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Please substitute these
two figures on pages 6 and 9

of David Rosenberger’s
article in the

New York Fruit Quarterly,
Volume 8, Number 4, 2000

(Winter Issue)

TABLE 1

Incidence of apple scab on Jerseymac leaves and fruit from trees that were sprayed with
fungicides on 22 and 31 May, then left unsprayed through the remainder of the season.

Material and rate of                                     % terminal leaves with scab      % fruit with scab
formulated product per 100 gal   15 June 3 July 16 Aug            18 July

Control1 39  64 95           71

Effects of fungicide treatments2

Nova 40W 1.5 oz + Dithane 75DF 1 lb    2 a 16 c 74 c 8 a
Flint 50WG  0.67 oz    1 a 9 ab 64 ab 10 a
Sovran 50W  1.33 oz   1 a 11 bc 70 bc 3 a
Flint 50WG  1 oz    1 a 6 a 59 a 4 a
Sovran 50W  2 oz   1 a 7 a 63 ab 8 a

Effects of number of sprays
One spray (22 May) followed by Dithane 2 A 11 B 72 B 9 B
Two sprays (22 & 31 May)    1 A 8 A 60 A 4 A

1Controls were not included in the statistical analyses of treatments.
2A 2 X 5 factorial analysis was used to determine effects of fungicide treatments and effects of one
spray versus two sprays of the test fungicides.  Means for fungicide treatments followed by the same
letter are not significantly different (P≤0.05).
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TABLE 4

Effectiveness of Flint and Sovran in summer spray programs for controlling flyspeck on Liberty apples.

Material and rate % fruit with % fruit
of formulated Spray schedule1           % fruit with flyspeck after sooty blotch out of grade
product per 100 gal cover sprays        incubation following harvest on after incubation at harvest2

PF 1 2 3 4 5 6 19 Jul 8 Aug 28 Aug 8 Sep 18 Sep 18 Sep

1. Control - - - - - - -             8 b4 100 d 100 c 100 c 98 e 95 d

2. Topsin M + Captan3 X X X X X X X 1 a 72 b 49 b 71 b 12 ab 5 b

3. Dithane 75DF  1 lb X X X - - - -
Sovran 50W  1.33 oz - - - - - X X 2 ab 39 a 29 a 46 a 22 b  3 ab

4. Topsin M + Captan 3 X - X - X - X
Sovran 50W 1.33 oz - X - X - X - 0 a 40 a 30 a 60 ab 6 a 1 ab

5. Topsin M + Captan 3 X - X - X - X
Flint 50WG  0.67 oz - X - X - X - 1 a 59 b 27 a 59 ab 6 a 1 a

6. Captan 50W  1 lb X X X - - - -
Sovran 50W  1.33 oz - - - X X - - 1 a 73 b 99 c 100 c 79 d 44 c

7. Captan 50 W  1 lb X X X - - - -
Flint 50WG  0.67 oz - - - X X - - 0 a 91 c 98 c 100 c 36 c 34 c

1 Application dates were 9 May (petal fall);  17 May (1st cover);  30 May (2C);  15 Jun (3C);  28 Jun (4C);  20 Jul (5C);  10 Aug (6C).
2 Percent fruit that did not meet USDA standards for a Fancy/Extra Fancy combination pack because of sooty blotch or flyspeck.
3 Topsin M 70W  3 oz  + Captan 50W 1 lb
4 Means separations:  FisherÕs Protected LSD, P≤0.05.  The angular transformation was used for statistical analyses.
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ERRATA: Rosenberger article, New York Fruit Quarterly, Volume 8, Number 4, 2000 (Winter Issue)
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D isease and insect control is a criti-
cal factor in most commercial or-
chards, which is becoming more

expensive. There is a demand from grow-
ers for increased efficiency of spraying.
Growers are facing increases in all their
input costs while commodity revenues
continue to fall. Pesticide, labor and ap-
plication costs continue to rise. Increas-
ing public awareness of pesticide issues
such as food safety and drift onto neigh-
boring properties must be addressed if
growers are to maintain market confi-
dence. Legislation regarding air and wa-
ter quality continues to be implemented
and at considerable cost to the grower.
Equally, farm safety issues need to be ad-
dressed and again require an injection of
capital. Attention to detail is necessary to
improve efficiency of deposition, reduce
drift, and increase sprayer output.

Drift

Spray drift of pesticides is an impor-
tant and costly problem facing pesticide
applicators. Drift results in damage to
susceptible off-target crops, environmen-
tal contamination to watercourses, and a
lower than intended rate to the target
crop, thus reducing the effectiveness of
the pesticide. Pesticide drift also affects
neighboring properties, often leading to
concern and debate. As more people
choose to live in the picturesque setting
of an orchard and growers continue to sell
plots to increase their revenue, so the de-
bate will continue.

Traditional airblast sprayers direct
the air from a single, axial flow fan,
mounted directly behind the sprayer in
an upward and outward direction. Axial

Improving Deposition and
Reducing Drift in Orchards
Andrew Landers1 and James R. Schupp2

1Department of Agricultural and Biological Engineering
Cornell University, Ithaca, NY
2Hudson Valley Laboratory, Cornell University, Highland, NY

Spray drift onto
neighboring properties
must be minimized if

growers are to maintain
the confidence of

non-farm neighbors.
Initial tests with air

induction nozzles are
promising to reduce
drift in commercial

orchards.

fans are designed to move large volumes
of air at low pressures, an increase in fan
diameter rather than fan speed is a more
efficient way of increasing airflow rate.
Landers (2001) observed that in order to
accommodate varying crop canopies, e.g.
as the season progresses, many modern
sprayers are fitted with adjustable pitch
propellers to provide variable airflows.
An adjustable deflector plate should be
fitted at the top and base of the air outlet
to direct the air towards, and confine it to
the target canopy.

Fan size must be matched to canopy
size. For example, many commercial
sprayers were fitted with large diameter
fans to provide enough air (volume and
speed) for citrus and pecan trees. As the
trend toward planting dwarf and semi-

SDTF (1998)
Figure 1. Vertical deposition profile apple trees in full canopy.

dwarf apple trees continues so the size of
fan needs to alter if deposition is to be
improved and drift minimized.

Similarly, as canopy size has reduced
and sprayer design improved, so pesticide
application rate has decreased, for
example, from hundreds of gallons per
acre down to less than a hundred. When
changing to high density orchards it
makes sense to determine whether the
same amount of material per hectare
should be applied as in standard
plantings. Spray deposition studies have
shown significant changes in spray
capture efficiency due to canopy volume
and leaf area.

The Spray Drift Task Force, a
consortium of 38 agricultural chemical
companies, conducted many tests with

This work supported by the New York Apple Research
and Development Program.
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airblast sprayers to provide data to
support registration of products
belonging to their member companies,
SDTF, (1998). Results from spraying 14-
foot apple trees in full canopy (Fig. 1)
show that most of the spray passing the
first row moved through the space under
the trees. Results show that the highest
amount measured was less than 2.5
percent. In comparison, when dormant
trees are sprayed in a low wind speed of
4.4 mph, approximately five times more
spray passes the first row of trees (Fig. 2),
compared to spraying a full canopy. When
high winds of 12.2 mph were experienced,
10 times more spray drift was found
above the dormant trees after the fifth row
than in a 4.4 mph wind (Fig. 3).

Correct adjustment of top and base
deflector plates should be carried out to
direct the air towards, and confine it to
the target canopy. Variable pitch blades
must be adjusted to vary the amount of
air being delivered into the target.

Tower sprayers and tunnel sprayers
are better at targeting the spray into the
canopy, reducing drift and increasing
deposition. Horizontal penetration into
the canopy is preferable to vertical
penetration from an air blast sprayer. The
ultimate solution to reduce spray drift is
to use tunnel sprayers. Tunnel sprayers,
developed many years ago, have
tremendous advantages in managed
orchards using trellis designs and dwarf
trees. The use of a spray collection device
at the base of the tunnel canopy provides
the ability to recirculate spray with
subsequent savings in pesticide use and
a reduction in drift.

Drift problems increase when a space
occurs within the row. Air blast sprayers,
with or without a tower, can be fitted with
ultrasonic or laser canopy sensors. The
sensors also detect the shape of a tree and
adjust the spray pattern accordingly. The
advantages include reduced drift and
ground deposition, reduced pesticide use,
and improved logistics.

Deposition

In the past, trees were drenched with
high volumes and coarse droplets at 200…
400 gallons per acre resulting in trees
dripping with excess pesticide. The belief
that too much is better than too little is
misplaced. Dripping trees lead to
environmental pollution such as soil
contamination, and an excessive number
of tank loads per acre results in poor time
management.

Lower volumes must be used that

SDTF (1998)
Figure 2 . Vertical deposition profile apple trees in dormant canopy 4.4 mph wind.

SDTF (1998)
Figure 3. Vertical deposition profile apple trees in dormant canopy 12.2 mph wind.

may result in smaller droplets, although
there is a limit to droplet size because of
concerns about drift. Nozzles fitted to
crop sprayers produce droplets in the
range of 10…450 microns. There are 25,000
microns in 1 inch. Droplets under 150
microns generally pose the greatest
hazard; droplets less than 50 microns have
insufficient momentum for impaction as
they remain suspended in the air
indefinitely or until they evaporate.
Research has shown that a 100 micron
droplet, about the thickness of a human
hair, takes 11 seconds approximately to
fall 10 feet in still air; when a similar size
droplet is released into a 5 mph wind it
will drift about 75 feet before hitting the

ground. Imagine the distance such small
droplets will travel when launched into a
60 mph plume of air emitting from an
airblast sprayer!

Research

Current research at Cornell
University involves investigating
methods of improving deposition and
reducing drift from conventional air blast
sprayers, as they are the most commonly
used sprayers in orchards in New York
State. A multi-disciplinary approach is
being undertaken by engineers,
pathologists, and entomologists via
research and extension. A novel sprayer,
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while providing excellent physical
characteristics, is not worthy of capital
investment if it fails to provide biological
efficacy.

