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What is soil?

ÅSOILis defined as ña dynamic 
natural body composed of mineral 
and organic solids, gases, liquids, 
and living organisms which can serve 
as a medium for plant growth.ò

ÅDynamic natural body 

Å45% Mineral solids

Å5% Organic matter (OM)

Å25% Gases (soil air)

Å25% Water + chemicals (soil 
solution)

ÅLiving organisms

ÅIncluding plants



What is soil? 
45% Mineral Solids

ÅInorganic soil components aka nonliving and have never been óaliveô

ÅContains NO carbon (C)

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







What is soil?
45% Mineral Solids

ÅWithin sandy, silty, clayey soils there are classes
ÅClasses are more detailed on the ratio of soil particles

ÅMost soils are a type of loam.
ÅMix of sand silt clay particles, not always present in equal 

amounts.

ÅLoams exhibit properties of each soil separate.

ÅClay is only needed in small amounts to influence soil.







Altering Soil Texture

ÅAltering soil texture is difficult and expensive

ÅRequires mixing current soil with another soil form a 
different texture class
ÅPreferably one that occurs naturally

ÅImported from another region

ÅSimply adding clay to a sandy soil or sand to a clayey soil is 
not advised because proper particle sizes and amounts vary 
by location.
ÅCoarse sand vs fine sand

ÅNearly impossible to determine exact quantities for an entire area.



What is soil?
5% Organic Matter (OM)

ÅOM consists of anything that is alive or was once 
living.
ÅAll living or once living organisms (organics) 

contain carbon (c)
ÅIncludes: Living organisms, carbon remains of 

once living organisms, organic compounds 
produced by breakdown of OM

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

ÅIncreases water holding capacity

ÅExcellent source of nutrients for plants

ÅFood supply for many soil microbes

ÅComprises 1-6% of topsoil

ÅHumusςcollection of organic compounds that 
accumulate in soils.
ÅDark color ςalmost black
ÅHigh water holding capacity



What is soil?
25% Water

ÅSoil water is best described as a soil solution because it 
contains more than just water (H2O)
ÅAlso contains nutrients from OM breakdown

ÅWhen water meets a soil surface, it has two fates:
ÅInfiltrate and become part of the soil solution
ÅStay at soil surface and become runoff

ÅWater moves throughout soil in the macropores (gravity) and 
micropores (chemical bonding).
ÅPlants obtain nutrients only from the soil solution by 

exchanging one nutrient for another.
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Figure 5.12   Soil water potential curves for three representative mineral soils and an organic peat. The curves show the relationship obta ine d 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 ɣ(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 ls et al. (1982, 2004) and Schw.rzel et 

al. (2002).

How tight water is held by different soil textures



What is soil?
25% Air 

ÅSoil pores are the ventilation 
system of soil

ÅAir content inversely related to water 
content

ÅSoil aeration is important for plant 
growth and microbial activity.

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



What is soil?
25% Air

ÅSoil color is influenced by air flow .
ÅReddish/yellow/orange colors in 

soil indicate good airflow.
ÅGrey/blue colors in soil indicate 

poor airflow.
ÅLack of oxygen

Å*Remember dark brown/black 
colors come from OM*





Soil Living Organisms

Å1 handful of soil contains billions of organisms. Most 
are microscopic.

ÅA typical, healthy soil contains 
Å3-4 species of vertebrae animals (mice, gophers, 

snakes)
Å6+ species of earthworms
Å50 species of arthropods (mites, beetles, ants, 

etc.)
Å100+ species of nematodes
Å100+ species of fungi
Å1000+ bacteria species

ÅHigh species diversity = high functional diversity

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



Soil Living Organisms

ÅFactors that influence the presence of living organisms in 
soil include:
ÅOM (feeds microbes)
ÅOxygen (microbes require airflow)
ÅTemperatures (prefer warm 68°F +)
ÅSoil pH

ÅMicrobial activity is largely responsible for nutrient 
availability in soil. 
ÅMicrobes eat OM, poop smaller forms of OM out.

ÅAnother microbe eats that poop, and poops 
even smaller forms of the OM out.

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



Soil Living Organisms



What is soil?



Why is soil important?



How Soils Support Plant 
Growth

1. Physical Support

ÅAnchors root system

2. Ventilation for Plant Roots

3. Water

Å{ƻƛƭΩǎ ǿŀǘŜǊ-holding capacity is crucial for plant survival.

4. Temperature Moderation

Å{ƻƛƭΩǎ ƛƴǎǳƭŀǘƛƴƎ ǇǊƻǇŜǊǘƛŜǎ ǇǊƻǘŜŎǘ Ǌƻƻǘǎ ŦǊƻƳ ƘƻǘκŎƻƭŘ 
extremes that occur at the soil surface.

5. Protection from Toxic Substances

ÅSoil protects plants from such substances by decomposing, 
adsorbing, ventilating, or suppressing toxin-producing 
organisms.

6. NUTRIENTS

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



How Soils Regulate Water Supplies

ÅNearly every drop of water in rivers, lakes, estuaries, 
etc. has travelled through or over soils.

ÅWhen water meets a soil surface, it has two fates:

ÅInfiltrate and become part of the soil solution

ÅStay at soil surface and become runoff

ÅInfiltrated water is either stored in soil pores, used 
by plants, or slowly trickles down into groundwater.

ÅAs water slowly moves down through soil 
layers, it is cleansed and purified.

