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Stored-grain Insect Pest Management
D. Ames Herbert Jr., Extension Entomologist, Tidewater AREC

Managing stored grains requires the use of various techniques to ensure that the quality of the grain entering the storage facility 
does not deteriorate over time. These measures include: the use of sanitation; storing sound, dry grain; managing temperature 
and aeration; and using chemical protectants, regular, sampling, and fumigation. Bin facilities play an important role in deter-
mining whether grain quality is maintained and should be inspected regularly. 

Over 60 species of insects infest stored grains. Lesser grain borer, rice weevils, maize weevils, cadelle beetles, flat grain beetles, 
rusty grain beetles, sawtoothed grain beetles, foreign grain beetles, mealworm beetles, red flour beetles, confused flour beetles, 
Indian meal moths, book lice, and grain mites are considered to be the 14 main pests. Of the 14 pests listed, Indian meal moths 
are the most common. Damage by stored-grain insects usually goes unnoticed until the grain is removed from the storage facility. 
Regular monitoring will help to ensure that grain quality will be maintained at the highest level possible. Scouting/monitoring 
should not be limited to the field. A regular monitoring program should be continued until the grain leaves the farm.

Thresholds
Generally, it is suggested to treat:

Wheat, Rye, or Triticale if one live insect is found per quart sample.

Corn, Sorghum, Barley, Oats, or Soybeans if one live weevil or five other insects are found per quart sample.

If these thresholds are exceeded, fumigation is suggested. However, if the weather is cool (below product label recommenda-
tions), fumigation should be delayed. Fumigation effectiveness is greatly reduced under cool conditions.  For conditions that do 
not favor fumigation, the grain mass may be cooled to below 55°F if possible. At temperatures below 55°F, insects are, for the 
most part, inactive. When temperatures permit, fumigation should be considered after further samples are collected.

Primary Grain Insects
Primary grain insects refer to a group of insects that attack whole, undamaged grains. The immature stages of these insects 
occur on the inside of the grain where detection is more difficult. The damage from these insects results in an Insect Damaged 
Kernels (IDK) sample grade classification. Examples of primary insects include the rice weevils, bean weevils, and lesser grain 
borers.

Secondary Grain Insects
This group refers to a complex of insects that feed on fragments of grains and cereals. They can also be referred to as bran bugs. 
They include various grain moths, mites, psocids, and various beetles. Examples of secondary insects include flour beetles, 
sawtoothed grain beetles, rusty grain beetles, and Indian meal moths.

Bin Facilities
Bin facilities should be weather tight, rodent proof, steel, and on a moisture-proof concrete base. Bins should be equipped with 
a perforated-floor aeration system and weather-proof roof vents. All bins should be inspected on a regular basis to guard against 
leaks, condensation, and deterioration of any kind. Once filled, attempt to seal the bottom and sides of the bin so insects and 
rodents can only enter the top of the facility. Do not seal roof aeration exhaust or inlet vents except during fumigation so the top 
of the bin can be easily sampled and top dressings applied if necessary. 

Sanitation
Before adding grain to a storage facility, make sure it is clean and free of old grain, trash, and insects. Be sure the walls, ceil-
ing, sills, ledges, floors, loading/unloading equipment, and the ventilation system (under perforated floors, ducts, and fan sys-
tem) are clean. The area outside the bin should also be free of insects, weeds, and grain products. Insects can breed and persist 
in these areas and infest new grain when it is placed in the bin. It is best to clean and treat storage facilities at least two weeks 
prior to adding new grain.
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Most stored-grain insect infestations originate in the immediate area of the storage facility; therefore, area sanitation is impor-
tant. Many of the common stored-grain pests have the ability to move from one facility to another. Practices that limit the pests’ 
access to food and shelter will help reduce the potential for future infestations.

Grain Moisture
As a general rule, grain stored for extended periods of time should contain no more than 12 percent moisture. Insects and fungi 
do not develop well in grain with a moisture content of 12 percent or below. 

