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THE FUNGUS REVOLUTION
Soil Microbes Move Mainstream as Gardeners Discover Their Power

by

Doreen G. Howard


There is a quiet revolution taking place in the plant world.  Growers, gardeners and landscapers are discovering the power of a soil microbe that works like a cancer-killing miracle drug and a performance-enhancing steroid.  Tomatoes laugh at blight infestations, annuals grow triple their normal size and rose bushes are disease-free without spraying when beneficial fungi called mycorrhizae are used.  Occurring naturally in undisturbed soils, the fungi are also found in ground managed organically using plenty of mulch and compost.  Depleted, synthetically fertilized and newly tilled soils have little mycorrhizae.  
The fungi attach to plant roots, take a bit of carbohydrates and, in return, feed and protect the plant.  Mycorrhizae sprout hyphae (thin threads up to 20 feet in length) that exude a sticky film.  Pathogens have a difficult time getting through the film to attack plant roots, and if they do succeed, the fungi produce target-specific antibiotics to kill the disease-causing bacteria and fungi.  The long hyphae also mine the soil and subsoil for phosphorus, trace minerals and water.  Dr. Robert Linderman, USDA Research Leader for Mycorrhizae in Corvallis, Oregon, writes that the fungus is the quarterback and calls all other soil microbes into play as needed.  That’s because mycorrhizae form a symbiotic relationship with the plant and know its needs.


In past years, mycorrhizal fungi inoculants (powder that is spread on seeds and plant roots) were available only through commercial and Internet sources.  Today, mycorrhizal fungi are everywhere.  Potting mixes contain it, nursery stock is inoculated with it and fertilizer blends incorporate it.  “Mycorrhizae in potting soil will get the last bit of nutrients out of the pot,” says Dr. Elaine Ingham, former researcher at Oregon State University whose groundbreaking work forms the basis of modern soil biology.  “And the fungi will defend the roots from diseases helped out by over-watering the container.”
I’ve been a mycorrhizal fungi junkie for a decade.  The fungus saved my gardens when disease, bugs and weather conspired to destroy everything that grew in the area.  It became the strongest weapon in my organic arsenal.  In 1995, I read about mycorrhizae on an Internet vegetable gardening listserv and decided to risk $20 for a jar.  That purchase proved to be a turning point in my gardening life.  I always used organic methods, but they weren’t working on the Gulf Coast of Texas.  I was desperate to find something that worked—so desperate that I dusted tomato plants with Sevin® and nearly committed microbe massacre with the blue stuff.      

         After gardening most of my life in climate paradises like California, I moved to a small town on the Gulf of Mexico where heat and humidity were constant companions 11 months out of the year.  Consuming organic matter faster than beans sprout, the relentless steam bath nurtured diseases not seen elsewhere and gave birth to 5-inch-long cockroaches, bagworms by the million and legions of crop-destroying stink bugs.  Drainage was a huge problem, too, as the area was a primordial soup that received six feet of rainfall annually and was only three inches above sea level.  Raised beds were the only way to grow flowers and vegetables.  Fruit trees and shrubs were planted on mounds so their roots wouldn’t rot.  The native gumbo clay soil, potentially rich in phosphorous and minerals, had no organic matter in it due to the constant leaching and super-heated decomposition.  Therefore nutrients were not available to the plants, because there were no soil microbes found in organic matter to unlock the phosphorous and trace minerals.  So, my previous methods of growing beautiful gardens organically didn’t work.  I had to mulch every three weeks with compost and manures to get a productive-size plant.  Then, blights, bugs and plague would descend upon the pumped up plants, leaving me with diseased plants, a few distorted flowers and a pitiful harvest of vegetables.

