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Soil & Plant Sequestration

microbial
respiration

coz S 4 of Atmospheric CO,

Uses COz2 to store carbon in biomass
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Transformation of carbon in organic materials, such as soil
amendments, into humus, a stable organic material that builds
healthy soils. Humus formation sustains soil organism
activities needed to support healithy plant populations.

Translocation =
O HORIZON

Soil aggregation happens in this layer. Here, soil organic
matter and stable organo-mineral complexes form, which
bind and store carbon.

Deep rooting encourages root growth and enhances
organic carbon in the subsoil.

A HORIZON
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L-Rems to the downmdmm of humus and
'stable aggregates making them more stable

R HORIZON ) ’ | Bedrock - Soil-forming parent material.
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Leaching
Accumulation l

Calcite
' accumulates
to form

: calcrete.
C ﬁ '-..‘

Weathering
)

Unweathered

Humus
. accumulates.

Iron oxide and
, aluminum oxide
accumulate;

Weathered

bedrock bedrock
Desert soil Temperate soil
(a) Aridisol forms in deserts. Rainfall is so (b) Alfisol forms in temperate climates.
low that no O-horizon forms, and soluble An O-horizon forms, and less-soluble
minerals accumulate in the B-horizon. materials accumulate in the B-horizon.

calcite is leached.

Tropical soil

ﬁ@_

(c) Oxisol forms in tropical climates where
percolating rainwater leaches all soluble minerals,
leaving only iron- and aluminume-rich residues.

Iron oxide,

I aluminum oxide,

and aluminum
hydroxide residue

Unweathered
bedrock







TABLE 8.6

RECOMMENDED SCALE OF SOIL PARTICLE SIZES

(mm).
[After McDonald et a/]

Fine clay

Clay particles

Silt
SAND

fine

coarse
GRAVEL

Fine

Medium

Coarse
COBBLES
STONES
BOULDERS

< 0.002
0.002
0.002 - 0.02
0.02-2.0
0.02-0.2
02-2
2-60
2-6
6-20

20 - 60
60 - 200
200 - 600
>600
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FIGURE 8.2

JAR METHOD

of assessing crude soil composition; useful for classification, uses for
mud brick or pisé work. Soil sample is shaken in water and allowed to
stand until layers form (1-20 days). The volume of each fraction
determines uses and a texture classification (see FIGURE 8.1).
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PERCENT SAND
FIGURE 8.1

SOIL PROCESSES.
The USDA classification of soil types by particle size.




MICROBIAL AND RINGAL
BYPRODUCTE GLUE

THE PARTICLEY TOGETHER

Rrea = i L
-y T I'I

DISPERSED STATE ALGHREGATED STATE









3






/)

S The Soil Food Web
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metabolites from X Animals
plants, animals and Bacteria
microbes:
First trophic Second Third trophic Fourth trophic Fifth and :
level: trophic level: level: level: higher trophic
Photosynthesizers Decomposers Shredders Higher level levels:
Mutualists Predators predators Higher level
Pathogens, parasites Grazers predators

Raot-feaders



TABLE 8.6

PIECHART OF TOTAL VOLUME COMPONENTS OF AN
"AVERAGE" SOIL.

119
(<i-70%), &

Pore space
35%
Gases

Biota 8%

(2-15%) >

THE COMPOSITION OF A GARDEN LOAM WITH
MULCH AND A RICH SOIL BIOTA. (A range of proportions

(<1-100%)

(<1->70%)

COMPOSITION OF AN AVERAGE SOIL

20-40%

from wet peats to compact mineral soils is given in brackets).

(12-15%)

(5-95%)

Minerals
30%

Available
Soil Water
1%

Humus &
roots 12%

(<1-100%) (2-70%)

Roots, animals,

(2-50%) (<2-80%) humus. (Most as
humus, some as -
Soil water biomass). (40-60%)

Organic
content
30%

Pore space
and gases
50%

Minerals
10%

Colloids, gels
10-25%

ESTIMATED TOPSOIL VOLUME
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TR FIGURE 8.4

INFLUENCE OF pH ON AVAILABILITY OF PLANT NUTRIENTS
A In inorganic (mineral) soils. The widest parts of the black areas
indicate maximum availability of each element. The curves represent
pH values.

[After Nelson, L. B., (Ed.), Changing patterns of fertiliser use, Soil
Science America, Madison, W1 (1968)].

B In organic soils. The widest parts of the black areas indicate
maximum availability of each element.

