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Making a Hot
Compost Pile

From: Campbell 1975

By William Quarles

If an organic mulch is spread over the top of a garden
bed, it slowly decomposes. Since one gram of garden soil
contains about 8,000,000 bacteria, 800,000 actino-
mycetes, 30,000 fungi, 16,000 algae, and 10,000 proto-
zoa, the decomposition process is inevitable (Waksman
1932). In a process called sheet composting, microorgan-
isms will also slowly decompose manure, plant debris
and other organic wastes that are incorporated into the
top layer of soil. The endpoint of the decomposition is
the formation of humus, an organic material that resists
further breakdown (Waksman 1938).

These natural processes can be accelerated and
controlled if the organic waste is gathered together in
the familiar hot compost pile. Hungry microbes swiftly
metabolize the organic matter, liberating heat and car-
bon dioxide. This article reviews the aerobic or thermal
composting process, and gives tips on how to produce
healthy compost for your garden. Another form of com-
posting, called vermicomposting, where organic matter
is digested by worms in bins, will not be discussed here
(Appelhof 1997).

L i ~BAR TO PREVENT
EZ— #INSIDE SPREADING
. \\,
ya T~ .

2x2"posTs

This is a compost bin designed by organic farming
pioneer Sir Albert Howard. Removable boards in front

make it easy to turn compost.

Making a Compost Bin

Although hot compost can be produced just by pil-
ing organic material on the ground, it is better to con-
tain the material in bins to protect it from animals,
from rain, and from complaints of neighbors. Many
cities in California and elsewhere will supply plastic
compost bins to encourage the composting of green
waste. You can obtain one by contacting your local
recycling center. You can also construct a simple rec-
tangular bin made out of wooden boards. Pioneers of
the organic gardening movement Sir Albert Howard and
J.I. Rodale have each produced designs for compost
bins, and a simple one made of notched boards was
recently described in Fine Gardening (Reich 2001;
Rodale 1955; Campbell 1975).

You must make your compost bin large enough that
you are able to turn the compost to provide proper aer-
ation. The ideal compost pile should be at least 3 ft (0.9
m) high when it is assembled, because smaller piles
have difficulty retaining heat necessary to kill
pathogens and weed seeds. If it is any taller than 6 ft
(1.8 m), the pile is harder to turn and may scatter in
the wind. As the material composts, expect a 20-60%
reduction in the original volume depending on the
degree of shredding in the raw material.

It is important that the bottom of the pile can drain
properly and has access to oxygen. Wooden forklift
pallets are readily available, and these can be used for
the bottom of a compost bin. The pallets have spaces
between the boards that allow drainage and access of
oxygen. Without aeration from the bottom, the pile will
have to be turned more often to prevent anaerobic
decomposition (Gotaas 1956).

Alternatively, the compost pile can be built on loose-
ly stacked wooden branches. As the pile heats up, air
will be sucked into the pile from the bottom, providing
aeration. Some gardeners suggest having two or more
bins. The second bin can be used to collect material for
composting or to make it easier to turn the material for
aeration (Hanson 1997). Commercial tumblers or roller
bins are also available that minimize the work needed
to turn and aerate the compost (see Resources).
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Hot composting probably started with piles of
manure. Homer in the Odyssey describes stockpiling
of manure for use in agriculture, and the Romans
heated vegetable beds with hot compost in the win-
ter (Hanson 1997). George Washington and Thomas
Jefferson experimented with compost production,
but much of what has led to modern day composting
started with Sir Albert Howard in the 1920s. While
in India, he developed what is now known as the
Indore or Bangalore process.
Garbage, manure, plant waste,
and other materials were com-
posted in stacks 5 feet (1.5 m)
high, or composted in pits
about 3 feet (0.9 m) deep. The
original method involved turn-
ing the piles only twice during
a 6-month period. Compost
piles of this nature were ini-
tially aerobic, but probably
decomposed for long periods
under anaerobic conditions (Howard 1940; Howard
1947; Gotaas 1956).

Many cities in the U.S. and Europe have tried to
adapt composting principles to processing of munci-
pal waste. The Beccari process was patented in
1920. Compost materials are added to an enclosed
cell for anaerobic fermentation, then the material is
ventilated for a final aerobic stage to remove odors.
Compost has been made in silos, and in long rotat-
ing cylinders known as biostablizers (Gotaas 1956).

If land is available, composting in windrows is
preferred by many ongoing muncipal operations.
Compost is stacked in rows about 2.5-3.5 meters (9
ft) wide and about 1-1.8 meters (3-6 ft) high. The
tops of the rows are rounded so that water will run
off more easily. New compost material is conve-

this one.

Municipal composting is often
done in windrows similar to

Box A. Municipal Composting

niently added at the end of each row. Machines are
available that can run alongside the windrow, turn-
ing the piles for aeration (Gotaas 1956).

Tree bark is often composted in windrows. For
example, piles of bark 2.5 to 3 m (9 ft) high and 4 to 5
m wide (13-16 ft) are left to decompose outside in rows
of variable length sheltered by roofs from rain.
Temperatures of 40-50°C (104-122°F), moisture con-
tents of 50 to 65% and pHs of 6.5 to 8.5 are main-

tained. The compost is turned 3 to
5 times over a 4 to 8 month
period to make sure the center
of the pile is aerated. Pine bark
with low cellulose content can
be composted within 4 months,
hardwood bark can take a year.
Ammonia or chicken manure is
added as a nitrogen source in
aerated windrows. Bark is also
sometimes composted in aerat-

ed tanks (Hoitink 1980).

Municipal sludge is composted in large tanks at
40-60°C (104°F-140°F) (4x7x150 meters) using wood
chips as bulking agents. The sludge must be com-
posted at temperatures of 55°C (131°F)or greater for
3 days to destroy all fecal pathogens. To help main-
tain high temperatures, perforated floors in the com-
post tanks are aerated by fans. After batch com-
posting, the sludge is cured in windrows (Hoitink et
al. 1984; Kuter et al. 1985).

Muncipal green waste is usually composted in
windrows. Grass clippings are usually the nitrogen
source. The pH is about 7.7 and initial moisture
should be about 60%. Compost temperatures are
maintained at 55-65°C (131-149°F) for about 3
months. The compost dries to a final moisture of
about 30% (Grebus et al. 1994;1993).

Though compost bins are the best way to produce
backyard compost, municipal composting operations
use static piles, combinations of anaerobic and aerobic
processes, and windrows (see Box A).

Starting Materials

Organic materials such as leaves, grass, manure,
kitchen scraps in a compost pile provide rich nutrients
for the growth of microbes. Microbes oxidize sugars,
cellulose, protein and other sources of available carbon,
then use the energy obtained to convert nitrogen in the
compost into the structural proteins and enzymes
needed for their growth. A quiet pile of compost is real-
ly a seething, boiling mass of microbial growth.

To make sure that a hot microbial reaction occurs
and that no nitrogen is lost to the atmosphere in the
form of ammonia, the starting materials in the compost

bin should have the proper ratios of carbon and nitro-
gen. Experiments conducted early in the 20th century
showed that most microbes need much more carbon
than nitrogen to sustain their lifestyles. About 2/3 of
the carbon is burned to supply energy, and 1/3 is used
to build amino acids, proteins and other structural
materials such as polysaccharides. For every 30 grams
of usable carbon fed the microbes, about 10 grams will
become part of their bodies (Gotaas 1956).

The structural carbon to nitrogen (C:N) ratio in the
average bacterium is between 4:1 and 6:1; in fungi the
ratio is between 5:1 and 15:1; and the ratio for the
average soil microorganism is between 5:1 and 8:1
(Waksman 1932; Paul and Clark 1989). Since a lot of
carbon is burned for energy and some of it is metabo-
lized very slowly, the ideal ratio of carbon to nitrogen is
about 30:1 at the start of composting (Gotaas 1956).
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Green and Brown

Barnyard materials and animal manures are high in
nitrogen, and much of the compostable materials
picked up for disposal in cities are relatively low in
nitrogen. If you live in a rural area, you may find that
composting manure with straw or crop residues will
make a properly balanced compost pile (Gotaas 1956).

To compost in a small backyard garden, proper bal-
ance can be reached by combining equal proportions of
green waste, which is richer in nitrogen, with brown
waste that has less nitrogen. This method works if you
include in “greens” fresh leaves or plants, weeds, grass
clippings, seaweed, kitchen scraps, pruned vegetation,
flowers, coffee grounds, and if possible manure.

