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_VVhat IS soIl?

ASOILi s defined as iz
natural body composed of mineral
and organic solids, gases, liquids,
and living organisms which can serve
as a medium for pl

Air
20-30%

Soil
solids

A Dynamic natural body
A 45% Mineral solids
A 5% Organic matter (OM)
A 25% Gases (soil air)

A 25% Water + chemicals (soil
solution)

A Living organisms
A Including plants



What is soil?
45% Mineral Solids

A Inorganic soil componentsakanon!|l i vi ng and have never been 6al
A Contains NO carbon (C)

A Soil is composed of sand, silt, and clay textures.
A Soil texture affects suitability of soil for most uses (farming vs building)
A Sandy soils vs. Clay soils

Table 1.2

SoME GENERAL PROPERTIES OF THE THREE MAJOR Si1ZE CLASSES OF INORGANIC SOIL PARTICLES
Property Sand Silt Clay

1. Range of particle diameters in millimeters 2.0-0.05 0.05-0.002 Smaller than 0.002

2. Means of observation Naked eye Microscope Electron microscope

3. Dominant minerals Primary Primary and secondary Secondary

4. Attraction of particles for each other Low Medium High

5. Attraction of particles for water Low Medium High

6. Ability to hold chemicals and nutrients Very low Low High

in plant-available form

ol

Consistency when wet Loose, gritty Smooth Sticky, malleable

8. Consistency when dry Very loose, gritty  Powdery, some clods Hard clods



Large particlesand  Medium particles
pore size (air spaces) and pore size
(air spaces)

Clay

Small particles
tightly packed with
very little space
between them



Table 4.1

GENERALIZED INFLUENCE OF SOIL SEPARATES ON SOME PROPERTIES AND BEHAVIOR OF SoILs?

Property/behavior

Rating associated with soil separates

Silt

Clay

Water-holding capacity
Aeration

Drainage rate

Soil organic matter level

Decomposition of organic matter

Warm-up in spring
Compactability

Susceptibility to wind erosion
Susceptibility to water erosion

Shrink—swell potential

Sealing of ponds, dams, and landfills
Suitability for tillage after rain

Pollutant leaching potential

Ability to store plant nutrients

Resistance to pH change

Low

Good

High

Low

Rapid

Rapid

Low

Moderate (high if fine sand)
Low (unless fine sand)
Very low

Poor

Good

High

Poor

Low

Medium to high
Medium

Slow to medium
Medium to high
Moderate
Moderate
Medium

High

High

Low

Poor

Medium
Medium
Medium to high
Medium

High

Poor

Very slow

High to medium

Slow

Slow

High

Low

Low if aggregated, high if not
Moderate to very high
Good

Poor

Low (unless cracked)
High

High

2Exceptions to these generalizations do occur, especially as a result of soil structure and clay mineralogy.




What Is soil?
45% Mineral Solids

AWithin sandy, silty, clayey soils there @lasses
AClasses are more detailed on the ratio of soil particles

AMost soils are a type dbam.

AMix of sand silt clay particlespt always present in equal
amounts

ALoams exhibit properties of each soil separate.
AClay is only needed in small amounts to influence soil.




SAND (%)
USDA soil textural triangle

Source: National Agronomy Manual, USDA




BOX 4.2
A METHOD FOR DETERMINING TEXTURE BY FEEL

The first, and most critical, step in the texture-by-feel method is to knead a wal-
nut-sized sample of moist soil into a uniform puttylike consistency, slowly adding
water if necessary. This step may take a few minutes, but a premature determina-
tion is likely to be in error as hard clumps of clay and silt may feel like sand grains.
The soil should be moist, but not quite glistening. Try to do this with only one hand
so as to keep your other hand clean for writing in a field notebook (and shaking
hands with your client).

While squeezing and kneading the sample, note its malleability, stickiness,
and stiffness, all properties associated with the clay content. A high silt content
makes a sample feel smooth and silky, with little stickiness or resistance to
deformation. A soil with a significant content of sand feels rough and gritty, and
makes a grinding noise when rubbed near one’s ear.