If drift is a problem, why not increase
droplet size, a practice carried out by
some applicators with boom sprayers?
Too large a droplet will bounce off the
leaves to the ground, thus causing
pollution, wasting money, and resulting
in less product on the target.

Air induction (AI) or venturi nozzles
are flat fan nozzles where an internal
venturi creates negative pressure inside
the nozzle body (Fig. 4). Air is drawn into
the nozzle through one or two holes in the
nozzle side, mixing with the spray liquid.
The emitted spray contains large droplets
filled with air bubbles (similar to a candy
malt ball) and virtually no fine, drift-
prone droplets. The droplets explode on
impact with leaves dissipating the energy,
dispersing the liquid and producing
similar coverage to conventional, finer
sprays. Air induction nozzles are sold by
most of the popular nozzle manufacturers
in the United States and were chosen as a
novel, inexpensive way of reducing drift.

Trials using air induction nozzles on
boom sprayers for herbicides in vineyards
in Western New York produced
encouraging results in 1998 and 1999,
excellent weed kill occurred with no drift.
If they reduce drift and have no adverse
effect on deposition will they work in an
airblast sprayer (Fig.5)?

Initial trials with air induction
nozzles fitted to air blast sprayers in three
vineyards were conducted in New York
in 1999 (Landers, 2000).

Air induction nozzles reduced drift
compared with the air blast sprayer on
Farm A when trials were conducted on a
very dull day, but drift levels increased at
Farms B and C when spraying took place
in high temperatures in excess of 900F
(Table 1). The finer droplets produced by
the cone nozzle may possibly have

Figure 5. Air induction nozzles fitted to an airblast sprayer.

Figure 4. Air induction (AI) nozzle.

e v a p o r a t e d
preventing them
from returning to
ground and the drift
cards. Constant
temperature and
humidity is a
problem when
conducting field
trials, and further
trials are needed.

Dr. Jim Schupp,
of the Hudson Valley
Laboratory, Cornell
U n i v e r s i t y ,
Highland, NY,
obtained the

TABLE 1

Results from drift collection cards placed in New York vineyards.
Card Area Covered %

Farm A Farm B Farm C
Row from target Berthoud    Berthoud D-Wayland D-Wayland Kinkelder   Kinkelder

& A.I & A.I. & A.I

1 0.9 3.6 21.4 7.5 4.3 2.9
2 0.8 0.5 13.3 3.1 1.9 1.6
3 0.5 0.1 0.6  2.9 1.1 3.5
4 0.2 0 0.1 1.6 0.1 2.1
5 0.1 0.1 1.3 0 0.4
6 0 0.1 0.6 0.4
7 0 0.3 0.2

indicating which surfaces obtained the
best coverage (Table 3).

We applied ReTain, a plant growth
regulator. Differences between ReTain
treated and untreated fruit became very
apparent. ReTain treated Red Delicious
were a half unit lower on the starch index
and much lower in ethylene. Most of the
treated fruit were still pre-climacteric and
many had internal ethylene below the
limits of detection on the Gas
Chromatograph.

There were no differences in fruit
maturity or preharvest drop with respect
to nozzle type. All ReTain-treated trees
had delayed fruit maturity compared to
untreated controls during a 10 day period
of time (which roughly corresponded to
the normal harvest window).

Conclusions

Initial tests with air induction nozzles
are promising. Season-long trials are
scheduled for the coming season. It will
be interesting to see if they reduce insect
and disease activity. Further
investigations have still to be made into
the ability of air induction nozzles to
reduce drift in commercial orchards.

cooperation of a commercial orchard
owner in the Hudson Valley. A number
of rows of Red Delicious apple trees were
used for our trial.

Sequestrene 330Fe, an iron
micronutrient, was used as a tracer
incorporated into the spray solution.
Leaf samples were collected before and
after each application to provide
background quantities of iron and
analyzed for traces of iron at Cornell
University ICP analytical laboratory
using an atomic absorption
spectrophotometer. Sequestrene 330Fe
is a safe foliar feed and was used to
show where spray is deposited
throughout the tree (Table 2).

Water sensitive cards were attached
to the upper and lower surface of the
leaves and pinned throughout the trees.
Their purpose is to show where
deposition occurs within the tree and
upon which leaf surface.

Table 3 shows that there was no
significant difference between the total
amount applied between conventional
and air induction nozzles although there
is a difference within the location of the
iron deposits. Similar results were
obtained with the water sensitive paper
(showing their value to researchers) and



6 NEW YORK STATE HORTICULTURAL SOCIETY

In Germany, drift reduction from
orchard sprayers is subject to strong
legislation. Concurrent research in the
area of air induction nozzles is being
undertaken and their results indicate a 90
percent reduction in drift. Collaboration
between the authors and German
researchers at Landesanstalt fur
Pflanzenbau und Pflanzenschutz at
Mainz is on-going.

Landers (2000b) observes that on
many farms, machinery investment has
been carried out on an ad hoc basis, but
modern business management requires
attention to detail in all sectors and
machinery management is no exception.
Growers must regard their sprayers as
part of a spraying system rather than just

TABLE 3

Water sensitive cards on Red Delicious
apple trees.

Treatment: AIR BLAST AIR INDUCTION

Leaf surface: Upper Lower Upper Lower

Position

Top 64.36 58.65 68.38 60.92
Middle 70.83 60.45 70.09 43.14
Bottom 80.94 38.06 36.11 28.46
Center 42.31 34.47 10.62 24.35

TABLE 2

Sequestrene (Fe) deposits on Red Delicious
apple trees.

Sequestrene 330 Fe Trial
Fe (ppm)

LOCATION AIR BLAST AIR INDUCTION

Top 22.67 43.3
Middle 29.94 38.04
Bottom 45.97 18.65
Center 31.3 26.4
Total 129.88 126.48

Landers,A.J. (2000b) Farm machinery
selection, investment and management.
152pp Sidcup, UK: Farming Press ( Miller
Freeman)

Landers, A.J.(2001) Airblast sprayers.
Encyclopedia of Pest Management, D.
Pimental. ed. New York: Marcel Dekker
Inc. (In Press)

SDTF, (1998) A summary of airblast
sprayer application studies. Stewart
Agricultural Research Services, Inc.
Macon, MO 63552, 10pp
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spraying operation to ensure that
maximum benefit is made from the use
of modern agricultural chemicals and
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according to the guidelines suggested in
the 2001 Pest Management Guidelines for
Commercial Tree-fruit Production published
by Cornell Cooperative Extension.
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Developing An Integrated
Program for Diagnosis
and Control of Replant
Problems In New York
Apple Orchards
Ian A. Merwin and Rachel Byard
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Stephen A. Hoying, Kevin A. Iungerman,
and Michael Fargione
Cornell Cooperative Extension, Newark, Ballstan Spa, and Highland, NY

As New York growers
renovate old orchards,
apple replant disease
(ARD) has become a

major problem.
Past research at Cornell

has shown that ARD
problems occur at more

than half the farms
statewide.  Our research
indicates that there is no
single “cure-all” treat-
ment for apple replant

problems!  Without close
attention to all the
essential details of

orchard management,
we cannot assume that
soil fumigation, fertiliz-
ers, or preplant cover
crops will guarantee

successful renovation of
old apple orchards

This work supported by the New York Apple Research
and Development Program.

When fruit growers renovate and
replant apple orchards, the
new trees often grow poorly and

fail to meet expectations for early yields or
profitability. This problem is sometimes
called apple replant disease (ARD) and has
been the subject of extensive research in
New York, Washington and Europe (Mai et
al, 1994). Abiotic problems such as soil nu-
trient depletion, compaction or acidifica-
tion, and phytotoxic residues of arsenic or
old roots have been associated with ARD.
Biotic problems such as parasitic nema-
todes or fungal and bacterial pathogens of
tree roots have also been implicated.

European fruit growers consider ARD
a major threat, and have relied upon a
greenhouse bioassay comparing seedling
growth in untreated vs. steam-pasteurized
or fumigated soil, to diagnose ARD prob-
lems. In this bioassay a 50 percent increase
in seedling growth in treated soils is con-
sidered the action threshold for recom-
mending soil fumigation before replanting
(Gilles and Bal, 1988; Scotto La Massese et

al, 1988). In the past decade, we have tested
soils from 50 orchards in the Lake Ontario,
Lake Champlain, Hudson Valley, and Long
Island regions with this diagnostic bioas-
say, and about two-thirds appeared to have
serious ARD problems (Merwin, 1995).

Broad-spectrum preplant soil fumi-
gants such as methyl bromide, 1,3-
dichloropropene plus chloropicrin
(TeloneTM C-17), or metam sodium
(VapamTM) provide temporary suppression
of soilborne pathogens and weeds, and
have dramatically increased growth and
yields of replant trees in many regions (Mai
et al, 1994; Smith, 1993, 1994). With fewer
options and increasing costs for chemical
controls, there is renewed interest in using
preplant cover crops as biocontrols to sup-
press nematodes and/or other ARD patho-
gens. In previous studies in New York or-
chards, cover crops of marigolds (Tagetes
patula), Sudan grass (Sorghum sudanense),
and •Saia• oats (Avena sativa) reduced ARD,
but results varied greatly from one site to
another (Merwin, 1995). In Europe, grow-

ers have used oilseed mustards (Brassica
nigra and B. juncea) as cover crops to sup-
press soilborne pathogens and improve tree
growth. Recent research by Dr. Rosemary
Loria and others in the department of plant
pathology at Cornell University identified
two mustard cultivars„•Forge• and •Cut-
lass•„with high concentrations of
allylisothiocyanates that could suppress
fungi or nematodes when grown as a cover
crop and incorporated into the soil.