“Browns” include dried leaves and plants, straw or
hay, pine needles, twigs, newspaper, eggshells, wood-
chips, fireplace ashes, or sawdust. Make sure that large
chunky materials are first chopped into smaller pieces
(Hanson 1997). To get compostable sizes from woody
prunings, electric and gasoline powered shredders can
be purchased (see Resources). You might be able to
share the cost of one of these with your neighbors, and
shredders can also be rented. Although wooden
branches are resistant, a rotary lawnmower can be

used to shred weeds, cornstalks, dried up garden
plants, and other such items. A list of materials and
their C:N ratios are given in Table 1. More complete
lists can be found in Campbell (1975), Rodale (1955),
and Gotaas (1956).

Unbalanced Piles

What happens if too much carbon is in the compost
pile relative to nitrogen? If the nitrogen deficit is really
large, the compost pile might not heat up at all. In this
case, addition of a rich source of nitrogen such as soy-
bean meal, alfalfa meal, or animal manure might be
needed. These items can be purchased at gardening
supply stores.

If the pile heats up, but the initial carbon to nitro-
gen ratio is greater than 30 to 1, the microbes will
incorporate all the nitrogen in their bodies before all
the available carbohydrate is utilized. Microbe popula-
tions will be limited by the scarcity of nitrogen, and the
time needed for finished compost will be extended.
Many generations of microbes will have to live and die
until all the available carbon has been utilized and is
stabilized (Gotaas 1956). Unbalanced compost of this
sort can have negative effects on plant growth if added
to soil before it stabilizes (see
Compost-Soil Interactions).

Table 1. Carbon-Nitrogen Ratios of Dry Material

Material C:N Ratio
Bacteria 4-6 (5)
Fungi 5-15 (10)
Algae

Insects

Humus 8-12
Finished Compost 15
Compost Start 30
Urine 0.8
Night Soil 6-10
Fish Scrap _
Poultry Manure _
Purslane 8
Young Grass Clippings 12
Vegetables 11-13
Grass Clippings 19
Horse Manure _
Buttercup 23
Garbage 25
Seaweed 19
Cow Manure _
Oat Straw 48
Paper Pulp 90
Wheat Straw 128
Rotted Sawdust 208
Raw Sawdust 511

Data from Gotaas 1956; Waksman 1932; Baars 2001

What happens if there is too much
nitrogen? Microbes preferentially use
carbohydrates as a fuel source. When

% Nitrogen carbohydrates are not readily avail-
8-13 (10) able, nitrogen-rich proteins are
2-7 (5) attacked, and the microbes start turn-
7 ing amino nitrogen into gaseous
11-12 ammonia, which is lost to the atmos-
- phere. Loss of nitrogen can be avoided
by adding more carbon to the pile or
- by adding more water to hold the
- ammonia gas as ammonium hydrox-
ide. When a nitrogen-rich compost of
15-18 this sort is added to soil, there is an
5.5-6.5 immediate fertilizer effect because sol-
6.5-10 uble nitrogen is readily available (see
6.3 Compost-Soil Interactions) (Waksman
4.5 1932; Gotaas 1956).
4.0 In properly composted material,
2.4 carbon is burned by microbes for
9.4 energy until the C:N ratio is down to
2' 3 about 15. At this point, most of the
) nitrogen and much of the carbon is
2.2 contained in the bodies of microbes.
2.1 Carbon that remains is in a form that
1.9 cannot be easily metabolized. As the
1.7 microbes die, the nitrogen in their
1.1 bodies becomes a slow-release fertilizer
- when compost is added to the soil.
0.3 Over time, slow microbial metabolism
0.25 of carbon compounds drives the C:N
0.11 ratio downward, until it reaches 10:1,
which is the average ratio found in
humus (Waksman 1932; Waksman
1938).

Common Sense Pest Control XVII(3) Summer 2001

Box 7414, Berkeley, CA 94707



Most pathogens can be killed by the hot compost-
ing process. For instance, cucumber green mottle
mosaic tobamovirus was inactivated by thermal
composting of infected cucumber residues. The virus
was below detection levels after 3 days of composting
(Avgelis et al. 1992). Small scale aerobic composting
will destroy oak root fungus, Armillaria mellea, and
the wilts caused by Rhizoctonia solani, Verticillium
dahliae and Sclerotium rolfsii
(Yuen and Raabe 1984).

The most difficult pathogenic
fungus to destroy by composting
may be Fusarium oxysporum, as
it is heat resistant. Viruses with
high inactivation temperatures,
such as tobacco rattle virus are
also resistant to heat (Bollen
1985). Plasmodiophora brassicae
that causes brassica clubroot,
and tobacco necrotic virus
require 3-4 days at about 55°C
(131°F) (Lopez and Foster 1985). Phytophthora and
Pythium can be destroyed by composting (Hoitink et
al. 1975).

A muncipal green waste operation in Australia
was monitored over a 2-year period for the possibili-
ty of spreading weeds and pathogens. About 26% of
the incoming green waste was composed of weeds. In
the first year, 49 of the most serious weed species
appeared in the green waste sample. Although con-
ditions in the compost were variable, temperatures
of 55°C (131°F) for 3 days eliminated viable weed

Pathogens such as the oak root fungus, A.
mellea, are destroyed by hot composting.

Box B. Inactivation of Pathogens and Pesticides

seeds and a number of pathogens including tobacco
mosaic virus, Plasmodiophora brassicae, Sclerotium
rolfsii, Armillaria sp., and Sclerotinia sclerotiorum
(Tee et al. 1999). Moist compost is important, as it
is easier to kill moist seeds with heat. Though some
seeds, such as black nightshade, Solanum nigrum,
are more resistant than others, all should be killed
by 3 days at 55°C (131°F) (Grundy et al. 1998).
Although most pathogens are
destroyed by the composting
process, pesticides are not com-
pletely removed. Organochlorines
are especially resistant, and
chlordane has shown up in some
municipal composts from con-
taminated soil of termite treat-
ments. Grass clippings are the
source of most pesticide contami-
nation in muncipal composts.
However, most of the time com-
posting will reduce concentrations,
and composts may even be helpful in reclaiming
contaminated soil (Biiytiksénmez et al. 1999;2000).
Municipal composts often have pesticide residue
levels lower than that seen on food (Buylukstnmez et
al. 2000). However, herbicides can be a problem.
Recently, commercial compost produced in Pullman,
WA and in Austin, TX was contaminated with piclo-
ram, a highly persistent herbicide. Gardeners who
used this compost were amazed when their plants
were injured. Another problem herbicide is clopyralid
(Long 2001; Bezdicek 2001).

Composting No-Nos

Do not add meat to an urban compost pile. It will
draw pests and possibly release odors. Plastics will be
unaffected and should not be added. Colored paper
may contain toxic inks. Kitty litter, dog droppings and
human waste should not be used because pathogens
might not be destroyed if the compost pile does not
reach the proper temperatures. Pesticide treated mate-
rials should be avoided, especially if you are trying to
raise an organic garden. If proper temperatures are
reached, diseased plants can be composted. However,
some pathogens are easier to destroy with heat than
others (Sullivan 2001). (See Box B for heat inactivation
of pathogens and pesticides.)

Moisture

Water should be added as you make your compost
pile, to make sure everything is moist. The moisture
content for aerobic composting should vary between
40-60%. If the moisture content is too high, water will
displace oxygen in the spaces between particles, risking

anaerobic conditions. You can do a simple moisture
test by grasping a handful of compost and squeezing.
If water is easily squeezed out, it is too moist. If it feels
moist and stays clumped together, it is about right. If it
is dusty and does not hold together after compression,
it is too dry. An iron rod or a coat hanger when thrust
into the pile should be wet when removed. If the com-
post contains large amounts of straw, larger percent-
ages of water can be tolerated (Gotaas 1956).

Moisture in the pile is related to the distribution of
heat. When moisture content of the pile is high, heat is
conducted out nearer to the surface, and the high tem-
perature zone will be closer to the outside of the pile.

Thermal Compost Process

Hot composting is the biological decomposition of
organic waste under controlled conditions. The complex
molecules in the waste are broken down into simple mol-
ecules that can be utilized for plant growth. The micro-
bially controlled process must be aerobic to produce use-
ful compost, and thus oxygen should be readily available
throughout the decomposition. There are five phases:
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From: Gotaas 1956

Stages of the hot compost process can be followed

by temperature. A quick rise in temperature is fol-

lowed by a period of sustained high temperature.

