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Storage
A Self Study Guide for Members and Staff of Agricultural Cooperatives

LESSON ONE: Storage risks and moisture problems

Objective:   to introduce the type of problems that may arise in 
relation to the storage of produce in agricultural cooperatives and 
examine in detail the issue of excess moisture and how to measure and 
control it.

Types of storage

A co-operative manager usually has two methods of storing produce: in bags or in bulk (in 
loose heaps, small bins or other containers).

In general, bag storage is more suitable for small-scale cooperatives with short storage 
periods and limited quantities (the produce of only a few members). Bulk storage is more
suitable for long storage periods and larger quantities. Temporary bulk storage may also be 
convenient for small quantities waiting to be bagged-up, so long as they are not allowed to 
wait unnecessarily.

Not all co-operatives have special buildings for storage. However, they may still be able to 
provide successful storage facilities in the open or under temporary roofs.

Bag storage in buildings is the most common method used in smaller co-operatives; we will 
often refer to this storage method when discussing various aspects of storage in this study 
guide.

Risks of storage

Many factors can negatively affect stored commodities leading to loss of quality or loss of 
quantity.
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Some goods, perishable commodities, cannot be kept without loss of quality for more than 
a few days unless specially treated. Others – durable commodities - can be kept for 
extended periods with little loss of quality if stored in good condition with protection 
against pests. Many agricultural products, especially crop seeds such as food grains, are 
durable in this way.

However, regardless of durability, commodity safety depends on the storage situation and 
the way it is managed. 

While rotting of perishable commodities is the most obvious, several other types of loss 
may occur, for example:

 loss of weight due to "shrinkage";
 spoilage due to moulds;
 loss of quality and quantity due to pests;
 loss of quantity due to spillage and pilferage.

If you are responsible for storage you will need to understand all of these - and the fact 
that usually such losses, in one way or another, are caused by poor storage management. 
So if a storekeeper:

a. keeps perishable goods too long without the necessary special arrangements, it will be 
his fault if they rot;

b. takes a durable product, like grain, and stores it when it is inadequately dried, leading 
to moisture problems such as shrinkage or mould damage, it will be his fault;

c. puts good dry grain into storage but does not protect it against pests (rats, insects, 
birds), spillage or pilferage (theft), the losses or contamination will be his fault.

Let's now look closer at moisture problems.
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Moisture content

All agricultural products contain some water (moisture). In most crops the moisture 
content is high at maturity but then falls quite quickly (if the weather is dry) up to harvest
time. This natural drying continues after harvesting if the crop is exposed to dry air. It is 
the dryness of the air and air movement that are most beneficial to drying. Sunshine helps 
by warming the air or the crop if it is exposed to the sun. These natural effects can 
increase the rate of drying. In humid climates, on the other hand, dry produce may 
reabsorb moisture.

Shrinkage

Even when crops are considered sufficiently dry for safe storage there is some moisture 
present. If the climate is very dry, or if the crops were not well-dried before storage,
drying-out may continue in the store.

Produce that continues to dry in a well-ventilated storage area will not deteriorate 
although it will lose moisture and weight. This is what we mean by shrinkage. Shrinkage 
can only be prevented by ensuring that the produce is sufficiently dry before it is placed in 
storage.

Mould

Most agricultural products have organisms living on them - such as various types of moulds
- which are themselves plants. These organisms remain dormant if the produce is dry. If it 
is not sufficiently dry, however, they begin to grow and produce both heat and moisture. 
Agricultural products which are not dry enough to avoid this mould growth must not be
stored in large bulks or bag-stacks where air cannot freely circulate. The trapped moisture 
creates a high risk of severe damage due to mould growth and “heating ".

The basic problem

Most farmers know that produce must be dry before it can be safely stored - but they are
quite happy to sell their crops at high moisture content and have someone else accept
responsibility for storage. The crops weigh more and the problems of drying, shrinkage and 
spoilage fall to someone else.

It is often possible for farmers to dry their 
produce properly before delivery to a co-
operative or other collecting centre. 

Therefore, you should avoid burdening your 
co-operative with shrinkage and spoilage 
losses by accepting insufficiently dry 
produce.
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In very humid climates or occasional bad weather it may nonetheless be necessary, and 
helpful to your members, to accept insufficiently dry produce. If you are prepared to dry 
such produce for them, at least make sure that you do not pay for the excess moisture that 
will be lost during drying.

