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All you need to test apple maturity with
Starch lodine. Photo: Jon Clements
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Painless and Efficient
Apple Maturity Testing

Win Cowgill, Agricultural Agent, and Jon Clements, Ph.D.,
Extension Fruit Specialist, University of Massachusetts

maturity that a grower can use to plan their harvest and
storage regimes. Our observation has been that few growers

utilize the Starch Index (SI) method of determining harvest maturity.
Perhaps Sl testing is perceived as time consuming and difficult to
properly judge.

Why is it important to perform Sl testing? First, as mentioned, the
Sl method is probably the best way to judge fruit maturity without
expensive equipment. The Sl technique, wherein the starch to sugar
ratio is measured, is correlated with ethylene evolution. In fact, ethyl-
ene synthesis occurs as fruit ripens. Therefore, the Sl index is an
inexpensive way to assess the degree to which fruit has converted
starch to sugar, and is indicative of the onset and progress of ethylene
production.

Secondly, because Sl is a reliable indicator of relative fruit maturity,
Sl testing can help you determine if harvested fruit should be placed in
early CA, late CA, or regular cold storage. Remember that, as a rule,
fruit with Sl readings of 3-4 are suitable for late CA, apples measuring
4-6 on the Sl scale are best for early CA, and any fruit reading 6 or
above should be placed in regular cold storage or marketed immedi-
ately. Of course, reliability in using the SI method for determining
apple maturity is predicated on good sampling techniques, i.e.;
looking at fruit that has sufficient size and color. In other words,
sample apples that you expect are approaching harvest readiness.

Note: Apples going into late CA (available in April-June, etc.)
should not average less than 15 Ibs. firmness.

Guides

Dr. George Green, Penn State University has more details on
harvest maturity in the Pennsylvania Tree Fruit Production Guide (page
221). The can be found online at: http://tfpg.cas.psu.edu/part6/
partéla.htm.

He also offers the following, “Over the years charts have been
developed for many varieties but some charts went from 1 to 5 while

others went from 1 to 7. There was much confusion so the postharvest
See TESTING ON PAGE 2

Starch lodine testing is the best and easiest indicator of apple

VoL.7 No. 21

Pace 1



TESTING FROM PAGE 1
physiologists at Cornell University have developed a
more universally accepted chart that is useful for all
varieties. Itis being used by researchers in over 20
states in the national apple cultivar-testing program.
Cornell has an excellent publication available to help
you use the starch-iodine test and to develop an apple
maturity program. The publication also contains a
laminated starch iodine chart to aid in interpreting the
tests. We strongly suggest that anyone seriously inter-
ested in harvesting high quality apples with good
storage potential, buy a copy of this publication,
“Predicting Harvest Date Windows for Apples (1992)”
Information Bulletin 221. Full-color plates show how to
use and interpret the starch-iodine test for determining
maturity and the best harvest dates for quality, espe-
cially important for apples going into storage. It covers
Mclntosh, Cortland, Empire, Delicious, Mutsu/Crispin,
and Idared; dates for other varieties can be interpreted
from the information presented. 20 pages. Cost $5.50.
This publication can be ordered directly from Cornell
University by calling 607-255-2080 and paying by a
Master Card or VISA credit card. Win Cowgill also
maintains a supply in his office
cowgill@aesop.rutgers.edu, 908-788-1339.

Specific starch charts have also been developed for
Gala, Empire, and Liberty. On the West Coast they have
also been developed for Fuji. We have posted these
charts on the web that can be downloaded and printed
for your use at: http://www.umass.edu/fruitadvisor/
clements/articles/sitest.ntm/.

Wilson Irrigation located in Washington State also
has Maturity Photo Charts for sale for Gala, Fuji,
Braeburn, Golden and Red Delicious, Granny Smith,
and D’Anjou pear. Call 1-800-232-1174 or order from
their web site at: http://www.wilsonirr.com/.

