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Grain and Soybean Drying
on Georgia Farms
Paul E. Sumner and E. Jay Williams

Extension Engineers

Principles of Grain Drying
Drying is one of the oldest methods of preserving

food and feedstock. It is simply the removal of mois-
ture from a product, usually by forcing dry air through
the material. 

Air serves two basic functions in grain drying. First,
the air supplies the necessary heat for moisture evapor-
ation; second, the air serves as a carrier of the evapo-
rated moisture. Both functions are essential regardless
of the type drier you use. The amount of moisture that
can be removed from grain depends on the moisture
content of the grain, and the relative humidity and
temperature of the drying air.

Air temperature determines to a large extent the
total water-carrying capacity of the drying air. Hot air
can hold more moisture than cold air. For example, a
pound of air at 40 degrees F can hold only 40 grains of
moisture (7,000 grains = 1 pound), while a pound of 80
degrees F air can hold 155 grains — almost a four-fold
increase.

The temperature of the drying air also affects the
dried grain quality. Grain to be fed or milled can be
dried at 150 degrees F or higher, while grain for seed
should not be heated above 110 degrees F or reduced
germination occurs. High heat often cracks the seed
coat leading to grain breakage in handling.

Relative humidity also plays an important part in the
drying process. Air at 100 degrees F and 50 percent
relative humidity can absorb 60 more grains of mois-
ture per pound of air than it can at 75 percent humidity.

When grain is placed in a drier and air is forced
through the grain, a drying zone is established at the
point where the air enters the facility (Figure 1). The
drying zone moves uniformly through the grain in the
direction of air flow at a rate depending on the volume,
temperature and relative humidity of the air and the
moisture content of the grain.

Forcing air through deep layers of grain is more
difficult and requires more fan capacity and horsepower
than forcing air through thin layers of grain. The pres-
sure built up by the fan due to the resistance of air flow
through grain is called static pressure and is normally

measured in inches of water. The pressure increases as
grain depth and air flow rate increases. Grain such as
wheat or grain sorghum has less void space than corn.
Less void space for air to move through requires more
static pressure.

Drying Methods

Layer-in-Bin Drying

This method is frequently called layer drying; it
involves drying deep layers of grain (3-6 feet deep)
with low heat, usually less than 110 degrees F. When
the first layer is dry, another layer is added on top of
the first dry layer and the next layer is dried. When the
second layer is dry, a third layer is added and dried.
This process is continued until the bin is filled and
dried. The filling process may require up to two weeks
with up to three weeks required for the drying process.
Fan requirements: medium (25 CFM/sq. ft. @ 2 inches
static pressure). Heat requirements: low (90 – 110ºF).

Batch-in-Bin Drying

In this method a two to four foot layer of grain is
placed in a drying bin. The layer (batch) is rapidly
dried then cooled and removed. A new batch is then

Figure 1. Grain is dried from the point of air entry,
with the drying front moving in the direction of air
flow. The wetter grain occurs where the air leaves
the grain layer.
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placed in the bin and the process repeated. Fan require-
ments: medium to high (40 CFM/sq. ft. @ 3 inches
static pressure). Heat requirements: medium
(120–140ºF.).

Batch Drying

Batch drying involves special drying equipment that
holds a relatively thin layer of grain (1-2 feet).

Some models re-circulate the grain during drying
for uniform moisture removal. Grain is normally dried,
cooled and then removed. Fan requirements: very high
(50-100 CFM/sq. ft.). Heat requirements: medium high
(160-180ºF).

Continuous Flow Drying

A thin layer of grain (b-1½ ft.) moves continuously
through the drier, first through a drying section then a
cooling section. Continuous loading and unloading is
required. Fan requirements: very high (75-125 CFM/sq.
ft.). Heat requirements: very high (180-200ºF).

Low Temperature Drying

Low temperature drying is similar to layer-in-bin
drying but with less heat and extended drying time. The
heater provides only 5–7 degrees heat rise. Drying time
is normally 35-40 days depending upon air flow rate.
The extended drying time limits this method to cold
climates; cooler temperatures prevent spoilage during
drying. The bin is normally filled to capacity in only a
few days. This method is not recommended for
Georgia conditions.