Temperature and Aeration
Grains harvested and stored in the hottest part of the year stand a greater chance of becoming infested, since insects reproduce 
rapidly at temperatures in the range of 60°-90° F. Farm-stored wheat, rye, barley, or oats are more likely to have insect prob-
lems than corn or beans, which are harvested during the cooler months of the year. Bin aeration during times of low outside 
temperature and humidity will aid in reducing the temperature of the grain. In the Southern United States, it is recommended to 
maintain warm temperatures and low humidity until cooler temperatures arrive, and then to cool the grain to 55°-60° F or lower 
as soon as possible. Producers can obtain regional temperature information from the Virginia Cooperative Extension Climate 
Analysis Web Tool available at http://www.ext.vt.edu/cgi-bin/WebObjects/ClimateAnalysis.woa. The “Virginia Cooperative 
Extension Climate Analysis Web Tool” has been established to link Virginia users to the CIRRUS system. Users of the tool 
can obtain data from any of 167 weather stations in Virginia and generate reports on temperature, rainfall, and growing-degree 
data calculated from the data for the selected stations. The overall objective of the “Climate Analysis Web Tool” is to pro-
vide managers with long-term climatic data in a format that enables them to improve management decisions. 

The use of an aeration controller is extremely helpful when managing aeration for insect control. Controllers start aeration fans 
when outside temperatures reach a preset point. Small reductions (10°-15° F) in grain temperature have proven to significantly 
reduce the reproductive rates of stored-grain insects and reduce insect damage. Once the cooling front has been pushed (or 
pulled) completely through the grain mass, reset the controller to cool the grain another 10°-15° F. The final grain tempera-
ture will be slightly higher than the temperature set on the controller, because the final grain temperature is a result of the 
temperature and relative humidity of the cooling air and grain moisture. Once the final grain temperature is reached, usually 
after three cooling cycles, fans should be covered for the winter. On warm days, the surface of the grain may re-warm stimu-
lating insect activity. Monitor the grain and operate fans for short periods of time during freezing weather to control surviving 
insects. 

Several practices should be followed when filling bins to permit even aeration of the grain mass. The upper surface of the grain 
should be level or slightly inverted to permit even aeration. The use of a grain spreader will help prevent the accumulation of 
fines (broken grain, weed seed, dust, and debris) in the center when filling bins. If not spread evenly, this material will accumu-
late in the center of the bin, preventing even aeration and providing an excellent environment for insects and fungi to develop 
(Fig. 4.7). Due to the “trashy” nature of the fine material, it is best to remove this material instead of spreading it in the storage 
facility.

The accumulation of fines in the center of the bin can be greatly reduced by removing a portion of the grain mass after the facil-
ity is filled or several times during the loading process. Removing the core from the bottom with the centrally located unload-
ing auger or conveyer will remove the column of fines and invert the peaked grain in the top of the tank (Fig. 4.8). After this 
process is completed the grain can be left alone or leveled. This process, called “coring,” will increase aeration efficiency and 
reduce problems with insects, fungi and “hot spots.”  

For grain stored through the winter, aeration in the fall can deter moisture migration in the bin. Moisture migration is caused 
by differential temperatures in the grain mass resulting in convective flow of air through the grain.  The convective flow of air 
can result in accumulating moisture from condensation in the upper center of the grain mass. These factors will contribute to 
the development of molds and insects. 
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Fig. 4.7 Accumulation of fines (broken grain, weed 
seed, dust, and debris) in the center of bin

Fig. 4.8 Removing the core from the bottom will remove 
the column of fines and invert the peaked grain.

Pesticide Treatment Options
Empty-bin sprays• 
Chemical grain protectants• 
Topdressings• 
Air or head space treatments• 
Fumigation• 

Table 4.91 - Efficacy of Stored-grain Products
Product Insects Controlled1

aluminum phosphide 
(various products)

Most�stored�grain�insects�and�mites.�See�product�label�for�a�complete�list.

bacillus thuringiensis (Bt) 
(DiPel,�Biobit,�etc.)

