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ENVIROivMENTAL AND STRUCTURAL 
REQUIREMENTS FOR SEED STORAGE 

By 

G. Burns Welch and James C. Delouche 

Introduction 

A consistent and adequate supply of high quality seed is essentialto an efficient and productive agriculture. Generally, effective systemshave been devised to insure high standards of genetic, physicaj, and biological purity of seed. Maintenance of the physiological quality of seed,however, has been difficult and continues to be one of the major problemsin both developed and developing seed industries. 

Viable and vigorous seed contribute greatly to timely and uniformstand establishment, vigorous growth, and plant development. They arenecessary for the precision planting practiced for many crops.tors Many facsuch as adverse climatic conditions prior to harvest, improper and
poorly timed harvesting, 
 improper drying procedures, mechanical abuseduring processing and haldling, and poor storage conditions contributeto te decline of viability and vigor in seed (deterioration). Although thispaper considers only the storage conditions for seed, it is well to bearin mind that good storage does not improve quality - it only maintainsquality. The seeds taken from storage can be no better than those placed
in storage. 

Many theories have been advanced as to the cause of seed deterioration: depletion of food resources in embryonic tissue, inactivtion of
enzyme and respiratory mechanisms, mutagenic changes in nuclei, 
 and
physical chances in the structure of proteins and other constituents of
livign cells. Actually, very little is known about deterioration or degeneration of seed; and it is unlikely that there is a 
 single cause. Rather,deterioration probably encompasses all the changes that occur in seedas they die, and the rate of deterioration is influenced by many factors. 

The respiratory system in seeds is highly complex and very sensitive to change. Thus, it provides a good index of the degree of deterioration of seed. The rate of respiration is extremely low in seeds with amoisture content below 11%, but increases rapidly as moisture contentincreases (Harrington, 1959). Rate of respiration also varies directlywith temperatures up to approximately 500 C. Seeds with a moisture content above 11% deteriorate quite rapidly when stored in a warm environment. 
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Helmer (1964) reported that sorghum seeds with 17% moisture content

stored at 860 F. would not germinate after 4 months. However, 
 seed

from the same lot maintained good germination for several years when

stored at 7%moisture content and 500 F. 
 Thus, by providing an environ
ment to reduce respiratory rate to a low level, seed viability and vigor 
can be maintained for several years. 

Environmental Conditions to Maintain Seed Qaulity 

Relative humidity and temperature are the two atmospheric proper
ties that most influence seed longevity. Both of these properties also
influence the equilibrium moisture content of seeds. Therefore, the per
cent relative humidity and temperature inside a storage room must be such
that the seed equilibrium moisture content w.ll be low enough for safe 
storage. 

The results of a storage study in which sorghum seeds were storedat different relative humidities and temperatures are shown in Table I. 
These data show that the relative humidity has a more pronounced effect
 
on seed longevity than temperature. Th.e data also indicate that as 
the
moisture content of the seed increases, the temperature must be decreased 
for safe storage and vice versa. 

The graphs in Figures 1 and 2 show the results of a similar study

conducted by Sittisroung (1967) with rise seed. 
 Again it is evident that
high moisture contents have a detrimental effect on seed viability.
 

Harrington (1960) has given three general rules of thumb that are

commonly used in designing facilitiev for storing seeds for more than one
 
season. These rules are as 
follows: (1) for safe storage conditions longerthan one season, the sum of the percent relative humidity plus temperature
in dearees Fahrenheit should be near 100; (2) for each 1 percent decrease

in moisture, 
 the storage life is doubled and (3) for each 100 F. decrease 
in temperature, the storage life is doubled. According to these rules,
seeds stored at 8%moisture content will maintain good viability twice 
as long as seeds stored at 9% moisture content. Seeds stored at 600 F.
will maintain good viability twice as long seeds stored at 700 F. Thereas 

is also a complementary effect between the two 
factors; therefore, theo
retically, seeds stored at 8% and 600 F. will maintain good viabIlity four 
times as long as seeds stored at 9% moisture and 700 F'. 

