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has been modeled using accumulated cold
temperatures. A temperature accumula
tion unit termed "a chill unit" was de
veloped, which is defined as 1 hour at
the optimum temperature for chrllmg
(45°F). Experimental data has shown
that temperatures in a 15-degree band
above and below 45°F have a positive
effect on chilling and contribute a partial
chill unit for each hour of such temperatures.
In contrast, temperatures above 65°F have a nega
tive effect on chilling and subtract a partial or whole
chill unit from the total. Experimental data has also
shown that m any apple varieties require 1000 to
1200 chill units to reach rest completion. To predict
when enough clirll units have been accumulated for
rest completion, chill units are summ ed beginning at
the onset of sum m er dormancy in late July. Hourly
temperatures are assigned either a positive, nega
tive or fraction of a chill unit Usually, the warm
temperatures in August and early September result
in a negative chill unit accumulation, which does
not help end rest. However, with the arrival of cool
temperatures in late September and early October,
positive chill units are usually accumulated. Once
positive chill units begin to accumulate, a running
total is calculated from that point forward and the
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A Review of Dormancy and Winter Bud

Development
❖ ❖ The physiology of trees during dorman
cy is highly complex. A simplified explanation of
what we understand is as follows.
1. In late summer, growth inhibitors (natural
chemicals) build up in fm it buds that prevent them
from growing, even though temperatures are favor
able. This is to prepare the tree for winter and is
called "summer dormancy". This type o f dorman
cy is the reason w e can sum m er prune in the month
of August and not cause regrowth o f the shoots,
whereas such sum m er pruning in June will cause
shoot regrowth.
2. As trees experience cold but non-freezing
temperatures in the fall and winter, the level of in
hibitors in the buds gradually declines. W hen in
hibitor levels are high, buds will not begin to grow,
even if warm temperatures are experienced. This
is termed "rest". A t some point in the winter when
enough cold temperatures have been experienced,
the level of inhibrtors rs lowered enough in the buds
that they will begin to grow if warm temperatures
are experienced. This point is called "rest comple
tion".
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3. The internal physiological events associated
with rest completion are still unclear, but the pro
gression from sum m er dormancy to rest completion
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end of rest is predicted when 1200 chill units have
been accumulated. In New York, this usually oc
curs in late Decem ber or early January.

in Western NY (Williamson), trees have accumulated
only 1190 growing degree hours by April 1 of the 2500
hours needed for green tip (Figure 2). (Recall that last
year we had reached the 2500 hour level by M arch 18
4.
Once rest is completed, buds can respond toand 22 for ENY and WNY, respectively). This is only
temperatures greater than 40°F. However, a signifi
about 50% of the 2500 total hours needed to reach green
cant accumulation of warm temperatures (above
tip. This indicates that we still need a significant num 
40°F) is required before visible bud development
ber of additional heat units to reach green tip of apple.
can be seen, although non-visible development in
side the closed bud is occuring with each hour of
Forecasting Bud Break in the Spring of 2013
warm temperature. This process is termed "heat
Using forecasts for the next 3 weeks (until April
unit accumulation" and the units used to measure
21), we estimate that green tip in ENY will be on April
it are growing degree hours. Experimental data has
13 for early bloom varieties (Idared) and on April 14 for
shown that about 2500 growing degree hours (base
mid-bloom varieties (Delicious), while at Williamson,
NY, we forecast green tip on April 16 for early bloom
40°F) are required from the end of rest completion
until green tip. In m ost winters in NY, the cold tem 
ing varieties and on April 17 for mid-bloom varieties.
The weather forecast indicates that we will slowly ac
peratures of Jan., Feb. and early M arch limit heat
cumulate growing degree hours in the next few days
unit accumulation so that even though rest has been
completed in late Decem ber or early January, buds
and then rapidly accumulate grow ing degree hours after
April 4. We caution that the estimated date o f green
do not begin to develop until w arm er temperatures
arrive in late M arch and April.
tip is dependent on the accuracy o f the weather forecast
w e used and the accuracy of the models (which in most
Chill Unit and Heat Unit Accumulation During
cases is quite good). Our prediction of April 13 in the
the Winter of 2012/2013
Hudson Valley and 16 in WNY should allow growers
The winter of 2012/2013 has been quite nor
a little m ore time to get spraying equipment ready; but
mal, with numerous days in the fall and early winter
we suggest growers be ready to begin fungicide sprays
wi th opti mum temperatures for chill unit accumula
to control scab by April 8. ♦♦♦❖
tion 32-60°F (Figure 1). Using the chill unit model
developed in North Carolina, which is an improved
continued...
version o f the original chill unit model from Utah,
we estimate that in Western NY, chill units began
scaffolds
to be accumulated in late September (18th) and
is published weekly from March to September by Cornell
reached an accumulation of 1200 chill units on Jan.
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9,2013 (Figure 2). It should be noted that low-chill
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varieties of stone fruits, which require less than
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1200 chill units, completed rest even earlier than
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Following the completion of rest in early Janu
ary 2013, fruit trees in Western NY have been re
sponding to warm temperatures (accumulating heat
units) with non-visible bud development leading
toward bud break. Our calculations of growing de
gree hours in Eastern NY since the completion of
rest in early January show that trees have accum u
lated only 1138 growing degree hours by April 1 of
the 2500 hours needed for green tip (Fig. 1), while

