area trunk
{Oct 13) {Oct 13) {Oct 13) (Oct9) ({Oct 13) {Oct 13) {Oct 13)
1 W No treatment 114.48 bX 0.472 b 2.650 a 266b 14640 777 b 3.243 b
2 B Ziram 76DF 4 |bs 31lbs/75gal 102.56 b 0.435b 0.566 b 2.95ab 220.5a 475 c 2,022 b
+ Microfine Sulfur 4 Ibs 3 Ibs/75 gal
3 R M-96-018 751bs 56.3 lbs 178.76 a 0.822 a 0.827b 3.22a 171.7b 1063 a 5.000 a

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 {Conventional program) = Supracide + Oil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.5.
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Table 1E. Effect of airblast sprays of M-96-018 on ‘Law Rome' (1997).

No. Color TreatmentZY Rate/ Assimilation Transpiration Stomatal Chlorophyli Leaf area Leaf Specific
100 gal rate mol/m?/sec conductance {% absorbance (cm?) weight leaf weight
facre (CO, mol/m?/sec) mol/m?/sec  at 661 mu) {g) tg/cm?)

{Sept 10) {Sept 10) {Sept 10) (Sept 10) {Sept 10) (Sept 10) (Sept 10)

1 W No treatment 8.2 bX 0.0035 b 0.145 ¢ 0.87b 43.0 a 0.50a 0.0116b

2 B Ziram 76DF 4 lbs 85b 0.0043 b 0.209 b 0.85b 38.3a 0.50a 0.0128a

+ Microfine Sulfur 4 Ibs
3 R M-96-018 75lbs 13.6a 0.0058 a 0.299 a 1.03 a 439 a 0.54a 0.0122ab

zSprav treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 (Conventional program)} = Supracide + Oil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.5.

Table 1F. Effect of airblast sprays of M-96-018 on ‘Law Rome’ {1997).

No. Color Treatment?Y Rate/
100 gal Leaf nutrients (%) Leaf nutrients {(ppm)
lacre N P K Ca Mg S B Cu Fe Mn Zn
1 w No treatment 2.18bX 0.12b 1.13b 1.23b 0.30a 0.13b 31.5a 10.7a 79.7ab 54.0a 31.3b
2 B Ziram 76DF 4 |bs 2.10b 0.12b 1.45a 1.07c¢ 0.27a 0.22a 314a 94a 86.2a 52.7a 6455a
+ Microfine Sulfur 4 Ibs
3 R M-96-018 751bs 2.57 a 0.15a 1.35a 1.43a 0.27a 0.16b 298a 8.0a 77.7b 52.7a 16.3 ¢

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 {(Conventional program) = Supracide + Oil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.5.
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Table 1G. Effect of airblast sprays of M-96-018 on ‘Law Rome’ (1997).

No. Color Treatment?Y Rate/ % fruit infected % fruit area infected Total number
100 gal Scab Rust Active Brooks Sooty Fly Powdery fruit
lacre rots spot blotch speck mildew evaluated
1 W No treatment 2.7aX 0.0a 2.7 a 7.0 a 0.81 a 1.14a 0.09a 594
2 B Ziram 76DF 4 lbs 3.4a 00a 34a 0.2b 0.00b 0.00b 0.03a 391
+ Microfine Sulfur 4 lbs
3 R M-96-018 75lbs 1.3a 0.3a 1.3a 0.8b 0.06b 0.02b 0.03a 556

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 {Conventional program) = Supracide + Oil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.05.

Table 1H. Effect of airblast sprays of M-96-018 on ‘Law Rome’ (1997).

No. Color TreatmentZY Rate/ % of fruit infested Russet Opalescence Total number
100 gal Tufted Red-banded Codling Plum Scale rating®¥ rating¥ fruit
/acre Apple Moth Leaf Roller Moth Curculio (0-5) (0-5) evaluated
1 W  No treatment 8.4 aX 1.2a 1.7 a 0.2a 0.0a 1.3b 09b 594
2 B Ziram 76DF 4 lbs 1.1b 0.0b 0.0b 0.0a 0.0a 19a 28a 391
+ Microfine Sulfur 4 Ibs
3 R M-86-018 751bs 1.7ab 0.2b 0.3 ab 1.1a 0.0a 1.1b 1.1b 556

zSpray treatment dates for trt # 2 and 3: April 3, 11, 16, 25, May 2, 9, 17, 23, 30, June 6, 14, 23, and July 8, 16, 25, Aug 2, 10, 26.
Additional applications to trt # 2 (Conventional program) = Supracide + Oil, Dithane and Rubigan was applied April 3; Guthion was applied June 6, 14,
and July 8, 25, Aug 10, 26; Guthion + Lannate SP was applied May 23.

XMean separation within columns by Duncan's new multiple range test, P<0.05.
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Byers # 10

Table 2A. Effect of airblast sprays of M-96-018 on ‘Red Delicious’ {1997).

No. Treatment?Y Rate/ Sampie date
100 gal June July July Aug Aug Aug
lacre 20 1 18 4 27 27
Rosy aphids{number leaves infested / 10 shoots)
1 Conventional treatment 0.0 aY 0.0a 0.0a 0.0a 00a
2 M-96-018 50 Ibs 0.0a 00a 0.0a 0.0a 00a
Green aphids{inumber leaves infested / 10 shgo
1 Conventional treatment 1.5a 220a 245a 0.1a 00a
2 M-96-018 50 Ibs 0.43 3.9b 450b 0.0a 0.0a
Wool hids{number leaves infested / 10 shoots) % tree infested
1 Conventional treatment 1.1a 1.3b 5.6a 1.2a - 0.1b
2 M-96-018 50 Ibs 0.3a 6.0 a 2.8a 6.6a - 7.9a
Leafhoppers{number leaves infested / 10 shoots
1 Conventional treatment 0.2a 0.1a 0.1b 0.0a 0.0a
2 M-96-018 50 lbs 0.4 a 0.4a 1.3a 00a 0.0a
Leathopper damaqge{number leaves infested / 10 shoots
1 Conventional treatment -- 0.2b 0.0a 0.5b 00a
2 M-96-018 50 |bs -- 11.4 a 0.0a 18.1a 0.0a
Leafminer (number leaves infested / 10 shoots}
1 Conventional treatment - 05a 0.03a 0.1b 0.1b
2 M-96-018 50 lbs - 00a 0.0a 25a 2.7a
Leafspots {(number leaves infected / 10 shoots
1 Conventional treatment 0.0a 00a 0.2a 3.5a 1.8a
2 M-96-018 50 lbs 0.0a 0.2a 0.5a 1.5a 09b
Rust {number leaves infected / 10 shoots}
1 Conventional treatment 00a 0.0a 0.0a 0.0a 003
2 M-96-018 50 lbs 0.0a 0.0a 0.0a 0.0a 0.0a
Powdery mildew {(number leaves infected / 10 shoots)
1 Conventional treatment 0.0a 0.0a 0.4a 0.1a 0.0a
2 M-96-018 50 lbs 1.3a 1.1a 1.8a 24a 003
Scab (number leaves infected / 10 shoots)
1 Conventional treatment 0.0a 0.0a 0.0b 00b 00D
2 M-96-018 50 Ibs 0.0a 0.3a 10.7a 79a 49a

YMean separation by t-test, P<0.05.
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Byers # 11

Table 28. Effect of airblast sprays of M-96-018 on ‘Red Delicious’ {1997).

No. TreatmentZY Rate/  Fruit Fruit Soluble Starch Red Russet  Scarf
100 gal diameter firmness solids color rating finish
(cm) {Ib) (%) (1-8) (%) (0-5) (0-5)
/acre {Sept 12) (Sept 12) (Sept 12) (Sept 12) (Sept 12) {Sept 12) {Sept 12)
1 Conventional 6.79 a¥ 19.9b 11.2b 34a 90 a 1.19b 0.36b
2 M-96-018 50lbs 6.57 a 20.8 a 119a 3.2a 86 b 1.83a 0.93a

YMean separation by t-test, P<0.05.

Table 2C. Effect of airblast sprays of M-96-018 on ‘Red Delicious’ (1997).

No. Treatment?Y Rate/ % fruit infected % fruit area infected Total number
100 gal Scab Rust Active Brooks  Sooty Fly Powdery fruit
/acre rots spot blotch speck mildew evaluated

1 Conventional 0.0bY Oa Oa 0a 00b 0.0b Oa 473

2 M-96-018 BOlbs 475a 0a Oa Oa 6.4 a 1.1a Oa 784

YMean separation by t-test, P<0.05.

Table 2D. Effect of airblast sprays of M-96-018 on ‘Red Delicious’ {1997).

No. Treatment?Y Rate/ % of fruit infested Bitter Russet Opalescence
100 gal Tufted Red-banded Codling Plum pit rating rating
/acre Apple Moth Leaf Roller  Moth Curculio {% fruit) (0-5) {0-5)

1 Conventional 0.0.bY Oa 0.0 a Oa 0.0b 1.5a 1.5a

2 M-96-018 50 Ibs 0.5a Oa 0.8a Oa 0.8a 1.3a 1.6a

YMean separation by t-test, P<0.05.
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Byers # 12

Table 3A. Effect of airblast sprays of M-96-018 on ‘Stayman’ (1997).

No. Treatment? Rate/ Sample date
100 gal June July July Aug Aug Aug
lacre 20 1 18 4 27 27
Rosy aphids{inumber leaves infested / 10 shoots
1 Conventional treatment 0.0 aY 0.0a 0.0a 0.0a 0.0a
2 M-96-018 50 Ibs 00a 00a 0.0a 0.0a 0.0a
reen aphids{inumber leaves infested / 10 shoo
1 Conventional treatment 0.9a 6.2 a 110a 0.3a 0.0a
2 M-96-018 50 lbs 0.5a 3.2a 3.2b 00a 00a
Wooly aphids{number leaves infested / 10 shoots) % tree infested
1 Conventional treatment 03a 593 6.5 a 7.2a - 0.38 a
2 M-96-018 50 lbs 10a 6.1a 145b 125a - 0.15a
Leafhoppers{number leaves infested / 10 shoots
1 Conventional treatment 0.0a 0.2a 0.2a 0.0a 0.0a
2 M-96-018 50 Ibs 0.3a 0.4a 0.1a 0.0a 0.0a
Leafhopper damage(number leaves infested / 10 shoots)
1 Conventional treatment -- 1.4 a 0.0a 0.0a 0.0a
2 M-96-018 50 lbs - 4.9 a 00a 05a 00a
Leafminer (number leaves infested / 10 shoots)
1 Conventional treatment -- 0.1a 0.0a 0.0b 0.0b
2 M-96-018 50 Ibs -- 0.1a 0.7b 2.2a 0.6a
Leafspots (number leaves infected / 10 shoots)
1 Conventional treatment 00a 1.6b 1.0b 24b 1.2a
2 M-96-018 50 Ibs 0.2a 7.8a 9.7a 12.7a 29a
Rust (number leaves infected / 10 shoots)
1 Conventional treatment 0.0a 0.0a 0.0a 0.0a 0.0a
2 M-96-018 50 Ibs 0.0a 05a 0.1a 00a 00a
Powdery mildew (number leaves infected / 10 shoots)
1 Conventional treatment 0.0a 0.0b 0.1a 0.0b 0.0a
2 M-86-018 50 lbs 0.0a 1.6a 09a 45a 00a
Scab {number leaves infected / 10 shoots)
1 Conventional treatment 00a 0.2b 0.1b 05b 03b
2 M-96-018 50 Ibs 0.1a 3.7a 22.7a 126a 5.1a

YMean separation by t-test, P<0.05.
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Table 3B. Effect of airblast sprays of M-96-018 on ‘Stayman’ {(1997).

No. Treatment? Rate/ % fruit infected % fruit area infected Total number
100 gal Scab Rust Active Brooks Sooty Fly Powdery fruit
/acre rots spot blotch speck mildew evaluated
1 Conventional 0.0bY - - 0.06 a 00b O001b -- 1228 a
2 M-96-018 50Ibs 0.6a - - 0.00b 11.3a 343a - 1210 a
YMean separation by t-test, P<0.05.
Table 3C. Effect of airblast sprays of M-96-018 on ’'Stayman’ (1997).
No. TreatmentZ Rate/ % of fruit infested Russet Opalescence
100 gal Tufted Red-banded Codling Plum rating rating
/acre Apple Moth Leaf Roller Moth Curculio {0-5) (0-5)
1 Conventional 0.0 a¥ 0.4a 0.0a - 1.74b 2.120b
2 M-96-018 50lbs 0.4a 04a 0.42a - 264a 2953

YMean separation by t-test, P<0.05.
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Table 4. Effect of growth regulators on fruit thinning and fruit finish of 'Golden Delicious'/M.27 before and after M-96-018 sprays (1997).

No. Color Treatment?y Application Rate/ Rate/ Fruitfem® cross  Fruit Length/ Russet Stem-end Backround
timing 100 gal 3.5 liter sectional area diameter  diameter rating russet rating¥  color
limb (11 June) {cm) ratio (cm) (0-5) (0-5) (0-5)
1. W Control None 18.7 ab 6.86 a 0923 a 1.58 ab 114 a 3.40ab
2. R Sevin+ None 1pt 4.4 ml 12.2 def 6.97 a 0.931 a 1.55 ab 1.04 a 3.62 ab
Ethrel 1.5 pt 6.6 mi

3. B Sevin+ None 1pt 4.4 ml 14.7 bede 7.02a 0.936 a 1.65 ab 0.95a 3.52 ab
Accel 2 pt 8.8 ml

4. FO Sevin None 1pt 4.4 ml 9.3f 6.84a 0.946 a 1.67 ab 1.12a 3.63ab
+ NAA 200 10 ppm 0.676 ml

5. Y M-96-018 Tank mixed 251ib 105¢g 212a 6.90 a 0.919 a 171 ab 1.07 a 3.67 ab

6. RS Sevin Tank mixed 1pt 4.4 ml 17.8 abe 6.91a 0.929 a 1.68 ab 1.20 a 3.67 ab
+ Ethrel 1.5 pt 6.6 ml
+ M-96-018 251b 105 g

7. BS Sevin+ Tank mixed 1 pt 4.4 ml| 17.9 abc 6.99 a 0942 a 173 ab 1.06 a 3.60 ab
+ Accel 2 pt 8.8 ml
+ M-96-018 251b 105g

8. OD Sevin Tank mixed 1pt 4.4 ml 13.2 cdef 7.05a 0.936 a 194 a 112a 4.08 a
+ NAA 200 10 ppm 0.676 ml
+ M-96-018 251b 105 ¢g

9. RD Sevin Pre-trt sameday 1 pt 4.4 ml 16.5 abed 575a 0.932 a 137b 0.84 a 3.00b
+ Ethrel 1.5 pt 6.6 ml
+ M-96-018 251b 105 ¢g

10. BD Sevin+ Pre-trt same day 1 pt 4.4 ml 17.1 abed 6.98 a 0921a 175 ab 1.05 a 3.55 ab
+ Accel 2pt 8.8 ml
+ M-96-018 251b 105g

11. BK Sevin+ Pre-trt sameday 1 pt 4.4 ml 10.1 ef 5.89a 0.941 a 1.51ab 0.87 a 297b
+ NAA 200 10 ppm 0.676 mi
+ M-96-018 251b 105g

| 3 3 1 3 3 3 3 ] 3 3 3 3 3 ] ] ]
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Table 4 (continued)

Contrasts:
1Vs 2
1Vs3
1Vs 4
1Vs 5
1Vs 6
1Vs?7
1Vs8
2Vs 6
2Vs9
3Vs?7
3Vs 10
4Vs 8
4Vs 11
S§Vs b

5Vs?7
S5vs8
5Vs 10
5Vs 11
6Vs9
7Vs 10

8Vs 11
234Vs6,78

Comparisons :
Control Vs Sevin+Ethrel

Control Vs Sevint+Accel

Control Vs Sevin+NAA 200

Control Vs M-96-018

Control Vs Sevin+Ethrel+M-96-018 (tank mixed)

Control Vs Sevin+Accel+M-96-018 {tank mixed)

Control Vs Sevin+NAA 200+M-96-018 (tank mixed)
Sevin+Ethrel VsTank mixed (Sevin+Ethrel+M-96-018)
Sevin+Ethrel Vs Tank mixed (Sevin+Accel+M-96-018)
Sevint+Accel Vs Tank mixed (Sevin+Accel+M-96-018)
Sevin+Accel Vs Pre-treated (Sevin+Accel+M-96-018)

No M-96-018 Vs Tank mixed (Sevin+NAA 200+M-96-018)
No M-96-018 Vs Pre-treated (Sevin+NAA 200)

Tank mixed (M-96-018) Vs Tank mixed (Sevin+Ethrel+M-
96-018)

Tank mixed {(M-96-018) Vs Tank mixed (Sevin+Accel+M-
96-018)

Tank mixed (M-96-018) Vs Tank mixed (Sevin+NAA
200+M-96-018)

Tank mixed (M-96-018) Vs Pre-treated (Sevin+Accel+M-
96-018)

Tank mixed (M-96-018) Vs Pre-treated (Sevin+NAA
200+M-96-018)

Tank mixed Vs Pre-treated (Sevin+Ethrel+M-96-018)
Tank mixed Vs Pre-treated (Sevin+Accel+M-96-018)
Tank mixed Vs Pre-treated (Sevin+NAA 200+M-96-018)
No M-96-018 Vs Tank mixed with M-86-018

2,3,4Vs 9,10,11 No M-96-018 Vs Pre-treated with M-96-018
6,7,8 Vs 9,10,11 Tank mixed Vs Pre-treated with M-96-018

ns

T3

T3

ns

ns

ns

ns
ns
ns
ns
ns
ns

T3

ns

ns

ns

ns
ns
ns
ns
ns
ns

T3

fns

ns

ns

ns
ns
ns
ns
ns

!

ns

ns

ns

ns
ns
ns
ns
ns

O
N

ns

ns

ns

ns
ns
ns
ns
ns
ns

S1 # s19hg

ZFull bloom occurred 25 April 97.
YTreatments were applied with a low pressure hand-wand sprayer on 19 May 1997 when fruit diameter was 13 mm.

YMean separation within columns by Duncan's new multiple range test;(P< 0.05).
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Effect of Production Risk on the Selection of Apple Rootstocks
JK. Harper, G.M. Greene II, and H. Swaminathan

Department of Agricultural Economics and Rural Sociology
The Pennsylvania State University
University Park, PA 16802-5600
and
Department of Horticulture
Penn State Fruit Research and Extension Center
Biglerville, PA 17307-0309

Abstract. Fifteen apple rootstock were evaluated for acceptance by fruit producers with
different attitudes towards risk. In terms of average net returns, M.26ELMA, P.1, and P.18
appear to be good rootstock choices. In most cases, however, variability increases as net
returns increase. Using stochastic dominance with respect to a function techniques, M.4
would be the preferred choice for moderately risk preferring growers. M.26ELMA would be
the choice of slightly risk preferring to slightly risk averse growers and P.18 would be the
choice favored by moderately to strongly risk averse growers.

Introduction. Selection of a suitable rootstock is a critical aspect in the production of any
tree fruit. The cost of establishing an apple orchard makes it imperative that a fruit producer
have the most complete information available when selecting a rootstock. The choice of
rootstock will affect the future profitability of the orchard through its impact on productivity
and tree mortality. Evaluating the economic feasibility of alternative rootstocks is vital to
preserving and improving the competitive position of Mid-Atlantic apple growers.

Materials and Methods. As part of the NC-140 regional apple rootstock trial, fifteen
rootstocks with the scion variety 'Starkspur Supreme Delicious' were planted in 1984 at
Biglerville. Data were collected annually on yield, fruit weight, tree mortality, and various
measures of tree size.

In order to evaluate the effect of yield and tree mortality on profitability, net return streams
were projected for each of the alternative rootstocks. Cost of production estimates for the
various rootstocks were estimated by adjusting budgets found in Harper (1996). One primary
consideration is tree spacing for the various rootstocks which affect the number of trees
planted and pruning expenses. Tree spacing was estimated from tree width measurements
made in 1990. Allowing for an additional 1 foot between trees and 6 feet between rows, tree
densities were determined according to Ritter (1978). Another consideration was harvest cost,
which depends on yield and was charged at 5.8¢/kg. ($1.25/bu.). Annual per acre yields were
calculated by multiplying the estimated tree density by the average yield for the trees in each
rootstock treatment. Average yields used reflect the death of trees in each treatment. Using
this yield and a ten-year (1986-1994) average price for fresh-market apples of 40.0¢/kg.
(Pennsylvania Agricultural Statistics Service), gross returns were calculated for each rootstock
for each year. Net returns were then calculated by subtracting the appropriate production,
planting, pruning, and harvest expenses from gross returns.

One way to select a profitable rootstock would be to compare the average net returns

generated by each alternative and select the highest one. Although the simplicity of this
approach is attractive, maximizing net return overlooks the variability of returns and ignores

26



3

-3

Harper et al. -- 2

the role that the attitude of the individual fruit producer towards risk plays in the selection
of a rootstock. A better way to evaluate this type of decision-making process is to employ
procedures which take into account the distribution and variability of net returns and rank
alternatives based on different assumptions about producer attitudes towards risk. Harper
and Greene (1997) used similar procedures to evaluate the selection of peach rootstocks.

Stochastic dominance is a risk analysis technique that chooses between a set of risky
alternatives by comparing the distribution of possible incomes for each alternative, selecting
preferred alternatives based on risk preferences. Three stochastic dominance tools are
available to the researcher: first-degree stochastic dominance (FSD), second-degree
stochastic dominance (SSD), and stochastic dominance with respect to a function (SDRF).
The first two analyze the problem for generalized categories of risk behavior, while SDRF
analyzes specific intervals which approximate specific risk categories. For SDRF, preferred
alternatives are identified by comparing the cumulative density function of net returns from
each alternative for the risk categories of interest. A summary of stochastic dominance
efficiency criteria can be found in Cochran, Robison, and Lodwick (1985).

Stochastic dominance uses risk preference intervals determined with the Pratt absolute
risk aversion function, R(x) = -U"(x)/U'(x), which represents the ratio of derivatives from
the decision maker's utility function, U(x). FSD rules identify strategies preferred by the
individual whose utility is a positive function of income. The criteria are consistent for
individuals who prefer more income to less. SSD criteria identify strategies preferred by
individuals receiving greater satisfaction from increases in low levels of income than
increases at high levels of income.

This study utilizes SDRF to analyze the peach rootstock selection decision. SDRF is a
generalized version of FSD and SSD and is more flexible and discriminating, though it does
require more specific information about the decision maker's preferences (King and
Robison, 1984). For SDREF, risk preference intervals bounded by lower and upper risk
aversion coefficients, Ry(x) and Rx(x), are established by the researcher. Six risk preference
intervals approximating risk attitudes ranging from moderate risk preference (risk-takers) to
strong risk aversion (risk avoiders) were used for the peach rootstock analysis. The Pratt-
Arrow risk aversion coefficients used in this study were originally elicited by Cochran
(1982) for a 10-acre orchard block and were adjusted to a per acre basis using a scale
transformation (Raskin and Cochran, 1986). The analysis itself was conducted using a
generalized stochastic dominance computer program developed by Cochran and Raskin
(1988).

Results and Discussion. Descriptive statistics for the alternative rootstocks are given in
Table 1. Estimated tree densities varied from a low of 152 trees/A for P.18 to a high of
1,266 trees/A for P.22. Yield and net returns were calculated assuming that dead trees were
not replaced. Average percent of mature trees gives an indication of tree mortality over the
productive life of the orchard (1986-1994). Mortality was not high for the rootstock trial
overall; 11 of the fifteen rootstock treatments had an average of over 90% live trees per
acre. Seven rootstocks had no trees die. AL.800, M.4, and MAC.39 had 20-30% tree
mortality early in the trial (before 1986). Average yield per acre varied greatly between the
various rootstocks and the impact of tree mortality is only part of the story. Certainly, the
high mortality of AL.800 and MAC.39 have a lot to do with their relatively low average
yields, but some rootstocks with low mortality also had low average yields. In terms of
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average net returns, M.26ELMA, P.1, and P.18 appear to be good rootstock choices. As
indicated by the standard deviation, however, it appears that in many cases variability
increases as net returns increase.

The results of the SDRF analysis are summarized in Table 2, where the top 3 rootstocks
for each risk attitude interval are ranked. Producers who are willing to accept a fair amount
of risk would select M.4 as their best rootstock choice. This rootstock had the highest
single year net return ($7,138), which would be attractive to growers who want to attain
the highest yields and profitability. For slightly risk preferring to slightly risk averse
producers, M.26ELMA appears to be their best choice, with P.1 a close second.
M.26ELMA had the highest average net return and a lower standard deviation than M.4 or
P.18. For more risk averse producers, P.18 would be the preferred rootstock choice. P.18
has a lower average net return, but slightly higher standard deviation than M.26ELMA.

The attraction of moderately to strongly risk averse growers for P.18, and to a lesser extent
M.7ELMA, P.1, and CG.24, is that their lowest annual net returns (-$1,579 for P.18) are
less severe than for M.26ELMA (-82,496). This is a good example of growers employing
maxi-min decision-making criteria. In other words, their objective is to maximize the
minimum values, thereby avoiding the worst possible outcome. Only P.18 was regularly
ranked in the top three across all risk intervals. M.4 only occurs in the risk preferring
intervals and CG.24 in the strongly risk averse interval.

Conclusions. Stochastic dominance with respect to a function (SDRF) is a useful tool for
evaluating production alternatives under risk. When applied to the problem of apple
rootstock selection, the ability of SDRF to rank alternatives provides the producer with
information as to the preferred rootstock and possible alternatives.

Additional evaluation of the NC-140 data is underway. First, the effect of replanting
will be analyzed. Commercial growers would replace dead trees, especially early in the life
of the orchard. For example, M.4 had 20% mortality, but it still ended up as the preferred
choice for moderately risk preferring growers. If trees were replaced, it may have a wider
acceptance across risk intervals. Second, extensive apple quality data were collected in the
last year of the study. It is apparent from initial evaluation of this data that significant
quality differences exist between the various rootstocks. Incorporation of quality data into
the rootstock evaluation will be especially valuable to fresh-market growers who strive for
well-colored, large fruit.
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Table 1. Estimated tree densities, tree mortality, yield, and net returns for 'Starkspur
Supreme Delicious' on 15 rootstock treatments (1986-1994).

Estimated Average % Average Yield Average S.D. for
Rootstock Tree Density Live Trees 1986-1988 1989-1991 1992-1994 Net Return Net Return

(trees/A)  (1986-94) (kg/A) (kg/A) (kg/A) ($/A) ($/A)
AL.800 261 70.0 717.2 3545.1 9941].1 28.50 1715.86
CG.10 421 100.0 1694.9 3999.6 9982.0 -56.17 1828.59
CG.24 153 100.0 388.5 1861.7 7274.6 -379.59 1340.17
Domestic seedling 163 100.0 5854 27432 89398 -172.03 1719.68
M.7ZELMA 171 100.0 1181.6 3444.0 9075.5 -67.57 1665.41
M.26ELMA 258 100.0 2633.1 7373.5 14550.6 840.08 2247.55
M4 196 80.0 733.6 31804 117782 21587 2423.85
M.20 251 96.7 1141.5 4807.2 10481.8 174.13 1759.88
MAC.1 164 100.0 615.1 3631.1 9331.3 -62.94 1817.33
MAC.39 341 70.0 1201.0 4251.1 8065.5 -77.65 1447.95
P.1 204 100.0 1828.3 5745.0 11885.7 489.60 1987.37
P.2 680 90.0 2790.7 7617.5 12578.8 287.38 2436.52
P.16 1040 90.0 3457.0 7396.8 8788.7 -227.07 2743.30
P.18 152 98.9 683.5 4967.2 143348 503.30 2436.59
P.22 1266 85.6 3895.9 4845.7 63178 -813.48 2928.75
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Table 2. Ranking of top 3 apple rootstocks based on general classes of grower risk

preferences.

Approximate
Risk Attitude

Moderately Risk
Preferring

Slightly Risk
Preferring

Risk Neutral

Slightly Risk
Averse

Moderately Risk
Averse

Strongly Risk
Averse

30

Range of Pratt-Arrow
Risk Aversion Coefficients

-.003 to -.001

-.001 t0 0.0

-.001 to +.001

0.0 to +.001

+.001 to +.003

+.003 to +.005

1
2
3

LVS I %

W N =

(S I 8 B

W N —

Ranking of Alternative
Apple Rootstocks

M.4
P.18
M.26ELMA

M.26ELMA
P.18
M.4

M.26ELMA
P.1
P.18

M.26ELMA
P.1 (tied)
P.18

P.18
M.7ELMA
P.1

P.18
CG.24
M.7ELMA
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INFLUENCE OF A REFLECTIVE GROUNDCOVER
ON APPLE COLOR AND QUALITY

Stephen S. Miller
USDA-ARS, Appalachian Fruit Research Station
Kearneysville, West Virginia 25430

Red color is an important criterion in consumer selection of apples.
Apple breeders place a high priority on color and often make selections
for near 100 percent surface red color. Growers and fruit tree nurseries
are ever watchful for mutations that display a greater amount or
intensity of surface red color than occurs on the parent cultivar.
'Delicious' and some newer apple cultivars, such as 'Empire', 'Jonagold',
or 'Fuji', often produce poor or marginal red color when grown under the
warm, humid environmental conditions of the mid-Atlantic region. Many
factors, directly or indirectly, influence color development in apples:
temperature, light, nutrition, pruning, and plant growth regulators.

Light is required for color development in apples, and this has
encouraged researchers to investigate practical means of providing
supplemental light to enhance red color. Moreshet et al. (1975)
increased size, color, and sugar content of apples harvested from the
lower half of hedgerow trees with a reflective material placed on the
ground between the tree rows. Doud and Ferree (1980) increased light by
35% and red fruit color at harvest on mature 'Delicious'/M.9 apple trees
with reflective material placed under the tree canopy from tight cluster
to harvest. The greatest effect was observed in the lower half of the
canopy. In a two-year study on 'Fuji' apples trained as a Lincoln canopy
or as central leader trees, reflective materials (plastic or foil)
increased surface red color and color intensity, and resulted in 35% more
fruit harvested during the first picking (Andris and Crisosto, 1996).
Fruit quality was not affected by any of the reflective material
treatments. Commercial orchard trials in New Zealand (Toye, 1995) with
reflective mulches have reported improved fruit color with fewer pickings
required for cultivars like 'Fuji', 'Gala', and 'Braeburn'. Not all
commercial experiences have been positive and some problems have been
identified with the use of reflective materials. Materials must be
positioned so light can strike them which can be difficult in some high
density plantings and the materials are subject to tearing from vehicular
and worker trafficing (Warner, 1997).

The objective of this investigation was to determine the effect of a
metalized reflective plastic groundcover on color and quality in several
apple cultivars grown under mid-Atlantic conditions. A white and a black
polyethylene material were included in the 1997 tests for comparison.

Methods

1996 Trials. Studies with reflective groundcovers (RGCs) were
initiated in 1996 on bearing apple trees planted in north-south (N-S)
oriented rows. The orchard floor was maintained with a weed-free strip
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from the trunk to the outer edge of the canopy (drip line) and sod drive
middles. Three cultivars, 'Hardibrite Spur Delicious', 'Empire', and
'Fuji' were used. 'Delicious' trees were on MM.111 rootstock and trained
to a 'Y' trellis system. The 'Empire' trees included trees on M.9
trained to a 'Y' trellis, semi-dwarf interstem trees on M.9/MM.106 and
full size trees on seedling rootstock trained as freestanding central
leader trees. The 'Fuji' trees were on EMLA.7 and trained to the central
leader form. Trees ranged in age from 7- to 10-years-old. All trees in
the study were estimated to have 75 to 100% of a full crop. The RGC was
a 1.6 m (64") wide 1.25 mil thick metalized silver low-density
polyethylene film (Clarke Ag Plastics, Greenwood, VA 22943) supplied on a
roll that could be cut to individual lengths to accommodate various
canopy widths. The RGC was placed on the east (E) and west (W) sides of
the ‘tree centered on the trunk and extending 1 m beyond the canopy in the
N-S directions. One edge of the RGC material was placed just under the
drip line of the tree with the opposite edge extending into the drive
middle bétween the tree rows. The grass sod in the drive middle to be
covered by the RGC was killed with a contact herbicide (paraquat), prior
to applying the RGC, so the material would lie flat. The RGC was secured
at points along the edges with steel or plastic landscape pins reinforced
with pieces of heavy cardboard (approx. 8 X 12 cm) at the points of
pinning. Guard trees were used on either side of RGC treated trees. The
RGC material was applied 5 weeks before the expected harvest date (EHD)
of each cultivar. The EHD was based on bloom date and historical
records. At harvest, two, ten-apple samples were collected per tree -
one from the E side of the canopy and one from the W side of the canopy.
All samples were stored for several days in a refrigerated cold storage
before analysis. Fruit were removed from cold storage and allowed to
equilibrate to room temperature overnight. All fruit quality factors
were measured on individual fruits with 10 fruit per sample. Color was
determined from CIE (Commission Internationale de |'Eclairage) L*a*b*
values with a hand-held MiniScan XE Model D/8-5 spectrophotometer (Hunter
Associate Laboratory, Inc., Reston, VA 22090). Instrument standards and
calibration were as follows: illuminant = D65; and illuminant/viewing
geometry = black glass, 45/0. A single reading was taken per fruit in an
area visually perceived as the darkest red color. Hue angle (h°) was
calculated from a* and b* readings according to McGuire (1992). Surface
red color was visually estimated as percent of total fruit surface
showing dark red color. Flesh firmness was recorded with a McCormick
Model FT-327 penetrometer (McCormick Fruit Tech, Yakima, WA98908) mounted
in a drill press stand. Soluble solids concentration (SSC) was
determined with an Atago PR100 digital refractometer (NSG Precision
Cells, Inc., Farmingdale, NY 11735) from a composite juice sample from
the 10 apple sample. Starch-iodine index was visually rated using a 1 to
9 scale (Ontario Min. Agric. Food Factsheet 88-090 and 88-117).

Multiple, low-dose (100 to 125 mgtliter'1) sprays of the plant
bioregulator, ethephon, were included in these trials and data is shown
here only for comparative purposes. All treatments were arranged in
randomized complete blocks with four individual tree replications. Data
was subjected to ANOVA and means separated using Duncan's new multiple
range test. Data for percentage surface red color was transformed to the
arcsin for analysis with actual measured values shown in the tables.

1997 Trials. Two studies were conducted with RGCs in 1997. All trees
were growing on a 'Y' trellis system and oriented in N-S rows. The first
study involved the 9-year-old 'Hardibrite Spur Delicious'/MM.111 used in
the 1996 trials. The canopy covered about a 2.5 m height on each arm of
the trellis and the trees were bearing an estimated 50 to 80% of a

on



3

3

full crop. There were three treatments: 1) 1.6 m wide metalized RGC
(Clarke Ag Plastics) placed under the tree canopy at the base of the tree
and extending into the drive middle, 2) the same RGC material as in
treatment 1 but placed in the center of the drive middle, and 3) a
control with herbicide strip under the canopy and sod drive middle.
Treatments were applied to 3-tree plots and replicated four times
beginning four weeks before harvest.

Three-year-old 'Fuji'/M.9 trees were used in the second study. The
canopy covered about a 2.0 m height on the trellis and the trees were
bearing about 70% of a full crop load. Four treatments were arranged in
a randomized complete block with 4-tree plots per replication: 1) 1.2 m
wide metalized RGC (Clarke Ag Plastics), 2) a 1.3 m wide white high
density polyethylene (manufacturer unknown), 3) standard 6-mil black
polyethylene film (Warp Bros., Chicago, IL 60651) cut to 1.2 m wide, and
4) a control with herbicide strip under the canopy and a sod drive

middle. RGC treatments were established 7 weeks before the first harvest.

-The following parameters were monitored during the study on selected
days between August 15 and October 6, 1997: canopy temperature, fruit
surface temperatures, photosynthetically active radiation (PAR), and
red/far red light. Canopy temperature was recorded with Optic StowAway
data loggers (Spectrum Technologies, Inc., Plainfield IL 60544) placed in
smal|l weather shelters located about half way up the side of the canopy
in the plane of the canopy and shielded from direct sunlight during the
period from 1000 to 1500 hours but exposed to any reflected light.
Surface temperature of fruit was recorded with a Raynger ST6LSU infrared
temperature sensor (Raytek Corp., Santa Cruz, CA 95060) with an
emissivity value of 0.95. A single reading was recorded on 50 individual
fruits per treatment exposed to reflected light, indirect light, and
direct sunlight. The level of PAR reflected from the ground or the RGC
material was measured with a Sunfleck SF80 Ceptometer (Decagon Devices,
inc., Pullman WA 99163). Six readings were taken per replication. To
take readings the light bar was placed horizontally in a N-S direction
with the sensor bar angled with the plane of the canopy and pointing away
from the canopy toward the RGC material. The ratio of red:far red
(660:730 nm) light was recorded in the same position as PAR readings
using an SKR100/116 Red/Far Red Light Sensor with fiber optic probe
(Skye-Probetech, Perkasie, PA 18944). All light readings were taken
between 1030 and 1200 hours eastern standard time on the E side of the
canopy. Days were used as replications.

Fruit was harvested one week before the EHD and on the EHD (except
'Fuji' which was initially harvested 9 days before the EHD). Each side
of the canopy was divided at the mid point between top and bottom and a
10 apple sample was harvested from each of the four resulting locations
(designated "low east, high east, high west, low west"). Fruit color and
quality was determined as in 1996 except four color space readings were
;ecorded on each individual fruit to obtain an average color reading per

ruit.

Results and Discussion

1996 Trials. The RGC, when placed in the orchard drive middle of
8-year-old 'Hardibrite Delicious'/MM.111 apple trees trained to a 45° 'Y'
trellis 5 weeks before harvest, increased the percent surface red color
and resulted in darker (lower L*), redder (lower h°®) colored apples at
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harvest (Table 1). Fruit size and quality was unaffected. Fruit from
RGC treated trees had a lower starch index (SI) rating (indicates less
mature) but, the difference was small and may be of little or no
practical significance. Fruit from the E side of the canopy was darker
red than from the W side of the canopy (data not shown).

The RGC had no effect on color or quality of 'Empire' apples on
semi-dwarf or standard size trees except that starch levels were higher
(lower Sl rating) at the EHD indicating that the RGC material had delayed
fruit maturity (data not shown). The RGC increased surface red color 2
weeks before the EHD of 'Empire'/M.9 on the 'Y' trellis (Table 2). Fruit
from the E side of the canopy had a darker, redder color than fruit from
the W side of the canopy. |In these trials, bi-weekly ethephon sprays
also produced a darker, redder color and more surface with dark red color
(Table 2). Surface red color of RGC treated fruit did not differ from
controls at the later harvests. There was a significant location X
treatment interaction for L* and h® at the EHD (P=0.02). The RGC
increased red color on fruit from the west canopy (h°= 22.2° treated vs.
29.2° control) but not from the east canopy (20.9° RGC treated vs 20.5°
control) at the EHD. Fruit from the RGC treated 'Empire'/M.9 were
smaller (an average of 20 to 30 g) than untreated fruit at each of the
three harvest dates (data not presented). The RGC applied to semi-dwarf
'Fuji'/EMLA.7 had no effect on lightness (L*) of color (Table 3), flesh
firmness, or SSC at any of the three harvest dates (data not shown).
There was a trend toward more surface red color on RGC treated fruit one
week before the EHD with significant differences evident at the EHD.

Detai led measurements were not made of light levels in RGC treated
canopies in 1996 but, field observations and preliminary measurements
suggested a significant increase in canopy light due to the RGC
material. Statistically significant but limited response in red color
(more red or darker red) was observed on fruit from the smaller statured
trees which tends to agree with an earlier published report (Doud and
Ferree, 1980) and suggests that additional studies were warranted.

1997 Trials. The average difference in canopy temperature between the
RGC canopy and a control canopy was calculated from mean hourly
temperatures recorded between 0900 and 1800 hours (Eastern Standard Time)
on 16 selected days between September 19 and October 17, 1997 in
'Hardibrite Delicious'(E side canopy only). The temperature within the
RGC canopy averaged 2.1°C higher than non-RGC canopy. Peak differences
consistently occurred between 1100 and 1300 hours (EST). The greatest
difference recorded was 11.0°C between 1200 and 1300 hours on September
21, 1997 (Fig. 1). The greatest differences generally occurred on bright
sunny days but, not always. Fruit surface temperatures for fruit exposed
to reflected light were higher (+3.6°C) than fruit in indirect light but
less (-4.8°C) than the surface temperature of fruit with direct sunlight
exposure (Table 4).

Measurement of PAR in 3-year-old 'Fuji'/M.9 growing on a 'Y' canopy
form trellis showed an average increase in available PAR under the canopy
of 28.5% from the metalized RGC and a 15% increase from a white
polyethylene film compared to a bare soil under canopy/sod drive middle
control (Table 5). The metalized RGC and the white poly increased the
ratio of red:far red light available to the under canopy (Table 5).
While the levels of red and far red light were both increased the
greatest increases were associated with red light.
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In general the RGCs increased the red color in 'Hardibrite
Delicious'/MM.111 (Fig. 2 and 3) and 'Fuji'/EMLA.7 (Fif. 4 and 5) on 'Y!'
trained canopies producing a darker redder color and more surface red color
than fruit harvested from control trees one week before the EHD and on the
EHD. There was a significant Treatment X Fruit Sample Position interaction
for color in both 'Hardibrite Delicious' and 'Fuji'(Fig. 2 thru 5).

Positioning the RGC under the canopy adjacent to the tree trunk resulted
in a lower hue angle (redder color) on fruit from the bottom half of the
canopy compared to fruit from the upper canopy (Fig. 2 thru 5, east and west
low vs. east and west high). Fruit from the upper canopy generally had less
red color on the RGC treatments; control fruit was generally redder from the
upper half of the canopy especially on the E side of the trellis.

The RGCs had little or no effect on fruit weight, flesh firmness, SSC, or
starch levels (data not shown). The decrease in fruit maturity observed in
1996 was not found in 1997 and in fact fruit from the 'Hardibrite Delicious'
trees had a slightly elevated S| rating where the RGC was placed in the drive
middle (data not shown).