[After Lucas, R. E., amd J. F. Davis, "Relationships between pH values
of organic sols and availability of 12 plant nutrients®, Soil Science,
92:17-182 (1961)]
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The complete picture of the carbon cycle

Fossil Fuel Vegetation Ocean
Burning & Land

teg o

Carbon cycle for the 1990s. Numbers are in billion tonnes of CO2 (IPCC AR4).



Water

Water Cwle:
The Earth's twtal water supply is estimated to be over 1.3 billion

cubic kilometres. It is constantly redistributed by a varicly of processes.
Water evaporatex from the ocean and may fall as precipitation over fand
Water resemers the atmosphere from land by evaporation and
transpiration (water lnsy by plants),

Water flows from land 10 ocean in surface
riversand streams. It also travels through soil and

rock as groundwater, There is 30 times as much freskh
water below grownd than in fakes, rivers and inland seas

Photographer: Gary Hincks
(Science Photo Likrary)




TABLE 7.1

RENEWAL TIMES OF ALL WATER IN BASIC STORAGES (seawater and freshwater)[From: Southwick, C.H., Ecology and the
Quality of our Environment, Van Nostrand Reinhold, NY, 1976.]

LOCATION DISTRIBUTION RENEWAL TIME

IN STORAGES (% of total water) (Turnover rates, cycles)
Ocean 93.8 37,000 years

Glaciers and permanent snow 1.986 16,000 years
Groundwater (to 5 km depth) 4.1 4,600 years

(Actively exchanged) 0.274 300 years

Lakes 0.0051 13 years

Atmosphere 0.000959 9 days

Rivers 0.00008 13 days

Biological water 0.000005 3.4 days




TABLE 7.2
FRESHWATER LOCATION.

Freshwater is only 3% of all water on earth, and very little is in
circulation, most being locked up in storages.

STORAGE % OF FRESHWATER
Ice and glaciers” 75.0
Groundwater more than

800 m deep 13.5
Groudwater less than

800 m deep 11.0
Lakes 0.3
Soils 0.06
Atmosphere (in circulation

at any one time) 0.035
Rivers 0.03

*Frozen ground or permafrost is not assessed in this
table. It represents a considerable storage (about 40%
of the landmasses of Canada and the Soviet Union.
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FIGURE 7.1

THE GLOBAL WATER CYCLE (Land and sea)

Omits most of the biological effects but gives the broad schematic of
the water cycle. We can affect all parts of this cycle in adverse or
beneficial ways.
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THE BIRTH OF CLOVDS -
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FIGURE 6.6
HOW A TREE INTERACTS WITH RAIN

Every tree, every plant species, intercedes in rain to change the

THROVGHFLow

composition, energy, and distribution of water; the overall effect of
trees is to moderate and conserve incoming energy.
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L BRDS ARE MESSENGERS,
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NUTRIENTS EACH ROOT QAN BE T NTERIALS ENTER AND
INDIVIDUA
LEGUMES AND OTHER SPEQES AN INDIVIDUAL- ARE. CHANGED
Fik AND SUPPLY NUTRIENTS A GUILD 15 A CoMMUNITY
OFf RANTS AND ANIMALS, CHEMICAL MESAAGES TO THE
% ANIMALS ARE INTERACTORS, TREE CoNTROLS HEALTH AND  spyue & OTHER SPECIES
AND MESSENGERS, AND RREEPING OF BROWSERS.
s DISTRIBUTORS OF NUTRIENTS,
Figure 6.1 family of like species, and is involved in the creation of complex
TREES IN A WHOLE SYSTEM molecules from inorganic and organic elements - a transformer, or

The tree itself is a cooperative, depends on a guild, is a member of a  translator, of gases, liquids, and solids




0
NO EFFECT
No deformations of branches

1
BRUSHING

Branches or needles bent away from
prevailing winds. Crown slightly deformed.

2

SLIGHT FLAGGING

Small branches bent. Tree markedly
asymmetric.

3
MODERATE FLAGGING
Larger branches bent away from the wind.

4
STRONG FLAGGING

All branches swept to lesward. Tree a
"banner".

5

PARTIAL THROW

Trunk bent to leeward but vertical near
ground.

6
@ COMPLETE THROW

Trunk now quite bent to leeward.

7
3D CARPETING

Tree a creeping shrub-like layer of
prostrate growth.

