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INTERNATIONAL STANDARD

1SO 6322/2-1981 (E)

Storage of cereals and pulses —

Part 2 : Essential requirements

0 Intrpduction
The mosy important factors affecting the storage of grain are :

a) tHe conditions of the surrounding atmosphere (with
daily |and seasonal variation in relative humidity and
tempgrature);

b) aftack by pests (birds, rodents, insects and mites);
c) aftack by micro-organisms (mainly mould fungi);

d) the condition of the storage building and method of
handling.

In generdl, grain changes its condition only slowly while in
storage, [the extent of the change depending on the ambient
conditior]s. Changes in moisture content and temperature are
limited tq the periphery of a bulk or to the outer bags of a stack,
unless the storage period is prolonged or the grain mass is
aerated. Heavy infestations of insects, however, causé'a rise in
temperature in a grain mass, and the temperature: gradients
produced may cause sufficient migration of moisture to cause
mould damage, sprouting and damage “hy* enzymic and
chemicallaction. Mould development also"causes grain to heat.
The question of pests and their ¢ontrol is dealt with in
ISO 6322/3.

It is thergfore important when-storing grain to put sound, dry?,
clean, unjinfested material/inte’a sound, clean and uninfested
storage ¢ontainer and to Jprévent subsequent deterioration by
keeping it as cool and\dry as possible.

Grain mdy be stored either in the open or in a specially con-
structed puilding or other container. The choice of the method
of storagp is-often dictated by harvest and transport conditions,

1 Scope and field of application

This part of ISO 6322 gives guidance'on the ch

bice of a method

of storage of cereals and pulses and on the essential re-

quirements for good storage, according to the
Other aspects of the sterage of cereals and
with in ISO 6322/1 and\ISO 6322/3.

2 References

ISO 632241, Storage of cereals and pulses —
considetations in keeping cereals.

1ISQ 6322/3, Storage of cereals and pulses —
of attack by vertebrate and invertebrate anim.

3 Handling

Any storage system requires a means for movi
ity into and out of the store. The means shou
minimize damage to or deterioration of th
storage containers, and, as far as is practica
press dust.

4 Storage in the open

4.1 General

Storage in the open is the cheapest but the
method. There is great danger of attack by b|
sects and mites (see 1SO 6322/3), of atta
damage by bad weather, of theft, of mechd

method chosen.
pulses are dealt

Part 1 : General

Part 3 : Control
b/s.

hg the commod-
d be selected to
b grain and the
ble, should sup-

east satisfactory
rds, rodents, in-
ck by fungi, of
nical damage to

bags and of other mishaps. Generally, such s

orage should be

labour armd—Tmaterats avaitablte, Tost, duratiom of storage and
other factors.

A distinction should be made between grain stored in sacks and
grain stored in bulk. Furthermore, for bulk grain there is a dif-
ference between grain stored in heaps in buildings, where it has
a larger surface area exposed in relation to its volume, and grain
stored in silos, where it has a smaller surface area exposed in
relation to its volume.

1) Except for special methods of storage (see clause 7).

for short periods only.

4.2 Uncovered storage

Uncovered storage is less undesirable in dry countries, where a
short, sharp shower will affect only the surface (to a depth of
about 2 cm) and subsequent sunshine will dry out the grain
again. Such exposure, however, may result in damage by
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“bleaching”. Storage under snow is also practicable because
the low temperature restricts insect and mould development.
Even so, a few toxin-producing fungi can grow at near-freezing
temperatures on grain wetted by the snow, and therefore great

care is needed if

Storage in the o

this method of storage is used.

pen may be :

a) on the ground itself, in sacks or in bulk (storage of the
unthreshed crop in stooks or ricks is becoming less com-

mon);

5.2.2 Fioor

The floor should be sound, smooth, hard and water-vapour
proof. “Tamped” earth is not recommended. A wooden floor
has cracks and crevices which can harbour rubbish and insects
and mites. A smooth and hard surface usually means concrete
of good quality treated with a hardener to prevent dust. A
coved construction at the walls makes cleaning easier. The
water-vapour barrier should be carried through to the damp-
proof course in the walls; usually it is ““sandwiched’ in the con-
crete.

b) on a “h
which the
desirable.

With bulk grain,
desirable but no

4.3 Covered

Sometimes, a tdg
on a wooden fr
grain or a heap
be used to give

Heaps of grain
straw and earth

Unthreshed mai3
example with w|
where atmosphe]
can be stored re
mechanical dam
be given to prq
1ISO 6322/3).

