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Cold damage of floral tissues
is the biggest single limitation
to profitability of the Colorado
tree-fruit industry
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HORTICULTURE AND
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COLORADD STATE UNIVERSITY
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Cold damage during fall 2020 - Acclimation

» Acclimation a genotype x 2016-17

climate x management

2 8 . () Sierra Rich 30 30 Cresthaven 30

oS equation g2 o 20 2o
— . . . 2 o

& « Peach acclimation mainly £

2. related to chilling and freezing o o o

events in fall 58~ | [ ™ o

. . R W/ --20 -20- \'\\w --20

* Most cultivars coming from cold ~ & — — s = =
. -22. — LTy — Ton |30 - — LTg - Ton =
breed|ng programs are very ! 11116 12/1116 12/31/16 1/3017 317 v 11416 12/1/16 12/31/16 1/3047 3/1/17 ”

good in acclimation in response
to freeze 2020-21

 Cultivars coming from warm o 30 —— o
20 201 2o
K O'W """"""" K

breeding programs do not
respond to freeze
* No freeze signal to the plants to
acclimate in fall 2020 ;1410 x/ 10 10 M’ 0
. Vegetative vs floral tissue o ey T—— — [
22 -304_— LTw0 —— Ton f30 -304— LUTw — Twin =30
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Ambient
temperature
(°C)

Lethal
temperature
(LT,°C)




Range of Tissue Damage

‘ CSU_Pomology

 Trees didn’t receive
adequate chilling
before the frost

« Cambial and xylem
damage

« Potential disease
(e.g. Cytospora or
bacterial canker)
vulnerability

*These shoots looked
similar from the outside
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Gummosis in Wood Damage

Increased young
shoot gummosis
seen, especially
in cultivars
displaying
woody tissue
browning

Bark cracking,
often leading to
gummaosis
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Shoots, scaffolds and trees w

collapsed often

Whole




Can we develop reliable tools to determine lethal
temperatures of peach floral buds precisely?

» Differential Thermal Analysis (DTA)

* Monitors difference in temperature between a sample and a reference
thermocouple

» Thermoelectric modules (TEMs) detect temperature gradients (exotherms)
generated by the freezing floral parts (method described by Mills et al., 2006)
B ab! e, ~ % i ?
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10 replicated TEMs plus

Minas & Sterle. 2020. Acta Hortic. 1281, 385-392 10-12 peach buds per TEM
one reference



DTA on ‘Cresthaven’ floral buds
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wawmnwmw Acclimation: the gradual

| e increase of cold hardiness
e (Fall — Dec 6th, 2016)
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g 211517
[« 0.8 - . .
< 212017 De-acclimation: the decrease of
S 06 - . cold hardiness towards bud break
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Temperature (°C) Minas & Sterle. 2020. Acta Hortic. 1281, 385-392



‘Redhaven’ peach floral bud cold

([ J
hardiness
oC Endodormancy Ecodormancy Bud-Swell
30 0
T 2
a1 o
= ‘q&; .g 20 =20
252
< £ 10- =10
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0= =0
(<))
_ § 5 -10 -10
= -20= -
3 CELCI, 20 LT+ 20
2 b — LT50
30+ —— Lo =--30
11/1/16 12/1/16 12/31/16 1/30/17  3/1/17

Date
Seasonal patterns of temperature and cold hardiness (expressed
as lethal temperature, LT) for ‘Redhaven’ peach floral buds

Dormancy phases as described by Lang, 1987. HortScience 22, 817-820
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http://minas.agsci.colostate.edu/tree-fruit-information/cold-hardiness/

COLLEGE OF

COLORADO STATE UNIVERSITY AGRICULTURAL SCIENCES Pomology

Home People Teaching Research Extension Publications Tree Frultinformation + Meetings Links Future Students Commencement Directory Give

