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Managing long-term storage of maize  
 
For practical or financial reasons, it may be useful to store maize on the farm for over a year in order to overlap 
with the next harvest the following autumn. As a result, the stored grain is subjected to a rise in temperatures in 
the summer. If the temperature of a properly dried grain bulk is controlled, its commercial, technical and safety 
quality is not altered. Here is a four-point substantiation of this statement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
If the temperature of the batch is kept below the outside temperature during the entire storage period, 
it is then possible to avoid treating with an insecticide 
(© MTE) 

 
Whatever cereal is being stored, aeration using ambient air is the main way of effectively preserving 
its initial safety quality over a long period of time. For maize, more so than for any cereal, controlling 
summer temperatures is the most critical step.  
 
First point: Controlled temperature  
Let’s remember that the optimum temperature to store grain is below 15°C. A temperature around 
20°C does not necessarily have a negative impact on the quality, but the grain breathes more, which 
can induce a loss of dry matter. Over a period of a year, ARVALIS-Institut du végétal’s teams 
monitored the changes occurring in a batch of maize dried down to a moisture content of 14.4% and 
placed in a storage bin immediately after drying. Four doses of aeration were needed to lower the 
temperature, and then limit the rise in temperature in the maize again (figure 1). Those four doses 
were applied just after the drying process, in October, then in summer, only at night and regardless of 
the relative humidity of the air outside. The average temperature of the grain therefore went from 
18°C to 10°C in October, then to 4.7°C in mid-December. 
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Experimental set-up 

 
For this experiment, we used a 
round metal bin situated in a 
cladded building, equipped with 
a perforated cone-shaped 
bottom to distribute the air used 
to aerate the grain. The aeration 
system is controlled by a 
thermostat to efficiently cool the 
grain by 7 to 9°C in successive 
stages. 
 
It measures 3.28 m in diameter, 
has a effective height of 5.50 m 
and a total effective volume of 
46.47m3, i.e. a theoretical 
capacity of around 35 tonnes. 
 
Before the bin is filled with 
grain, it must be swept, the dust 
must be vacuum extracted and 
the store must be treated with 
insecticide. The batch of maize 
came from a local grain store 
where it had been dried.  

 
 
 

 
 

Changes in air and grain temperatures during the year in storage (fig. 1)
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The changes noted are quite normal and typical of maize stored in a fairly small bin on a farm, with a 
low bulk effect. Controlling the variations in temperature in summer is the main characteristic of maize 
storage management compared with other grain, as its storage must be made possible over the whole 
summer season. 
 
It slowly went back up to around 12°C at the end of April. The teams then made the conscious 
decision of letting the temperature rise back up to around 20°C to measure the effect this would have 
on the preservation process.  
 
The rise in temperature then accelerated, following outside temperatures, but this did not have any 
negative impact on the quality of the stored grain. However, at the end of August and in mid-
September, two doses of nightly aeration helped lower the temperature from 21.8°C to 13.9°C, to 
avoid an excessive rise in temperature, particularly at the top of the bin.  
 

 What weight loss during storage? (insert 2) 
 
The weight loss can be calculated in two different ways: 
- based on weight measured using flow scales before and after storage (table 
1). A total weight loss of 375 kg was recorded, i.e. 1.2% of the initial gross 
weight. A loss of 169 kg of dry matter was noted, i.e. 0.6% of the initial dry 
matter mass.  
 
Changes in grain weight during storage (tab. 1) 
 Grain weight (kg) Dry matter weight (kg) 
Loading  26 322 
Emptying  26153 
Variation  - 375 - 169 
 
- based on the initial gross weight and moisture content, using the following 

formula: 
final weight = initial weight  x ( )

( )moisturefinal
moisturenitial

−
−

100
i100  

i.e.:  ( )
( ) kgkg 30751

9.13100
4.1410030750 =

−
−

×  

In this case, the weight loss is 179 kg, i.e. 0.6% of the gross weight. The 
difference between 375 kg and 179 kg is significant. This clearly shows the 
slight loss in moisture of about 0.6%, to which is added a small dry matter loss 
of 0.6% due to the grain breathing when its temperature rose during the 
summer.  
 

Second point: limited weight loss  
 
Based on many trials carried out on soft wheat, barley, peas 
and maize, the potential weight loss, due to aeration with 
ambient air to cool the batch, noted when the grain is stored 
for a year, is limited to the slight moisture loss caused by 
drying.  
 