Almond�moth,�Indian�meal�moth,�and�Tobacco�moth.�

chlorpyrifos-methyl  
+ 
deltamethrin 
(Storcide II)

Stored grain pests such as lesser grain borer, larger grain borer, Angoumois grain moth, Indian-
meal moth, tobacco moth, dermestids, granary weevil, rice weevil, maize weevil, bean weevil, 
saw-toothed�grain�beetle,�red�flour�beetle,�and�confused�flour�beetle.

cyfluthrin�and� 
beta-cyfluthrin 
(Tempo�SC�Ultra,�Tempo�
20WP,�Tempo�Ultra�WP)

Beetles�(exposed�adults�and�immature�stages)�–�cadelle,�cigarette,�confused�flour,�dermestid,�
drug store, granary weevil, hide, larder, leather, lesser grain bored, lesser mealworm, merchant 
grain,�mealworm,�red�flour,�rice�weevil,�sawtoothed�grain,�warehouse�and�Moths – Indian meal, 
Mediterranean�flour.

malathion 
(various products)

Confused�flour�beetle,�Indian�meal�moth,�flat�grain�beetle,�granary�weevil,�lesser�grain�borer,�red�
flour�beetle,�rice�weevil,�rusty�grain�beetle,�sawtoothed�grain�beetle.�Indian�meal�moths,�lesser�
grain�borers,�and�red�flour�beetles�are�known�to�be�resistant�to�malathion.

methoprene 
(Diacon II) 
(Diacon-D)

Almond moth, Indian meal moth, cigarette beetle, lesser grain borer, sawtoothed grain beetle, 
merchant�grain�beetle,�red�flour�beetle,�and�confused�flour�beetle.�Treat�existing�insect�popula-
tions�with�an�adulticide�before�applying�methoprene�for�residual�protection.

methyl bromide 
(various products)

Most�stored�grain�insects�and�mites.�See�product�label�for�a�complete�list.

1Always�refer�to�product�label�for�specific�pests�controlled.
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(cont.)Table 4.91 - Efficacy of Stored-grain Products
Product Insects Controlled1

pirimiphos-methyl 
(Actellic 5E)

Almond�moth,�Angoumois�grain�moth,�Cigarette�beetle,�Confused�flour�beetle,�Corn�sap�beetle,�
Flat�grain�beetle,�Hairy�fungus�beetle,�Indian�meal�moth,�Red�flour�beetle,�Sawtoothed�beetle,�
Granary�weevil,�Maize�weevil,�Merchant�grain�beetle,�and�Rice�weevil.

silicon dioxide 
(Insecto,�Protect-It,�etc.)

Lesser grain borer, Bean weevil, Pea weevil, Flat grain beetle, Merchant grain bee-
tle, Sawtoothed grain beetle, Granary weevil, Rice weevil, Maize weevil, Spider beetles, 
Mealworms,�Red�flour�beetle�(larvae),�Confused�flour�beetle,�Mediterranean�flour�moth�(larvae),�
and�Indian�meal�moth�(larvae).

1Always�refer�to�product�label�for�specific�pests�controlled.

Empty-bin Treatments
Empty-bin insecticide applications are encouraged to prevent the infestation of new grain by existing insect populations. 
Empty-bin sprays are highly recommended when grain is stored in the summer, if there are areas difficult to clean, or if there has 
been a history of insect problems.  After bins have been properly cleaned and inspected and prior to adding new grain, treat the 
facility with a labeled insecticide. Spray to run-off the inside surface and as much of the outside, including the nearby ground 
surfaces, aeration ducts, and grain handling equipment, as possible. Sprays should be concentrated on cracks, crevices, and 
areas difficult to clean. Applications should be made at least two weeks prior to adding new grain. Allow 24 hours for sprays to 
dry. These treatments provide a barrier to insects that may be attracted to the storage facilities and also provide control of the 
insects not removed during the cleaning operation. 