This is followed by a cooling phase.
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* Mesophilic induction, where microbials that func-
tion well near room temperature (mesophilic) grow
quickly, producing heat. Temperatures climb to 45-
50°C (115-125°F) within 24 hours.

e Explosive thermophilic growth, where heat-loving
organisms produce so much heat that most
mesophilic organisms are killed. Temperature rises
to 60-70°C (140-160°F) over a period of 1-3 days.

e Thermophilic steady state, where temperatures
remain high until most of the cellulose is degraded.
During this time, pathogens, weed seeds and
nematodes are killed. This period can last a few
days or a few weeks according to the amount of
material being composted.

¢ A cooling phase, where temperatures slowly
decline, decomposition rates decrease, and
mesophilic organisms start to recolonize.

e Finally, there is a compost maturity or curing
phase where metabolism slows, and recolonization
is nearly complete. This is a continuation of the
cooling phase.

The composting process is most readily controlled
by regulating heat loss through adjustment of pile
composition and size. Products produced are ammo-
nia, carbon dioxide, water and heat (Gotaas 1956;
Waksman 1932; Waksman 1938; Waksman 1952;
Paul and Clark 1989; Hoitink and Fahy 1986; Hoitink
et al. 1991).

The various phases of the composting process can
be followed by measuring temperature in the center of
the pile as a function of time (see Figure). High tem-
peratures will develop in an aerobic pile, especially if
the material is well shredded and moisture content is
on the low side. Optimum temperatures for destruction
of weed seeds, pathogens and nematodes are 60-70°C

From: Campbell 1975

(140-160°F). Decomposition rates are higher at higher
temperatures and the pile will move more quickly
toward stabilization. If temperatures run higher than
180°F (82°C), nutrients will be lost. Watering the pile
or turning the pile to cool it will not be effective. An
overheated compost pile can be cooled by removing
material. After the pile has cooled, material can be
added to bring operating temperatures into the correct
range (Gotaas 1956).

Monitoring the Compost

Once the pile is assembled and proper moisture has
been added, composting progress and problems should
be with monitored with a thermometer and with your
nose. A compost thermometer (see Resources) is the
best way to follow your compost through the various
metabolic stages. If the center of the pile does not
reach temperatures of 60-70°C (140-160°F) in 3 days,
your pile is too small, there is too much or too little
moisture, an inadequate C:N ratio, insufficient nutri-
ents, insufficient oxygen, or a toxin such as a pesticide
is present (Gotaas 1956).

If the problem is improper aeration, you might
detect foul odors. Also, when you look at the center of
the pile the material will have a “pale green color, faint-
ly luminous, that shows little change from day to day,”
whereas a properly aerobic compost is characterized by
a progressively darkening color (Gotaas 1956).
Improper aeration is remedied by turning the compost
(see below).

If a strong odor of ammonia can be detected, there
is too much nitrogen in the pile. It will still make a sat-
isfactory finished compost, but the some of the nitrogen
in the pile is being lost. The remedy for this is to add
sawdust or other “brown” compost stock or to increase
moisture, which will prevent volatilization of the ammo-
nia being produced.

Turning the Pile

Microbes may grow with or without oxygen. In an
aerobic environment, where oxygen is present, glucose
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A properly constructed compost pile contains much
more carbon than nitrogen. If the pile does not heat,
add more nitrogen.
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From: Olkowski et al. 1975

Equal amounts of “greens” and “browns” will give a
workable compost pile. Use more green if you are
making compost for a vegetable garden.

and other energy-rich carbohydrates are oxidized com-
pletely. Electron flow from the carbohydrates to oxygen
is harnessed to make high energy phosphate (ATP)
which drives structural assembly and metabolism of
the microbes. Most of the energy produced by animals
comes from this kind of chemical reaction. The chemi-
cal waste products of composting in an aerobic envi-
ronment are mainly carbon dioxide and water.

When oxygen is not present or is limited, anaerobic
organisms metabolize carbohydrates to lactic, butryic
and other organic acids. Other waste products such as
methane and hydrogen sulfide are produced (Waksman
1932). These anaerobic products can be toxic to
plants, and give the compost an acidic pH. The amount
of energy produced is low, and anaerobic piles are
slower, cooler, smellier, and can harbor pathogens. For
backyard composting, material should be turned often
enough to allow oxygen access to the interior of the pile
(Gotaas 1956; Waksman 1952).

Proper aeration in a small compost pile can be
maintained by turning the compost to expose it to
air. A manure fork is an excellent tool for compost
turning, although aeration tools are commercially
available (see Resources). The compost is turned so
that material on the outside ends up toward the cen-
ter. The pile cools during turning, but then quickly
reheats. Piles with more moisture have to be turned
more often because water interferes with oxygen dif-
fusion. Turning frequently during the first 15 days
leads to the same degree of stabilization as the same
number of turns over a longer period of time. Greater
aeration initially will lead to quicker stabilization of
the compost.

The composting method described in this article is
sometimes called the University of California method
(Rodale 1960). If piles are properly balanced, materials
are shredded and moistened, and piles are turned often
for aeration, a finished compost can be made in 14
days. The first turn should be after the 3rd day. For

moist piles (60-70%) turn every 2 days thereafter until
the compost stabilizes. About 4-5 turns will be needed.
With 40-60% moisture, turning every 3rd day up to 3
or 4 turns should be enough. If there is more than 70%
moisture, you must turn it every day.

If you are composting by another method, compost
piles may need less turning but completion time is
longer. If foul odors are emitted when it is disturbed, it
is time to aerate. If temperatures drop, and the pile
has not stabilized, aeration is probably needed (Gotaas
1956).

Climate

In very cold climates, the size of the pile must be
increased to maintain proper composting temperatures.
In colder climates, piles have to be turned less often,
because it takes longer for microbial heating to restore
the proper temperatures. Well shredded material is
more resistant to cooling by wind. Large piles with
rounded tops are less affected by rain. However, the
composting area must have proper drainage to keep
water from accumulating around the pile. To keep from
losing soluble nitrogen, the compost might have to be
sheltered from rain. This is easy to do by just covering
the top of the pile with a plastic sheet (Gotaas 1956).

Organic Compost

Although your backyard compost is certainly organ-
ic, it is worth mentioning that there are now specific
requirements for the production of organic compost.
According to the Final Rule of the National Organic
Program (NOP 2000), organic compost is “the product
of a managed process through which microorganisms
break down plant and animal materials into more
available forms suitable for application to the soil.
Compost must be produced through a process that
combines plant and animal materials with an initial
C:N ratio of between 25:1 and 40:1. Producers using an
in-vessel or static aerated pile system must maintain
the composting materials at a temperature between
131°F (55°C) and 170°F (77°C) for 3 days. Producers
using a windrow system must maintain the composting
materials between 131°F (55°C) and 170°F (77°C) for 15
days, during which time the materials must be turned
a minimum of five times.”

Microbe Populations

A compost pile can be a laboratory for the study of
soil microbiology. According to Gotaas (1956), “aerobic
composting is a dynamic process in which the work is
done by the combined activities of a wide succession of
mixed bacterial, actinomycetic, fungal, and other bio-
logical populations, each suited to a particular environ-
ment of relatively limited duration and each being most
active in the decomposition of some particular type of
organic matter, the activities of one group complement-
ing those of another.”

As mentioned earlier, pile oxidation starts with
mesophilic bacteria, but these are replaced by ther-
mophilic bacteria as the temperature increases.
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From: Rodale 1955

Thermophilic fungi show up after about 5 days, and
actinomycetes are found during the final stages
(Waksman et al. 1939 abc). [Actinomycetes are bacteria
that grow in colonies that mimic the growth pattern of
fungi.] Fungi and actinomycetes grow at the outer 2-6
inch (5-15 cm) layer of the pile, where it is cooler.
Frequent turning of the pile inhibits growth of these
fungi. Fungi and actinomycetes are very important in
utilizing paper, straw, lignins and other resistant mate-
rial (Gotaas 1956; Waksman 1932).

Compost will ultimately be used to condition soil,
provide slow release fertilizer and provide a rich source
of microbials for plant growth. Since trees have slightly
different microbial needs than vegetables, composts
can be prepared to favor the growth of one kind of crop
versus another. Trees and woody ornamentals respond
best to fungi in the compost. Fungi are encouraged by
straw, bark, leaves and other such “brown” material.
Vegetable crops respond better to composts rich in bac-
teria. Bacteria are encouraged by more “green” material
and about 25% of a high nitrogen material such as
manure (Ingham 2001; Ingham 2000).