Past research by Dr. Warren Stiles sug-
gested that depletion of essential soil min-
eral nutrients, and soil acidification from
long-term sulfur or nitrogen applications
could also limit the growth of replanted
apple trees. There is not much informa-
tion available on the interactions between
previous groundcovers or cropping history,
soilborne plant pathogens, and nutritional
deficiencies in New York orchards. We,
therefore, included fertilizer treatments
with the other factors tested in this project.

The economic impacts of ARD have not
been studied much in New York, but we
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do know that when poor tree establishment
delays and reduces yields in high-density
plantings, substantial economic losses can
result. Economic studies demonstrate that
orchards with serious ARD problems are
likely to be unprofitable (Geldart, 1994;
White and DeMarree, 1992). Considering all
these factors, replant problems definitely
pose a serious threat to sustainable and
profitable apple production. Developing
and validating a comprehensive system of
ARD diagnosis and control is therefore a
priority for the New York fruit industry.
Hence, our main objectives in this project
were to:
1. Assess the extent and severity of ARD
throughout NY State with bioassays using
apple seedlings and grafted rootstocks to
test the benefits of soil pasteurization or
fumigation.
2. Evaluate growth and yield of apple
trees planted following Vapam or Telone C-
17 soil fumigation, Mustard/Sudan grass
cover crops, and soil pH and fertility
amendments.
3. Compare the field performance of
apple trees in fumigated orchard plots with
the results of preplant diagnostic bioassays,
to determine the reliability of these bioas-
says for NY orchards.
4. Develop extension recommendations
for preplant soil treatments and adjustment
of orchard tree spacing, based on validated
soil bioassays and economic responses to
ARD controls.
5. Conduct extension programs including
orchard field tours, winter meetings and
workshops; then upon completion of the
research, write a comprehensive bulletin
explaining the causes and extent of replant
problems, and appropriate diagnostic and
control strategies.

Research Methods

Five years ago, we began a project to
test and develop comprehensive strategies
for diagnosing and controlling orchard re-
plant problems. With funding support from
New York apple growers, we have been
testing methods for predicting the severity
of ARD, and biological or chemical strate-
gies for controlling ARD, at selected com-
mercial apple orchards in the state•s major
fruit-growing regions. Soils from 17 or-
chards were sampled during 1996 to 1998
for nematode populations and nutrient sta-
tus, and growth of apple seedlings or
grafted rootstocks was compared in fumi-
gated, pasteurized, and untreated field soil.

Each year, five to seven orchards were
selected within the state•s major fruit grow-
ing regions. Soil was sampled extensively

at each orchard and analyzed for parasitic
nematodes, essential plant nutrients, and
physical/chemical properties. Experimen-
tal objectives and designs were discussed
with participating growers and regional ex-
tension specialists. The following preplant
treatments were selected: (1) No preplant
soil treatments (Control); (2) soil amend-
ments with lime and fertilizers according
to Cornell recommendations as determined
for each site by Dr. Warren Stiles (LF); (3)
soil-drench with Vapam at 100 gallons per
treated acre, or shank injection of Telone C-
17 at 35 gallons per treated acre; (4) preplant
cover crops of Brassica (B. juncea cv. Forge)
seeded in June, then tilled under and re-
seeded with Sudan grass (cv. Trudan-8) in
late July, which was then tilled down in Sep-
tember (B/S); (5) lime/fertilizer amend-
ments plus treatment with Vapam (LFV);
(6) lime and fertilizers plus the Brassica/
Sudan grass cover crops (LFB/S).

After obtaining 500 kg of composite
soil samples throughout each test orchard,
plots were blocked out and the first treat-
ments applied in May when the Brassica
cover crop was planted. In mid-July, the
Brassica was chopped, tilled down, and
Sudan grass was seeded. In September, the
Sudan grass was chopped and incorpo-
rated, the macro/micronutrient fertilizers
and lime were applied and worked into the
soil, and the Vapam and Telone C-17 were
applied. After preplant treatments were
completed, the sites were fallowed during
winter, and 4 to 6 trees were planted into
each treatment replicate by growers in April
of the following year.

Concurrently with establishing the pre-
plant treatments at each orchard, we also
conducted a series of apple seedling and
grafted rootstock ARD diagnostic bioassays
at a greenhouse and outdoor nursery in
Ithaca, NY, using the soil sampled from each
site. Nematode identification and counts
were performed in the initial soil samples,
and again on a second set of samples taken
from the Brassica/Sudan grass and un-
treated control plots in early October. Dor-
mant bare-root •Gala• or •Jonagold• trees
were obtained from commercial nurseries
on M.9 and M.26 rootstocks, using the va-
rieties and rootstocks that each participat-
ing grower intended to plant. Grafted trees
were grown in 10 20-liter pots of soil from
each farm, in an outdoor nursery. There
were five pots of pasteurized or Vapam
treated soil, and five pots of untreated field
soil from each orchard. At planting, trees
were headed to 1-m height, lateral branches
were removed, and drip irrigation was pro-
vided with granular N-P-K fertilizer appli-
cations every two weeks. In late October,

we measured and weighed all new lateral
and central leader growth of each potted
tree.

When trees were planted at each test
orchard the year after preplant treatments
(i.e. in April or May, 1997„1999), we mea-
sured tree caliper 40 cm above the graft
union. As trees subsequently grew and
came into production, we measured trunk
caliper, and counted and weighed fruit
samples from the center two trees in every
plot annually at each orchard„with timely
assistance from the growers and local Co-
operative Extension specialists.

Results and Discussion

Preplant diagnostic bioassays. For
most soils, there was a substantial increase
in grafted tree growth after soil pasteuriza-
tion or fumigation (Fig.1; Photo 1). How-
ever, a few soils each year showed negli-
gible tree-growth response, or even nega-
tive responses, to bioassay soil treatments
(for example, soil from orchard ON-5 in Fig.
1). In the seedling greenhouse bioassay tests
for these same soils, somewhat different
results were obtained (Fig. 2). In some bio-
assays, we included both steam pasteuriza-
tion and Vapam treatments, and observed
that soil pasteurization was often more ef-
fective than Vapam treatment for improv-
ing seedling growth, but the structure of
several soils (usually sandy loams) was
impaired by steam pasteurization. In the
gravelly loam soils of central Washington,
Vapam has been effective in controlling
ARD (Smith, 1993); it may be less effective
in New York soil types, or higher than la-
beled rates may be required for Vapam to
control ARD in our soils.

Averaged for all 17 soils tested in 3
years of bioassays, the growth responses of
seedlings and grafted trees to both soil treat-
ments were remarkably similar. Seedling
biomass ratios in pasteurized vs. untreated
field soil in greenhouse tests averaged 1.48
(range of 0.6 to 3.2); the ratios for seedlings
in Vapam vs. untreated soil averaged 1.43
(range of 0.7 to 3.3); and the ratios for
grafted trees grown outdoors in pasteurized
vs. untreated soil averaged 1.46 (range of
0.5 to 3.5). Despite these different soils and
site histories, the growth of seedlings and
grafted trees was increased an average of
43 to 48 percent by pasteurization or Vapam
treatments in preplant bioassays.

Preplant soil treatments at test or-
chards. Soil types were diverse at the 17
farms, including sandy loams, gravelly
loams, silt loams, and clay loams. Weather
conditions during preplant treatments and
replant tree establishment were also vari-
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Photo 2.  Treatment plots and randomization of preplant mustard (Brassica juncea cv. Forge) cover crop in
a test orchard just before chopping and soil incorporation of cover crop residues in July.
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Photo 1.  A typical tree growth response of ÔGalaÕ
on M.9, grown outdoors for six months in a 20-liter
pot of steam-pasteurized soil (tree on left) vs. un-
treated field soil (tree on right) from one of test
orchards.

Figure 1. Total new shoot biomass for ÔGalaÕ apple on M.9 rootstocks after
six months growth in 20-liter pots of Vapam treated and untreated Field
soil from seven New York orchards tested in 1997.  Trends were similar in
the 1996 and 1998 diagnostic bioassays. Site designations are:
CV=Champlain Valley, HV=Hudson Valley, ON=Ontario Lake region, and
LI=Long Island region.

Figure 2. Comparison of ÔNorthern SpyÕ seedling apple tree growth (total grams
dry weight ) after 80 days in a greenhouse, growing in 2-liter pots of Pasteurized,
Vapam treated, and untreated Field soil collected from seven New York orchards
in 1997.

able, including droughts, floods, and hail-
storms. Across this range of growing con-
ditions, the cover crops of Brassica and
Sudan grass established reasonably well
(Photo 2), providing sufficient biomass for
soil improvement and pathogen suppres-
sion at most sites. Persistent residues of si-
mazine and other herbicides prevented
good cover crop establishment at a few or-
chards. Also, it was difficult to mix cover
crop residues thoroughly into the root-zone
at farms where large rocks and/or drought-
hardened soils prevented rototillers from
penetrating down through the topsoil.
Nematode populations were low at the out-
set in most orchards, and were not sup-
pressed further by either cover crop treat-

ment. In fact, lesion nematode (Pratylenchus
spp.) populations actually increased on the
Brassica cover crop.

Replant Tree Growth in Test
Orchards

In contrast with the generally positive
growth responses to soil fumigation or pas-
teurization in our preplant bioassays
(Figs.1-2), tree growth after replanting at
each orchard was highly variable (Figs. 3A-
C). There were few statistical differences
among treatments at each site, but the dif-
ferences in growth among different sites
were dramatic. Trees in the Champlain Val-
ley grew less on average in all treatments,

compared with other regions of the state
with longer growing seasons (site designa-
tions in Figures are CV=Champlain Valley,
HV=Hudson Valley, ON=Ontario shore re-
gion, and LI=Long Island). Conversely, the
best overall growth and the clearest posi-
tive response to preplant fumigation and
fertilizers were observed in a Long Island
orchard. In four sites (HV-1, HV-2, CV-2 and
LI-1), the best tree growth was observed in
Vapam treatments with or without fertiliz-
ers. A combination of Brassica/Sudan grass
cover crops and fertilizers promoted better
tree growth at two Ontario region orchards
(ON-1 and ON-6). Where Vapam and
Telone C-17 could be compared directly
(Fig. 3-C for the 1998 sites), they were both



NEW YORK FRUIT QUARTERLY ¥ VOLUME 9  NUMBER  1 ¥ 2001 11

ineffective compared with untreated con-
trol plots. In general, the response to pre-
plant soil treatments was not significant and
would not have justified the expenses of fu-
migation or fertilizer applications at most
of these orchards.