Where seeds Ure to be stored only from the harvest season to the 
following planting season, the above requirements can be somewhat re
laxed. The relative humidity-temperature index can be increased up to
120-125 without causing excessi-e seed deterioration, if the relative humidity is low enough to maintain the seeds at a low moisture content. Most
of the increase in the index should be in the temperature side, but should 
not exceed 750 F. 
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Construction of Storage Room 

A strong and tightly constructed storage room is the first requirement
for good storage conditions. The room must be provided with a good vaporbarrier to reduce or eliminate the ingress of moisture through walls, ceiling and floor. If the temperature is to be controlled, the room must alsobe well insulated to reduce heat transmission through the structure. Thethickness of insulation required depends upon the type of insulation andthe differential between the outside and inside temperatures. In the Southa 65 F. room would require about 3 inches of Styrofoam or 3 inches of
blanket insulation on 
the walls and ceiling. If the temperature is loweredto 400 F., 4 inches of Styrofoam or 2 inches of Urethane would be required. 

The floor of a storage room may or may not be insulated; it dependson tho temperature and the size of the room. There is considerable savingsin omitting floor insulation in large rooms. If the floor insulation is omitted, the wall insulation should extend down the foundation at least two
feet, if the type of floor construction will allow it. 
 The floor should bemoisture sealed with polyethylene film, preferably 6 mil, or another suitable moisture proof membrane. All the joints should be lapped several
inches, sealed with mastic, and turned up along the wall a foot or so. 

Masonry walls should be plastered smooth and true before applyingthe insulation. This assures good contact between the wall and the insulation. Board type insulation can be attached to the wall with an adhesive.
Some types of adhezives are also good vapor barriers when applied atrecommended thicknesses. The boards should be applied in two or more
layers with the joints lapped or staggered, 
 so that air or heat will have
a longer travel to get to a Joint. 
 This is probably diore important withStyrofoam of Urethane. These materials have a high resistance to vapor

transfer, so we especially want to seal the cracks. 
 A plaster or some
other type finish should be applied 
on the walls to protect the insulation.
Typical examples of floor and wall construction are shown in Figure 3.
 

When insulation is applied wood wall,to a a film of polyethylene
or other vapor proof matei.al is tacked and sealed with mastic to the wood.
The insulation is then nailed 
to the wood wall, The mastic seals the nail
 
holes.
 

The ceiling insulation can b- placed above or below the supportingbeiling. Placing the insulation above the supporting ceiling permits
easier installation, and eliminates the problems of sagging and pullingloose. Construction of this type is generaliy used when there is ampleworking space between the top of the storage rc,-m and the roof of the 
building. 

When the insulation is placed below a wood celii.ng, it should benailed throug;h the vapor barrier with galvanized or treated !Mg headed 

http:celii.ng
http:matei.al


insulation nails. When a second layer is used, it is placed beneath thefirst, using wooden skewers, adhesive, or large headed nails to hold it 
in place. 

It is more difficult to install insulation underneath a plaster ceiling especially when the insulation is supported only with an adhesive.In warm climates, some adhesives tend to become soft and pull loose. Anew type small metal anchor that can be stuck to the ceiling and extendsthrough the in ,ulation to support it might be the solution to this problem.Another method is to install wood nailers (furring strips) spaced approximately 18 inches apart in one direction below the ceiling. These furringstrips, which should have a thickness equal to a layer of the insulation,
are secured to the supporting ceiling with mechanical fasteners. Thefirst layer of insulation board coated with vapor proof adhesive is installedbetween the nailers. Further securing can be done by toe-nailing theedges of the insulation to the nailers. The second layer also coated withan adhesive is applied at right angles to the first and secured by nailingwith large head nails space(- 12 Thisinches apart to the furring strips.
type installation would be somewhat more expensive due to the additionallabor and material required. However, the additional expense is justifiedin most cases because of the assurance of obtaining good ceiling instala

lation. Examples of ceiling construction are shown in Figures 4 and 5.
 