Table 4.92 - Empty-bin Insecticides
Product (Formulation) Stored Commodity Rate Remarks

Bacillus thuringiensis 
(Bt) 
(DiPel,�Biobit,�etc.)

empty-bin treatment for 
storage of grains, soy-
beans,�sunflower�seed,�
crop seeds,condimental 
seeds, spices, herbs, bird-
seed, popcorn, peanuts, 
and�flue-cured�tobacco

Rate depends on  
product�and�formulation.

Agitation�is�important.�Other�products�are�
available (Thuricide, Bactospiene, Top-Side, 
etc.).�Read�and�follow�label�directions�care-
fully.�Formulations�vary�greatly.�Does�not�
control weevils, lesser grain borer or any of 
the�bran�bugs.

chlorpyrifos-methyl 
+  
deltamethrin 
(Storcide II)

empty-bin and warehouse 
treatment

1.8�fl�oz/gal�of�
water/1000�sq�ft

Clean�bins�and�equipment�before�
application.

cyfluthrin�or� 
beta-cyfluthrin 
(Tempo�SC�Ultra)

empty-bin treatment 8.0-16.0�ml/gal/1000�
sq�ft

Treat�storage�facilities�before�filling�with�
product.

cyfluthrin 
 
 
 
 
(Tempo 20WP)  
or  
beta-cylfuthrin  
(Tempo�Ultra�WP)

empty-bin treatment 10.0-20.0�g�(2�to�4�
scoops)/1000�sq�ft.�
See product label for 
mixing�directions. 
 
1-2�packets/1000�sq�ft 
9.5�g�=�1�packet

 
 
 
 
 
 
 
1�scoop�=�5.0�g.�Treat�storage�facilities�
before�filling�with�product.

malathion 
(various products)

empty-bin treatment Rate depends on  
product�and�formulation.

Many common stored-grain insects have 
developed�resistance�to�malathion.
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Table 4.92 - Empty-bin Insecticides
Product (Formulation) Stored Commodity Rate Remarks

methoprene 
(Diacon II)

Warehouses, silos, storage 
bins or other stored com-
modity areas

1.0�ml/1000�sq�ft�or� 
3.0�ml/10.000�cu�ft�for�
applications with  
aerosol�generators.

Methoprene does not kill existing popula-
tions.�Treat�existing�insect�populations�with�
an adulticide before applying methoprene 
for�residual�protection.�Methoprene�pre-
vents�insect�reproduction.

methoprene 
(Diacon-D)

Empty bin, wall void, crack 
and crevice

1.5�oz�(45�grams)/1000�
sq�ft�of�surface�area

Methoprene does not kill existing popula-
tions.�Treat�existing�insect�populations�with�
an adulticide before applying methoprene 
for�residual�protection.�Methoprene�pre-
vents�insect�reproduction.

silicon dioxide 
(Insecto,�Protect-It,�etc.)

empty-bin treatment Rate depends on prod-
uct�and�formulation.

Can be irritating to workers and abrasive to 
equipment.

Bacillus thuringiensis (Bt) Grain Products
Bacillus thuringiensis (Bt) is a biological insecticide that has activity on some moth larvae. This insecticide has been geneti-
cally engineered into many of the grain crops currently produced in the United States.  In many of these crops, the Bt gene is 
expressed in the grain as well as other parts of the plant thus providing the grain with protection from larval feeding. Although 
limited research has been conducted to determine the effectiveness of Bt grains in storage, protection should be equal to or supe-
rior to the Bt products available for stored product treatments.  The expression of the Bt toxin in every grain should provide a 
level of protection greater than any Bt topical, bin, or grain treatment.  Until further research has been conducted to determine 
the effectiveness of the Bt gene under storage conditions, sample grain regularly. Bt products will not control weevils or other 
beetles, but there is some evidence it will reduce the development of aflatoxin.

Chemical Grain Protectants
Grain protectants may be added when the bin is being filled to guard against insect damage. Protectants may also be added to 
the upper surface of the grain once in the bin to guard against damage from moths and other insects entering the top of the stor-
age facility. Caution: Protectants will not eliminate existing infestations. Protectants are recommended if grain is going to be 
stored for extended periods, in flat structures, under circumstances that favor pest development, or in facilities with a history 
of insect damage. The combination of high grain moisture and high temperatures will shorten the residual life of grain protec-
tants. It is recommended that grain protectants be applied after high-temperature drying has been completed and the grain has 
been cooled.