Get a feel for the amount of clay by attempting to squeeze a ball of properly
moistened soil between your thumb and the side of your forefinger, making a rib-
bon of soil. Squeeze out the ribbon little by little, making it as long as possible
until it breaks from its own weight (see Figure 4.15). Interpret your observations
as indicated in Figure 4.16.

A more precise estimate of sand content (and hence more accurate place-
ment in the horizontal dimension of the textural class triangle) can be made
by wetting a pea-sized clump of soil in the palm of your hand and smearing it

Figure 4.16 Flow chart for determining textural class by feel. To use the chart, to determine the texture of a
soil, begin at the top left corner.
[Diagram Weil (2009)]

START by
moistening and
kneading soil into a
putty-like
consistency. Try to
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around with your finger until your palm becomes coated with a souplike suspen- Aoy Loam | SLT I SRV o J CLAY S| et e
sion of soil. The sand grains will stand out visibly and their volume as compared —_— LOAM LOAM —— '

to the original “pea“ can be estimated, as can their relative size (fine, medium,
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Altering Soll Texture

AAltering soil texture is difficult and expensive

ARequires mixing-current soil with another soil form a
different texture class
APreferably one that occurs naturally
Almported from another-region

ASimply adding clay to a sandy'soil or sand to a clayey soil is
‘ not advised because proper particle sizes and amounts vary
by location.
\ ACoarse sand vs fine sand
\&Nearly Impossible to determine exact guantities for an entire area.
-



What is soil?
5% Organic Matter (OM)

A OM consists of anything that &ive or was once
living.
A All living or once living organisms (organics)
contain carbon (c)
A Includes: Living organisms, carbon remains of
once living organisms, organic compounds
produced by breakdown of OM

A Bindsmineral (sand, silt, clay) particles together,
making soils more productive

A Increases water holding capacity

A Excellent source of nutrients for plants
A Food supply for many soil microbes

A Comprises % of topsoil

A Humusc collection of organic compounds that
accumulate in soils.
A Dark colorg almost black

A High water holding capacity




What Is soll?
25% Water

A Soil water is best described as &oil solution because it
contains more than just water (HO)

A Also contains nutrients from OM breakdown

AWhen water meets a soil surface, it has two fates:
Alnfiltrate and become part of the soil solution
A Stay at soil surface and become runoff

AWater moves throughout soil in the macropores (gravity) and
micropores (chemical bonding).

APlants obtain nutrients only from the soil solution by
exchanging one nutrient for another.



Figure 5.12 Soil water potential curves for three representative mineral soils and an organic peat. The curves show the relationship obta ined by slowly drying

completely saturated soils. The dashed lines show the effect of compaction or poor aggregation in mineral soils. Note that th e soil water potential  y (which is negative)
is plotted on a log scale in units of bars (upper scale) and kilopascals (kPa) (lower scale). Soil water content is plotted o n t he vertical scale on a volumetric basis (left
axis). The curves do not account for possible soil volume changes (shrinkage) and are generally representative of data in Raw Is et al. (1982, 2004) and Schw.rzel et
al. (2002).
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What 1s soil?
25% AlIr

ASoil pores are the ventilation
system of soil

AAir content inversely related to water
content

A Soil aeration is important for plant
growth and microbial activity.

APlant growth and microbial activity
becomes severely inhibited when
air filled pores falls below 10%.

Intraped
micropores

Macropores

Clayey aggregates
(a)

Macropores

Coarse sand grains

(b)




What 1s soil?
25% Alr

ASoil color is influenced by air flow

AReddish/yellow/orangecolors in
soll indicate good airflow.

A Grey/blue colors in soil indicate
poor airflow.
A Lack of oxygen

A*Rememberdark brown/black
colors come from OM*
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Gravel moves
the wettest soil
up in the pot,
closer to the
roots, which can
lead to rot,
which is bad for
your plants.

The wettest
soil is at the

bottom of
the pot.




Soll Living Organisms

A 1 handful of soil contains billions of organisms. Most
are microscopic.
A A typical, healthy soil contains

A 3-4 species ofvertebrae animals (mice, gophers,
snakes)

A 6+ species ofearthworms

A 50 species ofarthropods (mites, beetles, ants,
etc.)

A 100+ species ofnematodes
A 100+ species offungi
A 1000+ bacteria species

A High species diversity = high functional diversity

A Plant roots also considered living organism in soil and
occupy 1% of most soil volume.




