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Benefits of Compost Use
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Principal, R. Alexander Associates, Inc. 6/18/09
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• Societal Sustainability

- Water quality and management/stormwater

- Soil quality - biofiltration ability, plant 

growth, food production

- Climate change (CO2)

Current Issues – Compost Impacts
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• Societal Sustainability

- Reduction of chemical inputs

- Land reclamation / brownfields

- Toxins to environment                                

and humans

Current Issues – Compost Impacts
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• Create “products” 

- Unique, many composts are better and 

more economical to use

- Valuable and sustainable benefits  

- Replacement for virgin and less „green‟ 

products 

Current Status
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Compost / Composting

Various types of composts in California

- 100 Commercial Licensed

- 3 million CY of compost
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Soil Organic Matter

Organic matter is 1-6%

of total soil mass 

living biomass

10-20%

active fraction

10-20%
(recently dead

material) 

passive

fraction

60-80%
(well decomposed)

-Think about the carbon cycle

-All organic matter is not the same
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The previous slide shows two pie charts 

to illustrate Soil Organic Matter

• Small pie chart: organic matter is 1-6% of total soil mass

– This pie shows a small slice to represent the organic 

matter and points to the larger pie chart.

• Larger pie chart: shows soil organic matter breakdown:

– 60-80% - passive fraction (well decomposed)

– 10-20% - active fraction (recently dead material)

– 10-20%  - living biomass

Summary:

• Think about the carbon cycle

• All organic matter is not the same
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Comparing Active and 

Passive OM

Active Passive 

Rapid turnover 

smaller % of OM 

causes INDIRECT 

effects 

Slow turnover 

larger % of OM 

causes DIRECT 
effects 

 

 

Newer OM Older OM
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Role of Soil Organic Matter

Two Major Components:

•Direct effects of the organic matter itself

–soil structure, chelation of micronutrients, pH 

buffering capacity

•Indirect effects of decomposition of organic 

residues

–aggregation, nutrient release, biological activity, 

disease suppression
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Soil Organic Matter Continuum

•

•

Resistant to 

Decomposition

Easily 

Decomposed

humus

Green 

Manure

Compost
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The previous slide shows a scale of the 

Soil Organic Matter Continuum 

• The scale illustrates that some compostable 

items are easier to decompose that others.

• From easiest to decompose to those resistant to 

decomposition are:

– Green manure

– Compost

– Humus
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•Nutrient retention 

and release

•pH

•Energy (C) 

storage

•Toxicity 

prevention

•Root proliferation

•Aeration

•Water retention

•Water infiltration 

and transmission

•Erosion prevention

•Pest suppression

•N mineralization 

•OM decomposition

•Habitat protection

Physical Chemical

Biological

Soil Health

Soil Health:
where physical, 

chemical and biological 

health intersect

Aside from landscape uses, we 

have bigger issues to tackle
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Soil Conservation / Protection

USA – 5B tons topsoil 

lost through erosion
- Swain 1992
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Reclamation, Brownfields, 

Remediation
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Surface Water Protection

Salmon spawning waters degraded

Source: www.SoilsforSalmon.org
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Water Conservation
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Flood and Stormwater Mgt

Compost in 

bioengineering

Need to manage more, find 

less expensive methods

50 / 100 year storms?
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Flood and Stormwater Mgt
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Enhanced Food Production / 

Declining Agricultural Soil Quality

On a global scale the annual loss

of 75 billion tons of soil
- NRCS, 2003 data
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• Nearly 40 percent of the world’s agricultural land is

seriously degraded due to problems like erosion and

nutrient depletion, raising doubts about its ability to

produce food in the future

• Degradation has already significantly lowered the

productivity of 16 percent of farmland worldwide

International Food Policy Research Institute

• Food shortages in 2008 caused riots in Asia, Africa

and Latin America

• In 2030, expect a world population of 8.3 billion

people, requiring 30% more grain production

• 2008 had the highest fertilizer prices in history
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Water Conservation

• S. Cal can cost $800/A/ft. 

H2O for farmers

• Univ. of IL – 12/04 – adding 1 

A inch of H2O / acre is $160 -

$347 in energy alone

“When the well’s dry, we      

know the worth of water.”
B. Franklin, Poor Richard’s Almanac
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Water Conservation

100

120

140

160

180

200

220

Jan Mar May Jul Sep Nov

W
at

er
 U

se
 (m

il
 g

al
/d

ay
)

0

1

2

3

4

5

6

R
ai

n
fa

ll
 (i

n
ch

es
)

Water Use

Rainfall

Rainfall vs. water use

Summer 

landscape 

irrigation use

Need to reduce overall and peak usage, 

but more sprinkler’s are coming
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The previous slide shows a graph 

presenting water use vs. rainfall 

The x axis presents months: January thru 

December 

The left y-axis presents water use from 100 to 220 

million gal/day

The right y-axis presents rainfall from 0 to 6 inches

• Water use line starts ~ 125 ml/gal/day and peaks in July at ~ 

210  then tapers off in Oct/Nov  back to 125 ml/gal/day 

• The rainfall line starts at ~ 5 in. and then drops in July to < 1 

in. and then gradually increases to 5.5 in. in Oct/Nov.