Cold Hardiness

@ CSU_Pomology

Cold hardiness update 2020-21 Chilling hours/portions Cold hardiness updates 2019-20 2018-19 Updates 2017-18 Updates 2016-17 Updates Critical Phenological Temperatures

Peach Floral Bud Cold Hardiness Updates

Data from the last dormant seasons (2016-2021) on peach cold hardiness,
chilling accumulation & critical phenological temperatures
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Effect of Rootstock on ‘Red Haven’ peach floral buds acclimation,
max hardiness & deacclimation (2017-18)

Bright's
Atlas Hybrid-5  Guardian® Krymsk®86 Lovell Krymsk®1 Date
-14.9 -14.9 14.4 -13.8 -15.4 -15.4 11/617
-16.6 -16.7 178 -15.4 -14.9 -17.0 111717
° 18.4 -16.7 17.8 186 187 -17.9 11/2817
b= -18.3 -16.9 -15.3 181 1211417
-l 182 175 -16.8 183 1/418
-13.8 -15.0 127 -18.4 -15.3 1/24118
2114118
11/617
-19.3 -19.0 -19.5 -19.4 186 -19.0 111717
s -19.8 -19.6 -19.6 -19.9 -20.0 -19.9 11/2817
- 204 211 21.3 -21.0 -20.2 1211417
- 1/418
-20.5 -21.0 1/2418
‘ -19.0 -18.9 -19.4 211418
-20.1 11/617
-20.1 -20.8 202 -20.8 -20.4 -20.0 111717
S -20.9 212 -21.4 -20.6 -21.1 -20.9 11/2817
— 22.1 220 225 221 224 218 1211417
~ 21.9 1/4/18
1/24118
-20.9 -21.4 -20.9 -21.3 -20.9 -21.0 2114118

Least hardy: Atlas and Krymsk®1
Most hardy: Guardian, Krymsk 86

Early acclimation: Guardian®, Lovell

Late acclimation: Krymsk®86, Atlas, BH-5

2009 NC-140
Red Haven
Peach
Rootstock

Trial

Late deacclimation: Krymsk®86



More information:

Cold Hardy Cultivars Evaluation Trial Today @ 2:30 PM
CSU Showcase

We are using DTA to acquire large data sets in order to fully characterize the seasonal <
changes in hardiness across 13 peach cultivars that: ‘

1. Cover different harvest times 5>
2. Defend against hardiness using multiple hardiness strategies (ie. delayed DEWT Sterle
bloom, earlier acclimation, or mid-winter hardiness)

California Bred Cultivars | Michigan Bred Cultivars

Galaxy Donut - Suncrest Glowingstar Starfire PF-23 Glohaven = Redhaven
O’Henry Angelus BIUShingStar PF-19007 PF-24C Cresthaven

Notice variety of sizes and colors
CSU_Pomology




Dormant Season 2020-21 Cold Hardiness Data (LT;,)

Date

-13.0 -12.6

-13.8 -12.8 -12.3 -12.1 -13.4
-16.6 -14.9 -16.0 -16.3
-17.9 -18.6 -17.5 -18.5
-19.8 -20.5 -19.7 -20.1 -20.4 -20.5
Floral bud
-19.0 -18.8 -19.9 -18.6 -19.0 -20.6 -21.0
-20.2 -21.0 -20.3 -20.7 -21.2 -21.0
-20.5 -21.4 -19.9 -21.4 -20.4
-18.4 -19.3 -18.4 -18.6 -19.4 -19.5
Tender
Bloom date 10-Apr  10-Apr  10-Apr 9-Apr 9-Apr
Mid shoot 20%  14% 25% | 38%

Damage

-18.4

-20.1

15%

122 | -13.7 | -13.6 10/23/2020

-16.4 -16.5 110/28/2020

-18.5 | -19.0 | -18.1 111/11/2020
12/8/2020

21.0 | 204 | -20.6 |12/29/2020

-20.8 -20.9 1/21/2021

-20.2 -21.8 2/23/2021

191 -19.6 Average

Hardy
10-Apr  9-Apr 9-Apr Bloom date
32% 27% “ Mid shoot Damage

Fail in bud acclimation before extreme freeze was associated with shoot browning @ CSU_Pomology



