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Presenter
Presentation Notes
Good morning, My name is Ryan Keiffer and I’m the Ag Technician for UCCE Mendocino. I am presenting this talk, Plant Microbiomes and Importance in Vineyard Pest Management, on behalf of Glenn McGourty, the viticulture advisor for Lake and Mendocino Counties. 



The Microbiome 
  
  
The microorganisms in a particular environment, or   
the combined genetic material of the microorganisms 
in a particular environment. 
 
“Understanding the microbiome—human, animal, and 
environmental—is as important as the human 
genome" 

Presenter
Presentation Notes
The definition of a Microbiome can be described as follows: “Simply, as the microorganisms in a particular environment or the combined genetic material of the microorganisms in a particular environment.” We have long known about The Human Microbiome Project, which has taught us about the microbiota and the roles they play associated with sick and healthy humans. It has also shown that microbial cells outnumber human cells 10 to 1. Similar interactions in our agricultural settings hold promise for exciting research to come. 



The Microbiome of Grape Vines: 
• Phyllosphere:  Leaf surfaces 
• Fructosphere: Fruit 
• Rhizosphere:  Roots and soil 
• Traditional methods of isolating individual 

species in pure culture will be assisted by 
genomics 

• New science that will rapidly change how we 
view farming systems ecology 

Presenter
Presentation Notes
There are 3 zones were are going to look at today. The Phyllosphere, {Feel-oh-sphere} – or the above ground portion of plants that serve as habitat for microorganisms. The Fructosphere (a term coined by Glenn with colleagues) as a subset of the Phyllosphere looks at the fruit zone…… Fruc is Latin for fruit. Lastly, many growers and advisors are already familiar with the importance of the Rhizosphere, or the root zone and soil profile.  The way we view vineyard interactions between the soil, plants, cover crops, fruit, and microbes will only progress as technology and genomics advance. 



Presenter
Presentation Notes
We’ve known about the interactions of different microorganisms for years and we have long used different techniques to utilize these beneficial organisms. For example “backyard” winemakers often like to use native fermentations. As you can see by this graphic there are many microorganisms associated with all 3 microbiomes. Other microbial interactions include the use of rhizobia to fix nitrogen on vineyard cover crop roots such as legumes. 



Currency of the Microbiome: 
Exudates 

• Plants  communicate with microorganisms to  
alleviate stresses, such as pathogen attack, 
drought-limiting nutrient acquisition, and 
metal toxicity to name a few 

• Microbes benefit from plant exudates by using 
them as a resource, in many cases 
carbohydrates  but also other nutrients. 

Presenter
Presentation Notes
We know that plants and microbiota can communicate with each other to alleviate environmental stress and/or attacks. This interaction involves “The currency of microbiomes”, known as Exudates. Microbes can benefit from plant exudates as a source of energy, namely in the form of carbohydrates, sugars, and acids. 



Rhizosphere 

Trends in Plant Science 

Presenter
Presentation Notes
Moving onto the Rhizosphere. The Rhizosphere is a very active zone with many plant/microbiota interactions, with most species occupying the Soil A Horizon profile. 



http://www.seafriends.org.nz/enviro/soil/ecology.htm 

Presenter
Presentation Notes
This is a diagram of Rhizosphere properties and possible management approaches to improving micronutrients. The addition of organic matter and fertilizer, plant/root exudates, and microorganism interactions in the soil lend to macro and micro nutrient availability or uptake. 



Soils:  Stomach of Our Ecosystem 
Component (grass land 
system in a humid climate) 

Kg/ha Population Numbers 

Organic Matter all 120,000 

Organic Matter non living  105,000 

Microbes     5,000 10 x 1018  
Nematodes           20   2 x 109 

Earthworms        100   7 x 103 

Arthropods         100   4 x 1017 

Vertebrates          42    4 x 105 
From H. Foth:  Fundamentals of Soil Science, 7th Edition 

Presenter
Presentation Notes
Here’s a breakdown of the weight of microbiota and microfauna in Kg per hectare in a humid grassland system. The weight of all organic matter per hectare is 120,000 Kg. Note that microbe population numbers are staggering! Their weight of 5,000 Kg per hectare equals about 2.5 tons of microbes per acre.