Yield Responses to Preplant
Treatments

At 3 orchards (LI-1, HV-2 and ON-2),
trees cropped in the second leaf, with good
production in all treatments and a positive
response to the LFV or LFB/S treatments
(Figs. 4A-B). In four of the five best yield-
ing orchards (LI-1, HV-1, HV-2, and ON-2),
the growers had obtained well feathered,
large caliper trees and were able to irrigate
whenever necessary. Comparing treatment
responses over different soil types and years
(Figs. 5A-B), the trends were also mixed,
indicating that cover crop, fertilizer, or fu-
migation responses were not consistently
affected by soil texture, permeability, or-
ganic matter, or water holding capacity.

There were many factors beyond the
scope of our experimental treatments that
limited the growth and yield of replanted
trees at test sites, and could have negated
the potential benefits from preplant treat-
ments. Weed control in the new plantings
was often inadequate. Potato leafhopper
infestations caused trees at several orchards
to stop growth in mid-summer. There were
severe drought periods in some non-irri-
gated plantings, and one orchard was
flooded repeatedly during the first year.
Many of the trees at one site had suffered
winter injury at the nursery and had to be
replaced after their first growing season.
Trees obtained for planting at some or-
chards were low-grade and unfeathered.
Meadow voles and fireblight severely dam-
aged or killed trees at two orchards. The
lower trunks of trees at one site were com-
pletely girdled by plastic baling twine used
to tie-down branches. Any one of these
problems would be serious enough to coun-
teract the potential gains from preplant soil
treatments for ARD.

Our preplant diagnostic bioassays may
have overestimated the responses to soil
fumigation at most of these orchards. How-
ever, it is also possible that the 45 percent
average increase in tree or seedling growth
that we observed with soil fumigation or
pasteurization under nursery and green-
house conditions in the diagnostic bioas-
says was a valid indication of the potential
benefits of controlling soilborne pathogens,
when all other growing conditions were
optimal for newly planted apple trees. Simi-
larly, the excellent tree growth and impres-

sive yields in the second or third leaf at
some of these 17 test sites represents a real-
istic and attainable goal for other growers
in New York.

Summary

As New York growers renovate old
orchards, apple replant disease (ARD) has
become a major problem. Past research at
Cornell has shown that ARD problems oc-
cur at more than half the farms statewide.
With our present research, the preplant bio-
assays indicated ARD problems at two-
thirds of these orchards„seedlings or
grafted trees grew much better in pasteur-
ized or fumigated soil. Nematode popula-
tions were below damage thresholds at
most sites.

Chemical soil fumigation sometimes

controls ARD, but fumigation responses
have been variable and may be linked with
environmental problems. Other possible
control tactics for ARD include preplant
cover crops of marigolds, Brassicas (mus-
tards) and certain Sudan grass varieties,
correction of soil compaction, nutrient and
pH problems, and disease resistant
rootstocks. Resesarch from our research in-
dicates that there is no single •cure-allŽ
treatment for apple replant problems! With-
out close attention to all the essential de-
tails of orchard management, we cannot
assume that soil fumigation, fertilizers, or
preplant cover crops will guarantee success-
ful renovation of old apple orchards.

At a few sites, trees responded posi-
tively to fumigation, while at others the best
growth and yields occurred in fertilizer/
cover crop treatments, or there was no sig-

Figure 3A-C. Cumulative increase in trunk cross-sectional area through the Fall 2000 for 17 NY orchards after
differrent preplant soil treatments in 1996, 1997, and 1998.
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Figure 4A-B. Cumulative yield (kg/tree) harvested as of Fall 2000 in 12 NY orchards following six differrent
preplant soil treatments in 1996 (lower graph) and 1997 (upper graph).

Figure 5A-B. Apple tree growth (cm2 of trunk cross-sectional area) following different preplant treatments in
1996 and 1997, grouped by orchard soil type.

nificant response to any preplant treatment.
The initial diagnostic bioassays over-pre-
dicted substantially the subsequent tree
growth responses to soil fumigation in most
orchards.

Our results to date suggest that pre-
plant soil fumigation, fertilizer amend-
ments, and pest-suppressive cover crops
will not guarantee good growth and early
yields of apple trees unless growers can also
manage all the other factors that can limit
replant establishment and success.
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R ecent introductions of dwarfing
rootstocks for sweet cherries in
the United States have stimulated a

flurry of work on the intensive manage-
ment of cherries. The apple-marketing di-
lemma has also promoted interest in sweet
cherries for crop diversification. Early com-
mercial experiences with the Gisela series
of stocks have shown the promise of early
production, improved fruit quality, and
renewed profitability to the grower
through the ability to optimize labor, pro-
duction, and fruit quality. Three Gisela se-
ries rootstock varieties representing a range
in size control from 50 percent to 90 per-
cent of full vigor have emerged from re-
search in North America and Europe. They
are: •Gi 5• (50%), •Gi 12• (75%), and •Gi 6•
(90%). There may be even better rootstocks
in the future. Many researchers around the
world are now actively investigating ad-
ditional new rootstocks such as Weiroot,
Edabriz, DAN, M X M, PiKu, P-HL, and
other Prunus hybrids and species (Perry et
al., 1996 Wertheim, 1998, Eremin and
Eremin, 2000).

The introduction of these dwarfing
stocks has made possible new sweet cherry
planting systems, improved tree training
techniques, and new more effective meth-
ods for protection from weather and pests
(Lang, 2001, Long, 1999, Weber, 2001). With
dwarf sweet cherry trees, netting and/or
rain protection covers are more likely to be
practically and economically accom-
plished.

One of the management challenges
with several of the new training systems is
to develop a sufficient number of side
branches in the proper location for opti-
mum production. Traditionally, growers
have headed leaders and scaffolds to en-
courage branching. Although heading is
somewhat effective for particular planting

One of the management
challenges with sweet

cherries is to develop a
sufficient number of side
branches in the proper

location along the
leader.  A new tech-
nique which involves

removing two-thirds of
the buds along a shoot

is a highly effective way
to stimulate horizontal

lateral branching in
New York. However, this
practice should only be

used where the threat of
bacterial canker infec-

tion is low or where
copper sprays are ap-

plied immediately after
the buds are removed.

Improving Sweet Cherry
Branching
Stephen A. Hoying1, Terence L. Robinson2 and
Robert L. Andersen2

1Cornell Cooperative Extension, Newark, NY
2Department of Horticultural Sciences, New York State Agricultural Ex-
periment Station, Cornell University, Geneva, NY

systems, results are rarely perfect and com-
monly unacceptable for the newer plant-
ing systems, especially those that feature
unheaded leaders. Precise placement of
scaffolds and fruiting shoots on young trees
is essential for making high density plant-
ing systems a success.

A number of techniques have been
tried around the world for promoting
branching without heading the leader. We
designed an experiment to compare the
available techniques for promoting branch-
ing along 1 year-old leaders, which typi-
cally show poor distribution of shoots and
areas of blind wood.

Materials and Methods

In 1999, we established a trial with six
different planting systems (Modified Cen-
tral Leader, Vogel Slender Spindle, Span-
ish Bush, Perpendicular Vee, Zahn Vertical
Axis, and Marchant Trellis) at the New York
State Agricultural Experiment Station. Each
system was established using three sweet
cherry varieties (Sweetheart, Lapins, and
Hedelfingen). At the beginning of the sec-
ond growing season, trees from the Cen-
tral Leader, Perpendicular Vee, Vogel, and
Zahn systems were treated with one of
three branching treatments: (a) applying
Promalin® in latex paint to the entire
leader, (b) by cutting a notch above every
third bud from top to bottom along the
leader, or by (c) removing every second and
third bud from top to bottom along the
leader. All treatments were applied be-
tween April 5 and 10 when trees were at
the swollen bud stage of development and
immediately preceding bud burst. After
shoot growth ceased, each treatment was
analyzed for the number of side shoots pro-
duced in the bottom, middle, or top third
of the leader.

Promalin® (P) (a proprietary mixture
of 6-Benzyladenine and GA 4+7 from Va-
lent USA) applications were made accord-
ing to label instructions using 5,000 ppm
Promalin® and applied in a small 1.5 gal-
lon capacity all-purpose pneumatic hand
sprayer. Shoots were sprayed to runoff with
the Promalin® mixed into inexpensive la-
tex paint and water
carrier mixed 1:1.
The paint was in-
cluded to ensure ad-
herence to the target
site (the buds) and to
mark the location of
application (Fig. 1).

•NotchingŽ (N)
was accomplished
by cutting through
the bark and cambial
layer with a hacksaw
blade above the se-

Figure 1. White latex
paint applied to the
bud and shoot marks
the location of the
Promalin¨ application.

lected buds (Fig. 2).
This could also have
been done using a
knife or fine pruning
saw. Cuts were deep
enough to disrupt
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hormone and nutrient flow but not so deep
as to endanger the structural integrity of
the leader (Fig. 2). Notching was timed to
precede several days of expected dry
weather, and trees were also immediately
treated before the next rain with a copper
bactericide/fungicide spray to protect from
infections by bacterial canker (Pseudomonas
syringae) and Cytospora canker (Cytospora
leucostoma or cincta).