Inoculation

Microbial inoculants should not be needed to start
the composting process, since the rotting pile is already
teeming with microbes. As the heat sterilized pile
begins to cool, however, there is a slow colonization by
airborne microbes. At this point in time, inoculation of
the compost with Bacillus subtilis, Trichoderma sp.,
Streptomyces sp. or some other commercially available
biocontrol agent might be useful. VAM fungi could also
be added at this point (see Quarles 1993; Quarles
1999ab; Quarles 2000) (see Resources).

Inoculation could make the compost more effective
for disease prevention. Suppression of some pathogens
such as Rhizoctonia spp. requires specific microbial
antagonists (see the next article in this issue). Whether
or not the right antagonist finds its way into the com-
post depends partly on where the compost is cured.
For instance, Kuter et al. (1983) found that muncipal
sludge compost that was cured near a forest area was
suppressive to Rhizoctonia, but that which was cured
away from this source of microbial diversity was con-
ducive. To insure effective colonization by biocontrol
agents or to provide a compost with more predictable
disease suppressive properties, microbial inoculation
might be justified (Grebus et al. 1993; see Quarles and
Grossman 1995).

Compost Quality and Maturity

According to composition, amounts, and compost-
ing method, the time needed to produce stable com-
post can range from 3 days to 6 months. Typical for
initial C:N ratios of 30 to 1 and backyard composting
is about two weeks. The time needed may not be that
important as long as all the pathogens are destroyed.
The temperature of the compost pile after turning is
one sign that the composting process is complete. If
the pile does not reheat after turning, all readily avail-
able nutrients have been used, and the composting
process is nearly complete. However, before it is used
for plant growth, it should be be cured for a while by
letting it sit in the open air. Finished compost should
be grayish black or brownish black with an earthy
smell (Gotaas 1956).

Although temperature is a useful guide, there are
commercial tests for compost maturity. One test is the
Solvita test (see Resources). This test measures
amounts of carbon dioxide and ammonia being

This is a compost bin designed by organic gardening pio-
neer J.I. Rodale. This bin is easy to take apart, and pro-
vides good aeration.

produced. Low carbon dioxide and low ammonia
production correlates with low microbial activity
and is one sign of a mature compost.

There are also simple tests for compost maturi-
ty. One test is to add wetted compost to a plastic
bag, seal it and keep it for a week at room temper-
ature. Bad odors mean the compost has not stabi-
lized. To test for phytotoxicity, you can try to ger-
minate a fast developing seed such as radish in a
sample of the compost.

If you are thinking about making compost tea,
a mature aerobic compost should be used. If a
compost is to be used for disease suppression (see
the next article in this issue), it should be newly
made but cured by aging in the open air. To help
maintain uniform characteristics, it could be inoc-
ulated in the cooling phase.

If you want to buy compost, most municipal
composting operations will provide quality assur-
ance assays. Look for a pH near neutral, a high
cation exchange capacity (CEC), and a compost
balanced in amounts of nitrogen, phosphorous
and potassium. If you want to have your home-
made compost analyzed, BBC Labs or Soil
Foodweb (see Resources) will provide these param-
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Before compost is
used it should be
screened to
remove rocks and
large sticks.
Screened com-
post is a good
growth medium
for containers.

From Campbell 1975

eters along with the numbers of
aerobic or anaerobic bacteria, fungi,
actinomycetes, and pseudomonads
present. Compost high in
pseudomonads tends to be more
effective for prevention of plant dis-
ease. Composts high in actino-
mycetes and fungi may be best for
thatch control (Dinelli 2000).

Compost and Soil
Interactions

If the initial organic material was
properly shredded and clean of
rocks and big chunks, the finished
compost will be mostly a pile of
microbes, some active, some dor-
mant, along with carbon sources
such as lignins, fulvic and humic
acids and other organic materials
that microbes have difficulty
metabolising (Waksman 1938).

Compost when added to soil
slowly becomes humus. Humus
typically has a C:N ratio of about
10:1. So a good compost pile starts
with a 30:1 C:N ratio, which
becomes about 15:1 in finished
compost. Carbon is then slowly
burned by the remaining microbials
in the mature compost until humus
is produced (Waksman 1952).

As mentioned earlier, the start-
ing ratio of carbon to nitrogen is
critical. If the C:N ratio is too high,
all the available nitrogen will be

incorporated into the
bodies of microbes
before the carbon
food supply is uti-
lized. If a compost of

soil, the microbes
use the excess car-
bon as energy to
draw all available
nitrogen out of the
soil, and they incor-
porate this nitrogen
into their bodies.
This nitrogen is not
immediately avail-
able to plants, as it
has been immobi-
lized in the bodies of
the microbes. Plants
might even show
signs of nitrogen
deficiency (Gotaas
1956).

When a properly
prepared compost is added to soil,
the microbial count is much larger
than the soil can sustain. Plants
will select the microbials they want
by feeding them through their roots
with the products of their photosyn-
thesis. The compost then acts as a
slow release fertilizer. As some of
the starving microbes die, the nitro-
gen in their amino acids is released
as ammonia. The ammonia is either
incorporated immediately by plants
or is further oxidized to nitrate by
soil bacteria (Waksman 1932;
Ingham 2000; Ingham 2001).

Conclusion

Composting is a good solution to
disposal of table scraps, tree leaves,
grass clippings, and garden waste.
Composts produced in your back-
yard can be added to the soil in
your organic garden to produce
healthier plants. Compost can also
be used as part of a container mix
for your back porch and backyard
flower pots. Proper balance of start-
ing materials, and attention to
moisture and aeration are all you
will need. The microorganisms will
do all the work.
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Can
Composts
Suppress
Plant
Disease?

By William Quarles

Composts provide organic matter, improve soil
structure, supply nutrients, and boost beneficial micro-
bial activity in the soil (Rodale 1955; Hoitink and
Grebus 1994). All of these aspects contribute in some
degree to disease suppression. For instance, lettuce
drop caused by Sclerotinia minor was nearly eliminated
when compost was added to lettuce fields. In this case,
disease suppression was due to improved soil structure
(Lumsden et al. 1986). Nutrients present in compost
can also strengthen plants, reducing the incidence of
disease (Rodale 1955; Menzies and Calhoun 1976).

However, the microbial content of compost may be
the key factor in its suppression of plant disease.
When added to soil, microbials in composts compete
with pathogens for nutrients or act as antagonists, pro-
ducing antibiotics that destroy the pathogens, or
directly attacking them, rendering them ineffective
(Quarles 1993; Quarles and Grossman 1995; Hoitink
and Grebus 1994).

Disease suppression by composts often depends on
the kinds, the numbers, and the metabolic activity of
the microbes present. The microbial spectrum and
activity depends on how the compost is made, stability
or maturity of the compost, and other factors (de
Ceuster and Hoitink 1999). Because experimental con-
ditions are easier to control in container growth media,
much of the early published work described compost
use in container production (Hoitink et al. 1977;
Hoitink et al. 1975).

Container Media

Use of compost to replace some of the peat in con-
tainer mixes spares the natural product peat, and pro-
vides a use for resources that would otherwise end up
in landfills. The suppressive nature of the product also
means that fungicide use can be reduced (see Quarles
and Grossman 1995). (See Box A for a description of
container mixes.)

Early container experiments showed that composted
hardwood bark was suppressive to Phytophthora proba-
bly due to microbial activity in the compost (Hoitink et
al. 1977). The microbial nature of the suppression was
subsequently confirmed. These results have been sum-
marized in a number of reviews (Hoitink 1980; Hoitink
and Fahy 1986; Hoitink et al. 1991; Hoitink and
Grebus 1994; 1997). More than 600 fungal, bacterial,
and actinomycete cultures antagonistic to Pythium ulti-
mum have been isolated from composted bark (Hoitink
1980). Diseases suppressed are those caused by
Fusarium, Pythium, Phytophthora, Thielaviopsis,
Verticillium and other pathogens (Hoitink 1989; Hoitink
and Kuter 1985).

Other researchers have found similar results. Pot
mixes amended with composted bark were suppressive
to Fusarium wilt of radish (Trillas et al. 1986).
Addition of 20% bark compost to potting soil infested
with Fusarium oxysporum reduced mortality of carna-
tions planted in the soil (Filippi and Pero 1989).
Composted pine bark suppressed root rot caused by
Phytophthora spp. in an ornamental planting (Spencer
and Benson 1981), but composted hardwood bark was
more effective than pine bark (Spencer and Benson
1982). These experiments by Hoitink and others led to
commercial use of composted bark in growth media for
floricultural crops (Hoitink et al. 1991; Hoitink et al.
1997ab).