Testing the Fungi

I’m a cautious person by nature and don’t believe everything I read.  So I decided to test the purported miracle of mycorrhizae.  The first thing I did when the inoculant arrived was to build two new raised beds with cement construction blocks.  Both beds were 8 inches high, 24 feet long and 4 feet wide and sat six feet apart with turf between them.  They were filled with peat, compost, composted manure, decomposed oak leaves and shredded banana leaves.  All was left to rot for four weeks, resulting in brown, crumbly matter for planting ground.  Meanwhile I started two sets of heirloom tomato seeds.  One set of seeds was dusted with mycorrhizal fungi inoculant and the other was not.  Both were planted individually in 2-inch plastic pots filled with commercial potting medium.  The control or non-mycorrhizae seeds were planted first to avoid cross-contamination.  Varieties planted were Black Plum, Garden Peach, Schimmeig Stoo, Striped German, Silvery Fir Tree, Green Zebra and Southern Night.

Plants were potted up into 6-inch pots three weeks after germination and then set into the ground at five weeks.  There was marked differences between the transplant height, stem thickness and root ball size of the two groups.  The inoculated transplants on average were twice the size of the control plants.  One bed contained the inoculated transplants and the other the control ones.  Each plant had a 5-foot-high wire cage around it, and the soil surface was thickly mulched with straw.  The inoculated plants flowered and set fruit two weeks ahead of the control plants.  At the end of the season (which is late June in tropical South Texas), the difference in harvest totals was amazing.  The inoculated Garden Peach plant, for instance, produced 103 fruits, but the control Garden Peach bore only 28.  Even large-fruited Southern Night had 74 tomatoes on the inoculated plant versus 14 on the control.  The control plants were infested with early blight (Alternaria solani), but the inoculated plants were disease-free.
My skepticism gone, I started using mycorrhizae on everything, including roses, which are disease-laden in hot, humid climates unless you use systemic fungicide--pesticide foods or spray often.  Those were two practices I adopted in order to have roses, rationalizing that they weren’t edible so I could make a special exception to my organic rules.  I bought three new bareroot roses, spread inoculant powder over their roots and planted them with great hopes.  Oklahoma, Mirandy and Medallion rewarded me with huge flowers just 60 days after planting and no black spot or mildew without spraying!   
When I moved to the upper Midwest in 1998, I found mycorrhizal fungus was invaluable in getting perennials established and blooming early.  In the hot South, most of them don’t thrive due to lack of dormancy.  A pent-up mania common to gardening fanatics like me drove me to grow things like peonies, heuchera and delphinium, previously forbidden fruit.  So I bought dozens and dozens of them.  Again, the fungi produced results quickly.  Within 90 days of early spring planting, all the young plants had put on significant size and bloomed copiously.  The peony plant I bought in a 5-gallon nursery can even produced two flowers, something unexpected, since peonies usually take at least two seasons in the ground to bloom.
Gardeners Discover the Fungi’s Power
My experiences are not unique.  Linda Nitchman of Glen Carbon, Illinois, a suburb of St. Louis, reports that her peonies did the same as mine. “I tried mycorrhizae when planting some new bareroot peonies in the fall.  Next spring, each had three to five big, beautiful blooms!”  She hasn’t done controlled studies, but in informal comparison tests, Nitchman has seen marked differences.  “Inoculated Ageratum houstonianum ‘Blue Danube’ grew to three times the diameter of untreated plants of the same cultivar planted nearby.  And they bloomed more prolifically.”   She observed similar results with perennials such as Coreopsis verticillata  ‘Moonbeam’ and Scabiosa columbaria ‘Butterfly Blue’.  Nitchman adds, “Using mycorrhizae in my garden has translated into better disease and insect resistance, increased vigor and more prolific blooms.  The benefits have been substantial.”
In Alaska, Jeff Lowenfels, who bills himself as the dirtiest lawyer in America, touts mycorrhizal fungi, compost tea and other organic products in his weekly newspaper column which has run more than 30 years in the Anchorage Daily News.  And, he uses mycorrhizae in his own garden.  He reports that the biggest benefit his readers see is having to water lawns and plants less when they inoculate with mycorrhizae.  “We have a lot of humus in our soil, but the pH is below 6, so phosphate gets locked in soil particles,” he adds.  “Mycorrhizal fungi make it available to plants.”
Financial Benefit
“A few pennies spent at the beginning save thousands of dollars when you inoculate seeds, transplants and potted stock with mycorrhizal fungi,” says Steve Boulden, owner of S&S Designed Landscaping in Carlsbad, New Mexico.  Boulden has been using the fungus inoculant for nearly three years and has seen plant failure decline from about 9% to less than 1%.  “When we go back to landscapes we’ve installed, we find everything healthy.  Before I started using mycorrhizae, there were dead and marginal plants due to poor nutrient uptake.  I save money, and so does the customer,” he says.  One of the biggest problems in New Mexico is iron deficiency due to the highly alkaline soil.  “We don’t see iron deficiency in our gardens since we started using mycorrhizal fungi.”  Boulden grows lavender, coreopsis, Russian sage, red-tipped yucca and a variety of ornamental grasses in greenhouses to use in the landscapes he designs.  He mixes inoculant with potting mix to start seeds and cuttings.  “Every aspect of the resulting plant is noticeably better using mycorrhizae,” Boulden says.
Monrovia Nurseries, Inc. in Azusa, California is another plant propagator that uses the fungi to produce perennials, shrubs and trees for consumers.  Seven different