•Bud RemovalŽ (BR) in this trial con-
sisted of the removal of every second and
third bud along the leader from top to bot-
tom resulting in only one-third of the buds
remaining after treatment. Buds were sim-
ply rubbed off by applying side pressure
with the tree trainer•s thumb or forefinger.
The remaining buds tended to be evenly
spaced along and around the leader ap-
proximately 3 inches apart. Additionally,
competitive buds within 3 inches of the ter-
minal bud were removed in both headed
and unheaded systems (Fig. 3). Bud re-
moval was also timed to precede expected
dry weather and trees were treated with a
copper bactericide/fungicide after bud re-
moval to lower the chance of canker infec-
tion.

Results

The number of shoots produced along
the leader varied more by variety than by
the treatment imposed (Table 1).
Hedelfingen produced the most branches
with Promalin (P), Notching (N), and Bud
Removal (BR) treatments producing 13,
12.2, and 11.8 shoots respectively. Sweet-
heart produced an average of 10.4 shoots,
while Lapins, a notoriously stingy
brancher, produced the fewest side shoots
with only 7.6 shoots per leader among all
three treatments. The difference among
treatments for each variety usually varied
by less that one shoot per leader. The re-
moval of two-thirds the number of buds in
the BR had no influence on the final num-
ber of buds that elongated into shoots. In
fact, BR produced more shoots on Lapins
than N or P. Approximately the same num-
ber of shoots were produced by BR, N, and
P on the other 2 varieties that are more
prone to natural branching.

Although the total number of shoots
produced along a growing leader is impor-
tant, the distribution of those shoots is even
more important. Typically, fruit trees have
the majority of their shoots in the top por-
tion of the leader. The middle section of the
shoot or leader produces fewer branches
while the basal section rarely produces
shoots. Typically, many of the shoots in the
top one-third of a leader need be pruned
away in the late dormant season to reduce

Figure 2a and 2b.  A hacksaw blade (a) is used to
make ÒNotchingÓ cuts above the chosen fruit bud.
This shallow cut (b) above every third bud disrupts
hormone (auxin) and nutrient flow to the bud and
stimulates branching.

a b

a b

Figure 3a and 3b. Figure 3a shows typical bud dis-
tribution of the leader. Figure 3b shows the same
leader after competitive buds have been removed.

leader competition and even out the dis-
tribution of shoots. Both the growing and
pruning of this unneeded wood wastes
energy that can be translated into lost yield.

In this experiment, bud removal was
a very effective way of limiting shoot
growth in the top one-third of the leader
and encouraging shoots to growth in the
middle and bottom one-third of the leader.
In all three varieties, significantly fewer
shoots were produced in the top one-third
of the leader (Table 1). Significantly more
shoots were produced in the middle and
bottom thirds of the shoot compared to
both the N and P treatments. Among the
three varieties, BR produced the greatest
number of shoots in the lower third of the
leader on Hedelfingen and the least on Lap-
ins reflecting each varieties freeness to
branch naturally (Fig. 4).

Training system also had some influ-
ence on branching within each sector of the
leader (Table 2). This is probably because

the training plan for the Central Leader and
Vogel Slender Spindle require leader head-
ing whereas the Perpendicular Vee and
Zahn Vertical Axis do not. Table 3 illustrates
that heading in addition to BR produced
better distributed shoots on Lapins and
Sweetheart in all three sectors, but had little
influence on the more freely branching
Hedelfingen.

Discussion

Sweet cherry trees grow very vigor-
ously. Vigorous growth on cherries also
seems to inhibit side shoot formation. Buds
in the second season that do not elongate
into a shoot may produce a fruiting spur
or may produce a leaf spur that usually dies
out the following year. Fruit spur forma-
tion is variety dependant. Buds that die
typically leave large areas of unproductive
structural wood commonly known as
•Blind WoodŽ (Fig. 5). Blind wood has been
recognized as a problem in sweet cherry
growing regions around the world, and a
number of techniques are used to help re-
duce this blind wood. It has become espe-
cially important with the introduction of
the more dwarfing trees to induce as much
branching as possible so that there is a
choice of scaffolds and fruiting limbs from
which to choose.

Traditionally, the stimulation of lateral
branches has been done in sweet cherries
by heading candidate shoots. These cuts
into 1 year-old wood remove suppressive
hormones (auxins) and release subordinate
buds from the control that upper-level buds
exert. Heading is done in the dormant sea-
son, and typically, the leader or scaffolds
branches which are headed are reduced to
a functional length depending on the past
years growth. A common rule of thumb is
to remove one-third of the leader, remov-
ing more with weak growth or less with
excessive growth. Heading is effective in
producing abundant branching near the
cut. It can be used to produce branching in
the approximate location that you want
although the distribution of the branches
is far from satisfactory. Heading is simple
to explain to workers and inexpensive to
perform. Heading causes only the four or
five buds just below the cut to grow into
shoots. These shoots tend to be the stron-
gest, most upright, most dominant, and if
left on the tree are generally not suitable as
fruiting branches. If they are not removed,
they cause shading and prevent the devel-
opment of productive fruiting wood. In
sweet cherry, these branches usually have
narrow angles, which result in bark inclu-
sions that often are sites for winter injury
and cankers.
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TABLE 1

Effect of branching treatments on side branching of the leader of 3 sweet cherry varieties.

Variety Branching Number of Number of Number of Total Number Average # of
Treatment Side Shoots Side Shoots Side Shoots of Side Shoots of Shoots

Produced on Produced on Produced on Produced on per Treatment
Bottom Third Middle Third Top Third the Leader
of Leader of Leader of Leader

Hedelfingen Promalin¨ 0.5 c 2.2 b 10.3 a 13.0
Hedelfingen Notching 1.2 b 1.7 b 9.3 a 12.2
Hedelfingen Bud Removal 2.9 a 4.2 a 4.7 b 11.8

LSD p≤0.05 0.7 0.7 1.1 12.3

Lapins Promalin¨ 0.2 b 0.2 b 7.5 a 7.9
Lapins Notching 0.1 b 0.1 b 6.4 b 6.6
Lapins Bud Removal 0.9 a 2.6 a 5.0 c 8.5

LSD p≤0.05 0.4 0.4 0.7 7.7

Sweetheart Promalin¨ 0.1 c 0.4 b 10.5 a 11
Sweetheart Notching 0.6 b 0.3 b 9.1 b 10
Sweetheart Bud Removal 1.5 a 3.3 a 5.3 c 10.1

LSD p≤0.05 0.4 0.5 1.1 10.4

TABLE 2

Interaction of training system and branching treatment on side branching of the leader of
3 sweet cherry varieties.

Variety Training Branching Number of Side Number of Side Number of Side
System Treatment Shoots Produced Shoots Produced Shoots Produced

on Bottom Third on Middle Third on Top Third
of Leader of Leader of Leader

Hedelfingen CL Promalin 0.0 f 1.7 c   6.3 c
Hedelfingen CL Notching 1.7 cd 3.0 abc   5.0 cd
Hedelfingen CL Bud Removal 2.0 bc 2.6 bc   2.6 d
Hedelfingen Vogel Promalin 0.2 ef 2.2 bc   9.5 ab
Hedelfingen Vogel Notching 1.2 c 1.8 c   7.3 bc
Hedelfingen Vogel Bud Removal 2.9 ab 3.5 abc   4.8 cd
Hedelfingen Zahn Promalin 0.4 ef 2.7 abc 11.7 a
Hedelfingen Zahn Notching 1.6 cd 1.0 d 10.8 a
Hedelfingen Zahn Bud Removal 3.2 a 4.5 ab   4.7 cd
Hedelfingen Vee Promalin 1.1 cde 1.9 c 10.7 a
Hedelfingen Vee Notching 0.8 d 1.8 c 10.5 a
Hedelfingen Vee Bud Removal 3.0 ab 5.0 a   5.4 c
LSD p≤0.05 1.1 2.4   2.8
Lapins CL Promalin 0.3 cd 0.0 c   4.0 de
Lapins CL Notching 0.0 e 0.0 c   3.3 e
Lapins CL Bud Removal 1.2 ab 3.2 a   3.5 de
Lapins Vogel Promalin 0.2 de 0.2 c   4.8 cde
Lapins Vogel Notching 0.0 e 0.0 c   3.5 de
Lapins Vogel Bud Removal 1.4 a 2.8 a   4.1 de
Lapins Zahn Promalin 0.0 e 0.1 c 10.4 a
Lapins Zahn Notching 0.0 e 0.0 c   8.2 ab
Lapins Zahn Bud Removal 0.5 c 2.1 b   5.0 cde
Lapins Vee Promalin 0.3 cd 0.4 c   7.4 bc
Lapins Vee Notching 0.4 cd 0.4 c   7.6 abc
Lapins Vee Bud Removal 1.0 b 2.9 a   6.3 bcd
LSD p≤0.05 0.3 1.0   2.9
Sweetheart CL Promalin 0.3 c 0.3 b 6.0 de
Sweetheart CL Notching 0.3 c 0.3 b 4.0ef
Sweetheart CL Bud Removal 2.2 a 2.5 a 3.3 f
Sweetheart Vogel Promalin 0.0 c 0.3 b 8.0 cd
Sweetheart Vogel Notching 0.2 c 0.5 b 6.2 de
Sweetheart Vogel Bud Removal 1.4 ab 3.0 a 4.8 ef
Sweetheart Zahn Promalin 0.1 c 0.1 b 10.8 ab
Sweetheart Zahn Notching 0.7 bc 0.1 b 10.3 bc
Sweetheart Zahn Bud Removal 1.5 ab 3.5 a 6.0 de
Sweetheart Vee Promalin 0.2 c 0.7 b 13.3 a
Sweetheart Vee Notching 0.8 bc 0.4 b 11.6 ab
Sweetheart Vee Bud Removal 1.4 ab 3.7 a 6.0 de
LSD p≤0.05 0.9 1.3 2.7

The technique of •NotchingŽ above
buds removes temporarily the influence of
auxins from the bud, which allows the bud
to grow into a shoot. However, this tech-
nique has been variable in response on
apples and even less responsive in this
experiment. In apple, the accepted tech-
nique is to notch three buds for every one
expected to respond. (Hoying 1993, Greene
and Autio, 1992). The possibility of cutting
too deep is real, and growers have occa-
sionally lost leaders using this technique.
Perhaps a greater threat is the introduction
of canker forming bacteria or fungi into the
cut.