Moisture Levels for
Safe Storage

Crops to be sold or used for seed should be dried to
a safe storage level. The moisture content recom-
mended for safe storage of various crops is in Table 1.
This table assumes storage through the warm months
with aeration to cool the grain during fall and winter to
prevent moisture migration.

Table 1. Percent moisture content recommended
for safe storage, assuming 12-month storage.

Crop North Georgia South Georgia

Shelled Corn 12 11
Soybeans 11 10
Wheat 12 11
Oats 12 11
Grain Sorghum 12 11

Seed crops should be dried at temperatures at or
below 110 degrees F to prevent seed damage and
reduction of germination.

Grain to be stored a short time and then marketed
can be stored at higher moisture levels. The safe
storage level depends on moisture content and tem-
perature, as shown in Table 2. The time interval in days
indicates the time required for the corn to drop one
grade.

Storage time exceeding those given in Table 2 will
lead to loss in corn quality and will result in a lowering
of grade. Do not infer that corn within these limits will
suffer no loss in quality.

Table 2. Safe storage time in days for corn at various temperatures and moisture.

Storage Air
Temperature

oF

Corn Moisture Content

15% 20% 25% 30%

Days

80 109 10.0 3.4 2.1
75 116 12.1 4.3 2.6
70 155 16.1 5.8 3.5
65 207 21.5 7.6 4.6
60 259 27.0 9.6 5.8
55 337 35.0 12.5 7.5
50 466 48.0 17.0 10.0
45 725 75.0 27.0 16.0
40 906 94.0 34.0 20.0
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Other grains are similar to corn in storage time. For
example, corn held at 24 percent moisture and 80
degrees F can be stored only four days before deterior-
ating to the next lower grade. If this 24 percent corn is
held for two of the four days at these conditions, 50
percent of the allowed storage time will be consumed
even if the crop is then dried and cooled.

The relationship between moisture and temperature
as it affects the storage life of soybeans is shown in
Figure 2.

Equilibrium Moisture Content
Grain can be dried in many areas (except along the

coast) of our state using natural air if the drying layer is
limited to 3 to 4 feet and a sufficient volume of air with
the proper relative humidity and temperature is circu-
lated through the grain. If, for example, corn is to be
dried to 12 percent moisture, air must be circulated that
will remove moisture from the corn rather than adding
moisture to it. When the air circulating through the corn

neither absorbs moisture nor adds moisture, the air and
corn are said to be at the equilibrium moisture content.

Table 3 shows 12 percent moisture corn to be in
equilibrium with air at 50 degrees F and 50 percent
humidity. If the humidity increases to 60 percent and
the air temperature remains at 50 degrees F, it is not
possible to dry the corn below 13.3 percent. If the rel-
ative humidity dropped below 50 percent and remained
at 50 degrees F, drying to 12 percent or below would be
possible.

A small amount of heat raises the drying air
temperature and reduces the humidity which increases
the drying capability of the air. A 20 degrees F temper-
ature rise reduces the relative humidity by 50 percent.
For example, air at 60 degrees F and 70 percent relative
humidity heated to 80 degrees F. (20 degrees F temper-
ature rise) reduces the relative humidity to 35 percent
(50 percent of the 70 percent). With shelled corn, the
original air (60 degrees F and 70 percent humidity)
would reach equilibrium at 14.2 percent, while the 80
degrees F and 35 percent relative humidity would reach
equilibrium at 8.3 percent. This would result in more
drying capability (Table 3). If the air were heated 10
degrees F (one half the 20 degrees F above), the
relative humidity would drop only 25 percent, or one
half the above value, to about 50 percent.

Equilibrium moisture content of soybeans is given
in Table 4 on page 6.

Increasing air temperature increases the drying
capability often making drying possible when it is not
possible to dry grain with natural air. 

Field drying can be costly in terms of field losses
and weather hazard, but it is an alternative, and fuel
savings are possible if one is willing to take the risk.