types of mycorrhizae are added to their soil mix to stimulate nutrient and water uptake, and increase fruit and flower yields.  The resulting plants have bigger root systems, better foliage and grow vigorously when transplanted by the consumer.  The fungi will spread to other plants nearby, too, enhancing their growth and making them more resistant to pests and disease.  “The main reason we use mycorrhizal fungi is for the benefit for the consumer,” says John Keller, Monrovia’s research director.  “Plants establish quickly and are more resistant to drought stress and transplant shock.”
Which Mycorrhizae Inoculant Should You Use?
There are a number of mycorrhizal fungi, many specific to certain plants.  More than 95 percent of plant species form an association with mycorrhizae.  However, only two types are commonly sold as inoculants.   Ectomycorrhizae, found in forests and hedgerows, aid trees, conifers and some shrubs.  The other, endomycorrhizae, is found on the roots of a vast number of herbaceous and woody plants.  The group is also called vesicular-abuscular mycorrhizae (VAM).  VAM inoculants are actually mixtures of six to 12 different endomycorrhizae.   The blend is effective in colonizing on the roots of a wide range of plants.  
Plant-specific strains like ericaceous (heather, rhododendron, blueberries) and orchidaceous (orchids) and even ectomycorrhizae are best used in arboretums, botanical gardens and by plant propagators.  The average gardener will get more benefit from the VAM inoculant, which will colonize on the roots of most every plant their garden.
Most inoculants are in powder form.  Pulverized clay or yucca powder is the main ingredient in which the fungi spores are mixed.  Humic acids and volcanic rock dust are added to a few blends to supply minor and trace elements to plants.  Some products only have a shelf life of 90 days; others are good for up to a year.  All must be stored in a cool, dry place out of direct sunlight, which will degrade the spores. 
Care & Feeding of Mycorrhizae 


If you use mycorrhizal fungi, you may have to change your gardening practices.  The fungi are killed by excess nitrogen and phosphorous in the soil.  Synthetic fertilizers deliver large doses of these elements to plants, pumping them up and destroying most of the beneficial microbes, including mycorrhizae, in the soil.  Substitute slow-release foods such as compost, fish meal pellets and alfalfa or kelp meal.  Gradual-release synthetics such as Osmocote ® are good choices, too in small amounts.  Avoid “hot” organic fertilizers such as chicken manure and bat guano.  They add huge amounts of nitrogen and phosphorous to the soil all at once, killing mycorrhizae.  Bone meal is the preferable choice for phosphorous, because it takes a long time to break down in the soil and releases it gradually in small amounts.

Learn to mulch, not dig.  Disturbing the ground destroys the soil food web, of which mycorrhizae is a part.  Mulch with 3-4 inches of organic matter such as shredded leaves, dried grass clippings or straw or an inch of compost.  These mulches will rot, feed the soil food web and keep the ground soft, moist and weed-free.  When planting, simply pull back the mulch and make as big a hole as is needed for the plant’s root ball.