The application of Promalin® to
stimulate lateral branching has given vari-
able and generally unreliable branching in
the eastern United States with some of the
variability attributed to the precise timing
required for the material. Constante (1980)
reported on the effect of Promalin on the
stimulation of growth and branching of
young Macspur apple trees. He was able
to more than double the amount of branch-
ing and total shoot length when applied
in a lanolin paste either to individual buds
or to all the buds and bark in the desired
region. He found the early season timing
of the treatment important but difficult to
achieve. He also concluded that the treat-
ment method was costly and tedious. On
sweet cherries, Dr. Tim Facteau (personal
communication) in Oregon has had better
success using 150 mls Promalin® in 250
mls latex paint plus 3 mls of Buffer X.
Promalin® is known to work better in
warmer climates, which may be the rea-
son why he has had better success than our
tests.

The Bud Removal technique is a rela-
tively new development first being used
in Europe. Lang (2001) reported that this
technique is valuable in reducing excessive
early spur and fruit formation but the tech-
nique may produce more vigorous and
upright shoots. Our results have shown
that this technique is a highly effective way
to stimulate horizontal lateral branching
in New York without excessive vigor.

Conclusions

This research project along with other
practical experiences of the authors sug-
gests that Bud Removal technique coupled
with weather monitoring and copper
protectants is quite likely to become the
standard practice of stimulating lateral
branching in sweet cherry training in New
York. It allows good lateral branch devel-
opment without heading the leader. This
should allow more rapid development of
the canopy and earlier production. We



1 6 NEW YORK STATE HORTICULTURAL SOCIETY

have observed that bud removal can also
stimulate branching on scaffold branches
as well as on the leader as we have shown
here. The development of secondary
branching on scaffolds can be useful in the
early tree training of high-density sweet
cherry trees. We are recommending this
practice only where the threat of bacterial
canker infection is low or where copper
sprays are applied immediately after the
buds are remove.
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Figure 4. Bud Removal distributes side branching from top to bottom along the leader.

Figure 5. Blind wood in the lower portion of the leader was common in headed, Notched, and Promalin¨
treated leaders.

a b

a b

TABLE 3

Effect of heading cuts in addition to bud removal on distribution of shoots along the leader.

Variety Systems* % Shoots in % Shoots in % Shoots in
Bottom 1/3 Middle 1/3 Top 1/3

Hedelfingen Headed 26.8 33.7 39.5
Hedelfingen Unheaded 24.1 36.8 39.1
Sweetheart Headed 21.4 31.9 46.7
Sweetheart Unheaded 13.1 32.6 54.3
Lapins Headed 16.0 37.1 46.9
Lapins Unheaded 8.2 28.0 63.8

* Headed systems were Central Leader (CL) and Vogel Slender Spindle (Vogel). Unheadedsystems
included Zahn Vertical Axis (Zahn), and Perpendicular Vee (Vee).
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T ree fruit growing requires pollination
knowledge. Sweet cherry culture is
making a modest comeback on some

New York fruit farms, but many pollina-
tion questions exist. This resurgence is
largely due to availability of new rootstocks
and some new, larger fruited varieties.
These have become available right at the
time that diversification of New York tree
fruit farm businesses is becoming more of
a recognized necessity. The goal of this ar-
ticle is to teach some important lessons
about planning for adequate cherry polli-
nation.

The cherry seed that is inside of the
cherry pit results from fertilization of the
ovary by a compatible pollen grain and the
subsequent development of the seed and
its bony endocarp (covering) that we call
the pit/stone. The developing seeds also
stimulate the tree to retain the developing
flower parts. Unfertilized flowers drop off.
So do some fertilized flowers if they lack
vital resources. One thing is certain, with-

Sweet Cherry Pollination
Considerations for 2001
Robert L. Andersen, Cheol Choi, and Jay Freer
Department of Horticultural Sciences
New York State Agricultural Experiment Station
Cornell University, Geneva, NY

Most sweet cherry
varieties are self-
incompatible and

require proper cross-
pollination from a

compatible variety to
set a crop. Choosing the

correct combination
of varieties for new

orchards can be aided
by new pollination
compatibility charts
developed from the

latest research studies
of pollination biology.

Proper selection of
varieties at planting will
help prevent unproduc-

tive orchards due to
poor pollination

planning.

out viable pollen and without the transfer
of the good pollen to the healthy female
flower parts, there will be no cherry crop.

Most sweet cherry varieties are self-in-
compatible meaning that pollen from one
variety is incapable of growing down the
style of the same flower that produced it
and fertilizing the egg in the ovary below
(Fig. 1). In contrast, most peaches, nectar-
ines, apricots, tart cherries, many plums,
and some new sweet cherry varieties are
self-fruitful. Solid blocks of one variety of
these crops can usually be successful while
most traditional sweet cherry varieties re-
quire proper cross-pollination from a com-
patible variety to set a crop and must be
planted in blocks with two or more variet-
ies. Most existing New York orchards were
planted using self-incompatible varieties
and some of them have poor cropping lev-
els due to poor pollination planning by the
person who designed the orchard plan.
Such unproductive orchards can be helped
by corrective pollination planning. When

planting new orchards proper selection of
variety combinations will help prevent un-
productive orchards due to poor pollina-
tion.

Key Facts About Sweet Cherry
Pollination

Bloom emergence times can differ sub-
stantially between sweet cherry varieties.
Non-synchronized flower emergence can
cause poor pollination and light cropping
when an early or late emerging variety does
not have its flowers open at the right time.
This lack of overlap of open flowers be-
tween late and early emerging varieties will
not allow viable pollen to still be available
for exchange between the varieties in some
growing seasons. Such varieties should not
be planted as pollinators for each other.
Some fruit growers call this •poor bloom
nicking.Ž

Self-incompatible pollen will not grow
down through the style of any variety that
has the same genes controlling their pol-
len compatibility. This trait exists in most
apples, most pears and occurs widely in
nature in sweet cherries. Evolution re-
searchers believe that this self-incompat-
ibility trait helped ensure that out-crossingGood pollination is necessary for crops like this!
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would be required and that this would give
more genetic mixing and greater chance
for survival of off-spring. Figure 1 shows
the parts of a typical sweet cherry flower.
Four different pollination situations are
outlined in Figure 2. Readers should
study Figure 2 quite closely if they care to
understand the basics about pollen in-
compatibility systems.

Self-fertile sweet cherry varieties
have at least one-half of all of their pollen
that will always be genetically compatible
with all other varieties as well as them-
selves. Hence, they can be considered as
universal pollinators so long as their
bloom emergence time is appropriate.

Charts are available from sweet
cherry breeder•s research (Choi et al.,
2000). Both bloom time and genetic pol-
len compatibility have been studied and
useful charts were produced to guide
growers and nurseries in choosing pollen
compatible varieties (Figs. 3 & 4). Some
are available electronically at the follow-
ing web site:
http://www.nysaes.cornell.edu/hort/
f a c u l t y / a n d e r s e n /
Pollination_Information/

Planning to Avoid Shy-bearing
Situations

Two kinds of orchard pollination
problems seem to merit generalized con-
sideration: ones with non-synchronized
blooming times of the pollinators, and ones
with genetically incompatible pollen. Let•s
look at a problem orchard here in New
York that has both problems. It is dia-
gramed in Figure 5. Can you use the facts
presented above and explain to yourself
why this orchard often has poor yields
even with nice weather? Hint: look at Fig-
ures 3 and 4. They provide the kind of in-
formation that is needed to diagnose why
this sweet cherry orchard has been a light
cropper in some seasons, even when the
weather was nice and no frost event hap-
pened to kill the flower buds nor did
cloudy, rainy weather happen during
bloom. Note: It is not necessary to know
the exact number designation of the genes
for pollen compatibility to use the chart in
Figure 3. We have grouped the varieties
that carry the same genes.

You may have noted the following:
1. All of the varieties are self-incompatible,

so there will be no self pollination in this
orchard. In itself, this fact need not be a
problem so long as the self-incompatible
varieties are cross-compatible and over-
lapping in their bloom times.

��
��
��
��
��

yy
yy
yy
yy
yy

���
���
���

yyy
yyy
yyy

Germinating Pollen Grain

Stigma
Anther
Pollen Grain     Stamen
Filament

Petal
Sepal

Unite to Form
the Embryo

Style

Sperm
Egg
Embryo Sac
Ovule (develops into seed)
Ovary (develops into fruit)

Penducle (develops into stem of fruit)

Receptacle

Ovary Wall or Pericarp
Integuments (develop

into seed coats)
Floral Tube

Nectary

} 

} } 

Figure 1. Longitudinal section of a flower that produces
a stone fruit. Polllination has occurred. The pollen tube
formed by the subsequent germination of a pollen
grain carries two sperms to the embryo sac, where
one of them unites with the egg (fertilization). This
union results in the production of a seed (embryo)
and the development of the ovary into a fruit.
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Situation A
Selfed pollen or 

pollen from another 
variety with the 

same pollen 
compatibility gene. 

No seed results 
because female 

tissue and the egg 
have the same 

genes as the pollen.

Situation B
Same female as in 
A, male pollenizer 
introduced carries 
only one different 

pollen compatibility 
gene. Only 1/2 of 
pollen works. Two 
kinds of seed result 
because one kind of 

pollen carries a 
different gene than 
the female tissue 

and the eggs.