5 Storage

brd standing’” or other prepared surface, in
hcorporation of a water-vapour barrier is

artificial ventilation of the heaps is sometimes
always practicable.

storage

mporary roof, for instance of corrugated iron
me, may be erected over a stack of bagged
f bulk grain; ““walls” of hessian curtains may
bdditional protection against the weather.

may be covered with waterproof sheets, or
or both.

e is commonly stored in open-sided cribs, for
re-mesh sides, to allow drying to take place
ric conditions are favourable. Maize on the cob
atively easily and safely, as it has not suffered
hge due to threshing. Special attention should
tecting maize from birds and rodents\{see

n specially constructed buildings

other than sjlos

5.1 General

The objectives 0|
the weather, pr
ideally, such

temperature and

f putting grain imbuildings are protection from
bvention of the entry of pests, and security.
storage  should  permit  some control  of
humidity;-to keep the grain as cool, as dry and

be properly builtto’provide good storage conditions and should

at as uniform aJIemperature as possible. The structure should

not provide harbeurage—forpests-

5.2.3 Walls

The walls should be sound and smooth, and, if permitted by
local regulations, light in colour (or with-a highly refle¢tive sur-
face) on the outside to reduce the absorption of |heat. In
tropical countries, some insulation-may be desirable. [The con-
struction should avoid having “dead spaces’’, and thp interior
plastering should be free fromi\cracks. Walls of buildlings are
commonly made of timber tnet recommended), clay ricks or
blocks, asbestos-cement;~galvanized iron, aluminium, [bricks or
masonry, poured-on<ite concrete or reinforced concftete.

5.2.4 Roof

The roof shetld be sound, and, if permitted by locgl regula-
tions, lighin colour (or with a highly reflective surfacg) on the
outside.'lt should be free from girders (a “’shell’”” constfuction is
ideal), and supporting pillars should be avoided as fnuch as
possible. If the roof is flat, it should have a slight (abput 3 %)
slope, so that rainwater runs off. In the tropics a pitdhed roof
with wide eaves helps in insulation. The roof should be a good
thermal insulator, not affected by condensation, and|immune
to attack by birds, rodents, insects, mites and moulds;|it should
not provide harbourage for insects and mites. An internal
ceiling can give improved thermal insulation buf should
permit access to the intervening spaces, which may provide
harbourage for pests. Roofing materials include tile$, slates,
asbestos-cement tiles, bitumenized felt, galvanized iron or
aluminium sheet, corrugated asbestos-cement shgets and
rendered concrete.

All drain-pipes from roof gutters should be external;|it is bad
practice to have pipes running down the insides of buildings, as
they act as a harbourage for insects and mites and as|runways
for rodents, and if defective can allow rainwater to dalnage the
grain.

5.2 Construction of the building

5.2.1 Site and

foundations

The orientation should be such that radiant heat gain from the
sun is minimal, i.e. with the long axis north-south in the
temperate zone, and with the long axis east-west in the tropics.
The foundations should be of adequate strength to take the
weight of the building and of the grain filling, and should be
termite-proofed where necessary. The surroundings should be
kept clear of vegetation, rubbish, flooding or water logging,
etc. There should be direct access for appropriate forms of
transport.

5-2-5—Dboorsand-windows
Ventilation should be controllable. In a nearly full building, the
grain itself largely controls the conditions in the store.
“"Natural”” ventilation is not always desirable, as it may let in
moist air. To obtain maximum coolness some ventilation may,
however, be required, at a suitable time of day. This can be
helped by the shade of trees, shading windows by canopies,
provision of wide eaves, etc.

Gaps at the eaves should be avoided, especially where the
prevailing relative humidity is high.

Doors and windows should be kept to a minimum, and they
should be left open as little as possible. Roof lights are useful,
but they should be small in number and size.
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The building should be proofed as far as possible against the
entry of insects, rodents, birds and bats, and should be sealable
for fumigation.

5.3 Storage of bagged produce in buildings

5.3.1 Cleanliness

Tidiness a f tat;
imperativg.

5.3.2 Prpvision of spacers

The provigion of proper spacers is important. The main func-
tion of s;Lcers is to permit ventilation, to avoid local cooling

— [ S P | PUSRSR

and moisflire migration ieading to condensation, as much as to
prevent ‘fising damp’’ from a badly constructed floor. It is
desirable |that spacers should be of standard pallets!), of
managealjle size, and therefore easy to lift, treat with pesticides
and stack|neatly when not in use.

