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WATCH: Aeration drying – getting it right. 

13.1.9 Cooling or drying: making a choice
It can be difficult to know whether grain needs to be dried or cooled, but there are 
some simple rules of thumb to help you decide. For longer-term storage grain must 
be lowered to the correct moisture content. Grain that is dry enough to meet the 
specifications for sale can be cooled, without drying, to slow insect development and 
maintain quality. Grain of moderate moisture can be either cooled for short periods 
to slow mould and insect development, or dried providing the right equipment and 
conditions are available. After drying to the required moisture content, grain can be 
cooled to maintain quality. High-moisture grain (for example, 16% or more for wheat) 
will require immediate moisture reduction before cooling for maintenance. 40

13.1.10 aeration controllers
Aeration controllers manage both aeration drying, cooling and maintenance functions 
in up to ten separate storages (Figure 12). The unit it takes into account the moisture 
content and temperature of grain at loading, the desired grain condition after time in 
storage and selects air accordingly to achieve safe storage levels.

A single controller has had the ability to control the diverse functions of aeration: 
cooling, drying and maintenance. The controller can not only combine the ability 
to control all three functions, but automatically selects the correct type of aeration 
strategy to obtain the desired grain moisture and temperature. 41

Research has shown that with the support of an aeration controller, aeration can 
rapidly reduce stored grain temperatures to a level that helps maintain grain quality 
and inhibits insect development.

During trials where grain was harvested at 30°C and 15.5% moisture, grain 
temperatures rose to 40°C within hours of being put into storage.

An aeration controller was used to rapidly cool grain to 20°C and then hold the grain 
between 17–24°C during November through to March.

Before replicating similar results on farm, growers need to:
• Know the capacity of their existing aeration system.
• Determine whether grain requires drying before cooling can be carried out.
• Understand the effects of relative humidity and temperature when aerating 

stored grain.

40 Aeration cooling for pest control. Stored Grain Information Hub. GRDC, http://storedgrain.com.au/aeration-cooling/

41 GRDC. (2007). Ground Cover Issue 57 – New Generation in aeration controller. https://grdc.com.au/Media-Centre/Ground-Cover-
Supplements/Ground-Cover-Issue-57-Grain-Storage-Supplement/New-generation-aeration-controller 
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• Determine the target conditions for the stored grain.

Figure 12: Automatic aeration controllers are the most effective way to cool grain 
and are designed to manage many storages, from one central control unit. 
Source: GRDC. 

WATCH: Aeration controllers with Philip Burrill.

13.1.11 Structural treatments for chickpea storage
Chemical sprays are not registered for pulses in any state in Australia. While there is 
a maximum residue limit (MRL) for dichlorvos on lentils, the product is only registered 
for use on cereal grains.

Chemicals used for structural treatments do not list the specific use before storing 
pulses on their labels, and MRLs in pulses for those products are either extremely low 
or nil. Using chemicals even as structural treatments risks exceeding the MRL, so is 
not recommended.

One possibility of a structural treatment is using diatomaceous earth (DE), an 
amorphous silica that is sold commercially as Dryacide®. It acts by absorbing the 
insect’s cuticle or protective waxy exterior, causing death by desiccation. Before 
applying DE for use with pulses, wash and dry the storage and all equipment to be 
used in the application to remove any residues left from previous years. This will 
ensure the DE doesn’t discolour the grain surface. If applied correctly, with complete 

i  MORE INFORMATION
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coverage in a dry environment, DE can provide up to 12 months of protection for 
storages and equipment. 42

If unsure, check with the grain buyer before using any product that will come into 
contact with the stored grain. 

Application
Inert dust requires a moving airstream to direct it onto the surface being treated; 
alternatively, it can be mixed into a slurry with water and sprayed onto surface. 
Follow the label directions. Throwing dust into silos by hand will not achieve an even 
coverage, and so will not be effective. For very small grain silos and bins, a hand-
operated duster, such as a bellows duster, is suitable. Larger silos and storages 
require a powered duster operated by compressed air or a fan. If compressed air is 
available, it is the most economical and suitable option for use on the farm; connect it 
to a Venturi duster (e.g. Blovac BV-22 gun) (Figure 13).

