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Kidney Bean, top 6 inches of
root zone from above.




It all begins with the duff above the soil.




Then the first layers of humus and soil.




Subsoil
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Myth versus Reality




Roots grow well beyond the dripline

1.5-3Xs the canopy
Some 5Xs, or more
Feed at or beyond
the dripline

Trees less able to
tolerate stress
beyond the dripline

Protect trees and
vegetables beyond
their dripline
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Apple tree with roots far
beyond the dripline.
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Fig. 37. Five-vear-old spindie bush 1vpe Jonathan apple trees on M4 stock planted in sandy
soil at & spacing of Tx 4 m the root systems occupsed 29.1 m®, (The sides of the squarnes
are | m)

Fig. 38. Five-year-o0M spindle bush 1ype Jonathan apple trees on M4 stock planted in loam
at a spacing of 7x4 m. The root sysiem only occupied 18.2 m*. (The sides of the squares
are | m)



Roots Grow Well

Beyond the Dripline,
(in red circles)
and away from

compaction.
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Soil horizons

Most plants don’t
send many roots into
clay subsoil. Main
roots are only as
deep as the topsoil.
Even in deep topsoil,
most of a tree’s
feeding roots are
found in the top
12-36 inches.
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Abb. 111: Stiel-Eiche, Quercxs robur, H-T-8§ = 82-2§3~445 ¢m, bei Grafeastein, Kirnten, Oberkante cines Sidhanges mic
einzelnen nameverjungien Eichen, 462 m NN. Lockersediment-Braunerde uber Niederterrasse. Bodenprofil Hor:
A o-12 cm bumoser, lehmiger Sand, fankrimelig, locker, schwach stamig, stark durchwurzelt, AB, 12-24 cm schwach
humoser 1S, steinig, locker, stark durchwurzelt, B C 24-40 cm |, sehr steinig, locker, stark durchwurzelt, C, yo-220em
sandiger Schotwer und Kies, sehr locker, Durchwurzelung abachmend, C, Sand, Kies und Schower, sehr locker, grund-
frisch, Durchwurzelung gestaucht endend.
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Abb. 113: Stiel-Eiche, Quercus robur, H-T-S = 1.295-222-1.56¢ ¢m, Umgebung Kligenturt, cbea, 450 m NN, Eschen-
Hainbuchen-Wald mit Pinus syfeestris, im Unterwuchs vorwicgend Rubus caesins und R. idaens. Lockersediment-Beaun-
erde iiber Niederterrasse. Bodenpeofil Hor: A, o-8 cm Modermsll, stark humoser, sandiger Lebm, sehr lockes, schwach
steinig, stark durchwurzelt, A, $-30 cm stark humoser 3 L, krimelig, locker, steinig, stark durchwarzelt, unterer Bereich
der flachstreichenden Wurzeletage, B, 10-90 om lehmiger Sand, stark kiesig, schotterig, locker, maflig stark durchwurzelt,
Wurzeln vorwiogend abwilres gerichees, B,C 90150 cm lehmiger Sand mit Kies und Schotter, sehr locker, schwach durch-
wurzelt, C Grobsand, Kies und Schotter, grundfnisch, Durchwurzelung gestauchs endend.
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H-T-S = 270-300-1.180 cm, Treffen bei Villach, Sidhang, s15 m NN.
Isior und Sambucus nigra. Lockersediment-Braunerde iiber Niederter-
rasse, Bodenprofil Hor: A o-25 cm humoser, lehmiger Sand, feinkrimelig, locker, schwach steinig, pH 6,9, maBig stark
durchwurzelt, AB, 25—-160cm schwach humoser 1S, schwach durchsetzt mit Kies und Schotter, maflig stark durchwurzelt,
B, 160-260 cm | S, stirker kiesig-schotterig, miflig stark durchwurzelt, D grauer, griffiger Sand, grundfrisch, pH 7,1,

Durchwurzelung auslaufend.