Editors: A. Agnello, D. Kain

This newsletter available online at:
http://www.scaffolds.entomology.cornell.edu/index.html
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Fig. 1. Accumulated chill units after Sept. 18, 2012 (blue line) and accumulated growing degree hours after 1200 chill units
(pink line) at Highland NY during the fall and winter of 2012/2013 through April 1, 2013 with forecasted temperatures from
April 1-April 18, 2013.

Date
Fig. 2. Accumulated chill units after Sept. 18, 2012 (blue line) and accumulated growing degree hours after 1200 chill units
(pink line) at Williamson NY during the fall and winter of 2012/2013 through April 1, 2013 with forecasted temperatures
from April 1-April 18, 2013.
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variable soils. T he concept w as to quantify w ith
in -h eld variation and then m odify those areas o f
the h e ld w ith low yield separately from the rest o f
the h e ld to obtain equal crop perform ance across a
held. It has focused prim arily on fertilization and
seeding practices w ithin a held. T he core o f preci
sion grain crop agriculture is to m easure the vari
ability in soil pH , nutrien t levels, w ater stress, and
yield across a h e ld and then apply fertilizers, lim e,
w ater or tile to those parts o f the h e ld th at need it
to even out the yield. K ey to this effort has been
variable rate application o f fertilizers. To assist in
this effort, new technologies have been im p lem en t
e d to m ake the jo b easier. T h ese include on-board
com puters to process data, G PS guidance o f the
tractor, m apping o f the held fo r soil characteristics,
a n d tying the m ap to G PS, G IS data m anagem ent
system s to develop h e ld m aps that are tied to G PS
locations, and variable rate fertilizer applicators
th a t are com puter-controlled using the G IS m aps to
au to m atically apply different rates o f fertilizer o r
lim e to a held.

P R E C IS IO N A P P L E
ORCHARD
M ANAGEM ENT
A N D C O M IN G
E D U C A T IO N A L
A C T IV IT IE S F O R 2013
( M ario M iranda Sazo & A liso n D eM arree, Lake
O ntario F ruit Team , N ew ark, m rm 67@ Cornell,
edu & a m d l5 @ c o m e ll.e d u ; Terence R obinson
& L ailiang C heng, H orticulture, G eneva and
Ithaca; tlrl@ c o rn e ll.e d u & lc8 9 @ co m ell.ed u )

EXACTLY

♦♦♦♦♦♦ W e recently conducted an in-depth
school on "Precision A pple O rchard M an ag e
m ent" w ith a conference room filled by m ore
than 200 apple grow ers, researchers, and ex 
tension leaders w ho cam e from NY, M ich i
gan, O hio, Pennsylvania, M aine, Verm ont,
V irginia, M assachusetts, and O ntario, C anada.
110 grow ers attended from the three m ain NY
production regions. E ach o f the speakers and
participants shared their ideas on w here w e are
and w here w e should go in apple orchard m an
agem ent in the next 5 - 1 0 years. W e discussed
10 m anagem ent areas w here greater precision
could be achieved w ith new technologies. F or
each m anagem ent area w e presented the state
o f the art in m anagem ent and new precision
orchard m anagem ent technologies on the h ori
zon.