Figure 13: A blower/vacuum or Venturi gun are the best applicators for inert dusts. 
Aim for an event coat of diatomaceous earth across the roof, walls and base. 
Photo: C. Warrick, Proadvice

The application rate is calculated at 2 g/m2 of the surface area treated. Although DE is 
inert, breathing in excessive amounts of it is not ideal, so use a disposable dust mask 
and goggles during application (see Table 8).

Silo application
Apply inert dust in silos, starting at the top (if safe), by coating the inside of the roof 
then working your way down the silo walls, finishing by pointing the stream at the 
bottom of the silo. If silos are fitted with aeration systems, distribute the inert dust into 
the ducting without getting it into the motor, where it could cause damage. 43

42 Storing pulses. Stored Grain Information Hub. GRDC, http://storedgrain.com.au/storing-pulses/

43 Pulse Australia (2013) Northern Chickpea—Best Management Practices Training Course Manual 2013. Pulse Australia.

http://storedgrain.com.au/storing-pulses/
mailto:GrowNotes.West%40grdc.com.au?subject=
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table 8: Diatomaceous earth application guide.

Storage capacity (t) Dust quantity (kg)

20 0.12

56 0.25

112 0.42

224 0.60

450 1.00

900 1.70

1,800 2.60

WATCH: GCTV7: Applying diatomaceous earth demonstration  

13.1.12 Fumigation
The only control options against stored pests are phosphine, an alternative fumigant, 
or a controlled atmosphere.

Protectant insecticide sprays, as commonly used to protect cereal grains against 
insect infestations, cannot be used with pulses. Phosphine is the only fumigant 
currently registered for use in pulses (Figure 14), and successful fumigation requires a 
storage that can be sealed gas-tight.

i  MORE INFORMATION
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Figure 14: Phosphine is widely accepted as having no residue issues. 
Photo: DAF Qld

There is some resistance to phosphine, the grain industry has adopted a voluntary 
strategy to manage the build-up of phosphine resistance in pests. Its core 
recommendations are to limit the number of conventional phosphine fumigations on 
undisturbed grain to three per year, and to employ a break strategy. Phosphine is 
widely accepted as causing no residue problems. 44

Maximum residue limits
By observing several precautions, growers can ensure that grain coming off their 
farm is compliant with the maximum pesticide residue limits that apply to Australian 
exports. Violations of maximum residue limits (MRLs) affect the marketability of 
Australian grain exports, and consequences may include costs being imposed on 
exporters and/or growers.

Measures growers need to take to avoid MRL violations are detailed in a new Grain 
Marketing and Pesticide Residues Fact Sheet, produced by the Grains Research 
and Development Corporation (GRDC). The Fact Sheet states it is essential that 
both pre-harvest and post-harvest chemical applications adhere to the Australian 
Grain Industry Code of Practice, only registered products are used and all label 
recommendations, including rates and withholding periods, must be observed. Other 
key points include:
• Trucks or augers that have been used to transport treated seed or fertiliser 

can be a source of contamination – pay particular attention to storage and 
transport hygiene;

• Silos that have held treated fertiliser or pickled grain will have dust remnants – 
these silos either need to be cleaned or designated as non-food grade storage;

• Know the destination of your grain. When signing contracts, check the 
importing countries’ MRLs to determine what pesticides are permitted on a 
particular crop. 45

44 P Collins (2009) Strategy to manage resistance to phosphine in the Australian grain industry. Cooperative Research Centre for National 
Plant Biosecurity, http://www.graintrade.org.au/sites/default/files/file/NWPGP/Phosphine%20Resistance%20Strategy.pdf

45 S Watt. (2014). Know your maximum residue limits. https://grdc.com.au/Media-Centre/Media-News/South/2014/07/Know-your-maximum-
residue-limits   
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Phosphine application
You achieve effective fumigation by placing phosphine tablets at the rate directed on 
the label onto a tray and hanging the tray in the top of a pressure-tested, sealed silo, 
or into a ground-level application system if the silo is fitted with recirculation. Keep 
the silo sealed for 7–10 days: seven days if the grain temperature is above 25°C, 
and 10 days if it is 15–25°C. Do not fumigate if the temperature inside the silo is less 
than 15°C as insects will not be active and the phosphine will therefore be ineffective. 
After the waiting period, open the top lid of the silo and ventilate grain for a minimum 
of one day with aeration fans running, or five days if no fans are fitted. A minimum 
withholding period of two days is required after ventilation before grain can be used 
for human consumption or stock feed. The total time required for fumigating ranges 
from 10–17 days. Read label directions.