 Air Temperature

Keep drying temperatures below 110 degrees F for
seed, 140 degrees F for market corn and 200 degrees F

Figure 2. Storage time with respect to moisture and
temperature for short-term soybean storage.

Allowable Storage Time for Soybeans
(seed)

Table 3. Equilibrium moisture content of shelled corn at various relative
humidity and air temperature.

Air
Temperature

oF

Relative Humidity

30 34 40 45 50 55 60 65 70 75

30 10.3 10.8 11.3 12.2 13.1 13.8 14.6 15.5 16.4 18.7
50 9.6 10.1 10.6 11.3 12.0 12.7 13.3 14.1 14.8 16.9
60 9.2 9.7 10.2 10.9 11.6 12.1 12.7 13.4 14.2 16.2
70 8.4 9.0 9.7 10.4 11.1 11.5 12.0 12.8 13.5 15.4
80 7.5 8.3 9.1 9.8 10.5 10.8 11.2 12.1 13.0 14.8
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Table 4. Equilibrium moisture content of soybeans at various temperatures and
humidity.

Air
Temperature

(oF)

Relative Humidity (%)

50 55 60 65 70 75 80 85 90

30 8.9 9.8 10.8 12.1 13.2 15.1 17.1 20.1 22.9
40 8.7 9.6 10.5 11.8 13.0 14.9 16.8 19.7 22.5
50 8.5 9.4 10.2 11.5 12.8 14.7 16.5 19.3 22.1
60 8.3 9.2 10.0 11.3 12.6 14.5 16.3 19.0 21.7

for feed. Temperatures higher than 110 degrees F
reduce germination, while exceeding 140 degrees F for
market corn makes it difficult to separate the constit-
uents of the corn such as sucrose and starch. Tempera-
tures exceeding 200 degrees F also cause stress in the
grain kernels, a condition that produces cracking and
splitting and increases damage potential from insects.
Cool grain after drying; high temperatures can spoil the
grain. To cool, turn off the heater and allow the fan to
operate until the grain is cooled to within 10 degrees F
of outside air. Some drying will occur during cooling
and should be included in the desired drying time.

Higher air temperatures produce greater spread in
moisture between top and bottom grain layers in bins.
No more heat should be used in bin driers than neces-
sary. Adjust the heat to dry the batch in the available
time before spoilage. Stirrers are sometimes used in
bins to allow uniform drying from bottom to top and
allow the use of higher temperatures without exces-
sively drying the bottom layer. Moving the grain after
drying also aids in evenly spreading the moisture
throughout the grain.

Bin Batch Drying
In the bin batch drying system, grain is dried and

cooled in a layer usually fewer than 4 feet deep before
being transferred into final storage. In operation, the
fan and heater are turned on as soon as the floor of the
drying bin is covered with grain. Additional grain is
added and leveled throughout the day as harvesting
progresses while the drying continues, usually in a 24
hour cycle.

Drying starts at the bottom of the grain bin where
the drying air enters the grain (Figure 1, page 3). As the
flow of air continues, drying progresses upward in the
direction of air travel, which is from the bottom up-
ward. As the drying air enters the grain, the air picks up
moisture from the bottom layer and the air comes into
equilibrium with the grain above this layer without

picking up additional moisture from the layers above.
Thus a drying zone moves up through the grain from
the bottom upward. The rate at which this drying zone
moves upward depends on the moisture content of the
grain, the condition (temperature and humidity) of the
air and volume of drying air. The greater the air flow,
the faster drying progresses.

The depth of material to be dried in a batch-in-bin
system should not exceed 4 feet, and a minimum air
flow of 6 cubic feet of air per minute per bushel of
grain to be dried should be maintained. Static air pres-
sure will range from 1 to 1½ inches of water when
drying shelled corn or beans, and from 1½ to 2½ inches
when drying sorghum and small grains at a depth of 4
feet. Table 5 gives the capacity of different diameter
bins for each foot of depth.

Table 5. Bin capacity data.