In the ARVALIS-Institut du végétal trial presented here, it 
amounted to 0.6 % (insert 2). In the case of grain stored 
beyond the summer, the slow rise in temperatures can result 
in a slight additional loss of dry matter, which does not affect 
quality. Here, it is estimated at 0.6%. To avoid such changes, 
the bulk temperature must be maintained at around 15 to 
17°C during the hottest summer periods, with a dose of 
aeration at night in May/June.  
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Third point: preserving quality  
Commercial tests showed no changes in quality, except for a slight 
increase in the amount of broken grain, (table 2), which is due to the fact 
that the grain was dragged by a small diameter auger. So, on the whole the 
criteria stayed constant, the maize is “sound, consistent and marketable”, 
after spending a year in store.  
In addition, although no pesticide was applied to the grain, no insects were 
detected at the emptying stage, in spite of a rise in temperature in the 
summer. However, the temperature of the batch always remained below 
the outside temperature, which made it an inhospitable medium for 
invading insects. This confirms once again the positive effect of cold to 
control insect populations. 
Mycotoxicological tests revealed a slight background level for the three 
mycotoxins produced in the field by Fusarium (deoxynivalenol, fumonisins, 
zearalenone), but much below maximum content levels stipulated by 
European regulations (table 3). Fusarium does not survive storage 
conditions and disappears quickly; therefore the level of those three 
mycotoxins cannot increase during storage.  

Long-term storage of maize is different from long term storage of cereals 
in that the grain is stored over the whole summer season. (© MTE) 

 
The Fusarium disappears and frees some space, which encourages 
the development of storage specific species such as Penicillium and 
Aspergillus. The increase in temperature in the maize during summer, 
however, did not cause, by itself, the appearance of ochratoxin A, the 
main storage mycotoxin produced by Penicillium. The level of 
hygrometry of the medium was also too low to encourage the 
development of the flora which produces toxins. 

Changes to the impurity content of maize 
(results shown as a percentage of the weight) (tab. 2 ) 

Samples 
 

Criteria 
Average at loading stage 

(as a % of the weight) 
Average at emptying 

stage  
(as a % of the weight) 

Broken grain  3.7  4.5 
Grain based impurities: 
- grain from other cereals  
- grain attacked by pests 
- grain overheated by drying  

 
 0.4 
 0 
 0.2 

 
 0.4 
 0.1 
 0 

Germinated grain    0  0 
Various impurities: 
- foreign grain  
- grain damaged by heat  
- other damaged grain  
- actual impurities and cob  

 
 0 
 0 
 0.1 
 0.2 

 
 0 
 0.1 
 0 
 0.4 

 
Those results are in keeping with work carried out by specialists, 
highlighting the fact that the production of mycotoxins by moulds 
brought in from the field, is only triggered off when the moisture 
content is above 18 to 20%, and that the limit for storage moulds is 
around 16 to 18% moisture. It is important to note that the grain is 
responsible for the level of humidity of the interstitial air in the stored 
grain. Here, as in most cases, those two conditions did not arise, 
preventing the development of storage mycotoxins.  
 
The technical value of maize, measured with the turbidity test, is 
rather good when the bin is being filled and does not change during 
storage (table 4). 

 
 
Fourth point: a cheap technique  
 
During storage, three doses of aeration were applied at night during 
the summer, taking advantage of EDF cheaper off peak summer rate 
for electricity, whereas only one dose was used at night during the 

winter, at the slightly more expensive off peak winter rate. The consumption was as follows: 190 kWh 
at 0.016 €/kWh before tax and 59 kWh at 0.036 €/kWh before tax, resulting in a total cost of 5.16 € 
before tax. For a grain mass of 30.375 tonnes as it came out of the bin, this means a specific 
electricity cost, for the four aeration doses, of 0.17 € before tax per tonne.  
Besides, since cooling aeration helps control insects, a residual insecticide treatment with 
deltamethrin to protect the grain when it is entering the bin is not necessary, saving 0.70 € before tax 
per tonne and/or a curative treatment at the emptying stage with dichlorvos at a cost of 0.25 € before 
tax per tonne. ■ 

Changes to mycotoxin content of maize 
(results given in ppb or µg/kg) (tab. 3) 

Samples 
 
Mycotoxins 

Average at 
filling stage 

Average at 
emptying stage 

Maximum 
content allowed 

Deoxynivalenol 201 0 1750(2) 
Fumonisins 
(B1 + B2) 

60 113 2000(2) 

Zearalenone 2 ND(1) 200(2) 
Ochratoxin 0 ND(1) 5 
(1) = not detected - (2) content levels applicable in July 2007 

Changes in the industrial quality of maize, measured with the 
turbidity test (results given as a percentage of transmission) (tab. 4) 

Sample Average at filling 
stage 

Average at emptying 
stage 

Turbidity index  45  44 

Maize stored for a year, with moisture content below 
15% and cooled down to 10°C or less in winter, 
preserves its initial commercial, technical and safety 
quality. 
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