• In other words, when water use is at its highest, rainfall is at 

the lowest.
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WORC/ECY 2008

Western
Washington

Loamy Sand

(% dairy solids  

compost added)

OM

(%)

Saturated

Hydraulic

Conductivity

(in/hr)

Moisture at 

Field 

Capacity

(weight %)

Moisture at 

Field 

Capacity 

(in/ft)

Bulk 

Density

(g/cm3)

0 2.0 4.3 21.5 2.2 1.20

10 2.0 4.3 26.8 2.7 1.28

20 2.4 5.4 37.0 3.7 1.09

30 4.4 7.5 50.9 5.1 0.99

Great tool for water management – too much, too little

Influence of Compost on Soil Water Management
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Climate Change
• Composting or AD, instead of landfilling

– Reduced methane generation

– 2005 - 25M tons of food waste to landfill, if composted

would offset CO2 from 7.8 M passenger cars

– If captured and used energy – green energy could

further offset fossil fuel production

• Compost use instead of petroleum based

fertilizer or pesticides

• Compost as a carbon dioxide sink

(sequestration)

– Kyoto Protocol allows for CO2 sink as a carbon offset

– ATTRA – 1% increase of organic carbon in soil can

sequester 132 tons/hectare of CO2
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Long Lasting Organic Matter 
– Lignin as % of Total Organic Carbon
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The previous slide shows a histogram of 

the Long Lasting Organic Matter – Lignin 

as Percent of Total Organic Carbon

The x axis shows three bars: solid farm 

manures, compost, and paper crumbles.

The y axis shows percent of Total Organic 

Carbon (TOC) from 0 to 100%.

• Compost has the highest percent of TOC 

~ 70 %

• Manures  ~ 30 %

• Paper ~ 20 %
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Benefits of Compost Use 

to the Landscape World 

•Improves soil structure

•Moisture management

•Modifies and stabilizes pH

•Increases cation exchange capacity

•Supplies nutrients

•Supplies soil biota

•Suppresses plant diseases

•Binds/degrades contaminants

•Binds nutrients

Physical:

Chemical:

Biological:

Other:
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Benefits of Compost Use

•Improves soil structure

•Moisture management

•Modifies and stabilizes pH

•Increases cation exchange capacity

•Supplies nutrients

•Supplies soil biota

•Suppresses plant diseases

•Binds/degrades contaminants

•Binds nutrients

Physical:

Chemical:

Biological:

Other:
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Soil 
Structure: 
Physical 

Modification

Oxygen, 

water, 

nutrient, 

pesticide 

movement, 

pore space 
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A well aggregated soil

has a range of pore

sizes.This medium size

soil crumb is made up

of many smaller ones.

Very large pores occur

between the medium

size aggregates.

Less wind and water

erosion, better accepts

water

Soil Aggregation
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Soil Structure:  
Biological mechanisms of aggregation

• Fungal hyphae

• Gels produced by  

microbes and plant 

roots
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Improved 

• Tilth 

• Reduced bulk density

• Improved rooting

• Fuel savings
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Effect of Organic Matter on 

Available Soil Water

Soil organic matter, % by weight
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• ATTRA – 1% OM can 

provide 16,500 gallons 

H2O/hectare of WHC
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The previous slide shows the Effect of 

Organic Matter on Available Soil Water

The x axis presents soil organic matter: 0 to 6 percent by 

weight.

The y axis presents the soil water content:  cubic 

meter/cubic meter (m3/m3) of soil – 0.0 to 0.5 m3/m3.

There are two lines:

• The bottom line is the “wilting point.” It starts at ~ 0.1 

and gradually increases to 0.125 m3/m3 at 5.5 % by 

weight soil organic matter.

• The top line is the “field capacity.” It starts at ~ 0.2 and 

increases quickly to 0.45 m3/m3 at 5.5 % by weight soil 

organic matter.
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Plant Available Water
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The previous slide shows a graphic 

illustration of soil‟s available plant water

This graph provides similar information to the previous 

graph but instead the x axis presents the soil types: 

sand, sandy loam, loam, silt loam, clay loam and clay 

and the y axis presents the soil water content in percent 

by volume, scale 0 - 40 %.  

There are two lines:

– The bottom line is the “wilting point.” It starts at 0 and 

increases steadily to 20 % at clay.

– The top line is the “field capacity.” It starts at ~ 5 % and 

increases quickly to ~ 35 % at loam then levels off  at ~ 38 % 

from silt loam through clay.

The area in between the two lines is called the “plant 

available water.” 
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Comparison of 2 soil planting beds:

1) The top bed has no added compost - the drip irrigation is not effective as 

the water does not disperse well and misses the plant root zone.

2) The bottom bed has soil amended with compost - the drip irrigation 

disperses over a wider area including the plant root zone.

