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Tools for Frost Protection

• How Useful Are Phenology 
Charts?



Dennis  and Howell, 1974

• Phenology scales were created 
to assess the development of 
floral buds, but they are 
inherently Subjective

• Reproductive bud swelling is 
widely recognized as the first 
visible developmental stage 
to signify resumed 
development

• In other words, a visible sign 
that dormancy has been 
satisfied

Tools for Frost Protection



• Distinguishing bud stages 
is not so straighforward 
during early development 

• Yet, during these early 
stages of bud development, 
~20°F of hardiness is lost 

• It is during this period that 
greater precision 
predicting critical 
temperatures is required

Tools for Frost Protection



Chill and Heat Unit Accumulation

• Chill Unit accumulation began Sep 30 and ceased when 
chill units reached 954 CU 

• Early and seasonl rate of GDH accumulation was 
disparate between the years but Full Bloom occurred at 
similar GDH in both years [4700 to 5200 GDH] 



• GDH accumulation ushered a consistent loss of hardiness 

between dormancy and green tip that can be modeled 

• After green tip, no significant changes were observed for LT
50

 

• When buds were considered to be at first swell (~400 

GDH) ~15°C of hardiness was already lost 

• By 500 GDH, buds had lost 20°C hardiness 

  

Freeze Prediction Model



Results-  Morphological indicators of development

• SUBJECTIVE ANALYSIS of floral bud development produced data that 
assumed a double sigmoidal pattern 

• Range of GDH for each stage varied considerably  
• No visible changes to floral buds until ~ 400 GDH had accumulated

Phenology Staging



Results- Morphological indicators of 

development

A More Sophisticated Phenology Staging



Results-  Physiological indicators of development

• Anthers initiated microsporogenesis near April 24th 2018 at   
512 GDH 

• Other physiological changes had already occurred 

PMCs = pollen mother cells 
ne = nuclear envelope 
nu = nucleolus 
cc = condensed chromatin

hn = haploid nuclei           *Image and analysis by C. Goeckeritz 
bp = binucleate pollen grain 
e = exine     Scale bars are 10 µm

dc = decondensed chromatin 
m = microspore 
t = tetrad

Can Microscopy Detect Dormancy Transitions?



•

What About MACRO Measures?

DW: !="+#∗%^1.5+&∗%^2.5+'∗%^3

FW: !="+#∗%^2+&∗%^2.5+'∗%^0.5



Tight cluster

Digging a Little Deeper into the Buds…



•

REGARDING THE WATER CONTENT OF BUDS



So, can we develop a model on two years of data?



Relationships Between RWC and Ovary 

Growth Remain Robust



Methodology

Going Forward…

• Site selection is  the 
most critical factor… 

• If smaller canopies (via 
MSU dwarfing 
rootstocks) and OTR 
harvesting prove 
profitable, additional 
protection may be 
necessary via frost fans 

• Alternative strategies to 
delay bloom are needed 
• Breeding/selection 
• Misting (J. Flore) 
• Nanofilms… ? 





• Logistic regression by stage

• Dormant series - DTA with some visual scoring

• DTA (stages 0-1) and visual scoring (stages 2-9) 
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Objective: Develop Critical Temperature Bud-Kill Chart for 

Modern Sweet Cherry Cultivars