THE ABOVE EFFECTS ARE STANDARD
FOR TREES NOT AFFECTED BY SALT,

wiocol>
STeM SECTon  FRoM
Al ARER OF STRONG ICE, OR SNOW LOAD.
WINP,
PREVALING FIGURE 6.2
WIND EFFECTS ON TREES

As winds cross tree lines they are deflected in a new direction. Trees
deform or "flag” permanently in prevailing strong winds and can be
used to assess the effects of such winds; they form a site-record of
wind history.




FIGURE 11.88
_ BOOMERANGS.
SECTIONAL-  BLEVATION AA . On small, awkward, steeper, or restricted sites these pans catch and
hold silt and water for spaced—-out tree sites. Runnels are thus spread
across a site.
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STORME ;
DBEP INALTR 3@
INTAKES AND
DEEP LEADS

T UNCONSoUDNTED FoREST Sl PRoALe: L PROESS OF MiSUSE:

T G ORI :
PEEP
’Nﬁu’i‘m'ou
INTAKES AND
DEEP LeAdS,

L Cou&%ev Sol. PROFILE.

AR | WITH CRUMB SIRVCTURE.. Z0% R~ RLoUGHS HkCH(ME&V((OH?ACnou>
50 WATER SPACE. ;| OVERLAND Flow A +RAN ANP WIND LEADS TO
HINOR ELEMENT . D/EP wWATER 0L NUTRIENT MoveHed T, CoMPACTIoN .
FIELD CAPACITY (oI FLOCCULATES QLAY WHICH
FIGURE 11.93 FILLS AR 5?ACE§>,LEADS TO,'?

PROCESS OF SOIL COLLAPSE.

After misuse, sodium ions displace calcium, clays deflocculate and
soil pore spaces fill; soii collapses to a cemented hardpan which seals
off the subsoil. It is now almost impossible to plant trees without a

COMPOSED DF WUMUS WATER, CLAY SAND,  CLEARING, OVERGRAZING, PIRE: HOWES "MAZSIVE S0l

. B HoR2oN Now HYpRo—
PHOBIC | SALTS (ONCENTRATED. 57, TR

LE% WATER SPACE - GREATLY INCREASED
OVERLAND Flowl (CROSION) AND EVAPORA—

TioN . S0l COULAPSED ABOVT 1m.
ONLY THN SURFACE SolL% GET wWET.

long rehabilitation process, interceptor banks, and humus
development (West Australian soiis).
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FIGURE 7.8
BARRIER DAM

"The engineer's dam." Can affect fish, migration, and be difficult to
spill; works well as part of a keyline series only.




FIGURE 13.19

4 PONDSOF SAME AREA,
but differing widely in their capacity to provide for edge plants such as
blueberries, to feed fish from edge vegetation, and to irrigate nearby
tree roots.




FIGURE 13.21
ONE POND WITH COMPLEX SCREENS.

In this complex pond, sequences such as shown in FIGURE 13.20 are
annidated (nested) in one body of water divided by screens or walls.
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SeECTioN

FIGURE 7.4

SADDLE DAM
Very useful for fire control, wildlife, limited irrigation. The "highest"

type of dam in the landscape that fills from hill runoff.
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FIGURE 7.7
CONTOUR DAMS
Practical on slopes of 8°or less, as part of a general series on farms.
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TRANSVERSE SECTION ALONG PRIMARY RIDGE. UINE
FIGURE 7.5
RIDGEPOINT DAM

or "horseshoe" dam, built on plateau areas of ridges. Uses as for
saddle dams.
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FIGURE 7.16.A
P. A. Yeomans' “Keyline" system provides drought-proofing for farms in English on total water design for foothill farms, access, tree belts,
with very low maintenance and operating costs; his was the first book soil creation, low tillage, and creative water storage.
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FIGURE 13.16
SOME COMMON STRUCTURES IN POND LANDSCAPES.
Riplines, swales, diversion drains, irrigation canals, and tree lines
ensure that over-land flow is conserved in sub-humid landscapes.



FIGURE 12.1
SUNTRAP.

Cool polar winds are offset by sun—facing roughly parabolic shelters
for houses and gardens, crops.
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ELECTRIC FENCE

FIGURE 12.13

CHICKEN/ORCHARD PENS.

Idealized free-range layout; heavy breeds close to house, some pens
” alwayesd rested, limed, sown to forage crop. Fruit and forage trees
omitted.




Thank you
www.sector39.co.uk

End of presentation, thank you for using these materials, we
are working hard to inspire and involve people across the world
in permaculture and the possibilities for human flourishing it
presents. Some of the images are borrowed form other
teachers, and you are welcome to use any of ours.