Forcing Early Fall Acclimation Using Abscisic Acid (ABA)
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Control

Today @ 2:30 PM
CSU Showcase

ABA Treatments Sprayed in October

* ABA stopped photosynthesis and caused leaf yellowing
In 2 days and increased hardiness for the following 1
week to 2 weeks David Sterle




Can we develop accurate cold hardiness prediction
models based on thermal and weather data?

« DTA (LT) and weather data collected over 4 dormant

~ 30+ o Ao -30
seasons (2016-20) 3 . gpmen,
« ~6000 lethal events per cultivar Sa0d. - ; Cresthaven' LTso . b0
. . . . [ .:.-. RS . ‘ ’ 50 g
« 80 time points per cultivar (each comprised of 75 2 w SR Suncrest LTog . “:
8 104 2 e Y o X & 10
* Models were validated by randomly selected data in oJ ‘.."",.';";}_:-.;.;:g{;;:;}j‘-,.;}‘iglf"';':-!_e;.‘:.-: .' .
a ratio of 2:1 for training data to validation data o R T R 4
] ] ] : . x.v;:: S . .
* Standard least squares with an iterative approach to 240" . * L0
compared models with different variables T eie, ‘ s
. . . . . 2 AR "-l Fet
« Favored models which had low error in validation with 21 "G i Rt OH T 20
the least number of variables 2 "
. -3094 Oct Nov Dec Jan Feb Mar --30
* Frost control methods can only raise temps to 1-2 °C : e s e e i
(need low error in H_ prediction) Days post October 15t

Pomol
Sterle et al., 2021. Submitted to Environmental & Experimental Botany. @ CSU— omology



Different models for the different phases of

aorm%%nd ecodormancy models were created using data from predictor
variables that were separated by place-holder at a point of chill

satisfaction

* Trax1-4 (recent climate history)

GDD >0 (GDD,, seasonal progression)

o Toin1-4 (recent climate history)
» Photoperiod (seasonal progression)

« Interaction: (T 4, and photoperiod)

Date post October 1st (seasonal progr.)
Interaction : (GDD>0 X T, ,.x 1.4)

min,1-

| | | Full
Endodormancy Ecodormancy bloom
I I I
| DPOgpg | |
October Chill Satisfaction April
DPO¢pg, days past October that EDB was reached (700 chilling hours @ 0-7 °C)
EBD, endodormancy barrier @ CSuU PomOIOQY

Chill Satisfaction = EDB
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Model prediction performance

LT,

0'—————'
Slope=0.99x
R?%=0 87 -5

-5 RMSEP=1.30
Bias=-040
104 P0.000t
154 S| -1 o
R
R
-204 B8
P
I SR S—

° 20 <15 10
Slope=1.02x -1 5
R?s0.79

-5 91 RMSEP=1.03
Bias=-0.56
104

Predicted LT (°C)
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Slope=1.01x
R=0.92
RMSEP=099
Bias=+023
P<0.0001

