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Presenter
Presentation Notes
Thanks very much to Rich for inviting me to speak today.  I’ll be presenting information developed by both UC researchers and extension farm advisors.  



California prune growers face a California prune growers face a 
huge, new challenge.huge, new challenge.

Presenter
Presentation Notes
Prune production in California is more unreliable than in any time in recent memory. Three of the last five years, California annual prune production has been below 100,000 dried tons.  Crop reduction has been especially bad in the south Sacramento Valley.  



YearYear Ave. crop/acreAve. crop/acre

20042004 0.470.47
20052005 0.700.70
20062006 2.612.61
20072007 1.001.00

Sutter County Prune Production Sutter County Prune Production 

Presenter
Presentation Notes
Here are average crop yield per acre from Sutter County.  For 2004, 2005, and 2007, Sutter County prune production/acre was half or less of the value for 2003.  The 2008 data are not out yet.   




YearYear Crop/acreCrop/acre Bloom TempsBloom Temps

20042004 0.470.47 8181ooFF
20052005 0.700.70 8282ooFF
20062006 2.612.61 6262ooFF
20072007 1.001.00 8383ooFF

Sutter County Prune Production Sutter County Prune Production 

Presenter
Presentation Notes
The key factor seems to be heat, or at least, climate at bloom.  The big crop of 2006 was set during a very cool and wet spring.  The warm, dry bloom temps of ‘04, ‘05, and ‘07 led to very small crops in the south Sac Valley.




Day time 
maximum 

temps

Chance of a 
good crop

Under 75oF Good/DecentGood/Decent

75o to 80o Not as goodNot as good

Over 80oF PoorPoor

Management Options:
•Run water when temperatures are above 70oF
•Keep good bee activity throughout the orchard

Presenter
Presentation Notes
After sitting at what appears to be ground zero for this problem in California, my take home message for today’s talk is this…
At temperatures under 75oF, crop loss risk is low, while over 75oF increases the risk of crop loss.  In my talk today, I’ll try to explain how this take home message was developed and what growers can do to try to manage risk of crop loss/failure due to warm weather at bloom.



Presenter
Presentation Notes
Prune fruit set has three steps and they are in a specific order.
Pollinization:  Bees bring the sticky pollen from the anthers to the stigma.  It is a distance of millimeters, but if the bees aren’t there to move the pollen, a crop isn’t set.
Pollen Tube Growth:  The dry pollen grain is hydrated by liquids secreted by the stygmatic surface, and the pollen tube sprouts and grows like a root down the style.
Fertilization:  The pollen has to move from the stigma to the ovule to fertilizer the flower and begin fruit set process.
This process can take a week or more!  The deal isn’t done when the bees go to bed!



Got Bees?Got Bees? % Fruit % Fruit 
SetSet

No Bees (trees caged w/o bees)No Bees (trees caged w/o bees) 11

Free range bees (no cages)Free range bees (no cages) 44--2222

Rented Bees (trees caged with Rented Bees (trees caged with 
bees)bees) 1515--1919

Bees increase prune fruit setBees increase prune fruit set

Presenter
Presentation Notes
Here are some data showing the value of bees to prune fruit set and yield.  Without bees in the trees, no matter where they come from, there is really no set.  
Wild bees numbers have been really reduced by the same factors –mites, drought, etc. that have been so challenging to commercial bee operations.
Don’t count on wild bees.
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Presentation Notes
So, there are three key steps to setting a prune crop.
Pollinization: pollen gets to stygmatic surface.
Pollen germinates and growers down the style, as a root in soil.  The pollen tube carries the male parts down to the ovule.
Fertilization occurs when the pollen tube reaches a still viable ovule and a seed is set.
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Presentation Notes
So, where are the problem points?
Pollinization:  Getting bees to move the pollen to the stigma
Pollen germination and tube growth
Fertilization:  The pollen tube reaches a receptive ovule in the ovary.
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OK, what lab data have we got?