Testing Method

Having tested tens of thousands of apples over the
years, per numerous experimental protocols, we can now
suggest a simple, quick and efficient method for evaluat-
ing orchard-by-orchard or block-by-block Sl apple
samples. Here is our quick and simple testing technique:

Equipment consists of a one quart hand-operated
spray bottle filled with Sl solution, a pocketknife, and a
Starch Index chart. The most important thing is to just
use the chart and begin sampling and testing the fruit
two weeks before anticipated harvest to get a baseline
on the maturity.

The procedure is simple - pick a sample of apples
that appear ready to harvest, based on size, color, days
after full bloom, and taste. Spray the Sl solution on
longitudinally halved fruit, wait one to one and one-half
minutes and make your readings based on the Sl chart.
The whole process is portable, quick, simple, and saves
Sl solution compared to dipping individual applesin a
solution-filled pan.

Itis important to keep good records on your
maturity determinations by cultivar and block. You will
start to build a good database of harvest maturity
information for your orchard.

Cultivars That Do Not Respond to SI

Although the Sl is a reliable gauge of many cultivars
such as MclIntosh, Empire, Jonathan, Golden Delicious
and Macoun, some cultivars do not respond as well to
the Sl test, and should be monitored using other
methods.

Cultivars such as Ginger gold, Fuji and Honeycrisp
do not respond well to the Sl rating, and should be
gauged in manners such as background color; soluble
solids content (SS) and flesh firmness. While Gala
follows the Gala Sl chart nicely, it should be picked on
background color.

Background color is a very good maturity indicator
and will provide the grower with an accurate maturity
gauge. Red over-color, flesh firmness and SS content
are not as reliable indicators as background color on
this cultivar. Fruit should be harvested for optimum
long-term storage quality when the background color
of the fruit is changing from a green to yellow color.
After that, the background color changes from yellow
to cream. It is at this stage that the fruit is ready for
immediate sales or short-term storage. Galas will
require multiple pickings for optimum fruit quality.
Background color is also the best indicator of maturity
for Fuji cultivars.

For information how to mix the Starch lodine
solution or from where to buy it, see the next article by
George Green. 1

Calendar of Events

September 4, 2002 - 3:00 to 8:00 pm - Mid-Atlantic
Fruit Variety Showcase, Adams County Nursery, Aspers,
PA. Sponsored by Penn State Cooperative Extension in
cooperation with Adams County Nursery, 26 Nursery
Road, P.O. Box 108, Aspers, PA. Pre-registration is
required by August 20, 2002. To pre-register contact:
Adams County Nursery at 717-677-8105. For questions
contact: Jerry Frecon at 856-307-6450 Ext 1.

September 5, 2002, Thursday - Variety Showcase and
Cookout, International Plant Management 55826 60"
Avenue, Lawrence, Michigan. Sponsored by Interna-
tional Plant Management, Southwest Research and
Extension Center, and Cornell Cooperative Extension.
Contact: Wallace and Laura Heuser by calling (800)
424-2765 for registration and directions.

See CALENDAR ON PAGE 3
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How to Make

Starch Iodine Solution

George Green, Ph.D., Extension Pomologist,
Penn State University

A solution of iodine and potassium iodide is
used to make the starch turn black and this
pattern is the basis for the test.

Dr. George Chu, of the University of Guelph, Dept.
of Plant Agriculture in Ontario has developed a publica-
tion on this test entitled, “Starch-iodine test for deter-
mining maturity and harvest dates of Empire, Idared
and Spartan apples” (Factsheet No. 88-090. 4 pp.). Itis
available on the Web at: http://www.gov.on.ca:80/
OMAFRA/english/crops/facts/88-090.htm.

For those wanting to make their own solution, Dr.
Chu gives these instructions:

Always use a freshly prepared solution at the
beginning of every season. This solution is sensitive to
light and should be stored in a dark container. A dark-
coloured bottle or a glass jar wrapped in aluminum foil
will serve the purpose. Chemicals needed for this test
are potassium iodide and iodine crystals. A pharmacist
or a chemist can use the following recipe to make up
the iodine solution.

Preparing the Test Solution

1. Dissolve 8.8 grams of potassium iodide in about 30
ml of warm water. Gently stir the solution until
potassium iodide is properly dissolved.