(cont.)
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Table 4.93 - Protectants Against Insect Damage
Product (Formulation) Stored Commodity Rate Remarks

Liquids�-�Applicators�are�available�which�sit�on�the�auger�and�distribute�the�solution�into�the�auger�intake.

bacillus thuringiensis 
(DiPel,�Biobit,�etc.)

grains, soybeans, 
sunflower�seed,�crop�
seeds, condimental 
seeds, spices, herbs, 
birdseed, popcorn, 
peanuts,�and�flue-
cured tobacco

Rate depends on  
prodcut�and�formulation.

Agitation�is�important.�Other�products�are�avail-
able�(Thuricide,�Bactospeine,�Top-�Side,�etc.).�
Read�and�follow�label�directions�carefully.�
Formulations�vary�greatly.�Does�not�control�
weevils, lesser grain borer, or any of the bran 
bugs.

chlorpyrifos-methyl 
+ 
deltamethrin 
(Storcide II)

wheat, barley, oats, 
rice and sorghum 
(milo)

Grain��������fl�oz/1000�bu 
Wheat��������������12.4 
Barley����������������9.9 
Oats�������������������6.6 
Rice�������������������9.3 
Sorghum����������11.6

Dilute�the�labeled�rate�in�5.0�gal�of�water.�The�
final�spray�volume�with�water�solutions�is�5.0�
gal�of�liquid/1,000�bu�of�grain.�Final�spray�vol-
ume with oil solutions should be applied at oil 
manufacturers’�rates.

methoprene 
(Diacon II)

wheat, corn, sorghum 
(milo), barley, rice, 
oats, peanuts, sun-
flower,�and�all�food�
commodities

Grain��������fl�oz/1000�bu 
wheat���������1.75�–�14.0 
corn������������1.75�–�14.0 
sorghum�����1.75�–�14.0 
   (milo) 
barley���������1.50�–�12.0 
rice�������������1.50�–�12.0 
oats��������������1.0�–�8.0 
peanuts*�������1.0�–�8.0 
sunflower������1.0�–�8.0 
*For peanuts use water 
solution�only.

Methoprene�does�not�kill�existing�populations.�
Treat existing insect populations with an adul-
ticide before applying methoprene for residual 
protection.�Methoprene�prevents�insect�repro-
duction.�See�product�label�for�additional�labeled�
crops�and�rates.�

pirimiphos-methyl 
(Actellic 5E)

corn and grain  
sorghum (milo)

9.2�-�12.3�oz�in�5.0�gal 
of water/30 tons 
(~1071 bu) of grain

Actellic 5E is not labeled on wheat. Actellic 
is effective against Indian meal moth at the 
highest�rate�and�suppresses�lesser�grain�borer.�
Do not apply before high temperature drying is 
completed.�Extreme�heat�results�in�volatilization�
and�reduction�in�residual�control.�

Dusts�–�Dust�formulations�may�be�sprinkled�over�the�surface�of�the�grain�in�the�truck�and�then�mixed�with�a�shovel�or�rake.�
The�product�will�mix�with�the�grain�as�it�is�augered�into�the�storage�facility.�Applicators�are�available�which�sit�on�the�auger�
and�distribute�the�dust�into�the�auger�intake.

methoprene 
(Diacon-D)

wheat, corn, sorghum 
(milo), barley, rice, 
oats, peanuts, sun-
flower,�and�all�food�
commodities

8.0-10.0�lbs/1000�bu�of�
commodity

Methoprene�does�not�kill�existing�populations.�
Treat existing insect populations with an adul-
ticide before applying methoprene for residual 
protection.�Methoprene�prevents�insect�repro-
duction.�See�product�label�for�additional�labeled�
crops�and�rates.�

malathion 
(various products)

wheat, corn, oats, rye, 
and barley

Rate depends on  
product�and�formulation.

