Unit 3. Characteristics and
Effects of Fumigants

Learning Objectives

After reading this unit, the reader will be
able to:

¢ Describe several characteristics of
fumigants

e Explain how these characteristics can affect
how, when and where you use a particular
fumigant

¢ Identify several factors that can affect
fumigant performance during stored
product and soil fumigation

Like all pesticides, several factors can
affect how well a fumigant will work. These
range from characteristics of the fumigant
itself (boiling point, molecular weight, etc.)
to external factors such as air movement,
temperature, and applicator knowledge and
skill. This unit will describe each of these
factors. You will discover how small differences
can have a big effect on fumigant performance
and safety.

Terms to Know

Absorption — When fumigant molecules
penetrate into a material (commodity, soil or
other item being fumigated).

Adsorption — When fumigant molecules stick
to the surface of a material (commodity, soil or
other item being fumigated).

Aeration — Fumigant application: The process
of replacing fumigant-containing air or water
with fresh air and/or water that contains little
or no fumigant. Aeration must follow all
fumigation operations.

Boiling Point — The temperature at which a
liquid becomes a gas.

Desorption — The liberation or removal of
a fumigant from treated surfaces and/or
substances.

Diffuse — To spread or distribute, to move in all
directions.

Dosage — The concentration of a fumigant
(ounces, pm, etc.) times the exposure time
(hours, minutes, etc.). The dosage requirements
depend on the pest, the fumigant, the tempera-
ture, the rate of leakage (some leakage is
inevitable), and many other factors.

Equilibrium — Even distribution. For example,
a fumigant has reached equilibrium when there
is an equal concentration of gas throughout a
given structure.

Field Capacity — The moisture level of soil at
which air has largely replaced water in soil
macropores but not micropores. For example, at
50 percent field capacity, the total space
between soil particles is shared equally by air
and water, with most of the water being found
in soil micropores.

Inert — Not reactive.

Macropores — The large spaces between soil
particles in which air and water can move readily.

Metabolism — All chemical reactions that take
place in a living thing. For example, insects
metabolize food to produce energy.

Micropores — The small spaces between soil
particles where little air movement occurs and
water moves slowly. Plants absorb most of the
water they need from soil micropores.

Molecular Weight — The sum of the atomic
weights of all the atoms in a molecule. All fumi-
gants have a unique molecular weight.

Molecule — The smallest particle of a substance
that retains all of the properties of the substance.

Pesticide Resistance — The ability of an
organism to tolerate a pesticide. There are
different levels of resistance. For example, some
insects may be sensitive, weakly resistant or
strongly resistant to a specific insecticide. Total
resistance is immunity.

Seal — To enclose an area so that fumigant gas
cannot escape too quickly. A good seal will con-
tain a lethal amount of gas long enough to kill
the target pests.
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Soil Texture — The relative proportion of the
different sizes of mineral particles — sand, silt
and clay — that make up a soil.

Solubility — How readily a substance will
dissolve in a liquid.

Sorption — Adsorption and/or absorption.

Stratification — When fumigants rise or fall,
making layers of gas within a confined area.
Diffusion is incomplete, leaving some areas
untouched by the fumigant. Stratification
results in an incomplete treatment.

Tilth — The physical condition of soil that
determines the ease at which it can be tilled or
cultivated and its suitability for seed germina-
tion and plant growth.

Vapor Pressure — The pressure exerted by a
liquid or a solid as it volatilizes (becomes a gas).

Vaporize — When a solid or liquid turns into a
vapor (gas).

Volatility — How readily a substance
transforms from a solid or liquid into a gas.

Unit 1 defined a fumigant as a pesticide in
gas form. At a high enough concentration, this
gas can kill bacteria, fungi, insects, nematodes
and weeds. Unit 1 also explained that as a gas,
fumigant molecules can move into tiny gaps,
such as between kernels of grain, or through
small openings in the soil. This is why fumi-
gants are so effective in certain situations.

This unit will focus on factors that affect
fumigant performance: both characteristics of
the fumigant and external factors.

Characteristics of
Fumigants

There are many fumigants on the market.
Your job is to select the best product for the pest
and situation at hand.

Boiling point, molecular weight, specific
gravity, solubility and flammability are different
for all fumigants. Each characteristic makes a
fumigant act a certain way under certain condi-
tions. Understanding how these factors affect
application will help you select the best product
for the job.

Always consult the label information for
each product that you consider. It will contain
information on the following characteristics.
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Molecular Weight and
Specific Gravity

All substances, including air and fumigants,
have a “molecular weight.” The molecular weight
of air is about 29. Fumigants with a molecular
weight lower than 29 are lighter than air and
may rise. Those with a molecular weight higher
than 29 are heavier than air and may sink.

