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TAKE AWAYS

1) Chill looks good this year

2) Chill portions is a better way to count chill

3) Follow chill portions at the
UC Fruit & Nut Center website.
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Overview

Why chill matters

Why how you count chill matters

Bonus complication: Fog

What’s under the hood of Chill Portions model
How to count and use chill portions
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Why Chill Matters — Poor, Erratic Bloom

Delayed, protracted, weak budbreak ¢ Poor fruit devel’t, irregular ripening
Bare shoots, spur shortage  Underdeve’pd, abscising buds
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Why Chill Matters — Delayed Bloom
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Why how you count chill matters:
Literature supporting chill portions

Lead Author  Year Pub'd Crop Location
Ramirez 2010 Almond Chile
Viti 2010 Apricot Spain, Italy
Gao 2012 Apricot China
Ruiz 2007 Apricot Spain
Alburquerque 2008 Cherry Spain, Fr., Can., NY, CA
Glozer 2005 Cherry California
Allan 1995 Peach South Africa
Linsley-Noakes 1994 Peach South Africa
Erez 1990 Peach South Africa
Ghrab 2014 Peach Tunisia
Maulion 2014 Peach Argentina
Miranda 2013 Peach Spain
Glozer 2008 Pear California
Elloumi 2013 Pistachio Tunisia
Zhang 2011 Pistachio Australia
Glozer 2006 Prune California
Luedeling 2009 Walnut California
UC | University of California o ——
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2013-2014:

Chill Hours vs. Chill Portions

According to chill hours, 2013-

2014 was an average winter.

Cumulative Chilling Hours - Westlands
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According to chill portions,
2013-2014 was unusually warm.

Cumulative Chilling Portions - \Westlands

Figures: fruitsandnuts.ucdavis.edu
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Bonus Complication: Fog

has been decreasing
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What’s “under the hood” of the
Chill Portions model?
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Dynamic Model — Chill Portions

* Different temps have dif. ‘chill value!
—Max: hours at 43-47° F.
— No chill value at 32°F and 54°F.

* Rather than saying, “We had X chill hours
but they were warm chill hours.”’

* Expands the range of temps considered
effective for chill accumulation.

UC I University of California - T_
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Dynamic Model: Filling the Chill Tank




How to count and use chill portions
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Tracking chill portions on FNRIC
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ANNUAL EXTENSION CLASS
WEATHIER-RELATIT 1 These programs provide timely weather-related trea crop Information specifically for California
fruit and nut growers, researchers, and industry, Air temperatures, collected from the California
® Chilling Accumulation Models Irrigation Mansgement Information System (CIMIS) weathar stations, are used for model
» Prune Chilling Prediction calcutatione
» Nitrogen Prediction Models foc
Almond and Pistachio Chilling Accumulation Models Harvest | 2
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= Irrigation Scheduling Calculation, Explanation & Comparison for Peaches, Plums and Nectarine
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= About CIMIS Weather Stations [migation S
{SWP) Measurements
FIND AN EXPERT Temp., RH & SWP values for aimond, prune,
alnut & grape
FRUIT & NUT INFORMATION P e
Related Information
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Tracking chill portions on FNRIC
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FRUIT & NUT
RESEARCH & INFORMATION

_ Chilling Accumulation Models:

ABNNUAL EXTEHSION CLATS Their Calculation, Explanation, & Comparison
WEATHER-RELATED MODELS

o Chalioe Acouenskstion Modek: Using Various Models

o About Chilling Units & Hours * Calculations or Current and Historic Chilling Accumulation at California CIMIS Sites

o Fruit &Nut CropChil - Cumulative hilling Hours: Chilling Hour & Unit Accumulations:
Partions Requirements Cumulative Chill Hours and Historic Accumulation of

= Chill Caleu . Modified Chill Hours Chill Hours, Modified Chill Hours,

Hours below 45° F & Chill Units (Utah Model)

T a2 Hours below 452 F
Hours between 32° F and 45° F
September 1 through August 31

o Subscribe to Emall List

November 1 through Fehruary

» Prune Chilling Prediction

Cumulative Chilling Portions
Dynamic Modal
September 1 through August 31

» Nitrogen Prediction Mog
Almond and Pistachio

= Irrigation Scheduling

» Harvest Prediction for Peaches)
Plums & Nectarines

hill Model Updates Email Lis

The Frud ] losely monitoring Chill Portion calculations tor the following stations:
Shafter, Parlier, Brentwood, Modesto, Arvin Edison, San Benito, Famoso, Patterson, Lodi,

» Pistachio Bloom Cast Porterville, Delano and Madera. 1If you would like to be notified if specific issues arise which are
related to these stations, subscribe to our Chill Model Updates email list.