-25

-154
Slope=1.003x

-20 4 R?=0.90
- RMSEP=1.32

Bias=-0.03
251 £<0.0001

-20

RH/LT,,

-15

-30-

Slope=0 98x
R=0 94
RMSEP=1.18
Bias=-0.18
P<0.0001

-10 -5

.
Slope=1.008x
r) RZ=0.91

RMSEP=1.10
Bas=+017
P<0.0001

‘Sierre

0 25 -20 -15 -10 -5

-30 -25 -20 -15 -10

Slope=0.99x .54 Slope=0.99x =10 o Slope=1.00x
R?=0.91 R%=0.84 R%0.71
-5 RMSEP=0.54 RMSEP=0.65 RMSEP=0.90 B
Bias=-0.16 -101 8ias=-0.11 -154 Bias=-0.04 7
10 P=0.003 P=00105 P=0,0363 @
et
- -154 . -204 3]
154 . ® Slope=0.69x ® Siopes1.007x g
5, R#=0.68 204 . 25 R?=0.73 (7]
20- RMSEP=154 4 RMSEP=1.09 -
- Bias=-0,08 Bas=+0.2
P<0.0001 -254 " -30 4 P<0.0001
20 <15 <10 -5 0 25 20 -15 10 -5 -30 -25 -20 -15 -10

Observed LT (°C)

LT;,+ LT, are predicted
very accurately

RMSEP= error (°C)

« Low error

Endodormancy black

Ecodormancy red

Sterle et al., 2021. Submitted to
Environmental & Experimental
Botany



‘Cresthaven’ ‘Sierra Rich’
Seasonal

Prediction
Curves I A W “"a | ¥ 1. W /
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Using Developed Models to Predict Current Cold
Hardiness (2021-22)

oF oC
— 86 30 o =30 30+ =30
Q Redhaven Cresthaven
— to J L 4 n
I 8 5 = 68 20 20 20 20
a1 g
E S
@) < g_ 50 10+ =10 10 - L 10
= S
Q 2 . A, | i
o 32 0 0 o4 VYV V\\ Moo =0
- o
<25 14-107 --10 -10 4 =-10
£ 87
R q’ -
[
J8d 40 . --20 .20 - --20
2 p4 t¥10 - ¥max LT10 I ¥max
2230 @ my <~ RednavenModellTs, — __ ol 00 o1 o L% — Cresthaven Model LTy, — 7meenf %0
10/18/2021 11/17/20 10/18/202111/17/20
—_ 86 301 . . =30 304 =30
o Sierra Rich Suncrest
90 68 204 =20 20+ 20
o
©
E 5 - o - p
< dé_ 50 10 10 10 10
[}
= 32 04 VOV YMoppnpeoeeeeee e Lo o VTV YU ke -0
o
=~ - - b - - b
TEO 14 -10 10 -10 10
S5’
[
3 g':l, -4 -20 - --20 -20 1 --20
3 X ) — Thax LT1g ¢ - 1_|:max
22 30 : Hgg — Sierra Rich Model LTy, _ ;2;% | 20 -304 : Hgg — SuncrestModel LTy — 17" 20
10/18/2021 11/17/20 10/18/202111/17/20
Date

Sterle et al., 2021. Submitted to Environmental & Experimental Botany
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Peach per capita use
in USA reduced
between 2007 — 2020

« Consumption is falling
« 1.3 kg/capita in 2020

Peach and nectarine
production distribution
per utilization in US

* Production is falling
* Poor peach quality
« Labor costs increasing

(USDA-NASS, 2017; 2019)

Production (K tonnes)

Per Capita Use (kg)
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Peach & nectarine production in the world and US

Major producing states in USA*
400

15 700
L ~10 Major producing _ Total production gE; Value of production
. 2}

I S s countries < =
0l et - c
O = 2 4 2
o = c 40 S
Q c =4 3
: 2 g &
Q =) Y
> O [<]
S o 20 ©
o o E
a >

P S T s WGP IS YOO T O O YOI OoT v MO
0‘%&@0@%‘?&@\@0‘\;&2@3 K <zSt§\teo NS T TP LTS =S
& 2400 _
Country Farm gate price
c 2000
£ 1800
_ ‘ , . < 1600
 National ‘farm gate’ avg. price = $1.2/kg £ 1400
. , . 2 1200
« Colorado ‘farm gate’ avg. price = $2.2/kg g

« $1 difference = ~$15 million (quality premium) £ eo0

*Average values of 2014-17 O P ¥o? V¥ v
Source: FAO, 2019: USDA-NASS. 2019 STkt Y ¢