Conclusions

The results of these studies indicate that a metalized RGC can enhance red
color in certain apple cultivars when placed on the orchard floor 5 to 7 weeks
before the expected harvest date. This response may be limited to dwarf and
some semi-dwarf trees in high density plantings; no advantage is evident in
lower density plantings of larger size trees. Placement of the RGC material
in relation to the canopy can influence the area of the canopy receiving
increased light and thus the degree of color response. Based on these studies
there appears to be little or no effect on other fruit quality parameters
(weight, flesh firmness, SSC, or starch). The effect of the increased light
levels, PAR and red/far red, on fruit bud formation have not been determined.
These areas are worthy of further investigation. Any effect that increased
canopy temperatures may have on the fruit or the tree needs to be determined.
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Table 1. Effect of a reflective groundcover (RGC) on color and starch index
in 'Hardibrite Delicious'/MM.111 apples trained to a 'Y" form trellis canopy.
Fruit harvested September 24, 1996.

Hue % Surface Starch
Treatment L*Z angleY red color index
Sod 40.2 a* 28.6 a 28 b 5.7 a
RGC 38.3 b 24.3 b 37 a 4.9b
Killed Sod 41.1 a 30.6 a 21 ¢ 5.5a

Z L*= lightness (O=black, 100=white)
y Hue angle = arctangent b*/a* (O=red-purple, 90=yellow)
X Means separation within columns by Duncan's new multiple range test, P=0.05.

Table 2. Effect of a reflective groundcover (RGC) or ethephon on color of
'Empire'/M.9 pples trained to a 'Y' form trellis canopy and harvested 2 weeks
before the expected maturity date. 1996.

Main Ethephon Hue % Surface
Treatment dose (ppm) L*Z angleY red color
Location
East -_— 39.3 b* 27.6 b 34 a
West - 41.1 a 31.9 a 31 a
Treatment
Ethephon, weekly 100 38.8 b 27.4 be 31 be
Ethephon, bi-weekly 125 37.5 b 26.3 ¢ 42 a
RGC 0 42.1 a 31.2 ab 34 b
Control ) 43.0 a 34.3 a 25 ¢

Z L*= |ightness (O=black, 100=white)
Y Hue angle = arctangent b*/a* (O=red- purple 90=yel low)
X Means separation within columns by Duncan's new multiple range test, P=0.05.
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Table 3. The effect of a reflective groundcover (RGC) or ethephon on color of
'Fuji'/EMLA.7 apples on central leader trained trees harvested 1 week before
and again on the expected maturity date. 1996.

Ethephon Hue % Surface
Treatment dose (ppm) L*Z angleY red color

—————— 1 week before expected maturity date —-———-

Ethephon, weekly 100 57.9 aX 71.0 ab 9.2 ab
Ethephon, bi-weekly 125 56.4 a 69.8 b 10.2 a
RGC 0 57.0 a 71.5 ab 8.2 ab
Control 0 59.0 a 81.1 a 40D

------ expected maturity date -——--—-

Ethephon, weekly 100 55.4 a 57.7 ab 22.7 ab
Ethephon, bi-weekly 125 54.0 a 50.6 bc 26.3 a
RGC 0 52.8 a 47.6 ¢ 24.2 a
Control 0 55.5 a 59.3 a 13.3 b

Z L* = |ightness (O=black, 100=white).
Y Hue angle = arctangent b*/a* (O=red-purple, 90=yellow).
X Means separation within columns by Duncan's new multiple range test, P=0.05.

Table 4. Fruit surface temperature of 'Hardibrite Delicious'apples grown on a
'Y' canopy as affected by a reflective groundcover. 1997.

Fruit surface

Fruit illumination temperature - °C (°F)
Indirect light 24.2 ¢ (75.6)
Reflected light 27.8b (82.0)
Direct sunlight 32.6 a (90.8)

Ambient air temperature approx. 23°C
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Table 5. Effect of various reflective groundcovers on percent full sun and
red:far red light available to the under canopy of young 'Fuji'/M.9 apple
trees trained to a 'Y' form trellis canopy. 1997.

Mean
Mean % full % Change red:far red % Change

Groundcover sunlight (+/-) from light (+/-) from

Material available? control availableY control
Black poly 8.5 cX -0.8 0.36 ¢ + 2
White poly 24.3 b +15.0 0.80 b + 128
Metalized poly 37.8 a +28.5 1.09 a + 211
Bare soil (control) 9.3 ¢ - 0.35 ¢ -—-

Z Light measured as PAR with Decagon SF-80 light bar.
Y Red:far red light determined with SKR 100/116 light sensor with fiber optic

probe.
X Means separation within columns by Duncan's new multiple range test, P=0.05.

Figure 1. Effect of metalized reflective groundcover on canopy temperature in
9-year-old 'Hardibrite Spur Delicious'/MM.111 apple trees trained to a 'Y"
canopy form. Temperature recorded on data loggers in weather shelters placed
1.75 m above orchard floor in east side canopy. Control , RGCeeeee
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CONTROLLING SHOOT GROWTH IN APPLE
WITH PROHEXADIONE CALCIUM (BAS 125W)

Stephen S. Miller
USDA-ARS, Appalachian Fruit Research Station
Kearneysville, West Virginia 25430

Maximizing the bearing canopy is a primary objective in the orchard and
involves both vegetative and reproductive processes. Initially the grower
must encourage vegetative growth to develop a suitable framework and to
efficiently fill the allotted orchard space as soon as possible. Optimum
production and plant efficiency is achieved, however, only when vegetative
growth and fruiting are balanced. Fruit growers recognize the need for this
balance and devote a considerable amount of their input to cultural
manipulations (pruning, fertilization, application of plant bioregulators,
etc.) to achieve optimum production.

Climatic and edaphic conditions in most eastern fruit producing regions
favor vigorous vegetative growth. Excessive vegetative growth is a major
factor associated with overcrowding, delayed bearing, poor cropping, poor
fruit quality (e.g. poor color), and pest problems (e.g. fire blight, aphid
infestation, etc.) in the eastern U.S. Developing and maintaining the
delicate balance between vegetative growth and cropping is a major challenge
for the orchardist. Vegetative growth control by chemical means can help
eliminate unwanted growth, limit tree size, or restrict growth at a particular
time to produce a better balance between vegetative growth and fruiting. For
many years daminozide (Alar) was the primary PGR used to suppress growth and
encourage flowering. Later, a combined spray of daminozide + ethephon was
recommended. At the present time only ethephon (Ethrel) is labeled for this
purpose. NAA is also registered and used for vegetative growth control, but
it has limited application. In the 1980's several triazole derivatives, which
inhibited gibberellin biosynthesis, were shown to have powerful growth
regulating properties in fruit trees (Miller, 1988) but, because of the
residual nature of these compounds and their ability to be quickly absorbed
through the roots, these compounds never reached registration in the U.S.
Recently a new class of compounds, the acylcyclohexanediones (Rademacher et
al., 1992) have been shown to possess growth regulating properties through GA
biosynthesis inhibition (Griggs et al., 1991; Nakayama, et al., 1992). This
class includes prohexadione. Preliminary reports have indicated that
prohexadione calcium can reduce vegetative growth in apple trees (Byers and
Yoder, 1997; Greene, 1997; and Unrath, 1997).

The present report deals with studies of prohexadione calcium (BASF Corp.,
Agric Products, Research Triangle Park, NC; product codes: BAS 9054W and BAS
125W) for vegetative growth control in apples. The objective was to determine
the growth regulating capacity of BAS 125W, and the effect of application
timing, concentration, and dose.

Materials and Methods

Studies were conducted between 1994 and 1997 on mature bearing apple trees
at the Appalachain Fruit Research Station. All sprays were applied with a
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single nozzle handgun roller pump sprayer at approx. 690 kPa (100 psi) to the
point of drip. All data was analyzed using ANOVA and means separated by
Duncan's new multiple range test, P=0.05.

1994 Tests. Prohexadione calcium (BAS 9054W) was applied to 5-year-old
'Redchief Delicious cv. Mercier'/MM.106 at various concentrations and timings
to examine the effect on shoot growth and fruit quality. Eight treatments,
shown in Table 1, were arranged in a randomized complete block design with
four whole-tree replications per treatment. The adjuvant, Regulaid was
included in all sprays at 0.1% (v/v). Shoot growth was recorded on 10 tagged
shoots on the outside of the canopy on four dates during the growing season.
At harvest all fruit were removed and total weight was recorded. A subsample
of 10 fruits was selected at random for determination of fruit quality (flesh.
firmness, soluble solids concentration, starch index rating, color intensity,
and percent surface red color). The crop from each tree was sized on an
electronic fruit weight sizer (Durand-Wayland OmniSort) with fruit separated
into 15 size classes from 48 to 216 count size. At bloom in 1995, flower
clusters were counted on a limb at least 10 cm in circum. and the number of
clusters per cross sectional area determined.

1995 Tests. Three treatments of prohexadione calcium (henceforth referred
to as BAS 125W) were applied to 16-year-old 'Law Rome'/MM.111 trees: single
sprays of 125 ppm or 250 ppm at the 5§ to 12 cm growth stage (5/15/95) or a
multiple spray of 125 ppm applied on May 15, 1995 and 4 weeks later on June
16. There were eight single tree replications per treatment. All sprays
contained Regulaid at 0.03% (v/v). Trees were vigorous, central leader form
trees planted 5.5 m X 6.1 m and were carrying a heavy bloom. Twenty terminals
were tagged on the periphery of the canopy between 1 and 3 m above the ground
and measured on the day of initial treatment, at 4, 8, 12, and 16 weeks after
treatment, and again at the end of the growing season. Trees were harvested,
total yield recorded, fruit sized, and fruit quality determined from a 10
apple subsample for each treatment as in 1994. No treatments were applied in
1996 but yield and shoot growth measurements were taken from trees in each
treatment.

1996 Tests. Single sprays of BAS 125W at 125 or 250 ppm were applied to
six whole-tree plots of 8-year-old 'Kidd's Gala'/M.7A 10 days after full bloom
(DAFB). Shoot growth was measured periodically as in 1994/95 during the
growing season. Canopy volume was calculated from canopy depth, width, and
height measurements assuming the canopy was an inverted cone. Pruning time
per tree was recorded in the dormant season. In April, 1997, a limb 10 to 15
cm in circumference was selected and the blossom clusters counted. A freeze
event on May 10 eliminated all fruit on the test trees so only shoot growth
data was available.

A test was initiated in a high density [1132 trees/ha (459 trees/acre)]
block of 8-year-old 'Starkspur Golden Delicious'/seedling apples trained to a
'Y' canopy form to evaluate a higher total dosage level of PGR applied in a
split application. Trees were planted in a north-south orientation with the
canopy forming a solid hedgerow. Average canopy height at the beginning of
the growing season was 2.5 m. Twenty-four trees were treated with an initial
spray of 375 ppm BAS 125W on May 10, 1996 (10 DAFB). On May 26, one half of
the treated trees were trunk scored with a 1.7 mm thick hacksaw blade making a
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spiral cut midway on the tree trunk between the ground and the lowest scaffold
branches. At the end of the growing season shoot growth on 20 terminals per
tree was recorded. Because the test trees carried less than 10% of a full
crop load, no fruit data was taken in this study.

1997 Tests. The excessively vigorous 9-year-old 'Starkspur Golden
Delicious'/seedling used in the 1996 tests were again selected for treatment.
Three multiple spray treaments of BAS 125W (Table 5) were applied to four-tree
subplots in each of five rows (treatment blocks) in a randomized complete
block design. The initial spray for each treatment was applied on May 7, one
week after petal fall (PF). Successive sprays were applied at 2 week
intervals (except the last spray was after a 3-week interval) at various

. concentrations from O to 250 ppm. Each treatment received a total dose of 625

ppm BAS 125W for the season with the last spray for each treatment applied on
July 25. At least one guard tree was positioned between each subplot
treatment in a block. An unsprayed control plot was included in each block.
The adjuvant Regulaid was included in all sprays at 0.03% (v/v). At harvest
(September 24, 1997) 20 fruit were collected at random from each side (east
and west) of the canopy for fruit size measurements. Shoot growth was
measured at the end of the growing season (October 30). Five current-season's
watersprouts (suckers) were removed from the center of each tree at the base
of their growth and the length recorded. In addition five terminal shoots in
the lower canopy (up to 1.5 m above ground) and five terminals in the upper
canopy (above 2.0 m height) were selected at random on the east and west side
of the canopy from each tree and the current season's growth measured.

Eighteen-year-old 'Law Rome'/MM.111, used in the 1995 tests, were selected
for multiple spray treatments. The objective was to evaluate various
concentrations and timings and dose leve! of BAS 125W for growth control and
ability to suppress canker development from natural fireblight infection (this
block had suffered severe fireblight infection in 1995 and 1996). Treatments
ranged from no BAS 125W applied during the season to a total of 3, 4, 5, or 6
individual sprays with concentration level per spray ranging from 60 to 250
ppm (Table 6). Total season dosage was 240 ppm, 360 ppm or 480 ppm.
Treatments were arranged in randomized complete blocks with 6 blocks and
single whole-tree treatments. On May 2, the initial treatment date, 10
terminals were selected on the periphery of the canopy between 1.5 and 2.5 m
above the ground, tagged and shoot growth measurements taken. Shoots were
measured again at 4, 8, and 12 weeks after initial treatment and at the end of
the growing season. Increase in shoot growth and total growth was computed
from periodic measurements. In early September measurements on canopy width,
depth and height were recorded for each tree and the tree row volume (TRV)
calculated for each treatment. On a uniform overcast day and again on a
cloudless day in early September, light as photosynthetically active radiation
(PAR) was measured at the base of each tree under the canopy with a Sunfleck
SF80 Ceptometer light bar (Decagon Devices, Inc., Pullman WA 99163). Four
readings were recorded per tree one each in the north, east, south and west
quadrant of the canopy. Full sun measurements were taken in the open drive
middles between tree rows at each of the 6 replicated blocks. Mean percent
full sunlight reaching the lowest level of the canopy was computed. Five of
the trees treated at the 360 ppm BAS 125W rate were selected in September
before harvest for detailed spray coverage data collection. A 4 m tall metal
pole was placed in the center of the canopy near the central leader.
Water-sensitive paper cards (52 X 76 mm) (Ciba-Geigy Ltd., Application
Services, Basle, Switzerland) were secured to the pole with double-sided tape
at 1.2, 2.1, 3.0, and 3.7 m above the ground. Trees were sprayed with a John
Bean PTO driven airblast sprayer calibrated and driven to deliver 935 I/ha
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(100 gpa). Cards were collected and the size of the stained area determined
by computer image analysis using Sigma Scan Pro software. Mean percent spray
coverage at each of the four heights in the canopy were calculated and the
increase/decrease in spray coverage compared to check trees was determined.
At harvest a 20 apple fruit sample was collected from each tree for fruit
quality measurements. Total yield and percent fruit in individual fruit size
classes was determined by harvesting each tree and passing the fruit over an
electronic fruit grader.

Results and Discussion

1994 Tests. Prohexadione calcium (BAS 125W) at all concentrations and
timings reduced shoot growth in spur 'Redchief Delicious'/MM.106 apple trees
(Table 1). Shoot growth reduction ranged from 39% when BAS 125W was applied
at 125 ppm 7 days after petal fall (DAPF) to 69% growth reduction at 375 ppm
applied 7 DAPF. Average growth reduction over all treatments was 55%.
Differences in growth were maifested in the first 12 weeks after treatment.
Treatment with four sprays at 50 ppm each was as effective as single sprays at
125, 250, or 375 ppm. Shoot growth mesurements suggested that higher
concentrations and applications closer to (PF) may result in greater
reductions in shoot growth compared to lower rates and later timings. BAS
125W treatments had no effect on fruit quality (flesh firmness, soluble solids
concentration, starch index, or color)(data not shown). The percentage fruit
grading 150 size class or smaller was about 3 times more than for control
fruit at the higher rate treatments applied at or soon after petal fall (250
or 375 ppm 7 DAPF and 250 ppm at PF)(data not shown). No phototoxicity was
observed on fruit or foliage in any of the treatments. Blossom cluster
density in 1995 was unaffected by the BAS 125W treatments in 1994,

95 Tests. A single spray of 250 ppm BAS 125W applied at the 5 to 12 cm
growth stage or two sprays applied at 125 ppm each, the first at the 5 to 12
cm growth stage and the second applied 4 weeks later, reduced terminal shoot
growth in large mature 'Law Rome'/MM.111 apple trees (Table 2). Yields were
not affected in the year of treatment or the year after BAS 125W sprays but,
yield for the multiple BAS 125W treatment at 125 ppm did result in the highest
return crop and significantly more than trees receiving a single spray at 125
ppm. There was no carryover effect on shoot growth in 1996 from the
treatments applied in 1995 (Table 2). Fruit size and fruit quality parameters
measured were unaffected in 1995 (year of treatment) or 1996 (year after
treatment)(data not shown).

1996 Tests. The study on 'Kidd's Gala' was originally designed to examine
effect of BAS 125W on fruit size but, a freeze soon after bloom eliminated the
crop. With loss of crop these trees presented an excellent opportunity to
confirm earlier results on shoot growth control. BAS 125W at 125 or 250 ppm
applied 10 DAFB reduced shoot growth (Table 3). There was a trend for greater
shoot growth reduction at the higher concn. but mean total growth did not
differ at the end of the growing season. BAS 125W at concentrations used in
this test did not affect pruning time, canopy volume, or blossom density in
the year after treatment but, there was a trend for the higher rate (250 ppm)
to reduce pruning time and canopy volume and increase blossom density (Table
3). Shoot growth measured in 1997 did not differ among treatments but there
was a trend toward greater growth for the BAS 125W treated trees (data not
shown). Results enforce earlier observations that on some sites and under
some conditions concentrations above 250 ppm may be required to obtain the
desired level of growth control. 43



The 8-year-old 'Starkspur Golden Delicious'/seedling trees selected for
study in 1996 had been pruned annually since planting, were quite open to
light (except the lower underside portion of the canopy's 'Y' form), and
regularly produced in excess of 60 to 80 cm of terminal growth. These trees
presented an extreme test of BAS 125W's shoot growth control capabilities.

Two sprays of BAS 125W applied 4 weeks apart at a total dosage of 500 ppm
resulted in a 53% reduction in shoot growth in these trees (Table 4). Scoring
the trunk of BAS 125W treated trees resulted in a 64% reduction in shoot
growth. The level of shoot growth achieved by BAS 125W sprays (40 cm) in this
study would be considered at the upper limits of acceptability for these trees
and canopy architecture. Periodic shoot growth measurements were not taken
during the growing season. However, observations soon after the initial spray
at 375 ppm clearly showed the strong growth controlling properties of BAS 125W
at this higher concentration. When the second application at 125 ppm was made
in mid-June, average shoot growth in the top and upper side of the canopy in
treated trees was estimated at 10 cm or less while control trees had easily
exceeded 25 cm. Approximately one month after the final BAS 125 spray shoot
growth in treated trees was estimated to be 15 to 20 cm and control trees at
nearly 40 cm or more. The 1996 growing season was characterized as warm and
wet with rainfall nearly 80% above normal. These conditions resulted in
continued growth late into the season. Growth nearly doubled on all trees
from July until October (new shoot growth was observed as late as the last
week in September with shoot blight infections from fireblight in neighboring
apple blocks). Because of this, season-long shoot growth control was not
achieved and growth in BAS 125W treated trees exceeded a more desireable level
of 20 to 30 cm. The results further emphasized earlier observations that
greater latitude in the application of BAS 125W may be needed (ie., higher
rates and/or later timings) to obtain the desired growth response under the
variable conditions in the eastern U.S. Scoring the trunks of these vigorous
trees tended to enhance the degree of growth control.

1997 Tests. Treatments with four or five sprays of BAS 125W beginning May
7 (7 DAPF) with the final spray on July 25 and a total of 625 ppm applied per
treatment reduced watersprout growth and growth of all other shoots on
vigorous 9-year-old 'Starkspur Golden Delicious'/seedling apple trees trained
to a 'Y' canopy form (Table 5). All treatments were equally effective in
reducing shoot growth. BAS 125W reduced watersprout and lower canopy shoot
growth an average of 43% and upper canopy shoot growth by 50%. Growth
response did not differ between the east and west sides of the canopy and
average growth for the two sides was similar (data not shown). The level of
growth control in the these 'Starkspur Golden Delicious' apples with BAS 125W
was more desireable compared to the lower dose, fewer spray treatments applied
to the same trees in 1996 (Table 4). While rainfall for the season was 38%
below normal (in contrast to 1996 when rainfall was 80% above normal) and may
have been a contributing factor in the reduced growth, supplemetal water was
applied during the season through drip irrigation. Average growth of all
shoots in 1997 was about 68 cm compared to 86 cm in 1996. None of the BAS
125W treatments had an effect on average fruit weight or fruit length:diameter
(data not shown).

The 1997 growing season was unfavorable for the spread of fireblight and
natural infection did not occur as in 1995 and '96. Only several shoots were
observed with fireblight symtoms in the 'Law Rome'/MM.111 trees. Therefore,
no data was collected on the effect of BAS 125W on shoot blight development.
All dose levels of BAS 125W effectively reduced shoot growth (Table 6).
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Growth control response was generally dose related, ie., the higher dose (480
ppm) reduced shoot growth more than the lower dose (240 ppm), however, growth
control at 360 ppm did not differ from that at 480 ppm but there was a trend
to less growth as rate was increased from 360 ppm to 480 ppm. While there was
little or no difference between treatments that received a total dose of 360
ppm, those that received the lowest concentration (60 ppm) as an initial spray
tended to have less effect on growth than those that received the higher rate
(120 or 240 ppm) as the initial spray. These results agree with earlier
multiple spray studies indicating that total dose has more impact on growth
response than rate of the individual sprays at least within the range of
concentrations studied. Furthermore, the results strongly suggest that an
initial spray of 240 ppm or greater is likely to reduce growth more than lower
doses of 60 or 120 ppm.

Multiple sprays of BAS 125W did not affect the canopy volume enough to
produce differences in the calculated tree row volume (TRV) or the percent
full sunlight reaching the underside of the canopy at the base of the tree
(data not shown). There were trends toward reduced TRV and more light
penetration when BAS 125W was applied but differences were not significant.
Three to six multiple sprays of BAS 125W at a total dose of 360 ppm increased
the overall average spray coverage in large mature 'Law Rome' trees by 10.6%
(Table 7). The major increase in spray coverage occurred in the lower half of
the canopy.

Fruit quality parameters and fruit size of 'Law Rome' was unaffected by
the multiple BAS 125W spray treatments at total dosage levels from 240 to 480

ppm.

Conclusions

The gibberellin biosynthesis inhibitor prohexadione calcium, code name BAS
125W, is an effective shoot growth inhibitor in apple. Application at or near
PF will suppress growth more than a similar application 2 to 3 weeks after
PF. Response to BAS 125W is concentration dependent. Multiple sprays at
lower concentrations are as effective as single sprays at a higher rate.

Under prolonged growing conditions, BAS 125W spray applications may need to
extend past mid-season to obtain adequate season-iong growth control. BAS
125W at the rates and timings used in these studies has no effect on canopy
volume, pruning time, fruit quality or fruit size. There are trends toward
reduced canopy volumes, reduced pruning time and reduction in fruit size that
may occur at higher rates but, there appears to be little or no basis for
applications above 240 ppm as a single spray or multiple sprays beyond 600-700
ppm as a total season dose. At these suggested rates, negative responses have
not occurred.
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Table 1. Vegetative growth control with prohexadione calcium (BAS125W) in
5-year-old 'Mercier Redchief Delicious'/MM.106 apple trees. 1994,

Treatment? Wgeké after pggal fall v Mean Total
Conc.(ppm) TimingY 4 8 12 16 Growth
125 7 DAPF 6.1 bed® 4.8 b 4.7 a 2.4 a 18.0 b
250 7 DAFB 4.3 bed 2.3 b 1.8 b 3.0a 11.4 b
375 7 DAPF 4.2 cd 2.1 b 1.1 b 1.9 a 9.3 b
250 PF 3.2d 1.9b 1.9 ab 3.2a 10.2 b
250 14 DAPF 8.2 ab 4.1 b 2.4 ab 2.5a 17.2 b
250 21 DAPF 7.4 abc 3.9b 1.6 b 0.5a 13.56 b
50 PF, 7, 14
and 21 DAPF 4.9 bcd 2.3b 2.8 ab 2.0 a 12.0b
0 Control 10.4 a 15.4 a 2.9 ab 0.6 a 29.3 a

Z Dilute whole-tree sprays with handgun.
Y DAPF = days after petal fall; PF = petal fall.
X Means separation within columns by Duncan's multiple range test, P=0.05
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Table 2. Vegetative growth control in 16-year-old 'Law Rome'/MM.111 apple

trees with single and multiple sprays of BAS125W. 1995.

Average terminal Yield
00 wth (kg/tree)
Treatment? Concn. (ppm) 1995 1996 1995 1996
Single 125 48.1 ab¥ 43.9 a 165 a 30b
Single 250 41.4 be 44.1 a 153 a 88 ab
Multiple 1256 + 125 40.0 ¢ 44.0 a 122 a 161 a
Control 0 54.7 a 42.7 a 119 a 84 ab

Z Single sprays applied with handgun at 5 to 12 cm growth stage (5/15/95).
Multiple sprays applied at 5 to 12 cm shoot growth stage and again 4 weeks

later (6/16/95).

Y Means separation within columns by Duncan's multiple range test, P=0.05.

Table 3. Effect of BAS 125W on terminal shoot growth, pruning time, canopy
volume, and return bloom in 8-year-old 'Kidd's Gala'/M.7A apple trees. 1996.

Treatment Mean total Pruning Canopy Blossom clusters
concn.Z shoot growth time vo lumeY in 1997

(ppm) (cm) (min/tree)  (cu m/tree) (No./sq cm csaX)
0 46.3 a¥ 79 a 31.2 a 3.8 a
125 34.9b 7.3 a 30.9 a 4.2 a
250 29.6 b 6.1 a 26.5 a 4.7 a

Z Sprays applied 10 days after full bloom, 5/10/96.
Y canopy volume = 1/3(area of base)(height - 0.7m).
X csa = cross sectional area

¥ Means separation within columns by Duncan's new multiple range test, P=0.05.
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Table 4. Effect of multiple BAS125W sprays alone or with scoring on terminal
shoot growth in vigorous 8-year-old 'Golden Delicious'/seedling apple trees

t

rained to a 'Y' canopy form. 1996.

Mean terminal

Treatment? shoot growth (cm)
Control 85.8 a¥
375-0-0-0-125 40.4 b
375-0-0-0-125 + scoring 30.5 b

Z Sprays applied with handgun sprayer. Treatment is concn. (ppm) and

weekly interval, ie., 375 = spray @ 375 ppm applied 10 days after full bloom,

0

= no spray, and 125 = 125 ppm applied 4 weeks later.
Y Mean separation by Duncan's new multiple range test, P=0.05.
X Trunk scored with a standard hacksaw blade in a spiral pattern.

Table 5. Effect of multiple BAS125W sprays on shoot growth in vigorous
O-year-old 'Starkspur Golden Delicious'/seedling apple trees trained to a 'Y'

f

orm canopy. 1997.

1 wt m) for:2

Water- Lower Upper All
Treatment CodeY (ppm) sprouts canopy canopy shoots
75-75-125-0-250-100 96.5 bX 15.7 b 33.0 b 38.8b
125-125-0-125-0-250 81.3 b 15.9 b 28.0 b 33.8b
250-0-125-0-125-125 95.5 b 16.6 b 33.1b 39.0 b
0-0-0-0-0-0 159.4 a 28.2 a 62.5 a 68.1 a

48

Z Watersprouts taken from center of canopy; lower canopy shoots from orchard
floor to 1.5 m height; upper canopy from above 2 m height.

Y Individual bi-weekly sprays at designated ppm beginning 7 days after petal
fall except last spray applied at 3 week interval. Total dose applied to
all treatments = 625 ppm.

X Means separation within columns by Duncan's new multiple range test, P=0.05.
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Table 6. Effect of multiple BAS125W sprays on shoot growth in 18-year-old

'Law Rome'/MM.111 apple trees.

1997.

Total Increase in shoot growth (cm)

dose ter nt: Total
Treatm 4 applied 4 8 12 growth

(ppm)
120-0-0-120-0-120-0 360 7.4 de 1.8 b 0.5 ab 13.4 bed
120-60-60-60-60-0-0 360 7.7 cde 1.5 b 0.7 ab 13.6 bed
60-60-60-60-0-60-60 360 9.0 bed 1.4 b 0.5 ab 13.4 bced
240-0-0-120-0-0-0 360 7.1 de 1.4 b 0.5 ab 12.4 cd
60-60-120-0-0-120-0 360 9.7 be 1.2 b 0.4b 14.4 be
240-0-120-0-120-0-0 480 6.0 e 1.5b 0.4 b 10.1d
60-60-0-120-0-0-0 240 10.6 b 2.8b 1.1 ab 16.8 b
0-0-0-0-0-0-0 0 19.7 a 11.3 a 1.3 a 34.5 a

Z Individual sprays applied at 10 day intervals beginning at petal fall at

designated ppm per spray.

Y Means separation within columns by Duncan's new multiple range test, P=0.05.

Table 7. Effect of BAS125W on spray coverage in 18-year-old 'Law Rome'/MM.111

apple trees. 1997.

Height of water- r Y

sensitive card BAS125W Increase (+)
above orchard floor® 360 ppm Check Decrease (=)

1.2 m 48 .5 19.6 + 28.9

2.1 m 26.7 6.9 + 19.8

3.0m 3.1 0.6 + 2.5

3.7m 2.3 11.4 - 9.1

Average 20.2 9.6 + 10.6

Z water-sensitive spray cards, 5.1 X 7.6 cm placed on metal pole in center of
canopy. Airblast sprayer calibrated to deliver 935 |/ha (average tree

row volume = 3740 |/ha).

Y Sigma Scan Pro software used to determine percent surface impacted by spray.
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Not fo lication or distributio

The Influence of AVG on Pre-Harvest Fruit Drop of Apple, and
Harvest Date and Fruit Quality of Peach and Apple

Ross E. Byers

Virginia Polytechnic Institute and State University,
Alson H. Smith, Jr. Agricultural Research and Extension Center,
595 Laurel Grove Road
Winchester, VA 22602

Introduction

AVG is an ethylene-biosynthesis inhibitor (Yu and Yang, 1979, Shafer et al., 1995)
that suppresses ethylene production in apples (Malus domestica Borkh.)(Autio and
Bramlage, 1982; Bangerth, 1978). When applied within 1 month of harvest, AVG delays
fruit ripening, suppresses preharvest and postharvest flesh softening, reduces watercore,
reduces pre-harvest fruit drop, and increases fruit removal force (Autio and Bramlage,
1982; Bangerth, 1978; Williams, 1980).

Dips of AVG delayed softening of peach and nectarine fruit. If pre-harvest sprays
of AVG would delay softening and harvest of peaches, the continued fruit growth might
cause greater fruit size and yields since fruit are rapidly increasing in fruit diameter in the
final swell. In a previous experiment, sprays of AVG did not substantially delay peach fruit
maturation (Byers, 1997a).

The objectives of these experiments were to investigate: 1) adjuvants for
potentiation of AVG for control of preharvest fruit drop, 2) AVG and NAA combinations on
preharvest drop control and fruit quality, and 3) AVG sprays on peaches and apples for
delay of fruit maturity, increased fruit size, yields, and color development.

Materials and Metho

All trees were selected for uniform flowering at bloom and were blocked according
to row and terrain into six blocks for the number of treatments listed in each table.
Specific information about tree size, spray application dates, chemical rates, stage of
development, and temperatures are reported in each table.

Experiment 1. In 1996, ninety 19-year-old 'Redspur Delicious'/MM.111 trees,
selected for uniform crop, were blocked according to row and terrain into 6 blocks for 15
treatments. NAA or ABG 3168 (ReTain, a formulation of AVG) was applied to each
treatment 3 Sept 96 3 weeks before the optimum harvest date (26 Sept). The spray
treatments are listed in Table 1. The sprays were applied with a Swanson 3-pt hitch
airblast sprayer with both fans adjusted to one side to double air output. Trees were
cansidered 75% Tree-Row-Volume (TRV) dilute.
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Three limbs/tree (approximately 50 fruits/tree) were selected and tagged on for
determining fruit drop . Atintervals of about 7 days, fruit on limbs were counted and the
percentage fruit drop was calculated based on fruit remaining on the five limbs/tree. Fruit
remaining on each limb were counted on 22 Oct. In addition, a sample of 10 fruits was
collected from each tree for determining fruit firmness, % soluble solids concentration
(SSC), and ratings for watercore, starch, and fruit color on 26 Sept. and 21 Oct.

In addition, ten fruit samples from the 26 Sept. And 21 Oct. harvest dates were
stored in a commercial cold storage at 32 F and tested on 16 Dec, 11 Feb. and 31 Mar.

Experiment 2. In 1997, sixty-six 14-year-old '‘Law Rome'/MM.111 trees, selected for
uniform crop, were blocked according to row and terrain into 6 blocks for 11 treatments.
NAA or ABG 3168 (ReTain) was applied to each treatment 15 Sept 96, 4 weeks before the
optimum harvest date (15 Oct). The spray treatments are listed in Table 2. The sprays
were applied with a Swanson 3-pt hitch airblast sprayer with both fans adjusted to one
side to double air output. Trees were considered 70% Tree-Row-Volume (TRV) dilute.

Three limbs/tree (approximately 50 fruits/tree) were selected and tagged on for
determining fruit drop . At intervals of about 7 days, fruit on limbs were counted and the
percentage fruit drop was calculated based on fruit remaining on the five limbs/tree. Fruit
remaining on each limb were counted on 29 Oct. In addition, a sample of 10 fruits was
collected from each tree for determining fruit firmness, % soluble solids concentration
(SSC), and ratings for watercore, starch, and fruit color on 17 Oct. and 3 Nov.

In addition, ten fruit samples from the 17 Oct. and 3 Nov. harvest dates were stored
in a commercial cold storage at 32 F and tested in January 1998.

Experiment 3. In 1997, thirty 13-year-old ‘Cresthaven’ trees were selected for
uniform crop and were blocked according to row and terrain into 6 blocks for 5 treatments.
ABG 3168 was applied at either 200g/acre or 1000g/acre to each treatment either 11 or
29 days before the first harvest date (22 Aug.). The spray treatments are listed in Table 3.
The sprays were applied with a Swanson 3-pt hitch airblast sprayer with both fans
adjusted to one side to double air output. Trees were considered 50% Tree-Row-Volume
(TRV) dilute. Six harvests were made from 22 August until 9 Sept. The number and
weight of all fruit from each tree were recorded. At each harvest a 10 fruit sample was
taken from each tree and fruit diameter, estimated % red color, %SSC, and fruit firmness
was taken.

Experiment 4. In 1997, twenty-eight 'Gala '/M27 trees, selected for uniform crop,
were blocked according to row and terrain into 7 blocks for 4 treatments. Three
applications of Accel were applied at 10g/acre each on May 1, May 8, and May 15, and
ABG 3168 was applied to each treatment 21 August 97 2 weeks before the optimum
harvest date of non-treated Gala's on 3 Sept. The spray treatments are listed in Table 4.
The Accel sprays were applied with a Swanson 3-pt hitch airblast sprayer, and the ABG
3168 was applied with a low pressure hand-wand sprayer. Trees were considered 20%
Tree-Row-Volume (TRV) dilute. 51



Byers #3

At intervals of about 7 days, 3 fruit/tree were harvested for determining ethylene
evolution, fruit firmness, % soluble solids concentration (SSC), and ratings for watercore,
starch, and fruit color on 3 Sept. and 25 Sept. In addition, 5 fruit were tagged and fruit
diameters were taken each week.

ults a iscussion

Experiment 1. ABG-3168 (50 g/A) reduced fruit drop of ‘Redspur"Delicious’/MM111
slightly better than 20 ppm of NAA (Table 1). ABG-3168 (50 g/A) at the optimum harvest
date maintained fruit firmness approximately 1 |b higher than the non-treated control and
the NAA treatment on the 30 Sept. harvest date (Table 1B). ABG-3168 (50 g/A)
maintained fruit firmness 3.0 Ibs higher than the non-treated control, and 3.5 Ibs higher
than the NAA treatment when harvest about 4 weeks (22 Oct) after the optimum harvest
date (30 Sept) (Table 1C).

Fruit samples from the 30 Sept and 22 October harvest dates were followed during
regular cold storage for softening, starch, SSC, and watercore. Fruit harvested on 30
Sept. Were more firm at each time fruit were taken out of cold storage (16 Dec, 11 Feb,
and 31 Mar). by aproximately 2 Ibs. Fruit harvested on 21 October were not as firm for all
treatments as if harvested on 30 Sept. However, the AVG treatments harvested 21
October were as firm as the controls from the 30 Sept harvest when tested on 16 Dec, 11
Feb, and 31 Mar (Tables 1B&C). Water core in the late harvested fruit disappeared in
cold storage by 1 Apr. On 21 Oct. AVG at the higher rate (trt#s 5, 9, 13, 15) and with
surfactant reduced water core substantially.

Experiment 2. ABG-3168 (50 g/A) + reduced fruit drop of ‘Rome'/MM111 better
than 20 ppm of NAA (Table 2A). NAA had unacceptable control of fruit drop. No
differences were found between the 40g or 50g rates of ABG-3168. The use of either
surfactant (ABG-7011 or BBG-7042 at 0.1% or 0.05% did not appear to potentiate ABG-
3168 (Table 2A).

ABG-3168 (50 g/A) at the optimum harvest date (Oct 17) maintained fruit firmness
approximately 1.5 Ib higher than the non-treated control, and 4.2 Ib. higher than the NAA
treatment (Table 2B). ABG-3168 (50 g/A) maintained fruit firmness 3.9 Ibs higher than the
non-treated control, and 4.1 Ibs higher than the NAA treatment when harvest about 2
weeks after the optimum harvest date (3 Nov)(Table 2B). Interestingly, the ABG-3168 (irt
5) on Nov. 3 was 1.1 b more firm than the NAA treated fruit (trt 2)on Oct 17. The
combination of NAA and ABG-3168 (trt 11) was just as firm as the NAA treatment on Oct
17 (Table 2B).

Experiment 3. ReTain delayed harvest (Table 3A), delayed red color (Table
3B)and increased firmness (Table 3B) of ‘Cresthaven’ peach fruit, and did not affect the
average fruit weight of all fruit (Table 3A). However, the single fruit weight for individual
pick dates were different with the highest rate closest to harvest reducing fruit weight the
greatest (Table 3C). The 1000g/acre application 11 days prior to harvest was more
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effective than at 29 days prior to harvest, and the 1000 g rate was more effective than the
200 g rate.

Fruit from the 1000g/acre application harvested 29 August, stored for 5 days at
room temperature (24 C) (Table 3D), were more firm than the control, delayed red color,
fruit diameter was smaller and single fruit weight lower, but SSC was unaffected.

Experiment 4, Approximately 2/3 of the fruit were hand thinned from these trees
due to a heavy fruit set to a uniform crop load. Data from the 10 fruit sample indicated fruit
diameter was smaller for treatments 2&3. Since fruit were smaller, this may have affected
data on fruit firmness, SSC, Starch, etc. (Table 4A). The L/D ratio was increased by Accel
(trts 2&4), but fruit weight did not appear to be affected in the second pick (25 Sept.).
ReTain + Accel increased fruit firmness where as Accel may have reduced it (25 Sept.).
Soluble solids and color were reduced and starch increased by ReTain (Trt #s 3&4)
(Table 4A).

Data from the 3 fruit sample taken Aug 28, Sept 4, Sept 11, and Sept 18 indicated
no differences in fruit diameter, fruit weight or fruit firmness, but Accel appeared to
increase the L/D ratio in treatment #2&4 for Sept 18. Retain reduced SSC on Sept 11 and
Starch red color and ethylene on Sept 4, Sept 11 and Sept 18 (Table 4C).
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Table 1A. Effect of ABG 3168 and NAA on fruit drop of 'Redspur Delicious'/111 (1996).

No. TreatmentZ Rate Rate/ % Fruit Drop
g/acre 50 gal Sept Sept Oct Oct Oct Oct
(gallon) 18 24 2 9 17 22
1. W Control 0.594 aY 452a 9.81a 14.0a 28.28a 40.09a
2. R NAA 20 ppm 438 ml/100219ml 0.000a 0.00b 1.19b 2.14bc 8.87bc 13.77 bc
3. B ABG-3168 50g/400 41.7g 0.273a 0.27b 1.37b 2.18bc 3.89bc 4.44 cde
+ ABG-7011 (0.1%) 189.5 mi
4. FO ABG-3168 50g/200 83.3g 0.000a 0.31b 0.60b 091bc 237c 2.65de
+ ABG-7011 (0.1%) 189.5 ml
5. LG ABG-3168 50g/100 167g 0.513a 1.08b 191b 245bc 2.77c 4.47 cde
+ ABG-7011 (0.1%) 189.5 ml
6. PBKS ABG-3168 409/400 33.6g 0.260a 0.26b 0.26b 051bc 1.97c 2.78de
+ ABG-7011 (0.1%) 189.5 ml
7. OBKS ABG-3168 30g/400 25.0g 0617a 1.23b 1.86b 250bc 439c 5.31cde
+ ABG-7011 (0.1%) 189.5 mi
8. RBKS ABG-3168 30g9/200 50.0g 0.000a 0.00b 0.58b 0.85bc 2.87c 4.04 cde
+ ABG-7011 (0.1%) 189.5 mi
9. BBKS ABG-3168 30g/100 100.0g 0.000a 0.30b 1.10b 1.10bc 3.92bc 4.83 cde
+ ABG-7011 (0.1%) 189.5 mi
10. YBKS ABG-3168 509/200 83.3g 0.000a 0.00b 1.16b 2.11bc 7.16 bc 12.24 bed
11. RS ABG-3168 409/200 67.26g 0.000a 0.28b 0.28b 0.28c 161c 2.73de
12. BS ABG-3168 309/200 50.0g 0.000a 1.28b 254b 4.05b 13.72b 20.25b
13. RD ABG-3168 509/200 83.3g 0.000a 0.00b 061b 061bc 1.51c 2.76de
+ ABG-7011 (0.05%) 95 mi
14, BD ABG-3168 30g/200 50.0g 0.000a 0.29b 0.29b 1.22bc 2.63c 3.81cde
+ ABG-7011 (0.05%) 95 ml
15. Y ABG-3168 100g/200 167g 0000a 000b 144b 144bc 209c 264e
+ ABG-7011 (0.05%) 95 ml
Contrasts: Comparisons Pr>F P>F PrF PrF PreFE PreF
1Vs2 Control Vs NAA ns i e i bl bl
2Vs3,4,5,10,13 NAA Vs ABG (509) ns ns ns ns * *
2VsS$S NAA Vs ABG 50g+0.1% ns ns ns ns ns ns
surfactant
2Vs6 NAA Vs ABG (40g) ns ns ns ns *
2Vs7389 NAA Vs ABG (30g) ns ns ns ns ns
2Vs12 NAA Vs 30g (no surfactant) ns ns ns ns ns ns
2Vs 13 NAA Vs ABG 50g+0.05% ns ns ns ns * .
surfactant
2Vs14 NAA Vs ABG 30g ns ns ns ns ns *
(0.05% surfactant)
13Vs 15 ABG (50g Vs 100q) ns ns ns ns ns ns
345Vs7,89 ABG (509 Vs 30g) ns ns ns ns ns ns
3,456,7,89Vs 10,11,12  Surfactant Vs no surfactant ns ns ns ns il e
48Vs 13,14 Surfactant (0.01% Vs 0.05%) ns . ns ns ns ns ns
Regression of water rate 11345789 P>F PeF PrF PeF PrF PrF
100 gal to 400 gal / acre L ns ns ns ns ns ns
Q ns ns ns ns ns ns
L+Q ns ns ns ns ns ns
Regression of chemical rate trts
0 to 50g 1.3.456,7.8,9.10.11
12,13.14
L ns ns ns ns ns ns
Q ns ns ns ns ns ns
L+Q ns ns ns ns * ns

ZAl treatments were applied with an airblast machine at 100 gals/acre on 3 Sep 96.
Tree size was considered to be 75% TRV.

