
2012 will likely be remembered for the significant cold injury damage that occurred to 
fruit during the spring season. 
Our scheduled first speaker this afternoon was unable to attend today.   Unable to 
secure a last minute pinch hitter, I found myself late last week preparing to give this 
first talk. 
I am definitely not a meteorologist, but will attempt to “set the table” for our other 
speakers. A copy of talk is on table in back. 
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To be successful at minimizing cold damage in orchards such as frosts and freezes, it is 
helpful to be aware of the following issues: 

2 



Here is an illustration of what happened during the spring of 2012, using one site in 
ENY as an example. 
The horizontal axis shows time from March 15 through April 30;  It also shows tree 
phenology.   
As you know, at each bud stage there are published critical temperatures where cold 
damage can be expected.  Typically these critical temperatures are represented as the 
temperature when 10% kill or 90% kill of fruit buds is expected.  These critical 
temperatures vary by phenological bud stage. 
The zero line in this graph represents the 10% kill temperature for a given bud stage.   
The height of each red bar shows that day’s minimum temperature in relation to the 
published critical temperature for that bud stage (or how many degrees below the 
critical temperature was reached if the red bar is below the zero line). 
This orchard experienced at least 8 days during 2012 when some level of cold injury 
would have been expected to occur. 
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The impacts of last year’s cold events are far too familiar to all of us and not what we 
are speaking about this morning.  What I would like to consider now is why was the 
potential for cold injury so great last season? 
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Lets look at how tree development in 2012 compared to an average season.  Again, I 
am presenting some Eastern NY data; this time relating to ‘McIntosh’ apple tree bud 
stages.   
(review slide) 
Clearly, last year was a phenomenally-early season, but was it a fluke?  Can we expect 
similar conditions in the future? 
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In fact, the trend has been toward an increasingly earlier start to our growing seasons. 
This graph shows full bloom data for ‘McIntosh’, again from the Eastern NY, from 1960-
2012. 
(review slide) 
The black line is the trend line of full bloom dates, and it clearly indicates a trend in 
increasingly early bloom over this period.  A similar phenomenon would be seen if you 
plotted data collected in other regions in the state. 
So, the trend is that our growing seasons have started to occur earlier.  Why might this 
be so? 
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Data from across NY suggests that our climate has warmed measurably, even since as 
late as the 1970’s. 
This table shows how average temperatures per decade have changed between 1970-
2008. 
(review slide) 
Note that the greatest increases in warming have been during the winter months. 
Warming during winter seasons may be particularly significant as it could explain the 
observed trend toward an earlier onset of the growing season.   
Will this trend continue? 
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Numerous models have been published that predict warming temperatures will 
continue.  Conservative models suggest the warming trend may increase 4-9 degrees F0 
before the end of this century.   
(review slide) 
The risk of more frequent cold events seems likely.  Management of cold events may 
become an increasingly important consideration for the fruit industry. 
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Now lets look at the different types of cold events that are of concern in the orchard 
during spring. 
Frosts and freezes are not the same, and different strategies are need to protect 
orchards from cold injury caused by them. 
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First we should review some terminology 
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Cold weather events are all about the changes in temperature within the orchard 
resulting from the transfer of heat.  There are various methods by which heat transfer 
can occur.  The first of these is called conduction. 
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Heat of fusion is important in frost protection with overhead sprinklers.  It is the 
released heat as water freezes that provides the protection.  The ice does not act as an 
insulator. 
Heat of condensation releases about 7X the heat as heat of fusion and is important in 
frost protection in at least 2 ways:   
First it provides significant natural heating when temperatures reach the dew point and 
water vapor is converted to liquid water as dew or fog. 
Second, it can be manipulated with sprinklers, particularly under-tree sprinklers that 
increase the water vapor in the orchard and provide more  vapor to be converted to 
liquid water, thus releasing its heat of condensation.  Dr. Terence Robinson has 
indicated this is the major form of frost protection used in the part of Mexico where he 
grew up.   
 
The reverse also happens and is the reason why stopping irrigation during frost 
protection results in more damage to plants. 
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Understanding dew points may help you to interpret and predict how cold events will 
progress and what actions are best taken to prevent plant damage. 
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We have mentioned frost a number of times, but just what is it? 
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There are 2 kinds of frost.  The first is called hoar frost and is visible. 
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The second is called black frost.  A lack of sufficient water vapor in the air prevents us 
from seeing black frost, but freezing and subsequent damage within plant cells may still 
be taking place. 
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Another key concept to be aware of is the temperature inversion. 
(review slide) 
Heat trapped by the surface radiates out at night and the air nearest to the ground 
becomes colder than the air above it. 
In addition, cold air from surrounding elevations flows down hill (due to heavier 
density) and collect in low spots. 
Inversions become key sources of heat for active frost protection methods. 
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(trength of the inversion are calculated by comparing difference between the 
temperature at elevations of 50’ vs. 5’.  For example. 4 degree F difference at 50’ 
compared with 5’ may mean the inversion has the potential to supply 1-2 degrees F 
additional warming of the air near the plants if the air can be circulated. 
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The National Weather Service has specific definitions of frosts and freezes that are 
dependent on wind speed and air temperatures.   
(Review slide) 
Understanding their definitions will allow growers to better understand the specific 
meaning of weather forecasts and what remidies might be effective.  
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Examining and understanding weather forecasts is a key step necessary to take 
effective action to limit cold injury. 
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There are a multitude of weather forecast services available, both public and private.  
You probably want to look at several. 
National Weather Service does provide hourly forecasts: 
•Hourly forecasts issued at for 1 km grids 
•Major updates twice daily 
•Short term updates 2+ times daily 
•Warning are issued at County Scale 
 
Private Company Forecasts: 
•Fee Based 
•Frost/Freeze Alerts 
•Site Specific and Customizable 
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Finding the hourly forecast for your area. 
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Finding the hourly forecast for your area (continued). 

26 



How do you effectively interpret the forecast data you have assembled? 
Growers who have years of experience develop a keen sense of how to put it all 
together, predict the probable conditions that will occur, and chose a successful 
response. 
Inexperienced growers might consult with an experienced grower, CCE specialist or 
private consultant.  
Here is a decision making chart on how to interpret and make action plans.  This one is 
for a vineyard but will likely work for orchards as well. 
A copy is in the handout on the back table. 
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Let’s simplify the decision chart shown previously. 
(Review slide)  
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Decision chart (continued). 
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Decision chart (continued). 
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Choosing the wrong mediation techniques can result in increased damage compared to 
doing nothing at all! 
As you can see, within radiational cold events, more options exist to control hoar frosts 
than black frosts.  
You have a lot more options for effective damage prevention when a radiational cold 
event occurs than when a freeze takes place.    
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