» Almond Hull-Split Prediction

» About CIMIS Weathor Stations

FIND AN £EXPERT Dynamic Model & Chill Portions Accumulation Guide

FRUIT & NUT INFORMATION * A how-to guide (pdf) by Kitren Glozer, retired Project Scientist, Dept. of Plant Sciences, for

T ] calculating chill portions (including converting 10 and 30 minute data to hourly data for the
)

ORCHARD MANAGEMENT model), using weather data from a data logger in your orchard, and the Dynamic Model {Excel

FRUIT & NUT CENTER UPDATES file). Both availabie for download.



Tracking chill portions on FNRIC
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HOME Chill Calculators

ANNUAL EXTENSION CLASS

WEATHER-RELATED MOOELS
» Chiling Accumulation Models

Abcut Chilling Units & Hours

Cumulative Chilling Hours:
Comulative Chill Hours and
Modified Chill Hours

Hours below 45° F

Hours between 32 F and 45° F

Chiling Howpr & Unit Accumulations
Historic Accumulation of

Chill Hours, Modified Chill Hours,
& Chill Units (Utah Model)

Hours below 45° F

Frist & Not Crop Chill November L through Februsry 28/29, Hours between 327 F and 45° F
Poctions Aequitemenss s September 1 through August 31
=4 Cumulative Chilling Portions: v g
m Dynamic Model Harvest Prediction Model
September 1 through August 31 for Peaches, Plums and Nectannes
o Subscrbe to Emoil List ° :

Yisw Station Mag

* Prune Chilling Predcnon

 Pakrogen Presdcsion Modeds for Cumulative Chilling Portions - Select Station from List

Almond and Pistachio ” ’
County Station Portions
* Imigation Schevkiiing Alameda 151 Pleasanton 1
» Harvest Prodiction for Peaches, 171 Unson City 0
Pums & Nectarines

Amadort 227 Plymaouth 1
* Almorsd Mull-Spit Predicton ) = »
Butte 012 Durham £
& Pistacvo Hloom Cast Coluss 032 Coluss 1
* Abaut CIMLS Weather Statiors Contra Costs 047 Beantwood 0
FING AN EXPERT 170 Concoed 0
FRUIT & NUT INFORMATION 213 €l Cerito 0
ORCHARD MANAGEMENT 178 Maraga ‘
£1 Dorado 013 Cammo 4

FRUIT & NUT CENTER UPDATES
228 Qiamend Spnngs )

VIDED GALLESLY

fresno 205 Coalinga O
DONLINE RESEARCH DATABASES 007 Firehough/Telles a
s M A L
190 Five Pomnss South Yest Q




Tracking chill portions on FNRIC
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HOME

Chill Calculators
ANNUAL EXTENSION CLASS

Cumulative Chilling Hoyss:
Comulative Chill Hours and
Modified Chill Hours

Hours below 45° F

WEATHER-RELATED MOOELS
» Chiling Accumulation Models
Abcut Chilling Units & Hours
o = Hours between 32 F and 45° F
Frust & Not Crop Chill November L through Februsry 28/29,
Poctions Requirements

o Subscrbe to Emoil List

Cumulative Chilling fortions:
Dynamic Model
September 1 through August 31

» Prune Chilling Predcoon
» Ntrogen Prediction Modsis for
Almond and Pistachio

* Imgation Scheculing Repusting Dates

» Harvest Prodiction for
Pums & Nectarines

* Almord Hul-Spii Predicon SEATLERth

® Pistachio Sloom Cast End Date
* About CIMIS Weather Stations
FING AN EXPERT

FRUIT & NUT INFORAMATION
ORCHARD MARAGEMENT

FRUIT & NUT CENTER UPDATES

VIDED GALLESLY

DONLINE RESEARCH DATABASES

CIMIS weather station: Coalinga (#2035 - Fresno County)