Don’t use fungicides, especially those applied as a soil drench.  These products will kill mycorrhizae along with the bad fungi.  Improved plant health should reduce or eliminate the need for fungicides.  If you need one, try a baking soda and water spray on affected foliage.  Avoid herbicides, soil-applied insecticides and systemic pesticides.  They, too, will kill mycorrhizae.  Healthy plants will repel most insect invasions, and a thick mulch cover will stop weeds.
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Testing Inoculants

<Sidebar>


I tested five mycorrhizal fungi inoculants to see if there were differences in the way various brands performed.  Those tested came from Fedco, Chappy’s, Bio-Organics, T&G Enterprises and Gardens Alive!  I used Silvery Fir Tree tomato seeds as the test subject, because the determinate tomato produces its crop in less than 60 days.  Six sterilized pots were filled with a commercial seed starting media that contained .09-.05-.09 fertilizer with peat moss, vermiculite, lime and a wetting agent.  Seeds were dusted with each company’s product and planted.  One pot, the control, was planted first to avoid contamination.  It contained seeds with no inoculant.


The Bio-Organics-inoculated seeds sprouted first.  Two days later, all the others, except the control, had germinated.  Nine days after planting, the control seeds sprouted.  Two weeks after seeds were sown, the Bio-Organics plant was the largest and had the most extensive root system.  Chappy’s plant was second in size, but its root system was less massive.  T&J Enterprises was third largest, and it had nearly as massive a root system as the Bio-Organics plant.  Fedco and Gardens Alive! plants were about the same in size and root development.  The control plant was 80 percent smaller than the rest and had the least roots.


Plants were set into the ground four weeks after seeds were sown.  The ground was sandy loam that had not been fertilized in at least a decade.  No fertilizer was added.  Plants were mulched with shredded cedar bark.  Two weeks later all the plants had set fruit except for the control.  It had not even produced a flower.  After a month in the ground, all the inoculated plants were about the same size and covered with flowers and developing fruit.  The control plant was 1/3 the size of the others, had significantly less foliage and only one fruit.

Due to an early freeze, all plants were harvested  53 days after they were set out in the garden and 96 days after seeding.  See chart below for final plant height and number of tomatoes harvested.


My conclusion is that any commercial VAM inoculant works.  Bio-Organics and Chappy’s produced bigger plants quicker.  However, the plant treated with T&J Enterprises’ inoculant formed the most massive root system, resulting in more tomatoes.  My quick trial was by no means scientific.  But, the results do prove that mycorrhizal fungi inoculants produce bigger, healthier and more productive plants, no matter the brand, in comparison to plants with no colonized fungi on their roots.
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Brand



Mature Plant Height


Harvested Tomatoes
Chappy’s


26.5 inches



14


Bio/Organics


26.5 inches



15

Gardens Alive!

19.25 inches



13

T&J Enterprises

17.5 inches



16

Fedco



16.25 inches



13

Control (no inoculant)

12.75 inches
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Inoculant Sources

Bio/Organics (commercial quantities only)

www.bio-organics.com
(888) 332-7676

Chappy’s Power Organics  

www.rootbooster.com
(800) 604-0444

Fedco Seeds

www.fedcoseeds.com 

(207) 873-7333  

Gardens Alive

www.gardensalive.com
(513) 354-1482

T & J Enterprises

www.tandjenterprises.com
(509) 327-7670

Sources (fact-checking)

Please Send Comp. Copies of Issue if Address is Included
Don Chapman

53606 Bridge Dr.

La Pine, OR 97739

(888) 322-7676

Linda Nitchman

23 Hickory Hill Lane

Glen Carbon, IL 62034

(618) 288-5297

paradisegardener@hotmail.com
Jeff Lowenfels
Lewis & Lowenfels

711 M St.

Suite 102

Anchorage, AK 99501

(907) 258-1586

jeff@gardener.com
Steve Boulden
S & S Designed Landscaping LLC

4404 Mescalero Dr.

Carlsbad, NM 88220
(505) 361-3813

steve@the-landscape-design-site.com
Dr. Robert Linderman

(541) 738-4062

lindermr@bcc.orst.edu

His quote was taken from an article I wrote for Mother Earth News at:

http://www.motherearthnews.com/library/2003_June_July/Build_Fertile_Soil
Dr. Elaine Ingham--Her quotes were taken from the same article referenced above.

