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Two years ago…



This will be a technical talk



A street tree is loosing its leaves in August…



The leaves show symptoms of water stress



Newly-planted junipers showing wilt



Severe water stress leads to dieback



Question # 1
Managing plants under drought



Which of the following practiceWhich of the following practice 
is the is the leastleast useful for plants during drought ?useful for plants during drought ?

A.A. Water deeplyWater deeply 
and less oftenand less often

B.B. Provide fertilizerProvide fertilizer 
to stimulate new growthto stimulate new growth

C.C. Scout forScout for 
insects and diseasesinsects and diseases

D.D. Consider replacingConsider replacing 
with drought tolerant plantswith drought tolerant plants
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Organic matter 
indirectly affects the amount 
of water available to plants 
through its influence on soil 

structure and total pore space.  
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Question # 2
Soil water available to plants



What is the most accurate definitionWhat is the most accurate definition 
for for ““plant available waterplant available water”” in the soil ?in the soil ?

A.A. Water remaining afterWater remaining after 
free drainage has ceasedfree drainage has ceased

B.B. Water content at which theWater content at which the 
plant cannot regain turgidityplant cannot regain turgidity

C.C. Water available to the plantWater available to the plant 
between field capacity and wiltbetween field capacity and wilt

D.D. Water held inWater held in 
small pores of the soilsmall pores of the soil
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The formation and maintenance 
of a high degree of aggregation 
is one of the most difficult task 

of soil management, 
yet it is also 

one of the most important, 
since it is a potent means of 

influencing ecosystem function.



Aggregation of soil particles by fungi hyphae
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Water is “pulled upward” by the soil aggregates



Water is “pulled upward” by the soil aggregates



Aggregation by microbial activity



SoilSoil organismsorganisms involvedinvolved in in aggregationaggregation 
Picture Picture «« Fruit Fruit cropcrop ecologyecology andand managementmanagement »», 2002, Michigan State , 2002, Michigan State UniversityUniversity

Bacteria

Fungi

Earthworms

Protozoa

Nematodes



Question # 3
Soil aggregation and microbial activity



Which of the following soil organismWhich of the following soil organism 
is is mostmost responsible to form large aggregates ?responsible to form large aggregates ?

A.A. BacteriaBacteria

B.B. FungiFungi

C.C. ProtozoaProtozoa

D.D. EarthwormsEarthworms
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SoilSoil organismsorganisms involvedinvolved in in aggregationaggregation 
Picture Picture «« Fruit Fruit cropcrop ecologyecology andand managementmanagement »», 2002, Michigan State , 2002, Michigan State UniversityUniversity

Bacteria: 
Production of organic « glues »

Fungi: 
Sticky networks of hyphae

Earthworms: 
Burrowing and molding activities

Protozoa: 
Involved in mineralization

Nematodes: 
Nutrients and diseases



Wood pieces 
from a mulch bed

The white threads 
are fungi hyphae.

The fungi is 
“gluing” 

wood pieces 
together



TheThe gooeygooey proteinprotein isis calledcalled glomalinglomalin..

Good Fruit Grower, May 1, 1998



Article in Article in CanadianCanadian Journal Journal ofof SoilSoil Science, 2004Science, 2004



Article in scientific journal “Vadose Zone Journal”



Mycelial network of 
ectomycorrhiza Suillus b. 

in association with 
Pinus sylvestris

Photo from J.R. Leake, 
University of Sheffield, UK 

Published in 
Canadian Journal of Botany 

2004



Roots of the plant

Hyphae of the fungus



The “match stick” effect



Golden chanterelles, 
ecto-mycorrhizal 

association 
in forests of 
Douglas-fir 

and hemlock 
on the West Coast

Photo by T.F. Lockwood 
US Department Agriculture 

2003



Question # 4
Mycorrhiza in nature



In nature, what percentage of plantsIn nature, what percentage of plants 
are colonized by are colonized by mycorrhizalmycorrhizal fungi ?fungi ?