Doors can be a problem in admitting moisture into a storage room.
They should be well insulated, 
 tightly fitted, and kept closed. Whenthere is frequent traffic through a door, an entrance way with two doorsis desirable. This acts as an air lock and reduces moisture intake andheat loss considerably. All conduit and pipe openings through the insu
lation and vapor barriers should be tightly sealed.
 

Methods of Controlling Storage Environment 

The environment in a seed storage room can be controlled by mechanical refrigeration, combination of desiccant dehumidification and mechanical 
refrigeration, or dehumidification alone. 

Mechanical refrigeration: In this method, both the temperature andthe humidity are maintained at low levels by the same equipment. Dehumidification by mechanical refrigeration operates the principle that theon 
water vapor in the atmosphere will condense when it comes in contact witha surface at a sufficiently low temperature. The temperature at which condensation occars is refered to as the dewpoint. To accomplish dehumidi
fication with a refrigeration system, the cooling coils must be a fewdegrees below the dewpoint for the desired combination of relative humidityand temperature. For example, suppose we wish to maintain an atmospheric
condition of 600 F. and 50% relative humidity in a storage room. Referringto a psychrometric chart, we find that the dewpoint for this combination 



of temperature and relative humidity is 400 r. The refrigeration system

would be designed to have a coil temperature a few degrees below the
 
dewpoint. Any time moisture is added to the room to cause the relative
 
humidity to increase above 50%. this additional moisture will condense
 
on 
ths coils and drain out until the relative humidity is decreased to 50% 
at 60 F. 

Let us now consider another example in which the desired storage
conditions are 400 F. and 50% relative humidity. Referring again to the
 
psychrometric chart, we find the dewpoint to be 250 F. which is below
 
freezing. The moisture that collects 
on the coils will freeze and build
 
up a layer of tde on the coils. When the system is operating with a coil
 
temperature below freezing, it is necessary to provide 
some type of heat
ing system to defrost the coils. The system can be controlled with a
 
time clock to stop the refrigeration compressor periodically and turn on
 
the heat system to defrost the coils.
 

The coil temperature for this type system is always below the

design room temperature. Therefore, it is necessary to add heat to the
 
room to raise the air temperature up to the design temperature. This is
 
referred to as reheat. The additional heat is usually provided by electric
 
heating strips placed on the discharge side of the cooling coils.
 

Designing a system of this type is a very technical problem. It 
is of utmost importance that the different romponents in the system be

well balanced. Anyone desiring to use reftigeration dehumidification at
 
temperatures below 650 F. should seek the service of a competent refrig
eration engineer.
 

Dehumidifiers: When it Is desired to control only the relative 
humidity at a low level, a desiccant or a self-contained portable refrig
eration dehumidifier can be used. These units can be controlled by a
 
humidistat to maintain the relative humidity at the desired level.
 

In the desiccant type dehumidifier, air In the storage room is passed
through a bed of desiccant material such as silica gel. This is a highly 
porous hygroscopic material capable of absorbing muchas as 40% of its 
own weight in water vapor. The desiccant dehumidifier can operate effi
ciently over a temperature range from -400 F. to plus 1200 F. 

The dual-bed and the rotating desiccant wheel are the two types
of desiccant dehumidifiers most commonly used for seed storage installa
tions. The dual-bed type consists of two beds of desiccant about 4 inches 
thick. While one bed is removing moisture from the air in the storage room,
the other bed is being reactivated. Reactivation is accomplished by blow
ing outside air through the bed of material while the material is being
heated to drive off the moisture. The duration of the dehumidifying and 
reactivating cycles are automatically controlled by a timer which alter
nates the operation of the two desiccant beds at pr.-.set intervals. 
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The rotating wheel dehumidifier consists of a wheel packed with
 
desiccant. 
 The sides of the wheel are made of expanded metal to allow
 
free passage of air. The wheel is mounted 
 in a dual air duct system so
 
that a section of the wheel 
area is available for dehumidifying while the
 
remaining surface is in the reactivating circuit.
 