2.Add 2.2 grams of iodine crystals. Shake the mixture
until the crystals are thoroughly dissolved.

3. Dilute this mixture with water to make 1.0 litre of test
solution. Mix them well.

Warning: lodine is a very poisonous chemical. The
iodine solution should be properly labeled and kept
away from children and pets. Apples used in the test
should not be fed to any animals or used in
composting. In case of ingestion of either iodine, or
iodine treated apples, induce vomiting and consult a
physician immediately.

Starch iodine can be purchased from Wilson
Irrigation in Washington State at:
http://www.wilsonirr.com/ or call them at 1-800-232-
1174.

Wilson Irrigation also has maturity charts for Gala,
Fuji, Braeburn, Golden and Red Delicious, Granny
Smith, and D’Anjou pear. 4

Apple Maturity Update

Win Cowgill, Agricultural Agent

n Northern New Jersey apple maturity appears to
be running 5-10 days ahead of “traditional”
harvest dates. From observations and maturity tests on
selected cultivars we conducted on Monday, August

19th, this early timing is still holding true for many
blocks. It will pay this year to be vigilant on maturity
development. Peach cultivars harvested to date have
been running 5- 7 days a head as well.

With the record number of 90-degree days and
warm nights, color development is lagging on Galas
and Macs. Cooler night temperatures are scheduled to
begin tonight, Tuesday as we go to press with this
article.

McIntosh

MclIntosh-Rogers Red tested from the Rutgers
Snyder Farm in Hunterdon County indicate this cultivar
is ahead of last year.

Rogers Red Mac Pressure Brix Starch
Hunterdon-Snyder Farm 18 Ibs 11% 2

Growers in Central and North Jersey who intend to
store their Mac’s for an extended period of time,
should be vigorously monitoring their Mac blocks.
Gala

Background color has historically been one of the
best indicators of maturity for Gala. Fresh market Galas
should be harvested when the background color is
turning from a yellow to a cream color. Sl index with
the Gala Starch chart can be a guideline as well.
Hunterdon- Snyder

Gala-Treeco-42 Pressure Brix Starch
1/2 Rate Retain: 17 11% 6
3/4 Rate Retain 19 12% 55

Gala strains traditionally come into maturity
around Labor Day for Northern New Jersey growers
but appear to be at least a week to ten days ahead.
Gala does not have a long storage life, so growers need
to be conscious of its maturity stage if they have plans
to hold it for any length of time. Multiple pickings must
be used on Gala to get consistent fruit quality and
size.

CALENDAR FROM PAGE 2
October 11, 2002 - 8:00 am - 4:00 pm - Basic Grape
Production Short Course, AHS, Jr. Agricultural Research
and Extension Center, Virginia Tech, Winchester, Va.
Pre-registration is required and registration is limited to
the first 50 persons; $75 per person. Check to be made
payable to “Virginia Vineyards Association”, and mailed
to “Grapes”, Virginia Tech, 595 Laurel Grove Rd.,
Winchester, VA, 22602. Contact: Tony Wolf, (540) 869-
2560 ext. 20.
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Clean Up Before Apple
Harvest to Minimize
Postharvest Decay Problems

Dave Rosenberger, Ph.D., Extension Plant
Pathologist, Cornell University

Reprinted from Scaffolds Newsletter, Volume 11,

No. 23, August 19, 2002.
http://www.nysaes.cornell.edu/ent/scafolds/

nicillium expansum, the fungus that causes
blue mold decay in stored apples, is generating

significant losses both during controlled atmosphere

(CA) storage and during shipment of packed apple fruit.

Thiabendazole (Mertect 340F) and other benzimida-
zole fungicides provided excellent control of P.
expansum for nearly 25 years. However, thiabendazole
is no longer effective because the populations of P.
expansum in most packinghouses have developed
resistance to the benzimidazole fungicides. Captan, the
only other alternative for postharvest application on
apples, has never been very effective for controlling P.
expansum.

Research that we conducted over the past six years

has led to the following conclusions:

1

3.

5

. Inoculum levels for P. expansum gradually increased

from year to year after postharvest fungicide treat-
ments were no longer effective.