Situation C
Same female, male 
pollenizer intro-

duced carries two 
different pollen 

compatibility genes, 
so all of its pollen 
tubes will grow 

through the style 
tissue and 4 kinds 

of seed result 
because both kinds 

of pollen carry 
different genes than 

the female tissue 
and the eggs.

Situation D
Same female, male 
pollenizer intro-

duced carries 
universally effective 
fertility genes that 

allow its pollen 
tubes to grow in 
any sweet cherry 
style tissue and 2 

kinds of seed result.

Figure 2.

2. Somerset’ and Royalton’ have
bloom emergence times that are
classified as early to mid-early while
Sam and Hedelfingen are classified
as mid-late and late, respectively.
This means that in some seasons the
earlier two might not over-lap in
flower emergence with the later two.

3. Royalton’ and Schmidt are
genetically incompatible with
each other with respect to
pollen being able to grow
down the style of their own
flowers or vice versa. This is the
same as Situation A in Figure 2.

4. Royalton’ and Schmidt are planted
side by side. This decreases the likeli-
hood that bees will bring pollen from
Somerset’ to Royalton’ or of
Hedelfingen to Schmidt.

5. Somerset’ is planted downwind from
Royalton’ and is too far away to effec-



NEW YORK FRUIT QUARTERLY ¥ VOLUME 9  NUMBER  1 ¥ 2001 19

tively pollinate Royalton’ in adverse
conditions.

6. Sam has rows of both Royalton and
Schmidt planted between it and
Hedelfingen thereby reducing the like-
lihood of bees carrying pollen of the two
later blooming varieties to each other.

7. This orchard layout could have been
improved even if the same varieties were
to be kept. Somerset’ should have been
planted in the west row to increase the
chances that its early bloom emergence
would allow it to pollinate Royalton’.
Hedelfingen and Sam should have been
planted between Royalton’ and
Schmidt with Hedelfingen next to
Royalton’ and Sam next to Schmidt.

8. The pollination plan for this orchard
could have included the use of self-fer-
tile varieties like Sweetheart (early-mid)
being planted every sixth tree among the
Royalton’ trees and BlackGold’ every
sixth tree among the Sam trees. Whole
rows of either or both of these self-fertile
varieties could have been placed be-
tween Somerset ’ and Royalton’ and
between Sam and Schmidt, respectively.
This would have provided greater quan-
tities of viable pollen located closer to the
self-incompatible female varieties.

Correcting Existing Shy-bearing
Situations

Topwork grafting of sweet cherries is
feasible and should be considered as a vi-
able solution for helping alleviate pollina-
tion problems in healthy orchards that had
poor pollination planning. The bark graft
is the easiest type of graft to use to achieve
a high percentage of •takes.Ž Cleft graft-
ing is less desirable because cherry bark on
older scaffolds does not split smoothly, so
little cambium contact often results (Fig. 6).
Bark grafts must be completed while the
bark is slipping (about bloom time) and
must be supported by a temporary stake/
pole to prevent wind breakage of the new
graft . Anyone can learn to do bark grafts
in less than fifteen minutes of instruction.
Video tapes about techniques are readily
available. Such grafts should be completed
in at least one major scaffold of every eighth
tree and offset by four trees in the adjacent
row using a genetically compatible pollen-
izer variety that has a bloom emergence
time that overlaps with the problem vari-
ety. It is absolutely essential that the
budwood for such topwork grafting be
completely dormant at grafting time. So
planning ahead is imperative! It is essen-
tial that the exposed surfaces be covered
with a wound dressing. As mentioned
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Figure 3. Bloom time and incompatibility groups of self-incompatible sweet cherry varieties.

Figure 4. Bloom time of self-fertile sweet cherries.

above, it is desirable to support the emerg-
ing shoot during the first growing season.
Such grafts should be marked with paint
so that pruners will not accidentally cut
them out.

Other, more temporary solutions for
shy bearing orchards are inserting bou-
quets of flowers from compatible varieties
near the bee hives and also scattering them
down the rows. Another helpful pollen
source is dried pollen which can be pur-
chased and duster-applicator-spread dur-
ing bloom. Ensuring that the pollen is com-
patible with the problem variety is essen-
tial.

What About Self-fertile Cherry
Varieties?

There are two primary reasons for the
continued interest in self-incompatible va-

rieties and not switching entirely to the use
of self-fertil es. First, the adapted self-fer-
tile varieties may not yet have proven their
merit for the ripening time that the grower
seeks to target. Second, some self-fertile
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varieties have a strong tendency to over-
set, especially on precocious rootstocks,
and this can cause small, bland tasting fruit
that are not suitable for fresh market sales.
Since there are no reliable fruit thinning
methods for sweet cherries other than hand
thinning and/or pruning, it is essential that
growers know their orchard conditions
well enough to know if their sites have a
tendency to over-set. In such cases, grow-
ers should be wary of choosing a self-fer-
tile fruiting variety that is prone to over-
set if they want size and quality in their
fresh fruit. Some self-fertile varieties have
large fruit size. They are preferable for fresh
cherry production. Growers will also need
to take into consideration whether the root-
stock that they use will induce small fruit
due to heavy crop set. Unfortunately, the
current situation for New York conditions
is that our climate is so stressful for many
of the available, large fruited, self-fertile,
varieties that the trees do not live well here.
Winter cold, bacterial canker, and peren-
nial canker all can hurt sweet cherry trees
in some winters in New York. Hence, there
is a strong need to continue to use some
self-incompatible varieties that have
proven themselves to grow successfully in
our climate. To do this effectively, growers
will have to have an orchard plan that puts
the right pollinator(s) in place.
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The Major Players

T here are many major producers of
apples in the world, such as India,
Iran, and Turkey that are not major

players in the global market. This paper
ignores them and focuses on those play-
ers that you are likely to meet either here
at home or when you venture into export
markets (Table 1).

The United States remains the second
largest individual country producer. Its
production is expected to rise substan-
tially in the next decade, but its share of
world production is likely to slip. China•s
domination of world apple production is
likely to continue in the near future. By
2010, China could represent over 45 per-
cent of world production. Its increase in
apple production in the decade 2000-2010
could represent over two-thirds of the
world increase. The European Union (EU)
as a group is the second largest producer
of apples and the world•s largest market
for fresh apples. France and Italy are both
major exporters whose production is ex-
pected to grow modestly. However, Ger-

Recent changes that are
affecting the major
players in the world

apple market are affect-
ing us here in the United
States. A survey of the
world’s major apple
producers shows who

they are, their sources of
comparative advantage,

their size and growth
rate, their varietal mix

and their marketing
strategies.

A Survey of the World’s
Major Apple Producers
A. Desmond O’Rourke
Belrose, Inc and Professor Emeritus of Agricultural Economics
Washington State University, Pullman, Washington

many is a major net importer, so its do-
mestic production strongly influences EU
and world demand for fresh apple im-
ports in any year. Germany•s apple pro-
duction is expected to decline modestly.
Increases in production are expected in
the remaining EU countries, many of
which are substantial apple producers.
Japan•s production is important because
it has helped keep the Japanese market
largely closed to imports. Japan can re-
main self-sufficient in apples for the fore-
seeable future. The six major apple pro-
ducers in the Southern Hemisphere are
important as a group because of their role
as off -season suppliers to the rich North-
ern Hemisphere markets.

While China•s rate of growth in apple
production in the next decade will be
spectacular based on the number of young
trees still in the ground, all other major
export-oriented countries are also ex-
pected to have increased production.
France and Italy will have modest growth
of 14 and 9 percent respectively. The
United States could have about 30 percent
growth compared to the year 2000, but

TABLE 1

Major players on the world market apple stage production (1,000 metric tons).

Country 2000 Actual 2005 Forecast 2010 Forecast

United States 4,843 6,050 6,300

France 2,400 2,300 2,450
Italy 2,165 2,275 2,370
Germany 2,428 2,400 2,300
Other EU 2,677 3,132 3,340
    Total EU 9,300 10,107 10,460

China 22,072 28,000 38,000
Japan 863 900 910

Argentina 1,400 1,550 1,700
Australia 350 400 455
Brazil 800 950 1,100
Chile 1,010 1,160 1,270
New Zealand 500 550 600
South Africa 650 680 700
  Total S.H. 4,710 5,290 5,825

All Other 18,338 19,707 21,649

World Total 60,126 70,054 83,144

less than 20 percent above the record pro-
duction of 1998. Southern Hemisphere
production could grow by almost one
quarter. However, the fastest growth is ex-
pected in Brazil and Australia, the two
countries least dependent on sales in the
export market.

Relative Competitiveness

Each year the World Apple Report at-
tempts to measure the relative competi-
tiveness of 27 major apple producing
countries. Countries are rated on (1) pro-
duction efficiency, (2) quality of infrastruc-
ture and inputs, and (3) financial and
market factors. These ratings serve both
to identify the strengths and weaknesses
of each competitor and can be used to
develop policies and strategies that im-
prove a country•s competitiveness (Table
2).

You will note that the United States
is not, on average, the most competitive
apple producer in the world. Partly, this
reflects the type of competition faced.
New Zealand, Chile, and South Africa
have tremendous natural advantages (for
example high yields and low disease pres-
sure) and advanced storage, packing, and
marketing systems. France has been mod-
ernizing its production and handling sys-
tem rapidly. Countries like Belgium, the
Netherlands, and Austria have been
among the leaders in high intensity man-
agement systems. In contrast, the United
States, like China, Australia, and Russia
produces apples in widely varying loca-
tions across a continent. The weaker re-
gions pull down the average perfor-
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TABLE 3

Major suppliers of key varieties, by rank (Ranked by volume of production).