Although composted bark is a favorite for container
production, composts of yard waste, biosolids, and
other materials have also been used (Quarles and
Grossman 1995). In India, 5 different composts were
used to suppress Fusarium wilt of tomatoes growing in
pots. The composts enhanced microbial activity,
reduced disease incidence by 44-96%, and reduced
mortality by 75-100% (Harender and Kapoor 1997). In
another experiment, when pot mixes amended with
compost were inoculated with Pythium, only 10% of the
plants became diseased. Cucumbers planted in the
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infested potting soil without compost showed 85%
infection (Hadar and Mandelbaum 1983).

Composts produced and tested in England from var-
ious sources of organic waste suppressed a number of
pathogenic species in pot trials. Largest effects were
seen with wheat-take-all, Gaeumnannomyces graminis,
and red core of strawberries, Phytophthora fragariae.
However clubroot of brassicas, Plasmodiophora brassi-
cae, and root rot of peas, Phoma medicaginis were also
suppressed (Pitt et al. 1998).

Composted chicken manure, when incorporated at
25% by volume into a potting mix suppressed root rot,
dieback and plant death caused by Phytophthora cin-
namomi on Lupinus albus seedlings. The chicken
manure was composted for 5 weeks before incorpora-
tion. It contained actinomycetes, fluorescent

pseudomonads, fungi, and especially endospore-form-
ing bacteria (Aryantha et al. 2000).

Mechanism of Suppression

Disease suppression of composts depends on the
microbial composition of the compost, the composting
process, stability or maturity of the compost, quantity
of available plant nutrients, loading rates, time of appli-
cation to soil and other factors (de Ceuster and Hoitink
1999). The type of microbes, microbial competition and
antagonism are very important factors (Dinelli 2000;
Quarles and Grossman 1995).

The type of microbes present in compost can influ-
ence its effectiveness in disease suppression, and is
one of the indicators of compost quality. A microbial

Box A. Container Mixes

When nurseries became large, centralized busi-
nesses, standardization and quality control became
an important part of the production method. Partly
for this reason, growers moved away from soil for
production of container media to use of mixes of var-
ious growth media. Container media usually consist
of an organic component, such as peat or bark, plus
inert elements. The organic component holds mois-
ture and provides cation-exchange capacity. A typi-
cal commercial growing medium might contain some
combination of sphagnum peat moss, horticultural
vermiculite or perlite, composted hardwood or pine
bark, shredded polystyrene, composted peanut hulls,
sand, and starter fertilizer with trace elements and a
wetting agent (Pro-Gro 1995). Since peat moss, like
many natural elements, is becoming scarcer and
more expensive, the tendency has been to replace it
with the less expensive composted material such as
bark, municipal green waste, or composted sewage
sludge (Hoitink et al. 1991).

Most growers now use a 4:1 (v/v) mixture of com-
posted bark and peat as the organic component of
the media. Similar percentages of composted green
waste might be used to replace com-
posted bark, but no more than 25% of

sive. In fact, both in North America and in Finland
batches of sphagnum peat have been identified that
suppress Rhizoctonia and Pythium damping-off and
also Fusarium wilt of tomato and other crops. The
effect, at least in part, is due to antagonists of these
pathogens naturally present in these peat sources.
However, the suppressive effect of such peats lasts
for up to six to seven weeks only. In theory, the
short term nature of suppressive peats makes them
particularly attractive for use in plug mixes or in
propagation. Such media would not have to be
drenched with fungicides during macropropagation
and seedling production, thus avoiding potential
phytotoxic responses to fungicides on these juvenile
plants.

There is also tremendous variability among batch-
es of sphagnum peat in terms of disease suppressive
qualities (Hoitink 1989). Dark peat harvested at lower
depths is conducive to Phytophthora, Pythium, R.
solani and Fusarium. Peat can be rendered suppres-
sive by steam sterilization and addition of antago-
nists, addition of suppressive soil, or addition of sup-
pressive compost (Hoitink and Fahy 1986).

the organic component should be
sewage sludge (Logan et al. 1984).
Inert components are used to adjust
bulk density and provide air spaces to
15-25% of the total volume (Hoitink
1980).

Peat

Peat is used as a component of
container media because of its desir-
able physical properties and “relatively
inert” biological properties. Light peat
harvested near the top of peat bogs is
rich in antagonists, and is suppres-

Compost in container media helps suppress disease.
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profile of com-
post can be
obtained by
sending sam-
ples to labora-
tories such as
BBC Labs or
Soil Food Web
(see Resources).
This profile
gives the quan-
tity of aerobic
and anaerobic
bacteria, fungi,
actinomycetes,
pseudomonads
and nitrogen-
fixing bacteria
(Bess 1999;
Dinelli 2000).
Large concen-
trations of
pseudomonad
bacteria may be

Composts can
protect carna-

tim} crtofs important for
agains e : )
pathogen disease sup

pression, and
are often spe-
cific antago-
nists. Aerobic
bacteria and fungi can effectively compete with
pathogens for nutrients (Dinelli 2000). (See Box B).

The microbial composition can vary with the com-
post starting materials and other factors. For instance,
when municipal biosolid compost was compared with
brewery sludge, the highest populations of fungi and
antibiotic producing actinomycetes were found in brew-
ery sludge compost (Craft and Nelson 1996).
Composted biosolids are often high in antagonists such
as bacterial pseudomonads (Dinelli 2000).

Competition is greatest in composts with large num-
bers of microorganisms with active metabolism, but a
low concentration of available nutrients. Active compe-
tition will effectively suppress Pythium spp. damping off
(Chen et al. 1988a). For example,
Pythium graminicola suppression in

Fusarium sp.

sipated (Craft and Nelson 1996). Erhart et al. (1999)
found that microbial activity in their composts did not
correlate with Pythium suppression. They speculated
that the high microbial activity and low suppression
was due to compost immaturity.

Maturity of Compost

Maturity of the compost is another factor in disease
suppression, but care must be used in interpreting the
literature, since different authors have slightly different
definitions of maturity. After the hot phase of compost-
ing, most of the readily available nutrient sources have
been used, and the compost slowly cools. As it cools, it
is recolonized by microbials that thrive at moderate
temperatures (mesophilic organisms) (Waksman 1932;
Gotaas 1956). Once recolonization has occurred, the
finished compost can be used to suppress Pythium and
some other pathogens. Although different researchers
use different words, the compost at this point is fin-
ished, stabilized, or matured (Hoitink et al. 1997ab;
Gotaas 1956; Waksman 1932). As it sits, the compost
continues to cure or mature and becomes even more
effective as populations of beneficial microbes continue
to increase (Chen et al. 1987; Chen et al. 1988ab).
Finally, a point is reached where most of the available
nutrients have been used, many organisms have gone
dormant, and the fully mature compost is well on its
way to becoming humus (Waksman 1932). (See Box B).

Composts are most effective for disease suppression
in the window of time between recolonization and
development of full maturity. For example, composts
from brewery sludge or muncipal biosolids were not ini-
tially suppressive to Pythium sp. but became so as they
aged (Craft and Nelson 1996). Compost produced from
liquorice roots was not suppressive to Pythium damp-
ing off in the thermophilic stage. Suppression occurred
only after the compost had aged (Hadar and
Mandelbaum 1986). When organic matter was incorpo-
rated into soil, populations of R. solani and its antago-
nist T. hamatum developed to high levels. As the organ-
ic matter aged, the pathogen population dropped
(Chung et al. 1988). Composted municipal sludge was
initially conducive to Pythium and Rhizoctonia.
However, pot mixes amended with 25% compost

creeping bentgrass increased with
microbial activity of the compost
that was applied to turf (Craft and
Nelson 1996).

Although microbial activity is a
key player in disease suppression, it
does not explain some cases of sup-
pression. A turkey litter compost had
low microbial activity and low sup-
pression in bioassays, but became
suppressive after it was applied in
the field. The authors believed that
ammonia in the compost slowed
microbial activity in bioassays, but
the compost became suppressive in
the field after the ammonia had dis-

Brassica crops with added compost have fewer problems with clubroot
caused by Plasmodiophora sp.
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Box B. Composts and Biological Control

During the hot phase of composting, most
pathogens, as well as many beneficial organisms, are
killed. As the temperature cools the compost is recol-
onized by bacteria and fungi, including both
pathogens and antagonists (biological control agents).
It is during this “curing” phase of the compost process
that compost becomes suppressive to pathogens.
Compost is suppressive to Pythium spp., Phytophthora
spp. and other pathogens partly due to competition
for the available food supply. Compost at this point
contains hundreds of microbial species, many of
which are metabolizing nutrients needed for the devel-
opment of the pathogens. This process is called “gen-
eral suppression” or “microbiostasis” (Cook and Baker
1983; Chen et al. 1988a; Chen et al. 1987; Hardy and
Sivasithamparam 1991; Mandelbaum and Hadar
1990; Boehm et al. 1993). Composted yard waste,
composted municipal sludge, in fact most any com-
post that is properly produced has these qualities
(Grebus et al. 1994; Hoitink and Grebus 1994).