YMean separation within columns by Duncan's new multiple range test;(P< 0.05).
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Table 1B. Effect of ABG 3168 and NAA on fruit quality of ‘Redspur Delicious’/111 harvested 26 Sept 1996.

No. Treatment? Chemical Water Fruit firmness ( Ib.) Starch {1-5 rating) Soluble solids{%) Water Core (% Fruit)
rate volume  Sept Dec Feb Mar Sept Dec Feb Sept Dec Feb Mar Sept Dec Feb
gfacre galfacre 26 16 1 31 26 16 11 26 16 11 31 26 16 11

1. Control 16.0dY 149¢c 13.6¢ 13.3b 4.2ab 50a 50a 10.3a 11.3a 11.2ab 11.1ab 0a Oa Oa

2. NAA 23 100 16.6cd 14.5c 13.6c 13.6b 4.4 a 5.0a 50a 10.4a 11.2a 11.3ab 109abc Oa Oa 0a

5. ABG-3168 50 100 17.2bc 16.1b 154ab 143 ab 4.1b 5.0a 5.0a 99a 109ab 11.0ab 10.8abc 0Da Oa Oa
+ABG-7011
{0.1%)

9. ABG-3168 30 100 18.0a 16.2ab 15.7ab 1492 4.1b 50a 35¢b 98a 10.8ab 10.7bc 10.6bc 0Oa Oa Oa
+ABG-7011
{0.1%)

10. ABG-3168 50 200 17.0bc 16.4a3b 152ab 14.1ab 4.2ab 5.0a 50a 10.2a 11.0ab 11.2ab 10.8abc 0a Oa 0a

12. ABG-3168 30 200 17.4b 16.0b 15.0ab 14.1 ab 4.2ab 5.0a 50a 10.3a 11.2a 11.42a 114a Oa 0a 0a

13. ABG-3168 50 200 17.0bc 16.0b 14.8b 14.2ab 4.1ab 5.0a 50a 10.1a 11.2a 116a 11.2ab 0Oa Oa Oa
+ABG-7011
{0.05%)

15. ABG-3168 100 200 17.2bc 169a 159 a 15.0a 43a3b 50a 50a 9.8a 104b 103c 10.2¢ Oa Oa 0a w
+ABG-7011 S
{0.05%} a

rison St

1Vs2 Contral Vs NAA ns ns ns ns ns ns ns ns ns ns ns ns ns ns o

2VsS NAA Vs ABG (509+0.1% ns i e ns . ns ns ns ns ns ns ns ns ns

surfactant)

2Vs 9 NAA Vs ABG (30g) ane o o * * ns ns. . ns ns ns ns ns ns

2Vvs 10 NAA Vs ABG (509) ns soe b ns ns ns ns ns ns ns ns ns ns ns

2Vs 12 NAA Vs 30g (no * b e as ns ns ns ns ns ns ns ns ns as

surfaciant)

2Vs13 NAA Vs ABG (50g+0.05% ns o . ns . ns ns ns ns ns ns ns ns ns

surfactant)

2Vs 15 NAA Vs ABG ns aee - ns ns ns ns * e * ns ns ns

(100g+0.05% surfaciant)

5Vs9 ABG (50g Vs 309) - ns ns ns ns ns ns ns ns ns ns ns ns ns

5Vs 10 Surfactant Vs no ns ns ns ns ns ns ns ns ns ns ns ns ns ns

surfactant

5Vvs 13 ABG (0.1% Vs 0.05% ns ns ns ns ns ns ns ns ns M ns ns ns ns

surfactant)

13Vs 1§ ABG (50g Vs 100g) ns ¢ ¢ ns ns ns ns ns . bl b ns ns ns

$59Vs 10,12  Surfactant Vs no ns ns ns ns ns ns ns ns ns . ns ns ns ns

surfactant

ZAIll treatments were applied with an airblast machine at 100 gal/ acre on 3 Sep 96. Tree size was considered to be 75% TRV.
YMean separation within columns by Duncan’s new multiple range test;{P< 0.05).
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Table 1C. Elfect of ABG 3168 and NAA on fruit quality of ‘Dalicious’/111 harvested 21 Oct 1996.

No. Treatment? Chemical Water Fruit firmness { Ib.) Starch {1-5 rating} Soluable solids{%) Water Core {% Fruit)
rate volume Oct Dec Feb Apr Oct Dec  Feb Oct Dec Feb Apr Oct Dec Feb Apr
g/acre gallfacre 21 17 10 1 21 17 10 21 17 10 1 21 17 10 1
1. Control 13.5bY 126¢cd 119¢c 105¢ 49a 50a 50a 1.7 a 11.8a 1143 11.2a 73ab 48ab 5a 00a
2. NAA 23 100 13.0b 12.2d 11.8¢ 103¢c 49a 5.0a 50a 11.4abc 1183 11.2a 114a 82a 60a 8a 0.1a
5. ABG-3168 S0 100 16.2 a 15.3ab 13.7ab 1t1.0ab 46b 5.0a 5.0a 10.8 abc 11.0ab 11.0a 109a 10c¢c 2¢ Oa 0.1a
+ABG-7011
10.1%)
9, ABG-3168 30 100 16.0a 15.7 ab 13.8ab 123 ab 46ab 50a 650a 10.6¢c 11.0ab 11.5a 11.0a 3¢ 17 be Oa 00a
+ABG-7011
(0.1%)
10. ABG-3168 50 200 15.6 a 143 be 125bc 11.2bc 4.7ab 5.0a 50a 11.48abc 1163 1143 1142 S51b 27 abc Oa 0.0a
12. ABG-3168 30 200 155 a 13.9bed 126bc 10.4c 48ab 5.0a 50a 11.8 ab 11.5ab 11.7a 11.5a 63ab 27abc Oa 0.0a
13. ABG-3168 50 200 159 a 14.8b 12.8bc 11.1bc 4.7ab 5.0a 5.0a 11.48abc 11.8a 11.3a 115a 18 ¢ 3¢ Oa 00a
+ABG-7011
{0.05%)
15. ABG-3168 100 200 16.1a 170a 15.2a 12.6a 47ab 5.0a 50a 10.7 be 10.6b 10.9a 105a S5c Oc Oa 0.0a
+ABG-7011
{0.05%)
Contrasts Comparisong
1Vs2 Control Vs NAA ns ns ns ns ns ns ns as ns ns ns ns ns ns ns
2VsS NAA Vs ABG (509+0.1% o b . . . ns ns ns ns ns ns o - ns ns
surfactant)
2Vs9 NAA Vs ABG (309) see oo . . . ns ns * * ns ns o - ns ns
2Vs 10 NAA Vs ABG (50g) oo * ns ns ns ns ns ns ns ns ns . ¢ ns ns
2Vs 12 NAA Vs 30g (no surfactant) *** * ns ns ns ns ns ns ns ns ns ns ns ns ns
2Vs13 NAA Vs ABG (509+0.05%  *** . ns ns ns ns ns ns ns ns ns b - ns ns
surfactant)
2Vs15 NAA Vs ABG b b b e ns ns ns ns b ns ns i - ns ns
(1009+0.05% surfactant)
5Vs9 ABG (509 Vs 30g) ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
5Vvs 10 Surfactant Vs no surfactant ns ns ns ns ns ns ns ns ns ns ns - ns ns ns
5Vvs 13 ABG (0.1% Vs 0.05% ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
surfaciant)
13Vs 15 ABG (509 Vs 100g) ns . bl . ns ns ns ns . ns . ns ns ns ns
$.9 Vs 10,12  Surfactant Vs no surfactant _as * . - ns ns ns - as ns ns o s ns ns

L # s1fg

ZAN reatments were applied with an airblast machine at 100 gal/ acre on 3 Sep 96. Tree size was considerad to ba 75% TRV.
¥Mean separation within columns by Duncan’s new multipta range test;{P< 0.05).
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Table 2A. Effect of ABG 3168 and NAA on fruit drop of ‘Law Rome'/111 (1997).
No. Color  Treatment®
Rate Rate/ % Fruit Drop
{(g/acre) 50 gal Sept Sept  Oct Oct Oct Oct Oct
{gatlons/acre) 17 24 1 8 15 22 29
1. W Control Oa O0a 1.0ab 13a 41 a 59 a 73a
2 R NAA 292 mi/100 146 ml Oa Oa 50a 13ab 29ab 45ab 71a
+ ABG-7011 (0.1%) 189.5 ml
3 B ReTain (15%) 50g/100 167 g Oa Oa 1.0ab 4bc  12bc  21cd 25 be
4. FO ReTain (15%) 409/100 134 g Oa Oa 1.0ab 3c 6cd 13cd 22 bed
5 HP ReTain (15%) 50g9/100 167 g Oa Oa 0.4 ab 1¢ 4cd 10de 13 cd
+ ABG-7011 (0.1%) 189.5 ml
6. Y ReTain (15%) 509/100 167 g Oa Oa 2.0ab S be 9c¢d 17cd 22 bed
+ ABG-7011 (0.05%) 95 ml
7. BK ReTain (15%) 40g/100 134 g Oa 0a 00b 3bc 15bc 28bc 34b
+ ABG-7011 (0.1%) 189.5 mi
8. FOBKS ReTain (15%) 40g9/100 134 g Oa Oa 20ab 3bc 12bc 18cd 28 bc
+ ABG-7011 (0.05%) 95 mi
9. PBKS ReTain (15%) 50g/100 167 gg Oa Oa 0.4 ab 2¢ 8cd 17cd 19 bed
+ ABG-7042 (0.1%) 189.5 m!
10. RD ReTain (15%) 50g/100 167 g Oa Oa 1.0ab 2c 6cd 10cde 12cd
+ ABG-7042 (0.05%) 85 ml
11. BD ReTain (15%) 50g/100 167 g Oa Oa 00b 1c 1d 2e 9d
+ ABG-7011 (0.1%) 189.5 m|
NAA 292 mi/100 146 m)
Contrasts; Comparisons Pr>F Pr>f Pr>F Pr>F Pr>F P>E Pr>F
1vs 2 Control Vs NAA+ ABG-7011 ns ns ns ns ns ns ns
2vs$§ NAA + ABG-7011 vs ns ns ns i o ese oo
ReTain (50g)+ ABG-7011 (0.1%)
2vs 11 NAA vs + ABG-7011 ns ns . bl o e s
NAA + ReTain (50g)+ ABG-7011 (0.1%)
3vs4 40g vs 50g Retain ns ns ns ns ns ns ns
3vsd ABG-7011 vs none (ReTain 50g) ns ns ns ns ns ns ns
4vs7 ABG-7011 vs none (ReTain 40g) ns ns ns ns ns ns ns
Svs7 ReTain (50g) + ABG-7011 (0.1%) vs ns ns ns ns ns o i
ReTain (40g)+ ABG-7011 (0.1%)
6vs8B ReTain 50g + ABG-7011 (0.05%) vs ns ns ns ns ns ns ns
ReTain (409)+ ABG-7011 (0.05%)
579vs 6,810 0.1% vs 0.5% surfactant (ReTain 50g) ns ns * ns ns ns ns
Svs 11 ReTain (50g) + ABG-7011 (0.1%) vs ns ns ns ns ns ns ns
NAA + ReTain (50g)+ ABG-7011 (0.1%)
34vs56,78 no surfactant vs ABG 7011 (ReTain 50g) ns ns ns ns ns ns ns
3vs 9,10 RaTain (50g) vs ns ns ns ns ns ns ns

ReTain (50g) + ABG 7042

<All treatments were applied with an airblast machine at 100 gals/acre on 15 Sept 97. Tree size was
considered to be 50% TRV.
YMean separation within columns by Duncan's new multiple range test;(P< 0.05).
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Table 2B. Effect of ABG 3168 and NAA on fruit quality of 'Law Rome’/111 harvested Oct 17 and Nov 3 (1997).

6 # s19kg

No. Treatment? Chemical Rate/ Fruit firmness Starch Soluble solids Water Core Red color
{1b.} {1-8 rating) (%) {1-5) (%)
rate Oct Nov Oct Nov Oct Nov Oct Nov Oct Nov
g@cre/100L50@ 17 3 17 3 17 3 17 3 17 3
1. Control 17.80Y 1240 7.00a 7.77 a 12.0 ab 12.2a 0.0b 00a 93.8bcd 98.0ab
2. NAA 292 mi/ 100 146 mi 15.2 ¢ 12.2b 7.06 a 7.66a 12.7 a 12.4a 0.0b 00a 98.3a 98.4 a
3. ReaTain (15%) 50g/100 167 g 19.6 a 15.8a 7.02 4 7.70a 12.0ab 124a 0.0b 0.0a 91.2d 96.1 b
8. ReTain (15%) 50g/100 167 g 19.4 a 16.3a 6.48 b 7.46 Db 12.7 a 13.1a 0.0b 0.0a 97.0 ab 97.8 ab
+ ABG-7011 (0.1%) 379g/100 189.5 ml
9. ReTain (15%) 50g/100 167 g 18.0a 16.0a 7.10 a 7.72a 116Db 12.2a 0.6a 0.0a 93.0 cd 96.4 ab
+ ABG-7042 (0.1%) 379g/100 189.5 mi
11. ReTain (15%) 5§0g/100 167 g 189 a 15.7 a 6.68ab 7.58 ab 12.7 a 13.1a 0.2ab 043 956.5abc 97.5 ab
+ABG-7011 (0.1%) 379g/100 189.5 ml
+NAA 292 mi/100 146 mi
Contrasts Comparisons Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F
1Vs2 Control Vs NAA bl ns ns ns ns ns ns ns * ns
2Vs$5 NAA + ABG-7011 vs sae oo i . ns ns ns ns ns ns
ReTain (50g)+ ABG-7011 (0.1%)
2Vs 9 NAA Vs ABG (30g) v - ns ns v ns . ns b ¢
2Vs 11 NAA vs + ABG-7011 ik b ns ns ns ns ns ns ns ns
NAA + ReTain (50g)+ ABG-7011
{0.1%)
3VvsH ABG7011 vs none (ReTain 50g) ns ns * . ns ns ns ns b ns
3Vs9 ReTain (50g) vs ns ns ns ns ns ns . ns ns ns
ReTain (50g) + ABG 7042
§Vs9 ABG-7011 (0.1%) Vs ABG-7042 ns ns - o * ns ot ns . ns
(0.1%)
ZAll treatments were applied with an airblast machine at 100 gals/acre on 15 Sept 97. Tree size was
considered to be 50% TRV.
¥Mean separation within columns by Duncan's new multiple range test,(P< 0.05).
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Table 3A. Effect of airblast AVG (Retain) on *Cresthaven’ fruit weight and quality (1997).
No. Color Treatmemt?Y Rate/ Rate Application date Cumulative % fruit Cumulative % fruit picked Avg. cumulative fruit wt, Avg. wt.
acre 100gal/  (days before Pick 1) weight in cach pick /cm? cross 1 tree fem? (based on number) picked /cm2 cross { fruit
scctional arca (kg) cross sectional arca scctional area (kg) e
acre (Pick 1= Aug 22) Aug Aug Aug  Scpt Scpt Sept Aug Aug  Aug  Scpt Scpt Sept  Aug Aug Aug  Sept  Sept  Sept Sept
22 26 29 25 9 22 26 29 2 5 9 22 26 29 2 5 9 9
W Control 7a¥ 29a 57a 93a 9a 100a 6a 20a 49a 88a 94a 100a 0052 0223 043a 0.66a 068a 0.7]1a 237a
2 B AVG Retain 200g 1,333 29 e~ 20ab 4Gabc 8la 92abl00a - J6a 4la 78a 8%ab 100a - 0.12a 0.28 ab 0.50ab 0.56a 0.60 a 228a
+ ABG-7011 473ml 473 ml
3 R AVG Retain 1000g 6,667 g 29 -~ 16b 39bc 65b 86b 100a - 13a 35ab 61b 83b 1002 - 0.10a 0.23b 038b 0.50a 0.59a 222a
+ ABG-7011 ABml 473 ml
4 Y AVG Retain 200g 1,333 g 11 6a 27b 52ab 85a 95a l00a S5a 19a 43a 8a 93a 100a 0.03a 0.15a 0.29ab 0.47ab 0.54a 0.57a 244a
+ ABG-7011 473 ml 473 ml
5 FO AVG Retain 1000g 6.667 g 11 - 16b 32¢ 52b 74c 100a -~ 13a 26b 47¢ 72¢ 100a -- 0.11a 0.22b 035b 0.51a 0.69a 233 a
+ ABG-7011 473ml 473 ml
ZFull Bloom: (3 April). Harvest dates: Aug 22, Aug 26, Aug 29, Sept 2, Sept 5, Scpt 9.
YA treatments including the control were hand thinned prior to treatments Junc 7-10.
XMean scparation within columns by Dunican’s new multiple range test, P<0.05.
Table 3B. Effcct of airblast AVG (Retain) on ‘Cresthaven’ fruit weight and quality (1997).
No. Color Trcatment?y Rate/ Rate Application daic Fruit diamcter (cm) Red Color (%) Fruil firmness (ibs)
acre 100gal/ (days before Pick 1)
acre (Pick 1=Aug 22) Aug  Aug Aug Scpt  Sept  Sept Aug Aug Aug Sepl Sept Scpl Aug  Aug Aug  Scpt  Sept  Sept
22 26 29 2 5 9 22 26 29 2 5 9 22 26 29 2 5 9
1 W Conurol 7.77aN 8072 8.13a 8040 - - 45a 56a 62a 70a - - 183b 156b 120c 82¢c - -
2 B AVG Rctain 2y 1333 g 29 7.65ab 7.87a 8.12a E.1la 7836 79 40a Slab 58a 63bc 62a 78a 199ab 183ab 14.2bc 116b 1022 76a
+ ABG-7011 B3ml 43 ml
3 R AVG Retain 1000g 6667 g 29 7.43b 763a 793a 7.87a 7.93ab 7752 35a 47b 57a 64bc 68a 60D 219a 1952 145b 129ab 123a 10.1a
+ABG-7011 43 ml 473 ml
4 Y AVG Retain 2008 1,333 g 11 787a 807a 8.16a 825a 860a - 39a Slab 60a 67ab 73a - 207a 16.7b 14.1bc 109b 138a —
+ ABG-7011 4B wml 473 ml
S FO  AVGRetain 1000g  6.667 ¢ 11 7.34b 7.75a 7.82a 7.89a 800ab 7842 35a 46b 50b 60c 65a 78a 21.5a 205a 196a 147a 1442 12])a
+ ABG-7011 _ 473ml__ 473 ml

ZFull Bloam: (3 April). Harvest dates: Aug 22, Aug 26, Aug 29, Scpt 2. Sept 5, Sept 9.
NAl treatmeis including the contrul wese hand thinnied prior to treatments Junc 7-10,
NMean separation within columns by Duncan’s new mulliple range test, P<0.05.
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Table 3C. Effect of airblast AVG (Retain) on ‘Cresthaven® fruit weight and quality (1997).

No. Color TrcatmentZY Ratc/ Rate Application date Soluble solids concentration Single fruit wt.
acre 100gal/ (days before Pick 1) (%) (4]
acre (Pick 1= Aug 22) Aug Aug Aug Sept Scpt  Sept Aug Aug Aug Sept Sept Sept
22 26 29 2 5 9 22 26 29 2 5 9
| Control 122a%124a 12.9a 1303 -- - 226.3ab 247.4a 2578ab 2589a - -
2 B AVG Retain 200g 1,333 g 29 11.7a 12.1a 1252 1272 ll.4c 11.0a 2183 abc 228.2a 257.5ab 2594a 2240b 2268a
+ ABG-7011 473ml 473 ml
3 R AVG Rclain 1000g 6,667 g 29 119a 12.2a 12.6a 13.0a 13.1ab133a 2013bc 213.8a 2477ab 232.9a 240.6b 221.8a
+ ABG-7011 473ml 473 ml
4 Y AVG Retain 200g 1,333 ¢ 1 [2.1a 123a 128a 133a 12.0bc- 233.4a 2448a 2658a 2674a 3062a --
+ ABG-7011 4Bml 473 ml
5 FO AVG Retain 1000g 6,667 g 11 12.2a 12.5a 12.6a 133a 13.6a 134a 193.7¢ 222.1a 2244b 238.1a 2443ab 2149a
+ ABG-7011 473 ml 473 ml
ZFull Bloom: (3 April). Harvest dates: Aug 22, Aug 26, Aug 29, Scpt 2, Sept 5, Scpt 9.
YAl treatments including the control were hand thinned prior to treatments June 7-10.
XMean separation within columns by Duncan's new multiple range test, P<0.05.
Table 3D. Effect of pre-harvest sprays of AVG (Retain) on ‘Cresthaven’ peach fruit quality after 5 days of storage at 24°C (1997).
No. Color Trcatmem?Y Rate / Rate Application date Fruil Soluble Red Fruit Single
acre 100gal/ (days beforc Pick 1) firmness solids conc. Color diameter fruit wi.
(lbs) (%) (%) (cm) g
acre (Pick 1= Aug 22) Aug  Scpt Aug  Sept Aug Scpt Aug Scpt Aug Scpt
29 K} 29 3 29 3 29 3 29 3
1 W Control 120¢¥ 248b 129a130a 62a 6%9a 8.13a 7.96a 257.8ab 2526a
B AVG Retain 200g 1,333 g 29 14.2bc 298b 125a124a 58a 62b 8.122 7.98a 257.5ab 2514a
+ ABG-7011 4 ml 473 mi
3 R AVG Retain 1000g 6,667 g 29 14.5b 4.20b 126al26a 57a 63b 7.93a 7.70ab 247.7ab 2209a
+ ABG-7011 47 ml 473wl
4 Y AVG Retain 200g 1,333 g 11 14.1bc 297b 128a130a 6GDa 66ab 8.16a 7.97a 2658a 2509a
+ ABG-7011 473 ml 473 ml
5 FO AVGRcain 1000g  6,667g 13 196a 9.02a [(26al29a 50b 52¢ 782a 7.58b  2244b 2228a
+ ABG-7011 473 ml 473 ml
ZEull Bloom: (3 April). Harvest dates: Aug 22, Aug 26, Aug 29, Scpt 2, Sept 5, Scpl 9.
YAl treaiments including the control were hand thinned prior to treatments June 7-10.
NMecan scparation within columns by Duncan's new multiple range test, P<0.05.
£ 13 1 j j 3 3 3 k| i ] 3 E ] 3 3 k]
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Table 4A. Effect of Accel and Retain on fruit growth and fruit quality of ‘Gala*/M. 27 {1997).

No. Color Treatment?Y  Rate/acre Rate/ Rate Spray Fruit/cm? Fruit Length/ Fruit Fruit Soluble  Starch Red Stem end
100 gal/ 100 gal g¢or timing cross sectional diameter diameter weight firmness  solids {1-8 rating) color Cracking
acre mifliter area trunk {cm) ratio {gm) {Ib.} (%) (%) (%)
(airblast) (hand sprayer} {May 30)

Hand thinned

Before | After

Pick # 1 {3 Sept)

1. W Control 16.5a%*5.5a 6.77a 0.84c - 22.3ab 15.7a 6.3a 81a Sa
2. B Acce! 10 g 526 mi PF 19.3a 56a 6.55b 088ab - 21.8b 15.2b 6.8a 76 a Oa
+ Accel 10¢ 526 ml PF + 7 ’
+ Accel 10 ¢ 526 mil PF + 14
3. R Retain {AVG) 0.882 g (132 ppm) Aug.21 183a 58a 650b 0.82bc - 22.8ab 148¢c 55b 57b Oa
+ ABG 7011 1mi
4. FO Retain (AVG) 0.882 g (132 ppm) Aug.21 184a 57a 6.63ab 0.89a - 23.1a 14.5c 4.2 ¢c 50c 0a
4+ ABG 7011 1mi .
+ Accel 10g 526 mi PF *g
+ Accel 109 526 mi PF + 7 ]
+ Accel 10 g PF + 14 3
o
Pick # 2 {25 Sept)
1. W Contro! 16.5a 5.5a 6.79a 0.841b 14253 19.1 b 171 a 7.5a 92 a 3a
2. B Accel 10g 526 ml PF 19.3a 5.6a 6.63a 0.857 ab 134.8a 17.1¢ 171 a 7.7 a 90ab b5a
+ Accel 10g 526 ml PF + 7
+ Accel 10 g 526 mi PF + 14
3. R Retain (AVG) 0.882 g {132 ppm) Aug.21 1832 58a 689a 0.846b 148523 19.9b 15.8 b 65b 85bc 2a
+ ABG 7011 1ml
4. FO Retain (AVG) 0.882 g (132 ppm) Aug.21 18.4a 57a 6.83a 0.874a 151.8a 21.6a 15.7b 6.4b 83c 2a
+ ABG 7011 1 mi
+ Accel 10¢g 526 ml PF
+ Accel 10g 526 mi PF + 7
+ Accel 10g PF + 14

ZFull bloom occurred 25 April 1997. PF occurred 1 May 1997,

Yaccel treatments were applied 1 May, 8 May, and 15 May . Airblast sprayer was calibrated for 100 gal/acre (lrees were 20 feel between rows, lree wideth was 4 feet,
and tree height was 10 fl (20% TRV). Retain treatments were applied with a hand-wand sprayer on Aug.21.

XMean separation within columns by Duncan's New Multiple Range Test; (P < 0.05).
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Table 4B. Effect of Accel and Retain on fruit growth and fruit quality of ‘Gala‘'/M. 27 (1997).
No.Treatment?Y  Rate/acre Rate Spray Fruit/cm?
100 gal/ gor timing cross sectional
acre mi/liter area trunk
{airblast) (hand sprayer) {May 30)
Hand thinned Fruit diameter (cm) Length/diameter ratio
Before | After Aug Sept Sept Sept Aug Sept Sept Sept
28 4 11 18 28 4 11 18
1. Control 16.5aX55a 6.47a 6.29a 691a 6.92a 0.878a 0.875a0.838b 0.838b
2. Accel 10g PF 19.33 56a 6.44a 6.37a 6.78a 6.84a 0.888a 0.887 a 0.867 ab 0.862 ab
+ Accel 10g PF + 7
+ Accel 10g PF + 14
3. Retain (AVG) 0.882 g {132 ppm) Aug.2% 183a 58a 6.35a 6.19a 6.72a 6.87a 0.878a 0.891a0.874a 0.840b
+ ABG 7011 1 mi
4. Retain {(AVG) 0.882g{132ppm) Aug.2) 184a 5.7a 6.54a 6.39a 6.92a 697a 0.912a 0.897a0.865ab 0.878a
+ ABG 7011 1 mi
+ Accel 10¢g PF
+ Accel 10g¢g PF + 7
+ Accel 10g PF + 14
Fruit weight {gm) Fruit firmness (Ib)
1. Control 16.5a 5.5a 137.0ab 129.6a 148.0a 146.7a 24.2a 21.4a 19.8ab 183D
2. Accel 10¢g PF 19.3a 5.6a 1389ab 131.6a 146.3a 147.6a 23.7a 20.7a 19.6b 186D
+ Accel 10g PF + 7
+ Accel 10g PF + 14
3. Retain (AVG) 0.882¢g (132 ppm) Aug.21 183a 5.8a 1329b 124.2a 140.0a 1464a 24.2a 22.0a 21.13 204a
+ ABG 7011 1 ml
4. Retain (AVG) 0.882g(132ppm) Aug.21 184a 57a 1484a 136.5a 151.6a 1574a 244a 224a 21.2a 20.1a
+ ABG 7011 1 ml
+ Accel 10g PF
+ Accel 10¢g PF + 7
+ Accel 109 PF + 14

ZFull bloom occurred 25 April 1997. PF occurred 1 May 1997,
Accel treatments were applied 1 May, 8 May, and 15 May . Airblast sprayer was calibrated for 100 gal/acre (trees were 20feet between rows, tree wideth was 4 feet,
and tree height was 10 ft (20% TRV). Retain treatments were applied with a hand-wand sprayer on Aug.21.
XMean separation within columns by Duncan's New Multiple Range Test; (P < 0.05).
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Table 4C. Effect of Accel and Retain on fruit growth and fruit quality of ‘Gala‘’/M. 27 {1997).
No. TreatmentZY Rate/acre Rate Spray Fruit/cm?
100 gal/ gor timing cross sectional
acre mi/liter area trunk
{airblast) {hand sprayer) {May 30)
Hand thinned Soluble solids {%) Starch (1-8)
Before |After Aug Sept Sept Sept Aug Sept Sept Sept
28 4 11 18 28 4 11 18
1. Control 16.6a 5.5a 1451a 154a 16.2a 16.1a 538a 7.00a 7.43a 7.52a
2. Accel 10g PF 19.3a 5.6a 14.47ab 155a 15.9a 16.1a 5963 7.23a 7.43a 7.67a
+ Accel 10 PF + 7
+ Accel 10g PF + 14
3. Retain {AVG) 0.882 g (132 ppm) Aug.21 18.3a 5.8a 14.29ab 148b 149b 15.2a 5.58a 5.14b 557b 6.00b
+ ABG 7011 1ml
4. Retain {(AVG) 0.882 g (132 ppm} Aug. 21 18.4a 57a 13.97b 146D 14.8b 16.7a 538a 4.19b 557b 6.05b
+ ABG 7011 1 ml
+ Accel 10¢g PF
+ Accel 10¢g PF + 7
+ Accel 109 PF + 14
Red color (%) Ethylene (ug/l/hr)
1. Control 16.5a 5.5a 69ab 83 a 91 a 92 a 3.15a 3.17a 6.97a 7.05b
2. Accel 109 PF 19.3a 5.6a 73 a 83 a 88 a 92 a 3.20a 3.13a 7.10a 8.86a
+ Accel 10049 PF + 7
+ Accel 10¢ PF + 14
3. Retain (AVG) 0.882 g (132 ppm) Aug.21 183a 5.8a 67 ab 60 b 71b 83b 0.22b 0.16b 0.70b 1.22¢
+ ABG 7011 1 ml
4. Retain (AVG) 0.882g{132ppm} Aug.21 18.4a 5.7a 62D 55 b 69b 79 b 0.23b 0.17b 0.62b 1.72c
+ ABG 7011 1 ml
+ Accel 109 PF
+ Accel 10¢g PF + 7
+ Accel 109 PF + 14

ZE |l bloom occurred 25 April 1997. PF occurred 1 May 1997.
Yaccel treatments were applied 1 May, 8 May, and 15 May . Airblasl sprayer was calibrated for 100 gal/acre (trees were 20feet between rows, tree wideth was 4 feet,

and tree height was 10 fl (20% TRV). Retain treatments were applied with a hand-wand sprayer on Aug.21.
XMean separation within columns by Duncan's New Mulliple Range Test; (P < 0.05).
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USE OF VYDATE TO REDUCE THE CROP LOAD OF 'YORK IMPERIAL' APPLES

Dr. George M. Greene
The Pennsylvania State University
Department of Horticulture
Fruit Research and Extension Center
Biglerville, PA 17307

introduction:

Reducing the crop load of apples remains a scientifically and practically complex
problem. Since apples produce way more flowers and fruitlets than are needed for a
commercial crop the reduction of fruit numbers is essential to allow the tree to produce
a marketable crop in the year of treatment and to enhance return bloom the following
year.

Materials and Methods:

A trial to determine the influence of Vydate, alone and in combination with other
thinners, on the fruit load of 'York Imperial' apples was conducted in the Barn Block of
the Mapleton Division of Crestmont Orchards, Inc. The cooperating orchardist was C.
J. Tyson lll, and for his excellent cooperation and that of his crew we are thankful. This
Vydate thinner trial was part of a larger trial that used a randomized complete block
design with seven statistical blocks. The treatments are listed in Table 1 and involved
an Untreated Check (Treatment 8), Vydate plus NAA and surfactant (Treatment 4),
Vydate plus Accel (Treatment 5), Vydate and surtactant (Treatment 6) and Vydate plus
ethephon (Treatment 7). The trees in this orchard were planted in 1974 and were
‘York Imperial' on M.106 rootstock. Four rows in the middle of the orchard had
excessive tree loss in an area of poor soil drainage. Therefore, in 1984 four rows were
planted with the same cultivar on M.111 rootstock. Blocks 5 and 6 were placed on
these replanted trees which were 10 years younger than the main part of the block.

The size of the fruitlets in this orchard was checked periodically. On May 28 mean
fruitlet size was 12.3 with a range from 9 to 16 mm but most were between 10 and 14
mm. Two data limbs per tree, with approximately 25 to 30 fruitlets per limb, were set
up on May 29. The treatments were applied on May 30 between 7:45 and 11:00 am.

It was calm, overcast and the temperature was approximately 500 F. Sprays were
applied with a Durand-Wayland AF 100-32 model airblast sprayer calibrated to deliver
100 gallons per acre on 22 ft rows. Since the row width in this block was 24 ft the
sprayer actually delivered 91.7 gallons per acre under these conditions.

On June 5 the limb circumference of each data limb was measured which was
used to determine the limb cross-sectional area. The number of fruit per data limb was
counted on July 14 and 29. A sample of fruit from each tree was harvested in the fall
which was put in storage for later evaluation of gross fruit characteristics and for
detailed determinations of size distribution and seed numbers in certain fruit
categories. On Oct. 23 the crop on the trees was rated according to the following
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scale: 1 = no crop, 2 = very light crop, 3 = light crop, 4 = moderate crop, 5 = fairly heavy
crop, 6 = heavy crop, 7 = very heavy crop.

Results and Discussion:

The fruit on each of the two data limbs on each tree were counted on May 29, July
14, and July 29 (Table 2). Treatment 8 is the Untreated Check. There were some
differences on May 29 prior to the treatment applications with the Vydate + surfactant
treatment having the most fruitlets per limb. By July 14 there were significant
differences with Vydate and ethephon having the lowest number of fruit per limb. The
counts by July 29 did not change appreciably and at this date Vydate + ethephon had
significantly fewer fruit than many other treatments.

Perhaps a more accurate way to look at the treatment effect is to analyze the
percentage of fruits as they decrease over time. It can be seen that Treatment 7
(Vydate + ethephon) had only 40% as many fruit on July 14 as it had on May 29. The
next most effective treatment was Vydate + NAA and surfactant which had 52% as
many fruit in July compared to May. Treatments causing nonsignificant reductions
were: Vydate + Accel and Vydate with surfactant.

As might have been expected there were no significant differences in the two July
counts and the counts from May 29 to July 29 had similar trends to those from May 29
to July 14. Vydate + ethephon was the most effective treatment. Vydate + NAA +
surfactant had 48% as many fruit and Vydate + surfactant had 49%. Vydate + Accel
did not differ from the Untreated Check.

Limb cross-sectional area was calculated from measurements made of limb
circumference. Therefore, the number of fruit per limb cross-sectional area could be
determined and on May 29, there were no significant differences between the
treatments (Table 3). With data expressed this way, on July 14 Vydate + ethephon
remained the most effective treatment followed by Vydate + NAA and surfactant and
then by Vydate + surfactant. A treatment causing nonsignificant reductions compared
to the check was Vydate + Accel. There were some slight reductions in fruit numbers
from July 14 to the 29th but the statistical separation was the same on both dates.

If we look at a percent of fruit on successive dates expressed as fruit per limb
cross-sectional area we again see that the Vydate + ethephon was the most
efficacious treatment and the Vydate + NAA + surfactant treatment also caused
thinning. Treatments causing nonsignificant thinning were: Vydate + Accel, and
Vydate + surfactant. There were not significant differences when comparing the two
July dates and the data for May 29 compared to July 29 were similar to the earlier July-
May comparisons.

Vydate + NAA + surfactant and Vydate + ethephon had the two lowest crops
according to the crop ratings that were made on Oct. 23 (Table 4). Vydate + Accel also
had a lower rating than the check but Vydate + surfactant did not. Fruit size was
inversely related to crop load. The Vydate + ethephon combination that had the lowest

crop rating was the only treatment that had significantly heavier fruit than the Check
treatment.
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It appears that Vydate in combination with other thinners can be an effective
thinning material. Vydate + ethephon appeared to be more effective than other
treatments but depending on the amount of thinning that is needed Vydate + NAA and
surfactant, and Vydate with surfactant can be effective treatments. It appears that
Vydate + Accel is the weakest of the thinning combinations that were investigated in
this study.
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Table 1. List of treaiments for the test of Vydate as a fruitlet thinner on ‘York Imperial’ apples (Expt. MS97DU).

Treatment no. and name  Timing Chemical Rate MethodZ

4, Vydate + NAA + Surf. 8- 12 mm fruit Vydate 2 pints per acre Airblast @ 100 GPA
size Fruitone N 3 ppm

Regulaid 0.25% viv

5. Vydate + Accel 8 - 12 mm fruit Vydate 2 pints per acre Airblast @ 100 GPA
size Accel 30 grams ai per acre

6. Vydate + Surl. 8 - 12 mmfruit Vydate 2 pints per acre Airblast @ 100 GPA
size Regulaid 0.25% viv

7. Vydate + ethephon 8 - 12 mmfruit Vydate 2 pints per acre Airblast @ 100 GPA
size ethephon 3 pints per acre

8. Untreated Check -- - -- -

ZTree width = 18 ft., Row width = 24 ft., Tree height = 15 ft., Tree row volume = 85.9%. At 400 GPA times 85.9% a full dilute spray would be
343.6 GPA. However a factor of 70% is used for tree openness 5o a dilute spray at this time of year would be 240 GPA. Since the row width is
24 t. and the sprayer is calibrated to deliver 100 GPA on 22 ft rows it will deliver 31.7 GPA on the 24 ft rows in this biock. Therefore the sprays
were applied at 38% of full dilute water rate.
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Table 2. The influence of Vydate on the fruit load of 'York Imperial' apple trees (Expt. MS97DU).

Fruit per limb —Ralioof fitperimbontwodates
Treatment 5129 7/14 7/29 714 -5/29  7/29 - 7114 7/29 - 5/29
m. & name {no) (no.) {no) {no./no.) {no./no.) {no./no.}
4. Vydate & NAA
& Sur. 26.0 bc 139 bc 12.7 be 52 ab .93 a .48 ab
5. Vydate & Accel 28.2 bc 16.6 ¢ 15.4¢ .60 bed 95a .55 be
6. Vydate & Surl. 305¢ 16.0 ¢ 14.4 be .54 abe 90a 49 ab
7. Vydate & ethephon 26.1 be 10.6 ab 99ab 40a 96a 38a
8. Untreated Check 247 Db 174 ¢ 171 ¢ Jlcd 98a 70¢
AQV Prob. Value Table
Block .0672 .1293 .0669 .0279 .8344 .0262
Treatment .0001 .0001 .0001 .0017 .3241 .0010

ZMeans within columns followed by the same letter(s) are not significantly different according to the Duncan's New Multiple Range Test at the 5
percent level of probability.
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Table 3. The influence of Vydate on the fruit load of 'York Imperial' apple trees (Expt. MS97DU).

Fruit per limb cross-sectional area

Treatment 5/29 7/14 7/29 —Ratio of fruit per LCSA on two dates
no. & name (no/em2)  (no/ecm2)  (no.Jcm2) 7114-5/29  7/29-7114  7/29-5/29
4. Vydate & NAA
& Surf, 111 a 5.8 ab 5.4 ab 52 ab 93a .48 ab
5. Vydate & Accel 193 a 9.0bc 8.6 bc .60 bed 95 a 55 be
6. Vydate & Surf. 13.2a 6.2 ab 56 ab .54 abc 90a 49 ab
7. Vydate & ethephon 109a 41 a 39a 40a 96 a 38a
8. Untreated Check 189 a 114c 11.2¢ J1cd 98 a 70c¢
V Prob. Value Tabi
Block .0091 .0049 .0047 0279 8344 .0262
Treatment 0797 .0002 .0001 0017 3241 .0010

ZMeans within columns followed by the same letter(s) are not significantly different according to the Duncan's New Multiple
RangeTest at the 5 percent level of probability.
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Table 4. The influence of Vydate on the crop rating of *York Imperial' apple trees (Expt. MS97DU).
—_.—___h_——————y———u—p—@——(—p—____)*

Treatment Crop Fruit
no. & name rating2 weight
(1-7) (q)

4. Vydate & NAA

& Surt. 41 a 130 ab
5. Vydate & Accel 4.7b 122 a
6. Vydate & Surf. 5.0 be 125 a
7. Vydate & ethephon 3.7a 141 b
8. Untreated Check 54c¢ 123 a
AOQV Prob. Value Table
Block .0001 1072
Treatment .0001 0163

ZCrop rating scores: 1 =no crop, 2 = very light crop, 3 = light crop, 4 = moderate crop, 5 = fairly
heavy crop, 6 = heavy crop, 7 = very heavy crop

YMeans within columns followed by the same letter(s) are not significantly different according to
the Duncan's New Multiple Range Test at the 5 percent level of probability.
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Not for jcati istribution
Results of 1997 Apple and Peach Thinning Trials

Ross E. Byers

Virginia Polytechnic Institute and State University,
Alson H. Smith, Jr. Agricultural Research and Extension Center,
595 Laurel Grove Road
Winchester, VA 22602

Introduction

Apple and peach growers in different regions obtain different responses from
chemical thinning sprays which may be due to differences in climate, cultural practices,
rootstocks, tree age, etc. Due to the recent cancellation of Elgetol in the Northwestern
U.S.A., considerable interest has developed in pollination and fertilization inhibitors for
thinning. In 1996, Wilthin was registered for thinning apples and peaches in bloom, and
Thinex was registered for thinning apples. In addition, several other chemical companies
have an interest in registration of pollination and fertilization inhibitors for bloom thinning. In
1994, a federal registration was obtained by Abbott Labs for Accel (6-BA + low rate of
GA..;); and in 1996, Dupont obtained a registration for thinning apples with Vydate.