. Inoculum of P. expansum survives from one year to
the next on field bins and on storage floors and walls.

A single badly contaminated wooden bin can carry
more than 2 billion spores. Plastic bins may carry
fewer spores, but even plastic bins have been shown
to carry 480 million spores. These spores are re-
leased into postharvest treatment solutions where
they can contaminate the new crop each year.

Spores can also be spread from bins to fruit by air
movement in CA rooms.
When inoculum levels are high, P. expansum can
invade apples through their stems during long-term
(>6 months) CA storage.

. Fruits with the early stages of stem-end decay are

difficult to detect on packing lines, so some of them
end up in retail packages. Airborne spores released
during packing contaminate other fruit on the
packing lines and cause additional decays in packed
fruit.

.As a result, decayed fruits are appearing with unac-

ceptable frequency in retail store displays. We found
blue mold decay in 37% of 131 Empire displays and
in 21% of 141 Mclntosh displays during systematic
grocery store surveys of bagged apple displays that
were conducted during February, March, and April of
2000 and 2001. The presence of decayed apples in

bagged fruit almost certainly contributes to lost sales.

6. Improved sanitation measures provide the only
option for reducing losses to P. expansum.

Following are sanitation measures that should be
implemented by apple growers, storage operators, and
packinghouses prior to harvest:

1. At minimum, all decayed fruit mummies should be
removed from field bins before bins are refilled.

Decayed apples do not float, so they remain in bins
as they come out of the water flotation tanks on
packing lines. Conscientious packinghouse operators
will ensure that workers remove all of the decayed
fruit before the empty bins are bundled. These
decayed fruits carry vast amounts of inoculum that
will contaminate next year’s crop if they are left in the
bottoms of bins. Apple growers should inspect bins
as the bins are unbundled in the field prior to harvest,
and any of these unwanted “gifts” that remain in the
bins should be removed.

2. Sanitize packinghouse and storage walls and floors
during summer by treating them with a quaternary
ammonium sanitizer. Quaternary ammonium com-
pounds are registered for disinfecting storage rooms
and can be purchased from your chemical supply
dealer. Follow directions on the product labels. In
addition to eliminating inoculum, quaternary ammo-
nium sanitizers will also eliminate foul odors caused
by non-pathogenic bacteria and fungi (molds) that
sometimes persist on storage walls and floors.
Storage odors can be transferred to and persist in
fruit, so cleaning storage walls and floors may im-
prove fruit quality at the same time that it reduces the
inoculum for post harvest decays.

3. If possible, sanitize badly contaminated bins (i.e., bins
that came out of storage containing many decayed
fruits) with a quaternary ammonium wash. Quater-
nary ammonium sanitizers can reduce inoculum
loads on bins by more than 99% if all of the decayed
fruit and fruit residues are removed before the
sanitizer is applied. Steam cleaning bins is also
effective, but it may be less practical than a drenching
system for applying quaternary ammonium sanitizers.

4. Whenever possible, avoid wetting fruit after harvest.
Postharvest drenching spreads spores of P. expansum
from bins to wounds and to fruit stems where they
can initiate decays. Fruits that are not drenched can
still become contaminated by airborne spores in the
CA rooms, but the proportion of fruit exposed to
inoculum will be significantly reduced if fruits are not
drenched.

5. When fruit must be drenched to prevent storage
scald, drench solutions should be mixed in relatively
small quantities and solutions should be changed
regularly to avoid accumulating a large number of
spores in the drench solutions. Even though most

See CLEAN UP ON PAGE 5
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Impact of Drought on

Grapevines in Virginia, Part 11
Tony Wolf, Ph.D., Viticulture Extension Spe-
cialist, Virginia Cooperative Extension

Excerpted from Viticulture Notes, Vol. 17, No. 4, July
—August 2002, Virginia Cooperative Extension.

Continued from Part | in last week’s issue.