All substances also have a “specific gravity.”
The specific gravity of air is 1. Fumigants with a
specific gravity greater than 1 are heavier than
air and may sink. Fumigants with a specific grav-
ity less than 1 are lighter than air and may rise.

Gases are unique in that their specific
gravities are related to their molecular weights.
For example:

Molecular Weight of a Fumigant
Molecular Weight of Air

Specific Gravity
of a Fumigant

NOTE: This relationship is valid only when
the temperature and pressure of the fumigant
and air are the same.

The molecular weight and specific gravity of
a fumigant can help you determine how well it
will distribute throughout an area. Even distri-
bution is referred to as an “equilibrium.” Most
fumigant gases are heavier than air. For
example, the molecular weight of methyl
bromide is 94.95, making its specific gravity
3.28. This means methyl bromide is 3.28 times
heavier than air. When the molecular weight of
a fumigant is greater than or less than air, you
may need to use fans and/or other tactics to
achieve equilibrium during fumigation.

Boiling Point

Boiling point is the temperature at which a
fumigant becomes a gas. Most fumigants reach
their boiling point between -125.9°F and
233.6°F. “Low-boiling” fumigants become gases
below room or moderate outdoor temperatures
(68° to 77°). To stabilize these chemicals, manu-
facturers keep them as liquefied gases under
pressure in cylinders or cans. Fumigants with
boiling points higher than 68°F, “high-boiling”
fumigants, are initially liquids at normal fumi-
gation temperatures. While these chemicals
have slow evaporation rates, they will



eventually vaporize during treatment. To use
these products, you may need to wait for a warm
day or increase the temperature within the area
you plant to treat.

— | “Low-Boiling”
— | Fumigants
Sl

Boiling point also indicates the vapor
pressure of a fumigant. In general, the higher
the boiling point, the lower the vapor pressure,
and the slower a fumigant will change to a gas.

Solubility

Solubility tells you how readily a fumigant
gas will dissolve in certain materials, depending
on their moisture content.

Some fumigants are soluble in water, oil or
other liquids. These pesticides may dissolve in
commodities that have high moisture or oil
contents. For example, methyl bromide is
soluble in oil. If you use this fumigant to treat
commodities with a high oil content, such as
peanuts or soybeans, it may dissolve in the oil.
Once dissolved, the methyl bromide may be
difficult to aerate. This is particularly a
problem when multiple treatments of these
commodities are necessary.

Flammability

Some fumigants, such as phosphine, are
extremely flammable. Formulations of
flammable fumigants may contain fire retar-
dants. For example, some products that produce
phosphine also produce ammonia and carbon
dioxide. However the best way to prevent fire
hazards is to apply and dispose of fumigants
properly. Always read the label information to
learn which conditions favor fire or explosions.
The label information will describe how to avoid
these problems.

Table 3-1. Physical and chemical properties of fumigants commonly in use at the time this manual was printed.

Molecular Boiling Point Specific Flammability
Fumigant Weight (°F) Gravity* (in air)
1,3 dichloropropene 110.98 220.0 1.21 flammable
Carbon dioxide 44.01 -109.3 1.52 nonflammable
Chloropicrin 164.39 233.6 5.67 nonflammable
Dazomet 162.30 219.2 5.60 nonflammable
Metam sodium 129.18 221.0 1.21 nonflammable
Methyl bromide 94.95 38.4 3.28 nonflammable
Phosphine 34.00 -125.9 117 flammable
Sulfuryl fluoride 102.07 67.0 3.52 nonflammable

* Specific gravity = the molecular weight of a fumigant divided by the molecular weight of air (29).

** Carbon dioxide passes directly from the solid to the vapor state at this point.
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Test Your Knowledge

Q.
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How can the molecular weight of a
fumigant affect its ability to diffuse
throughout a room?

Fumigants with molecular weights lower
than 29 are lighter than air and may rise.
Those with molecular weights higher than
29 are heavier than air and may sink. Both
extremes may require you to use fans and
other means to prevent stratification.

Define stratification.

When air and fumigant form layers and do
not mix.

What does the solubility of a fumigant
tell you?

Solubility tells you how readily a fumigant
will dissolve in water, oil or other sub-
stances. For example, if you apply a fumi-
gant that is soluble in oil to grain that has
a high oil content, the fumigant will dis-
solve into the oil of the grain. The fumigant
will remain in the oil and contaminate

the grain.

Why do you need to know the boiling
point of a fumigant?