Many common stored-grain insects have devel-
oped�resistance�to�malathion.

silicon dioxide 

(Insecto, Protect-It, 
etc.)

stored grain, barley, 
corn, oats, rice, grain 
sorghum (milo), soy-
beans, and wheat

Rate depends on  
product�and�formulation.

Treat�the�first�loads�in�the�bottom�of�the�bin�and�
the�last�loads�in�the�top�of�the�bin.�Product�can�
be�irritating�to�workers�and�abrasive�to�equip-
ment.�A�reduction�in�test�weight�is�possible,�but�
can be limited when used as a top-dress treat-
ment�only.
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Top-dressing and Air/Head Space Treatments
It may be necessary to apply an insecticide to the top few inches of the grain mass (top dressing) to prevent the introduction of 
insects (primarily moths). Bacillus thuringiensis, chlorpyrifos-methyl, methoprene, pirimiphos-methyl, pyrethrins + piperonyl 
butoxide and silicon dioxide applied as a top dress treatment will prevent the introduction of most insects including the most 
common stored grain insect pest, the Indian meal moth. See product labels for a complete list of the pests controlled. 

Resin (pest) strips (dichorvos or DDVP) may also be hung in the air/head space in the top of the bin to help control adult moths. 
One strip should be used per 1000 cubic feet of air/head space and replaced after 3 months. For this treatment to be effective, 
the top of the bin must be temporarily sealed, including the roof vent. Aeration will disrupt this treatment. Remember to open 
roof vents before aerating.

Table 4.94 - Top Dressings1

Product (Formulation) Stored Commodity Rate Remarks

bacillus thuringiensis  
(DiPel,�Biobit,�etc.)

grains, soybeans, 
sunflower�seed,�crop�
seeds, condimental 
seeds, spices, herbs, 
birdseed, popcorn, 
peanuts,�and�flue-
cured tobacco

Rate depends on  
prodcut�and�formulation.

Agitation�is�important.�Other�products�are�avail-
able�(Thuricide,�Bactospeine,�Top-�Side,�etc.).�
Read�and�follow�label�directions�carefully.�
Formulations�vary�greatly.�Does�not�control�
weevils, lesser grain borer, or any of the bran 
bugs.

malathion 
(various products)

wheat, corn, oats, rye, 
and barley

Rate depends on  
product�and�formulation.

Many common stored-grain insects have devel-
oped�resistance�to�malathion.

methoprene 
(Diacon II) 

wheat, corn, sorghum 
(milo), barley, rice, 
oats, peanuts, sun-
flower,�and�all�food�
commodities

1.0�ml/1000�sq.�ft.�or� 
3�ml/10.000�cu.�ft.

Methoprene�does�not�kill�existing�populations.�
Treat existing insect populations with an adul-
ticide before applying methoprene for residual 
protection.�Methoprene�prevents�insect�repro-
duction.�See�product�label�for�additional�labeled�
crops�and�rates.

methoprene 
(Diacon-D) 

wheat, corn, sorghum 
(milo), barley, rice, 
oats, peanuts, sun-
flower,�and�all�food�
commodities

8.0�lbs/1000�sq�ft�of�
commodity surface 
area.�Rake�in�to�a�
depth of 1 ft

Methoprene�does�not�kill�existing�populations.�
Treat existing insect populations with an adul-
ticide before applying methoprene for residual 
protection.�Methoprene�prevents�insect�repro-
duction.�See�product�label�for�additional�labeled�
crops�and�rates.

pirimiphos-methyl 
(Actellic 5E) 
also available in a 
low-odor formulation 

corn and grain sorghum 
(milo)

3.0�oz�in�2�gal�of�
water/1000�sq�ft�of�
grain surface

Actellic is not labeled on wheat. Actellic is 
effective against Indian meal moth at the high-
est�rate�and�suppresses�lesser�grain�borer.�Do�
not apply before high temperature drying is 
completed.�Extreme�heat�results�in�volatiliza-
tion�and�reduction�in�residual�control.�Spray�half�
of the mixture evenly over the surface and rake 
into�the�grain�to�a�depth�of�4�inches.�Apply�the�
remaining�half�(1�gal)�to�the�raked�surface.�

silicon dioxide 
(Insecto, Protect-It, 
etc.)

stored grain, barley, 
corn, oats, rice, grain 
sorghum (milo), soy-
beans, and wheat

Rate depends on  
product�and�formulation.