Huge in 

CA

Water Conservation
Improved lateral movement of water – improved efficiency
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Benefits of Compost Use

•Improves soil structure

•Moisture management

•Modifies and stabilizes pH

•Increases cation exchange capacity

•Supplies nutrients

•Supplies soil biota

•Suppresses plant diseases

•Binds/degrades contaminants

•Binds nutrients

Physical:

Chemical:

Biological:

Other:
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Improves Nutrient Availability

pH and nutrient availability

pH scale is logarithmic

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

Nitrogen

Potassium

Phosphorus

Calcium

Magnesium

Iron

Manganese

Boron

Zinc

Copper
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The previous slide is a graphic illustration 

of how pH Affects Nutrient Availability 

• Nutrient absorption is improved with a lower 

pH (less than 6) for Phosphorus, Manganese, 

Zinc and Copper, and Boron and for Iron 

(less than 7) 

• Nutrient absorption is improved with a neutral 

pH (6.5 - 8) for Calcium and Magnesium

• Nutrient absorption stays relatively the same 

for Nitrogen, Potassium, and Iron across the 

range of pH from 4 to 8
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SOM is a Nutrient 

Reservoir: 
Cation 

• Cati

total

retai

• The

abili

(res

• Soil 

– T
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– T

exchange capacity

on exchange capacity (CEC) is the 

 amount of cations that a soil can 

n

 higher the soil CEC the greater 

ty it has to store plant nutrients 

ervoir)

CEC increases as

he amount of clay increases

he amount of organic matter 

ncreases

he soil pH increases
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Nutrient Value

Nutrient* Value/LB 0.5:0.5:0.5  NPK in 

Ton of Compost 

1-1-1  NPK in 

Ton of Compost

Nitrogen $0.92 $4.60 $9.20

Phosphate $1.22 $6.10 $12.20

Potassium $0.67 $3.35 $6.70

Total $14.05 $28.10

-Nutrient sources - Urea (46%N), MAP (52%P) and Muriate of Potash (60%K)

-Values based on a wet ton of compost at 50% moisture content--

-Pricing – summer 2008
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Comparison of 2 soil planting beds:

1) The top bed has no added compost - the drip irrigation is not effective as 

the water does not disperse well and misses the plant root zone.

2) The bottom bed has soil amended with compost - the drip irrigation 

disperses over a wider area including the plant root zone.

Huge in 

CA

Water Conservation
Improved lateral movement of water – improved efficiency
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Micro / 

secondary 

nutrients 

too

Chart shows nutrients, 

percent of foliage, and 

deficiency symptoms
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Carbon sequestration 
• Is the long-term storage of carbon in oceans, soils,

vegetation (especially forests), and geologic
formations.

• Soil carbon sequestration is the process of transferring
carbon dioxide from the atmosphere into the soil crop
residues or other organic solids, and in a form that is
not immediately remitted.

• Helps offset emissions from fossil fuel combustion and
other carbon-emitting activities, while enhancing soil
quality and long-term agronomic productivity.

• Soil compost sequestration can be accomplished by
management systems that add high amounts of
biomass to the soil, cause minimal soil disturbance,
conserve soil and water, improve soil structure, and
enhance soil fauna activity.
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Carbon sequestration 

• Soil contains 75% of the carbon pool on

land (25% stored in living plants and

animals)

• Benefits of soil carbon sequestration

– Removing CO2 from the atmosphere

– Improved soil and water quality

– Decreased nutrient loss

– Reduced soil erosion

– Increased water conservation

– Greater crop production
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Benefits of Compost Use

•Improves soil structure

•Moisture management

•Modifies and stabilizes pH

•Increases cation exchange capacity

•Supplies nutrients

•Supplies soil biota

•Suppresses plant diseases

•Binds/degrades contaminants

•Binds nutrients

Physical:

Chemical:

Biological:

Other:
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Soil Organisms are Responsible for

• Organic matter decomposition and 
nutrient cycling

• Increased nutrient supply to plant roots

• Formation and stabilization of soil 
structure

• Control of pests and pathogens

• Breakdown of organic contaminants

Soil Biology
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Principle Soil Decomposers

Microbial Group Soil population
(cells/gram soil)

Bacteria 300,000 - 200,000,000

Actinomycetes 100,000 - 100,000,000

Fungi 20,000 - 1,000,000

Protozoa 10,000 - 100,000

Algae 100 - 50,000

Similar to those in compost. Population and diversity are measures of soil 

quality
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Phytophthora hyphae

Trichoderma

Malajczuk, 1983

Disease Suppression
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Suppresses Soil-Borne Diseases

4 Mechanisms of Disease Suppression, via beneficial organisms:

1. Induced systemic resistance (ISR) or systemic acquired resistance 

(SAR) – turns on plant’s natural disease-fighting mechanisms 

2. Antagonism (kills/harms disease organisms)

3. Competition for nutrients (and energy)

4. Competition for root colonization 
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QUESTIONS