Histoncal Accumulations

wW12014

Chilling Howr & Unit Accumulations

Historic Accumulation of

Chill Hours, Modified Chill Hours,
& Chill Units (Utah Model)

Hours below 45° F

Hours between 327 F and 45° F

September 1 through August 31

Harvest Prediction Model
for Peaches,

Plums and Nectannes
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HOME

ANNUAL EXTENSION CLASS

WEATHER-RELATED MOOELS

» Chiling Accumulation Models
Abcut Chillng Units & Hours

Frust & Not Crop Chill
Poctions Requirements

- Subscrbe to Ermoil List
» Prune Chilling Predcoon

» Ntrogen Prediction Modsis for
Almond and Pistachio

® Imgation Scheculing

» Harvest Prodicrion for Peaches,
Pums & Nectarines

* Almorsd Mull-Spit Predichon

* Pistachio Bloom Cast

» About CIMIS Wenther Stations
FEND AN EXPERT

FRUIT & NUT INFORMATION
ORCHARD MANAGEMENT

FRUIT & NUT CENTER UPDATES

VIDED GALLESLY

DONLINE RESEARCH DATABASES

Chill Calculators

Cumulative Chilling Hogrs:
Comulative Chill Hours and
Modified Chill Hours

Hours below 45° F

Hours between 32 F and 45° F

November L through Februsry 28/29,

Cumulative Chilling fortions:
Dynamic Model
September 1 through August 31

Cumulative Chilling Portions

Chilling Howr & Unit Accumulations

Historic Accumulation of

Chill Hours, Modified Chill Hours,
& Chill Units (Utah Model)

Hours below 45° F

Hours between 327 F and 45° F

September 1 through August 31

Harvest Prediction Model
for Peaches, Plums and Nectannes

CIMIS weather station: Coalinga (#2035 - Fresno County)

Reporting Dates

Histoncal Accumulations

Start Date V10201

<= Start Nov. 1

End Date 102&2014 N
o feb v 2014 ©
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1
Fd ) 4 S - 8




Tracking chill portions on FNRIC
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Tracking chill portions on FNRIC
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DIY Spreadsheet Chill Portions
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FRUIT & NUT
RESEARCH & INFORMATION

oo Chilling Accumulation Models:

ANNUAL EXTENSION CLASS Their Calculation, Explanation, & Comparison

WEATHER RELATED mODELS

» About Chilling Units & Hours * Calculations or Current and Mestone Chilhing Accurmulaton at Califormin CIMIS Stes
3 Frel & s Crop Chill Cumutatve Chilling Houyrs: Chilling Hour & Urst Acoumulations
Portions Raguirements Cumulative Chill Hours and Historic Accumulation of
Moditied Chill Hours Chill Hours, Modified Chill Hours,
Doae L e Hours below 459 F & Chill Units (Utah Model)
> Subsoribe to Emall List Hours between 32 F and 45° F Hours below 45° F
November 1 through February 28/29 Hours between 32° F and 45° F

% Prene Chiling Preciction September 1 through August 31

 terogen Frediciion Models for Cumuiative Chilling Particns:
Almond and Metachio Dynamic Model
September 1 through August 31
w lrrigatico Schoduling
* Maryest Pregiction for Peaches, Ohill Model Upddates Email List
Plams & Noctarings
The Fruit & Nut Center ks dosely monitoring Chill Portion calculations for the following stations:

# Almond Hull-Sgiit Prodiction Benito, Famoso, Patterson, Lodi,

e, Bclmo and Madera. If you would liiw. ba .
relited 10 these stations, subscribe to oar Chill Model Updates