Botrytis: Botrytisincidence varies from year-to-
year, but we tend to have greatest problems in our old,
lyre-trained Chardonnay. Culturally, the incidence of
botrytis can be reduced by removing leaves that are
directly touching clusters, and opening the eastern side
of N/S-oriented rows to aid air movement and spray
coverage. It’s certainly not too late to do some follow-
up leaving in botrytis-prone cultivars, but avoid pulling
too many leaves that could result in sun burning of fruit
(see comments above under canopy management).
Fungicide options, specific for botrytis, are Rovral,
Elevate or Vangard. Vangard is limited to two applica-
tions per year. Last year, we obtained excellent season-
long control of botrytis (in a high-pressure situation) by
applying Vangard at cluster closing followed by a
veraison application. Details are in the September —
October 2002 Vitaculture Notes:
http://www.vaes.vt.edu/winchester/grape/newsletter.html.
New York State researchers have found that the
veraison and post-veraison fungicide applications gave
more consistent control than did the bloom and cluster-
closing applications. Vangard should be rotated with
Rovral and elevate on a seasonal basis to slow the
development of botrytis resistance to any one of the
fungicides. Should you apply a botrytis fungicide now if
you’re starting to see botrytis? I'd offer a qualified “yes”,
simply to slow new infections. However, once botrytis
starts affecting multiple berries, it seems to progress
quickly to adjacent, touching berries and this is nearly
impossible to control, short of getting some dry
weather.

Downy: I've hard a report or two of downy
mildew (DM) occurrences in Virginia vineyards, but the
generally hot and dry conditions in many areas of the
state since mid-June have not favored the development
of this disease. Conditions that favor the spread of DM
are temperatures of 65 to 77°F and free moisture. A
summer shower followed by a cool evening creates the
perfect scenario for a downy infection. Fruit becomes
resistant to infection as it develops; however, young
leaves (such as on laterals) are quite susceptible, and
this is often where | see late-summer problems develop.
To avoid a potential defoliation, continue a DM protec-
tion program through harvest or mid-October, which-
ever is later. Fungicide options once you are within 66
days of harvest, are captan, copper formulations,

Abound and the phosphorous acid compounds such as
ProPhyt and Aliette. Dr. Wayne Wilcox of Cornell
University indicated that he has obtained good DM
control using phosophorous acid fungicides on a 14-
day interval (see the May-June Viticulture Notes).
Captan provides excellent DM protection as well as
providing control of the fruit phase of Phomopsis, and
perhaps some of the other late-season rots (e.g. bitter
rot (Melanconium spp.), ripe rot (Glomerella spp.) that
we occasionally observe. Captan does, however carry a
four-day restricted reentry constraint. The various
copper formulations also offer excellent DM control,
and give some protection against powder. Although
effective against both downy and powdery mildew, |
would tend not to use Abound at this point in the
season for reasons of cost and for conservation for the
more critical timing around bloom time.

Mancozeb and Ridomil are excellent materials for
DM, but are no longer allowed at this time of year due
to the 66-day pre-harvest interval usage restriction.
One could, however, continue to use mancozeb
materials (e.g., Penncozeb, Manzate, etc.) on young or
otherwise non-fruiting vines, or as a post-harvest
treatment on vines harvested early in the fall.

Submitted by Jerome L. Frecon, Agricultural Agent. O

CLEAN UP FROM PAGE 4
storages contain benzimidazole-resistant populations
of P. expansum, the fungicide thiabendazole should
still be included in drench solutions to control
Botrytis cinerea and to suppress fungicide-sensitive
strains of P. expansum.

Postharvest handling procedures for apples will
probably become more tightly regulated in the future
because of increasing concerns about food safety. The
same pathogens that have caused sporadic problems
with apple cider can also contaminate fresh apples. To
date, | am not aware that anyone has gotten sick from
eating fresh apples, but laboratory studies conducted
elsewhere have shown that some human pathogens can
survive on or in whole apple fruit. Asa result, both
chain store buyers and government regulators are likely
to impose new food safety requirements that will affect
apple handling and storage. How those regulations and
requirements will evolve is still unclear, but it might be
wise to avoid any new investment in postharvest
drenching equipment for apples until the industry can
determine how food safety issues will be addressed.

Submitted by Win Cowgill, Agricultural Agent. 1
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