The essential points for good storage management however remain the same in all cases 
and all circumstances:

 You must know whether or not the produce is dry enough at the time you accept if for 
storage.

 You should not accept insufficiently dried produce unless steps can be taken to deal 
with it before or during storage to prevent spoilage by mould and to take into account 
shrinkage losses that may occur.

Testing for dryness without a moisture meter

We said that it is important to check the dryness of the produce at the time of intake. How 
can this be done?

It is possible to judge the dryness of most agricultural products by "feel", using simple 
rough-and-ready methods.  

Experienced managers often test grains, pulses and oilseeds by cracking them in their 
teeth, or pushing an arm into the bag to see how deep it will go. Other produce, like 
ginger or copra, they can snap in their fingers to test for clean breakage and a dry sound. 
Large roots and tubers they feel and weigh in their hands: knowing, for example, how 
heavy a good yam should be according to its size.

Although they are able to guard against mould damage in storage and against too much 
"shrinkage" this way they cannot measure shrinkage losses because these methods are not
sufficiently accurate.

You should also try and find ways to learn these "feel methods". Some of them require a 
lot of experience, but through practice you should be able to acquire some of the
necessary skill.
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Testing for dryness with a moisture meter

Testing for dryness can be done more accurately by using a moisture meter. 

There are many types of moisture meters available on the market. Most of these give 
reasonably reliable results if the manufacturer's instructions are carefully followed.  
Meters with unclear instructions, or none at all, are unlikely to prove reliable in use.

You should be aware of the fact that most moisture meters are designed for a specific type 
of produce. Therefore, there is no point using a moisture meter that only has a scale for 
maize, for instance, if you are dealing with wheat or rice. Some meters, however, do have 
scales for different kinds of grain and even other kinds of produce (pulses, oilseeds, cocoa 
and coffee beans).

If a moisture meter is necessary for your co-operative, then the type chosen must be 
acceptable to your produce buyers. Make sure you get their advice. It must also be 
acceptable to the farmers from whom you buy if they are to be paid according to moisture 
content. You will need to demonstrate the method and show that it is fair and reliable to 
all concerned.

Using a moisture meter will enable you to measure moisture content both when you 
receive produce and when you discharge or sell it from your store. You can then calculate 
the weight changes that are due to loss (or gain) of moisture while in storage.
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The following diagram shows how to relate change in moisture content to change in 
weight:

Source: Jamieson, Mfs (1970) Tropical stored products information, No.20, pp19-20.

Percentage moisture content

The amount of moisture in a commodity is usually referred to as a percentage by weight: 
most commonly as a percentage of the total "wet" weight. For example: grains containing 
15 g of detectable moisture in every 100 g of the grain sample would have a moisture 
content of 15 % (wet basis).

What is meant by "safe" percentage moisture content?

The percentage moisture content corresponding to a particular degree of dryness is not the 
same for all produce. Therefore, the moisture content that is "safe" for storage differs 
between commodities.

For instance, well-dried maize grains have a moisture content of 12 - 13% on the wet 
weight basis. For paddy, it is about 15%; for well-dried groundnuts in the shell, about 8%.  
What is the "safe" percentage for your produce? You have to get that information from your 
buyer or from the agricultural or co-operative advisers in your region.



Storage Lesson 1

MATCOM © FAO under licence from ILO 7

How do you deal with produce that is not sufficiently dry?

If it is necessary to accept under-dried produce 
special arrangements will have to be made for 
further drying. If the produce is almost dry enough, 
however, it may be sufficient to allow further 
natural drying by open stacking in the store.

Otherwise, additional sun drying or forced aeration 
in a mechanical dryer is needed. Remember that 
produce can also lose quality if it is dried too much 
or too quickly. Grains for example can be cracked by 
rapid drying.

Note: If the grain being dried is too hot to hold 
comfortably in the hand, it is too hot for safety!

Controlling moisture and temperature in storage

Excess moisture and high temperature are the two main enemies of stored produce. They 
must be controlled by good store design and by adequate ventilation.