ÅRunoff water detaches soil particles and carries it 
away into rivers and streams.

ÅNo purification process

ÅSoil is shallow or impermeable



ÅÉŸŔũШƓũċǃƚШċШĦĲŰƣƖċũШƖŸũĲШŔŰШƣőĲШEċƖƣőќƚШƽċƣĲƖШĦǃĦũŔŰŊЮ
Å~65% of water that infiltrates soil is kept as soil 

moisture and eventually used by plants or drained 
into groundwater.

ÅThe rest is returned to atmosphere via 
evapotranspiration.

ÅAs water moves down deeper into soil, it eventually 
encounters a zone where all pores are saturated (filled 
with water).
ÅThis zone is the water table тwhere soil meets the 

groundwater storage.
ÅAs water moves down deeper into soil, it is slowly 

filtered/purified.
ÅGroundwater either

ÅSlowly moves laterally into streams and lakes
ÅSlowly percolates upward towards plant roots as 

needed (drought)
ÅIs pumped out and used by humans (20% of US 

water is sourced from groundwater)



Global Hydrologic Cycle

ÅGlobal stocks of water:

Åфт҈ ƻŦ ŜŀǊǘƘΩǎ ǿŀǘŜǊ ƛƴ ƻŎŜŀƴǎ

ÅмΦт҈ ƻŦ ŜŀǊǘƘΩǎ ǿŀǘŜǊ ƛƴ ƎƭŀŎƛŜǊǎ ŀƴŘ 
ice caps

Å1.7% in groundwater up to 750 m 
underground

ÅWater in shallow groundwater, in streams 
and rivers, in the atmosphere, and in the 
soil is very active in hydrologic cycle.

ÅWater typically resides in one location for

Å~10 days in the atmosphere

Å~20 days in rivers

Å~30 days in soil



How Soils Recycle Waste

ÅSoil has the capacity to breakdown large 
quantities of organic waste into forms that can 
be used by plants.

ÅWithout 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

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

Å{ƻƛƭΩǎ ǎǘƻǊŜ ƭƻǘǎ ƻŦ ŎŀǊōƻƴ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ 
OM content.

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

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



ÅThe atmosphere above the soil contains 
approximately:
Å78% Nitrogen
Å21% Oxygen
Å0.0035% Carbon Dioxide CO2

ÅSoil air contains approximately:
Å78% Nitrogen
Å<20% Oxygen in upper layers
Å<5% Oxygen in deeper layers or on 

anaerobic soils
Å0.35% Carbon Dioxide CO2 *
Å10% CO2 becomes damaging to 

plants

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



Habitat for Soil Organisms
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Figure 1.10   Soil is among the oldest and most common of building materials, with half the worldôs people living in homes made of soil. 
(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 ñrammed earthò walls make the buildings warm in winter but cool in summer (see Chapter 7) and resistant to damage from 
earthquakes. 
(Left photo courtesy of Ray R. Weil; right photo courtesy of Lu Zhang, Zhejiang, China)

Soil as an Engineering Medium



Roles of Soil



Soil Health

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

ÅMaximize soil health by 
maximizing:

ÅPlant roots

ÅSoil covers/OM

ÅMINIMIZING disturbance



Plant Nutrients

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

ÅMacronutrients are nutrients needed in larger 
quantities for plant health, most come from the 
soil.
ÅCarbon, Hydrogen, and Oxygen come from the air 

and/or water

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

ÅMicronutrients are nutrients needed in smaller 
quantities for plant health, most come from the 
soil
ÅBoron (B), Chlorine (Cl), Copper (Cu), Iron (Fe), 

Manganese (Mn), Molybdenum (Mo), Nickel (Ni), Zinc 
(Zn)



Nitrogen (N)

ÅRoles in Plants:

ÅEssential for chlorophylldevelopment

ÅDark green leaves indicate adequate N 

ÅDeficiencies look like:

ÅYellow/pale older leaves

ÅN is very mobile in plants and soil

ÅOversupply of N:

ÅExcess vegetative growth, no flowering

ÅDelays in plant maturity

ÅWater pollution



Managing N in Soil

ÅMaintenance of OM to ensure long 
term source of N in soil

ÅRegulation of N fertilizers
ÅMinimizing N loss through leaching

ÅLegumes (beans) in crop rotations

ÅIdeal soil pH 5.5 ς6.5



Phosphorus (P)

ÅRoles in Plants:

ÅEnhances flowering, fruiting, 
seed development

ÅEssential for plant 
maturation

ÅEncourages root growth

ÅDeficiencies:

ÅDelayed maturity

ÅSparce flowering

ÅPoor seed quality

ÅPurple leaves and stems

ÅFirst shows in older leaves, P 
is very mobile in plants



Managing P

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

ÅEnhancing roots with mycorrhizaeaids in P uptake

ÅLocalized placement of P fertilizers aids in plant uptake and reduces 
waste/leaching

ÅControl soil pH 

Å6.0 to 7.0

ÅAdd OM to soils

ÅMinimize runoff and erosion



Potassium (K)

ÅRoles in Plants:
ÅHelps plants respond to stress
ÅGood K levels help plants 

withstand drought, temperature 
changes, and pests and diseases.

ÅDeficiencies:
ÅYellow/brown crunchy leaf tips 

and margins

ÅSmall, white, necrotic spots on 
leaves

ÅMobile in plants, deficiencies 
seen first in older leaves