          Vineyard Organic Matter    
                 Per Year, kg/ha 

Item Conventionally 
Farmed 

Organic/Biodyn.  
farmed 

Prunings 1000 1000 

Leaves 1400 1400 

Weeds/cover c. 1200 1200-12000 

Compost 0 2300 

Total, kg/ha 3600   5900—17900  

Total, tons/acre 0.75   1.2—3.5  

Presenter
Presentation Notes
This is a comparison of conventional versus organic/biodynamic vineyard production practices, showing the additional contributions of organic matter in the organic/biodynamic settings. The additional organic matter, cover crops, and compost in organic settings can make all soil life increase, including earthworms, rodents, insects and microorganisms….pretty much doubling the total organic matter contributions of conventional farming practices. 



Soil Organic Matter by Percentages 

 Biomass Residues
Humus

Presenter
Presentation Notes
The additional organic matter contributions carry the ultimate goal in of making humus in order to improve soil fertility, soil structure and soil health. Thus, more Organic Matter = more water in the soil profile, increased fertility and biological activity for your vineyards. 



Beneficial Activities of  
Soil Microbes 

• Decomposition of plant residues for energy and growth 
• N cycling as fertilizers and organic matter are decomposed 
• Increase availability of P, Fe, S, K and others 
• Humus formation, C cycling 
• Aggregate formation 
• Suppression of pathogens 
• Mycorrhizal relationships 

 

Presenter
Presentation Notes
Some beneficial activities of soil microbes include energy for plant growth, humus formation, Nitrogen and Carbon cycling, increased vineyard element uptake and availability amongst others. 



Energy Consumption: 
Chemical Fertilizers Vs. Compost 

Material Joules required to 
synthesize 

BTU’s required to 
synthesize 

Amt. of water 
heated by 1 degree 
F* 

1 kg of N—chemical 78,914,000 75,000 
 

9,350 gallons 

1 kg of N— 
Compost 
 

527,500 1,100 136.5 gallons 

*1 BTU= 1055 joules = amount of energy to raise one gallon of water by 1 degree F 

Presenter
Presentation Notes
When comparing 1 Kg of chemical Nitrogen fertilizer to 1 Kg of compost, this slide shows that energy considerations favor the use of compost and nitrogen fixing legumes as a source of fertility compared to chemical fertilizers. Not everyone has a readily available source of good compost, so suggestions are to do what is best for your farming system to achieve your Nitrogen goals. 



Phyllosphere of Grape Vines 

• Generally, grape vine leaves don’t seem to 
support large numbers of diverse species, or 
populations 

• Ice nucleating bacteria affect freezing, 
research ongoing on controlling populations 

• Bacteria most likely migrate from cover crops 

Presenter
Presentation Notes
Moving onto the Phyllosphere, where we find that generally grape leaves don’t seem to support large numbers of diverse species or populations of microbes. However, we are starting to look at the impact of Ice Nucleating Bacteria and their populations on grape tissue and cover crops during the frost season. 



Total bacterial populations on various cover crop species  
Treatment   Bacteria recovered   Log (cells/g)  
Fine Fescue    8.26 a   
Crimson Clover    8.02 a   
Vetch      7.76 ab   
Burr Clover     7.12 bc   
Subclover     6.86 cd   
Pea      5.84 ef   
Grape     About 4.0  
  
 
 

Presenter
Presentation Notes
Previous research has shown that grape leaves don’t actually support that much bacteria. There is almost a difference of 1 million units between grape leaves and fine fescue for example. Common plow-down mixes often contain pea, vetch, and clover. With the higher populations of bacteria, it might be a good idea to mow your cover crops prior to the frost season, if conditions or management goals allow. If you want more information regarding this, please get ahold of Glenn. 



Why Do Some Shoots Freeze But Not Others? 