A.A. About 10% of all plantsAbout 10% of all plants

B.B. About 50% of all plantsAbout 50% of all plants

C.C. About 95% of all plantsAbout 95% of all plants

D.D. 100% of all mature plants100% of all mature plants 
but 0% of young plantsbut 0% of young plants
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Mycorrhizal Associations 
D.H. Marx, Plant Health Care Inc., 1997

No mycorrhizal association
Early-successsion plants
Lamb’s quarter, buckwheat, broccoli, spinach, beet

Endo-mycorrhizal fungi
VAM, Ericaceous (rhododendron), Orchidaceous
Very common, occurs on 85% of green plants
Turf grass, vegetables, most shrubs, most trees

Ecto-mycorrhizal fungi
On about 10% of plants, mostly late succession plants
Fir, spruce, pine, birch, beech, oak, linden, willow



Mycorrhizal fungi and water stress 
Pepper plants (Capsicum a.) under different water regimes 

Pictures from F.T. Davies, Texas A&M University, ICOM 2003

Adequate water



Adequate waterAdequate water

20-day water stress

Mycorrhizal fungi and water stress 
Pepper plants (Capsicum a.) under different water regimes 

Pictures from F.T. Davies, Texas A&M University, ICOM 2003



Article in the scientific journal “Mycorrhiza”
“The overall data suggest that 

inoculated plants were 
better able to maintain 
physiological activity 

during water stress 
in comparison to 

non-inoculated plants.”



Mycorrhizal fungi applied at the time of planting



Best use: Apply directly over the roots



“In both field mini-plots and greenhouse trials in pots, 
mycorrhizal turf of Penncross survived drought conditions 

far better than did non-mycorrhizal turf.

After a five-day drought, mycorrhizal turf in the field study 
showed 39% less water stress than did control turf, 

and after eight days, the difference was 60%.”

It also works for lawns



The formation and maintenance 
of a high degree of aggregation 
is one of the most difficult task 

of soil management, 
yet it is also 

one of the most important, 
since it is a potent means of 

influencing ecosystem function.



Scan
Paper Glomalin

“Organic matter is the major agent stimulating 
the formation of crumb-type aggregates.”



Using cover crops to supply organic matter



Using mulches to supply organic matter



Using compost to supply organic matter



Good compost is the colour of dark chocolate



The compost should be coarser rather than finer



Using compost at the time of planting…



“Up By Roots”

2008
Jame Urban

Available at 
www.isa-arbor.com/webstore



“City soil is not the same 
as farm soil.

It does not 
grow a food crop, 

it may contain 
fill soil trucked from afar, 

compaction cannot 
be fixed easily 

and 
it offers limited root space.”



4 is “C horizon”
Subsoil, usually native soil 

Scarify to ensure water drainage

Drawing from “Up By Roots”.
James Urban. 2008



3 is “B horizon”
Important for good water drainage 
Mix compost 10 to 15% by volume

4 is “C horizon”
Subsoil, usually native soil 

Scarify to ensure water drainage



2 is “A horizon”
Where the plant roots will grow 

Mix (…) compost in the top 15-cm
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1 is “O horizon”
Surface: 5 to 7.5 cm of mulch 
Replenish every 2 to 3 years

2 is “A horizon”
Where the plant roots will grow 

Mix (…) compost in the top 15-cm
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1 is “O horizon”

2 is “A horizon”

3 is “B horizon”

4 is “C horizon”



Question # 5
James Urban and amending the planting site



How much compost is recommended forHow much compost is recommended for 
the A horizon (where the roots are growing) ?the A horizon (where the roots are growing) ?

A.A. Do not mix compostDo not mix compost 
in the A horizonin the A horizon

B.B. 1.5 to 2.0 cm of compost1.5 to 2.0 cm of compost 
in the top 15in the top 15--cm of soilcm of soil

C.C. 5 to 7.5 cm of compost5 to 7.5 cm of compost 
in the top 15in the top 15--cm of soil cm of soil 

D.D. 1010--cm of compostcm of compost 
in the top 15in the top 15--cm of soilcm of soil
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Aim to mimic 
the forest floor 

On surface: 5 cm of quality compost 
Cover with 5 cm of wood chips or bark

Using compost as mulch



White threads are hyphae from soil fungi



Aggregation
 
by microbial

 
activity



Using compost in lawn care (topdressing)



E. Nelson and M. Boehm
Cornell University

Published 2002

How much compost to use ?



Research has become recommendation



Question # 6
Using compost for lawn topdressing



What is currently recommendedWhat is currently recommended 
for using compost in topdressing of lawns ?for using compost in topdressing of lawns ?

A.A. Apply 0.5 to 1.0 cm deepApply 0.5 to 1.0 cm deep

B.B. Apply 1.0 to 2.5 cm deepApply 1.0 to 2.5 cm deep

C.C. Apply 2.5 to 5.0 cm deepApply 2.5 to 5.0 cm deep

D.D. Use compost at installation,Use compost at installation, 
not for topdressingnot for topdressing
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An application 1 cm thick 
is 1.5 cubic yards per 1000 square feet of lawn



Thank you for attending !
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