General suppression is a kinetic phenomenon.
Though full of microbials, compost that has been
through the pasteurization phase, but not the curing
phase, is not suppressive. The raw compost still
contains too much glucose and other easily metabo-
lized products for competition to be important.
Pythium and Phytophthora suppression occurs as the
compost matures. At this point, sugars are gone but
enough carbohydrates such as cellulose remain to
sustain high microbial activity. Hard to metabolize
carbohydrates support microbial growth but foster
competition. As the compost ages further, a point is
reached where all available food is eaten by
microbes, and only humic substances incapable of
further microbial degradation remain. At this point,
when the medium can no longer support microbial
growth, suppressiveness is lost (Chen et al. 1988a).

Pythium suppression can be predicted by chemical
and physical assays. Suppression occurs when there
is an abundance of microbial activity in the midst of a
relatively difficult food supply (cellulose). Microbial
activity can be monitored by an enyzme assay meas-
uring hydrolysis rates in the compost (see Resources).
The amount of available food left in the compost can
be measured by a nuclear magnetic resonance tech-
nique (Chen et al. 1988b; Inbar et al. 1989).

Use of these sophisticated assay techniques have
been especially useful in predicting the suppressive
characteristics of different kinds of commercial peat.
Light peat is harvested near the surface, shows high
microbial activity and is suppressive to Pythium.
Dark peat, harvested lower in the ground, has little
microbial activity because most of the available food
supplies are depleted. As the decomposition level
and food supply changes, so do the associated
microbes. Light peat has higher levels of

pseudomonads, dark peat higher levels of Bacillus
spp. (Boehm et al. 1993). These assays can also pre-
dict how long a substrate will remain suppressive.
Light peat seldom remains suppressive for more than
a few weeks because after this time the “carrying
capacity” of the compost is exceeded. All the avail-
able carbohydrates are gone, leaving humic sub-
stances stable to further degradation (Hoitink et al.
1991; Boehm and Hoitink 1992; Boehm et al. 1993).

Specific Antagonists

Some pathogens such as Rhizoctonia spp. are not
stopped by competition and general suppression,
and require the presence of a specific microbial
antagonist in the compost. Whether or not the right
antagonist finds its way into the compost depends
partly on where the compost is cured. For instance,
muncipal sludge compost that was cured near a for-
est area was suppressive to Rhizoctonia, but that
which was cured away from this source of microbial
diversity was conducive (Kuter et al. 1983).

During the curing phase many composts in an
open environment are colonized by antagonists such
as Bacillus spp., Enterobacter spp., Flavobacterium
balustinum, Pseudomonas spp., Streptomyces spp.,
Trichoderma spp. and Gliocladium virens (Chung and
Hoitink 1990; Hardy and Sivasithamparam 1991;
Hoitink and Fahy 1986; Phae et al. 1990; Hoitink et
al. 1991). The most important Rhizoctonia antago-
nists isolated from lignocellulosic wastes are
Trichoderma spp., including T. hamatum and T.
harzianum (Kuter et al. 1983; Nelson et al. 1983).
These biocontrol agents interact with a number of
bacterial species to suppress Rhizoctonia damping-
off and Fusarium wilt (Kwok et al. 1987; Alabouvette
1990; Grebus et al. 1993).

Antagonists Plus Maturity

Mere presence of a known antagonist in the com-
post, however, does not automatically mean
Rhizoctonia suppression (Chung and Hoitink 1990).
Specific suppression is also dependent on the age of
the compost. For instance, raw compost emerging
from the pasteurization phase has overabundant
nutrients. Antagonists such as Trichoderma sp. uti-
lize the food supply in the compost and grow sapro-
phytically (Nelson et al. 1983). As the compost
matures, and the available carbohydrates are metab-
olized, Trichoderma begins to “starve.” At this point
it becomes a hyperparasite, secreting lytic enzymes
and attacking Rhizoctonia (Chen et al. 1988a).
Mature compost that contains the proper antago-
nists, then, is suppressive to Rhizoctonia and
Fusarium, as well as Pythium and other pathogens
(Hoitink and Grebus 1994).
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Table 1. Diseases Controlled by Composts*

Pathogen Disease Crop Site Compost Reference

? | eaf spot peanuts field various Choi et al. 1988

Aphanomyces sp. root rot peas containers manure Walter et al. 1995

F. oxysporum Fusarium wilt carnations containers bark Filippi and Pero 1989

Fusarium Fusarium wilt radish containers bark Trillas et al. 1986

Fusarium wilt Chinese yam field compost bark Hoitink and Kuter
1985

Fusarium wilt cucumber greenhouse mushroom Seo et al. 1986

Fusarium wilt pigeonpea field compost Goudar et al. 1998

Fusarium oxysporum root rot cucumbers containers dairy solids Kannanagara et al.
2000

Fusarium udum pigeonpea wilt pigeonpea field neemcake Goudar et al. 1998

Fusarium wilt Fusarium wilt tomato containers various Harender and Kapoor
1997

Gaeumannomyces wheat take all wheat containers organic waste Pitt et al. 1988

graminis

Phoma medicaginis root rot peas containers organic waste Pitt et al. 1988

Phytophthora rot flowers containers hardwood bark Hoitink et al. 1977

Phytophthora root rot ornamentals landscape bark Spencer and Benson
1981

Phytophthora root rot lupin containers chicken manure Aryantha et al. 2000

cinnamomi

Phytophthora rot lupin, cucumber field green waste Tuitert et al.1996

cinnamomi

Phytophthora red core strawberry containers organic waste Pitt et al. 1988

fragariae

Phytophthora rot raspberry field various Neuweiler et al. 2000

fragariae

Phytophthora late blight potatoes greenhouse | ------ Clulow et a. 1995

infestans

Phytophthora sp. rot tomato field compost Workneh et al. 1993

Plasmodiophora clubroot brassicas containers organic waste Pitt et al. 1988

brassicae

Pythium root rot cucumbers containers various Hadar et al. 1983

Pythium root rot various containers green waste Schueler et al.1989 a

Pythium root rot peas field green waste Erhart et al. 1999

Pythium sp. rot sugarcane field cotton trash Dissanayake and Hoy
1999

Rhizoctonia rot flowers containers biosolids Kuter et al. 1988

Rhizoctonia rot cucumbers containers green waste Tuitert et al.1998

Rhizoctonia solani rot peas, beets, beans containers green waste Schueler et al. 1989b

Rhizoctonia sp. wilt bean field compost Logsdon 1993;
Ozores-Hampton
al. 1994

Sclerotinia minor lettuce drop lettuce field biosolids Lumsden et al. 1986

Sclerotinia sp. dollarspot turf golfcourse various Nelson and Craft
1992

Soft Rot soft rot onion field various Navarro and Umana
1997; Maynard and
Hill 2000

Various various cucumbers and field biosolids Hoitink et al. 1991

peppers
Verticillium dahliae early dying potato field mushroom La Mondia et al.

1999

*This is a partial list

became suppressive after storage for another 4 week
period (Kuter et al. 1988).

Hointink et al. (1997ab) believe that immature com-
posts are not effective for disease suppression and may

even stimulate the growth of pathogens. Composts

must not be allowed to age too long, however. Widmer

et al. (1998) found that only freshly prepared samples
of composted municipal waste were able to suppress
Phytophthora nicotianae in the soil of 5-week old citrus
seedlings. Incidence of infection was reduced from
95% to as low as 5%. Material that was aged more
than 3 months before use was not effective.
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When
various ani-
mal
manures
were com-
posted with
leaves, the
resulting
composts
were sup-
pressive to
damping off
from
Pythium
and
Rhizoctonia.
Composts
from dairy
manure
were more
effective
than those
from horses
or from chickens. There was no correlation between
compost age and disease suppression (Ringer et al.
1997). These composts were probably all used in the
period between recolonization and microbial dormancy
seen at full maturity, so no age effect was noted.