Soll Living Organisms

A Factors that influence the presence of living organisms in
soil include:

A OM (feeds microbes)
A Oxygen (microbes require airflow)
A Temperatures (prefer warm 68F +)
A Soil pH
A Microbial activity is largely responsible for nutrient
availability in soil.
A Microbes eat OM, poop smaller forms of OM out.

A Another microbe eats that poop, and poops
even smaller forms of the OM ouit.

A As this continues, nutrients are released from
OM and dissolved into the soil solution.




Soil Living Organisms

Viruses
Archaea
Bacteria
Algae

Fungi

Planiroots
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Diameter, m (log scale)
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Air
20-30%
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Roles of Soil

. Supporting plant growth pan gronth
. Regulating water supplies Tida

. Recycling waste products
(dead and decaying
products into nutrients)

. Atmosphere modification
. Providing habitats for so

System for
water supply
and purification

Recycling system

2 ".—- -
or e =- for nutrients and

organic wastes

Modifier of
the atmosphere

x j Habitat for
77)




How Soils Support Plant
Growth

Physical Support
A Anchors root system

Ventilation for Plant Roots

Water
A { 2 A f QBoldiad cap&diy is crucial for plant survival.

Temperature Moderation

A{2At Q& AyadzZ I GAy 3 LINELISNIA
extremes that occur at the soil surface.

Protection from Toxic Substances

A Soil protects plants from such substances by decomposing, &
adsorbing, ventilating, or suppressing toxiroducing
organisms.

NUTRIENTS

A A fertile soil will continuously supply dissolved nutrients to
plant roots. (soil solution)



How Soils Regulate Water Suppl

A Nearly every drop of water in rivers, lakes, estuarie
etc. has travelled through or over soills.
A When water meets a soil surface, it has two fates:
A Infiltrate and become part of the soil solution
A Stay at soil surface and become runoff
A Infiltrated water is either stored in soil pores, used
by plants, or slowly trickles down into groundwater
A As water slowly moves down through soil
layers, it is cleansed and purified.
A Runoff water detaches soil particles and carries it
away into rivers and streams.
A No purification process
A Soil is shallow or impermeable
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A ~65% of water that infiltrates soil is kept as soil
moisture and eventually used by plants or drained
into groundwater.

A The rest is returned to atmosphere via
evapotranspiration.

A As water moves down deeper into soil, it eventually
encounters a zone where all pores are saturated (filled Soil moisture
with water).

A This zone is thevater table T where soil meets the
groundwater storage.

A As water moves down deeper into soil, it is slowly | ‘b’ D 4 v
filtered/purified. Water table

A Groundwater either
A Slowly moves laterally into streams and lakes

A Slowly percolates upward towards plant roots as
needed (drought)

A 1s pumped out and used by humans (20% of US
water is sourced from groundwater)

Zone of saturation




GlobalHydrologic,Cycle

A Global stocks of water:
ApTti: 2F SENIKQa 61 UGSNI AY YcLE
AmoTtsz 2F SENIKQa g1 SN

Ice caps
A1.7% in groundwater up to 750 m
underground

Condensation

Tran@ion

from Plants

»

Evaporation
from Oceans,
Lakes & Streams

A Water in shallow groundwater, in streams
and rivers, in the atmosphere, and in the
soll is very active in hydrologic cycle.

A Water typically resides in one location for

A~10 days in the atmosphere
A~20 days in rivers
A ~30 days in soil



How Soils Recycle Waste

A Soil has the capacity to breakdown large
guantities of organic waste into forms that can
be used by plants.

A Without soils, the planet would likely be
covered in plant and animal waste, and we
would have run out of nourishment a long time
ago.




How Soils Modify the
Atmosphere

A Gas exchanges between the soil and the
atmosphere influence atmosphere
composition and global climate change.

A{2AtQa aiG2NB t20Ga 27
OM content.

A Evaporation of soil moisture is a major source
of water vapor in the atmosphere which alters
air temperature and weather patterns.

A In dry areas, soil picked up by wind can impact
air quality and negatively effect human
respiratory health.