* Patachlo Bloom Cast pocific Issoes arlse which are
 Aboot CIMIS Weathwr

FIND AN EXPERT Dynamic Model & Chill Portions Accumulation Guide

FRUTT & NUT INF

* A how-to gude (pdl) by Kitren Glozesr, retired Project S
caloulating chill porticas (micluding <

renist, Depe of Pant S
) meruate data to howrdy d;

ces, Toe

verting 10 and b for the
ONCHAND MARAC
model), using weather data froem & data ogger in your orchard, and the

file). Both avalable for download

Dymnar odel (Excel

FRULT B NUT CENTER R

VIDED CALLERY Chilling Accumulation Models: Their txplanation and Comparisog

DNLINE RESEARCH DATABASES

o Fru B UL o e PO ST eI rte: 1w lequarements in Chill Poctions, calculated
using the Dynamic Model, Because the Dynamic Moded is still unfamiliar to many, to provde &
frame of reference, a list of chilling reguirements for many termperate tree crops has been

npded from the literature, {compiled by Kathenine Jarvis-Shean, Dept, of Plant Sciences, UC




DIY Spreadsheet Chill Portions
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University of California, Division of Agriculture and Natural Resources
Growth Regulators in Orchard Management

Frut & Nut Research & Information Ceatar

Rekreduckion Dynamic Model & Chill Accumulation
How-10 Guides
& Uitrig the: Pull Force Goupd: An An illustrate = P quide for calculating Chill Portions {CP 8 X

PR Clda collecggdom personal data loggers and the Dynamic Model. Avallable here! Titmguide, 3

Po if) and The

u Leaf Area Measurment DyRgmic Model, an Excel file: Dynamic Mod

Altematives

« Ca ing for some

1) Prysastiiie: Moed & Chall i methods to

Acoumulation

Chlil accumulation can be calculated using various mathematical models, UC Davis researchers,
® Sorting Temperature Data to :
Get Hourly Data with the cooperation of many growers, have tested the Dynamic Model as a way of calculating
chili accumulation. The model calculates chilling accumuiation as 'chill portions’ using a range of

temperatures from ~35-55°F, and accounts for chill cancellation due to fluctuating warm
temperatures,

Annual Research Reports

Research Team
Hourly data is needed for Dynamic Model calculations. For those who collect temperature data every

1-0 minutes Is provided: Information and calculation instructions are provided here: Sorting
Temperature Data to Get Hourly Data

Support

Department of Plant Sciences | UC Davis | College of Agricultural & Environmental Sciences

i ii”i ii ii |iii Division of Aariculture Eite Information © 2014 Repunls of i Uinesirsty of Cadoenis



DIY Spreadsheet Chill Portions
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DIY Spreadsheet Chill Portions
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15t: Copy-paste hourly temperature data into
thiscolumn.

Data must be hourly, and in Celsius. If your
data is in Fahrenheit, use Tab 3 to convert
from Fahrenheit to Celsius.

For prune, use hourly temperature from Nov.
1 to Feb. 15
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DIY Spreadsheet Chill Portions
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Chill requirements in Chill Portions

Almonds 22-32
23
50
30-70
37
8-75
Walnut 38-72
45-50

*Based on low chill & harvest, 2014



Chill requirements in Chill Portions

ST

Andross

Big Top 63
Earligrande 12
Flordaprince 8
Maravilha 12
O’Henry 63
Redhaven 75
Aprilglo 12
Fantasia 42
Flavortop 41
Mayglo 18

Sunlite 33
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TAKE AWAYS

1) Chill looks good this year

2) Chill portions is a better way to count chill

3) Follow chill portions at the
UC Fruit & Nut Center website.
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UC | University of California EEE—

CE | Agriculture and Natural Resources | Cooperative Extension



QUESTIONS?



Predictions:
Winter Chill will decrease.

Probably 15-20%
by mid-Century.



Temperatures have been warming

COOP Annual Tmax Trends (1970-2006)
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Cordero et al. (2011)




Chill will decrease. “Safe Winter Chill”

Chill Hours Chill Portions

Luedeling et al., 2009 PLoSOne



What changes will feel like

Yolo County _ ) ‘ Kings County
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Adapted from numbers in Luedeling et al. (2009)



Uncertainty increases with time