There is a direct relationship between temperature and moisture; warm air can hold more 
moisture than cool air. This may assist the drying of produce but if the commodity itself is 
made warmer it encourages infestation and decay.  Even if the produce is reasonably cool 
when stored, a store that is badly designed over-loaded or unventilated can build up heat 
which in turn can cause infestation.

Moist air or water can increase the moisture content of produce, even if it is properly dried 
before storage.  Actual wetting (caused by rain through a leaking roof, a wet floor, wet 
bags, condensation in the building, etc.) will of course, be most damaging. Its prevention 
depends upon good store management including maintenance of the storage structure.

Accounting for shrinkage

Although shrinkage loss during storage is unlikely to be more than 1 - 2% it will still have to 
be considered if the product is bought and sold by weight. How do you allow for this 
shrinkage?

With the experience of several seasons' storage, you may be able to detect that a certain 
shrinkage loss, on average, is normal for a particular product. You may have to 
demonstrate to the members of your co-operative that this is so.

If necessary, arrange a public weighing demonstration at intake, and again at discharge, of 
specially marked bags. (Use a seal on the stitching.) This will show how much weight is lost 
in storage due to shrinkage, provided that you can ensure that no damage occurred due to 
pests, spillage and theft, or show that you have taken such other losses into account.

If you can establish that shrinkage occurs when you have to accept produce that is not 
quite dry, as long as it is in otherwise good condition, you should accept it only at a
discount. If, for example, the produce loses 1% of its weight in storage due to moisture 
loss your payment at intake should reflect that and should be discounted by that amount.
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If you have a reliable moisture meter, so that you can measure moisture content at intake 
and discharge, you can calculate the loss of weight due to shrinkage on that basis.

Inspecting for mould

As we pointed out earlier moulds are very small plants. They can grow on many different 
materials, particularly under moist conditions. They usually appear as grey, green or 
blackish discolouration on produce or containers. Look for them.

Such discolouration can lead to costly down-grading of produce. More extensive mould 
damage can completely destroy grain so that it crumbles if rubbed between the fingers.  
Some moulds also produce poisonous substances, especially dangerous in foodstuff that 
may cause illness or death in humans, poultry and livestock.

Well-dried produce, protected from wetting, will not suffer serious mould damage unless 
insect infestation (producing the heat and moisture which foster mould growth) is allowed
to develop.

If you see mould developing on only a single kind of produce in your store, it is a sure sign 
that the moisture content of that produce is too high. If it is very localised, especially on 
the surface of a stack, it may also indicate a leaky roof! Roof leaks may even cause grain 
to sprout!

How do you deal with mould?

The only remedy is to reduce the moisture content of the produce. This can be done by 
further sun-drying outdoors, by increased ventilation when the air outside the store is dry, 
or by artificial drying if you have the equipment for it. The only other alternative is to sell 
the produce as quickly as possible.

If moulds grow more generally all over the exposed surfaces of different lots of produce, 
then it may mean that the humidity throughout the store is too high. It must be reduced by 
ventilation as soon as possible. Open all doors, windows and ventilators whenever outside 
conditions are favourable. But remember: ventilation in wet weather will only increase 
moisture content!

On the next page is a summary of precautions you can take to ensure your storage is 
moisture proof.
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PRECAUTIONS: MOISTURE-PROOFING

1. Keep the storehouse physically dry at all times.  This requires an effective programme 
of inspection. Look for wet patches and find the source of any water damage 
immediately.

2. Arrange proper ventilation.  Extensive ventilation will facilitate drying in a dry 
climate, but may increase moisture content in a wet one.

3. Keep a watch on storage conditions.   If you have a moisture meter, make regular tests 
of produce moisture content in at least the surface bags. If you have a thermometer,
check the air temperature and the temperature of stored produce. Otherwise, use 
your own senses.

4. Never place produce directly on the floor.   Concrete floors may not be moisture-proof 
and dampness may rise through them. If platforms are not available use wooden 
stacking platforms (pallets) or waterproof paper or plastic sheets (dunnagei).

A wooden stacking platform or “pallet”

                                                
i Dunnage is the name for the materials used in holds and containers to protect goods and their 
packaging from moisture, contamination and mechanical damage.  It may include plastic films, jute 
coverings, tarpaulins, rice matting, and so on.  Depending on the use to which it is put, dunnage 
may be divided into floor, lateral, interlayer and top dunnage.