The objectives of the experiments reported here were 1) to further investigate
various chemical combinations for flower and fruit thinning and 2) to observe chemical
injuries to fruit and foliage.

Materials and Methods

Chemicals were applied to whole trees with a Swanson 3-point-hitch airblast sprayer
(Durand Wayland, Inc., LaGrange, Georgia)(both fans adjusted to one side to double air
output). Specific water and chemical rates for the airblast sprayer for each experiment is
listed in each table (see Tables). Because airblast applications to single peach trees in
bloom do not account for the drift from adjacent rows (Byers et. al., 1985), application rates
applied to single trees in experiments 3 & 4 were increased to 160% of a designated block
rate to account for drift from adjoining rows. Previous published and unpublished data
indicate approximately 40 to 70% of the deposit on peach trees from an airblast spray at
bloom time will come from adjacent rows (Byers, et al. 1985).

Crop density (fruit/cm2 cross sectional area limb, CD) was determined by counting
fruit on 3 pre-selected limbs per tree. Three limbs per tree were tagged during late pink. At
the point where limbs were tagged, limb circumferences were measured. The number of
fruit on each limb were counted about 50 to 55 days after bloom after unfertilized fruit
dropped. Crop density (CD) on sample limbs was expressed as fruitecm? trunk cross-
sectional area limb. Ten fruit were harvested from each tree near harvest and fruit diameter
was determined with a band-type hand caliper and fruit were examined for scarring injury at
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harvest. No hand thinned control was included (except in experiment 1). Past experience
has indicated that when using these techniques that the desirable crop load is
approximately 4 to 6 fruitecm™ trunk cross-sectional area limb after thinning (Byers and
Lyons 1984, 1985; Byers, et. al. 1985).

Data for crop density, fruit diameter, and vegetative injury were analyzed with SAS
(Sas Institute, Cary, N. C.), general linear model (GLM procedures) to evaluate the linear
and quadratic effects and pre-planned single-degree of freedom contrasts of interest. The
experimental designs for all experiments were randomized complete block and were block
by location within rows. All experiments had 6 blocks.

Experiments 1 & 2, Apple trees were selected for uniform flowering at bloom and
were blocked according to row and terrain into six blocks for the number of treatments listed
in each table (Tables 1 & 2). Specific information about tree size, spray application dates,
chemical rates, stage of development, and temperatures are reported in each table.

Experiment 3: In 1997, sixty ‘Cresthaven’ 6-year-old peach trees were selected for
uniformity of flowering, and were blocked according to row and terrain into six blocks of 10
treatments (Table 3). Spray treatments listed in Table 3 were applied on 3 April after
approximately 85-95% of the flowers had opened. Vegetative shoot injury was rated 7 Apr.
The number of fruit on each tree was counted 4 June, 62 days after 90% bloom and
expressed as CD. Ten fruit were harvested from each tree on 21 Aug for determining fruit
diameter.

Experiments 3 and 4 were located in adjacent blocks of ‘Cresthaven’ with the
expectation that time of bloom might be somewhat different. The older block Experiment 4
was not as advanced in bloom as the younger block (Experiment 3) at the time of spraying.

Experiment 4: In 1997, sixty ‘Cresthaven’ 13-year-old peach trees were selected for
uniformity of flowering, and were blocked according to row and terrain into six blocks of 10
treatments (Table 4). Spray treatments listed in Table 4 were applied on 3 April after
approximately 50-75% of the flowers had opened. Vegetative shoot injury was rated 7 Apr.
The number of fruit on each tree was counted 29 May, 56 days after 90% bloom and
expressed as CD. Ten fruit were harvested from each tree on 21 Aug for determining fruit
diameter.

Experiment 5. In 1996,12-year-old ‘Redhaven’ peach trees were selected for
uniformity and blocked according to row and terrain into six blocks of 9 treatments (Table
5A&B). Single row airblast applications of 127 ppm or 300 ppm GA; was applied to
‘Redhaven’ peach trees at 44, 47, 75, 111 DAFB (Table 5A&B). In the dormant season of
1977, flower bud numbers were counted on the top and bottom half of 5 shoots collected
from each tree, and the number of buds on the basal 5 nodes were recorded (Table 5A). In
the spring and summer data on fruit numbers and weight during hand thinning (June 6) and
fruit diameter of 10 fruits / tree at harvest were collected (Table 5B).

Results and Discussion
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Experiment 1. In 1997, applications of pollination inhibitors and growth regulators
caused flower and fruit thinning of ‘“York'/MM111 trees and are reported in Table 1. More
thinning occurred with the pollination inhibitors than expected. The primary fungicide used
at this location was Sulfur. Sulfur applications were applied 10 days prior and 1 day after
these treatments. We are suspicious that the Sulfur may have caused additional flower and
vegetative shoot injury. Chemical rates in this experiment were similar to experiment 2, but
on a different cultivar. (Due to the 9 April freeze this experiment was intended for Red
Delicious but was moved to a grower location on York since was seriously hurt by the
freeze Red Delicious).

Experiment 2. In 1996, applications of pollination inhibitors caused flower and fruit
thinning of ‘Ace Delicious'/MM111 trees and are reported in Table 2. Far less thinning and
injury occurred than in the 1997 ‘York' experiment (Table 1). These data are present for
comparison to rates of pollination inhibitors (Table1).

Experiment 3, A freeze on April 9, 1997, 5 days after bloom, killed of over 50% the
flower pistils presumably across treatments; thus the data represent the combined effect of
the thinning chemicals and this freeze. Endothall, Thinex (pelargonic acid), Wilthin™
Armorthin, and ATS reduce the number of flowers setting fruit when compared to the control
(Table 3). If one expected the natural fruit set of the control to be double this number and if
no freeze had occurred, then the crop density (CD) for most of the treatments might have
been in the 4 to 6 fruitfcm? cross sectional area limb; however, the rates of Armorthin
obviously over thinned. When trees were sprayed on 3 April, more flowers were open in
Experiment 3 (85-95% open) than Experiment 4 (50-75% open). Trees in Experiment 4
were sprayed at the same time as Experiment 3 using the same sprayer calibration and
chemical treatment.

Experiments 3 and 4 were located in adjacent blocks of ‘Cresthaven’ with the
expectation that time of bloom would be somewhat different. The older block (Experiment
4) was not as advanced in bloom as the younger block (Experiment 3). Fruit set for the
controls in experiments 3 & 4 were similar, but fruit thinning by these materials were more
effective in Experiment 3 when more flowers were open.

Experiment 4. A freeze on April 9, 1997, 5 days after bloom, killed of over 50% the
flower pistils presumably across treatments; thus, the data represent the combined effect of
the thinning chemicals and this freeze. Thinex (pelargonic acid), Wilthin™, Armorthin, and
ATS reduced crop load to about ¥z or more of the control and increased frunt diameter. All
treatments were not as effective as in Experiment 3 for reducing the number of flowers
setting fruit when compared to the control (Table 3 vs 4). The lower percentage of flowers
open probably contributed to the poorer efficacy. Endothall did not show significant
thinning, but the CD appeared to be slightly reduced and fruit diameter increased from the
control. If one expected fruit set to be double the number had no freeze occurred, then the
thinning level for most of the treatments might have been in the range of 9 to 15 fruit/cm?
cross sectional area limb which would not have been enough thinning. The high rate of
Armorthin was the only treatment which might have been about right had no freeze
occurred. When trees were sprayed on 3 April, fewer flowers were open in Experiment 3
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than in Experiment 4, and this may have accounted for less thinning since fewer pistils were
exposed to the chemical treatment.

The caustic materials used in these experiments all appeared to be effective bloom
thinning agents for apple and peach trees. However, fruit trees thinned at bloom were still
vulnerable to further reductions in crop load due to late spring freezes after the application.
In the 1997 peach experiments (Experiments 3 & 4), a freeze reduced crop load
substantially below the desirable crop load (approximately 5 fruit/cm? cross sectional area
limb) because of previously applied pollination inhibitors. The controls still required hand
thinning, but many treatments had less than 50% of a crop (Experiment 3, Table 3). These
data suggest that bloom thinning in certain years may not be desirable when fruit trees
bloom extremely early or when a killing frost is predicted.

Experiment 5. GA, at 300 ppm applied on 16 June 57 DAFB was more effective for
reducing flower buds than the earlier and later dates (Table 5A). In 1997, the 127 ppm rate
appeared to be as effective as the 300 ppm rate for reducing the numbers of fruit that
needed to be removed by hand thinning. The individual fruit weights removed at hand
thinning were increase by the GA3 treatments in 1996. However, at harvest fruit diameter
was not greatly affected (21 July). A freeze on April 9, 1997, 5 days after bloom, killed of
over 50% the flower pistils presumably across treatments; thus, the data represent the
combined effect of the thinning chemicals and this freeze. Perhaps the fruit diameter
differences would have been greater between the control and the treatments if crop load
would have been greater. In addition, a 10 fruit sample maybe to small to detected the fruit
size at harvest.

The use of GA3 for flower bud inhibition has the potential of further reductions in
flower numbers from winter and spring freezes. Pollination/fertilization inhibitors have the
potential of further reductions from spring freeze during and after bloom, but frequently
weather forecasts can give a grower 4 or 5 days advanced notice of a possible damaging
freeze.
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Table 1. Effect of growth regulators on fruit set of ‘York' /MM 111 (1997).

No.Color  TreatmentZY Rate/acre Rate/ Spray  Fruit/em Visual  Fruit Length/ Side
cross crop load diameter diameter russet
100 gal/ 100 gal timing sectional estimate (cm) ratio rating
acre area limb (%) (cm) {0-5)
{31 May) (5 Aug.) {15 Oct) (15 Oct) (15 Oct)
1. W Control 5.32aX 103a 6.79a 0.790a 1.68f
. R Vydate 2 pt 946ml 13mm 2.48b 65bcd 6.82a 0.823a 2.72c¢d
+ NAA 2.5 ppm 16.8ml 16.8ml
+ Regulaid 1 pt 473ml
3. B Vydate 2 pt 946ml 13mm 2.26bc 65bcd 6.87 a 0.831a 2.30de
+ Accel 30g 1.578mi
4. FO Vydate 2 pt 946ml 13mm 2.32bc 47 def 6.86a 0.829a 2.53cd
+ Regulaid 1 pt 473ml
5. HP Vydate 2pt 846ml 13mm 2.50b 56cde 7.09a 0.831a 2.29de
+ Ethrel 3 pt 1,419ml
+ Regulaid 1 pt 473ml
6. DG Sevin XLR 31b 1,420ml 13mm 5.16a 72 be 6.93 a 0.819a 1.88ef
+ Accel 30g 1,578ml
7. Y Sevin XLR 31b 1,420ml 13mm 5.47a 88 ab 6.91 a 0.8223 1.88ef
+NAA 2 ppm 14 ml 14.0ml
+ Regulaid 1pt 473 ml
8. BK Wilthin 12 pt 5,676ml Bloom 4.79a 76 be 7.20 a 0.805a 1.90ef
+ Regulaid 1 pt 473ml
9. RBKS Wilthin 18 pt 8,514mi Bloom 2.28 bc 39efg 7.48a 0.789a 2.25de
+ Regulaid 1 pt 473ml
10 BBKS Wilthin 24 pt 11,352mi Bloom 0.80bcd 22ghi 6.32a 0.838a 2.40d
+ Regulaid 1 pt 473ml
11. FOBKS Wilthin 18 pt 8,514ml Bloom 0.16d 9 hi 7.10a 0.842a3 2.94 bc
+ Regulaid 1 pt 473ml
Vydate 2 pt 946ml 13 mm
+ NAA 2.5 ppm 16.8ml 16.8ml
+ Regulaid 1 pt 473ml
12 PBKS Endothall 3 pt 1,419ml Bloom 0.14d 8 hi 6.59 a 0.802a 2.77cd
13 GBKS Endothall 4 pt 1,892ml Bloom 0.00d 1i - - -
14 YBKS Endothall 6 pt 2,838ml Bloom 0.00d 0.4i -- - -
15 RS Endothall 4 pt 1,892ml Bloom 0.02d 2 hi - - -
Vydate 2pt 946mi 13 mm
+ NAA 2.5 ppm 16.8ml 16.8ml
+ Regulaid 1pt 473ml
16 BS MY X4801 12 pt 5,676ml Bloom 0.93bcd 23ghi 7.35a 0.835a 2.58cd
+ Regulaid 1 pt 473ml
17 OS MY X4801 12 pt 5,676mi Bloom 0.56bcd 11 hi 7.12a 0.838a 3.283ab
+ Regulaid 1pt 473ml
Vydate 2 pt 846ml 13 mm
+ NAA 25 ppm 16.8ml 16.8ml
+ Regulaid 1 pt 473ml
18 RD ATS 6 gal 22,710ml Bloom 1.06bcd 28fgh 7.41a 0.830a 2424
19 BD ATS 6 gal 22,710ml Bloom 0.36 cd 13 hi 7.47 a 0.813a 3.633
Vydate 2 pt 946 ml
+ NAA 2.5 ppm 16.8ml 16.8ml 13 mm
+ Regulaid 1 pt 473ml

ZFyll bloom occurred 23 April 1997 (27).
¥Treatments were applied at bloom (21 Apr 97, and on 19 May 97 when fruit diameter was 12.7 mm. Airblast sprayer

was calibrated for 100 gal/acre (trees were 24 feet between rows, tree wideth was 12 feet, and tree height was 14
ft (50% TRV).

Side russet rating:

russet in lenticels; S = very heavy russet.

XMean separation within columns by Duncan's new multiple range test; (P < 0.05).

= smooth; 1 = raised lenticels; 2 = raised o touch with light russet; 3 = russet in lenticels; %5= heavy
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Table 2. Effect of pollination inhibitors on ‘Ace Delicious'/MM 111 fruit sel (1996).

No. Treatment™ rate/ Rale/ Rale/ Fruit/em< cross Fruit Length/  Cropload Cropload Cropload Net fruit Injury Bloom
25 gal 100 gal acre sectional area diameter diameter (%)W upper 1/3 lower 2/3  russel (% of fruit retumn
limb ratio (%)W (%)W ratingX with 1997
(23 May) (30 Aug) (30 Aug) (30 Aug) matkingL(rating 1-10)
1 W Control 4.6 abY 6.99 cd 0.935abc 138 a 115 ab 150 a 0.45cd Oc 3.8 abed
2 R Witthin (300 gal) 473ml 4 pt 12pt 45ab 6.98¢cd 0.938ab 130 abc 97abc 145a 0.60 abed Oc 3.5 abed
+ Regulaid
3 LB  Wilthin (300 gal) 710mi 6 pt 18pt 3.6 abc 7.10 abcd 0.926 abc 106 abc 76 abed 121 ab 0.50 bed 0c 4.5 abc
+ Regulaid
4 FO  Wilthin (300 gal) 946 ml 8 pt 24pt 3.2abc 7.22abcd 0.945a 100 c 81abc 110bc 0.58 abed Oc 3.9 abed
+ Regulaid
5 HP  Willhin (100 gal) + 2129ml 18pt 18pt 4.1 abc 6.97 cd 0.929 abc 119 abc 100 abc 129 ab 0.52 bed Oc 1.2 bed
+ Regulaid
6 Y MYX4801 (300 - 236ml 2pt 6pt 4.1abc 7.06 abcd 0.920 abc 137 ab 123 a 144 a 0.45cd Oc 2.8 abed
gal/acre)
+ Regulaid
7 BK  MYX4801 (300 354 ml 3 pt 9 pt 52a 6.89d 0.911bc 107 abc 73 bed 124 ab 0.63 abc 067c 1.7 bed &U
galfacre) o
+ Regulaid i
8 DG MYX4801 (300 473 ml 4pt 12pt 3.0bc 7.36a 0.927abc 66d 27 ef 86 cd 0.57 abcd 3.58b 4.7 ab o
gal/acre)
+ Regulaid
9 PBKS MYX4801 (300 626 mi 53pt 16pt 3.8abc 7.35ab 0.906 ¢ 63d 22 f 84 cd 0.79 a 7.33a 54a
gallacre)
+ Regulaid
10 OBKS MYX4801 (100 1,419 ml 12 pt 12pt 25¢ 7.17 abcd 0.930abc 644d 36 def 64d 0.69 ab 5.92a 3.8 abed
gal/acre)
+ Regulaid
11 GBKS Endathall {300 galfacre) 118 mi 1pt ap 4.4 abc 6.88d 0.926 abc 134 ab 123 a 140 ab 0.37d 0c 0.3d
12 RBKS Endolhall (300 gallacre)177 mi  1.5pt 4.5pt 4.4 abc 6.91 cd 0.936 abc 125 abc 95abc 140 ab 0.44 cd 0c 0.9 cd
13 BS Endothall (300 gal/acre)236 ml 2 pt 6 pt 3.4 abe 7.12 abcd 0.927 abc 116 abe 103abc 123 ab 0.54 bcd Oc 1.2 bed
14 RS Endothall (100 gal/acre) 531 ml 45pt 45pt 4.1abc 7.08 abcd 0.931 abc 108 abc 72 bed 127 ab 0.58 abcd Oc 1.7 bed
15 YS  ATS (300 gal/acre) 1,261.7 mi1.33 gal 4 gal 4.1 abc 7.01bcd 0.924 abc 126 abc 100 abc 138 ab 0.45cd Oc 2.2 abed
16 RD ATS (300 gallacre) + 1,261.7ml1.33 gal 4gal 4.0 abc 7.11 abcd 0.920 abc 107 abc 65cde 128 ab 0.43 cd Oc 4.2 abc
+ Regulaid 118 mi
17 OS  ATS (100 gal/acre) 3,785ml 4gal 4galt 49ab 7.00 cd 0.931abc 119 abc 90abc 134 ab 0.43 cd Oc 2.1 abed
18 BD  ATS (300 galfacre) 1,892ml 2gal 6gal 3.1bc 7.26abc 0914bc 105 bec 76 abcd 119 ab 0.52 bcd Oc 4.2 abe
] 3 1 3 k] 3 3 3 3 3 2 3 3 3 3 3
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Table 3. Effect of airblast chemical thinning treatments on ‘Cresthaven’ (young block) fruit set and diameter sprayed 3 April (1997).

No. Color TreatmentZy Rate Single  Rate/ Rate/ Fruit/cm’ Vegetative  Fruit
160% row 25gal 100 gal cross sectional shoot injury diameter
(single  rate/ (block  (block  area limb rating (0-10) (inches)
row rate) acre rate) rate) 4 June 18 Aug
1 W Control 9.4 a¥ 1.0c 26lc
2 B Endothall (100 galfacre) 378 ml  32pt  237ml  2pt 2.6 bed l.lc 2.98 ab
3 R Endothall (100 gal/acre) 568ml 48pt  355ml 3 pt 2.9 bed 1.2 abc 2.91 ab
4 Y Thinex (100 gal/acre) 2272ml 192pt  1420ml 12 pt 39b 1.5a 2.88 ab
+ Regulaid 118ml | pt
5 FO Thinex (100 gal/acre) 3,026 ml 25.6pt 1892ml 16 pt 1.1 cd 1.3 abc 3.05a
+ Regulaid 18ml Ipt
6 BK Wilthin (100 gal/acre) 1513ml 128pt 946 ml 8 pt 2.7 bed 1.4 ab 2.95 ab
+ Regulaid 118ml 1 pt
7 OBKS Wilthin (100 gal/acre) 3,026 ml 25.6pt  1892ml 16 pt 23cd 1.5a 2.96 ab
+ Regulaid 1I8ml 1 pt
8 RS Armorthin 1513ml 128 pt 946 ml 8 pt 0.8 cd 1.4 ab 3.04a
9 BS Armorthin 3,026 ml 25.6pt  1892ml 16 pt 0.324d 1.4 ab 30la
10 RD Thinset-ATS (100 gal/acre) 5664 ml 6 gal 3540 ml 3.75gal 3.5bc l.lc 2.82b
Contrasts: Comparisons: Pr>F Pr>F Pr>F
1 Vs2,3 Control vs Endothall by ns *Ex
1 Vs4,5 Control vs Thinex *% ¥ ** *¥s
1Vs6,7  Control vs Wilthin *xx i e
1 Vs 8,9 Control vs Armothin *E *x *Ex
1Vs10 Control vs Thinset-ATS *xk ns **
2Vs3 High vs Low rate (Endothall) ns ns ns
4VsS5 High vs Low rate (Thinex) * ns *
6 Vs7 High vs Low rate (Wilthin) ns ns ns
8Vs9 High vs Low rate (Armothin) ns ns ns

ZFull Bloom: (3 April—85-95% flowers open (young block)). A freeze occurred on April 9 that killed over 50% of the flower buds on
the control. Adjacent rows were not sprayed, but to compensate for drift, the chemical rate was increased to 160% of the block
rate. The water rate was held constant.

YAIl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new multiple range test, P<0.05.
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Table 4. Effect of airblast chemical thinning treatments on ‘Cresthaven’ (old block) fruit set and diameter sprayed 3 April (1997).
No. Color TreatmentZY Rate Single  Rate/ Rate/ Fruit/cm? Vegetative  Fruit

160% row 25 gal 100 gal cross sectional shoot injury diameter
(single  rate/ (block  (block  area limb rating (0-10) (inches)
row rate) acre rate) rate) 29 May 18 Aug
1 W Control 9.4 a® 05¢c 2.82d
2 B Endothall (100 gal/acre) 378ml 32pt  237ml 2 pt 7.5 ab 0.86 be 291 cd
3 R Endothall (100 gal/acre) 568ml  48pt  355ml 3 pt 7.4 ab 1.0 abc 2.96 bed
4 Y Thinex (100 gal/acre) 2272ml 192pt 1420 ml 12 pt 5.6 be I.5a 3.09 ab
+ Regulaid 118ml  1pt
5 FO Thinex (100 gal/acre) 3026 ml 25.6pt 1892 ml 16 pt 5.tbe 1.3 ab 3.04 bc
+ Regulaid H8ml 1 pt
6 BK Wilthin (100 gal/acre) I513ml 128pt 946 ml 8t 5.0 bc 1.0 abc 2.96 bed
+ Regulaid H8ml | pt
7 OBKS Wilthin (100 gal/acre) 3,026 ml 25.6pt 1892 ml 16 pt 4.5 be 1.1 ab 3.01 be
+ Regulaid H8ml 1pt
8 RS Armorthin 1513ml 128pt 946 ml 8 pt 4.5 be 0.94 abc 3.06 be
9 BS Armorthin 3,026 ml 25.6pt 1892 ml 16 pt 26¢ 1.3 ab 321 a
10 RD Thinset-ATS (100 gal/acre) 5664 ml 6 gal 3540 ml 3.75 gal 6.4 ab 1.1 ab 2.99 be
Contrasts: Comparisons: Pr>F Pr>F Pr>F
1 Vs2,3 Control vs Endothall ns * ns
1 Vs 4,5 Control vs Thinex *x %% kg
1 Vs 6,7 Control vs Wilthin *Ex ** *
1 Vs89 Control vs Armothin ahd ** ke
1 Vsl0 Control vs Thinset-ATS * * *
2Vs3 High vs Low rate (Endothall) ns ns ns
4VsS High vs Low rate (Thinex) ns ns ns
6Vs? High vs Low rate (Wilthin) ns ns ns
8 Vs9 High vs Low rate (Armothin) ns ns *

ZFull Bloom: (3 April—50-75% flowers open (old block)). A freeze occurred on April 9 that killed over 50% of the flower buds on
the control. Adjacent rows were not sprayed, but to compensate for drift, the chemical rate was increased to 160% of the block
rate. The water rate was held constant.

YAl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new nltiple range test, P<0.05.
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Table SA. Eltect of GA3 on Redhaven peach tlower bud inhibition (1996},

No. Color Treatment'™* Date Rateof  Spray Nodes/cm {1997) internode fength {cm) Flower buds/cm Flower buds/node Flower Flower
applied  Pro-Gib  timing Whole Top Bottom Whole Top Bottom Whole Top Bottom Whale Top Bottom  buds/ buds/
(1996) (4%} (days  shoot shoot shoot shoot shoot shoot shioot shoot shoot shoot shoot shoot basal distal
125 gal  AFB) S nodes 5 nodes

1 W Control 0.57 ab® 0.57 a 0.58 abc 1.75ab 1.26ab 1.754c 0.51a 0.44abc 0.57 a 0.89 3 0.78 ab 1.00ab 3.13a3b 1.90ab
4 HP GA3 127 ppm JJune 300ml 44 0.57ab 0.59a 0.55 be 1.78a3b 1.72ab 1.85ab 0.48 ab 0.50 a 0.47 b 0.85a 0.84 a 0.85bc 1.67cd 2.27 a
7 OBKS GAj3 127 ppm 16 June 300ml 67 0.55ab 0.54a 0.55 bec 1.83ab 1.85a 1.8labc 0.36d 0.42a3bc 0.30c 0.66bc 0.77ab 0.55e 1.57cd 2.07a
2 R GAg 127 ppm 3 July 300ml 75 0.5%ab  0.60a 0.68 ab 1.71b  1.69ab 1.74bc 0.41 bed 0.37bcd 046 Db 0.71b 0.63bcd 0.80cd 2.30bc 1.33b
6 PBKS GA3 127 ppm 8 Aug 300m 111 0.53b 0.55a 0.51¢ 1.89a 1.82ab 1.98a 0.47 ab 0.41abc  0.52 ab 0.86 a 0.75 ab 1.03a 3.67a 2.15a
5 FO GA3 300 ppm JJune 7W0m 44 0.55ab 0.56a 0.53 be 1.86ab 1.81ab 1.8%ab 0.39 cd 0.46 ab 0.32¢ o7 b 0.83a 059e 065de 2.25a
9 80 GA3 300 ppm 16 June 710mt 67 0.60a 0.58 a 0.62a 1.68b 1.74ab 1.62¢ 0.24 ¢ 0.239bcd 0.10d 0.40d 0.65 bc 0.16f 0.22e 1.93a
3 8 GA3 300 ppm 3 July 70m 75 0.59 a 0.60 a2 0.59 ab 1.69b 1.66Db 1.72 be 0.344d 0314 0.37¢ 0.57 ¢ 0514 0.64de 1.48cd 1.320
8 RO GA3 300 ppm 8 Aug 70m WM 056ab 0.58a 0.55 be 1.78ab 1.74ab 1.82abc  0.44 abc 0.34 cd 0.54 ab 0.77 ab 0.59 cd 0.97ab 3.77 a 1.65 ab
Contrasts: Compatison:
1Vs 2,4,6,7 Controt Vs 127 ppm ns ns ns ns ns ns .. ns s * ns b M as
1 Vs 3,5.8.9 Control Vs 300 ppm ns ns ns ns ns ns s ns oo (204 . oo oo ns
2,4,6,7 Vs 3,5,8.9 127 ppm Vs 127 ppm ns ns ns ns ns ns teoe ns see e . b ¢ ns
6Vs9 44 days Vs 57 days ( 300 ppm } 4 ns b4 ¢ ns o see ns seoe s . A ns ns O
5Vs3 44 days Vs 75 days { 127 ppm ) ns ns ns ns ns ns ns * . ns soe ns ns ¢ ‘ﬁ
Vs 8 44 days Vs 111 days [ 300 ppmn | ns ns ns ns ns ns ns ¢ oo ns L e soe . 7]
9vs3 57 days Vs 75 days { 127 ppm ) ns ns ns ns ns ns .. ns see b ns b . ns
9Vs8 S7 days Vs 111 days ( 127 ppm | ns ns . ns ns . L ns eee s ns b A s 5
IVvs 8 75 days Vs 111 days ( 127 ppm } ns ns ns ns ns ns ns ns oo ¢ ns b b ns
4Vs5 127 ppm Vs 300 ppm (44 DAFBJ} ns ns ns ns ns ns ¢ ns soe * ns b ns ns
7Vs9 127 ppm Vs 300 ppm {57 DAFB) . ns * ns ns ¢ v ns b oo ns see ¢ ns
2Vvs3 127 ppm Vs 300 ppm (75 DAFB) ns ns ns ns ns ns ns ns ns ns ns ns ns ns
6Vs8 127 ppm Vs 300 ppm {111 DAFB) ns ns ns s ns ns ns ns ns ns ns ns ns ns
45Vs 7.9 44 Vs 57 {127 ppm + 300 ppm) ns ns i ns ns * ree . A e . see ns ns
4,5Vs 2,3 44 Vs 75 {127 ppm + 300 ppm) ns ns ns ns ns ns ns tee ns . soe ns . eee
45 Vs 6,8 44 Vs 111 {127 ppm + 300 ppm) ns ns ns ns ns ns ns b toe ns ¢ see A ns
7.9Vvs 2,3 57 Vs 75 (127 ppm + 300 ppm) ns ns ns ns * ns see ns eee A . seoe L L
7.9Vs 6,8 57 Vs 111 {127 ppm + 300 ppmi as ns . ns ns . oo ns see soe ns soe veoe ns
2,3vsé.8 75Vs 111 {127 ppm + 300 ppm) ns ns ns ¢ ns * ¢ s b e ns b see *
Regression: Comparison:

uiss 3.5.8,9 L ns ns ns ns ns ns ns . see ns . eoe eee ns

{regression of 300 ppm by days} Q . ns ns ns ns ns . ns see d as eoe b ns

L"’O . ns . - ns L] . . ns o0 LY L ns -

'Full Bloom was 20 Aprit 1996.
“Airblast sprayer was calibrated tor , and 6 whole single tree reps were sprayed per teeatment in and randomized complete block design.48 g aifacre = 127 ppm/100gal/A
*Mean separation within columns by Duncan’s new multiple range test;{ Pz 0.05)..
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Table 10. Effcct of GA3 applicd in 1996 on Redhaven hand thinning and fruit diameter in 1997,
No. Color Treatment™ Datc Ratcof  Spray Hand thinning (6 Jun 97) Fruit diameter
applied  Pro-Gib  timing Number of Number fruit Individual Fruit weight(g)/cm®  (inches)
(1996) (4%) (days fruit removed  removed/em® fruit weight (g)  cross scctional near harvest
125 gal  AFB) per tree cross scctional arca trank (21 July 97)
area trunk
1 W Control 250 a* 097 a 24.2 be 229a 2.64b
4 HP  GA3 127 ppm JJunc  300ml 92 be 0.42 cd 263 ab 10.6 cd 271b
7 OBKS GAj3 127 ppm 16 June  300ml 57 19c¢ 0.09d 284 a 24d 3.04a
2 R GA4 127 ppm 3 July 300ml 75 165b 0.80 ab 26.3 ab 20.6 ab 2740
6 PBKS GAj3 127 ppm 8 Aug oml 111 84 be 0.35¢cd 226¢ 7.8 c¢d 263b
5 FO  GAj3300ppm JJune 710ml 44 43¢ 0.20 cd 285a 55¢cd 277%
9 BD  GA3 300 ppm 16 June 710ml 57 55¢ 0.20 cd 288a 54cd 298a
3 B GA3 300 ppm 3 July 710ml 75 112 be 0.55 be 25.5bc 13.6bc 2.79b
8 RD  GAjz 300 ppm 8 Aug F10mt 111 d0c 0.16 cd 248 be 3.8d 279b
Contrasts: Comparison: Pr>F Pr>F Pr>F Pr>F Pr>F
1Vs24,67 Control Vs 127 ppm i b ns b **
| Vs 3,589 Control Vs 300 ppin e e - e A 3:3
2,4,0,7 Vs 127ppm Vs 300 ppm ns ns ns ns ns 8
3,589 3t
5Vs9 44 Vs 57 DAFB (300 ppm) ns ns ns ns ns -
5Vs3 44 Vs 75 DAFB (300 ppm) ns * * * ns
5Vs8 44 Vs 111 DAFB (300 ppm) ns ns ns ns ns
9Vs3 57 Vs 75 DAFB (300 ppm) ns * * ¥ *
9Vs8 57 Vs 111 DAFB (300 ppm) ns ns ns ns *
I Vs8 75 Vs 111 DAFB (300 ppm) ns * * * ns
4Vs5 127 ppm Vs 300 ppm (44 DAFB) us ns ns ns ns
7VsY 127 ppm Vs 300 ppm (57 DAFB) ns ns ns ns ns
2Vs3 127 ppm Vs 300 ppm (75 DAFB) ns ns ns ns ns
6Vs8 127 ppm Vs 300 ppm (111 DAFB) ns ns ns ns *
435Vs?79 44 Vs 57 (127 ppm + 300 ppm) us ns ns ns b
4,5Vs 23 44 Vs 75 (127 ppm + 300 ppm) * b *x A ns
1,5Vs6,8 44 Vs 111 (127 ppm + 300 ppm) ns ns ns ns ns
7,9Vs23 57 Vs 75 (127 ppwm + 300 ppm) A ek b ek 43
7,9 Vs 6,8 57 Vs 111 (127 ppm + 300 ppm) ns ns ns ns b
2,3Vs6,8 75Vs 111 (127 ppm + 300 ppm) ** *hx i *he ns

*Full Bloom was 20 April 1996. Wholc block was sprayced with ATS on 8 April and again 9 April with 3.5gal/A at 300 gal/acre in cach application to thin flowers.

¥airblast sprayer was calibrated for 200 gal/acre, and 6 wholc singlc tree reps were sprayed per treatment in and randomized complete block design.

*Mcan scparation within columns by Duncan’s multiple range test, 5% level.
8 aifacre=127 ppm/100gal/A
o
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EVALUATION OF ANNUAL PLASTICULTURE AND JUNE MATTED ROW
STRAWBERRIES: 1997 WREC

Robert J. Rouse
Regional Specialist, Fruits & Vegetables

University of Maryland, Wye Research & Education Center

Michael Newell
Faculty Research Assistant, Agricultural Experiment Station
University of Maryland, Wye Research & Education Center

Dr. John Bouwkamp
Associate Professor, Horticulture & Landscape Architect
University of Maryland College Park
Dr. Joseph Fiola
Rutgers Fruit Research Center
Rutgers University

As many of you know, we have been looking at both the normal June bearing

production system and annual plasticulture for the last five seasons. The work has
been partially funded by the Maryland Horticulture Society and by SARE. There are
several key points that one must keep in mind when it comes to annual plasticulture in

Maryland with Chandler.

1. The system is highly management intensive with high input costs. $5,000-$6,000
per acre.

2.  The system with Chandler annual plasticulture is generally limited in the state to
the lower shore and southern Maryland.

3. Plug plants are preferred.

4, Row covers are needed for winter protection and from protection from cold late
winter winds. (A real must), heavy covers preferred.

5. Deer exclusion is a must. Deer just love those nice strawberry leaves both in the
fall and the early spring.

6. Frost protection is a must as we get blooms earlier than the normal June bearing
system.

7. A high well formed bed is a must. Along with good fertility and pest management
spray schedules.

8. Marketing is the key to success.

9. Don't U - pick the fields or you'll never get your customers to pick the matted row
system again.

10. Make sure the fruit is ripe to the tip for local sales if you want flavor.

11.  Have your drip line hooked up and running in the fall.
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These are just a few thoughts and observations | have made on the system.
Strawberry production is changing. Efforts are being made in New Jersey by Dr. Joe
Fiola to see how far north plasticulture of annual strawberries can go but its going to be
different varieties and techniques that make it happen. Otho Wells in New Hampshire
is growing them in high tunnels; anything is possible if the dollars work out. He claims
he can grow them in the Yukon.

Plasticulture Historical Yield Averages at the Wye
From Plug Plants with 2 Yr. Averages or More

Planting Planting | Sweet | Planting Planting
Year | Date Chandler | Date Charlie | Date Camarosa | Date Cavendish

1993 | 9/19/92 | 14,342 - - - - -— -
1994 | 9/23/93 | 11,328 9/23/93 | 4,890 - - - —
1995 | 9/22/94 | 19,242 - - - - 9/19/94 | 15,506
1996 | 9/7/95 | 8,337 9/1/95 9971 |9/7/95 | 14,249 --- -
1997 | 9/5/96 | 17,672 9/5/95 18,900 | 9/5/96 | 16,598 9/5/96 | 30,871

Average (5yr) 14,184 (3yn 11,254 (2yn) 15,424 (2 yr) 23,188

Comments:

Time of planting is critical for each variety. There is a different planting window for each
variety and location. Our work at the Wye Research and Education Center will be to look at a
number of varieties and breeding lines as to planting window, yields and fruit quality and
marketability. The management and nitrogen requirements can also vary on some varieties
and breeding lines. A big yield of a soft unmarketable fruit is not acceptable or profitable -
neither is a nice big berry with poor flavor. Try a new variety on a limited scale until you have
answers to those questions.
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1997 Variety Trial Time of Planting Study Annual
Plasticulture, Plug Plants

Planted 8/15/96 and 9/5/96

Wye Research and Education Center

Planting Date --

September 5, 1996

Harvest % Gram 9/5/96

Variety Dates Berry Wt. | Lbs/A Comments

Cavendish 5/9 - 6/13 16.9B 30,871 A | Possible white shoulder problem,
Canadian variety, possible potential
variety when Chandler can't be grown

Allstar 5/12-6/18 |154BC | 26,906 A | USDA. release, light color, has done
well where Chandler can't be grown

B27 5/9 - 6/18 195A 26,635 A | Breeding line, large berry, flavor
questionable

Idea 5119 - 6/20 20.0 A 26,116 A | ltalian berry, soft fruit, light color,
Easy with nitrogen

Jewel 5/14 - 6/13 13.7D 19,910 B | N.Y. Release

Sweet Charlie 5/2 - 6/20 13.1D 19,563 B Florida release, early, good flavor,
must be frost protected

Chandler 517 - 6/20 16.5B 19,034 B California variety, standard good
flavor when ripe to tip, holds well

Camarosa 517 6/18 156 BC 16,467 B California berry, firm, flavor variable

NJ 8614-2 517 - 6/2 128D 10,394 C Breeding line

NJ 8607-2 517 -6/2 10.3E 9,525C Breeding line

Delmarvel 5/7 - 6/6 14.1CD 9,332C Great flavor, low yields

NJ8826-11 5/7 - 5130 16.8 B 7,534C Large berry, good flavor, yield comes
over two week period
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Statistical Significant Difference of Planting Date at .05 Level

Variety 8/15 9/5 Comments

Cavendish 25,996 B 30,871 AB No significant differences

Alistar 16,798 CD 26,906 B Later planting date better

Idea 33,190 A 26,116 B Earlier planting date better

Jewel 20,061 C 19,810C No significant differences

Sweet Charlie 11,981 DE 19563 C Later planting date better

Delmarvel 7172 E 9,332 E No significant differences

1997. Results 4th Season, June Bearing Matted Row Variety Block
Avg Gram
Berry Wt %z Gram Yield

Variety 25 Berries | Berry Wt Ib/Acre Comments

Primetime 275 BC 11.0BC | 28,338 A USDA new variety, nice fruit and bed in
fourth season

Cavendish 327 A 13.1A 24,558 AB Canadian variety, large fruit, possible white
shoulder problem, not ocbserved at Wye

Glooscap 213 DE 8.5 DE 24,252 AB Small fruit

Latestar 281 BC 11.2BC | 22,473BC USDA release real promise as late variety

Mohawk 210 EF 84 EF 22,100 BC USDA release, early, small fruit size, has
done well at Wye

Blomidon 250CD 10.0CD | 19,047 BCD | Yellows problem, variety no longer available,
Canadian variety

Earliglow 175 F 70F 18,431 CD Early, standard variety, great flavor, small
fruit size, USDA

Allstar 306 AB 12.2 AB | 17,587 CDE | Mid season standard, light fruit color, USDA

Annapolis 207 EF 8.3EF 15,727 DE Canadian variety

Lateglow 206 EF 8.2FEF 15,160 DE USDA. Release

Jewel 2898 116B 14,868 DE New York Release

Delmarvel 225 DE 9.0 DE 12,211 E USDA release, great flavor, low yield at Wye

Seneca 0 0 0 No plants left alive after 2nd harvest year.
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TRIAL YIELD RESULTS IN LBS/ACRE 1994 - 1997

VARIETY | 1994 1995 1986 1997 TOTAL | 4Yr. Avg.

Glooscap | 14,040 (5) | 26,334 (3) | 17,264 (8) | 24,252 (3) | 81.890 20472 (4)
Blomidon 11,280 (11) | 22,682 (7) | 17,943 (7) | 19,047 (6) | 70,952- | 17,738 (9)
Cavendish | 20,770 (1) | 25,088 (6) | 19,621 (5) | 24,558 (2) | 90,037 22,509 (2)
Earliglow 10460 (12) | 25,583 (5) | 20,454 (4) | 18,431 (7) | 74,928 18,732 (V)
Alistar 19,370 (2) | 21,568 (8) | 19,271 (6) | 17,587 (8) | 77.7¢6 19,449 (6)
Lateglow 7,140 (13) | 19,690 (10) | 10,570 (11) | 15,160 (10) | 52,560 13,140 (12)
Jewel 12,470 (9) | 14,597 (12) | 12,286 (12) | 14,868 (11) | 54.221 13,5556 (11)
Seneca 12,620 (8) | 4978 (3) o (13 | 0 (13) | 17,598 4399 (13)
Annapolis | 13,430 (6) ] 25.856 (4) | 23,508 (1) | 15,727 (9) | 78,521 19,630 (5)
Primetime | 15,860 (3) | 32,945 (1) | 22,095 (3) | 28.388 (1) | 99,238 24,809 (1)
Delmarvel [ 11,540 (10) | 17,874 (11) | 16,849 (9) | 12,211 (12) | 58,474 14,618 (10)
Mohawk 14,980 (4) | 28,953 (2) | 22,357 (2) | 22,100 (5) | 88,390 22,097 (3)
Latestar 12,690 (7) | 20,680 (9) | 15,338 (10) | 22,473 (4) 1 71,182 17,785 (8)

() number is yearly ranking or overall ranking
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The Influence Soybean Oil on Apple and Peach
Phenology and Fruit Set.