5.3.3 Sthcking

Stacking ghould be by a good bonded system such that, firstly,
the stackq are neat, well constructed and mechanically strong,
and, secpndly, pesticidal treatment is possible. Stacking
around pillars or against walls should be avoided, as this makes
inspectior] and treatment by fumigation more difficult,
Gangway$ should be wide enough to allow proper inspection
and spraying. The retention of impermeable sheets “after
fumigation prevents re-infestation but is not advised forstacks
which have become heated, because of condensation problems
resulting from moisture migration as the stack .cools.

5.4 Bulk storage in buildings

5.4.1 Stprage may be within bulkheads, which can be of
bags, or within specially construeted grain-retaining walls. Suf-
ficient spgce should be left far.inspection and treatment.

5.4.2 In pome stores, there is a bulk filling to the walls of the
building, which, like'the bulkheads, should be strong enough
to withstgnd the-lateral pressure of the grain.

5.4.3 In
developing, leading to moisture migration and possible mould
growth, especially in the 5 to 20 cm layer at the surface and
against the walls and floor. This can be overcome by an aera-
tion system for artificial ventilation through the bulk (see 7.2).

5.4.4 Bulk horizontal storage is cheap. There may, however,
be difficulties in handling and application of pest control,
although developments in mechanical handling and pneumatic

1ISO 6322/2-1981 (E)

PRI S L . me manv of ti L

machinery have overcome the probiems formerly en-
countered.

6 Silo storage

The storage units may vary in size from small bins with a
capacity of a few kilograms to iarge instaiiations of many siio
bins holding up to several hundred tonnes each. Large silos for
storage are convenient but costly to install. The large port or
terminal silos are really handling installations and are
uneconomic for Jong-term storage. For storade, the main re-
quirement is simplicity, with the minimumof fachinery, and
mass-produced unit systems are ideal.

Materials used for construction should be appropriate to the
size of the bin, for example :
a) locally available "holding’ bins, of smédll size,
made of clay, basketwork, etc.; old oil drums may be used;

b) larger bins:(more than 10 t) may be jmade of wood
(plain or plywood), brick or concrete (slabq or cast), sheet
metal (stéel; corrugated iron, aluminium) lor metal mesh
(lined ith hessian, bitumenized paper, polyethylene, poly-
vinyl chloride, butyl rubber, etc.).

Aswith other buildings, silos should be designg¢d to be of ade-
guate strength, and should be constructed so that there are no
cracks or crevices.

When silos are constructed, fumigation and spfaying systems,
as well as cleaning and inspection facilities, should form part of
the original installation.
Automatic mechanized handling arrangenfents are not

necessary for small farm silos, but they are deirable for large
installations.

7 Special systems of storage

7.1 Airtight storage

Storage in airtight structures may be used to qontrol and pre-

vent insect and mite infestations in dry grain an

H to prevent the

growth of moulds in grain that is damp enough to allow their

development in open storage. The principle o

the method is

the same in both applications, namely elinjination of the

T i irgrowth. This is
achieved mainly by the respiration of the organisms, but also by
that of the grain. The carbon dioxide produced can also help to
kill the pests. Purging with nitrogen, carbon dioxide or other
inert gas can speed up the process but is not essential. Air-
tight storage is very suitable for structures which need relatively
simple machinery for filling and emptying. It may be necessary
to incorporate sampling facilities in this type of storage for the
purpose of quality control, for example grading.

1) See the International Standards prepared by ISO/TC 51, Pallets for unit load method of materials handling.
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7.1.1 Airtight storage to controi insects and mites

Airtight storage is ideally suited to control insect and mite in-
festations in dry grain, without the use of pesticides. It is par-
ticularly applicable to long-term famine reserves in warm coun-
tries, where an upper limit for moisture content of 13,5 %
(m/m) is recommended. Under these conditions there is little
change in the properties of the grain, which may be used for
almost all purposes, including human food. It might be ad-
visable, however, not to store seed grain in a sealed container

for more than one cropping season.

A suitable site shouid be chosen, with a water table below the
bottom of the pit for most of the year. The entry of soil water
and rainwater should be prevented. The pit walls should be
water-vapour proof; concrete should have a bituminous barrier,
but smaller pits may be lined with mud, bitumen and straw in
combination, polyethylene or similar material. The roof, which
may or may not be flexible (for example layers of roofing felt
and wire netting), should also be water-vapour proof. The
importance of a good, sound construction cannot be over-
stressed.