Bin Diameter
(Feet)

Bushels per
Foot of Depth

Floor Area
(Square Feet)

14 125 154
18 205 258
21 280 358
24 360 452
27 460 591
30 565 707
33 685 882
36 815 1,020

Level the grain after each load is placed in the dry-
ing bin for uniform drying. Grain distributors available
for leveling grain will save considerable labor as well
as distribute fine materials more evenly. Screen out fine
material as soon as possible, since these materials
encourage spoilage and slow drying by restricting air
flow. This material can cause channeling if not uni-
formly distributed in the grain.
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Match Drier to Harvesting Rate
In selecting drying equipment with capacity to meet

the harvest rate, one must know the amount of moisture
to be removed, the time allowed for drying, the volume
of grain and type of grain, temperature allowable, air
flow rate, heat required, fan motor size and the size of
the drier or drying bin.

As an example, assume 2,700 bushels of soybeans at
20 percent moisture are to be dried to 12 percent in 20
hours in the fall of the year using a batch-in-bin drier
with a maximum soybean depth of 4 feet and 110
degrees F drying air. What size bin is required? Note
that in Table 5, a bin 33 feet in diameter will hold 685

bushels per foot of depth or 2,740 bushels when 4 feet
deep, which is the bin size necessary in this example.

The weight of water per bushel of grain is shown in
Table 6. To obtain the water loss of a bushel of grain or
soybeans drying from 20 to 12 percent, take the differ-
ence in weight of these moisture contents.

In the soybean example, the difference in weight of
beans at 20 to 12 percent (Table 6) is (12.9 - 7.0) = 5.9
pounds of water per bushel to be removed. The total
moisture removed per hour must be the total moisture
removed (2700 bushels X 5.9 pounds per bushel in the
example) divided by the time in hours, which is 20 in
this case, yielding about 800 pounds per hour.

Table 6. Pounds of water per bushel1 of grain or seed at different moisture-content percentages.2

Grain Moisture
Content

Amount of Water per Bushel

1 2 3 4

Soybeans, Wheat
(Dry matter per Bu.

= 51.6 lbs.)

Shelled Corn (Dry
matter per Bu. =

47.3 lbs.)

Oats (Dry matter
per Bu. = 27.6 lbs.

Grain Sorghum
(Dry matter per Bu.

= 48.2 lbs.)

Percent Pounds Pounds Pounds Pounds

35 27.8 25.4 14.8 26.0
30 22.1 20.2 11.8 20.6
28 20.1 18.4 10.7 18.7
26 18.2 16.6 9.7 16.9
24 16.4 14.9 8.7 15.2
22 14.6 13.3 7.8 13.6
20 12.9 11.8 6.9 12.0
18 11.4 10.4 6.0 10.6
16 9.8 9.0 5.2 9.2
14 8.4 7.7 4.5 7.8
12 7.0 6.5 3.8 6.6
10 5.8 5.3 3.1 5.4
8 4.5 4.1 2.3 4.9

1Figured at following weights per bushel and moisture content:
Soybeans - 60 lbs. at 14 percent
Wheat - 60 lbs. at 14 percent
Shelled corn - 56 lbs. at 15.5 percent
Oats - 32 pounds at 14 percent
Grain sorghum - 56 lbs. at 14 percent

2To determine pounds of grain required to make a bushel at any one moisture percentage listed, add the pounds of water
given for that particular moisture content and the pounds of dry matter (shown at head of each column).

Example: To figure 1 bushel of shelled corn at 35 percent moisture content, add 25.4 pounds (Col. 3) to 47.3 pounds dry
matter = 72.7 pounds.
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Air Volume Required
for Moisture Removal

The amount of moisture removed by the drying air
at various drying temperatures and humidity is given in
Table 7.

Table 7. Moisture removal by air at various
drying temperatures and humidities.

Temperature
of Air (oF)

Humidity of Air
(Percent)

Lbs. of Water
Removed per 1,000

CFM in 1 hr.

60 65 7
70 45 12
80 32 18
100 18 31
110 11 38
140 5.8 60
180 2.2 78

*Initial condition of air, 60oF and 65 percent humidity.