Ross E. Byers

Virginia Polytechnic Institute and State University,
Alson H. Smith, Jr. Agricultural Research and Extension Center,
595 Laurel Grove Road
Winchester, VA 22602

Introduction

Freezing temperatures during the period of cold deacclimation of peach and
apple trees can cause killing of flower buds and drastically reduce yields. Farrar and
Kelley (1935); Call and Seeley (1989) and Deyton et al. (1992) retarded flower bud
development of either apple or peach trees with dormant oils. Multipule applications
and rates over 15% were phytotoxic. Call and Seeley (1989) showed increases flower
bud hardiness and delayed bud phenology.

The objective of the experiments reported here were to investigate single and
multiple application of soybean oil for delaying flower bud phenology of two peach and
three apple cultivars.

Materials and Methods

All trees were selected for uniform size and were blocked according to row and
terrain into five blocks for the six treatments listed in each table. Unfortunately during
the dormant season, apple flower buds are not readily distinguishable; and thus, a wide
variation in numbers of flowers/tree was evident at bloom. Single applications of 8
gallons/100 gal. were applied on Feb 7 and March 24. Multiple applications were
begun on Feb 7 at 8 gal/100 gal. Subsequent applications were applied at 5 gal/100
gal. each.

Experiment 1. In 1997, thirty 6-year-old ‘Redhaven’ trees were selected for
uniformity and blocked by row and terrain into 5 blocks of 6 treatments listed in Table 1.
On May 28, the number of large and button fruit/cm2 cross sectional area of limb on 3
limbs per tree were counted. On 8 April, the number of flowers/cm2 cross sectional
area limb and on 26 July fruit diameter was taken on 10 fruit/tree. On March 27, five
short shoots (approximately 10 cm in length) and 5 long shoots (approximately 24 cm in
length) were collected from each tree and the number of buds in each stage of
development were counted (Table 1). On April 30, the numbers of buds not open, bud
scars, and the number of fruit/5 shoots (approximately 34 cm in length) were recorded.
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Experiment 2. In 1997, thirty 6-year-old ‘Bisco’ trees were selected for uniformity
and blocked by row and terrain into 5 blocks of 6 treatments listed in Table 2. On 1
April, 5 long shoots (approximately 40 cm in length) were collected from each tree, and
the number of buds in each stage of development were counted (Table 2).

Experiment 3. In 1997, thirty 6-year-old ‘Jonagold/M.27 ' trees were selected for
uniformity and blocked by row and terrain into 5 blocks of 6 treatments listed in Table 3.
At intervals of time from 18 March to 14 April a visual rating of buds was taken for each
tree. In addition, the number of fruit/tree were counted on 12 June.

Experiment 4, In 1997, thirty 6-year-old ‘Mutsu/M.27 ' trees were selected for
uniformity and blocked by row and terrain into 5 blocks of 6 treatments listed in Table 4.
At interval of time from 18 March to 14 April a visual rating of buds was taken for each
tree. In addition, the number of fruit/tree were counted on 12 June.

Experiment 5. In 1997, thirty 15-year-old ‘Stayman'/Seedling trees were
selected for uniformity and blocked by row and terrain into 5 blocks of 6 treatments
listed in Table 5. At interval of time from 18 March to 14 April a visual rating of buds
was taken for each tree. In addition, the number of fruit/tree were counted on 12 June.

Results and Discussion

Experiment 1. On ‘Redhaven’ trees, a single 8 gal/100 gal. application was more
effective when applied 7 Feb than 12 Mar. Fruit numbers of large and button fruit was
reduced by oil (Table 1A). Fruit diameter was increased when fruit numbers/tree
decreased (Table 1A). Flower bud phenology was delayed more by the single 7 Feb
than the 24 March application (Table 1B&1C&1D). Multiple applications did not appear
to be any more effective than a single early application.

Many buds that were delay in their development had non-functional or dead
flower parts. Buds that were in the First swell and dormant stages on March 27,
probably never set fruit and if the more advanced flowers had been killed by a freeze |
question whether these later developing buds would have set fruit.

Experiment 2, Since differences in stages of bud phenology of ‘Bisco’ trees
between treatments were not very evident on 1 Apr., a detailed study of this cultivar
was not conducted (Table 2).

Experiment 3. Since the number of flower buds per ‘Jonagold’ tree was quite

variable, difference is bud phenology were not easily detectable (Table 3A). However
there was a trend to some reduction in Flower cluster/CSAL (Table 3A.
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Experiment 4. Since the number of flower buds per ‘Mutsu’ tree was quite
variable, difference is bud phenology were not detectable (Table 4A). The number of
fruit/tree was widely variable because some trees were in a biennial cycle (Table 4B).

Experiment 5. In this experiment ‘Stayman’ trees were older and showed less of
a difference in biennial bearing, but differences in bud phenology were not consistently
detectable (Table 5A). The number of fruit/CSAL was not affected by the treatments.

On apple, further study of more effective oils seem to be needed, since little or
no delay in flowering was obtained by the treatments. In peach trees, the effect of low
winter temperatures on bud survival is a question. The bud death of the later
developing peach buds in the Redhaven experiment (Exp #1) cause me to question
whether these later developing buds would have set fruit at all even if more advanced
flowers had been killed by a freeze.
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Table 1A. Eftect of bandgun sprays of soybean oil on ‘Redhaven’ peach trees (1997).

No. Color TreatmentZ Total FruitYem?  Fruit/cm? Fruit/cm? Flowers/cm? Fruit diameter
amount/ Rate/100 gal Cross Cross Cross cross (inches)
100 gal (application date) sectional  scctional sectional sectional ncar harvest
(allappl.) Feb Feb Mar Mar arcalimb arealimb area limb area limb
7 25 12 24 (Large fruit) (Button fruit) (Total fruit)
28 May 28 May 28 May 8 April 26 July
1 W  Control 4.9 a¥ 1.0a 60a 42 a 2.61b
2 R Oil 8 8 10b 04Db 14b 15b 2.86a
3 B Oil 13 8 5 08b 03b I.1b 17b 290 a
4 FO Qi 18 8 5 5 08b 0.2b 1.0b 10b 2.86a
5 Y Qi 23 8 5 5 5 1.1b 03b 14b 12b 2.86a
6 BK Oil 8 8 37a 1.0a 46a 43 a 2.78 ab

ZFull Bloom: (3 April--90% flowers open). A freeze occurred on April 9 that killed over 50% of the flower buds on the control.
YMean separation within columns by Duncan's new multiple range test, P<0.05.

t # s194g

Table 1B. Effect of handgun sprays of soybean oil on ‘Redhaven’ bud development (five 10 cm shoots/tree) (1997).

No. Color TreatmentZY Total Rate/100 gal (application date) Stages of bud phenology (buds/50 cm)Y
amount/ Feb Feb Mar Mar (March 27,1997)
100 gal. 7 25 12 24 Dormant First Green Early Red Pink  Bloom
(all appl.) swell  bud red bud bud

1 W  Control 0.4 c® 06b 36b 62a 90a l142a Oa

2 R Oil 8 8 1.0 be 96a 70ab 30a 52a 50b Oa

3 B Oil 13 8 5 2.0ab ll4a 58ab 36a 46a 52b Oa

4 FO Qi 18 8 5 5 2.0 ab 138a 7.0ab 36a 46a 32b Oa

5 Y Oil 23 8 5 5 5 24a 94a 98a 40a 66a 36b Oa

6 BK Oil 8 8 1.5abc 13b 55ab 50a 88a 80b Oa

ZFull Bloom: (3 April--90% flowers open). A freeze occurred on April 9 that killed over 50% of the flower buds on the control.
XMean separation within columns by Duncan's new multiple range test, P<0.05.
yBud phenology: 1 = Dormant (none swollen); 2 = first swell (split scale) ; 3 = green caylx ; 4 red caylx ; 5 = first pink ; 6 = first bloom.



—3 —3 ~T3 ~/73 73 ~—3 ~—3 ~ 73 T3 T3 T3 ~ 73 ™/ T3 ~73 73 3 )

Table 1C. Effect of handgun sprays of soybean oil on ‘Redhaven’ bud development (five 24 cm shoots/tree) (1997).

No. Color Treatment?Y Total Rate/100 gal (application date) Stages of bud phenology (buds/120 cm)Y
amount/ Feb Feb Mar Mar (March 27,1997)
100 gal. 7 25 12 24 DormantFirst Green Early Red Pink Bloom
(all appl.) swell  bud red bud bud

1 W  Control 0.2b8 12b 40a 2l a 17a 16 a Oa

2 R Oil 8 8 1.2ab 42a 22a 9b 7b 6 ab Oa

3 B Oil 13 8 5 l.6a 46a 20a 8b 9b 8 ab Oa

4 FO Oil 18 8 5 5 0.0b 50a 3la 8 b 5b 5.6b Oa

5 'Y Oil 23 8 5 5 5 00b 36a 26a 9b 9b 9ab Oa

6 BK Oil 8 8 03b 16b 3la 25a 23 a l14ab Oa

ZFull Bloom: (3 April--90% flowers open). A frecze occurred on April 9 that killed over 50% of the flower buds on the control.
XMean separation within columns by Duncan's new multiple range test, P<0.05.
YBud phenology: 1 = Dormant (none swollen); 2 = first swell (split scale) ; 3 = green caylx ; 4 red caylx ; 5 = first pink ; 6 = first bloom.

S # s1hg

Table 1D. Effect of handgun sprays of soybean oil on ‘Redhaven’ bud development (five 34 cm shoots/tree) (1997).

No. Color TreatmentZY Total Rate/100 gal (application date) Stages of bud phenology (buds/170 cm)Y
amount/ Feb Feb  Mar Mar (April 30,1997)
100 gal. 7 25 12 24 Buds not open/ Bud scars/ Number fruit/
(all appl.) 5 shoots S shoots 5 shoots

1 W  Control 50 a¥ 22¢ 20a

2 R Oil 8 8 42 ab 35ab 3c

3 B oil 13 8 5 39b 37a 3c

4 FO Qi 18 8 5 5 39b 38a lc

5 Y Oi 23 8 5 5 5 39b 4] a 2¢

6 BK Oil 8 8 48 a 30 ab 12b

ZFull Bloom: (3 April--90% flowers open). A freeze occurred on April 9 that killed over 50% of the flower buds on the control.
XMean separation within columns by Duncan's new multiple range test, P<0.05.
o YBud phenology: 1 = Dormant (none swollen); 2 = first swell (split scale) ; 3 = green caylx ; 4 red caylx ; 5 = first pink ; 6 = first bloom.



\3 Table 2. Effect of handgun sprays of soybean oil on ‘Bisco’ bud development (five 40 cm shoots/tree) (1997).

No. Color TreatmentZY Total

Rate/100 gal (application date)

Stages of bud phenology (buds/200 cm)V

amount/ Feb Feb  Mar (April 1 1997)

100 gal. 7 25 12 Dormant First Green Early Red Pink  Bloom

(all appl.) swell  bud red bud bud
1 W  Control 0.0 ax 04b 04b 44b 142a 236a 730a
2 B Oil 8 8 08a 1.2ab 94ab 84b 144a 262a 474b
3 R Ol 13 8 5 00a 08b 18b 72b 168a 362a 564ab
4 FO Oil 18 8 5 5 00a 1.8ab 90ab 94b 134a 328a 520D
5 Y Ol 23 8 5 5 00a 44a 172a 176a 18.0a 286a 376D
6 BK OQil 8 8 00a 30ab 25b 58b 173a 385a 4250

ZFyll Bloom: (21 April--90% flowers open). A freeze occurred on April 9 that killed over 50% of the flower buds on the control.

YAl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new multiple range test, P<0.05.
WBud phenology: 1 = Dormant (none swollen); 2 = first swell (split scale) ; 3 = green caylx ; 4 red caylx ; 5 = first pink ; 6 = first

bloom.

9 # s1og
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Table 3A. Effect of handgun sprays of soybean oil on ‘Jonagold® flowering (1997).

No. Color TreatmemtZY  Total Flower clusters /cm?
amount cross sectional
100 gal. Rate/100 gal (application date) Bud ratingW area limb
(all appl.)  Feb Feb Mar Mar Mar Apr Apr Apr

7 25 12 24 18 1 8 14

1 W Control 263a 470a 694a 10.0 ab

2 B Oil 8 8 2.50ab 4.58ab 6.13 bc 65b

3 R Qil 13 8 5 2.25ab 445bc 6.25bc 16.0 a

4 TFO Oil 18 8 5 S 23lab 438c¢c 6.00c 6.75b

5 Y Oil 23 8 5 5 5 207b 445bc 631bc 4.75b

6 BK Oil 8 8 244ab 453bc 6.75ab 8.25ab

ZFull Bloom: (21 April--90% flowers open).

YAIl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new multiple range test, P<0.05.

WBud rating : 1 = Dormant (none swollen); 2 = silver tip; 3 = green tip; 4 =1/2"green; 5 = tight cluster; 6 = first pink ;
7 = full pink ; 8 = first bloom.

L # slafg

Table 3B. Effect of handgun sprays of soybean oil on ‘Jonagold’ fruiting (1997).

No. Color Treatment?Y  Total Rate/100 gal (application date) Number Fruit/cm? Fruit Length
amount/ Feb Feb Mar Mar fruit cross sectional diameter  diameter
100 gal 7 25 12 24 per tree area trunk (cm) ratio
(all appl.) 12 June 12 June 25 Sept - 25 Sept

I W Control 83 a 7.1a 7.09b 0.87a

2 B Oil 8 8 50 ab 56a 7.30 ab 087a

3 R oil 13 8 5 57 ab 52a 7.28 ab 0.88a

4 FO Oil 18 8 S 5 49 ab 42a 7.75 ab 089a

5'Y Oil 23 8 5 5 5 30b 28a 7.78 ab 0.87a

6 BK Oil 8 8 44 ab 40a 8.18a 0.89a

ZFull Bloom: (21 April--90% flowers open).
YAIl treatments including the control were hand thinned June 2-7.
XMean separation within columns by Duncan's new multiple range test, P<0.5.
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Table 4A. Effect of handgun sprays of soybean oil on ‘Mutsu’ flowering (1997).

No. Color TreatmentZY  Total Flower clusters /cm?
amount/ cross sectional
100 gal. Rate/100 gal (application date) Bud rating" area limb
(all appl.) Feb Feb Mar Mar Mar Apr Apr Apr

7 25 12 24 18 1 8 14

1 W Control 294a 493a 706a 7.50b

2 B Oil 8 8 288a 474b 68la 11.3 ab

3 R Oil 13 8 5 244b 4.60b 5.00a 275b

4 FO Oil 18 8 5 5 275ab 4.69b 6.94a 183 a

s Y Oil 23 8 5 5 5 294a 466b 688a 525b

6 BK Oil 8 8 2.44b 469b 688 a 2.50b

ZFull Bloom: (21 April--90% flowers open).
YAIl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new multiple range test, P<0.05.

WBud rating : 1 = Dormant (none swollen); 2 = silver tip; 3 = green tip; 4 =1/2""green; 5 = tight cluster; 6 = first pink ; %
7 = full pink ; 8 = first bloom. i
oo
Table 4B. Effect of handgun sprays of soybean oil on ‘Mutsu’ fruiting (1997).
No. Color Treatment?Y  Total Number Fruit/cm? Fruit Length/
amount/ Rate/100 gal (application date) fruit cross sectional diameter diameter
100 gal. Feb Feb Mar Mar per tree area trunk (cm) ratio
(all appl) 7 25 12 24 12 June 12 June 1 Oct 1 Oct
1 W Control 6.3 bX 05b 8.11a 0.96 ab
2 B oil 8 8 775a 51a 784a 089b
3 R Oil 13 8 5 45D 03b 8.05a 0.89b
4 FO Oil 18 8 5 5 41.8 ab 2.8ab 8.06 a 0.92 ab
5 Y Oil 23 8 5 5 5 68b 05b 763 a 091 ab
6 BK oil 8 8 28b 03b 8.32a 098 a
ZEull Bloom: (21 April--90% flowers open).
YAIl treatments including the control were hand thinned June 2-7.
XMean separation within columns by Duncan's new multiple range test, P<0.05.
3 3 o) 3 Y .3 3 3 .3 .3y 3 3 S I | 3 -3 -3
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Table SA. Effect of handgun sprays of soybean oil on ‘Stayman’ flowering (1997).

No. Color TreatmentZY  Total Flower
amount/ clustf.ars/cr.n2
100 gal. Rate/100 gal (application date) Bud rating" cross sectional

— area limb
(all appl.) Feb Feb Mar Mar Mar Apr Apr Apr
7 25 12 24 18 1 8 14

I W Control 250a% 438a 73la 21.7a

2 B Oil 8 8 250a 4.59a 720ab 18.8 ab

3 R Oil 13 8 5 232abc 440a 7.15ab 17.7 ab

4 FO Oil 18 8 5 S 2.10bc 431a 7.09b 14.0b

5 Y Oll 23 8 5 5 5 205c 445a 720ab 240a

6 BK Oil 8 8 235ab 445a 7.29a 17.6 ab

ZEull Bloom: (21 April--90% flowers open).

YAIl treatments including the control were hand thinned June 2-7.

XMean separation within columns by Duncan's new multiple range test, P<0.05.

WBud rating : 1 = Dormant (none swollen); 2 = silver tip; 3 = green tip; 4 =1/2"green; 5 = tight cluster; 6 = first pink ;
7 = full pink ; 8 = first bloom.

Table 5. Effect of handgun sprays of soybcan oil on ‘Stayman’ fruiting (1997).

6 # s19hg

No. Color TreatmentZY  Total Number fruit/cm? Fruit Length/
amount/ Rate/100 gal (application date) cross sectional diameter diameter
100 gal. Feb Feb Mar Mar area limb ratio
(all appl.) 7 25 12 24 2 June 2 Oct 2 Oct
1 W Control 8.08 aX 7.52 ab 0.843 ab
2 B Oil 8 8 7.68 a 7.46b 0.858 a
3 R Oil 13 8 5 7.65a 7.90 a 0.838b
4 FO Oil 18 8 5 5 8.03a 7.67 ab 0.862 a
5 Y Oil 23 8 S 5 5 792a 7.67 ab 0.846 ab
6 BK Oil 8 8 773 a 7.73 ab 0.829b

ZFull Bloom: (21 April--90% flowers open).
YAIl treatments including the control were hand thinned June 2-7.
XMean separation within columns by Duncan’s ncw multiple range test, P<0.05.
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The Influence of Low Light and Temperature on Apple | |
Fruit Set and Chemical Thinning

.

|
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Alson H. Smith, Jr. Agricultural Research and Extension Center,
595 Laurel Grove Road =
Winchester, VA 22602 \

Introduction ™

Personal field observations have recently caused me to believe that under low light
conditions (natural or artificial), cool temperatures do not cause as much fruit abscission as
when temperatures are warm. In addition, most books on chemical thinning report that !
chemical thinning is temperature dependent (Westwood, 1978; Williams, 1979). However,

much of the literature suggests that the temperature at the time of the chemical thinning m’,
sprays may determine the amount of thinning and suggests that the cause for more thinning ’
is related to greater chemical absorption. -
|
In a previous report, two or three consecutive days of 92% artificial shade (92% '1
polypropylene shade material) reduced fruit set of ‘Delicious’ apple when trees where shaded =
in the 14 to 28 day period after bloom. Low light from cloudy periods of 3 to 4 days were i
calculated to be equivalent to 2 to 3 days of 92% artificial shade. If 1 to 2 days of artificial
sun light separated the 2 or 3 days of artificial shade, less fruit abscission occurred. In ™
addition, natural “June” fruit drop appeared to be related to 2 to 3 days of cloudy weather. !
When carbaryl was applied on the first day of artificially shaded trees, more thinning occurred
than if trees were not shaded. If artificially shaded trees were exposed to one day of full sun 7
before the thinner was applied, the thinner caused less thinning. Two days of artificial shade !
induced more fruit drop than chemical thinners (Carbaryl, Ethephon, or NAA) (Byers, et al., -
1991). |
The objective of these experiments was to investigate 1) the influence of temperature -
on low light abscission, 2) the influence of increasing day time temperature on fruit thinning :
of Carbaryl sprays, and 3) to determine if sorbitol sprays or injections could over come the
effect of fruit abscission by shading the tree. ™
!
Materials and Methods
™
To exacerbated low light stresses, total elimination of light during the day and night 1
period was used in three of these experiments to better determine the effect of temperature

during the dark pericd on fruit abscission/retention. The placement of field-grown trees in
total darkness in the laboratory was intended to determine the effect high vs low temperature
96 on the physiological process (respiration, ethylene, etc.) that causes fruit abscission under

3



~—3 T3 ~—3 ~——3 — 3 —3 3 -~

~3

3

3

f_? - ‘q

3

Byers #2

conditions of low light conditions in the field. In 1997, one naturally occurring low light period
occurred May 31 to June 3. PAR light levels of 32%, 12%, 13%, and 38% of full sunlight
were measured with a LiCor sensor attached to a polycorder. The average day and night
temperatures was 62.5F° for the 4 day period. We believe this low light period triggered a
significant ‘June’ drop about 7 days later. This low light period was calculated to be
equivalent to approximately 3.0 days of total darkness in a 4 day period. The intermittent
sunlight during the period in my opinion kept the majority of fruit from abscising.

Experiment 1, In 1995, twenty field-grown 4-year-old-'Elstar/M.27 apple trees were
dug from the field and placed in 19 Liter plastic buckets 2 days prior to moving trees into
growth chambers. Trees were blocked into two groups by crop load and two trees each were
assigned to the following treatments: 1) Control—trees were undisturbed and remained in
the field, 2) Control—trees were undisturbed but shaded for 3 days with 92% polypropylene
shade material; 3), 4), & 5) were moved into growth chambers and held in the dark for 2, 3,
or 4 days respectively beginning 8 am 23 May at a constant temperature of 40F°; 6), 7) ,8)
trees were moved into growth chambers and held in the dark for 2, 3, or 4 days respectively
beginning 8 am 23 May at a constant temperature of 70F°. Trees were removed 8 am 25
May, 26 May and 27 May respectively, and were transplanted in the field and watered. Fruit
numbers/tree were counted before placement into the growth rooms, May 22, and again after
fruit abscission on 26 Jun.

Experiment 2. In 1996, forty field grown 5-year-old-'Braeburn'/M.27 apple trees were
dug from the field and placed in root bags in the dormant season for acclimation purposes to
reduce transplant shock. Two days prior to moving trees into growth chambers trees were
dug and placed in 19 Liter plastic buckets. Trees were blocked into four groups by crop load
and four trees each were assigned to the following treatments: 1) Control—trees were
undisturbed and remained in the field, 2) Control—trees were undisturbed but sprayed with
Carbaryl + Accel, 3)trees were dug placed in buckets and remained outside; 4) trees were
dug placed in buckets and remained outside but sprayed with Carbaryl + Accel; 5-8) trees
were moved into growth chambers and held in the dark for 2 days beginning 8 am 17 May at
a constant temperatures of 40F°, 50F°, 60F°, or 70F°; 9-12) trees were moved into growth
chambers and held in the dark for 3 days beginning 8 am 17 May at a constant temperatures
of 40F°, 50F°, 60F°, or 70F°; 13-16) trees sprayed at 1 pm 17 May with Carbaryl + Accel
and then were moved into growth chambers at 4:00 pm and held in the dark for 2 days
beginning 8 am 17 May at a constant temperatures of 40F°, 50F°, 60F°, or 70F°. 17-20)
trees sprayed at 1 pm 17 May with Carbaryl + Accel and then were moved into growth
chambers at 4:00 pm and held in the dark for 3 days beginning 8 am 17 May at a constant
temperatures of 40F°, 50F°, 60F°, or 70F°. Trees were removed 8 am 21 May and were
transplanted in the field and watered. Fruit numbers/tree were counted before placement
into the growth rooms, May 17, and again after fruit abscission on 11 Jun.

Experiment 3, In 1997, seventy-two field grown 6-year-old-‘Stayman’/M.27 apple
trees were dug from the field and placed in root bags in the dormant season of 1996 for
acclimation purposes to reduce transplant shock. Two days prior to moving trees into growth
chambers trees were dug and placed in 19 Liter plastic buckets. Trees were blocked into
four groups by crop load and four trees each were assigned to the following treatments: 1)
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Control—trees were undisturbed and remained in the field, 2) trees were dug placed in
buckets and remained outside; 2-6) trees were moved into growth chambers and held in the
dark for 63 hours at a constant temperatures of 40F°, 50F°, 60F°, or 70F°; 7-10) trees
sprayed at 1 pm 27 May with Carbaryl and then were moved into growth chambers at 4:00
pm 27 May and held in the dark for 63 hours at a constant temperatures of 40F°, 50F°,
60F°, or 70F°; 11-14) trees sprayed at 1 pm 27 May with NAA+Regulaid and then were
moved into growth chambers at 4:00 pm 27 May and held in the dark for 63 hours at a
constant temperatures of 40F°, 50F°, 60F°, or 70F°; 15-18) trees sprayed at 1 pm 27 May
with Ethrel and then were moved into growth chambers at 4:00 pm 27 May and held in the
dark for 63 hours at a constant temperatures of 40F°, 50F°, 60F°, or 70F°. Trees were
removed 8 am 30 May and were transplanted in the field and watered. Fruit numbers/tree
were counted before placement into the growth rooms, May 27, and again after fruit
abscission on 17 Jun.

Experiment 4. In 1996, 36 Empire/Mark apple trees were blocked into four groups by
crop load and four trees each were assigned to the following treatments: 1) Control—
unsprayed, or 2-9) sprayed with Carbaryl every 2 hours beginning at 6 AM until 8 PM,
respectively (Table 4). Temperatures varied from 64F° to 96F°.

Experiment 5. In 1997, 72 Fu;ji/M. 27 apple trees were blocked into six groups by crop
load and six trees each were assigned to 12 treatments: 1) Control -- no treatment, 2) Shade
92%, 3) Ferbam + Regulaid, 4) Carbon Black, 5) Shade 92% + Carbaryl+Regulaid, 6)
Ferbam + Carbaryl+Regulaid, 7) Carbon Black + Carbaryl+Regulaid, 8) Carbaryl+Regulaid,
9) Shade 92%+Sorbitol (injected), 10) Shade 92%+Sorbitol+Regulaid (sprayed), 11)Shade
92%+GA4+7+Sorbitol+Regulaid, 12)Shade 92%+Accel+Sorbitol+Regulaid.

Results and Conclusions

Experiment 1. In 1985, we found that Elstar/M.27 apple trees placed in the dark for 3
or 4 days and returned to natural sunlight conditions abscised all of their fruit at 70°F dark
temperature but were retained if the dark period was 40°F.

Experiment 2. In 1996, we found that Braeburn/M.27 apple trees placed in the dark
for 2 days and retumed to natural sunlight conditions abscised all of their fruit at 60°F and
70°F dark temperature, but were retained if the dark temperature was 40°F. These data
indicated that-the lower dark period temperatures were very important for fruit retention (fruit
set). In addition, Carbaryl+Accel caused the development of more pigmy fruit at all
temperatures. It also appeared to be related to the combined effects of trees dug and
treated with (Carbaryl + Accel trt#4 vs tri#2 and trt#3).

We suspect that higher temperatures caused either higher respiration rates or higher
natural ethylene production promoted fruit abscission whether treated with a thinner or not.

Experiment 3. In 1997, we found that Stayman/M.27 apple trees placed in the dark for
2 days and returned to natural sunlight conditions abscised most of their fruit at 70°F dark
temperature, but were retained if the dark period was 40°F. Fruit thinning occurred at 50°F
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and 60°F. Additional fruit thinning was significantly promoted by Carbaryl or NAA + Regulaid
over the range of temperatures (40°F to 70°F) but appeared to be most promoted at 70°F
dark temperature. Ethrel caused fruit thinning at all temperatures from 40°F to 70°F but
unexpectedly did not appear to be affected by temperature (probably because Ethrel
defruited all trees at all temperatures). This data suggests that Ethrel might be rather
effective as a thinner during cool temperatures, but the literature suggests a strong
increasing temperature effect on thinning with Ethrel.

Experiment 4. Carbaryl sprays applied at 2 hour intervals beginning at 6 AM until 8
PM to Empire/Mark trees caused similar thinning when applied at temperatures ranging from
64F° to 96F°. These data suggest that no differences were related to daytime temperature.
Note however the night time temperatures for the day of spraying and the nights before and
after were not different between treatments.

Experiment 5. Since temperatures were rather cool during the period, Fuji trees were
shaded (92% shading) for a 5 day period (instead of an anticipated 3 days that might have
been sufficient if temperatures had been higher). Shade (92%) caused about half of the fruit
to abscise (Table 5). Ferbam, Carbon Black, with or without Carbaryl, did not cause thinning
(trts 3,4,5,6). Carbaryl did not increase the thinning caused by shade (irts 2 vs 8). The
addition of Sorbitol (injected) maintained fruit on shaded trees better than no sorbitol (trt 2 vs
9). Sorbitol sprayed on shaded trees (trt 2 vs 10) may have maintained some fruit on the
trees. Sorbitol sprayed or injected into trees shaded maintained seeds in 33 mm fruit sizes
better than no sorbitol (trt 2 vs 9 or 10). GA or Accel maintained fruit on the trees (trt 2 vs 11
or 2 vs 12) but did not maintain seed in (33 mm fruit sized fruit). Also pigmy fruit were found
only on Accel treated trees. The additional pigmy fruit may account for the increased fruit set
from the control (trt 1 vs 12).
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Table 1. Eftect of shade and night temperature on " Eistar/M27’ fruit set (1995}.

No. Color Treatment?Y Hours dark In darkness Out of darkness Tree Number of Number of  Fruit
removed fruit/tree fruit/tree drop(%)
Night temp (25 days from (22 May) {26 June)
(F) after full bloom) the soil
1 W Control o in soil 85 35.5a 61d
2 B Control (shaded 3 days} in soil 99 21.0 ab 72 d
3 PBKS 40 48 8 am 23May 8 am 25 May dug 56 17 ab 66 cd
4 O0BKS 40 72 8 am 23May 8 am 26 May dug 58 10 ab 87 abc
5 Y 40 96 8 am 23May 8 am 27 May dug 69 8.5 ab 93 ab
6 FO 70 48 8 am 23May 8 am 25 May dug 86 8 ab 93 ab
7 P 70 72 8 am 23May 8 am 26 May dug 103 0.0b 100 a
8 G 70 96 8 am 23May 8 am 27 May dug 79 0.0b 100 a
Contrast: Comparison:
3,4,5Vs 6,7,8 Night temp (40F Vs 70F) 0.0159** 0.0336"

ZFull bloom occurred 22 April 1995. Two whole tree reps / treatment
YMean separation within columns by Duncan's multiple range test, 5% level.

-3 2 .y .3 -3 3 . 3 -3 .3 -2 3 -3 _3 __3

G # s19hg
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Teble 2. Effect of dack tamperatura on °~Brosburn/M27° fruit set {1996).

No. Color TreatmentZY Hours dark Chemical In darkness Out of darkness Tree removed Fruit/cm2 cross  Fruit set Full size Pigmy fruit Number of
/100 gal sectional area (%) fruit {%) {%) fruit / tree
Night temp (21 days sfter full (Casbaryl ¥ pt from tha sail {17 May) {11 June)
°{F) bloom) Accel 2 pt)
1. W/w Control 0 insoil inbag 12.0a% 1.3efgh 10 cdef 10.0 ab 0.0d 8.7 def
2. W/R Control 0 Carbaryl + Accel insoilinbag 13.4a3 2.0cdefg 15 cde 14.7 a 0.0d 9.3 def
3. W/B Contiol 0 dug (outside} 12.5a 0.8 gh 7 delg 6.6 abc 0.0d 5.3 def
4. W/G Control [¢] Carbaryl + Accel dug {outside} 11.9a 3.3 abed 26 abc 3.8 be 219 be 20.0 be
5. R 40 48 (=2 days dark) 4 pm 17May 8 am 20 May dug 10.5a 0.8gh 9 defg 7.9 abe 1.0d 5.0 def
6. B8 50 48 (=2 days dark) 4 pm 17May 8 am 20 May dug 9.2a 0.3gh S fghi 4.2 be 0.4d 1.8¢
7. G 60 48 (=2 days dark) 4 pm 17May 8 am 20 May dug 100a O0O0Oh Oi 00b 0.0d o.0f
8. v 70 48 (=2 days dark} 4 pm 17May 8 am 20 May dug 11.3a 00h Qi 0.0b 0.0d 0.0f
9, HP 40 72 (=3 days dark) 4 pm 17May 8 am 21 May dug 8.8a 3.0 abcde 35 ab 9.7 abe 25.3abc 15.0cd
10. FO 50 72 (=3 days dark) 4 pm 17May 8 am 21 May dug 10.0a 0.4 gh 5 efghi 3.9 be 0.1d 2.8ef
11. BK 60 72 (=3 days dark} 4 pm 17May 8 am 21 May dug 10.2a 0.1 h O hi 1.0 be 0.0d 0.3t
12. RS 70 72 { =3 days dark} 4 pm 17May 8 am 21 May dug 96a O0.1h 2 ghi 1.0 be 1.0d 1.0¢
o
13. BS 410 48 {=2 days dark}  Carbaryl + Accel 4 pm 17May 8 am 20 May dug 9.6a 3.7abc 39 a 6.7 abe 32.1 ab 31.0a P
14, OS 50 48 (=2 days dark)  Carbaryl + Accel 4 pm 17May 8 am 20 May dug 12.2a 2.7 abcdef 23 abed 7.7 abe 15.4 bed 15.8 cd @
15. ¥S 60 48 (=2 days dark)  Carbaryl + Accet 4 pm 17May 8 am 20 May dug 10.2a 2.1 becdefg 18 bede 4.2 be 13.6 cd 13.0 cds :
16. RD 70 48 {=2 days dark)  Carbaryl + Accel 4 pm 17May 8 am 20 May dug 10.3a 1.0fgh 11 cdet 2.2 be 8.5 cd 5.8 def
17. BD 40 72 {=3 days dark)  Carbaryl + Accel 4 pm 17May B8 am 21 May dug 10.1a 3.8ab 44 a 1.2bc 424 a 29.8a
18. OD 50 72 {=3 days dark)  Carbaryl + Accel 4 pm 17May 8 am 21 May dug 9.9a 39a 423 1.7 be 40.6 a 26.8 ab
19. BKS 60 72 (=3 days dark)  Carbaryl + Accel 4 pm 17May 8 am 21 May dug 10.7a 1.8 defgh 16 bcde 4.4 be 11.7 cd 10.3 cdef
20. \G 70 72 (=3 days dark)  Carbaryl + Accel 4 pm 17May 8 am 21 May dug 1093 0.7 gh 7 efgh 3.7 be 3.0d 4.0 ef
Contrast: Comparison: Br>F  Pc>F Pr>E Pe>F Pe>F Pr>F
5,6,7.8 Vs 9,10,11,12 2 days Vs 3 days (no thinners) ns ns ns ns ns ns
13,14,15,16 Vs 17,18,18,20 2 days Vs 3 days (thinners) ns ns ns ns ns ns
5,6,7,8 Vs 13,14,15,16 no thinners Vs thinners {2 day) ns b see ns see soe
9,10,11,12 Vs 17,18,19,20 no thinners Vs thinners {3 day} ns b s ns eee vee
5,9 Vs 6,10 40°F Vs 50°F ns .. . ns i .
6,10 Vs 7,11 S0°F Vs 60°F ns ns ns ns ns ns
7,11 Vs 8,12 60°F Vs 70°F ns ns ns ns ns ns
6,10 Vs 8,12 50°F Vs 70°F ns ns ns ns ns ns
1,.3Vs 2,4 thinner outside Vs none ns * ¢ ns ns .
1,2Vs 3,4 dug Vs not dug (outside) ns ns ns * ns ns

101
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Table 2 {continuad).

Ragrassion: 2 days (40°F, 50°F, 60°F, 70°F) trt 5,6,7.8 Pr2E Be2E Br>E Pe>E Pr>F Re>FE
L ns (X ) . [ ns ns
Q ns b . . ns ns
L+Q ns ns ns ns ns ns
Bearession: 3 days (40°F, 50°F, 60°F, 70°F) trt 9,10,11,12
L ns LJ L X ] * L ] -
Q ns - e * e ns L ] L]
L+Q ns . . ns . ns
Bearession; 2 days Carbaryl +:Accell trt 13,14,15,16
{40°F, 50°F, 60°F, 70°F}
: L ns . . ns ns ns
a ns . - ns ns ns o
L+Q . ns ns ns ns ns ns %
Regression: . 3 days Carbaryl + Accell trt 17,18,19,20 o
(40°F, 50°F, 60°F, 70°F) ' ]
L ns LK .o ns ese .o
0 ns [N ) LR X3 ns [ XX ] [ X )
L+Q ns ns ns ns see ns

ZFull bloom occurred 26 April 1896. Four whole tree reps/treatment. Temperatures--May 20 {Hi - 96°F, Lo - 68°F).
YSpray treatments were : Carbaryl 4.4 ml/3.5 liter + Accel 8.8 mil3.5 liter
XMean separation within columns by Duncan’s new multiple range test;(P< 0.05).

w3 w3 3 —3 NS | 3 - *—-——a WJ u——-—’a k—--i-’ ~..__3 L_...__Q u__._fj pﬂ_] \___..j .._b‘g \_.__’] 5_3
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Table 3A. Effect of dark temperature on “Stayman/M27* fruit set (1997).