Presenter
Presentation Notes
I am sure many people in this room have observed this phenomenon. Why do some shoots freeze and not others?  Ice nucleating bacteria can act as a catalyst for frost formation on grape tissue, often migrating from overwintering cover crops. Not all leaves get ice nucleating bacteria on them and that’s why we can see intermittent frost damage on those shoots. 



Ice Nucleating Bacteria 

Presenter
Presentation Notes
Here are a few pictures of Ice Nucleating Bacteria and the growth of bacteria on lab culture. 



Ice Nucleating Bacteria Research 

• CDFA Specialty Block Grant Program: 
Understanding and Controlling Ice Nucleating 
Bacteria to Prevent Frost in Vineyards 

• Principle Investigators: 
Glenn McGourty, UCCE Mendocino and Lake  

     Steve Lindow, Dept. of Plant and Cell Biology, UC       
 Berkeley 
   Mark Battany, UCCE San Luis Obispo County 
• $166,000 for 2 growing seasons 

Presenter
Presentation Notes
Glenn and his cooperators, Steve Lindow and Mark Battany just received funding to further explore the world of Ice Nucleating Bacteria over the next 2 growing seasons with assistance from local growers. 
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Presenter
Presentation Notes
In a previous study with frost conditions produced in the lab, we found that copper controls INB populations when compared to the control. The grape leaves treated with copper formulations were able to super cool almost 2 degrees cooler and not freeze in lab experiments. So, in the absence of Ice Nucleating Bacteria, grape tissue can super-cool. 



Lactobacillus Schizosaccharomyces and    Acetobactor 

 Sacchromyces on fruit 
Saccharomyces cerevisiae 

Fructospehere: Microbes on Grapes 
Can Be Specific to Vineyard Sites 

Presenter
Presentation Notes
The Fructosphere and Microbes: These can be specific to vineyard sites….we commonly know that Saccharomyces is a good guy, but some microbes aren’t tolerant of alcohol and you can get stuck fermentations. We know that Acetobacter causes vinegar or “VA” in wine, however these populations can be controlled with SO2, good sanitation practices, and limited exposure to Oxygen. 



Presenter
Presentation Notes
The title of this scientific paper is straight to the point, but with 16 words in the title it takes a while to digest. This paper is significant because it shows that you can trace microbe products from specific vineyards into the wine, and being traceable, you can determine the exact location of where the fruit came from—thus, it has left a signature of the site— much like the concept of “terroir.” 



Biofungicides and Antibiotics 

• Colonists such as Blightban, Frostban 
Pseudomonas fluorescens A506 

• Competitors such as Botector Aureobasidium 
pullulans 

• Eradicants such as Serenade Bacillus 
subtilis strain QST 713  

Presenter
Presentation Notes
Biofungicides and Antibiotics can act as colonists, competitors, or Eradicants. We have long utilized these formulations in pears and grapes with things like Blightban, Frostban, Botector, and Serenade. 



How Does Botector, a Bio Pesticide, Work? 

 

Presenter
Presentation Notes
So how does a bio pesticide work? For example, this slide shows the mode of action for Botector, a competitor of Botrytis. Immediately after an application, Botector fills micro scratches on the fruit surface and thus acts as a barrier to the Botrytis pathogen.



Trial of Botector on Chardonnay, 
Anderson Valley, Mendocino County, to 

control Botrytis Bunch Rot 

Presenter
Presentation Notes
We have conducted a few studies with Botector for use on grapes recently. The study site is situated in the fog zone, and is prone to Botrytis even in drought years! This study was conducted this growing season and we looked at Botrytis incidence and severity within a plot treated with Botector. Note the reduction in incidence between the control and treated areas. It shows a capacity for the reduction of Botrytis incidence. 



Thanks for your attention! 

Presenter
Presentation Notes
With that, we have hope that the future of microbiomes in vineyard settings will yield exciting discoveries as we learn more about microbiomes. If you have any questions or would like more information, please contact Glenn at our Ukiah Office or find me at lunch….which I believe is next? Thank-you! 
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