To predict if the fumigant will be effective
at a particular temperature.

Where can you find information about
the boiling point, flammability, sorp-
tive capacity and other properties of a
specific fumigant?

In the label information.



Factors That Affect
Fumigation of Raw
Agricultural Products

A variety of factors affect the use and
success of fumigants. Some of the most impor-
tant factors in stored product fumigation are:

e Pest characteristics

e Temperature of the commodity or area you
plant to treat

e Moisture in the commodity or area to be
fumigated and in the air surrounding/within
it

¢ Air movement and diffusion within the area
you fumigate

¢ Construction of the structure within which
you treat an item or the quality of the seal
enclosing the area to be fumigated

e Applicator knowledge and skill

Pest Characteristics —
Raw Product Fumigation

Several aspects of the pest’s biology can
influence the effectiveness and timing of a
fumigant treatment. These include:

¢ The insect’s stage of growth. Pupa and eggs
are the hardest to kill because they are not
active. Adults and young larvae are most
susceptible.

e The activity level of the insect. Active
adults and larvae are easier to kill than are
inactive or hibernating adults and larvae.
This is because active insects have a higher
metabolism, allowing them to process the
pesticide faster. Therefore, whenever
possible, wait until the insects are mature
and active before fumigating.

¢ The feeding habits of the insect. Insects that
develop outside grain kernels are usually
more susceptible to fumigants than species
that develop inside grain kernels.

e The size of the infestation. Heavy
infestations are more difficult to control.
Masses of insects generate large amounts
of dust, damaged grain, webbing and cast
skins. These materials interfere with fumi-
gant penetration and increase sorption.

e Some insects have “resistance” to fumigants.
Resistance is the ability of an organism to

tolerate a pesticide. There are various

levels of resistance. For example, some
insects may be sensitive, weakly resistant or
strongly resistant to a specific insecticide.
Total resistance is immunity. Frequent fumi-
gation at dosages too low to kill all insects
promotes problems with resistance.

Although this information is true for most
insects, application recommendations vary with
the pest. Use the information from Unit 2 to
help you identify the most susceptible stage(s) of
development and activity level(s) of the pest
that you wish to control.

Temperature

“Temperature” refers to the temperature
e Of the commodity that you plant to treat

¢ Under the tarp or within the structure
where treatment will occur

Temperature affects both the dosage and
exposure period needed for pest control. As a
rule, the higher the temperature, the less fumi-
gant you will need. This is because as tempera-
ture increases, insect metabolism increases. As
metabolism increases, insects breathe faster,
absorbing more fumigant. Less fumigant is
needed to kill the pest. As the temperature
drops, the reverse is true. Insect breathing
slows. You may need to add fumigant to get the
same level of control. Below 40°F, fumigants
may not be effective at all.

Higher temperature also increases the
volatility of fumigants. Volatility refers to how
readily a substance turns into a gas (vapor-
izes). The higher the volatility, the faster a
fumigant disperses and penetrates. Sorption by
the material being treated decreases and less
fumigant is needed. (See “Sorption” later in
this unit to learn how temperature affects
this process.)

Finally, temperature can cause a fumigant
to “stratify.” Stratification occurs when air and
fumigant form layers and do not mix. In
general, if the temperature of a fumigant is
significantly lower than air, stratification
becomes more severe.

For best results, fumigate when tempera-
tures are above 60°F.

Moisture

As the moisture content of a commodity
increases, sorption increases. This makes it more
difficult for a fumigant to penetrate a commodity.
Therefore, products with high moisture contents
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require higher doses of fumigant. High moisture
contents also increase the potential that residues
will exceed legal limits due to the increased
sorption and slow desorption.

On the other hand, some dry fumigant
formulations (such as phosphine tablets and
pellets) need humidity to generate gas. These
are called “moisture-activated” fumigants. If the
air is too dry or the moisture content of the
commodity is too low, these fumigants will stay
in solid form.

Air Movement

To be effective, a fumigant gas must diffuse
(spread) evenly and quickly throughout the
commodity or space that you are treating. The
gas must enter small crevices, cracks or spaces
so that a lethal concentration contacts every
pest. Even distribution is called an “equilib-
rium.” The ability of a fumigant to reach equilib-
rium depends on several things. In general,
gases diffuse more quickly at higher tempera-
tures and lower air pressures. Fumigants also
spread faster when their initial concentration is
high and the penetration distance is short.

|

G R i ey,

Sometimes you will need help to distribute a
fumigant throughout a treatment area.