Temperature 
Pollen germination and pollen tube growth responses 

to temperature for almond and peach.

55 68

55 68 80 F

80 F

Presenter
Presentation Notes
Vito Polito is the Reproductive Biology expert in the Plant Sciences Department at UC Davis.  He spoke at this meeting two years ago.  This work that Vito Polito did in the early 1980’s.  He showed that maximum pollen germination occurred around 55oF for almond and in the low 70’s for peach.  Once germination had occurred, maximum pollen tube growth occurred around 80oF for both almond and peach. 



Pollen tube germination and growth diminish over 75Pollen tube germination and growth diminish over 75ooFF

DeCeault and Polito, 2007

Presenter
Presentation Notes
With support from the California Dried Plum Board, these are data from Vito Polito and his grad student, Matt DeCeault, showing that pollen tube germination and pollen tube growth max out at about 73-75 degrees Fahrenheit, and drop off rapidly.  Vito believes that temperatures over 80 may actually kill or physically harm pollen and or pollen tubes.  These data show optimum temperatures for prune pollen growth to be about 5oF cooler than almond and peach.
Vito reports that, in his opinion, high temperatures irrevocably limit pollen tube growth activity.
He was unable to measure ovule viability, as prune ovules did not respond to the same lab practices as peaches and almonds.
He was not set up in the lab to measure the affect of relative humidity on flower activity.



• Lack of bee activity limits 
pollinization

• High temperatures limit pollen 
germination and pollen tube 
growth

• Ovule viability:  Unknown

Presenter
Presentation Notes
What is really going on?

We don’t know for sure.

There is good bee activity in the orchard, but maybe the stygmatic surface dries out?

Maybe the pollen tube growth is damaged/killed by heat?

Maybe the ovule’s biological clock runs out by the time the pollen tube reaches the ovule.

We don’t know, and we don’t really have to know, right now, to take action.
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Presentation Notes
What sort of field data do we have that can add to the picture.  We have several years of data that may be helpful.



Lab data fit well with field data from Lab data fit well with field data from 
Sutter County, 2005.Sutter County, 2005.

Mar 12 Mar 14Mar 10Mar 8

20-25% 3%
Wind

Wind

Presenter
Presentation Notes
We have been lucky in that the California Dried Plum Board has been supporting research into practices that change prune bloom timing.  One of the things measured in these experiments is set.  In 2005, a difference of least 2 days in bloom resulted in a good yield compared with a disaster when the trees bloomed within 3-4 days of extreme heat (85oF).  There was wind during full bloom, and a few days later.  We didn’t know if the problem was all temperature or was there some contribution from the low relative humidity.



Bloom Temps.  Sutter County, 2007Bloom Temps.  Sutter County, 2007

Presenter
Presentation Notes
For me the answer to the question – Is it the heat or humidity? – came in 2007.  Bloom temps in Sutter County in 2007 were very high.  Fortunately for the north valley, temperatures dropped 20 degrees as full bloom came on and a huge crop was set.



Sutter County, 2007.  %RHSutter County, 2007.  %RH

BloomBloom

Presenter
Presentation Notes
However in 2007, there was heat at bloom and then wind, when the temps had cooled off.  These north winds occurred closer to full bloom in the northern Sac Valley, which had a full crop.
Another thing the weather data shows us is that the flowers don’t seem to be affected while they are unopened.  Flowers that were at green bud or popcorn in 2007, and exposed to many days above 80oF, set a fine crop in places in the northern Sacramento Valley.  The trouble seems to be when the flowers are open.



Field conditions point to heat, not Field conditions point to heat, not 
humidity, as key factor in low set.humidity, as key factor in low set.