Supplier Red Golden Granny Fuji Gala Braeburn Jonagold Pink Lady¨

China 1 1 1 1
U.S. 2 5 1 3 2 4 7 3
France 10 4 5 6 5 2 8 2
Italy 7 2 6 6 6 6 5
Argentina 3 2 6 8 5
Brazil 12 4 4
Chile 6 4 5 3 3
Japan 2 5
Australia 12 20 7 1
N.Zealand 8 7 1
S.Africa 11 6 3 9 7 4
Turkey 4 3
Belg-Lux 1
Germany 2
Netherlands 3
Poland 4

TABLE 2

Relative competitiveness of major apple producers

Country Production Infrastructure Financial Overall Rank
Criteria and Inputs and Markets

New Zealand 3 4 1 1
Chile 6 1 5 2
France 8 7 4 5
United States 14 2 7 6
South Africa 5 7 18 10
Argentina 18 3 15 11
China 20 23 20 21

mance, even though some firms and some
districts may be among the world• s lead-
ers. China• s ranking is relatively low.
However, China has a huge, relatively un-
sophisticated domestic market and still ex-
ports less than 2 percent of its production,
so for the present, it can afford to be less
competitive.

One other conclusion stands out from
our annual competitiveness surveys. That
is, that over time, the leading producers
continue to make progress. The countries
that do not adapt and improve, for what-
ever reason, fall further behind. The long-
term viability of much of the apple indus-
try in countries like Spain, Mexico, Rus-
sia, and Romania is very much in doubt.
The same can be expected for districts in
the United States that do not keep up with
technology and market changes.

Imitation Strategy Leading to
Stalemate

Twenty years ago, countries and dis-
tricts could be identified with one or two
unique varieties: French Golden Delicious,
Italian Red Delicious, South African
Granny Smith, New York McIntosh, Wash-
ington Red Delicious. New Zealand was
first to realize that there were profits to be
made in introducing new and different
varieties. They focused first on Fuji, then
on Gala and then Braeburn, moving on to
a new variety when premiums began to
dissolve. Currently, they are pinning their
hopes on Pacific Rose and similar patented
varieties. New Zealand•s success set off a
frenzy of imitation throughout the world.
Almost all major countries now have a
stable of the same varieties, Fuji, Gala,
Braeburn, and Jonagold. Thus, we have
gone from a marketing system where sup-
pliers had a distinct product offering to one
where major suppliers have similar offer-
ings. The array of competitors in each ma-
jor variety is formidable (Table 3). It essen-
tially guarantees intense supply pressure
for most of these varieties twelve months
per year.

Most people missed the point that the
New Zealanders were making, that the pre-
mium niche for any variety is a narrow one,
and that the key to success in their strat-
egy is always having a unique variety
ready when the last one fades. Even for
New Zealand, that strategy will become
much more difficult in the future. Fuji,
Gala, and Braeburn were not really •newŽ
varieties. They had been introduced and
tested for two decades before New Zealand
began to sponsor them. It will be much
more difficult to develop a sequence of

winning varieties from scratch as New
Zealand is now trying to do.

Differing Marketing Strategies

Convulsions in the global food distri-
bution system and a continued imbalance
between demand and supply are causing
major apple producing countries to reas-
sess both their domestic and export mar-
keting strategies. The entry of discount
chains like Wal-Mart and club stores like
Costco into the food business, consolida-
tion among traditional supermarket
chains, and the growing popularity of cat-
egory management have changed the re-
tail picture worldwide. The market col-
lapse in Asia just as world apple produc-
tion was surging has depressed prices in
many markets.

Five years ago, country marketing
strategies differed markedly in the role of
government, the extent of subsidies, and
the role of the private sector. South Africa
and New Zealand still had monopolies
controlling all exports of apples. The Eu-
ropean Union provided selected export
subsidies for sales to certain regions. The
United States had numerous exporters of
every shape and size (and price point) and

little government involvement. Chile•s ex-
port of apples was dominated by large
multinational companies. There was little
government support or involvement.

Since then, the South African mo-
nopoly marketing agency, Unifruco, lost its
mandate. It is now a private company, han-
dling about half of all South African de-
ciduous fruit exports. However, it has
merged with Outspan, the former citrus
fruit marketing monopoly to form
Capespan. Capespan, in turn, has formed
a joint venture with Fyffes, a major Euro-
pean multinational fruit trader, to help im-
prove its access to the key European mar-
kets. A wide array of other firms entered
fruit exporting in South Africa, but many
of these have already gone out of business.
A few will survive as major competitors
to the market leader, Capespan.

The New Zealand Apple & Pear Board
became a grower-owned corporation on
April 1, 2000, under the name ENZA Lim-
ited. It retained its monopoly over export
marketing of apples and pears, but other
firms could win permits to export pipfruit
if those sales were deemed complementary
to those of ENZA. The definition of
•complementaryŽ has caused a bitter de-
bate between ENZA and independent ex-
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porters. In August 2000, private investor
groups bought enough shares to take con-
trol of ENZA Limited. The new manage-
ment has indicated that it wants to retain
its export monopoly. However, it has pro-
posed to reduce the volume of apples it
will take from growers in the coming sea-
son by 20-25 percent, triggering a bitter
debate between ENZA and many growers.

Because of their commitments under
the Uruguay Round GATT Agreement, and
the rising cost of the Common Agricultural
Policy, the Europeans have modestly re-
duced their protectionist external barriers
and their export subsidies. In recent years,
they have channeled support to the pro-
duce industry through producers associa-
tions, in theory, to help producers offset the
market power of the big wholesalers and
retailers. However, producers have argued
that the level of support was not sufficient
to make a difference. The EU has now
agreed to increase that support from 3 per-
cent to 4.1 percent of each producer
association•s turnover. The EU has also pro-
vided matching support for schemes to
promote apple consumption. In the mean-
time, the influence of larger importers,
wholesalers and retailers on the European
produce system continues to grow.

In Chile, after years of squabbling, the
government and the exporters have com-
mitted funds to a new export marketing
campaign. However, much Chilean pro-
duce still enters major markets on consign-
ment. As a result, the price of Chilean fruit
tends to be near the low end of the market,
in contrast to that of New Zealand, which
usually captures a price premium.

In China, growth in apple production
has far outpaced the development of suffi-
cient rural roads, railroads, storage facili-
ties, packing sheds, packaging support,
and transportation equipment to handle
the marketing effectively. The distribution
function did not receive high priority from
the Chinese government and foreign in-
vestment in that sector was discouraged.
With China•s entry into the WTO, that situ-
ation could change rapidly.

In the United States, what was once
unthinkable has now become common-
place. Many independent packers, ship-
pers, and marketers are merging in order
to compete for the business of the few re-
maining mega-retailers. In 1998, Washing-

ton State growers voted an additional as-
sessment of 15 cents per box to be targeted
specifically at increasing domestic United
States demand for fresh apples. The United
States Apple Association tried unsuccess-
fully to get a similar national promotion off
the ground. In October 2000, the United
States Congress authorized $100 million in
market loss assistance and $38 million in
disaster assistance for apple growers, and
in December 2000, the United States De-
partment of Agriculture announced a new
loan program making $99 million in low-
interest loan programs available to finan-
cially-strapped growers. Leaders in many
apple-producing states have been brain-
storming about how to get out of the
present crisis situation.

Global Perspectives

In an era where Germany•s Daimler
owns Chrysler, and Wal-Mart owns
Britain•s Asda chain and Swatch watches
makes automobiles while Oldsmobile dis-
appears, the traditional boundaries be-
tween businesses are crumbling. In the
apple industry, there are subtle shifts from
a regional or national perspective to a glo-
bal one.

Binational deals are becoming much
more common. For example, a number of
European importers and wholesalers have
invested in South African marketing facili-
ties. The Saudi Arabian influence is impor-
tant in Argentina. The major apple pack-
ing and exporting company in China is
owned by a Singapore company, in which
Chilean company David Del Curto has
shareholdings. Capespan has an agreement
to market Chinese Fuji apples in Europe.
ENZA of New Zealand has for years had
investments in facilities in Chile, including
a joint venture with Chiquita Brands Inter-
national.

ENZA has also been a leader in at-
tempting to build an international market-
ing system by having facilities and partners
in strategic locations. Since beginning to
patent and license production of its new-
est varieties, it is attempting to build an in-
ternational supply system to assure itself
of 12 month• s supply of these varieties for
its international marketing system. Trials
are at various stages in France, Chile, and
Washington State for Pacific Rose, Scifresh,

and Pacific Beauty. Nurseries, growers, and
warehouses will all be licensed under con-
tract with the goal of feeding the ENZA
marketing arm.

Similar thinking underlies the multi-
national initiatives that are now being de-
veloped around other varieties. In the case
of Pink Lady® and Cameo TM, individual
growers already had plantings before the
formal multinational alliances were
formed. However, with the cooperation of
participating nurseries, packing houses,
and growers, the Pink Lady® Alliance is
attempting to build a premium niche for
its product. From here on, the expansion
of production can be kept in line with the
growth in market acceptance, so that the
price premium can be protected and the life
of the plantings be extended. Nurseries,
shippers, and even retailers are looking at
developing proprietary, managed apple
varieties. The big question mark over this
trend is whether or not consumers will be
impressed.

The Competitive Challenge

This quick survey of the world•s ma-
jor apple producing countries shows that
they are big, they are still growing, they are
becoming more alike in their product of-
ferings, and they are facing similar head-
aches of oversupply, retail consolidation,
and market access. Government help is
likely to be more symbolic than effective
either in loosening the power of the big re-
tailers or in supporting incomes. However,
the crisis atmosphere has spawned creative
thinking and new initiatives that are likely
to change the face of the apple industry in
the next decade. The better each of us un-
derstands the forces that are around us and
the opportunities that are being offered to
us, the more likely we are to make deci-
sions that sustain our firms through the
next decade.

A. Desmond O•Rourke is president of Belrose,
Inc, world market analysts, and publisher of the
World Apple Report. He is emeritus professor
of agricultural economics at Washington State
University. This paper was presented at the
Western New York Extension Fruit Schools,
Medina and Ontario, New York, January 17
and 18, 2001.