Some fumigants require air circulation to
diffuse quickly. Without air circulation, the air
and fumigant may form layers and fail to mix — a
condition called “stratification.” Fans, ducts and
blowers are often necessary. Select equipment
that fits the job. Fans are usually sufficient to stir
the air in open areas. Confined areas with tightly
packed commodities may require blowers or ducts
to move the fumigant from one place to another.
However, once the fumigant reaches equilibrium,
the problem of stratification decreases.
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Sorption

When a fumigant gas contacts materials, gas
molecules undergo the process of “sorption.”
There are two types of sorption: adsorption and
absorption. Adsorption occurs when fumigant
molecules stick to the surface of a treated mate-
rial. Absorption occurs when the molecules pene-
trate into the material. Both types of sorption
reduce the effectiveness of fumigants by remov-
ing molecules from the air. These bits of fumi-
gant are no longer able to move freely and kill
the target pest(s). Sorption also slows “aeration”:
the process by which fumigant is released
after treatment.

Adsorption vs. absorption

Some fumigants are more subject to sorption
than others are. Read the label information for
sorption information about each product you
consider.

Commodities and the structures that house
them also vary in their “sorptive” capacity.
Loads of grain with many small pieces have a
lot of surface area and are more sorptive. Inert
surfaces such as metal are less sorptive.

Knowing how sorptive certain chemicals and
commodities are is critical. This information will
help you determine how much fumigant to use,
how long to contain the fumigant and how long to
aerate the treatment area or product. When sorp-
tion levels are high, you will need to use more
fumigant. You will also need to increase the treat-
ment time because diffusion is slower. When
treatment is complete, aeration periods must be
long enough to allow the fumigant to slowly
“desorb” from the commodity. If aeration is too
short, traces of fumigant may remain sorbed to
the product. This can cause toxic residues, off-
flavors or odors in the treated material.

As a rule, sorption is greater at cold
temperatures. For example, if the temperature
inside a warehouse is cool during fumigation,



the commodity(ies) will absorb or adsorb the
fumigant at a higher rate. You will need to use
more fumigant. The same is true for aeration.
Aeration normally takes longer when tempera-
tures are low or when products are cold.

Adsorption is usually greater with
fumigants of high molecular weights and low
vapor pressures.

Construction of the Structure

Fumigant label information lists a range of
dosages from which to choose. Each dosage fits a
specific situation. The most important factor in
selecting a dosage is the tightness of the struc-
ture. The ability of a building to hold a fumigant
directly affects the amount of gas needed to sus-
tain a lethal concentration throughout. Higher
dosages are needed for structures that are of
“loose” construction. For example, warehouses
tend to have gaps around windows, doors and
wall joints. Lower doses may be adequate for
“tightly” constructed structures such as boxcars
and fumigation chambers.

For loosely built structures, it is often better
to “seal” the area than to increase the amount of
fumigant you use.

Seal

A tight seal around a structure or
commodity ensures effective fumigation and the
safety of those nearby. You can seal a structure
or commodity in one of three ways:

1) Tape and seal all potential openings within
a structure with plastic and fumigation tape.

2) Place a gas-tight tarp over the item or
structure.

3) Use a fumigation chamber.

The quality of a seal is important. It can
affect:

¢ The amount of fumigant needed (the tighter
the seal, the less gas that will escape, and
the less fumigant that will be needed)

e The length of time necessary to kill the
target pest (the tighter the seal, the more
constant the fumigant concentration, and
the less time needed to achieve control)

A fumigation chamber is an example of a
tight seal. Little gas escapes from a well-
constructed chamber. On the other hand, placing

a gas-tight tarp over commodities or structures
can provide a poor-to-excellent seal depending on:

e The condition of the tarp
¢ The tightness of the seams
¢ The type of ground seal

Structures in sandy soils or with dirt
crawl spaces may lose gas through the soil.
Commodities sitting on concrete floors may lose
gas through the concrete. To prevent these
problems, always tarp the top and bottom of
structures and items on porous bases.

Some structures may be too large to tarp,
such as warehouses or large grain bins. In these
situations, a tape-and-seal job may be required.
Always seal doors, windows and vents. This will
prevent heavy loss through large gaps. In grain
bins, you should also seal unloading augers, roof
exhaust vents and eave gaps (openings where
the roof meets the sidewalks). Although tape-
and-seal fumigation can prevent many leaks, the
fumigant can penetrate untarped walls, even
when the walls are made solid materials like
brick and concrete. You will usually need more
fumigant to replace what is lost through
untarped walls.