Precision Agriculture with Orchards
P recision apple o rchard m an ag em en t is re 
lated to precision grain crop agriculture, b u t has a
b ro ad er focus. It has as its central focus m ax im iz
ing orchard p ro htability and it view s each orchard
m anagem ent practice through the lens o f the im 
pact o f this practice on orchard prohtability. Fruit
crops involve substantially m ore m anagem ent o f
the crop than do grain crops. T hese additional
crop m anagem ent efforts include canopy m anage
m en t (pruning and training), crop load m anage
m en t (thinning), fruit quality m anagem ent (light
distribution w ithin the canopy) and fruit m aturity
m anagem ent (harvest m aturity m anagem ent). T his
requires a broader d e h n itio n o f precision orchard
m anagem ent than the traditional precision grain
crop m anagem ent o f soil fertility, p est and w eed
control, w ater and yield.

What is Precision Agriculture?
It is a m anagem ent philosophy that seeks
to m anage crop production in a precise m anner
to obtain the b est possible econom ic outcom e.
A lthough precision agriculture tactics are m ore
com m on in grain crops and less com m on in
tree fruit crops, there are gains w e can m ake
in apple production by exam ining precision ag 
riculture concepts w ithin the context o f apple
orchard m anagem ent.

Precision Agriculture with Grain Crops
continued...

P recision agriculture began w ith grain crops
in the 1980s and focused on w ays to reduce the
variability in grain crop yield across h eld s w ith
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can continue to successfully produce a crop w ith
low m anagem ent precision; how ever, o ther grow 
ers w ill desire to m anage their crop m ore precisely
to reduce risk o r capture greater profits.

We have identified 10 orchard m anagem ent
practices that could lend them selves to m ore p re
cise m anagem ent, w hich could im prove profitabil
ity. T hey include:
1) crop load m anagem ent
2) n u trient m anagem ent
3) w ater m anagem ent
4) w eed m anagem ent
5) orchard design
6) labor m anagem ent
7) risk m anagem ent
8) disease m anagem ent
9) insect m anagem ent, and
10) h arvest m anagem ent

To successfully choose w here to place one's
m anagem ent efforts in precision orchard m anage
m ent, the question each grow er m ust ask is: "W hich
precision orchard m anagem ent strategy w ill add
significantly to the profitability o f the orchard?".
T here are som e new technologies th at are being d e 
veloped that m ay not help im prove profitability. If
the new technology w e w an t to adopt d oesn't m ake
us m oney, it m ust be considered a toy. Som e tech 
nologies are fads o r are ju s t cool, but in the end
d on't im prove the bottom line. Investm ent in toys
is O K if a grow er recognizes that they m ake the
investm ent fo r fun, not fo r profit.

In every one o f these 10 m anagem ent areas,
there has already been significant progress in the
last 50 years w ith greater precision o f m an ag e
m ent. T his has m ade m anaging apple orchards
quite com plex. H ow ever, there are new m ethods
being developed to im prove the precision o f m an 
agem ent in each o f the 10 areas th at could im part
significant financial benefits to apple grow ers.

A related concept is the question o f w hat in
co m e are w e losing o r not capturing by not m anag
ing o u r crop m ore precisely. E ach g row er should
ask him self: "H ow m uch m o n ey are you leaving
on the table, and can precision o rchard m anage
m en t help you capture that m oney?

W ith precision orchard m anagem ent, som e
m anagem ent strategies m ay be focused on the
w hole farm as the m anagem ent unit, w ith other
strategies for the individual field and others fo r one
variety in a field, and even som e m anagem ent strat
egies that m ay focus on a sm all hom ogeneous land
area w ithin a field (traditional m anagem ent unit).

