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INTRODUCTION

Storage is necessary somewhere between the grain field and the ultimate consumer. Who will store,

where it will be stored, how it will be stored, when, and for how long depends on the economics of
the market handling route and the specifications of the consumer. The producer must make the ini-

tial decisions and the consumer usually dictates the quality specifications. The market interface

provides the route for change and exchange. Storage is merely the means used to regulate the flow

of materials. From the standpoint of the Agricultural Industry this path should be as short and

efficient as possible.

I. FLOW PROCESS ANALYSIS

To provide an intelligent basis for storage decisions both the producer and the consumer must ana-
lyze the potential losses in the flow process.
1. Every step in the flow pattern causes losses in

a. Quantity
b. Quality
c. Net return

2. The producer determines his route by estimate of his abil4ty to control these losses within
the limits of the harvest to harvest market differential.

3. Field harvest and out of the field transport to the point of initial storage is normally the

producers responsibility. With no farm storage, the additional transport costs are incurred

immediately. More truck equipment is required and delays in unloading at the market or con-

tract site must be considered. With on- the -farm storage the cost of extra handling, equipment,
storage, reloading, grain losses, and risk, etc., must be calculated against the market differ-

ential.
4. Before a materials flow control advantage can be determined equipment use should be optimized

and evaluated.
5. The type of storage is normally dictated by the economics of quality control and the permanence

of farming practice.

II. PERMANENT STORAGE

Permanent storage is normally required for long term storage, especially for products intended for

human consumption and when loan programs are involved. The disadvantage to permanent storage faci-

lities is the capital cost. In farming areas where crop and fiels practices are in constant ad-

justment, long term commitments are undesirable. In a 1960 study the cost of construction for up-

right facilities varie from 21 -25 dollars per ton. At six percent interest on a 20 -year base the

capital recovery costs are 1.80 -2.18 dollars per ton per year. Since then the capital cost of

construction has more than doubled and interest rates have increased. Assuming a two -fold con-

struction cost increase and capital recovery at ten percent interest, the annual capital recovery
cost increases to 4.93 -5.87 dollars per ton per year.

The cost of flat storage was about $17.50 per ton in 1964.5 With a 15 -year life and money at 6 %,

the annual capital recovery cost was $1.80. Today the same flat storage costs about $35 per ton
and at a 10% interest rate the annual capital recovery cost is about $4.60 per ton per year. While

we can assume that the risk factor for flat storage is somewhat less because of multiple use poten-

tial, it is still quite obvious that for permanent storage capital recovery costs are of prime con-

cern in making management decisions particularly where agricultural adjustments are in prospect.

III. TEMPORARY STORAGE

Temporary grain storage systems appear to be much more feasible in today's market. This is especi-

ally true with feed grains in the southwest. A good economic study to support this contention is

not available, but some reasonably valid estimates can be made from observation of a number of in-

stallations in the state.

Today the Suction Controlled Plastic Grain Storage System6 would cost about $1.55 per ton per year

to own and operation. Since the grain is completely enclosed in an envelope of plastic, losses are

about equal to permanent storage, assuming a safe moisture level. Rodent damage risks are slightly

higher.

A concrete slab storage system with cables and a plastic permanetting cover similar to Figure 1

would cost about $9.00 per ton to construct. The annual capital recovery cost at ten percent for a

five year life is about $2.37 per ton per year. Again this scheme assumes a safe moisture grain

storage level, and that weather and rodent risks are somewhat higher than permanent storage.
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FIGURE 1. TYPICAL TEMPORARY GRAIN STORAGE SCHEME.
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Quite a few producers and feeders have stored grain in large piles on the ground. Test data on

losses are not available. Bird damage and losses are evident and ground losses have been estimated
at about one percent for barley and 1 percent or less for sorghum. Of course, the larger the pile
the lower the loss percentage.

IV. GRAIN MOISTURE MANAGEMENT

Grain management decisions require a thorough knowledge of moisture content. Most grains reach nu-
tritional maturity (moisture content about 20% for small grains, sorghum and soybeans, and 30% for
corn) in the field from one to three weeks before they are dry enough to store. The longer the
grain is left in the field after maturity, the larger will be the field losses from lodging, shat-
ter, etc. Small grains are normally left to dry in the field until they reach a safe storage mois-
ture level which is usually about three percentage points above the natural equalibrium moisture
content. Corn is usually combine harvested at about 25% M.C. and dried artificially.