In practice, a m

derate initial infestation reduces the concen-

tration of oxygekvr in an airtight container to about 2 % in 2 to

3 weeks, thus
through slight le

space above thp

second- generatic
factatiom

aasiil A
TESTation win UIU

be able to grow

lling the insects. If the re-entry of oxygen,
kage, is then less than about 0,5 % of the free
grain plus intergranular air per day, any
n insects will be unable to survive, and the in-
1£ & laal ia ~randae dhe ne meante rva

but. If the leak is greater than this, IllbUlellldY
and build up a slight infestation.

7.1.2 Airtight storage to prevent mould growth

Airtight storage

o prevent mould growth in damp grain is more

suited to temperte countries.

During airtight s
changes in the ¢
ring enzymes n
anaerobic micrd
changes which §
suffers a loss in
only for animal fi

For satisfactory
the grain should
Above this, therg
tion of the rathg
above 256 % (m
necessary.

If the store is n
organisms may
provided to redu

The dangers can

orage at moisture contents over 16 % (m/m),
rain resulting from activity of naturally occur-
hay occur. There may also be activity by
-organisms. The grain undergoes certain
ffect its milling and baking properties, and it
viability. Grain so stored is therefore suitable
eed or industrial use.

torage of such grain, the moisture content of
ideally be in the range 18 to 22¢% {(m/m).
may be problems of “’bridging’’-and compac-
r soft grain. In tall silos at meisture contents
m), a special system of _unleading may be

bt kept satisfactorily airtight, harmful micro-
Hevelop, especiallyif suitable means are not
Ce the entry of oxygen to a minimum.

be reduced by careful management, and par-

ticularly by ensy

ringsthat the silo is empty by the time the

temperature rISGt in, the spring, in temperate countries. In

7.1.3.2 Above-ground structures

Above-ground bins are being increasingly used)in temperate

f
countries, particularly for the storage of high>moisturd grain for

animal feed. The bins may be constructed of'sheet stegl, which
may be painted, galvanized or vitredlsenamelled; ¢xcept in
France, where a welded construction.s common, the plates are
usually bolted together against-asspecial mastic. Arrarjgements
for release of pressure, and for-€mptying with minimum entry
of air, are essential. If top tnloaders are employed, ¢mptying
should be at a predeterniined rate to minimize development of
toxic micro-organisnis’in the surface grain.

Portable airtight\bins up to 2 500 t capacity may be jmade by
supporting_a-flexible bag in a metal-mesh cage. THe bag is
commonly ‘made of butyl rubber, but polyethylene gnd poly-
vinyl chlofide of adequate thickness, or similar materjals, may
be used:

Thermal insulation is desirable.

7.2 Cool storage

In the airtight storage system, the grain and its pests largely
control the atmospheric environment in the store, but in
aerated storage systems the conditions are artificiflly con-
trolled.

Aeration may be used to keep grain at temperatur¢s below
those at which increase in insect and fungal populatlons may
occur.

7.2.1 Aeration with ambient air
By lowering the temperature to below 15 °C, the devg¢lopment
of most insects, but not mites, becomes so slow that infesta-
tions are prevented. For example, in temperate countr{es, aera-

tropical countrie
for mould grow

where the temperature is at the optimum

th throughout the year, airtight storage is

not recommended for grain having moisture contents above

14 % (m/m).

7.1.3 Types of

airtight stores

Airtight storage may be either below or above ground.

7.1.31

Underground stores

Pits have the advantage of providing a more or less even
temperature and generally reduce the risk of moisture migra-
tion.

tion with ambient air with an airflow of 1,66 to 2,5 1/s (0,1 to
0,15 m3/min) per cubic metre of grain for a total aeration period
of 120 to 170 h, which may be spread over several weeks, is
usually adequate. Aeration should be confined to periods when
the condition of the air is such that the moisture content of the
grain is not raised above the safe ievel for storage and is kept as
low as possible (see ISO 6322/1).

Grain cooling by aeration with ambient air is now a well-
established practice in temperate countries, where single bulks
of more than 20 000 t are being so treated.

In some farm installations, where the moisture content is above
the safe level, rapid mould growth is prevented by aeration,
which lowers the temperature of the grain to 5 to 10 °Cin 2 to
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