Abb, 182: Schwarzer Holunder, Sambucus nigra,
Gebiisch mit Salix alba, Alnus incana, Fraxinus exce




Abh, 51: Douglasic, Mendotmge menzicsi, H-T-S§ = 1.395-245-2.021 ¢m, bes Treffen, Kirnten, Noedhang, £40 = NN.
Buchen-Fickeen- Wald mit eingeforsteser Douglasie, in der Serauchschiche vorwiepend Sambuows racemmsa, in der Kraut-
schacht vorwicgend Asropa belladonna und Salvis glutimoss. Toefgrimdage Braunerde, Bodenprofil Hoe: O §-o0 om Strew-
suflage, Grobmoder, A, o-21 con stark humoser, lehmiger Sand, Modermull, dunkelbease (1aYR y/2), sche Jocker, pH o8,
sohr s2ark durchwurzelt, A, 2145 em Mull, humoser | S, dunkelbrasn (10YR 3/3) schr locker, sehr ot durchwuezelr,
AB, 4565 cm schwach humoser 15, braun (12YR ¢/3), bocker, schwach steinig, gut durchwurzel, B, §¢-1 0 cm sandgger
- Schiuff, mehiig, gelblichbraun (1cYR 4/4), ssifieg dicka, schwach seeinig, pHl 546, gt durchwerzels, B, 150~ 1o cm fere
sandiger Schiuff, rowcfleckig, sehr hanguickerfoucht, weinig, B, C schluffager Sand, rostfleckig, stark durchuetz: mit Fean-
schus sas Silikasschicter, pH 63, :
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0- 96 cm grey sand

96-130 cm yellowish grey sand
[0 130-200 ¢cm yellow sand

Fig. 113. The mass (76.02 per cent) of the root system of a 23-year-old apricot tree standing in drift sand on wild
apricot stock was located in the 30-80 ¢m soil horizon. (The sides of the squares are I m)
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134

/A4 0-18 cm uyellowish brown clayey loom .
19-140 cm yellow packed clayey loam

E== 141-200 cm gritty clayey loam

Fig. 44. Of the root system of 5-year-old spindle bush type Jonathan apple trees standing in
loam on M4 stock 31.8 per cent was located in the upper 20 cm soil layer. (The sides of the
squares are 1| m)
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Fig. 131. The root system of a 24-year-old walnut tree raised from seed in sandy soil occupied

an area of 199 m®. The diameter of the root system was 3.5 times that of the branch system.

The projection of the crown (drip-line) is marked by a dashed line. (The sides of the squares
are | m)
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SOIL BIOTA POPULATIONS AS A FUNCTION OF SOIL DEPTH
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Bacteria Actinomycetes Fungi Algae
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Plant groups that do not support mycorrhizae.
*Beets, Beta vulgaris spp.

*Brassicaceae (Cruciferae)
*Chenopodiaceae (lambs quarters)
*Portulacaceae (claytonia)
Amaranthaceae (Amaranthus spp.)

*Orchid N P

*Protea
«Carnation
*Rush

*Sedge

Heath
Rhododendron
*Azalea



Vesicular Arbuscule Ectomycorrhizae

Mycorrhizae ¢ o40rmis Endodermis
Cort|ex| Stlele

Older Arbuscule

Young Arbuscule

Extramatrical Hypha

Vesicle

Intramatrical Hypha



« Ectomycorrhizal Association
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The Benefits of Mycorrhizae

* Increase the surface area and efficiency of the roots (up to 1000%)

* Promote water absorption and nutrient uptake of poorly mobile soil
lons such as zinc, copper, molybdenum, and potassium

*Most importantly, the transfer of phosphorus that is hard for trees to
absorb on their own

» Enhance the growth of stimulatory plant hormones

» Boost plant resistance to some pathogens, drought and high soil
temperature

* Promote growth and yields, reducing the need for artificial fertilizers
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Table 87
Effect of mycorhizas on the growth of pine seedlings
Indexes of growth With mycorhizas Without mycrohizas
Length of shoots of seedlings, cm clal) 17.5
Increase in length after 2 years, cm 18.0 30
Length of sprouts of 2nd order, cm 10.0 03
Weight of shoots part, gm 17.0 3.1
Weight of roots, gm 11.0 45
Number of leaves 42 12
Total area of leaves, cm’ 591.0 96.0

This chart, based on the growth of pine seedlings started in a sterile potting mix, provides
a number of ways to look at the influence of sterile soil inoculated with beneficial fungi.
(Note the 1958 Soviet Union spelling of mycorrhizae.) [3]




This could be a mature oak, manzanita or ceanothus.