Root rot of peas d
caused by Aphanomyces
sp. is suppressed by compost.

Ineffective Against R. solani

Though many properly prepared composts will sup-
press Pythium and other pathogens, Rhizoctonia solani
poses a more difficult problem. In China, 3 commercial
composts from mushroom culture and paper waste
suppressed Fusarium wilt of watermelon, cabbage
clubroot, root-knot nematodes on watermelon, tomato
and pepper, and Pythium root rot of tomato and water-
melon. These composts were unable to suppress
Rhizoctonia damping off (Chiu and Huang 1997).

High microbial activity in a compost is a necessary,
but not sufficient condition for suppression of
Rhizoctonia sp. In addition, the presence of a specific
antagonist such as Trichoderma spp. may be needed
(Kuter et al. 1983; Nelson et al. 1983).

Inoculation with Antagonists

Inoculation of compost made from grass clippings
with Bacillus subtilis increased suppressiveness to
Rhizoctonia solani that causes large-patch disease in
turfgrass. Pasteurized compost was inoculated at 40°C
(104°F), leading to B. subtilis concentrations of 108
cfu/gram of compost (Nakasaki et al. 1998; Nakasaki
et al. 1996).

Hoitink et al. (1997ab) were able to produce a more
reliably suppressive compost by using the inoculants
Flavobacterium balustinum and Trichoderma hamatum.
In another experiment, Trichoderma viride was used as
an inoculant in coconut coir pith compost. The inocu-
lated compost reduced damping off by Rhizoctonia
solani by 95% in field tests of eucalyptus plantings
(Kumar and Marimuthu 1994).

Citrus reshni grown in pot mixes was monitored for
effects that the various mixes had on growth and dis-
ease suppression. Inoculation of composted pine bark
with Trichoderma aureoviride and with the VAM fungus
Glomus intraradices produced the largest positive
effects on growth and disease suppression. Inoculation
of a mixture of sand, perlite, and peat also produced
increased growth (Camprubi et al. 1995). Biocontrol
inoculants and VAM fungi are commercially available
(Quarles 1999)(see Resources).

Additives

Sometimes additives can make compost even more
effective in disease suppression. Chitin from shrimp
and crab shells when added to soil stimulates the
enzyme chitinase. Chitinase then attacks pest nema-
todes and pathogenic fungi. Roy et al. (1997) prepared
a two-phase compost with chitin. First, they compost-
ed peat moss, sawdust and cow manure through the
thermophilic phase. As the compost started to cool,
30% shrimp waste was added, which triggered a fur-
ther thermophilic compost phase.

Additives are also sometimes used to improve com-
posting performance. When a compost pile does not
heat up properly, it might need addition of nitrogen.
Soybean meal or other organic fertilizer can be used
(Reich 2001; Gotaas 1956).

Type of Compost

The kind of compost can be a factor in disease sup-
pression. In one experiment, dairy solids were compost-
ed either by windrow or vermicomposting. Flower pots
amended with these composts were planted with
cucumber and inoculated with the pathogen Fusarium
oxysporum that
causes root and
stem rot. Compost
produced by the
windrow method
suppressed cucum-
ber disease symp-
toms, but vermi-
compost did not.
[Vermicompost is
castings and
organic waste of a
worm colony.]
Since the same
waste was used in
both cases, the
authors concluded
that the method of
composting must
have an effect on
disease suppres-
sion (Kannangara
et al. 2000).

Composts made
either from munci-
pal sludge or from
fallen leaves were

Composts stop soft rot of onion
better than fungicides.
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Table 2. Diseases Suppressed by Compost
Extract (Tea)*

Pathogen Disease Crop Reference

? downy mildew cucumber Ma et al. 1996

Alternaria sp. early blight tomato Tsror and Bieche
1999

Botrytis sp. gray mold bean McQuilken et al.
1994

Botrytis spp. gray mold beans, Weltzien 1990

strawberries

Botrytis spp. gray mold tomato, pepper Elad and
Shtienberg 1994

Botrytis spp. gray mold various Ketterer et al.
1992

Colletotrichum sp | anthracnose cucumber Zhang et al.
1998b

Erysiphe polygoni | powdery mildew bean Ketterer and
Schwager 1992

Erysiphe sp. powdery mildew barley Budde and
Weltzien 1988

Erysiphe sp. powdery mildew barley, sugar beet | Weltzien
1989

Leveillula taurica | powdery mildew tomato Elad and

Shtienberg 1994

Phytophthora blight tomato, potato Weltzien 1990;
infestans 1989
Phytophthora blight tomato Ketterer and
infestans Schwager 1992
Plasmopara downy mildew grape Weltzien et al.
viticola 1987; 1989
Pseudomonas sp. bacterial speck Arabidopsis Zhang et al.

1998a
Pseudopeziza sp. leaf blight grape Weltzien

1989
Sphaerotheca sp. | powdery mildew cucumber Ma et al. 1999;

Weltzien

1989
Uncinula necator | powdery mildew grape Weltzien

1989

Household Waste

Many readers of Common Sense Pest Control
Quarterly are interested in small-scale compost-
ing of kitchen, yard and garden waste.
Composts from these sources can be effective in
preventing plant diseases in the garden. Hot
garden compost is also a convenient way of get-
ting rid of weeds and pathogens that can be
easily deactivated by heat. However, results are
sometimes inconsistent because there are no
uniform standards on compost production (see
Quarles and Grossman 1995).

Composted household waste in pot experi-
ments effectively suppressed diseases caused by
Pythium ultimum or Rhizoctonia solani in a num-
ber of plants (Schueler et al. 1989a). However,
experiments in Austria showed that of 17 com-
posts made from household waste, only 9 were
suppressive to Pythium in pea production. The
majority of the samples were mildly phytotoxic
to cress. Microbial biomass, and other measures
of microbial activity did not correlate with sup-
pression. These composts may have been tested
before they had matured (Erhart et al. 1999).

Mature compost from house and garden
waste when added to potting soil suppressed the
effects of the pathogen Rhizoctonia in cucumbers
(Tuitert et al. 1998). In pot experiments, com-
posted household waste controlled soilborne dis-
eases of peas, beans, and beetroots caused by R.
solani and P. ultimum (Schueler et al. 1989b).

Tuitert and Bollen (1996) found that com-
posts prepared from vegetable, fruit and garden
waste was suppressive to Phytophthora cinnamo-
mi. However, only long-matured compost was
suppressive to Rhizoctonia. As the compost sits,
the likelihood of antagonist growth in the com-
post increases. The test plants were lupin and
cucumber.

Field Soil

*This is a partial list.

suppressive to cucumber damping off caused by
Pythium spp. Compost from leaves was effective

mg/cm3 whereas composted sludge was effective at

half that rate. The different composts had differe

thermal profiles. The leaf compost was more suppres-

sive against Pythium at higher temperatures, 28-

(82-90°F). The composted sludge was more effective at

20-24°C (68-75°F)(Ben-Yephet and Nelson 1999).

Composts containing manure were more suppressive to
Aphanomyces root rot of peas than those produced

from tree bark (Walter et al. 1995).

Potatoes grown in a greenhouse in wet compost
were more resistant to late blight than those grown in
dry compost. Tubers grown in the wet compost had
larger numbers of bacteria on the surface. About 17%
of the bacterial isolates were antagonistic to the late
blight pathogen, Phytophthora infestans (Clulow et al.

1995).

Although much of the published information

on suppressive composts comes from container
experiments, composts can help prevent plant diseases
in field soils also. In Connecticut, application of 1-inch
of compost to fields each year over a 3-year period led
nt to larger onions, larger yields of onions, and a lower
incidence of soft rot disease (Maynard and Hill 2000).
In Costa Rica, compost applied at 25 tons/acre was
more effective than the fungicides captan and benomyl
or 4 weeks of solarization in preventing soilborne rot of
onion seedlings (Navarro and Umana 1997).

Addition of 10% compost to topsoil infested by
Phytophthora fragariae var. rubi increased the health of
young raspberry plants, increasing cane lengths by
128%. These effects were not seen with sterilized com-
post, and effects were probably due to microbial activi-
ty. Over a 3-year period composts applied in the spring
and fall gave plants where the number of disease free
canes were 97% higher than untreated controls
(Neuweiler et al. 2000).

at 80

32°C
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lj
Raspberry yields were increased

in fields infested by Phytophthora sp.