Also, consider the condition of the structure
and the type of construction. A wooden struc-
ture, even when sealed, will not retain fumi-
gants as well as one of brick, concrete or steel.
This is because wood is more porous than the
other materials. For example, round steel bins
retain fumigant better than flat grain-storage
bins, which are usually made of wood. In addi-
tion, wooden structures are often not built as
“tightly” as structures made with other materi-
als. For these reasons, it is often necessary to
tarp wooden structures during fumigation.

Applicator Knowledge and
Skill - Raw Product
Fumigation

In the end, you, the applicator, are the most
important variable in raw product fumigation.
Your education and training will directly affect
the success and safety of your operation. Know
and understand the properties of every product
you plan to use. Consider how different factors
will affect treatment. Understand the site — its
limitations and its strengths. Choose your
dosage and application methods accordingly.
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Test Your Knowledge

Q.

A.
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List several factors that influence a
fumigant’s effectiveness.

1. Diffusion: how well a fumigant
penetrates a commodity or how well it
is circulated throughout an area.

2. The sorptive capacity of the commodity
to be fumigated.

3. The temperature of the commodity or
space to be fumigated.

4. The moisture content of the commodity
or area to be fumigated and the air
surrounding/within it.

5. The construction of the structure to be
fumigated or the structure within which
you will treat an item.

6. The quality of the seal enclosing the
area to be fumigated.

7. The characteristics of the target pest.

8. The level of resistance a pest may or
may not have.

As a rule, at what temperature is
fumigation most effective?

Above 60°F.

Define volatility. How does the
volatility of a fumigant affect dosage?

Volatility refers to how readily a substance
turns into a gas (vaporizes). The higher the
volatility, the faster fumigant disperses and
penetrates. Sorption by the material being
treated decreases and less fumigant is
needed.

. What aspects of the pest and pest

damage can affect fumigation? How
does each aspect affect fumigant
performance?

1. The insect’s stage of growth. Pupa and
eggs are the hardest to kill because they
are not active. Adults and young larvae
are most susceptible.

2. The activity level of the insect. Active
adults and larvae are easier to kill than
are inactive or hibernating adults and
larvae. This is because active insects
have a higher metabolism, allowing
them to process the pesticide faster.

3. The feeding habits of the insect.
Insects that develop outside grain
kernels are usually more susceptible to
fumigants than species that develop
inside grain kernels.

4. The size of the infestation. Heavy
infestations are more difficult to con-
trol. Masses of insects generate large
amounts of dust, damaged grain, web-
bing and cast skins. These materials
interfere with fumigant penetration
and increase sorption.

. What is the difference between

adsorption and absorption? How do
they affect the performance of a
fumigant?

Adsorption occurs when fumigant molecules
stick to the surface of the treated material.
Absorption occurs when the molecules pene-
trate into the material. Both types of sorp-
tion reduce the effectiveness of fumigants by
removing molecules from the air. These bits
of fumigants are no longer able to move
freely and Kkill the target pest(s). Sorption
also slows “aeration” — the process by which
the fumigant is released after treatment.



Factors That Affect
Soil Fumigation

The success of soil fumigation depends on
how long a target pest is exposed to a lethal
concentration of the fumigant. The distribution
of fumigant between the air and moisture in
soil is critical to this process. When you inject a
fumigant into soil, it diffuses toward the soil
surface through air spaces that exist between
soil particles. The ability of fumigants to
spread increases with the air content of soil.
However, as it moves, the fumigant dissolves
into the film of water that surrounds the soil
particles. It is in this water that soil pathogens
and nematodes live. Consequently, soil fumi-
gants actually do most of their work within the
films of water that surround the soil particles.
When the fumigant reaches the soil surface, it
escapes into the air and is degraded by ultra-
violet light. Any fumigant left in the soil breaks
down into nontoxic substances.

Many factors influence and distribution of
fumigant between the air and water within
treated soil. Some of the most important factors
in effective soil fumigation are:

Pest characteristics

Soil temperatures

Soil moisture

Soil texture

Soil tilth

Soil organic matter content
Applicator knowledge and skill

Pest Characteristics —
Soil Fumigation

Fumigants control soil pests in different
ways. Soil insects are controlled primarily by
exposure to toxic levels of fumigant in the ai
spaces between soil particles. Pathogens, nema-
todes and weeds, on the other hand, are killed
by absorbing fumigant that is dissolved in the
water that surrounds soil particles.

As with fumigation of stored products,
several aspects of a pest’s (insects, nematodes,
pathogens and weeds) biology can influence the
success of soil fumigation.

They include:

¢ The insect’s stage of growth. Pupa and eggs
are the hardest to kill because they are not
active. Adults and young larvae are most
susceptible.