€01

No. Color TreatmentZY Hours dark Chemical In darkness Out of darkness Tree removed Fruit/em* cross Fruit set
Nighl temp  slarting spray (3.5 L) from the soil sectional area trunk (%) Number of fruil/tree
(°F) 32 days AFB (27 May) (17 June) {17 June) (27 May) (17 June)
1. W Control 0 in soil in bag 9.8 a¥ 6.3a 68 a 83a S5a
2. PBKsS Control 0 dug (outside) 84a 53a 65a 40 a 26 bc
3. HP  40°F 63 None 5 pm 27 May 8 am 30 May dug 80a 39b 49 ab 6ta 29b
4 FO 50°F 63 None 5pm 27 May 8 am 30 May dug 9.0a 29bc 41 bc 59 a 21 bed
5. BBKS 60°F 63 None 5 pm 27 May 8 am 30 May dug 117a 0.8 efg 8ef 93a 8 efghi
6. LG 70°F 63 None 5 pm 27 May 8 am 30 May dug 93a 1.5 def 27 cde 52 a 8 efghi
7. OD  40°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 9.1a 34 bc 38 bc 6ta 22 bed
8. R 50°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 10.2a 23cd 27 cde 54 a 13 defg
9. B 60°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 10.1a 2.0 cde 30 bed 54 a 13 defg
10. BS 70°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 103 a 0.04 g 0.1f 57 a 031
11. Y8 40°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 8.7a 2.6 bed 32 bed 63a 19 bede
12. OS 50°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 82a 23cd 26 cde 57 a 15 cdef
13. BK 60°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 119a 2.6 bed 25 cde 57a 12.5 defgh
14. RS 70°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 90a 0.8 efg 12 def 68a 6 fghi
15. RD  40°F 63 Ethrel 5 pm 27 May 8 am 30 May dug 112a 03fg 3f 79a 2 ghi 51
16. BD 50°F 63 Ethrel S pm 27 May 8 am 30 May dug 96a 0.1fg of 61a 0S5i 5
17. RBKS 60°F 63 Ethrel 5 pm 27 May 8 am 30 May dug 108 a 009 of 70a 0.0i 3t
18. OBKS 70°F 63 Ethrel 5 pm 27 May 8 am 30 May dug 111a 0219 1f 68 a 1hi )
Temperaiure reqgressions:
Regression:(40°F,50°F 60°F,70°F) trt 3.4,5.6 No thinner Pr>F PF PrF Pr>F PrF
L nS b ns ns (113
Q ns . ns ns [ 1]
L+Q ns . ns ns i
Regression:(40°F,50°F 60°F,70°F) 1t 7,8,9,10 Carbaryl
L ns . ns ns ns
Q ns . ns ns .
L+Q ns . ns ns ns
Regression:(40°F,50°F,60°F,70°F) t111,12,13 NAA
L ns * ‘ ns .
Q ns . * ns -
L+Q ns . . ns .
Regression:(40°F ,50°F,60°F,70°F) Int Ethrel
15,16,17,18
L ns ns ns ns ns
Q ns ns ns ns ns
L+Q ns ns ns ns ns
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Table 3A (continued),

dvs? 40°F (No thinner vs Carbaryl) ns ns ns ns ns
3vs 1 40°F (No thinner vs NAA + Regulaid) ns ns ns ns ns
3vs 15 40°F (No thinner vs Ethrel) wee e i - e
7vs 11 40°F (Carbaryl vs NAA + Regulaid) ns ns ns ns ns
7vs1b 40°F (Carbaryl vs Ethrel) * b i ns e
11vs15 40°F (NAA + Regulaid vs Carbaryl) - . e ns .
4vs 8 50°F (No thinner vs Carbaryl) ns ns ns ns ns
4vs 12 S0°F (No thinner vs NAA + Regulaid) ns ns ns ns ns
4vs 16 50°F (No thinner vs Ethrel) ns oo oo ns e
8vs12 50°F (Carbaryl vs NAA + Regulaid) ns ns ns ns ns
8vs16 50°F (Carbaryl vs Ethrel) ns e - ns .
12vs 16 50°F (NAA + Regulaid vs Ethrel) ns et b ns -
5vs9 60°F (No thinner vs Carbaryl) * ns - * ns
5vs13 60°F (No thinner vs NAA + Regulaid) ns * ns ns ns
S5vs 17 60°F (No thinner vs Ethrel) ns ns ns ns ns
9vs 13 60°F (Carbaryl vs NAA + Regulaid) - ns ns ns ns
9vs 17 60°F (Carbaryl vs Ethrel) ns i e ns -
13vs 17 60°F (NAA + Regulaid vs Ethrel ) * i ns ns .
6vs 10 70°F (No thinner vs Carbaryl) ns * - ns ns
6vs 14 70°F (No thinner vs NAA + Regulaid) ns ns ns ns ns
6vs 18 T0°F (No thinner vs vs Ethrel) ns * - ns ns
10 vs 14 70°F (Carbaryl vs Ethrel) ns ns ns ns ns
10vs 18 70°F (Carbaryl vs Ethrel) ns ns ns ns ns
14 vs 18 70°F (NAA + Regulaid vs Ethrel) ns ns ns ns ns
34.56vs789,10 No thinner vs Carbaryl (all temperatures) ns ns ns ns ns
34,56vs11,12,13 No thinner vs NAA (all temperatures) ’ ns ns ns ns ns
3.4,56vs 15,16,17,18 No thinner vs Ethrel {all temperatures) ns ns ot
7.8.9,10 vs 11,12,13 Carbaryl vs NAA (all temperatures) ns ns ns ns ns
7.8,9,10 vs 15,16,17,18  Carbaryl vs Ethrel (all temperatures) ns b aee ns oo
11,12,13 vs 15,16,17,18  NAA vs Ethrel (all temperatures) ns e aee ns i

6 # S19kg

ZFull bloom occurred 25 April 1997. Four whole tree reps / treatmenl. Chemical rates were: Carbaryl 1 p/100 gal (4.4mI/3.5L); NAA200 10 ppm (0.676 mlI/3.5L) +
Regulaid 1p/100gal (4.4mI/3.5L); Ethrel 1.5pl/100gal (6.45 mi/3.5L).
YMean separation within columns by Duncan's new multiple range test, P<0.05.
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Table 3B. Effect of dark temperature on “Stayman/M27° fruit set (1997).
No. Color TreatmeniZY Hours dark Chemical In darkness Oul of darkness Tree removed  Fruit Length Viable Aborted
Night temp  starting spray (3.5 L) from the soil diameter (cm) diameter ratio seeds seeds
(°F) 32 days AFB Oct 3 Oct 3 Oct 3 Oct 3
1. W Control o in soil in bag 6.71 a¥ 0.827 ab 433 a 040c
2. PBKS Control 0 dug (outside) 6.09 ab 0.804 b 4.03 ab 0.33¢
3, HP 40°F 63 None 5 pm 27 May 8 am 30 May dug 5.95 ab 0.806 b 3.87 ab 1.07 abc
4. FO 50°F 63 None 5 pm 27 May 8 am 30 May dug 5.97 ab 0.795b 428 a 0.68 abc
§. BBKS 80°F 63 None 5 pm 27 May 8 am 30 May dug 4.22 ab 0.862 ab 2.54 abc 1.09 abc
6. LG 70°F 63 None 5 pm 27 May 8 am 30 May dug 325b 0.900 ab 2.02 bc 0.65 bc
7. OD  40°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 6.25 ab 0.810 ab 435a 0.63 bc
8 R 50°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 6.47 ab 0.810 ab 4.02 ab 1.17 abc
9. B 60°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug 6.74 a 0.808 ab 4.08 ab 1.37 abc
10. B8S 70°F 63 Carbaryl 5 pm 27 May 8 am 30 May dug - -- - -
11. YS 40°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 563 ab 0.799 b 3.60 abc 1.60 ab
12. OS 50°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 6.20 ab 0.804 b 3.67 abc 1.29 abc
13. BK 60°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 5.62 ab 0.796 b 2.81 abc 1.79a %"
14. RS 70°F 63 NAA + Regulaid 5 pm 27 May 8 am 30 May dug 3.16b 0.910 a 1.59¢ 0.76 abc 4
3t
15. RD 40°F 63 Ethrel 5 pm 27 May 8 am 30 May dug - - - - =
16. BD 50°F 63 Ethrel 5 pm 27 May 8 am 30 May dug - - - -
17. RBKS 60°F 63 Ethrel 5 pm 27 May 8 am 30 May dug - - - -
18. OBKS 70°F 63 Ethrel 5 pm 27 May 8 am 30 May dug -- - - -
Temperalure reqressions;
Regression:(40°F,50°F ,60°F,70°F) it 3,4,5,6 No thinner PrF | o PrE Pr>F
ns ns ns ns
ns ns ns ns
L+Q ns ns ns ns
Regression:(40°F 50°F 60°F,70°F) 1 7,8,9,10 Carbaryl
L ns ns ns ns
Q ns ns ns ns
L+Q ns ns ns ns
Regression:(40°F,50°F,60°F,70°F) 11 11,12,13 NAA
L ns . . ns
Q ns * * ns
L+Q ns . ns ns
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Table 3B (continued),

Contrasts
3vs7
3vs 11
7vs 11
4vs8
4vs 12
8vs12
S5vs9
5vs 13
9vs 13
6vs 14
3456vs 11,1213

40°F (No thinner vs Carbaryl)

40°F (No thinner vs NAA + Regulaid)
40°F (Carbaryl vs NAA + Regulaid)
50°F (No thinner vs Carbaryl)

50°F (No thinner vs NAA + Regulaid)
50°F (Carbaryl vs NAA + Regulaid)
60°F (No thinner vs Carbaryl)

60°F (No thinner vs NAA + Regulaid)
60°F (Carbaryl vs NAA + Regqulaid)
70°F (No thinner vs NAA + Requlaid)
No thinner vs NAA (all temperatures)

RY
n

-

ZEull bloom occurred 25 April 1997. Four whole tree reps / treatment. Chemical rates were: Carbaryl 1 pt/100 gal (4.4ml/3.5L); NAA200 10 ppm (0.676 ml/3.5L) +

Regulaid 1pt/100gal (4.4mlI/3.5L); Ethrel 1.5pt/100gal (6.45 ml/3.5L).
¥Mean separation within columns by Duncan's new multiple range test, P<0.05.
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Byers # 12

Table 4. Effect of application time on fruit thinning of Empire/Mark by

Sevin XLR (1996).
No. Color Application Fruit‘cm®cross  Temperature  Relative
time® sectional area (°F) humidity
trunk (18 June) 20 May (%)
1 W No treatment  10.6 a’ -- --
2 Y 6:00 AM 8.5ab 64 82
3 BK 8:00 AM 8.7ab 81 60
4 DG 10:00 AM 8.1ab 85 59
5 LG 12:00 AM 6.0b 90 49
6 P 2:00 PM 7.8 ab 96 40
7 FO 4:00 PM 6.4b 96 38
8 R 6:00 PM 7.4b 95 42
9 B $:00 PM 7.9 ab 86 64
Regression of temperature on FCSA: P<0.05
L ns
Q ns
L+Q ns

Applications were made on May 20, 1996 when fruit diameter was 14.9 mm,

YMean separation within columns by Duncan's new multiple range test, P<0.03.
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Table 5. Effec! of low light, growth regulators, and sorbitol on fruit set of ‘Fuji'’/M.27 (1997).

Date applied Fruitcm2  Number Pigmy Viable Viable
No. Colo TreatmentZY Applicali May May May May May Cr10Ss of fruit (%) seeds/fruit  seeds/fruit
r on 20 21 22 23 24 seclional  fruit / (22mm (33 mm to (40 mm o 42
type Rate/ area tree orless) 34 mm) mm)
3.5 liter Temp Temp Temp Temp Temp June June June June July
72°/53° 62°/35° 66°/43° T4°/40° B82°/44° 16 16 30 30 3
1 w Control 15.2bc* 178 abc 0b 7.7a 8.0ab
2 R Shade (82%) X X X X X 7.2d 106 cd 1b 52d 8.2a
3 B Ferbam 200g/3.5 L X 16.1 be 186 ab 0b 7.7a 83a
+ Regulaid Sprayed 4.4ml X
4 FO  Carbon Black 200g/3.5L X 14.9 bc 143 bed 0ob 74a 8.2a
+ Regulaid Sprayed 4.4 ml X
5 Y Ferbam 2009/3.5L X 13.3bc 190 ab Ob 7.1 abc 8.2a
+ Sevin XLR 44 ml X
+ Regulaid Sprayed 44 mi X
6 BKS Carbon Black 2009/35L b3 17.4 ab 207 ab 0b 7.3ab 8.1a
+ Sevin XLR 44 ml X o
+ Regulaid Sprayed 4.4 ml x S
7 RS  Shade (92%) X X X X X 6.6d 94d ib 6.1¢c 7.4 abc 7]
+ Sevin XLR 4.4 ml b3 3t
+ Regulaid Sprayed 4.4 ml x o
8 RD  Sevin XLR 4.4 ml X 13.5bc 187 ab 0Ob 7.4 ab 8.0 ab
+ Regulaid Sprayed 4.4 ml X
9 8S  Shade (92%) X X x X x 12.3 be 172 abc 0b 77a 86a
+ Sorbitol (5%) Injected 175¢g X b b X X
10 OD Shade (92%) X X X X b 10.9 cd 131 bed Ob 6.4 bc 84a
+ Sorbitol (10%) 3as0g X X X x X
+ Regulaid Sprayed 4.4 mi X X X X X
11 BK  Shade (92%) X x x X X 14.2bc 220 a Ob D4e 7.0bc
+GA4+7 35 ml X
Provide Sprayed 4.4 ml b
+ Regulaid
12 DG Shade (92%) X X x X X 213a 196 ab 8a 09e 66¢C
+ Accel 35 mi X
+ Regulaid Sprayed 4.4 ml X
3 .3 1 2 _ 3 : -3 3 U B | .3 3 3 .3 3 3 __3 B |
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Table 5 (continued).

Contrasts:
2Vs7

2Vs 9

2Vs 10

2Vs 11

2Vs 12
3vs4

3VsS

3Vvs8

4Vs 6

5Vs 6

S5Vvs7

6Vs?7

9vVvs 10

9Vs 11

9Vs 12

10 Vs 11
10Vs 12

11 Vs 12
2Vs 7,9,10,11,12
1,3,4,5,6,8 Vs
2,7.9,10,11,12

Comparisons:

Shade Vs Shade + Sevin + Regulaid

Shade Vs Shada + Sorbitol (Injected}

Shade Vs Shade + Sorbitol (Sprayed)

Shade Vs Shade + GA4 + 7 Provide + Regulaid

Shade Vs Shade + Accel + Regulaid

Ferbam + Regulaid Vs Carbon Black + Regulaid

Ferbam + Regulaid Vs Ferbam + Sevin + Regulaid

Farbam + Regulaid Vs Sevin + Regulaid

Carbon Black + Regulaid Vs Carbon Black + Sevin + Regulaid
Ferbam + Sevin + Regulaid Vs Carbon Black + Sevin + Regulaid
Ferbam + Sevin + Regulaid Vs Shade + Sevin + Regulaid
Ferbam + Sevin + Regulaid Vs Shade + Sevin + Regulaid
Shade + Sorbitol {Injected} Vs Shade + Sorbitol (Sprayed}
Shade + Sorbitol {Injected} Vs Shade + GA4 + 7 Provide + Regulaid
Shade + Sorbitol {Injected) Vs Shade + Accel + Regulaid
Shade + Sorbitol (Sprayed) Vs Shade + Accel + Regulaid
Shade + Sorbitol {Sprayad) Vs Shade + Accel +Regulaid
Shade + Accel +Ruegulaid Vs Shadu + Accul + Regulaid
Shade Vs Shade + Chemicals

No shade Vs Shade

ns

ns

s

ns
ns
ns
ns
ns

as
ns
ese
ns
nee
ve
.o

34 T3 /3 T3

ns

ns

ns
ns
ns
ns
ns

ns
ns
ns

ns

-3 T3
Pr>E Pc>F
ns ns
ns e
ns ¢
ns e e
LN X 3 [ X N ]
ns ns
ns ns
ns ns
ns ns
ns ns
ns ns
ns *
ns *e
ns LR N J
LE N ] aes
ns LA R ]
se s L X N 3
L N 3 ns
ns .

Be>F

ns

ns
ns
ns
ns
ns
as
ns
ns

e
coe
e

ns
ns

ZFull bloom occurred 25 April 1997, Fruit diameter at time of application was 13.9 mm.
Spray treatments were applied with a low pressure hand-wand sprayer on 19 May.
XMean separation within columns by Duncan’s new multiple range test;(P< 0.05).
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Belding R.D. and C. Barden 1
Preliminary - Not For Citation

Pre and Postharvest application of ABG-3168 affects Peach Maturity and
Storage

ROBERT D. BELDING, Extension Specialist in Pomology, Rutgers University, Bridgeton NJ.
CYNTHIA BARDEN, Postharvest Fruit Physiology, Pennsylvania State University, Biglerville
PA.

Objectives

Determine the effectiveness of ABG-3168 on maturity, storage and fruit quality of three
cultivars of peach. Additionally, comparisons were made of conventional refrigerated storage
vs. controlled atmosphere (low oxygen, high co2) on fruit quality over time.

Materials and Methods

In 1997, seven trees of each of 3 cultivars of peaches were selected from Rutgers Fruit
Research Center at Cream Ridge, New Jersey. The cultivars of peach selected were 10 year old
‘Red Haven’, ‘Biscoe’ and ‘Encore’ which are commercially important in the region.

Preharvest
Spray treatments were 1) Control, (No AVG application) or 2) 130ppm ABG-3168 at 7

days before anticipated harvest. Postharvest treatments included 4 concentrations of ABG (0,
50, 500,2000ppm) applied to fruit in a 60 sec dip.

Postharvest

Immediately following harvest fruit not previously treated with ABG were divided into
195 samples of 10 fruit. Samples were distributed among samples by size and maturity.
Maturity was determined by the amount of green in the ground color. Three samples were
immediately evaluated for diameter, weight, ethylene evolution, fruit flesh firmness, soluble
sugars and extractable juice. The remaining 192 samples were divided into 4 groups of 48
samples each group was submerged for 60 seconds in a postharvest fungicide, 3-(3,5-
dichlorophenyl)-5-ethenyl-5-methyl-2,4-oxazolidinedione at a rate of 2 pounds per 100 gallons,
and [S]-trans-2-Amino-4-(2-aminoethoxy)-3-butenoic acid hydrochloride known as ABG-3168 (
Abbott Laboratories, North Chicago, IL 60064) at 0, 50, 500 or 2000ppm. Each dip also
included the surfactant ABG -7011 at 0.05%. One half of the samples were placed in
refrigerated storage, the other half was placed in controlled atmosphere storage containers.

Results

Flesh firmness measurements need to be converted to Newtons, but the relationship of pounds to
Newtons is linear. Flesh firmness was increased in Red Haven and Encore with treatment with
increased ABG concentration. Flesh firmness increased, but not significantly in Biscoe with
increased ABG concentration. Soluble solids were increased with ABG indicating either more

mature, or smaller fruit, even though other maturity parameters indicate untreated fruit were
more advanced in ripening.

Note this data is currently under analysis and even data entry. Values for ethylene
evolution are not calculated in the correct units, however, relative comparisons and standard

-3 __.13
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Preliminary - Not For Citation

deviations are useful and correct. Ethylene evolution from the fruit was significantly reduced by
ABG treatment in all cases. Color measurements of the ground color using Hunter L*a*b
measurements did not provide consistent nor significant separation of treatments.

For the 3 cultivars, ABG tests resulted in what look like linear increases in fruit flesh
firmness with concentration. Variability of stone fruit samples makes interpretation of these
results difficult without proper analysis. Levels of variability indicate that perhaps larger sample
sizes will be needed (SAS will determine optimum sample size which is dependent on variation
component. Results of the CA storage component of this work is not yet analyzed.

Discussion -

. Iestimate there was a 3 to 5 day delay in fruit maturity from the single130ppm ABG
application one week before anticipated harvest. This can have significant implications for stone
fruit production. Applications to major cultivars have the effect of lengthening the harvest
season. Traditionally, breeders have labored to create new cultivars to spread out and fill in the
harvest season. It is now possible to extend the season of particularly good or particularly late
season cultivars. This has the advantage of allowing more effective use of labor by spreading
out harvest over a broader window. Additionally, growers will be better able to extend the peach
season into periods where fruit is in short supply and thereby of higher value.

Although ethylene production was completely suppressed throughout the 8 week storage
of fruit, fruit quality due to flesh browning and water loss diminished the marketability of this
fruit completely by the 4™ week after harvest. Extending the storage of peaches with postharvest
dip treatment of ABG did not improve fruit quality enough to justify the cost of application or
labeling. I do consider preharvest application of ABG for delay of maturity and extending the
harvest season is a significant and important crop management tool. For that purpose alone,
ABG should be pursued for further field trials on stone fruit.

Additional Information

Autio, W.R. and W.J. Bramlage. 1982 Effects of AVG on maturation, ripening , and storage of
apples. J. Amer. Soc. Hort. Sci. 107:1074-1077

Byers, R. B. 1997. Peach and Nectarine Fruit Softening following aminoethoxyvinylglycine
sprays and dips. HortScience 32:86-88.

Dekazos, E.D. 1981. Effect of aminoethoxyvinylglycine on bloom delay, fruit maturity, and
quality of “loring’ and ‘Rio Oso Gem’ peaches. HortScience 16:520-522.

Shafer, W.E., G.Clarke, J. Hanson, D. Woolard, B.N. Devisetty, and R. Fritt, Jr. 1995 Practical

applications of aminoethoxyvinylglycine. Proc. 22™ Annu. Mtg. Plant Growth Regulat. Soc.
Amer. P11-15.
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]
Table 1 Effect of 130ppm application of ABG-3168, applied 7 days before anticipated harvest, on fruit '
maturity indicators at harvest for Red Haven, Biscoe, and Encore peach. -
Fruit Maturity Parameters at Harvest 4
Flesh Soluble Ethylene Ground Color” e
Firmness® Solids Evolution® [
Red Haven ’_]
Control 937 49 1070 0.5 0.098 10.024 8.75  £3.36 ;
Treated 14.88 5.6 1147 209 0.082 0.046 7.16  £3.80
my
Biscoe .
Control 582 36 11.23  +0.06 0.037 0.007 579 1341 -
Treated 7.80 #4.2 13.00 05 0.018 +0.008 7.54  £3.80 ‘
Encore
=y
Control 7.16 %32 12.83 +02 0034 0015 1.53 13.51 ;
Treated 11.03 34 1330 #05 0.010 0.004 .35 £2.99
Z Measured in pounds using a 0.7cm tip.(convert to Newtons) o
X Measured as ( ethylene /g/min)*5000 (formula needs checking but relativity is correct) '
Y Hunter Color measurement *a, coordinate of the green to red shift. -
!
|
™
l.‘"‘-
™
-
i
i
M‘I
|
m
™
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Table 2 Effect of ABG-3168 concentration on fruit quality indicators during storage of Red Haven peach.

4

Preliminary - Not For Citation

Means represent an average of 30 fruit with standard deviations.

Duration after Harvest

At Harvest 14 days 28 days 42 days 56 days
Flesh Firmness
Control 9.37 492 1.34 +0.34 131 +1.01 1.55 +1.01 -
50ppm 2.58 +1.91 196 +1.77 144 +1.27 -
500ppm 3.27 245 221 +1.68 1.27 +099 -
2000ppm 4.09 +3.77 248 232 1.96 +1.51 -
Preharvest 14.88 +5.55 2.06 +0.65 3.15 +3.02 2.86 223 -
Mealiness
Control 6044 +10.92 41.6 +16.8 439 +*17.1 308 +13.7 -
50ppm 27.0 +13.7 36.8 +13.9 294 +13.4 -
500ppm 37.7 +17.2 349 +94 30.8 +9.7 -
2000ppm 35.5 +15.0 295 +10.6 33.1 +15.8 -
Preharvest 68.14 +848 30.7 +10.7 39.1 +164 304 +13.7 -
Soluble Sugars
Control 10.70 1046 1190 050 11.17 =+1.07 1070 1026 -
50ppm 11.87 2091 11.63 0.57 1123 0.65 -
500ppm 10.83 #241 13.03 +2.12 11.83 +0.85 -
2000ppm 12,10 *1.65 12.60 044 1070 0.52 -
Preharvest 11.47 091 1343 090 1143 025 12,17 093 -
Ethvlene evolution
Control 0.098 £0.024 0.379 +0.084 - 0.776 +0.157 -
50ppm 0.031 0.011 - 0.094 x0.016 -
500ppm 0.002 0.002 - 0.012 +0.00] -
2000ppm 0.000 +0.000 - 0.001 £0.002 -
Preharvest 0.082 +0.046 0.300 +0.099 - 0415 x0.134 -
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Table 3 Effect of ABG-3168 concentration on fruit quality indicators during storage of Biscoe peach.
Means represent an average of 30 fruit with standard deviations.

Duration after Harvest

At Harvest 14 days 28 days 42 days 56 days
Flesh Firmness
Control 5.82 +3.57 1.18 045 1.30 +0.94 2.02 +1.87 1.18 +1.04
50ppm 2.10 +1.18 191 +1.88 1.69 +1.89 1.68 +2.05
500ppm 2.48 +1.73 274 +2.24 2.50 223 137 +1.49
2000ppm 2.67 +243 2.66 +2.22 234 +1.26 2.53 +2.03
Preharvest 7.80 +4.16 2.18 +1.89 4.38 +3.38 4.38 +3.46 4.08 +2.85
Mealiness
Control 56.07 +£14.32 5521 +13.52 2748 +11.78 27.56 1234 2233 +11.04
50ppm 41.16 +14.50 26.66 *11.86 25.89 =+£12.13 15.77 +2.87
500ppm 3734 9.82 29.50 #1722 2323 *10.77 2194 +12.64
2000ppm 3746 £13.40 29.58 1441 2526 +1145 26.83 *12.94
Preharvest 63.98 £9.69 3573 £14.76 34.13 £19.64 29.79 #1334 3021 *13.62
Soluble Suears
Control 1123 £0.06 1143 042 1263 £0.12 1140 030 1237 +0.5]
30ppm 11.77 0,60 1193 #032 11.73 1046 1340 0.6]
500ppm 1147 038 11.50 035 12.00 044 1283 +1.51
2000ppm 1173 2121 1097 049 1237 #0.12 12.73 +0.68
Preharvest 13.00 046 1260 0.17 1227 055 1290 +0.78 13.07 =+0.15
Ethvlene evolution
Control 0.037 +£0.007 0.142 0.087 0.130 0.075 0.121 +0.118 0.147 £0.024
50ppm 0.010 +£0.006 0.011 0.001 0.034 +0.010 0.011 =+0.009
500ppm 0.000 +0.000 0.000 +0.000 0.003 0.001 0.004 +0.002
2000ppm 0.000 #0.000 0.000 £0.000 0.000 +0.000 0.003 +0.006
Preharvest 0.018 0.008 0.054 +0.040 0.070 +0.038 0.051 +0.007 0.012 +0.006

3 .3
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Table 4 Effect of ABG-3168 concentration on fruit quality indicators during storage of Encore peach.

6

Preliminary - Not For Citation

Means represent an average of 30 fruit with standard deviations.

Duration after Harvest

At Harvest 14 days 28 days 42 days 56 days
Flesh Firmness
Control 7.16 +3.23 1.69 +1.09 3.56 +2.09 4.28 .17 -
50ppm 4,72 +3.62 5.83 +2.19 6.35 +2.84 -
500ppm 5.55 +3.36 6.63 +2.87 5.82 +3.73 -
2000ppm 6.28 281 572 +2.93 5.93 242 -
Preharvest 11.03  +£342 6.20 522 6.19 +2.57 581 349 -
Mealiness
Control 50.52 %1279 25.59 +12.89 2760 +£9.02 23.59 1499 -
S0ppm 3499 +24.87 4202 1246 30.86 +17.10 -
500ppm 3723 #1424 4423 +842 3442 *14.00 -
2000ppm 3823 17.54 44.06 £1492 3386 1832 -
Preharvest 66.36 +6.57 3046 1295 3538 #13.55 18.14 1535 -
Soluble Sugars
Control 12.83 0.23 1207 025 11.70 026 1193 049 -
50ppm 1247 045 1143 055 1203 023 -
500ppm 12.13 #0221 12.00 0.17 1243 0.15 -
2000ppm 12.10 #0.36 1233 #1.21 1223 031 -
Preharvest 13.30 052 13.77 0.15 13.50 0.53 1347 047 -
Ethvlene evolution
Control 0.034 +0.015 0.121 #0.036 0.227 +0.057 0.058 £0.048 -
S0ppm 0.018 +0.002 0.057 0.008 0.026 0.013 -
500ppm 0.004 +0.004 0.014 £0.006 0.004 +0.001 -
2000ppm 0.000 10.000 0.003 +0.001 0.002 +0.002 -
Preharvest 0.010 +0.004 0.040 £0.010 0.052 £0.015 0.027 +0.009 -
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G.M. Walker and M.D. Dumoulin

Ministry of Agriculture, Food & Rural Affairs
Box 8000, 4890 Victoria Ave N.

Vineland Station, Ontario Canada. LOR 2EO
Tel: 905-562-4147 Fax: 905-562-5933
email internet: gwalker@omafra.gov.on.ca

J. Northover

Agriculture & Agri-Food Canada

Pest Management Research Centre - Vineland
Box 6000, 4902 Victoria Avenue N.
Vineland Station, Ontario, Canada. LOR 2EQ
Tel: 905-562-4113 Fax: 905-562-4335

email internet: northoverj@em.agr.ca
Peach (Prunus persica ‘Redhaven’)
Brown rot; Monilinia fructicola

EFFICACY OF FUNGICIDE PROGRAMS AGAINST PEACH BROWN ROT, 1997:
This experiment was conducted on 4" leaf trees (planted in 1994) spaced 5.4 metres between
rows and 4.5 metres between trees within the row. The orchard is located in Vineland fine sandy
loam at Jordan Station, Ontario, Canada. Eight treatments were applied to plots arranged in a
randomized complete block design with 4 replications. Each Vangard treated plot consisted of 6
trees to ensure enough fruit for both efficacy evaluation and residue analysis, while the plots of
the other treatments consisted of 4 trees. As there were no guard trees between plots, a large
plastic screen was held between trees to minimize unwanted spray drift between plots. Five
applications were made as dilute sprays with a hydraulic sprayer using a hand-held gun operated
with a line pressure of 1380 KPa, delivering up to 8 litres per tree (3000 litres per ha) (3-4 litres
per tree during the bloom period and 6-8 litres during the pre-harvest period). Spray
concentrations were based on 3000 litres per ha. Application dates were: 7 May (5% bloom),
14 May (full bloom), 20 May (100% petal fall), 8-9 August and 19-20 August. On 8 August,
the Vangard, Rovral, Indar and Topas treatments were applied; IPM and TM402 treatments were
applied on 9 August. On 19 August, Vangard, Rovral, TM402 were applied; while IPM, Topas
and Indar were applied 20 August. All treatments had at least 5 hours of drying before any
rainfall events. Rainy and windy conditions delayed the final pre-harvest application. The last
two applications were stretched over two days because of windy conditions.

Sampling of fruit (24 fruit per plot for Vangard and the Rovral standard and 12 fruit per plot for
the other treatments) for residue analysis was done sequentially on 20, 21, 22, 23, 24, 25 August
to correspond with 1,3 and 5 days PHI. Additional checks for residue analysis (for Indar, Topas,
TM402) was taken from another Redhaven block that had been treated with fungicide only
during bloom (Captan @ 5 May; Rovral @ 12 May and 20 May). Air temperature during spray
applications was 5-26°C. The orchard was disced prebloom and was sown with annual orchard
ryegrass in mid-July. A low incidence of blossom blight was detected in the unsprayed check
during shuck, but no inoculum was introduced artificially. Despite applications of Lorsban 50
W @ 3.4 kg/ha on 11 June and Decis 5 EC @ 200 mVha on July 11, July 25 and Aug. 12, a
moderate infestation of oriental fruit moth (OFM) (Cydia molesta) was detected around the
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borders of the orchard. Only OFM infested fruit were removed from the trees prior to the
application of pre-harvest sprays to limit secondary brown rot development as a result of
infection by OFM-infested fruit. On 20 August, the incidence of brown rot infected fruit in the
unsprayed check was less than 4% .but, the incidence in the treated plots was not assessed.
Rainy conditions delayed the picking of ripe fruit until 25 August. For each plot, 60 firm ripe
fruit were picked and immediately taken to the laboratory, and a sub-sample of 40 premium
unblemished fruits were arranged in two paper-lined plastic trays with the fruits supported on
inverted 38 mm diameter jar lids. Postharvest incubation was at 24.0"C and greater than 95%
relative humidity. The incidence of brown rot was evaluated on 2,4 and 5 days after picking
and fruits with M. fructicola sporodochia were counted and discarded. The percentage data were
transformed (arcsin Y¥%) prior to ANOVA. Student-Newman-Keuls means scparation test (P<
0.05) was applied to the transformed means. On day 4 and day 5 the treatment effects were
compared with the unsprayed check excluded from the analysis.

At harvest on 25 August, the incidence of brown rot had increased in the check plots from that on
the 20 August, but no field assessments were made because some fruit had already been
harvested from the treated plots as samples for residue analysis. Onday 2, all fungicide
treatments were significantly different from the unsprayed check, but there was no difference
between the fungicide treatments. However on day 4 Indar was si gnificantly better than
Vanguard, IPM, Rovral and the low rate of TM402, but was similar to Topas and the high rate
TM402. On day 5 Indar was significantly better than all of the other fun gicides and the IPM

program. None of the treatments caused any phytotoxicity to blossoms, foliage or fruit.

Overall, the incidence of brown rot was 95.6% in the unsprayed check and 51.3% in the Rovral
standard indicating good brown rot pressure in 1997 (Table 1). During the bloom to shuck fall
period, May 07-30, there were 16 rain events, totaling 46.6 mm. During the pre-harvest period,

Aug. 08 - Aug. 25 there were 10 rain events totaling 55.6 mm. Meteorological dala are attached
as Tables2and3.
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Table 1: Post-harvest development of brown rot on Redhaven peaches treated with full

season* fungicide programs.

Product Percent fruit infected after storage at 24°C

Material Rate/ha 2 days 4 days S days
Indar 7SWSP 0.14kg 0 a*** 06 a 3.1a
T™M402 50WG 3.40kg 0 a 5.0ab 18.1b
Topas 250E 0.50L 06a 6.9 ab 18.3b
Vangard75WG 0.74 kg 13a 150b 40.3b
IPM (see footnote)** 0.6a 10.6b 41.9b
TM402 50 WG 1.70 kg 0 a 1630 43.1b
Rovral SO0WP 1.50 kg 0.6a 163 b 51.3b
Unsprayed Check - 52.5b 88.1¢c 95.6¢
*Spray Dates: 1. 7 May

2. 14 May

3. 20 May

4. 8-9 August

5. 19-29 August

5. Rovral

** [PM program treatments: 1. Indar; 2. Vangard; 3. Bravo (500F 9L/ha); 4. Vangard;

3

“#**Means in the same column followed by the same letter are not significantly different (p<0.05)
using Student-Newman-Keuls means separation test. Percentage data were transformed (arcsin v
percent) prior to ANOVA. On day 4 and day 5 the treatment effects were compared with the

3
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unsprayed check excluded from each analysis.
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Table 3: Automated Weather Readings at Vineland Station

Date Temperature (°C) Rainfall
Max Min Ave (mm)
August 7 28.3 13.7 21.0 0.0
August 8 28.7 15.9 22.2 0.0
August 9 30.9 14.4 22.1 0.0
August 10 29.6 17.5 24.5 0.0
August 11 22.8 15.9 19.7 24
August 12 23.9 15.3 19.7 0.8
| August 13 24.4 16.8 21.1 6.0
August 14 24.5 11.4 18.1 0.0
August 15 26.6 14.2 20.9 11.6
August 16 30.2 22.0 25.2 0.0
August 17 24.2 17.0 19.4 1.4
August 18 22.7 13.9 18.6 0.0
August 19 22.5 11.7 17.7 0.0
August 20 20.6 15.1 17.1 14.2
August 21 21.9 14.6 17.2 12.0
August 22 19.4 13.5 16.1 54
August 23 22.2 12.8 17.2 0.2
August 24 22.1 11.3 16.5 1.6
August 25 21.2 14.2 17.6 0.0
August 26 21.1 14.3 17.9 0.0
August 27 27.0 16.9 21.3 1.4
August 28 24.5 16.0 19.6 0.2
August 29 23.9 17.4 19.7 0.0
August 30 22.0 14.0 18.7 0.0
August 31 20.9 16.9 19.1 1.0
September 1 23.0 17.1 20.3 0.0
September 2 26.5 15.8 19.9 0.0
September 3 18.4 13.9 15.6 0.0
September 4 21.5 11.4 16.8 0.0
September 5 25.3 9.9 17.6 0.0
September 6 25.9 14.7 21.0 9.6
September 7 19.1 15.9 17.9 2.0
18.8 11.5 15.9 0.0

September 8




Table 2: Automated Weather Readings at Vineland Station

Date Temperature (°C) Rainfall
Max Min Ave, (mm)

May | 20.5 4.2 10.2 0.2

May 2 13.3 2.4 8.3 7.0

May 3 14.7 5.6 7.5 6.2

May 4 14.3 4.0 8.2

May 5 17.9 34 11.5 8.2

May 6 12.6 2.7 8.3

May 7 13.1 1.7 7.1

May 8 13.5 3.2 10.5 4.4

May 9 13.0 8.0 10.5 0.6

May 10 11.4 6.7 9.0 0.1

May 11 17.8 4.9 11.4 3.2

May 12 15.7 6.0 10.8 3.1

May 13 16.9 6.2 12.4 0.8

May 14 10.0 4.8 7.2 4.4

May 15 13.1 4.6 8.8 4.2

May 16 12.0 5.2 8.3 2.2

May 17 12.6 5.0 7.4

May 18 10.7 1.4 6.9 1.6

May 19 12.2 5.1 7.5 0.4

May 20 13.5 5.7 9.2 0.1

May 21 13.2 4.9 8.8

May 22 14.8 4.6 9.4

May 23 18.5 4.7 11.8

May 24 18.1 7.8 13.8 0.8

May 25 13.0 7.4 10.1 0.2

May 26 16.7 5.3 10.0

May 27 14.4 4.3 9.6

May 28 15.5 3.7 10.5

May 29 18.6 8.0 13.8 1.2

May 30 20.6 13.3 16.8

May 31 16.3 9.4 13.7 12.6
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NECTARINE DISEASE CONTROL USING AZOXYSTROBIN

N. Lalancette and D. Robison
Rutgers Agricultural Research and Extension Center
121 Northville Road, Bridgeton, NJ 08302

Azoxystrobin represents a new class of fungicides, the strobilurins. These compounds,
which are based on naturally occurring products found in mushrooms, have been found to inhibit
mitochondrial respiration in many groups of fungi. Consequently, azoxystrobin has broad spec-
trum fungicidal activity against Ascomycetes, Basidiomycetes, Deuteromycetes, and Oomycetes.
Furthermore, because its biochemical mode of action is novel, azoxystrobin exhibits no cross-
resistance to currently used fungicides such as the ergosterol biosynthesis inhibitors (EBI), dicar-
boximides. benzimidazoles. and phenylamides.

Given the broad spectrum capability of azoxystrobin. there is much potential for this fungi-
cide to be integrated into disease management programs. For stone fruit crops, this integration
is particularly important because of the reliance on EBI fungicides and the potential for develop-
ment of resistance to these materials. For example, the incorporation of azoxystrobin into either
or both the bloom blossom blight and preharvest brown rot sprays should lessen selection pres-
sure for EBI resistant Monilinia fructicola.

The objective of this field study was to examine the efficacy of various concentrations of
azoxystrobin for control of blossom blight canker, scab, brown rot, and Rhizopus rot of nec-
tarine. An understanding of the degree of control capability would allow proper integration of
this new fungicide into the overall disease management program. Particular attention was given
to scab. caused by Cladosporium carpophilum, since very few efficacy studies targeting this
pathogen have been conducted on nectarine.

Materials and Methods

Experimental Design. The test block consisted of 15-year old Redgold nectarine trees.
planted at 18 ft x 20 ft row spacing, located at the Rutgers Fruit Research and Extension Center,
Cream Ridge. NJ. Fungicide treatments consisted of four concentrations of Abound SC, a stan-
dard program, and a non-treated control (Table 1). Each treatment was replicated four times ina
randomized complete block design with single tree plots. A single nozzle hand-gun sprayer set
at 290 psi was used to apply fungicides dilute to the point of run-off (200 gal/A equivalent).

Application Timing. A total of four blossom blight and scab treatment applications were ap-
plied on the following dates and tree growth stages: 11 Apr (Full bloom), 21 Apr (Petal fall), 08
May (Shuck split), and 20 May (First cover). Three preharvest treatment applications were
made for fruit rot control: 05Aug (22-days pre-harvest). 15Aug (12-days pre-harvest). and
26Aug (1-day pre-harvest). Summer maintenance sprays applied to all fungicide treatment trees
were: Captan 50W at 4 Ib/A and sulfur at 8 Ib/A on 05Jun (Second cover) and Captan 50W at
4 Ib/A every two-weeks thereaficr until the preharvest sprays. Bacterial spot and insect mainte-
nance sprays were: Tenn-Cop SE at 8 0z/A and Imidan SOWP at 1 Ib/A (shuck split) and My-
coshield 17WP at 1.25 Ib/A and Imidan SOWP at 1 1b/A (cover sprays).
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TABLE 1. Fungicide treatment rates and application timings

Fungicide* a.i./ Acre Rate / Acre Application Timing
Nontreated Control

Abound SC 2.08 0.150 1b 9.2 floz B, PF, SS, 1C, PHI, PH2, PH3
Abound SC 2.08 0.1751b 10.7 floz B, PF, SS, 1C, PHI, PH2. PH3
Abound SC 2.08 0.200 1b 123 floz B, PF, SS, 1C, PHI1, PH2, PH3
Abound SC 2.08 0.250 b 153 floz B. PF, SS, 1C, PHI, PH2, PH3
Standard: Orbit EC 1.670 fl oz 4.0 floz B, PF PHI1, PH2, PH3

Bravo WS 3.094 Ib 4.125 pt SS.1C

* All Abound SC treatments applicd with Latron B-1936 at 2 11 0z/ 100 gal

Disease Assessment. Blossom blight canker evaluations were made on 13 Jun by assessing
canker incidence on 25 shoots selected from around the periphery of each tree. For pre-harvest
evaluations. the total number of fruit and total number of infected fruit were counted on four
branches selected from each tree on 27 Aug. For postharvest fruit rot evaluations. 40 healthy
fruit were harvested from each tree on 27 Aug and placed on benches maintained at 22-25C. At
3 and 6 days postharvest. the incidence of brown rot and Rlnzopus rot was assessed as the per-

icent of diseased fruit pef tree. |

I i
Data Analysis. An analysis of \'ariancel was performed for each dependent variable (disease
lassessment). Fisher’s least significance difference (LSD) was calculated for treatment mean
jcomparisons at the P <= 0.05 level. |

|Results and Discussion
I
Blossom Blight Canker and Preharvest Brown Rot. Canker development from blossom

blight and preharvest fryit brown rot levelslrwere moderate as indicated by the 35% and 35.7%
disease incidence. respectively, on the control (Fig. 1 and 2). In contrast, all the fungicide treat-
ments for these two forms of brown rot were not significantly different from each other. Never-
theless, higher rates of Abound provided numerically better control. which was was particularly
evident in the preharvest brown rot assessment results. These results indicate that azoxystrobin
would be a viable candidate for integration into current fungicide programs for management of
Monilinia fructicola.

Postharvest Disease. The postharvest disease assessments showed a slow increase in disease
during the 6 days following harvest. This may be attributed to the fact that the final fungicide
application occurred on the day before harvest. At 3-days postharvest, all fungicide treatments
provided excellent brown rot and Rhizopus rot control and all had significantly less disease than
the control (Fig. 3 and 4). Although disease levels increased several-fold by 6-days postharvest.
the higher rates of Abound and the standard Orbit still provided good control relative to the non-
treated fruit. These data show good residual activity of azoxystrobin for continued protection
when sprays are applied close to harvest.
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Orbit EC /BravoW$ |0 ! Orbit EC / Bravo WS

!
Abound SC 153 flaz Abound SC 15.3 floz

Abound SC 12.3flaz i Abound SC 12.3 floz
i Abound SC 10.7 floz Abound SC 10.7 floz
| Abound SC9.2flaz Abound SC 9.2 floz
i Control | Control
0 10 20 30 40 ! i 0 10 20 30 40 l
LSD(05) = 9.2 % Infected Shoots ? LSDL.0S) = 12.9 % Infected Fruit ]
Fig. 1. Effect of azoxystrobin concentration Fig. 2. Effect of azoxystrobin concentration
(Abound SC) on incidence of blossom blight canker. (Abound SC) on incidence of preharvest brown rot.
Orit EC / Bravo WS {0; o  OBIEC/Bravo WS %
Abound SC 153 floz B 26 © Abound SC 15.3fl oz

Abound SC 123 floz
Abound SC 10.7 floz |

Abound SC9.2fl oz

Control e Control
!
o LSD(.05) 0 20 40 60 80 ‘ ; LSD(.05) 0 10 20 30 40 50
3dph 116 ; . [ 3deh 146 9 i
.l 6dph 19.1 % Infected Fruit o B 6doh 91 % Infected Fruit
Fig. 3. Effect of azoxystrobin concentration Fig. 4. Eftect of azoxystrobin concentration
(Abound SC) on incidence of postharvest brown rot. (Abound SC) on incidence of postharvest Rhizopus rot.

Nectarine Scab. In contrast to the other diseases studied. fruit scab pressure was high and
resulted in 75.9% of the fruit scabbed at harvest on the control (Table 2). Although all the
Abound treatments had significantly less disease than the control, considerable scab developed
(21-31%) and the rate of Abound had no effect on this level of disease. In comparison. the stan-
dard for scab control, Bravo, yielded only 3.5% fruit scabbed.

One possible explanation for the poor scab control was the occurrence of a rainfall approxi-
mately 1 hour after the shuck-split spray. Under these circumstances. it is postulated that the
Abound / Latron combination provided less retentive capabilities than that exhibited by Bravo
WeatherStik. even though the latter was applied last and therefore closest to the rainfall. This
analysis also assumes that the Captan maintenance sprays. applied from 2C onward. had an equal
effect across the Abound and standard treatments.
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TABLE 2. Comparison of efficacy of azoxystrobin concentrations and standard fungicides
against nectarine and peach scab in several field studies. * Zehr et al. 1995. ** Ritchie et al.