The top 6 inches of soil under the drip line of the plant
is the most sensitive to disturbance

The white area, under the drip line, contains
mature roots that are no longer absorbing.

Brown area = Strong Ectomycorrhiza
The Ectomycorrhiza helps absorb
nutrients from the mulch layer

. Blue area = Strong VA Mycorrhiza

A few roots penetrate the hard pan and go deep
to get water for the plant and its friends
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When to Apply Inoculants

In a container plant grown in a sterile potting mix.

When a planting site site has been scraped to subsoll.

In very sandy or beach properties.

To amend soill that contains too much salt.

On toxic tailings from mining. (I hope this doesn’t apply to
you!)

When sterile topsoil has been added to the site.

If certain fungicides have been used in the planting area.
(See: http.//mycorrhizae.com/faqs: What effect do fungicides
have on mycorrhizal fungi?)

After soil fumigants have been used.
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WATER USE AT VARIOUS DEPTHS, IN PERCENTAGE PER FOOT

g Almond Tree
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End the battle of doughnuts of death!










Mulch to dripline or beyond,
not just near trunk




Some choices for mulching trees










Or, in a lawn with plenty of drainage an
on a mound.







Plant on a mound in any soil, but
especially clay soills.

ORIGINAL
GARDEN SOIL
LEVEL

‘PLANT HIeH IN CLAY 5%0ILS:




Planted on a mound,
not mulched too high.




* Plant high on a mound, will
settle 20-50%

« Cover with newspaper (or old
garden B&W catalogs!)

« Cover with attractive mulch

 Use only B & W newspaper,
not color inserts on slick

paper

(Shameless product placement.)




Step-by-step planting on a mound (Part 1)




Step-by-step planting on a mound (Part 2)






















PERCENTAGE OF ROOTS PER DEPTH

YOUNG YOUNG
BIRCH SPRUCE

(NORTH
FINLAND)

oLD
SPRUCE




Many vegetables have roots wider
than foliage.

Corn plant seen from
above (the top 6 of
the root system)
extends 2-3 feet
beyond the corn’s
stems.
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Onion




Tomato




Lettuce




Carrot
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Fava Bean




NITROGEN AVAILABILITY IN LEQUMES
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Drip irrigation for healthier root zones.







Plant Between the Wet Spots
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Surface cultivation uses Scrapper (also called
onion hoe) to skim the roots 1-3” below the soil.




Surface cultivation protects upper roots where
most water and nutrient exchange happens.
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Figure 7.13 The average yields of a surface-cultivated garden were very close to the yields of a single-dug garden, in this
study from England. Some surfacecultivated vegetables out-produced the single-dug vegetables.




Ruth Stout - the great champion
of no-till gardening

= Deep muich

= No cultivation







Ideal concept of root barriers.
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Realities of root barriers.

Roots are ambitious
enough to grow
right over the root
barrier in pursuit of
aerobic surface soil.




Promote good drainage and “breathing.”




Permeable Landscapes
*Air

« Water
absorption

‘Less
compaction

Healthier roots

Lower runoff



Room to move.

the poor

Give

roots space to




Chico, CA best list for spacing of trees.

« CA Sycamore 'Yardwood*
70’"h X 50'w. Optimal
spacing 35-40°

« The minimum planter
width at least 7 feet.

* Best along riparian
habitats or where roots
can spread at least in one
direction.




ith wire

gopher baskets.

Troubles w













Tube-grown trees are air-
pruned by the “egress” at
the bottom of each tube.

Causes more laterals for
less transplant shock and
faster growth.

The top-to-root ratio
about equal to six- and
seven-inch tube
seedlings.

The smaller the top
foliage, the better.



Very windy location!
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“Nurse” shrubs
shelter young coastal
cypress

After four years, 12”
trees are 10+ feet and
require no staking

The more a tree is
buffeted by the wind,
the bigger its trunk
and the healthier its
roots



The tree with the black A
arrow next to it was by |
far the most well-
connected tree; it was
linked to 47 other trees
through eight
individuals of one
Rhizopogon species
and three individuals
of another. Suzanne
Simard
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