Precision Orchard Management Extension
Meetings for 2013
A s a follow up to the in-depth school, w e w ould
like to co nduct a series o f "Precision O rchard M an
agem ent" field w orkshops this year. In addition to
the traditional Petal Fall T hinning m eetings c o n 
ducted every year, w e w ould like to invite you to
attend 4 new educational m eetings planned fo r the
2013 grow ing season:

Economics and Precision Orchard
Management
T he basic principle o f precision agriculture is
to m easure som ething and acquire data and then
m ake a m anagem ent decision based on the data.
Som e things, w hich m ust be m easured to increase
precision, can be done w ith little effort by the
grow er, but o ther things w ill require significant e f
fort by the grower. H ow ever, to im plem ent p re
cision orchard m anagem ent practices on W N Y
farm s, som eone w ill have to do m ore than w hat w e
are cu rrently doing. T here w ill be a cost. N othing
is free. S om e apple grow ers w ill p refer to avoid
the com plexity o f m ore precise m an ag em en t and

• P recision N utrient M anagem ent - F ield m eet
ing activity for all W N Y fruit grow ers and c o n 
sultants during A pril (location and tim e to be a n 
nounced in an upcom ing L O F new sletter)
• P recision C hem ical T hinning
Training
class (offered in G eneva during late A pril) fo r all
consultants and W N Y grow ers interested in im ple
m enting the "Precision T hinning" approach. T his is

continued...
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an im proved m ethod o f conducting chem ical th in 
ning that utilizes both the carbohydrate m odel as a
tool fo r predicting response p rio r to application of
chem ical thinners, and the fruit grow th rate m odel
fo r early assessm ent o f thinning response im m ed i
ately after application.
• P recision H and T hinning and Irrigation F ie ld
m eeting activity fo r all W N Y fruit grow ers and
consultants during m id-June (location and tim e to
be announced in an up-com ing L O F new sletter)
• P recision H arvest M anagem ent - F ield m eet
ing activity for all W N Y fruit grow ers and co n su l
tants during late A u g u st (location and tim e to be
announced in an upcom ing L O F new sletter)

April 1,2013

PHENOLOGIES
Geneva: All dormant.
Highland:
Apple: dormant
Pear (Bartlett/Bosc): swollen bud

On-Farm Visits in 2013
Lastly, M ario is available to visit one-on-one
w ith any W N Y fru it grow er w ho w ould like him
to visit their farm to discuss these o r other orchard
m anagem ent topics. C all for an appointm ent.
G ood luck this 2013 fru it grow ing season.

INSECT TRAP CATCHES
(Number/Trap/Day)
Geneva, NY
Green fruitworm
Redbanded leafroller
Spotted tentiform leafminer

Highland, NY

4/1
0
0
0

Green fruitworm
Redbanded leafroller
Spotted tentiform leafminer

* first catch
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UPCOM ING PEST EVENTS
Current D D accumulations (Geneva 1/1—4/1/13):
(Geneva 1/1-4/1/2012):
(Geneva "Normal"):
(Geneva 1/1-4/8 predicted):
(Highland 1/1-4/1/13):
Coming Events:
Green fruitworm 1st catch
Pear psylla adults active
Pear psylla 1st oviposition
Redbanded leafroller 1st catch
Spotted tentiform leafminer 1st catch
McIntosh silver tip
McIntosh green tip

43°F
39
259
84
51
55

50°F
8
138
33
9
12

Ranges (Normal ±StDev):
52-154
13-71
31-99
8-34
40-126
11-53
110-178
40-82
113-213
41-101
60-110
18-42
95-147
36-62

NOTE: Every effort has been made to provide correct, complete and up-to-date pesticide recommendations. Nevertheless,
changes in pesticide regulations occur constantly, and human errors are possible. These recommendations are not a substitute for
pesticide labelling. Please read the label before applying any pesticide.
This material is based upon work supported by Smith Lever funds from the Cooperative State Research, Education, and Extension
Service, U.S. Department of Agriculture. Any opinions, findings, conclusions, or recommendations expressed in this publication
are those of the author(s) and do not necessarily reflect the view of the U.S. Department of Agriculture.
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