Redgold Nectarine | Redhaven Peach* Loring Peach™
Treatment - rate/A SS&1C SF, 1C4C SS, 1-3 Wk, 5wk
Control 759 ¢ 985 ¢ 95.0 ¢
Azoxystrobin 0.8 oz ai 322b 3.0a
Azoxystrobin 1.2 oz ai 15.2a
Azoxystrobin 1.6 oz ai 18.8a 0.0a
Azoxystrobin 2.4 oz ai 21.5ab 17.8a 0.0a
Azoxystrobin 2.8 oz ai 249 b
Azoxystrobin 3.2 oz ai 315 b
Azoxystrobin 4.0 0z ai 29ab
Bravo WS 4.125 pt 35a
Captan 50W4lb SF, 1C4C (4 trts) 13.8-26.2a :
Bravo Ultrex 2.8 Ib SS, 2 wk / Captec 4L 2 gt 8 wk (3 trts) 18.0-20.0 b

A second explanation for inadequate scab control may simply be lack of Abound activity on
the causal pathogen. Cladosporium carpophilum. This same pathogen attacks peach. and ina
recent experiment on Redhaven. Abound 80WG + Latron B-1956 was also found to exhibit poor

“control (Zehr et al.. 1995; Table 2). However. ih this same experiment, the standard Captan

similarly did not provid¢ adequate control. In contrast. Ritchie et al. (1996) recently obtained |
excellent disease contro] with Abound 80WG + Induce on Loring peach psing similar spray tim- |,
ings. In this study, poor control for the standard Bravo Ultrex treatment, was explained by an
extended 6-wk interval petween the second Bravo and first Captec applications.

In summary. the varjable results obtained in this and previous studies indicates that additional
field experimentation is needed to ascertain azoxystrobin’s efficacy against C. carpophilum. In
addition, the optimum spray timing for scab control appears to be in question. as well as the role
of additives in relation to azoxystrobin's effectiveness.
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APPLE (Malus domestica ‘Golden Delicious') K. S. Yoder, A. E. Cochran II, W. S. Royston, Jr.,
Scab; Venturia inaequalis S. W. Kilmer, and J. E. Scott
Powdery mildew; Podosphaera leucotricha Virginia Tech Agr. Research & Extension Center
Brooks spot; Mycosphaerella pomi 595 Laurel Grove Road

Winchester, VA 22602

POWDERY MILDEW AND SCAB CONTROL BY EXPERIMENTAL AND STANDARD
FUNGICIDES ON GOLDEN DELICIOUS APPLE, 1997: Fourteen treatments involving
experimental materials were compared to two registered treatments on 25-yr-old trees. The test
was conducted in a randomized block design with four single-tree replicates separated by
border trees in the row and by untreated border rows between treatment rows. Tree-row-
volume was determined to require a 400 gal/A dilute base for adequate spray coverage.
Treatments were applied to both sides of the tree on each application date with a Swanson
Model DA-400 airblast sprayer at 100 gal/A as follows: App. 1: 4 Apr (TC, tight cluster - open
cluster); App. 2: 15 Apr (B, 75% bloom); App. 3: 29 Apr (PF, petal fall); App. 4: 14 May; (1C,
1st cover); App. 5: 28 May (2C, 2nd cover); 3rd-6th covers (3C-6C): 12 Jun, 27 Jun, 10 Jul,
and 30 Jul. Other applications applied to the entire test block with the same equipment
included Supracide 2E, Guthion 3F, Lannate, Provado, Imidan and Penncap-M. Cedar-apple
rust galls (1 May), bramble canes infected with the sooty blotch and fly speck fungi and bitter
rot mummies were placed in baskets over each test tree (4 June). Foliar data represent
averages of counts of all leaves on 10 terminal shoots from each of four replicate trees 26 Jun.
A 25-fruit sample from each replicate tree was harvested 8 Oct and rated after three weeks'
storage at ambient temperature 5-28 C.

The first fungicide application was applied eight days before the first infection period 12-13 Apr
and the second application was two days later. Below average rainfall and relatively short
wetting periods through late May reduced scab pressure but resulted in a build-up of powdery
mildew on the moderately susceptible Golden Delicious trees. Excellent control of powdery
mildew was provided by treatments involving the sterol-inhibiting compounds Nova, Maximum,
and RH-7592 and by an alternated BAS 490- Nova schedule. RH-141647 and TM41201 gave
good mildew control and Vangard and captan gave significant but moderate suppression.
Under moderate scab test conditions, all treatments gave significant control of scab on leaves
and fruit although there were some significant differences among treatments having less than
two percent leaf scab incidence. Nova + Dithane, RH-7592, RH-141647, and one schedule
involving BAS 490-Nova gave significantly better control of scab on foliage than the reduced
rate of Vangard+Dithane, TM41201, and captan. The heaviest spring infection period occurred
1-4 June between the second and third cover applications. All treatments gave complete
control of scab and Brooks spot on fruit. Sooty blotch, fly speck and rot incidence remained at
less than 3% with no significance between treatments and non-treated trees. Fruit finish was
likely somewhat impacted by an early spring freeze at bloom 9 Apr. However, finish was not
significantly (p=0.05) affected by any treatment compared to "no fungicide" as indicated by
russet ratings and combined USDA Extra Fancy and Fancy grades for russet.



Table 1. Concentrate applications of experimental fungicides on Golden Delicious apples, 1997

Scab Brooks _Powdery mildew
Treatment, rate/A and timing % leaves % fruit spot(%) % leaves % If area
NO FUNGICIAR........ciececeieet et ess e sesene 16.1d 22h 5b 42.7f 12.0g
Nova 40W 4 oz + Dithane 75DF 3 Ib (TC-2C)......ccecevevvenenne 0.0a Oa Oa 19ab 04ab
Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)
Nova 40W 4 oz + Dithane 75DF 3 Ib (TC-2C).....cc.ccecvrevvennnn 0.2ab Oa Oa 1.0a 0.3a
RH-7592 75W 2 oz + Captan 50W 3 Ib (3C-6C)
RH-7592 75W 2 oz+Latron B-1956 4 l 02/100 gal (TC-6C) 0.0a Oa O0a 20a 0.5a
Maximum 62.25W 4 1b (TC-2C).....ceeereevrrenrniiineeeesceeneveseens 0.2ab Oa Oa 14a 0.3a
RH-7592 75W 2 oz + Captan S0W 3 Ib (3C-6C)
Maximum 62.25W 8 Ib (TC-BI)
RH-7582 75W 2 oz + Captan 50W 3 Ib (PF-6C).......cccccere-e.. 0.3abc OQa Oa 2.1abc 0.6abc
RH-141647 2.75F 17.5 fl 0Z (TC-BC)...ccccevverrrrrrrrrereinvrenreninees 0.0a Oa 0a 12a 0.4a
RH-141647 2.75F 23.3 fl 0Z (TC-6C).....ccccceereerreneecrenererernnes 00a 0a Oa 56c 1.2cde
Vangard 75WG 5.1 oz (TC)
Vangard 75WG 3.0 oz+Dithane 75DF 3 Ib(BI-2C)................. 0.7bc O0a 0a 15.7de 24ef
Captan 50W 3 Ib + Ziram 76DF 3 ib (3C-6C)
Vangard 75WG 5.1 0z (TC)
Vangard 75WG 5.1 oz + Dithane 75DF 3 Ib(BI-2C)............... 0.2ab Oa 0a 239e 3.4f
Captan S0W 3 Ib + Ziram 76DF 3 Ib (3C-6C)
BAS 490 02F 50WG 3.2 oz (Apps. 1, 2 & 5)
Nova 40W 50z (APPS. 3& 4) et eceereneee e 0.0a Oa Oa 1.3ab 0.4abc
Captan 50W 3 Ib + Ziram 76DF 3 Ib (App. 6-6C)
BAS 490 02F 50WG 3.2 oz (Apps. 1-3)
Nova d0W 50z (ApPS. 4 & 5) ceeeeeerecieeeeee e 0.2ab Da Oa 0.6a 0.2a
Captan 50W 3 ib + Ziram 76DF 3 Ib (App. 6-6C)
TM 41201 50W 21.4 0Z (TC-BC) ...t e 1.2bc Oa Oa 5.1bc  1.1bcd
Captan 50W 6 Ib (TC-1C)
Folpet B0WDG 60 0z (2C-6C) ......ccceeecieeeeieecrerineeerereeeeeanas 0.7bc O0a 0a 14.3d 2.0def
Captan S0W B 1D (TC-BC) ......cuuvreeeerrecriererrverensinersreseseeanasns 1.2¢c Da Oa 19.2de  3.1f

Averages of ten shoots from each of four single-tree replications, 26 Jun or 25 fruit per rep after harvest.

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
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APPLE (Malus domestica ‘Ginger Gold') K. S. Yoder, A. E. Cochran Il, W. S. Royston, Jr.,
S. W. Kilmer, and J. E. Scott
Powdery mildew; Podosphaera leucotricha Virginia Tech Agr. Research & Extension Center

595 Laurel Grove Road
Winchester, VA 22602

EFFECT OF 2-YR TREATMENT REGIMES ON POWDERY MILDEW ON GINGER GOLD APPLE, 1997:
Treatment regimes were established in 1996 as part of an intended 3-yr study of cumulative effect of
powdery mildew on yield of the highly susceptible Ginger Gold apple cultivar. Test plots were established
in a 4-yr-old commercial orchard in a randomized block design with five double-tree replicates separated
by border trees in the treatment row and border rows between treatment rows. The registered fungicide
rates per acre were adjusted to 40% tree-row-volume, and treatments were applied to both sides of the
tree on each indicated application date with a Swanson Model DA-400 airblast sprayer at 100 gal/A as
follows: 1996 Application 1: 22 Apr (P, pink to early bloom);, App. 2: 26 Apr (BI, bloom); App. 3: 2 May
(PF, petal fall); App.4: 10 May; App.5: 15 May (1C, 1st cover); App. 6: 30 May (2C, 2nd cover), App.
7: 13 Jun (3C, 3rd cover); App. 8: 26 Jun (4C, 4th cover). 1997: Application 1: 3 Apr (tight cluster-open
cluster); App. 2: 16 Apr (BI, bloom); App. 3: 30 Apr (PF, late bloom- petal fall); App. 4: 7 May (late petal
fall); App. 5: 17 May (1C, 1st cover); App. 6: 29 May (2C, 2nd cover). Maintenance sprays applied to the
entire block with the same equipment to provide broad spectrum disease and insect protection included:
Syliit 65W,; Ziram 76, Agri-Mycin 17, Supracide 2E, Dipel 2X, Lorsban S0W, Lannate, Guthion 50W, and
Azinphos-M S0WSB. In addition, border rows were protected bi-weekly with dilute handgun treatments of
Nova 40W 2 oz / 100 gal. All leaves on 10 terminal shoots were counted 12 Jun 96 and 11 Jun 97.
Overwintering infection was rated 10 Jun 97 by recording primary infections observed near the periphery
of tree up to 7 ft. Fruit yield was recorded at harvest 1 Aug 96 and 13 Aug 97 from each of five double-
tree reps.

Aithough mildew inoculum was abundant in the test orchard, disease pressure in 1996 was somewhat
reduced by frequent rains which occurred every day 30 Apr-11 May and 40 of 53 days 30 Apr-21 Jun. All
treatments gave significant mildew suppression. Extending the early spray interval (omission of the 2nd &
4th apps.) significantly reduced control with sulfur to a level approaching the 20% action threshold level
outlined in the Mid-Atlantic Orchard Monitoring Guide. Extending the early spray interval did not
significantly reduce control by Nova followed by Bayleton. At the more extended early spray interval,
Bayleton and Nova both gave significantly better control than sulfur. Bayleton also gave better control
than sulfur, when compared in the 2nd-4th cover sprays, following early season Nova application at the
extended interval. There was no significant difference where Nova and Bayleton were compared directly.

Overwintering of mildew inoculum for 1997 was closely related to mildew incidence in 1996. The most
intense spray schedule, five applications of Nova followed by three of Bayleton, reduced the number of
primary infections to 19% of those on trees not receiving a mildewcide in 1996. Drier weather during the
1897 growing season greatly increased mildew pressure in the test block as indicated by mildew incidence
on the treatments in successive years. Per cent area affected was closely proportional to percent leaves
with infection. Nova, five applications followed by Bayleton, was again the most effective treatment.
However, the more extended schedule of three applications of Nova followed by Bayleton resulted in the
highest yield. The schedule with three applications of Nova followed by sulfur was significantly less
effective for mildew control, but resulted in the second highest yield in 1997. Trees receiving no
mildewcide had the lowest yield although it was not significantly different than several more effective
mildew treatments which yielded 138%, or more, higher than “no mildewcide”.

The treatments resulted in distinct levels of mildew incidence both test years, which should provide insight
into the economics of mildew management on the Ginger Gold cultivar. Disease pressure in 1997 was
more what was expected of these treatments than the rain-suppressed levels in 1996. It is hoped that
repeating these test regimes on the same trees a third consecutive year will again result in different levels
of control and cumulative yield effects. This will allow comparison of yield-reduction effects of treatment-
related mildew levels to the threshold level outlined in the Mid-Atlantic Orchard Monitoring Guide.



Table 2. Two-year effects of selected treatment regimes on powdery mildew and cumulative yield of Ginger Gold apple.
Virginia Ag. Council Project; 1996-1997, R&T Ginger Gold, Winchester, VA.

Material applied (X) for indicated
app. number and growth stage _mildew infection Adjusted primary Mildew inf. 1997 1997

1996

No. of

1 2 3 4 5 6 7 8 % % leaf vyield per infections % % leaf yield per
Mildewcide andrate/A P Bl PF 1C 2C 3C 4C leaves area lree(ib) 1996-97 leaves area tree (lIb)
0 No mildewcide - - - - - -~ -|415d 11.9d 59b 325c¢c 724e 404d 81.8b
1 Microfine Sulfur 4.8 Ib X X X 17.2c 3.2¢ 10.8ab 17.0abc 48.8d 6.9bc 121.7ab
Microfine Sulfur 4.0 Ib X X X
2 Microfine Sulfur 4.8 b X X X X 83b 17d 128ab 194bc 43.6d 9.2c 121.1ab
Microfine Sulfur 4.0 Ib X X X
3 NovadOW 1.60z X - X X 0.5a 0.1c 18.0a 95ab 67ab 09a 138.9a
Bayleton 50WDG 0.8 oz X X X
4 Nova 40W 1.6 0z X X X X 0.2a 0.1b 93ab 6.1a 25a 0.6a 1129ab
Bayleton 50WDG 0.8 oz X X X
5 Bayleton 50WDG0.80z | X - X X 56b 14a 8.3ab 15.4abc 12.6bc 19ab 120.3ab
Microfine Sulfur 4.0 Ib X X X
6 Novad40W 1.6 oz X - X X 43b 11a 113ab 140ab 162c¢c 2.1abc 127.6a
Microfine Sulfur 4.0 Ib X X X

Data in columns followed by the same letter are not significantly different at the 95% confidence level.

Foliar infection based counts of all leaves on 10 terminal shoots 12 Jun 96 and 11 Jun 97. Overwintering infection rated
10 Jun 97 by recording primary infections observed near the periphery of tree up to 7 ft. Fruit yield recorded at harvest
1 Aug 96 and 13 Aug 97 from each of five double-tree reps.
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APPLE (Malus domestica ‘Stayman Winesap’', K. S. Yoder, A. E. Cochran 1i, W. S. Royston, Jr.,
‘Idared’, ‘Ginger Gold’) S. W. Kilmer, and J. E. Scott
Scab; Venturia inaequalis Virginia Tech Agr. Research & Extension Center
Powdery mildew; Podosphaera leucotricha 595 Laurel Grove Road
Sooty blotch; disease complex Winchester, VA 22602

Fly speck; Zygophiala jamaicensis
Brooks spot, Mycosphaerella pomi
Rots

DISEASE CONTROL BY S| FUNGICIDES AND COMBINATIONS ON STAYMAN, IDARED AND
GINGER GOLD APPLES, 1997: Ten treatments involving combinations with sterol-inhibiting
fungicides designed for season-long disease management were compared on 11-yr-old trees.
The test was conducted in a randomized block design with four three-cultivar replicate tree sets
separated by untreated border rows. Treatment rows had been used as non-treated border
rows in 1996 to stabilize mildew inoculum pressure for 1997. Tree-row-volume was determined
to require a 400 gal/A dilute base for adequate coverage. Treatments were applied to both
sides of the trees on each indicated application date with a Swanson Model DA-400 airblast
sprayer at 100 gal/A as follows: 11 Apr (P, pink to early bloom); 29 Apr (B!, bloom-petal fall);
1C-6C,1st-6th covers, respectively: 15 May, 28 May, 12 Jun, 27 Jun, 10 Jul, and 25 Jul.
Insecticides, applied separately to the entire test block with the same equipment, included
Supracide 2E, Guthion 3F, Lannate, Penncap-M, , and Provado. Bitter rot mummies and wild
blackberry canes with the sooty blotch and fly speck fungi were placed over each Idared test
tree 4 June. Other diseases developed from inoculum naturally present in the test area. Foliar
data represent averages of counts of all leaves on 10 terminal shoots from each of four
replicates 19 Jun (ldared) or 23 Jul (Stayman). Fruit samples were taken from each replicate
tree 7 Aug (Ginger Gold) 6 Oct (Stayman), 27 Sep (Idared), and rated after 4-7 wks' storage at
1C. Percentage data were converted by the square root arcsin transformation for statistical
analysis.

The relatively dry early season weather favored stronger test conditions for powdery mildew
than for scab. All treatments gave acceptable commercial mildew control on Stayman. In
combination with Dithane, Nova had significantly fewer Stayman leaves infected with mildew
than did Procure 6 0z/A, and Elite. On Idared, Nova had significantly fewer leaves infected than
Rubigan, Procure 6 and 8 02/A, and Elite. Compared to non-treated trees, mildew suppression
by Basic Copper “53" was stronger on Stayman than on Idared. Under relatively light pressure
all treatments gave excellent control of scab on leaves and fruit compared to untreated trees.
There was evidence of weakness for scab control under low levels on Idared by copper,
Bayleton + Polyram + Ziram, and substitution of Thiram for Nova + Thiram during petal fall
through 2™ cover. Scab and mildew control were not significantly affected where Dithane or
Thiram was tank-mixed with Nova or whether Dithane or Polyram was tank-mixed with Elite. It
is likely that much of the fruit scab infection occurred during a 76-hr wetting period 1-4 June.
Few summer diseases were observed on treated trees with the exception of some light and
variable rot incidence. Fruit finish ratings may have been partially affected by mildew infection
and by a spring freeze 9 April. The strongest mildew treatment, Nova + Dithane also gave the
best fruit finish on Stayman and Idared and did not signicantly affect the finish of Ginger Gold
fruit. Basic Copper “53" significantly increased russet on all three cultivars. Compared to non-
treated trees, russet was also significantly increased by Procure + Dithane and Bayleton +
Polyram + Ziram. Rubigan + Dithane and Elite + Dithane significantly increased russetting of
Idared fruit.
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Table 3. Control of scab and mildew by concentrate fungicide applications on Stayman, and ldared apples, 1997

Scab incidence (%)

Powdery mildew infection, %

Stayman  G. Gold Idared Stayman Idared
Treatment, rate/A and timing leaves fruit fruit leaves fruit % leaves if. area leaves If. area fruit
0 NO fUNGICIAR c...cneee ettt e 387b 54b 57b 69c 53c 568.0e 64.3b 66.0f 643c 3b
1 Nova 40W 4 oz + Dithane 75DF 3 |b (P-2C)

Captan 50W 3 |b + Ziram 76DF 3 Ib (3C-6C)............... 09a Oa 0a 00a 0a 22a 0.5a 00a 0.0a Oa
2 Nova 40W 4 oz + Thiram 75WDG 2.7 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 0.3a Oa 0a 02ab 1ab 4.0ab 1.1a 04a 0.1a Oa
3 Nova 40W 4 oz + Thiram 75WDG 2.7 |b (thru BI)

Thiram 75WDG 5.3 Ib (PF-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 14a Oa 0a 03ab 2b 93bcd 18a 25ab 0.7ab 0Oa
4 Rubigan 1E 9 fl oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 08a Oa 0a 02ab 0a 49abc 1.4a 40bc 1.0ab 0Oa
5 Procure 50WS 6 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 1.8a Oa 1a 0.0a 0a 11.4d 23a 10.8cd 1.9ab Oa
6 Procure 50WS 8 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 14a Oa 0a 02ab 0a 60ad 16a 59bcd 1.1ab Oa
7 Elite 45DF 6 oz + Polyram 80DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 04a Oa 0a 00a 0Oa 98bcd 20a 11.2¢cd 2.0ab Oa
8 Elite 45DF 6 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 0.3a 0a 0a 05ab 0O0a 94cd 22a 17.9d 26ab 0Oa
9 Bayleton 50DF 2 oz + Polyram 80DF 3 b+

Ziram 76DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)............... 19a 0Oa 0a 14b 0a 6.7bcd 1.6a 7.5bcd 1.6ab 0Oa
10 Basic Copper “53" 2 Ib (P-PF)

Basic Copper “63" 4 b + Hydrated Lime 12 Ib (1C-4C)

Basic Copper “53" 4 b + Hydrated Lime 8 Ib (5C-6C). 24a 0a 1a 08b 1iab 10.3cd 24a 295e 6.2b Oa
Counts of ten terminal shoots from each of four single-tree replicates 19 Jun (Idared) or 23 Jul (Stayman) or harvest counts of 25 fruit / rep.
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

] ] -3 -3 3 3 3 3 3 3 3 ] 3 3
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Table 4. Summer disease control and fruit finish effects by concentrate fungicide applications on Stayman and ldared, 1997

Fruit diseases, Idared (%) Fruit finish rating (0-5)°
Sooty Fly Brooks Stayman Idared G. Gold

Treatment, rate/A and timing blotch speck spot Rols russet opalescence russet opalescence russet
0 NO fUNGICIHE ......covieeeneiiriieeiiiericiieeiee e ccene e eeenee st 6b 5b 2b 3b 0.8ab 1.5ab 1.0a 0.6¢c 1.6a
1 Nova 40W 4 oz + Dithane 75DF 3 ib (P-2C)

Captan S0W 3 Ib + Ziram 76DF 3 Ib (3C-6C).................... Oa O0a Oa 0a 0da 13a 0.9a 0.3ab 1.7ab
2 Nova 40W 4 oz + Thiram 75WDG 2.7 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)........ccovceueee. Oa Oa 0a Oa 10ad 1.7ab 1.1abc 0.5abc 1.5a
3 Nova 40W 4 oz + Thiram 75WDG 2.7 Ib (thru Bl)

Thiram 75WDG 5.3 Ib (PF-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C).......ccccruernen. Oa Oa 0a Oa 13bf 19abc 1.5c 0.6¢c 1.5a
4 Rubigan 1E 9 fl oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C).......cccccveeneene Oa Oa O0a 0a 12bf 1.7ab 14bc 0.5abc 1.5a
5 Procure 50WS 6 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)........cccvene... Oa O0a 0a 3b 1.7ef 2.3bc 1.0a 0.6bc 2.1ab
6 Procure SOWS 8 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C).........cc.c...... Oa O0a Oa 0a 15¢cf 1.8ab 1.1ab 0.5bc 1.5a
7 Elite 45DF 6 oz + Polyram 80DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C).........cc0ee.... Oa Oa Oa 0a 09abc 1.5ab 1.1abc 0.3a 2.0ab
8 Elite 45DF 6 oz + Dithane 75DF 3 Ib (P-2C)

Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C).........cccvveneee Oa 0a O0a 0a 1.1ae 1.5ab 1.4bc 1.0d 1.7ab

9 Bayleton SODF 2 oz + Polyram 80DF 3 Ib+
Ziram 76DF 3 Ib (P-2C)
Captan 50W 3 Ib + Ziram 76DF 3 Ib (3C-6C)......cccccvcvruernns Oa Oa Oa 2b 1.6def 28c 1.1abc 0.5abc 2.5ab

10 Basic Copper “53" 2 Ib (P-PF)

Basic Copper “53" 4 Ib + Hydrated Lime 12 Ib (1C-4C)
Basic Copper 53" 4 Ib + Hydrated Lime 8 Ib (5C-6C)....... Oa Oa O0a 0a 1.8f 19abc 2.3d 1.2d 2.7b

Counts of 25 fruit from each of four single tree replicates harvested 6 Oct. Idared harvested 27 Sep. Both cultivars rated after
4 weeks' storage at 1C.

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
* Fruit finish rated on a scale of 0-5 (0 = perfect finish; 5 = severe russet or opalescence).



APPLE (Malus domestica ‘Stayman Winesap', K. S. Yoder, A. E. Cochran |l, W. S. Royston, Jr.,
‘Idared’, ‘Ginger Gold’) S. W. Kilmer, and J. E. Scott
Scab;, Venturia inaequalis Virginia Tech Agr. Research & Extension Center
Powdery mildew; Podosphaera leucotricha 595 Laurel Grove Road
Sooty blotch; disease complex Winchester, VA 22602

Fly speck; Zygophiala jamaicensis
Brooks spot; Mycosphaerella pomi
Rots

SUPPRESSION OF POWDERY MILDEW AND OTHER DISEASES BY INTEGRATED FUNGICIDE
SCHEDULES ON IDARED APPLES, 1997: Seven treatments involving combinations designed to
incorporate the biofungicide AQ10 into a practical usage pattern with copper, dodine, sulfur, or Nova, and
three involving a hydrophobic particle film, M-96-018 material, were compared on 16-yr-old trees in a test
conducted in a randomized block design with four single-tree replicates separated by untreated border
rows. The entire test block had been treated with a commercial spray program in 1996 and mildew
inoculum was light to moderate. Tree-row-volume was determined to require a 400 gal/A dilute base for
adequate coverage. AQ10-related treatments were applied to both sides of the trees on each indicated
application date with a Swanson Model DA-400 airblast sprayer at 100 gal/A. M-96-018 was applied as
dilute treatments to the point of runoff with a single-nozzle handgun at 400 psi. The treatment schedule
was as follows: App. 1: 11 Apr (B, early bloom); App. 2: 16 Apr (FB, bloom); App. 3: 25 Apr (PF, petal
fall), App. 4: 7 May (1C, 1st cover), App. 5: 20 May (2C, 2nd cover);, App. 6: 28 May; App. 7: 6 Jun (3C,
3rd cover); App. 8: 12 Jun; App. 9: 20 Jun (4C, 4th cover); App. 10: 27 Jun; App. 11: 9 Jul (5C, 5th
cover); App. 12: 18 Jul; App. 13: 25 Jul (6C, 6th cover); App. 14: 1 Aug; App. 15: 8 Aug (7C, 7th cover);
App. 16: 15 Aug. Other materials, applied separately to the entire test block, included Agri-Mycin,
Supracide 2E, Guthion 3F, Lannate, Penncap-M, and Provado. Bitter rot mummies and wild blackberry
canes with the sooty blotch and fly speck fungi were placed over each ldared test tree 4 June. Other
diseases developed from inoculum naturally present in the test area. Foliar data represent averages of
counts of all leaves on 10 terminal shoots from each of four replicates 25 Jun. Fruit samples were taken
from each replicate 29 Sep and rated after 4 wks' storage at 1 C. Percentage data were converted by the
square root arcsin transformation for statistical analysis.

The relatively dry early season weather favored stronger test conditions for powdery mildew than for scab.
Although there was considerable variation among treatments, all treatments except M-96-018, gave
significant mildew control compared to untreated trees. Applying AQ10 on the second and third weeks of
a 3-wk schedule alternated with Nova, gave mildew control comparable to Nova + Dithane on a 2-wk
schedule. A well-integrated schedule for management of both scab and mildew rotated Nova + Dithane
into the 3 and 7™ applications with AQ10 and AQ10 + Syllit alternated in other applications. A significantly
weaker mildew treatment was one that began with a single application of copper, and was followed by
alternating weekly applications of AQ10 with and without Syllit. The late-season schedules (applications
12 through 16) were designed to compare the efficacy of Basic Copper “53" and M-96-018 to captan +
ziram for summer disease control. Summer disease pressure was light and treatments involving copper
and captan + ziram gave good commercial control of sooty blotch, fly speck, and Brooks spot. M-96-018
gave significant suppression of fly speck, but not sooty blotch, and the higher rate on a 2-wk schedule
resulted in a significant increase in Brooks spot incidence compare to non-treated trees. No treatment
significantly increased russet or opalescence ratings compared to “no fungicide”. However, a treatment
involving sulfur alternated with AQ10 and ending with captan + ziram had significantly less russet than one
which started and ended with copper, and less opalescence than the M-96-018 treatments.
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Table 5. Mildew and scab suppression by integrated fungicide schedules on Idared apples, 1997
Material(s) applied (X) for indicated
application number and growth stage
Treatment and rate peracreconcentrate |1 2 3 4 § 6 7 8 9 10111213141516 Scab, % Mildew, %
or per 100 gal dilute BIFBPF1C2C 3C 4C 5C 6C 7C |leaves fruit leaves If. area fruit
0 No fungicide e i et R4 B <1 ¢ 48e 28d 4 c
1 Nova 40W 4 oz + Dithane 75DF 3 |b/A X=X -X-=-X—-X - - - - 01a Oa 8a 2a 1 ab
Basic Copper “53" 4 Ib + Lime 8 Ib X X X
2 Microfine Sulfur 90W 6 Ib/A X X X X X
AQ10 1 ozZ/A +ADDQ 38.4 fl 02/100 gal X X X X X 11a 3a 8ab 2ab 1 ab
Captan 50W 3 |b + Ziram 76DF 3 Ib - X - X - X
3 Microfine Sulfur 90W 6 Ib/A X=X -X-X-X - 0.8a 1a 13ab 3ab 0 a
Captan 50W 3 Ib + Ziram 76DF 3 Ib - -- --
4 Nova 4 oz/A X X X X
AQ10 1 0Z/A + ADDQ 38.4 fl 02/100 gal X X X X X X 0.5a 3a 7a 1fa 2 abc
Captan 50W 3 Ib + Ziram 76DF 3 ib - X - X - X
5 AQ10 1 0zZ/A + ADDQ 38.4 fl 02/100 gal +
Syllit 65W 1.5 Ib/A X X X X X 0.0a 1a 18abc 3ab 0 a
AQ10 1 oz/A + ADDQ 38.4 fl 02/100 gal X X X X X .
Captan 50W 3 Ib + Ziram 76DF 3 Ib - X - X - X
6 AQ10 1 0zZ/A + ADDQ 38.4 fl 02/100 gal +
Syliit 65W 1.5 Ib/A X X X
AQ10 1 0z/A + ADDQ 38.4 fl 02/100 gal X X X X X 0.0a Oa 9ab 2ab 1 ab
Nova 40W 4 oz + Dithane 75DF 3 Ib/A X X
Captan 50W 3 Ib + Ziram 76DF 3 Ib - X - X - X
7 Basic Copper “63" 2 Ib X
AQ10 1 0z/A + ADDQ 38.4 fl 02/100 gal +
Syllit 65W 1.5 Ib/A X X X X 0.0a 1a 22bcd 4abc 0 a
AQ10 1 0Z/A + ADDQ 38.4 fl 02/100 gal X X X X X
Basic Copper “53" 4 Ib + Lime 8 Ib - X - X - X
8 M-96-018 2X rate X ~-X-X-X-X--X- X - X|60b 25b 31cde 10bc 4 be
9 M-96-018 1Xrate X =X <X« X<« X--X- X - X|58b 17b 39de 14cd 4 bc
10 M-96-018 1X rate XXX XXX X--X-XXXX X X|62b 18b 30cde 7abc 3 bc

Counts of 10 shoots from each of 4 single-tree replicates 25 Jun or 25 fruit / tree picked 29 Sep and rated after 4 wks’ storage at 1 C.

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
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Table 6. Summer disease suppression and fruit finish by integrated fungicide schedules on Idared apples, 1997

Treatment and rate per acre concentrate
or per 100 gal dilute

Material(s) applied (X) for indicated

application number and growth stage Disease incidence (%)

12345617 8 21011321314 15 16| Sooty

Fly Brooks

BIFBPF1C2C 3C 4C §6C 6C 7C blotch speck spot

Fruit finish
rating (0-5)*

russet opalescence

0 No fungicide

o o o -~ -~ — - | 4b

9c

4 b

11ab 0.54 ab

1 Nova 40W 4 oz + Dithane 75DF 3 Ib/A
Basic Copper “53" 4 |b + Lime 8 b

X - X =X =~ X = X - - = = 0a
X X X

0 a

0 a

1.3ab 0.29 ab

2 Microfine Sulfur 90W 6 [Ib/A
AQ10 1 oz/A +ADDQ 38.4 fl 02/100 gal
Captan 50W 3 Ib + Ziram 76DF 3 Ib

X X X X X
X X X X X Oa

09a 023 a

3 Microfine Sulfur 90W 6 Ib/A
Captan 50W 3 Ib + Ziram 76DF 3 Ib

X =X - X -~ X - X - 0a

14ab 038 ab

4 Nova 4 oz/A
AQ10 1 oz/A + ADDQ 38.4 fl 02/100 gal
Captan S50W 3 Ib + Ziram 76DF 3 Ib

X X X X X X 1ab

1.1ab 040 ab

5 AQ10 1 0z/A + ADDQ 38.4 fl 02/100 gal +
Syillit 65W 1.5 Ib/A
AQ10 1 oz/A + ADDQ 38.4 fl 02/100 gal
Captan 50W 3 Ib + Ziram 76DF 3 Ib

14ab 043 ab

6 AQ10 1 02/A + ADDQ 38.4 fl 02/100 gal +
Syllit 65W 1.5 Ib/A
AQ10 1 0z/A + ADDQ 38.4 fl 02/100 gal
Nova 40W 4 oz + Dithane 75DF 3 Ib/A
Captan 50W 3 Ib + Ziram 76DF 3 |b

14ab 054 ab

7 Basic Copper “53” 2 Ib
AQ10 1 0zZ/A + ADDQ 38.4 fl 02/100 gal +
Syllit 65W 1.5 Ib/A
AQ10 1 oz/A + ADDQ 38.4 fl 02/100 gal
Basic Copper “53" 4 Ib + Lime 8 Ib

X X X X 0a
X X X X X

1.5b 0.54 ab

8 M-96-018 2X rate

X = X = X = X = X - - 2ab

Cc

1.3ab 062 b

9 M-96-018 1Xrate

X
X=X =X= X=X~ - 2ab

ab

1.3ab 061 Db

10 M-96-018 1X rate

XX |Xx|Xx
!

X X|X|x
!

X X|X|>

X X XX X X =X - X X 2ab

WININ
(=2 k=2l k=4

NN

ab

14ab 064 b

Counts of 25 fruit from each of 4 single-tree replicates picked 29 Sep and rated after 4 wks

storage at 1 C.

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

* Fruit finish rated on a scale of 0-5 (0 = perfect finish; 5 = severe russet or opalescence).
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PEACH (Prunus persica 'Redhaven') K. S. Yoder, A. E. Cochran |l

NECTARINE (Prunus persica 'Redgold') W. S. Royston, Jr., and S. W. Kilmer
Brown rot; Monilinia fructicola Va. Tech Ag. Research and Extension Center
Rhizopus rot; Rhizopus sp. 595 Laurel Grove Road
Scab; Cladosporium carpophilum Winchester, VA 22602

EFFECTIVENESS OF REGISTERED AND EXPERIMENTAL FUNGICIDES FOR DISEASE
CONTROL ON REDHAVEN PEACH AND REDGOLD NECTARINE, 1997: Several
experimental and registered fungicides were compared for broad spectrum disease control
on 5-yr-old trees. The planting is composed of 3-tree sets, each including Redhaven peach
(which was not treated with fungicides in 1996 to allow the buildup of scab inoculum),
Redgold nectarine in test in 1996 , and Loring peach which was not treated with fungicides
in 1997. Brown rot inoculum was introduced into the orchard by placing three mummified
fruit in each test tree before bloom. Dilute treatments were applied to the point of run-off
(approximately 200 gal/A) with a single nozzle handgun at 300 psi in a randomized block
design with four single-tree replicates as follows: Leaf curl applications treatments. #1-5
only: 13 Mar (BS, bud swell); all treatments: 28 Mar (P, pink); 3 Apr (bloom); 11 Apr (PF,
petal fall), 1st-5th covers 7 May, 23 May, 6 June, 20 June and 9 July; 22 July (Redhaven
2PH, 2-wk pre-harvest; Redgold 6th C), 29 July (Redhaven only,1PH, 1-wk pre-harvest), 6
Aug (Redgold 2PH, 2-wk pre-harvest); 14 Aug (Redgold 1PH, 1-wk pre-harvest).
Commercial insecticides were applied to the entire test block at 2-3 wk intervals with a
commercial airblast sprayer. A sample of 40 apparently rot-free Redhaven fruit per replicate
tree was harvested 5 Aug, rated for scab and split into 20-fruit subsamples. Fruit were
selected for uniform ripeness and placed on fiber trays. One set was misted with de-ionized
water and the other subsample was inoculated with a suspension containing 10,000
benzimidazole-sensitive M. fructicola conidia/ml. All were incubated in polyethylene bags at
ambient temperature 19-29C (mean 24.2C) for the indicated interval before assessing rot
development. Redgold fruit were harvested 26 Aug and handled as indicated for Redhaven.
Ambient temperatures during Redgold incubation were 19-29C (mean 23.8C).

Weather conditions throughout the early cover spray period were favorable for scab
infection. The full season Indar schedule provided the best control of scab under heavy
inoculum conditions on Redhaven peach. On treatments covered with sulfur during the early
cover spray period, there were significant differences based on the treatment applied at
petal fall, and apparent differences based on peach compared to nectarine. On peach, the
second most effective treatment was Benlate + Captan - sulfur. On nectarine Bravo - sulfur
and TM 402 - sulfur also gave excellent scab control. Abound - sulfur schedules resulted in
slightly more scab, but not significantly so (p=0.05) than the best treatments. Thiram — sulfur
gave significantly poorer scab control than ziram - sulfur on nectarine, but equal
suppression on peach. Latron B-1956 included with TM 402 significantly reduced
effectiveness for scab control on nectarine. All treatments gave excellent brown rot control
on the tree on both peaches and nectarines, but rot developed rapidly during incubation.
Because brown rot pressure was moderate in the orchard, and inoculum stayed relatively
low into the pre-harvest period, the postharvest inoculation gave opportunity to look at
postharvest brown rot suppression under light and heavy inoculum conditions. Elite gave
excellent brown rot control on non-inoculated and incculated peach. Abound 2F showed a
significant rate response on nectarines with the highest rate giving superior control. On non-
inoculated nectarine fruit, all treatments gave good brown rot suppression after 6 days’
incubation. However most treatments had become heavily infected by 9 days. Latron B-
1956 did not improve brown rot control by TM 402 on peach or nectarine.



Table 7. Effects of pre-harvest treatments on postharvest brown rot development in Redhaven peach.

Scab % of fruit with brown rot after indicated days incubation

Treatment and % les/ non-inoculated fruit inoculated fruit
rate/100 gal dilute Timing fruit fruit 4days 6days 7days 10days 4 days 6days 7days 10days
No fungicide — 93e 44b 8a 17a 30b 67d 13b 50d 68e 87e
Ziram76 DF 1.81b BS-PF,14dayPH 44cd 7a 0Oa 3a 12ab 37a-d 2a 13abc 27abc 55b-e
Microfine Sulfur SOW 3 Ib Covers
Ferbam 76WDG 3.0 1b BS 44cd 3a
Indar 75W 1 oz +

Latron B-1956 4 floz  P-PF, 2PH-1PH 0Oa 0O0a 2a 29ad 2a 12ab 25abc 42a-d
Microfine Sulfur 90W 3 Ib Covers
Thiram 75WDG 1.3 1b BS-PF,14&7PHI 44cd 5a 0O0a 0Oa 8 ab 35a-d 2a 23bc 40bcd 72de
Microfine Sulfur 90W 3 Ib Covers
COCS 50WDG 4.0 b BS 13ab 1a
Benlate 50W 4 oz+

Captan 50W 1 Ib P-PF, 2PH-1PH Oa 2a 3 a 8a 0a 8a 18ab 47bcd
Microfine Sulfur 80W 3 Ib Covers
Bravo 720 20 fl 0z BS-PF 28bcd 3a
Microfine Sulfur 90W 3 b Covers
Rovral 4F 12 fl oz +

Latron CS-7 1 pt 2PH-1PH O0a 11a 20ab 48bcd 4ab 24bc 55de 73de
TM 402 S0WDG 12 0z P-PF,2PH-1PH 41bcd 7a Qa 2a 5a 27ad 0Oa 8a 17ab 50bcd
Microfine Sulfur 90W 3 |b Covers
TM 402 50WDG 12 0z + P-PF, 2PH-1PH 53d 7a

Latron B-1956 4 fi 0z Oa 0Oa 3 a 20abc 0Oa 13abc 38bcd 60b-e
Microfine Sulfur 90W 3 Ib Covers
Indar 75W 1 0z + Full season 6a 1a

Latron B-1956 4 fl oz (P-1PH) Oa 0Oa 12ab 48bcd 0Oa 0Oa 12a 33ab
Elite 45DF 2.5 0z P-PF,2PH-1PH 29bcd 3a Oa ©0a 3 a 3a 0a 2a 3a 13a
Microfine Sulfur 90W 3 Ib Covers
Vangard 75 WG 2.6 oz P-PF 52d 8a
Orbit 45W 2 0z 2PH-1PH 0a 3a 13ab 55cd 0a 5a 20abc 56b-e
Microfine Sulfur 90W 3 b Covers
Abound 80WG 1.0 oz P-PF,2PH-1PH 36bcd 4a 0Q0a 0Qa 2 a 15abc 2a 5a 18ab 38abc
Microfine Sulfur 90W 3 Ib Covers
Abound 80WG 1.5 oz P-PF,2PH-1PH 21abc 1a 0a 2a 10ab 25abc 0a 7a 25abc 48bcd
Microfine Sulfur 90W 3 b Covers
Abound 80WG 2.0 oz P-PF,2PH-1PH 21abc 2a 0a 3a 8 ab 38a-d 0a 28c 44cde 68cde
Microfine Sulfur 90W 3 b Covers
Abound 80WG 2.5 0z P-PF, 2PH-1PH 20abc 2a 0Oa ©Qa 0Oa 3a 0a Oa 7a 38abc
Microfine Sulfur 90W 3 Ib Covers

Counts of 10-15 fruit from each of four replications 9-15 Aug. Mean separation by Waller-Duncan K-ratio t-test

(p=0.05).
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Table 8. Scab and postharvest brown rot development on Redgold nectarine.