The portable self-contained refrigeration dehumidifier can also be

used for controlling the relative humidity in a seed storage room. 
 However,
it becomes inefficient at temperatures below 650 F. and relative humidities 
below 40%. 

Both the desiccant and the self-contained refrigeraulion dehumidi
fiers will add a certain amount of heat to the storage room. This is due
 
to the latent heat of adsorption or condensation, sensible heat gain from
 
reactivation of the desiccant, 
 and the heat dissipated from electric motors. 
If this additional heat should cause the temperature to exceed the desired 
level, some means must be provided for removing it. Cooling can be ac
complished by providing enough air conditioning to remove the excess heat 
load. Desiccant dehumidifiers also can be equipped with a water cooled 
heat exchange in the dry air discharge duct. 

The amount of heat given off by dehumidifiers is an important factor 
that must be considered when planning a storage facility 

Combination of refrigeration cooling and desiccant dehumidification: 
A combination of these two systems has proven to be quite satisfactory for 
maintaining the temperature and relative humidity at low levels such as 
40 F. and 40% R.H. The initial equipment cost of a combination installa
tion is more than for an all refrigeration system, but this is partly offset 
by simplifying the design and assurance of desired environmental condi
tions. Several storage facilities originally designed for an all refrigeration 
system failed to maintain design conditions and had to be modified by in
stalling a supplemental desiccant dehumidifying system. 

Summary 

Seeds must be stored in a suitable environment to maintain good
viability and vigor, Both temperature and relative humidity influence the 
longevity of seeds, but relative humidity has the most pronounced effect. 
The viability of seeds can be maintained for a period of several years in 
an environment in which the sum of the percent relative humidity and tem
perature in degrees Fahrenheit is near 100. 

All seed storage facilities should be provided with a good vapor
barrier to reduce the ingress of water vapor. When the temperature is 
maintained at a lower temperature than ambient conditions, the facility 
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should be well insulated. The thickness of insulation depends upon the 
temperature differential. 

The environment in a storage facility can be controlled by an all
refrigeration system, combination of refrigeration cooling and desiccant 
dehumidification, or dehumidification alone. The initial cost of a combi
nation system is usually more expensive, but it is simpler in design and 
will maintain desired conditions with minimum attention. 
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Table I. Germination percentages of sorghum seed after various inter
vals of storage at different temperatures and relative 
humidities. 

Relative 
Humidity Temperature Months of Storage

% F.0 	 0 2 4 6 8 10 12 

20 	 50 95.2 93.5 94.2 95.7 95.7 9-1.7 96.5 
68 95.2 94.0 94.2 94.7 95.0 96.5 95.7 
86 95.2 93.2 92.5 95.2 93.0 94.0 94.5 

40 	 50 95.2 94.2 93.7 95.0 95.0 96.2 95.0 
68 95.2 93.0 93.7 92.7 93.7 93.0 94.7 
86 95.2 93.0 93.7 95.5 	 93.2 95.2 92.0 

60 	 50 95.2 93.2 	 93.2 95.2 93.5 94.5 97.2 
68 95.2 92.2 94.5 94.7 95.0 93.7 92.2 
86 95.2 92.5 94.2 89.2 89.5 86.2 75.2 

80 	 50 95.2 92.7 	 92.3 56.7 47.5 44.5 38.0 
68 95.2 56.5 47.2 39.2 10.5 0.0 0.0 
86 95.2 45.0 0.0 0.0 0.0 0.0 0.0 

100 	 50 95.2 85.5 44.0 22.7 0.0 0.0 0.0 
68 95.2 41.0 0.0 0.0 0.0 0.0 0.0 
86 	 95.2 
 1.0 0.0 	 0.0 0.0 0.0 0.0
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