Treat�the�first�loads�in�the�bottom�of�the�bin�and�
the�last�loads�in�the�top�of�the�bin.�Product�can�
be�irritating�to�workers�and�abrasive�to�equip-
ment.�Reduction�in�test�weights�are�possible�
but can be limited when used as a top-dress 
treatment.

1 If the surface of the grain is already infested with moth larvae and webbing is observed, the webbed surface should be 
removed�and�a�surface�application�of�a�labeled�product�applied.�The�treatment�should�be�raked�into�the�top�few�inches.�The�
use�of�Resin�(pest)�strips�is�also�encouraged�in�the�air/head�space�of�the�bin�to�deter�insects.
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Fumigation
Fumigation should only be conducted by trained, experienced, registered applicators. If insects are found above the sug-
gested thresholds, fumigation is recommended. The goal of fumigation is to maintain a toxic concentration of gas long enough 
to kill the target pest population. The toxic gases penetrate into cracks, crevices, the commodity, and the facility treated. 
Fumigants provide no residual protection.  Fumigants come in several forms and formulations. All label instructions and 
precautions should be read and carefully followed. 

Fumigant selection should be based on the following factors: pest susceptibility, volatility, penetrability, corrosiveness, safety, 
flammability, residues, odors, application method, required equipment, and economics. Several products remain for treating 
stored grains – methyl bromide and phosphine producing materials such as magnesium phosphide and aluminum phosphide are 
the most common. Other active ingredients are labeled but have limited availability. 

Phosphine Fumigants
Phosphine has no adverse effects on seed germination when applied according to label directions and at labeled rates. Phosphine 
does react with certain metals such as copper, brass, bronze, gold, and silver. Reactions result in discoloration and corro-
sion. This is a problem with electrical and mechanical systems that utilize these metals. This problem apparently only occurs 
when there are high concentrations of phosphine in combination with high humidity and temperature. 

If the liberation of hydrogen phosphide occurs in a confined area, an explosion or fire may result. Aluminum phosphide has 
been formulated with ammonium carbamate or aluminum stearate and calcium oxide to control the release and lower the com-
bustibility. In addition to controlling the reaction, formulations that contain ammonium carbamate release a garlic odor that 
serves as a warning odor. The time required for phosphine release is shorter under warm, humid conditions and longer under 
cool, dry conditions. Since the gas diffuses through the grain rapidly, structures must be sealed properly, especially under cooler 
conditions.

Methyl Bromide Fumigants
Under most conditions, fumigation with methyl bromide will not harm germination. However, high doses (generally used for 
insects) for more than 24 hours coupled with temperatures above 85° F and moisture greater than 12 percent can negatively 
impact seed germination. Methyl bromide does not harm electronic equipment and wiring, and requires less time to kill insects 
when compared to phosphine, but does give certain products containing sulfur, rubber (foam and sponge rubber also), feathers, 
hairs, and cinder blocks an odor. For other products affected refer to the product label. When using methyl bromide at tempera-
tures below 60° F, the dosage of the fumigant should be increased to compensate for the cooler conditions. 

Methyl bromide is 3.27 times heavier than air, causing it to fall when released. Because of the density of the fumigant, grain 
leveling is important. Unleveled grain results in the fumigant settling to low areas in the grain resulting in poor fumigation of 
the peaked grain.  Recirculation is often used to ensure even distribution of the fumigant. 