% of fruit with brown rot after

Scab* indicated days of incubation**
Treatment and % lesions non-inoculated inoculated fruit
rate/100 gal dilute Timing fruit /fruit 6days 9days 6days 9days
0 No fungicide -— 50cd 3.3a 38¢ 81g 639 959
1 Ziram 76 DF 1.8 b BS-PF, 14 day PH 9ab 52fg 29f 81ef
Microfine Sulfur 90W 3 Ib Covers 11ab 1.1a

2 Ferbam 76WDG 3.0 b BS
Indar 75W 1 0z +
Latron B-1956 4 fl 02 P-PF, 2PH-1PH 26bc 1.6a 2ab 13a-d 3ab 17a

Microfine Sulfur 90W 3 Ib Covers
3 Thiram 75WDG 1.3 1b BS-PF, 14 & 7 PHI 3ab 38def 19def 62de
Microfine Sulfur 90W 3 Ib Covers 60d 13.1b
4 COCS 50WDG 4.01b BS
Benlate 50W 4 oz+
Captan 50W 1 ib P-PF, 2PH-1PH Oa 24 a-e 5a-d 43cd
Microfine Sulfur 90W 3 Ib Covers 20ab 1.6a
5 Bravo 720 20 fl o2 BS-PF
Microfine Sulfur 90W 3 Ib Covers 3a 0.03a
Rovral 4F 12 floz +
Latron CS-7 1 pt 2PH-1PH Oa 21a-e 23 ef 70 ef
6 TM 402 50WDG 12 oz P-PF, 2PH-1PH 5ab 33c-f 12b-f  80fg
Microfine Sulfur 90W 3 Ib Covers 3a 0.1a
7 TM40250WDG 120z+  P-PF, 2PH-1PH
Latron B-1956 4 fl oz 2ab 43 ef 25f 84fg
Microfine Sulfur 90W 3 Ib Covers 24bc 0.7a
8 Indar 75SW 1 0z + Full season
Latron B-1956 4 fl oz (P-1PH) 4ab 0.2a 8b 33cf 12b-f 59de
9 Elite 45DF 2.5 oz P-PF, 2PH-1PH 2ab 32cf 14cf 62de
Microfine Sulfur SOW 3 Ib Covers 23ab 2.5a
10 Vangard 75 WG 2.6 oz P-PF
Orbit 45W 2 0z 2PH-1PH Oa 31b-f 8a-f 47cd
Microfine Sulfur 90W 3 Ib Covers 18ab 1.1a
11 Abound 80WG 1.0 0z P-PF
Abound 2.08F 4.6 fl oz+ 2PH-1PH 3ab 14 abc 3abc 40bcd
Latron B1956 4 fl oz
Microfine Sulfur SOW 3 Ib Covers 8ab 0.1a
12 Abound 80WG 1.5 0z P-PF,
Abound 2.08F 5.4 fl oz+ 2PH-1PH 3ab 9abc 9a-e 35bc
Latron B1956 4 fl oz
Microfine Sulfur 90W 3 Ib Covers 8ab 0.2a
13 Abound 80WG 2.0 oz P-PF,
Abound 2.08F 6.2 fl oz+ 2PH-1PH Oa 5a 2ab 21ab
Latron B1956 4 fl oz
Microfine Sulfur 90W 3 Ib Covers 10ab 0.6a
14 Abound 80WG 2.5 oz P-PF
Abound 2.08F 7.7 fl oz+ 2PH-1PH Oa 7ab Oa 8a
Latron B1956 4 fl 0z
Microfine Sulfur 90W 3 Ib Covers 10ab 0.3a

* Scab based on harvest counts of 20-30 fruit from each of four replicate trees 26 Aug.
** Counts of 10-15 fruit per replicate unit from each of four replicate trees 1-4 Sept.
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
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PEACH (Prunus persica ‘Redhaven’, 'Loring’) K. S. Yoder, A. E. Cochran I,

NECTARINE(Prunus persica 'Redgold’) W. S. Royston, Jr. and S. W. Kilmer

Brown rot; Monilinia fructicola Va. Tech Ag. Research and Extension Center
Leaf curl; Taphrina deformans 595 Laurel Grove Road

Scab; Cladosporium carpophilum Winchester, VA 22602

EFFECTIVENESS OF REGISTERED FUNGICIDES FOR DISEASE CONTROL ON REDHAVEN
AND LORING PEACH AND REDGOLD NECTARINE, 1997: Several registered fungicides
were compared for broad spectrum disease control on 18-yr-old trees which had not been
treated with a fungicide in 1996 to allow the buildup of leaf curl and scab inoculum. The
planting is composed of 3-tree sets each including Loring peach, Redgold nectarine, and
Redhaven peach. Brown rot inoculum was standardized by placing three mummified fruit in
each test tree before bloom. Dilute treatments were applied to the point of run-off
(approximately 200 gal/A) with a single nozzle handgun at 400 psi in a randomized block
design with four single-tree replicates for peach and three single-tree nectarine replicates as
follows: 28 Feb (dormant);.28 Mar (P, pink); 3 Apr (bloom); 11 Apr (PF, petal fall); 1st-5th
covers 7 May, 23 May, 6 June, 20 June and 9 July; 22 July (Redhaven 2PH, 2 wk pre-
harvest; Loring and Redgold 6th cover); 29 July (Redhaven only, 1PH, 1 wk pre-harvest); 6
Aug (Loring and Redgold 2PH, 2 wk pre-harvest); 14 Aug (Loring and Redgold 1PH, 1 wk
pre-harvest). Commercial insecticides were applied to the entire test block at 2-3 wk
intervals with a commercial airblast sprayer. Leaf curl infection was rated 19 May by
counting the number of infections visible on two scaffold limbs of uniform size per tree. Scab
incidence and severity were evaluated in harvest counts of 30-40 fruit from each of four
replications 4 Aug (Redhaven), 40 fruit/tree, four replications 19 Aug (Loring); and 20
fruit/tree, three replications 21 Aug (Redgold). After harvest duplicate sets of 20 apparently
rot-free fruit per replicate tree for Loring and Redhaven and 10 for Redgold were selected for
uniform ripeness and placed on fiber trays. One set of fruit was misted with de-ionized water
and another set was inoculated with a suspension containing 10,000 benzimidazole-
sensitive M. fructicola conidia/ml. All fruit were incubated in polyethylene bags at ambient
temperatures for the indicated interval before assessing rot development. Mean incubation
temperatures, respectively, for Redhaven, Loring, and Redgold were 24.2 C, 23.3 C, and
23.5C.

Weather conditions were most favorable for leaf curl infection 18-20 March and all
treatments gave good control compared to untreated trees (Table 8). Although most scab
infection was presumed to occur during the early cover spray period when most treatments
were covered with sulfur, there were significant treatment differences based on the pink-
petal fall sprays. The best treatment, Benlate + captan, gave only fair scab control on
peach. On nectarine none of the treatment schedules adequately controlled scab. Because
brown rot pressure was moderate in the orchard and inoculum stayed relatively low into the
pre-harvest period, the postharvest inoculation gave opportunity to look at postharvest
brown rot suppression under light and heavy inoculum conditions. Non-inoculated peach
pre-harvest sprays of Indar, Benlate + captan, and Rovral provided longer residual
protection than ziram which was applied only up to 2-wk PHI, or thiram. A similar trend was
observed with non-inoculated peach fruit, however thiram was not significantly weaker than
other treatments (p=0.05). Ziram was significantly weaker than other treatments on
inoculated peach and nectarine fruit. It was probably handicapped under severe inoculum
conditions created by the extended pre-harvest interval (2-wk) compared to the 1-wk pre-
harvest interval for the other treatments.
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Table 9. Control of leaf curl and scab by registered fungicides on Redhaven and Loring peach and Redgold nectarine.
Scab infection**

Treatment and Leaf curl infections” Redhaven Loring Redgold
rate/100 gal dilute Timing Redhaven Loring Redgold % fruit lesffruit % fruit les/fruit % fruit les/fruit
0_No fungicide - 10.5a 38.0b 22.3b 100e 35e 93¢ 21b 98c 27d
1 Ziram76 DF 18 b BS-PF, 14 dayPH 0.5a Oa Oa
Microfine Sulfur 90W 3 Ib Covers 84d 13cd 24a 2a 95¢ 13¢
2 Ferbam 76WDG 3.0 1b BS Oa 08a 0a

Indar 75W 1 oz +
Latron B-1956 4 fl oz P-PF, 2PH-1PH

Microfine Sulfur 30W 3 Ib Covers 51b S5ab 18a 1a 73b 8b
3 Thiram 75WDG 1.3 b BS-PF, 14 & 7 PHI 0a 0.3a 0.3a
Microfine Sulfur 90W 3 Ib Covers 78d 18d 53b 8a 100c 29d
4 COCSS50WDG4.01b BS 0.3a Oa 1.0a
Benlate 50W 4 oz+
Captan 50W 1 Ib P-PF, 2PH-1PH
Microfine Sulfur 90W 3ib Covers 18a 1a 11a 04a 47a 1a
5 Bravo 720 20 floz BS-PF Oa 0.3a -
Microfine Sulfur 90W 3ib Covers 62c 7bc  20a 2a - -
Rovral 4F 12 floz +
Latron CS-7 1 pt 2PH-1PH

Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

* Number of infections visible on two scaffold limbs per tree 19 May.

**Counts of 30-40 fruit from each of four replications 4 Aug (Redhaven), 40 fruit/tree, four replications 19 Aug (Loring); and
20 fruit/tree, three replications 21 Aug (Redgold).



Table 10. Effects of pre-harvest treatments on postharvest brown rot development in Redhaven peach.

% of fruit with brown rot after indicated days of incubation

Treatment and non-inoculated fruit inoculated fruit
rate/100 gal dilute Timing 5 days 7 days 8 days 11 days 5 days 7 days 8 days 11 days

0 No fungicide - 13a 34b 48c 88c 40b 64b 86b 100c

1 Ziram 76 DF 1.8 Ib BS-PF,14dayPH 2a 14ab 31abc 78c 39b 65b 83b 98¢
Microfine Sulfur 90W 3 Ib Covers

2 Ferbam 76WDG 3.0 b BS

Indar 75W 1 0z +
Latron B-1956 4 fl 0z P-PF, 2PH-1PH 2a 4ab 10ab 51b 10a 13a 40a ©56a
Microfine Sulfur 90W 3 |b Covers
3 Thiram 75WDG 1.3 b BS-PF,14&7PHI 2a 14ab 40bc 56b 10a 30a 55a 85bc
Microfine Sulfur 90W 3 Ib Covers

4 COCS50WDG 4.01b BS
Benlate 50W 4 oz+
Captan 50W 1 ib P-PF,2PH-1PH 0a 0a Sa 27a 2a 10a 28a 68ab
Microfine Sulfur 90W 3lb Covers
5 Bravo 720 20 fl oz BS-PF
Microfine Sulfur 90W 3lb Covers
Rovral 4F 12 fl oz +
Latron CS-7 1 pt 2PH-1PH 3a 8ab 22abc 50b 12a 18a 32a 58ab

Counts of 20 fruit from each of four replications 9-15 Aug.
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

Table 11. Effects of pre-harvest treatments on postharvest brown rot development in Loring peach.

% of fruit with brown rot after indicated days of incubation

Treatment and non-inoculated fruit inoculated fruit
rate/100 gal dilute Timing 4 days 6 days 8 days 10 days 4 days 6 days 8 days 10 days

0 No fungicide - i6b 28b 71b 93¢ 36b 58a 88c 98¢

1 Ziram 76 DF 1.8 b BS-PF,14dayPH 1a 5a 21a 54b 6a 21ab 49b 79bc
Microfine Sulfur 90W 3 Ib Covers

2 Ferbam 76WDG 3.0 Ib BS

Indar 75W 1 oz +
Latron B-1956 4 fl 0z P-PF,2PH-1PH 1a 5a 14a 24a 1a 4a 16a §S0a
Microfine Sulfur 90W 3 Ib Covers
3 Thiram 75WDG 1.3 b BS-PF,14&7PHI 3a 6a 16a 46b 3a 9ab 30ab 69ab
Microfine Sulfur 90W 3 Ib Covers

4 COCS50WDG 4.01b BS
Benlate 50W 4 oz+
Captan 50W 1 Ib P-PF,2PH-1PH 0Oa 0Oa 14a 39ab 5a 19b 39ab 66ab
Microfine Sulfur 90W 3Ib Covers
5 Bravo 720 20 fl oz BS-PF
Microfine Sulfur 90W 3Ib Covers
Rovral 4F 12 floz +
Latron CS-7 1 pt 2PH-1PH 3a 5a 11a 21a Sa 10ab 23ab 40a

Counts of 20 fruit from each of four replications 23-29 Aug.
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).
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Table 12, Effects of pre-harvest treatments on brown rot development in Redgold nectarine.

% of fruit with brown rot after indicated days of incubation

Treatment and non-inoculated fruit inoculated fruit
rate/100 gal dilute Timing 4days 6days B8days 4days 6days 8days
0 No fungicide - 60c 93¢ 97 b 60b 90c¢ 100b
1 Ziram76 DF 1.81b BS-PF, 14 day PH 23b 43b 83 b 23ab 47b 90b
Microfine Sulfur 90W 3 Ib Covers
2 Ferbam 76WDG 3.0 Ib BS
Indar 75W 1 oz +
Latron B-1956 4 fl oz P-PF, 2PH-1PH Oa 3a 7 a Oa 3a 27a
Microfine Sulfur 90W 3 Ib Covers
3 Thiram 75WDG 1.3 b BS-PF,14&7PHI 3a 7a 20 a 3a 13ab 37a
Microfine Sulfur 90W 3 Ib Covers
4 COCS50WDG 4.0ib BS
Benlate 50W 4 oz+
Captan 50W 1 Ib P-PF, 2PH-1PH 7a 10a 23 a Qa 20ab  43a
Microfine Sulfur 90W 3lb Covers

Counts of 20 fruit from each of four replications 25-29 Aug.
Mean separation by Waller-Duncan K-ratio t-test (p=0.05).



APPLE (Malus domestica ‘Golden Delicious) K. S. Yoder, R. E. Byers, A. E. Cochran I,
S. W. Kilmer and W. S. Royston, Jr.
Fireblight; Erwinia amylovora Virginia Tech Agr. Research & Extension Center
595 Laurel Grove Road
Winchester, VA 22602

SUPPRESSION OF FIREBLIGHT SHOOT BLIGHT BY BAS 125W ON APPLE, 1995-1997

Fireblight is an increasingly important disease in apple production throughout the mid-Atlantic region.
Factors related to its increase in prominence include more plantings of highly susceptible scion/rootstock
combinations and the use of crabapple pollinizers within high density orchards. Streptomycin resistance
by the fireblight bacterium, Erwinia amylovora, has not yet not been proven in the mid-Atiantic region, but
this concern and the increasing planting of highly susceptible scions and rootstocks heightens the need to
avoid cultural practices which increase tree susceptibility. In addition to chemical control, a prudent
program for overall management of fireblight should also include proper tree nutrition and practices that
promote early cessation of growth (1,4).

General methods: Arificially inoculated fireblight research plots were established at Virginia Tech AREC,
Winchester in 1995 and 1997 using four single-tree replications in a randomized block design. Vigorous,
well-pruned Golden Delicious/M7 trees, 23 years old in 1995 and 25 in 1997, were used in these studies.
BAS 125W treatments were also applied at Winchester in 1996, but trees were not artificially inoculated
and natural infection did not develop. Streptomycin (Agri-Mycin 17) was included or applied separately as
indicated. Regulaid was included with all BAS 125W treatments at 0.03 or 0.125% v/v as indicated.
Treatments were applied dilute to runoff with a single nozzle handgun at 200 psi. Shoot tips were
inoculated, as indicated, in the last leaf node with a No. 25 hypodermic syringe holding one droplet of a
bacterial suspension solution containing approximately 1X10° cells/ml. Inoculum was obtained by growing
an E. amylovora culture on nutrient yeast dextrose agar one or two days at 25°C and harvesting and
suspending the bacteria in a phosphate buffer.

1995 Test.. One set of trees was treated twice with BAS 125W 10DF 250 ppm + Regulaid, at early bloom
20 Apr and full bloom 25 Apr; other sets were treated once 28 Apr (petal fali) with BAS 125W 250 ppm +
Regulaid, streptomycin 100 ppm, or BAS 125W 250 ppm + Regulaid + streptomycin 100 ppm. Twenty
treated shoots per tree were selected and flagged on 4 May, 10 for incculation 5May and 10 for
inoculation 12 May (1 week and 2 weeks after application to the single-application trees). Fireblight
incidence and visible extent of canker progression into inoculated shoots were assessed on excised
shoots, 20 Jun. Growth of shoots on non-inoculated trees was measured on 29 Jun. Non-inoculated
strikes were counted and removed 20 Jun. Arcsine transformed means were analyzed with the Waller-
Duncan K-ratio t-test (p=0.05).

BAS 125W treatment reduced shoot growth of non-inoculated shoots by approximately 50% (Table 13),
and significantly suppressed incidence of infection of shoots inoculated two weeks after treatment (Table
2). Two applications during bloom significantly reduced canker length into first-year growth when shoots
were inoculated ten days after the last treatment. When inoculated two weeks after treatment, all BAS
125W treatments significantly reduced canker length into first-year growth and significantly reduced total
mean canker length. Streptomycin + Regulaid had no significant effect (p=0.05) on infection of shoots
inoculated one week after application.

1997 Test. Potential synergistic effects of successive applications of BAS 125W 10DF and streptomycin
were studied in 1997. BAS 125W 125 or 250 ppm was applied 21 May at 25-cm shoot growth;
streptomycin 100 ppm was applied on 27 May as a 1-day pre-inoculation treatment for the first inoculation
or an 8-day pre-inoculation treatment for the second inoculation. Twenty actively growing shoots per tree
were selected and flagged on 19 May; ten were inoculated one week after the BAS 125W application
28 May and ten were inoculated two weeks after the BAS 125W treatment 4 June. Fireblight incidence
and visible extent of canker progression were assessed on excised shoots 17 Jul. Arcsine transformed
means were analyzed by Waller-Duncan K-ratio t-test (p=0.05).
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Inoculations to non-treated trees 28 May resulted a higher incidence of fireblight than those on 4 June
(Table 14). This was probably because of rains 1-3 June which increased shoot susceptibility by favoring
renewed growth which may have been slowing due to earlier dry weather. Streptomycin alone or in
combination with BAS 125W significantly suppressed fireblight incidence on inoculated shoots when
applied the day before inoculation. The BAS 125W effect was greater two weeks after application than
after one week. The most dramatic effect was with % shoots infected by inoculations 4 June. By two
weeks after treatment the growth suppression had been initiated and the residual effect of streptomycin,
now eight days after application, was reduced. However, BAS 125W followed six days later with
streptomycin, appeared to give a synergistic effect: 97% control of shoot blight incidence compared to
83% control by BAS 125W and 33% control by streptomycin applied separately at the same time.. For
inoculations 28 May, streptomycin gave an expected 1-day protective effect against % shoots infected
and the BAS 125W had not yet really taken effect. No non-inoculated strikes were observed in the test
trees.
DISCUSSION

In spite of long-term recognition that tree vigor is an important element in fireblight susceptibility (6), few
reports have addressed the possibility that plant growth inhibitors could reduce susceptibility or suppress
infection. Two reports discuss the potential effects of daminozide (5) and other plant growth regulators (6)
on shoot growth, secondary bloom and fireblight risk in pear, but we are not aware of reports with
experimental data that confirm a positive or negative effect of plant growth regulators on fireblight
development.

Use of the beneficial growth suppressant effect of BAS 125W to reduce tree susceptibility would represent
a logical but novel addition to the limited arsenal of fireblight management practices. Growth suppression
in the post-bloom period could provide welcome relief in some high risk situations where the use of
streptomycin is discouraged for shoot blight control after petal fall because of concern about development
of resistance to streptomycin. The concern expressed by Deckers and Daemen (3), that some other plant
growth regulators could cause an increase in fireblight risk on pear by increasing the amount of secondary
bloom does not appear to be a concern with BAS 125W because it does not appear to increase bloom on
apples.

Ideal rates and timing(s) for BAS 125W application for continued post-bloom fireblight suppression need to
be determined. The late bloom to petal fall timing should allow opportunity for growth suppression to be
initiated while streptomycin or other bactericides are residually active from bloom applications. it should
be noted that the tests at Winchester were conducted on vigorously growing shoots selected before
treatment to assure a strong challenge, then treated and inoculated. In practice season-long effectiveness
of BAS 125W for shoot blight suppression would likely be proportional to the early setting and sustained
suppression of terminal buds. Choice of one or two applications, rate, and timing may be determined as
much by pomolecgical and label considerations as by the ideal choice for effect on fireblight management
but at present it appears that considerations for several uses may be quite compatible.

An abstract which included a portion of this work has been published (2).
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Table 13. Suppression of fireblight incidence and canker length by foliar applications of BAS 125W on ‘Golden Delicious’ apple, 1995.

% inoculated Mean canker length (cm), Mean canker length (cm) 20 Jun,
shoots infected 20 Jun, all inoculated shoots infected inoculated shoots only Mean shoot
20 Jun in 1st-yr growth __total length _ in 1st-yr growth _ total length Non-inoculated growth (cm)
Treatment and inoc. inoc. inoc. inoc. inoc. inoc. inoc. inoc. inoc. inoc. strikes per non-inoculated
application timing* 5May 12May 5May 12May 5May 12May 5May 12May S5May 2May tree 20 Jun trees, 29 Jun
BAS 125W 250 ppm + 84a 56a 59a 53a 119a 163a 69a 9.1a 14.0a 26.0a 1.5a 13.5a
Regulaid 0.03% v/v (20&25 Apr)
BAS 125W 250 ppm 90a 65a 69ab 75a 153a 18.7a 7.6ab 114a 17.0a 279a 6.8a 144a
+ Regulaid 0.03% v/v (28 Apr)
BAS 125W 250 ppm 86a 46a 7.0ab 49a 16.2a 104a 84bc 11.1a 194a 284a 3.5a 14.1a
+ Streptomycin 100 mg-L™
+ Regulaid 0.03% v/v (28 Apr)
Streptomycin 100 ppm 90a 93b 8.0ab 13.2b 19.0a 31.1b 86bc 142b 213a 33.7a 11.0a —
+ Regulaid 0.03% v/v (28 Apr)
No treatment........cccccvemvvemenennncnnee 93a 100b 8.5b 13.9b 192a 328b 9.2c¢c 139b 20.8a 328a 9.3a 2740

Averages of four single tree replications. Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

* Dilute treatments applied to the point of runoff with a single nozzle handgun at 200 psi as follows:
two applications at early bloom 20 Apr and full bloom 25 Apr, or a single application at petal fall, 28 Apr.
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Table 14. Effects of successive applications of BAS 125W and streptomycin on shoot blight incidence.
‘Golden Delicious’ apple, Winchester, VA, 1997

% inoculated shoots Mean total canker length (cm) 17 Jul
infected 17 Jul all inoculated shoots infected shoots only

Treatment* Timing inoc. 28 May inoc. 4 Jun inoc. 28 May inoc. 4 Jun inoc. 28 May inoc. 4 Jun
BAS 125W 250 ppm +
Regulaid 0.03% viv.......... 21 May 25ab 13b 13a 04a 6.8a 24a
BAS 125W 125 ppm
+ Regulaid 0.03% viv ...... 21 May 32ab 20b 2.2a 2.2a 74a 11.6a
BAS 125W 250 ppm +
Regulaid 0.03% viv 21 May

Streptomycin 100 ppm.. 27 May 16a 2a 1.1a 0.7a 56a 6.7a
Streptomycin 100 ppm..... 27 May 18a 50c 1.7a 48a 94a 8.5a
No treatment.................... - 48b 75d 3.7a 12.1b 7.1a 15.9a

Averages of four single tree replications. Mean separation by Waller-Duncan K-ratio t-test (p=0.05).

Dilute treatments applied to the point of runoff with a single nozzle handgun at 200 psi as follows: BAS125
treatments applied 21 May. Agri-Mycin (1-day pre-inoculation for 1st inoculation; 8-day pre-inoculation for
2nd inoculation.) applied 27 May.
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Introduction

Sooty blotch and flyspeck are important pathogens affecting apples in Pennsylvania.
The presence of sooty blotch and flyspeck on the fruit surface decreases fruit quality and
marketability. Scab-resistant apple cultivars (SRCs) are immune to apple scab and vary in their
resistance to cedar apple rust, powdery mildew and fire blight, however, they are not resistant to
sooty blotch and flyspeck (3,5,7,8,9). These SRCs are as susceptible to sooty blotch and
flyspeck as the scab-susceptible apple cultivars currently planted by commercial apple
producers. Last year, a disease management program was implemented to control summer
diseases. Various treatments were applied at different timings to minimize fungicide applications
and control summer diseases. The 1996 growing season was atypical. Fruit set was low due to a
frost that occurred on May 13 and 14. Treatments were applied to individuals trees, not blocks,
as a result of scattered fruit production. The 1996 season was also extremely wet with above
average precipitation occurring in June, July and August. Significant differences in treatment
affects in the percent of sooty blotch and flyspeck on fruit were observed (9). Based on these
results, treatments and application times were adjusted for the 1997 growing season. The
research objective this year was to compare conventional and alternative management strategies
for sooty blotch and flyspeck while minimizing fungicide use. The goal of this project was to
produce high quality fruit and reduce disease to economic levels with a minimal amount of
pesticide applications.

Materials and Methods

The experimental orchard, approximately one acre in size, was established at the Russell
E. Larsen Research Farm at Rock Springs in the spring of 1992. Cultivars include Redfree,
Jonafree, Liberty, and Freedom as well as Golden Delicious to serve as the standard. The orchard
design is a randomized complete block with SO trees per cultivar, S cultivars individually
randomized within each block. All cultivars are planted on MARK rootstock. Each year the
orchard receives a standard spray program for insects and weeds and is fertilized based on pH
and leaf analyses results.

This year seven treatments were chosen to compare conventional and alternative
management strategies for the control of sooty blotch and flyspeck. Treatments were
randomized and assigned to individual blocks. Treatments were replicated four times. An
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unsprayed check was also included (treatment 8). Treatments were determined based on leaf
wetness thresholds that would predict sooty blotch and flyspeck occurrence in the orchard. The
basis of these leaf wetness thresholds were identified from a model designed specifically to
control sooty blotch and flyspeck developed in North Carolina (1). The model is based on the
correlation of the pathogen life cycle and accumulated leaf wetness hours. Hours of leaf wetness
accumulated in this study included rainfall and dew. Scouting for the first visible symptom of
sooty blotch and flyspeck on fruit began on July 30. Twenty fruit per tree of all cultivars (111
trees sampled) were observed weekly for symptoms.

All treatments included Captan at 1 Ib plus 3 oz Benlate /100 gallon except the JMS
Stylet Qil treatments (treatments 2 and 3). All hours of leaf wetness were based on the North
Carolina model (1). JMS Stylet Oil was applied as a treatment this season. It has been as
effective in controlling powdery mildew on grapes in Pennsylvania as our best material which is
Nova (4). Specific treatment descriptions follow:

Treatment 1- Conventional Spray Program

This treatment simulated a full fungicide spray program that would be applied in a commercial
SRC apple orchard. Treatment applications began on June 9 and ended on September 5. A total
of 7 applications were made.

Treatment 2 - JMS Stylet Qil, 225 Hours of Leaf Wetness

Trees received applications of a 1.5% solution of JMS Stylet Oil when 225 hours of leaf wetness
were reached as recorded by a hygrothermograph. A total of S applications were made.
Treatment applications began on July 10 and ended on September 5.

Treatment 3 - JMS Stylet Oil, 275 Hours of Leaf Wetness

Trees received applications of a 1.5% solution of JMS Stylet Oil when 275 hours of leaf wetness
were reached as recorded by a hygrothermograph. A total of 4 applications were made.
Treatment applications began on July 18 and ended on August 29.

Treatment 4 - Captan + Benlate/ 225 Hours of Leaf Wetness

Treatments were applied when 225 hours of leaf wetness were reached as recorded by a
hygrothermograph. A total of 5 applications were made. Treatment applications began on July
10 and ended on September 5.

Treatment 5 - Captan + Benlate/ 275 Hours of Leaf Wetness

Treatments were applied when 275 hours of leaf wetness were reached as recorded by a
hygrothermograph. A total of 4 applications were made. Treatment applications began on July
18 and ended on August 29.

Treatment 6 - SkyBit, 305 Hours of Leaf Wetness

Treatments were applied when 305 hours of leaf wetness were reached as calculated by SkyBit.
A total of 5 applications were made. Treatment applications began on July 10 and ended on
September 5.
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Treatment 7 - SkyBit, 605 Hours of Leaf Wetness

Treatments were applied when 605 hours of leaf wetness were reached as calculated by SkyBit.
A total of 2 applications were made. Treatment applications began on August 15 and ended on
August 29. This treatment was applied before sooty blotch and flyspeck symptoms were
observed on fruit in the orchard.

Treatment 8 - The Unsprayed Check, No fungicide treatments were applied.

Following the North Carolina sooty blotch model, accumulation of leaf wetness hours were
not begun until 10 days after petal fall and when rain or dew of 4 hours had occurred. Petal fall
was on May 23 with the first 4-hour wetting period occurring on June 2. When threshold leaf
wetness hours were reached, trees received treatment applications. Once initiated, fungicide
treatments were applied at two week intervals until harvest.

All treatments were applied to individual blocks using a hand-held spray gun powered by a
nitrogen bottle-cylinder, at 20 psi, until runoff. Treatment applications were terminated two
weeks prior to anticipated harvest dates. When fruit of each SRC were mature, observations on
the occurrence of sooty blotch and flyspeck were recorded. Fruit evaluation dates were August
18 for Redfree, September 22 for Freedom and Jonafree, and September 24 for Liberty and
September 25 for Golden Delicious. At harvest, a sample of 50 fruit per cultivar per treatment
was observed for symptoms. Each individual fruit was rated based on several categories. The
fruit were rated according to the following criteria: 1.) clean which was defined as being "disease
free", 2.) fruit with sooty blotch, 3.) fruit with flyspeck, 4.) fruit with both sooty blotch and
flyspeck, 5.) fruit developing fruit rot symptoms, 6.) fruit with symptoms typical of powdery
mildew infection, 7.) fruit with quince rust and 8.) fruit with Brooks Fruit spot. Incidence was
determined for all categories and a severity rating was determined for sooty blotch and flyspeck.
The following disease severity scale was utilized: 1 =0 to 10% and 2 = 11 to 20% of the fruit
surface affected.

Results
Analyses of Treatment Affects (all cultivars combined)

A summary of treatment description, application date, and total number of applications
are presented in Table 1. There was no cultivar by treatment interaction. The four cultivars were
combined (with the exception of Redfree) and the effects of all treatment applications on the
combination of the four cultivars were evaluated. Redfree was analyzed separately since harvest
occurred on August 18, one month prior to the other cultivars and sooty blotch and flyspeck
were not observed on fruit of Redfree. A subsample of 10 to 20 fruit from all treatment
applications was observed under laboratory conditions after harvest. Samples were placed in
moisture chambers for 2 weeks, removed and observed for sooty blotch and flypeck,
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Significant differences between treatments were observed when cultivars were combined
(Table 2). The conventional spray program (treatment 1) yielded a significantly higher
percentage of clean fruit (75.25%) when compared to all other treatments. Fruit receiving
treatment 1 also had the lowest amount of sooty blotch and flyspeck (17.63%), sooty blotch
alone (11.88%), and flyspeck alone (18.25%) when compared to the other treatments. Fruit
receiving the conventional spray program were sprayed a total of 7 times during the season
(Table 1) beginning on June 9 and ending on September 5 ( 2-week spray intervals). This is still
about 25% less than non-scab resistant cultivars would receive.

Treatments 4, 5, and 6 (Captan + Benlate/ N.C. model) had the next significantly higher
amounts of clean fruit when compared to the remaining treatments. These treatments were not
significantly different from one another with percent clean fruit ranging from 61.63% (treatment
5, applied at 275 hours of leaf wetness), 63.13% (treatment 4, applied at 225 hours of leaf
wetness), and 66.0% (treatment 6, SkyBit reading of 305 hours of leaf wetness). Fruit receiving
JMS Oil applications at 225 or 275 hours of leaf wetness based on hygrothermograph readings
(beginning on July 10 and July 18), were not significantly cleaner than the unsprayed check.
JMS Oil applied at 225 hours of leaf wetness had 39.63% clean fruit and while JMS Qil applied
at 275 hours of leaf wetness had 38.38% clean fruit. The upper limit SkyBit treatment (treatment
7), which was applied at 605 hours of leaf wetness on August 15, had 43.13% clean fruit.

Significant differences were observed in the amount of sooty blotch and flyspeck on the
fruit surface. The least amount of sooty blotch and flyspeck colonies were observed on fruit
receiving the conventional spray program (treatment 1) with 17.63% fruit affected. The highest
amount of sooty blotch and flyspeck was observed on the unsprayed check (56.75%) followed
by the JMS Oil treatments, 52.0 and 54.75% respectively, and 49.5% for treatment 7 (SkyBit,
605 hours). These four treatments (2,3,7,8) were not significantly different from one another.

Treatments 4, 5, and 6 (Captan + Benlate/ N.C. model) had significantly lower amounts
of fruit with sooty blotch and flyspeck when compared to the JMS Oil treatments, the SkyBit
605 hour treatment and the unsprayed check (treatments 2,3,7,8). These treatments were not
significantly different from one another with percent fruit with sooty blotch and flyspeck ranging
from 31.13% (treatment S, applied at 275 hours of leaf wetness), 31.38% (treatment 4, applied at
225 hours of leaf wetness), and 24.25% (treatment 6, SkyBit reading of 305 hours of leaf
wetness). Only treatment 6 was not significantly different than the conventional spray program
with a difference of 6.62% more fruit with sooty blotch and flyspeck.

When observing the amount of fruit with sooty blotch or flyspeck colonies occurring
alone, the disease occurrence for the various treatments was the same when both diseases were
observed together. The conventional program (treatment 1) in both cases had a lower percentage
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of fruit with sooty blotch (11.88%) and flyspeck (18.25%) when compared to all other
treatments. Again, fruit receiving treatment 6 had 19.0% fruit with sooty blotch and 24.75% of
fruit with flyspeck. These numbers were not significantly different than the conventional spray
program. The percent sooty blotch and the percent flyspeck on fruit that received JMS Oil
treatments were not significantly different than the unsprayed check or treatment 7.
Approximately 40% of fruit receiving JMS Oil applications had sooty blotch compared to
45.38% for the check and 37.25% for fruit receiving treatment 7. An average of 55% of fruit
receiving JMS Qil sprays had flyspeck colonies compared to 59.88% for the check and 50.63%
for treatment 7. Severity rating for sooty blotch and flyspeck showed that treatments 4, 5, and 6
were not significantly different than the conventional SRC fungicide program. The cultivar
Redfree, was analyzed separately. Significant differences in fruit disease were not observed
between treatments.

Significant differences were not observed among treatment effects for the category “fruit
rots” and data is not presented. Even though all trees had artificially inoculated black rot
mummies placed within the tree canopy in the spring, fruit rot incidence was low. The season
was relatively cool with an average temperature of 66 F., 69 F., and 66 F. for June, July and
August and rainfall in June and July were below normal when compared to precipitation averages
for 100 year norms. The lower temperatures may have delayed the development of fruit rots.
Fruit suspected of fruit rot were taken into the laboratory and observed until either the rot
progressed and/or until pycnidia formed on the fruit surface. Many of the fruit samples never
developed rot. Fruit were observed for one month. When isolations were made on 9 fruit of
Freedom that were rotting, Botryosphaeria obtusa was isolated from 5 fruit and Botryosphaeria
dothidea was isolated from 4 fruit. Botryosphaeria obtusa was isolated from one Jonafree fruit.
An Alternaria species was isolated from 7 fruit of Freedom and was considered a secondary
saprophytic invader.

Analyses of Individual Cultivars (all treatments combined)

When considering fruit of each cultivar across all treatments, significant differences were
observed (Table 3). Fruit of Liberty had the highest percentage of clean fruit (62.81%) when
compared to Golden Delicious (56.0%), Freedom (49.8%), and Jonafree (42.0%). Fruit of
Jonafree had significantly more colonies of both sooty blotch and flyspeck, as well as sooty
blotch alone and flyspeck alone. This cultivar also had the highest severity rating (1.21) which
was approximately 10-15% of the fruit surface covered with sooty blotch and flyspeck colonies.
Jonafree also had more powdery mildew-like symptoms (9.2%) and more fruit with Brooks Fruit
Spot (0.9%) than the other cultivars. Freedom was most susceptible to fruit rots with 4.7% of
the fruit affected. Golden Delicious was most susceptible to quince rust with 32.8% of the fruit
affected while 7.4% of Liberty fruit was infected with quince rust.
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Discussion

Timing of the fungicide applications based on hours of leaf wetness as calculated from the
North Carolina model was shown to be effective with a slight increase in diseased fruit. The 225
and 275 hour hygrothermograph leaf wetness treatments reduced the fungicide program from 7
applications required in the conventional SRC program to 5 and 4 applications respectively. The
severity of sooty blotch and flyspeck on the fruit was not significantly different using the
hygrothermograph data. The percent clean fruit for the 4 and 5 spray programs, however, was
significantly less than the 7 spray program. To determine if this difference is significant to the
growers one would have to determine if 10% more clean fruit is worth the cost of 2 additional
fungicide applications.

The SkyBit threshold for leaf wetness was uncertain prior to this study. Since SkyBit
calculates leaf wetness rather than recording it (2,6), the total leaf wetness hours vary from
hygrothermograph leaf wetness hours. This study used 305 leaf wetness hours for the first
SkyBit treatment application and 605 leaf wetness hours for the second. The 305 SkyBit
treatment was applied on the same date as the 225 hygrothermograph treatment (July 10). The
605 SkyBit treatment was applied on August 15. No sooty blotch symptoms had been observed
in the orchard by that date. The first date sooty blotch was observed in this orchard was August
18. The 305 hour SkyBit treatment was timed the same as the 225 hour hygrothermograph
treatment and had similar results. The 605 SkyBit treatment resulted in significant sooty blotch
levels on the fruit and was comparable to the unsprayed check.

It is clear that sooty blotch is a problem in the orchard before it is visible even when
intensively scouted. This is the type of year one would assume that delaying fungicide
applications based on leaf wetness would be most effective. It was dry in June and July and wet
in August. However, the 7 spray full fungicide program began on June 9 and resulted in 10%
more clean fruit than a 5 spray fungicide program which was initiated one month later on July 10.
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Table 1. Treatment descriptions, application dates and total number of applications' applied
to scab-resistant apple cultivars during the 1997 season.

Jun Jun Jul Jul Jul Aug Aug Aug Aug Aug Sep Total#

TRT  Description 9 23 10 18 25 8 15 22 29 5  applic.
1  Conventional X X X X X X X 7
2  JMS225hr X X X X X 5
3 IMS275hr X X X 4
4 225 hr hygro X X X b3 X 5
5 275 hr hygro X X X 4
6 SkyB305h X X X b3 x 5
7 SkyB605Sh 3 3 2
8 check 0

! Treatments consisted of Captan 1 1b plus 3 oz Benlate, with the exception of oil applications.

Table 2. The effect of various treatment applications on the incidence and severity of sooty blotch
and flyspeck over the 1997 growing season.

Percent fruit affected

severity rating’

Sooty Blotch Sooty Blotch

TRT Description Clean & Flyspeck Sooty Blotch Flyspeck & Flyspecks

1  Conventional 75.25t ¢ 17.63 a 11.88 a 18.25a 097 a

2 JMS225hr 3963 a 52.00c 40.50 ¢ 54.63 cd 1.19cd

3 JMS275hr 38.38a 54.75¢ 40.63 ¢ 57.25¢cd 1.28d

4 225 hr hygro 63.13b 31.38b 23.50 b 32.25b 1.06 abc

5 275 hrhygro 61.63 b 31.13b 25.75b 31.63 b 1.05 ab

6 SkyB305h 66.00 b 24.25 ab 19.00 ab 24.75 ab 1.04 ab

7 SkyB605h 43.13 a 49.50 ¢ 37.25¢ 50.63 c 1.15 bed

8 check 34.13a 56.75¢ 45.38¢c 59.88d 1.23d

8
*39 ‘sTae1l 12334y
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! Numbers represent a disese index where 1 =0-10% and 2 = 11-21% of the fruit surface affected.
Numbers represent the mean of 200 fruit/cultivar, 800 fruit/treatment and include 3 SRCs and a Golden Delicious control.
3 Means in a column followed by the same letter do not differ significantly, DMRT (P < 0.01).
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Table 3. Percent fruit affected by sooty blotch, flyspeck, fruit rot, Brooks fruit spot, powdery mildew and

Quince rust during the 1997 growing season.

severity rating'

Sooty Blotch Sooty Fruit Brooks Powdery Quince | Sooty Blotch
Cultivar Clean & Flyspeck Blotch Flyspeck Rot  FruitSpot  Mildew Rust & Flyspeck
Jonafree  42.0° 2’ 53.5¢ 53.5¢ 538¢c 07a 09b 92¢ 0.6a 1.21¢
Freedom 498D 41.1b 44a 424b 4.7b 00a 270 0.1a 1.15bc
Golden 56.0 b 33.1a 33.1b 350a 0.2a 0.1a 00a 328¢c 1.09 ab
Liberty 628 ¢ 309a 309b 334a 1l.la 0.1a 09a 74b 1.04 a

! Numbers represent the mean of all treatments applied (treatments 1-8).
2 All numbers represent the mean of 1600 fruit per cultivar (8 treatments, 4 reps, 50 fruit sample/ cultivar).
3 Means in a column followed by the same letter do not differ significantly, DMRT (P = 0.05).

6
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One Consultant’s Experience with the Delayed Scab Spray Program in New England
Kathleen Leahy, Polaris Orchard Management, Colrain, MA
Ezekiel Goodband, Alyson’s Apple Orchard, Walpole, NH

Since the early 1990’s, Dr. William MacHardy has been working with growers in New
Hampshire to reduce fungicide use by employing a delayed spray strategy based on assessing
the abundance of available inoculum of venturia inaequalis. However, the practice is very

:qmanagement-intensive and has not been well-adopted outside of the orchards where Dr.

MacHardy was working along with the growers to make fungicide decisions. Thus, the
cooperation of Alyson’s Apple Orchard of Walpole, NH, a long-term client of Polaris
Orchard Management, provided a unique opportunity to wat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>