Grain in storage loses or gains moisture until it reaches a level which is in equilibrium with its
surrounding environment. The equilibrium moisture content of a specific grain depends upon its
physical properties and varies with temperature and relative humidity as illustrated in Figure 2.
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FIGURE 2. TYPICAL EQULIBRIUM MOISTURE CONTENT CURVES.

The relationship between moisture loss and shrink is illustrated in Figure 3. For example, barley
harvested at 15% is taken out of storage at 9 %. It now weighs about 93.5% of its original weight.
While the chart helps visualize the principle involved, the following formulae is more accurate:

Final wt. = Orig. wt.
x{100% - orig. M.C.%)

(i00% - final M.C.%)

i.e. 50 tons barley harvest at 15% taken out of storage at 9% is calculated as follows:

Final wt. = 50 tons {10015

= 46.7033 tons

The above formulae also yields a correct solution in the case where moisture is picked up in tran-
sit; a common experience when shipping from Arizona to a gulf port.

45



GRAIN MOISTURE
SHRINKAGE e
CHART

0+s

?.

d

IO 14 18 22
% INITIAL MOISTURE

FIGURE 3. GRAIN MOISTURE SHRINKAGE

What is a safe storage moisture content?
When harvested and placed in bulk storage the
grain exposure to air is limited. The larger
the bulk the more the pile tends to limit
moisture change. Excessive moisture trapped
in the pile provides an ideal environment
for all sorts of degrading biological pro-
cesses. High incoming grain temperature can
also have a serious effect on safe moisture
levels. Bio- growth generates heat which to-
gether with moisture accelerates a variety
of molding activity. Fungi spores are
found everywhere on earth. Fortunately most
spores are unable to grow at or near the
equilibrium moisture level. The best in-
surance against unfavorable mold growth is
moisture management. Table 1 illustrates
the lower limits of moisture content for
fungi growth. Safe storage moisture con-
tent specifications are normally set at one
to two percentage points below these limits.
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BIOLOGICAL PARAMETERS OF GRAINS

ASAE D244

TABLE 1. LOWER LIMIT OF MOISTURE CONTENT, WET
WEIGHT BASIS, AT WHICH FUNGI CAN GROW AND

CAUSE DAMAGE IN STORED GRAINS'
Fungus Lower moisture content, percent

(wet basis)

Wheat, barley,
oats, corn

Soybeans Flaxseed

Aspergillus restrictus 13.043.5 12.0 -12.5 10.0 -10.5
A. repens, amstelodami,

tuber 13.5 -14.0 12.5-13.0 10.5 -11.0
A. candidas, ochraceus 15.0 -15.5 13.5-14.0 12.0-12.5
A. flavus 17.5 -18.0 15.5 -16.0 14.5-15.0
Penicillium 16.0 -16.5 14.5 -15.0 13.0 -13.5
PulluIarla, yeasts 20.0 -21.0 17.0 -18.0 15.0 -16.0

'These limits apply at temperature range of 5 -IOC to 30 -35C.
Growth of these fungi is much slower at 5 -10C than at 25 -30C.

Several qualifications Iimit the accuracy of moisture con-
tent determinations of grains in practice:

1. An average sample of grain may not indicate the
range in moisture content of the bulk from which the
sample was taken.

2. On a given sample of grain, moisture content as
determined by a given moisture meter may err by
± 1.0%.
3. Mixing grain lots having different moisture con-
tents may not result in uniform distribution of mois-
ture in the mixture among the individual grains or
seeds.

4. Moisture content in a bulk of grain may, with
time, shift and become unequally distributed within
the bulk.



V. GENERAL STORAGE DATA 7

GRAIN

SAFE STORAGE

M.C. %*

CUBIC FT.

PER TON

ANGLE
OF

REPOSE

EQUIVALENT
FLUID WT

# /ft3

MINIMUM
SLIDING
SLOPES

Barley

Sorghum

Wheat

12.5

12.0

12.0

50

45 -50

42

28

33

26

15.5

21.0

21.5

45

45

45

*Must be clean and without concentration of fines, or specs must be lowered by at
least one per cent, especially for long term storage.

Foundations
Footings and Foundations are critical because of8heavy loads. Soil bearing strength should be
investigated and vertical wall loads determined.

Floors
Floors should be designed for weight of transport likely to enter storage rather than grain
weight.

Walls
Grain pressure should be calculated and walls designed for loads. Wall pressures are extreme
enough so that concrete block should not be considered. Rely on proven design and have en-
gineer provide design service.

Aeration
Grain which is two or three percent above norminally accepted safe storage level may be con -
troll d by turning or aeration design system. Seek design assistance from competent engi-
neer.

Drying
Grain above 15 percent moisture content should be processed through a dryer.10
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