Methyl bromide comes in small cans or can be obtained in large cylinders. Small cans require special puncture type openers to 
release the gas. The cans are generally used where small structures and transportation containers require fumigation. Cylinders 
are primarily used for larger facilities. The cylinders are connected to the bin facility with brass fittings and polyethylene tub-
ing. The end of the tubing is usually placed in the headspace of the bin with a plastic pan or tray under the end of the tube to 
catch any moisture. The amount of fumigant required is determined based on the size of the structure and environmental condi-
tions present. The cylinder is placed on a set of scales and the weight determined. The valve is opened and then closed once the 
proper amount of the fumigant has been released.
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Table 4.95 - Stored-grain Fumigants
Product (Formulation) Stored Commodity Rate Remarks

methyl bromide 
(various products)

corn, wheat, oats, grain 
sorghum, barley, rye, 
and soybeans, empty-
bin,�etc.

Rate depends on product 
and�formulation.

RESTRICTED USE. Refer to product 
label�for�crop�and�condition�specific�rates.�
Recirculation�is�advised�for�best�results.�
Professional�fumigation�is�suggested.

aluminum phosphide1 
(various products)

corn, wheat, oats, grain 
sorghum, barley, rye, 
and soybeans, empty-
bin,�etc.

Rate depends on product 
and�formulation.

RESTRICTED USE. Refer to product or 
label�for�crop�and�condition�specific�rates.�
Professional�fumigation�is�suggested.

Fumigants do not provide residual control of insect pests. Additional treatments may be required for continued 
grain storage to guard against reinfestation.

1�There�are�several�additional�products�available�containing�the�active�ingredient�phosphine�in�addition�to�dry�ice.�Products�
containing�dry�ice�(carbon�dioxide)�and�phosphine�(ex.�ECO2FUME™�and�ECO

2
 Fume Fumigant Gas) are cylinderized, 

compressed�gases�containing�a�mixture�of�2%�phosphine�by�weight�(2.6%�by�volume)�in�carbon�dioxide�(98%�by�weight).�
The�fumigant�gas�cylinders�contain�carbon�dioxide�as�liquefied�gas�under�pressure.�Pressurized�carbon�dioxide�serves�as�a�
propellant�for�delivering�the�product�in�addition�to�being�an�active�ingredient�itself.�A�poisonous�gas,�carbon�dioxide�retards�
flammability�and�may�contribute�to�the�effectiveness�of�the�product�as�a�fumigant.�Phosphine�and�carbon�dioxide�are�both�
gases�that,�under�sufficient�pressure,�can�exist�in�a�liquid�state.�It�is�this�“liquefied�gas”�that�is�stored�in�the�cylinder.�The�
product�is�withdrawn�from�the�cylinder�as�a�liquid,�but�dispensed�as�a�gas.�In�expanding�from�a�liquid�to�a�gas,�it�increases�
in�volume�by�hundreds�of�times.�Proper�dispensing�equipment�is�necessary�to�ensure�a�safe�and�effective�fumigation.�
Unlike�metallic�phosphide�fumigants,�phosphine�is�not�generated�through�a�chemical�reaction�and�its�release�is�instanta-
neous.�The�choice�of�dispensing�methods�will�depend�on�the�type�and�duration�of�the�fumigation�planned.�These�products�
eliminate the need for applicators to enter a closed space and dispense tablets or pellets; therefore it may greatly reduce 
the�exposure�to�fumigators.�These�products�eliminate�the�need�to�dispose�of�waste�pellets�and/or�tablets�when�using�metal�
phosphide�products.�See�individual�product�labels�for�specific�application�information.�If�you�are�interested�in�these�products�
contact�your�local�extension�office�for�more�information.�

Sale, Processing, and Feeding Restrictions
When Bacillus thuringiensis (Bt), chlorpyrifos-methyl, methoprene, pirimiphos-methyl, pyrethrins + piperonyl butoxide and 
silicon dioxide products are applied according to the product labels, there is no required waiting period for subsequent sale, 
processing, or feeding. Grain can be used immediately. Refer to the Storcide II product label for any sale, processing or feed-
ing restrictions.
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