¢ The activity level of the insect. Active adults
and larvae are easier to kill than are
inactive or hibernating adults and larvae.
This is because active insects have a higher
metabolism, allowing them to process the
pesticide faster. Therefore, whenever
possible, wait until the insects are mature
and active before fumigating.

e The location of the pest within the soil. Soil
pests in more exposed areas (i.e., areas
closer to the site where fumigant is injected)
are more vulnerable to soil fumigants.

¢ The sorptive capacity of a pest. The greater
the sorption of a fumigant to a pathogen,
nematode or weed, the better the control.

e Special features of the pest. For example,
fumigants may not control hard-seeded
weeds because their seeds have a waterproof
coat that limits the uptake of fumigants. In
addition, you need higher rates of soil fumi-
gants to control cyst-type nematodes. In soil,
most of these nematodes are present as eggs
within cysts (the carcasses of dead adult
females), which protect the nematode eggs
from fumigants.

Soil Temperature

Soil temperatures that are too high or too
low can also affect fumigant performance. High
soil temperatures reduce the solubility of fumi-
gants in soil water. This can increase the speed
at which fumigants diffuse through soil. If fumi-
gants move too fast, concentrations may never
reach high enough levels to be toxic. At soil tem-
peratures above 75°F, excessive fumigants may
be lost from the soil surface. On the other hand,
cool soil temperatures, near 40°F, may prevent
some fumigants from volatilizing. Temperatures
between 50°F and 75°F at depths of 6 to 8
inches are ideal for soil fumigation.

Soil Moisture

Soils that are too wet or too dry change the
distribution of the fumigant. This can reduce the
effectiveness of a treatment.

When soils are too dry, little fumigant can
dissolve into soil water. Fumigant spread is
rapid because fumigants diffuse through soil air
spaces 10,000 to 30,000 times faster than they
do through soil water. If you do not thoroughly
seal the soil surface, the rapid spread of a fumi-
gant allows it to escape from the soil too soon.
This leaves little fumigant to dissolve into the
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soil water. Low levels of fumigant in soil water
mean that few target pests are actually exposed
to the fumigant. Those that are may not contact
enough fumigant for the treatment to be effec-
tive. Concentrations of fumigant may never get
high enough to kill the target pests, or the con-
centrations may not remain high long enough to
do the job.

When soils are too wet, fumigant dissolves
into soil water too soon. This prevents it from
spreading throughout the soil to be treated,
thereby reducing the actual volume of soil the
fumigant can contact. Consequently, some areas
of the soil may contain too much fumigant, while
others may not receive any. In addition, soil
fumigants remain in soil water longer than they
do in soil air spaces. “Fumigant injury” (damage
to plants and crops caused by soil fumigants)
can occur when fumigants persist beyond the
normal waiting period in soils that have high
moisture levels when you treat them.

Ideally, soils should be about half of “field
capacity” when fumigated. Field capacity is the
level of soil moisture at which soil water has
moved out of the soil macropores and been
replaced by air. To test the moisture content of
soil, collect a small sample. Squeeze it in the
palm of your hand. Soil with the right moisture
content should barely retain its shape. If the soil
is too wet, wait for it to dry before fumigating. If
it is too dry, irrigate or wait for rain.

Soil Texture

Soil texture affects fumigant performance by
determining the size of the pore spaces within
the soil. For example, sand and sandy loam
soils are coarse. Coarse soils consist mostly of
large mineral particles separated by large
spaces. These spaces tend to be continuous,
allowing fumigants to diffuse quickly and far
from the point of injection. Clays and silt loams
are fine-textured soils. They consist of a much
larger percentage of small particles, which only
allow spaces between them that are small and
choppy. This restricts the flow of fumigants.
Soil fumigants travel faster and more evenly in
sand and sandy loam soils than in silt loams
and clay soils. Fumigants also escape more
readily from sandy soils.

Soil Tilth

Tilth refers to the physical condition of soil
relative to plant growth. It mainly concerns the
size or volume of the pore spaces within the soil
and the amount of water vs. air within those
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spaces. Soil tilth is considered “good” when it
promotes seed germination and plant growth.
Agricultural practices such as plowing,
cultivation and crop rotation significantly
influence tilth.

Before fumigating soil, be sure it has good
tilth. Soils with good tilth have relatively large,
continuous spaces between soil particles with air
and moisture levels that promote the rapid and
even distribution of fumigants. If tilth is poor
(such as from soil compaction), the size and
continuity of airspaces decrease. This reduces
the space available for fumigants to diffuse
through soil.

In addition, be sure to break up dirt clods.
Fumigants cannot penetrate dirt clods because
they are small areas of highly compacted soil. It
is also difficult to seal the soil surface when
many clods are present.