YearYear CropCrop Bloom Bloom 
TempsTemps

Bloom Bloom 
ConditionsConditions

20042004 0.470.47 8181ooFF Hot & windyHot & windy

20052005 0.700.70 8282ooFF Hot, some Hot, some 
windwind

20062006 2.612.61 6262ooFF Cool and wetCool and wet

20072007 1.001.00 8383ooFF Hot, no windHot, no wind

Presenter
Presentation Notes
So, I’ll put my money on high temps, specifically at full bloom, being the key factor that affected bloom and yield in 2004, 205, and 2007.  



Presenter
Presentation Notes
So, after 2007, the “magic number” looked to be 80oF.  But then came 2008.  These data are from Yuba County, District 10, in the spring of 2008. Again, these data are from CDPB supported work on manipulating prune bloom timing.  If trees were at 50% bloom on March 13-16, then they averaged about 25% set – a great crop.  If trees bloomed March 19-21, then they averaged 12% set – a modest crop.  The difference was, I think, the heat that followed full bloom in those later blooming flowers.  Temperatures were over 75oF (but under 80oF) for 12 hours on March 23-25, 2008.  It takes up to four days for the pollen to grow down the style to the ovary.  If it gets too hot during that time, then the crop can be harmed.
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Presentation Notes
�where you bloom on the upslope or down slope of weather patterns seems to be key.
Heat before flowers open is not an issue.
However, once the flowers are open, pollination occurs and the biological starting guns go off, then heat is a big issue – I think the biggest one.  We’ll have to do more work to fine tune this answer, but I think we have enough to make general suggestions to grower – like the info in my take home message.
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Presentation Notes
What can growers do to improve fruit set when temps get over 70-750F?




Presenter
Presentation Notes
Overhead cooling is commonly used in Washington state to reduce sunburn on expensive fresh fruit produciton. 



Presenter
Presentation Notes
What about to cool prune orchards at bloom?  Could overhead cooling help reduce the temperature and improve set and yield?



Presenter
Presentation Notes
Here are data from Erick Nielsen’s place in 2007.  Erick set up his microjet sprinklers above the canopy and ran them during the day.  We were able to get a reduction in max temps in the orchard at bloom that looked good – 6-7 degrees lower.  

However there were questions about brown rot and wetting flowers at bloom.  This also is an expensive project to put overhead sprinklers in a prune block.



Can under tree irrigation water cool Can under tree irrigation water cool 
an orchard?  How much?an orchard?  How much?

Presenter
Presentation Notes
So in 2008, we looked at under tree micro-irrigation.  



Presenter
Presentation Notes
Here are some data from Rich Buchner, from Tehama County.   The sensors were hung in the canopy at 4’ height, and then the sprinklers were turned on.  Maximum difference in temp was 3.4 degrees at 4 PM. 



Cooling requirements with irrigation Cooling requirements with irrigation 
water are similar to heating.water are similar to heating.

•• Moist soil, not saturated, ahead of heatMoist soil, not saturated, ahead of heat

•• Keep replacing evaporated waterKeep replacing evaporated water

•• Taller weeds in the orchard = cooler Taller weeds in the orchard = cooler 
temps vs. short weeds.temps vs. short weeds.

•• Until we know more, run water on days Until we know more, run water on days 
when predicted temps exceed 70when predicted temps exceed 70ooF.F.

•• DonDon’’t expect miracles.t expect miracles.



Rent bees 

Scatter the hives 
in the orchard?

Presenter
Presentation Notes
Almond growers scatter hives in the orchard every tenth to quarter of a mile.  Should prune growers do this in hot years.  One big, successful outfit in the region brings in bees when hot weather is coming.



Day time 
maximum 

temps

Chance of a 
good crop

Under 75oF Good/DecentGood/Decent

75o to 80o Not as goodNot as good

Over 80oF PoorPoor

Management Options:
•Run water when temperatures are above 70oF
•Keep good bee activity throughout the orchard

Franz Niederholzer, UCCE Farm Advisor, Sutter/Yuba Counties



Thank youThank you
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