When using phosphine, it is important that gas concentrations are held at high levels 
for the full fumigation exposure time. Immature stages of the insects and resistant 
strains that are being found more frequently will be controlled by phosphine only in 
a sealed, gas-tight storage. Phosphine is toxic to people as well as insects, so do not 
handle treated grain before the completion of the 7–10-day exposure period and the 
required airing period.

Fumigating in silo bags

In some situations, growers may find it difficult to gain access to a sealable, gas-tight 
silo in which to carry out effective fumigation of infested grain. Trials have shown that 
a silo bag can be used successfully for fumigation with phosphine when using the 
correct procedure.

Key steps:
• A gas-tight seal—inspect the silo bag and repair any minor holes.
• Correct phosphine tablet dose—apply in multiple grain spears evenly 

placed 7 m apart
• Allow a 14-day fumigation period.
• Vent the gas safely using a standard F650 aeration fan.

High concentrations of phosphine can be maintained for the required length of time 
to fumigate grain successfully in a silo bag. Fumigation trials on a standard 75-m-long 
bag containing ~230 t of grain were successful in controlling all life stages of the 
lesser grain borer.

When using phosphine in silo bags, remember that it is illegal to mix phosphine 
tablets with grain because of residue issues. Separate them by using perforated 
conduit to contain tablets and spent dust. The 1-m tubes can be speared horizontally 
into the silo bag and removed at the end of the fumigation. Trial results suggest that 
the spears should be no more than 7 m apart and fumigation should occur over 12–14 
days. In previous trials when spears were spaced 12 m apart, the phosphine diffused 
through the grain too slowly. 46

Fumigating in silos

The standard recommended practice for phosphine application has been to place 
tablets in trays in the sealed silo headspace. For small- and medium-sized silos (i.e. 
less than 150 t capacity) this is an effective method. The phosphine gas only takes 
approximately 24 hours to diffuse from the top to the bottom, through the 5–7 m 
depth of grain to the base of the silo.

For larger, taller silos (over 150 tonnes), however, it can take two or more days for 
phosphine gas to reach the grain in the base of the silo. This can be a problem for 
a standard 7 or 10-day fumigation period, because any infested grain at the bottom 
does not get enough exposure to high gas concentrations to kill all stages of 
the insects.

46 Silo bag fumigation (2012) Northern Update, Issue 66, Spring 2012. GRDC, http://www.icanrural.com.au/newsletters/NL66.pdf

http://www.icanrural.com.au/newsletters/NL66.pdf
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The answer is recirculation. This is simply a system of adding plumbing to the silo 
to connect the silo base with the top of the silo to speed up the movement of 
gas through all grain in it. Recirculation should provide faster, more uniform gas 
distribution. 

A number of silo manufactures now offer silos fitted with PVC tubes that run down 
the outside of silos from top to bottom. The complete system, including the silo itself, 
still needs to be well sealed so that it is gas-tight. Otherwise gas will leak out and the 
fumigation will fail to kill all the pests.

The two main systems are:
• Recirculation—has silo roof-to-base plumbing, with the addition of a small 

aeration fan that is used to force the phosphine gas around the silo. The 
critical time to have this operating is during the first 3–4 days, while tablets are 
liberating gas.

• Thermosiphon—has the same plumbing arrangement as the recirculation system, 
without the use of an electric fan. The heating and cooling of the silo head space 
and the black piping down side of the silo (passive heat exchange) is used to 
help generate air currents which distribute the phosphine gas.

A useful piece of equipment is a ground-level application box. To assist with safety 
and reduce the amount of time climbing silos to place tablets, phosphine tablets or 
bag chains can be placed in appropriate structures or containers on the ground at 
the base of the silo. These are often part of a recirculation system and connect to the 
internal aeration ducting.