Organic Matter Content

Organic matter consists of plant and
animal materials at various stages of decompo-
sition. Soils with high levels of organic matter
need higher rates of soil fumigants. This is
because fresh or decaying plant material
absorbs fumigants, reducing the total amount
of product that remains to control soil pests.
These effects increase when soil temperatures
are too high or too low or when soils are too
wet or too dry. Excess organic matter can also
clog fumigation injection equipment and punc-
ture plastic film used to seal the surface of
fumigated soil. Be sure to plow under undecom-
posed plant debris at least several weeks before
fumigation. This will promote decay that is
more complete.

Applicator Knowledge and
Skill — Soil Fumigation

As the applicator, the treatment decisions
that can influence the effectiveness of soil
fumigation include the following factors.

Time of Application

Time soil fumigation when environmental
factors are best for fumigation. Pay particular
attention to soil moisture and temperature.
Although most soil fumigation is performed in
the spring, soil temperatures, moisture and tilth
are usually most favorable in the fall. Fall
fumigation also frees up time in the spring, one
of the busiest seasons for farmers. If you do



fumigate in the fall, however, be sure that
fumigated areas are not contaminated over the
winter by untreated soil from adjacent areas.

Soil Preparation

Cultivate soil to a depth of at least 12 to
14 inches before fumigating. This will improve
soil tilth and the success of the treatment.
Thoroughly pulverize and smooth the top
12 inches of soil before applying the chemical.
Subsoiling (cultivating soil below the plow layer)
can also increase the effectiveness of fumigation
by helping the chemical penetrate into deeper
layers of the soil profile.

Depth of Application

How deep to apply a fumigant depends on
several things:

¢ The type and amount of product you plan to
apply

e The characteristics of the soil (compaction,
topsoil depth) in the area(s) to be treated

e The crop to be planted
¢ The organisms you wish to control

Remember that the objective is to treat as
much of the “root zone” as possible. You will
need to inject most fumigants at least 6 to 8
inches below the surface of the soil (measured
before it is treated) or incorporate them to that
same depth. Deeper application is often better.
In many cases, such as in row fumigation where
cultivation equipment builds a bed during fumi-
gation, the depth of injection should be 14 to 20
inches below the surface of the soil (measured
after treatment).

Injecting the fumigant at the wrong depth
can cause a variety of problems. Shallow injec-
tion (12 inches deep or less) may miss target
pests located below the level of application.
Shallow injection can also result in excessive
loss of fumigant from the soil surface.
Applications that are too deep may prevent the
product from diffusing into the top inch or two
of soil, where many target pests (particularly
weed seeds) live. Overly deep injections can also
enter the subsoil. If fumigants are injected
below the plow layer, the subsoil can act as a
“fumigant barrier or “fumigant sponge.” This
limits needed movement of the pesticide upward
through the soil.

The ideal injection depth for most situations
is 18 inches. This should eliminate loss of

fumigant to the atmosphere and increase the
amount of soil that is effectively treated.

Chisel Spacing

Apply liquid fumigants to soil through
injectors call “shanks” or “chisels.” Space these
injectors according to:

¢ The type and amount of product you plan to
apply

The crop to be planted

¢ The organisms you wish to control

Fumigants diffuse outward from injectors to
produce cylinders of treated soil. When perform-
ing “row treatments,” use one or two injectors
that release just enough fumigant to treat the
volume of soil for a single row in a field, plant-
ing or orchard. The soil between rows remains
untreated. For “broadcast treatments,” space the
injectors so that the cylindrical volumes of soil
treated by each injection will overlap. This
results in relatively uniform pest control over an
entire field. You can space injectors as little as
6 inches apart, but no more than 12 inches
apart. The best spacing will depend on the
fumigant you use and the rate you apply.

= 1)

Fumigated soil volume and injector placement.

Soil Sealing

It is important to establish a temporary soil
seal during or immediately after soil fumigation.
Sealing prevents fumigant from escaping
prematurely from the top several inches of soil.

Without sealing, fumigants can also escape
from chisel traces. Chisel traces are the depres-
sions left in the soil by fumigant injectors. As
the injectors travel across the soil, soil falls
together behind them. The soil in these “traces”
is often loose, leaving large airspaces between
the soil particles. If soils are not sealed, a
“chimney effect” may result where too much
fumigant diffuses up through the chisel trace(s)
toward the soil surface. Essentially, the fumi-
gant follows the path of least resistance created
by the larger air spaces.
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There are several ways to seal soil. These
include cultipacking, rolling, dragging, tarping
and light irrigation. Cultipackers, rollers and
drags seal the soil surface by moving more soil
into chisel traces and by compacting the soil
surface. You can also prevent fumigant from
escaping by placing a polyethylene or plastic-
coated nylon tarp over the treated soil. To seal
soil with irrigation, water soils lightly and
frequently — just enough to keep the top 2 to 5
inches of soil wet. Avoid flood irrigation. It can
establish a water barrier near the soil surface
that restricts diffusion of the fumigant into the
top several inches of soil.