A The atmosphere above the soil contains
approximately:

A 78% Nitrogen
A 21% Oxygen
A 0.0035% Carbon Dioxide CO2

A Soil air contains approximately:
A 78% Nitrogen
A <20% Oxygen in upper layers

A <5% Oxygen in deeper layers or on
anaerobic soils

A 0.35% Carbon Dioxide CO2 *

A 10% CO2 becomes damaging to
plants

A There are also other gases present in both
atmospheres, like methane and ethylene.




Habitat for Soil Organisms
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FIGURE 4.1. A few examples of the inhabitants that live in soil. Illustration by Elara Tanguy.




Soll as an Engineering Medium

Figure 1.10 Soi | is among the ol dest and most common of building material s,
(left) An elderly African villager weaves a basket outside his house made from red and black clay soil reinforced with small tre e branches

(a technique termed wattle and daub). (right) Several round Tulou apartment buildings housing up to 80 families each in Fu -Jian, China.
These buildings have 2  -m-thick walls made thousands of years ago from compacted yellowish soil mixed with bamboo and stones. The se
massive Arammed eartho walls make the buildings warm in winter but mcool
earthquakes.

(Left photo courtesy of Ray R. Weil; right photo courtesy of Lu Zhang, Zhejiang, China)
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with half the worl dds peopl e |

in summer (see
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' Medium for - Recycling system
plant growth : - for nutrients and

" =SS organic wastes

Modifier of
the atmosphere

Habitat for
soil organisms

System for
water supply
and purification

Engineering medium



Soil Health

ASoil is not just dirt for plants, but a
whole living resource.

AMaximize soil health by
maximizing:
APlant roots
ASoil coversdDM
AMINIMIZING disturbance




Plant/Nutrients

A Soil is loaded with different elements but only
17 are necessary for plant growth and
development.

A Macronutrients are nutrients needed in larger

guantities for plant health, most come from the m Q m
soil. Macronutrients -
A Carbon, Hydrogen, and Oxygen come from the air from soils , ,

and/or water Mo "

A Nitrogen (N), Phosphorus (P), Potassium (K), Calcium
(Ca), Magnesium (Mg) and Sulphur (S) come from
soil/nutrient solution.

A Micronutrients are nutrients needed in smaller Micronutrients e @ @ %
quantities for plant health, most come from the R eP oI ; -
soil @ @ Ni %

A Boron (B), Chlorine (Cl), Copper (Cu), Iron (Fe),
Manganese (Mn), Molybdenum (Mo), Nickel (Ni), Zinc
(Zn)




Nitrogen((N)

ARoles in Plants:
AEssential fochlorophylldevelopment
ADark green leaves indicate adequate N

A Deficiencies look like:
AYellow/paleolder leaves

AN is very mobile in plants and soil

AOversupply of N:
AExcess vegetative growth, no flowering
ADelays in plant maturity
AWater pollution



Managing NrinSoil

AMaintenance of OM to ensure long
term source of N in soll

ARegulation of N fertilizers
A Minimizing N loss through leaching

ALegumes (beans) in crop rotations
Aldeal soil pH 5.5 6.5



Phosphorus+(P)

ARoles in Plants:

AEnhances flowering, fruiting,
seed development

A Essential for plant
maturation

AEncouragesoot growth

A Deficiencies:
ADelayed maturity
A Sparce flowering
APoor seed quality
APurple leaves and stems

AFirst shows in older leaves, P
IS very mobile in plants




A Challenge is to add enough P to soils so that plants can efficiently
uptake, but to avoid adding too much/wasting P

A P fertilizers are only available to plant roots for a short time before turning into a
different, less soluble form of P after awhile in the soil.

A Enhancing roots witmycorrhizaeaids in P uptake

- A Localized placement of P fertilizers aids in plant uptake and reduces
Man@ WP waste/leaching

A Control soil pH
A6.0t07.0

A Add OM to soils
A Minimize runoff and erosion



Potassiumi(K)

ARoles in Plants:

AHelps plants respond to stress

A Good K levels help plants
withstand drought, temperature
changes, and pests and disease:

ADeficiencies:

AYellow/brown crunchy leaf tips
and margins

ASmall, white, necrotic spots on
leaves

AMobile in plants, deficiencies
seen first in older leaves