Composted trash from cotton gins, filterpress cake,
and biosolids suppressed disease caused by Pythium
arrhenomanes and increased the growth of sugarcane.
Level of microbial activity correlated with degree of sup-
pression (Dissanayake and Hoy 1999). Composted sug-
arcane residues were also effective (Theodore and
Toribio 1995)

Spent mushroom compost was added to potato
fields infested with Verticillium dahliae or Pratylenchus
penetrans. These pathogens cause potato early dying
and typically depress yields 22-44%. Compost applica-
tion resulted in increased yields of marketable potatoes
(La Mondia et al. 1999).

Topdressings of sand and compost (70:30) applied to
putting greens of creeping bentgrass and annual blue-
grass effectively suppressed dollarspot caused by
Sclerotinia homoeocarpa for at least 1 month. Applied
monthly as a preventive over a 3-year period, results
were comparable to use of the fungicide propiconazole
(Nelson and Craft 1992).

Substitution of compost for inorganic fertilizers
reduced disease in cucumbers and peppers during two
consecutive seasons in the U.S. (Huelsman and
Edwards 1998). A combination of solarization and
composting gave better disease suppression in
California than solarization alone (Gamliel and
Stapleton 1993).

Deep tillage and addition of compost plus magne-
sium lime increased the yield of peanuts in a field oper-
ation, mainly due to suppression of leaf spot disease.
The combined treatment increased the bacteria:fungi
and the actinomycetes:fungi ratios (Choi et al. 1988).

Effects are not always clearcut. Composted sewage
sludge worsened Fusarium on carnations and pea and
Thielaviopsis of bean, though it decreased Fusarium on
cucumber and Phytophthora on pepper and soybeans
(Hancock 1994; Isakeit et al. 1991; 1992; Lumsden et
al. 1983; Logsdon 1993). Rhizoctonia has been sup-
pressed in field-grown beans (Logsdon 1993; Ozores-
Hampton et al. 1994). Workneh et al. (1993) showed
that organic farms using compost had less
Phytophthora and tomato corky root disease than con-

ventional farms that did not use compost. Composted
pine bark controlled Fusarium on Chinese yam in field
soil as well as methyl bromide (Hoitink and Kuter

1985; Hoitink 1980). Soil amendents of mushroom
compost and chicken manure reduced Fusarium wilt of
cucumber by 30-35% in greenhouse tests (Seo 1986).
Fusarium wilt of basil, flax, and eggplant was also sup-
pressed by compost (Raviv et al. 1998; Serra et al.
1996; Sheela et al. 1995).

In India, pigeonpea wilt caused by Fusarium udum
was best suppressed by a soil amendment of neem-
cake. Compost was the next most effective soil amend-
ment (Goudar et al. 1998). Composted sewage sludge,
when added to soil of lettuce fields reduced the inci-
dence of lettuce drop caused by Sclerotinia minor.
Survival of the pathogen and pathogen populations
were unaffected. Disease suppression in this case was
probably due to improved soil structure produced by
the compost (Lumsden et al. 1986).

Compost Tea

Water extracts of properly prepared aerobic com-
post are also suppressive to disease (see Quarles
2000). [Note: More complete information on compost
teas will follow in a later article.] Effects are probably
due to a combination of added nutrients and micro-
bials (Riggle 1996; Ingham 2001). For example,
extracts of compost effectively suppressed grey mold
on beans and strawberries and blight of tomatoes and
potatoes caused by Phytophthora infestans. Addition of
selected microbes to the extracts improved their effica-
cy (Weltzien 1990). Compost tea when sprayed on the
primary leaves of barley gave a further reduction of
powdery mildew over that seen with compost soil
amendments (Budde and Weltzien 1988).

Compost teas
made from
hot, aerobic
compost can
also suppress
diseases.
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Lab and greenhouse experiments
showed that compost teas reduced
blight caused by Phy. infestans on
potato and tomato, mildews of sug-
arbeets and barley caused by
Erysiphe spp., gray mold of bean,
Botrytis fabae; and grape disease
caused by Plasmopara viticola
(Weltzien et al. 1987).

Extracts of composted cattle
manure and from grape waste were
tested in growth chamber experi-
ments for suppression of grey mold
on tomato and pepper plants. After
fermentation for at least 10 days,
the extracts reduced disease by 56-
100%. The extracts also suppressed
powdery mildew of tomato,
Leveillula taurica. Addition of nutri-
ents to the fermenting mass did not
improve disease control (Elad and
Shtienberg 1994).

Resources

Test Kits and Labs

Compost Assays—BBC Laboratories, 1217
North Stadem Drive, Tempe, AZ 85281;
480/967-5931, Fax 480/967-5036;
www.bbclabs.com

Compost Assays—Soil Foodweb, 980 NW
Circle Blvd., Corvallis, OR 97330;
541/752-5066; Fax 541/752-5142;
www.soilfoodweb.com

Maturity Test Kit (Solvita)—Woods End, PO
Box 297, Mt. Vernon, ME 04352; 207 /293-
2457; Fax 207 /293-2488; www.wood-
send.org

Biocontrol Inoculants

Trichoderma sp.—Bioworks (Rootshield)—122
N. Genesee St., Geneva, NY 14456;
800/877-9443; 315/781-1703; Fax
315/781-1793. Ag Tech Corporation
(Plant Helper), 4720 W. Jennifer Ave., Suite
105, Fresno, CA 93710; 559/271-2458,
559/271-2417.

Bacillus subtilis (Serenade)—AgraQuest, 1530
Drew Avenue, Davis, CA 95616; 530/750-
0150.

Streptomyces grieseoviridis (Mycostop)—AgBio
Development, 9915 Raleigh St.
Westminister, CO 80030; 303/469-9221;
Fax 303/469-9598.

VAM Fungi—BioOrganics, 53606 Bridge
Drive, La Pine, OR 97739; 888/332-7676;
Fax 541/536-1583; Plant Health Care, 440
William Pitt Way, Pittsburgh, PA 15238;
800/421-9051.

Compost Tea Equipment
Growing Solutions, 160 Madison St., Eugene,
OR; 888/600-9558; 541/343-8727; Fax

541/343-8374, www.growingsolutions.
com. Peaceful Valley Farm Supply, PO Box
2209, Grass Valley, CA 95945; 530/272-
4769; Fax 530/272-4794.

When compost teas were pro-
duced and tested as sprays against
grey mold, effectiveness varied with
the length of extraction. The best
results, 90-95% suppression, came
with an 8-day extract. The largest
number of bacteria in the extract
were found after 7 days. Extracts
mixed with 0.5% casein and 0.05%
pine needle oil were just as effective
as chemical fungicides (Ketterer et
al. 1992). In another experiment, 7-
day extracts with 0.5% casein con-
trolled powdery mildew of bean,
Erysiphe polygoni and tomato
blight, Phytophthora infestans, just
as well as sulfur or the fungicide
propineb (Antracol™)(Ketterer and
Schwager 1992).

Extracts of horse, pig and cow
manure suppressed powdery
mildew of cucumber (Ma et al.
1999). Extracts from composted
horse or cow manure gave good
control of downy mildew when
sprayed on cucumber under green-
house conditions. Disease suppres-
sion was about 66-67%. The effect
may not have been due directly to
microbials, as sterilized extracts of
composted horse manure were
more effective (Ma et al. 1996).

Compost and compost extracts
triggered systemic acquired resist-
ance in Arabidopsis thaliana plants
against bacterial speck caused by
Pseudomonas syringae (Zhang et al.
1998a). The same materials
induced resistance in cucumber
against anthracnose caused by
Colletotrichum orbiculare. Heating
destroyed the effects of the com-
post, but inoculation of the steril-
ized compost by unheated compost
restored activity. This effect sug-
gests that protection was microbial
in nature (Zhang et al. 1998b).

In field tests, ‘Brigade’ tomatoes
were inoculated with Alternaria
solani, which causes early blight.
After inoculation tomatoes were
sprayed with compost extracts, and
the results were compared to
sprays of the fungicide metalaxyl. A
compost tea that had been soaked
in compost for 14 days gave disease
suppression comparable to meta-
laxyl. An average yield increase of
20.9% was seen with metalaxyl and
19.9% with compost extract. A 7-
day compost extract was not quite
as effective, showing a yield

increase of 13.9% (Tsror and Bieche
1999).

Conclusion

Properly made aerobic composts
can suppress plant diseases in con-
tainers, gardens and field soils.
Disease suppression comes through
improved soil structure, added
nutrients, and microbial activity.
Microbial composition and maturity
of the compost are important fac-
tors. Suppression of some
pathogens may require inoculation
of the compost with commercially
available biocontrol agents.
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