Exposure Period

After treatment, leave fumigated soil
undisturbed for several days to several weeks.
The exposure period needed will depend on:
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¢ The type and rate of fumigant
e The crop to be planted
¢ The target pest(s)

e Environmental conditions (particularly soil
temperatures and moisture)

Waiting periods of two to three weeks are
common but depend largely on soil temperatures
and moisture. Soil fumigants require longer
waiting periods under cold, wet conditions. Read
the label to determine the proper exposure
period for each product that you use. Planting or
seeding a crop too soon after soil fumigation can
result in severe, irreversible damage to the crop
or plants you are trying to protect. Injury after
soil fumigation tends to be less common for
seeded crops than for transplanted crops.



Test Your Knowledge

Q.

A.

Describe how fumigants move through
the soil.

Once injected into soil, a fumigant diffuses
toward the soil surface through air spaces
that exist between soil particles. As the fumi-
gant moves, it dissolves into the film of water
that surrounds the soil particles. It is in this

water that soil pathogens and nematodes live.

When the fumigant reaches the soil surface,
it escapes into the air and is degraded by
ultraviolet light. Any fumigant left in the soil
breaks down into nontoxic substances.

Name several characteristics of soil
that can affect the performance of a
soil fumigant.

Moisture
Temperature
Texture

Organic matter content
Tilth
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Name several things controlled by
the applicator that can affect the
performance of a soil fumigant.

Timing of the application

How deep the fumigant is injected
How far apart the chisels are spaced
How well the soil is sealed

How well the soil has been prepared
The length of exposur

SOk

Why is fall considered one of the best
times of year to fumigate?

In the fall, soil temperatures, moisture and
tilth are more favorable for soil fumigation.
Fall fumigation also frees up time in the
spring, one of the busiest seasons for
farmers. If you do fumigate in the fall,
however, be sure that fumigated areas are
not contaminated over the winter by
untreated soil from adjacent areas.

What is soil tilth, and how does it
affect fumigation?

Tilth refers to the physical condition of soil
relative to plant growth. It mainly concerns
the size or volume of the pore spaces within
the soil and the amount of water vs. air
within those spaces. Before fumigating soil,
be sure it has good tilth. Soils with good tilth
have relatively large, continuous spaces
between soil particles with air and moisture
levels that promote the rapid and even
distribution of fumigants. If tilth is poor
(such as from soil compaction), the size and
continuity of air spaces decrease. This

reduces the space available for fumigants to
diffuse through soil. In addition, be sure to
break up dirt clods. Fumigants cannot pene-
trate dirt clods, because they are small areas
of highly compacted soil. It is also difficult

to seal the soil surface when many clods

are present.

. How should you arrange fumigant

injectors for a row treatment vs. a
broadcast treatment?

When performing row treatments, use one or
two injectors that release just enough fumi-
gant to treat the volume of soil for a single
row in a field, planting or orchard. The soil
between rows remains untreated. For broad-
cast treatments, space the injectors so that
the cylindrical volumes of soil treated by
each injection will overlap. This results in
relatively uniform pest control over an
entire field.

. What problems can occur if you inject a

fumigant at the wrong soil depth?

Shallow injection (6 inches deep or less) may
not reach all the target pests in soil and can
result in excessive loss of fumigant from the
soil surface. Applications that are too deep
may prevent the product from diffusing into
the top inch or two of soil, where many
target pests live. Injection below the plow
layer can trap the fumigant in the subsoil
and prevent it from moving throughout the
topsoil in the area to be treated.

. What is the ideal injection depth for

most soil fumigants?

A minimum of 6 to 8 inches below the soil
surface (measured prior to fumigation). In
row fumigation, you should place the
chemical 14 to 20 inches below the surface of
the soil (measured after the treatment has
been applied).

. Name five ways you can seal the soil

after fumigation.

Cultipacking, rolling, dragging, tarping and
light irrigation.

. Name several factors that influence the

length of an exposure period following
soil fumigation.

The type and rate of fumigant used
The crop to be planted

The target pest

Environmental conditions (particularly
soil temperature and moisture)
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