Whatever system is used, it is very important to ensure it is designed so that it 
has ample space for tablets with free gas flow, to prevent the phosphine gas 
concentrations building up above the flammable limit, above 17,000 ppm, when it 
becomes explosive. Do not restrict gas movement with small containers for tablets or 
small-diameter pipe while gas is liberated in the first 3–4 days. Seek advice to ensure 
only safe designs are used. 47

Non-chemical treatment options
Non-chemical treatments include:
• Carbon dioxide—treatment with CO2 involves displacing the oxygen inside a gas-

tight silo with CO2, which creates a toxic atmosphere to grain pests. To achieve a 
complete kill of all the main grain pests at all life stages, CO2 must be retained at 
a minimum concentration of 35% for 15 days.

• Nitrogen—grain stored under N2 also provides insect control and quality 
preservation without chemicals. It is safe to use, and environmentally acceptable, 
and the main operating cost is the capital cost of equipment and electricity. 
It also leaves no residues, so grains can be traded at any time, unlike with 
chemical fumigants, which have withholding periods. Insect control with N2 
involves using pressure-swing adsorption (PSA) technology, and works by 
modifying the atmosphere inside the grain storage to remove everything except 
N2, thereby starving the pests of oxygen. 48

The carbon dioxide and nitrogen methods are sometimes referred to as a controlled 
atmosphere, because the composition of air in the silo is changed. They are 
more expensive than using phosphine, but they offer an alternative for resistant 
pest species. 

47 P Burrill (2013) Grain storage: future pest-control options and storage systems 2013–2014. GRDC Update Papers. GRDC, https://
grdc.com.au/Research-and-Development/GRDC-Update-Papers/2013/07/Grain-Storage-Future-pest-control-options-and-storage-
systems-2013-2014

48 C Warrick (2011) Fumigating with phosphine, other fumigants and controlled atmospheres. GRDC, http://www.grdc.com.au/~/media/
FC440FBD7AE14140A08DAA3F2962E501.pdf
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13.2 Monitoring stored chickpeas

Like cereal grains, chickpeas need to be delivered with nil live storage insects. 49 It 
is essential that any insect pests present in the on-farm storage are identified so that 
the best use of both chemical and non-chemical control measures can be exploited 
to control them. 

Growers are advised to monitor all grain storages every two weeks during warmer 
periods of the year and at least monthly during cool periods (Figure 15). Use sieving 
and quality inspections to monitor stored pulses, and keep records of what you find. 
Use one of the GRDC publications on stored pest identification to help. Also, record 
any fumigation action taken. If safe, visually check, smell and sample grain at the 
bottom and top of the stack regularly. 50 Having sample ports fitted in the side of the 
silos also enables temperature probe checks and grain sampling.

Figure 15: Keep records of findings from monitoring insects in stored grain. 
Source: DAF Qld

Here are some basic points to follow when monitoring for insect pests in your pulses:
• Sample and sieve grain from the top and bottom of grain storages for early pest 

detection. Probe or pitfall traps placed into the top of the grain will often detect 
storage-pest insects before you can see them in your sieve, as the traps remain 
in the grain all the time.

• Holding an insect sieve in the sunlight will encourage insect movement, making 
pests easier to see. Sieve samples onto a white tray, again to make small 
insects easier to see. Sieves should be of 2 mm mesh and need to hold at least 
0.5 L of grain.

• One way to help identify live grain pests is to place them into a glass container 
and hold them in sunlight to warm the grain and insects. This will encourage 
activity without overheating or killing them. Rice weevils, cowpea bruchids and 
saw-toothed grain beetles can walk up the walls of the glass easily, but flour 
beetles and lesser grain borers cannot. Look closely at the insects walking up 

49 Pulse Australia (2013) Northern Chickpea—Best Management Practices Training Course Manual 2013. Pulse Australia.

50 P Burrill, P Botta, C Newman (2010) Aeration cooling for pest control. Fact sheet. GRDC, http://www.grdc.com.au/~/media/
AB8938CFDCCC4811AD218B45C308BEBD.pdf
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the glass. Rice weevils have a curved snout, saw-toothed grain beetles do not; 
and cowpea bruchids have a globular, tear-shaped body. 51  

13.3 Grain protectants for storage

Grain protectants can be applied to grain for protection against insect infestation, 
however, they are not allowed to be used in Western Australia.

51 GRDC (2011) Stored grain pests identification: The back pocket guide. GRDC, http://www.grdc.com.au/~/
media/8253D697BA6F4BF3AA5B5CBDFA7F4D2D.pdf 
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