Air flowing at a rate of 1000 CFM and heated from an
average design temperature of 60 degrees F and 65
percent humidity heated to 110 degrees F will remove
38 pounds of moisture per hour (Table 7). The air flow
rate required to dry a given quantity of grain is given
by the expression below where:
CFM = capacity of drying fan in cubic feet of air per minute
Q = pounds of moisture to be removed from wet grain

in 1 hour
H = pounds of moisture removed each hour by 1000

CFM of drying air, Table 7
E = efficiency of drying air in removing moisture (0.75

for average fall condition)

CFM = Q X 1,000
E X H

The efficiency of drying depends upon the effici-
ency of heat utilization, which drops as the outside
temperature drops. For average design conditions of 60
degrees F and 65 percent relative humidity, the drying
efficiency can be assumed to be 0.75 and would be
typical for fall conditions in Georgia. If harvest is
delayed into cold weather, efficiency could go to 0.6. In
summer the drying efficiency may be as high as 0.85.

In the soybean example problem, Q = 800 pounds
per hour as discussed earlier, E = 0.75, and H is 38
pounds (Table 7) when the drying air is 110 degrees F.
So the air volume needed in this example is:

DFM =
800 X 1,000 =

28,070 cu. ft. per min.
0.75 X 38

The bin has 882 square feet of floor area (Table 5,
33 feet diameter bin) or 32 CFM of air per square foot
of floor (28,070/882 = 32).

Fan Capability and Horsepower
Pressure is required to force air through grain. This

pressure is normally expressed as static water pressure.
The term static comes from the fact that the pressure is
measured perpendicular to the direction of air flow and
gets none of the dynamic or velocity effect from mov-
ing air. The static pressure developed by air flowing
through grain or beans can be determined if the air flow
in CFM per square foot of drier surface (or bin floor)
and grain depth is known. Figure 3 shows the relation-
ship between air flow and static pressure in inches of
water for beans and common grains.

In the soybean example, 32 CFM of air was required
for each square foot of floor and the soybean depth was
4 feet. From Figure 3, note static pressure to be 0.25
inch of water per foot of soybean depth if the 32 CFM
per square foot is forced through soybeans. This gives a
static pressure of 1 inch for the 4 feet depth.

Fans must be sized based upon volume of air deliv-
ery and static pressure. Fan motors must be sized on the
same criteria as fans. The expression below gives the
fan motor horsepower required if it is assumed that
most fans are about 50 percent efficient in moving air.
The constant 3,178 is a conversion factor.

Fan HP = CFM X Static pressure in inches of water
3,178

In the example, the total air flow was 28,070 CFM
and the total pressure is 1 inch of water.

Fan HP =
28,070 X 1.0

= 8.8 (10 to get the next
standard motor size)3,178

Figure 3. Resistance of grains to air flow as shown
by pressure drop in inches of water per foot of grain
(if fines are present in the crop, multiply this data by
1.5).
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Heat Required
The heat required to raise the temperature of the

drying air depends upon the volume of air and the
temperature rise as given by the expression:
BTU per hour = 1.1 X temperature rise X CFM of drying fan

The temperature rise is the drying air temperature
minus the initial design condition which is 60 degrees F
(see footnote under Table 7).

In the example, the total heat required to heat the
28,070 CFM of air from 60 to 110 degrees F is given as
follows:

BTU per hour = 1.1 X (110 - 60) X 28,070 = 1,543,850

Natural Air Drying
Many small farmers prefer to dry crops using un-

heated or natural air drying in bins in layers 3 to 6 feet
deep. This process works for crops such as soybeans,
which are not prone to have aflatoxin buildup and when
good management practices are followed. However, it
is desirable to have heat available on standby, which
will allow safe drying in any weather. Significant afla-
toxin buildup can occur in 48 hours in grain if the air
leaving the grain is between 55 and 105 degrees F and
relative humidity is more than 85 percent.

Table 8 (page 10) gives the maximum quantities of
grain that can be dried per batch per fan horsepower for
minimum air flow rates and maximum depths using
natural air under favorable conditions.

The air flow rate in Table 8 is the minimum flow
rate with grain depth being the maximum for clean
grain with little or no fines using unheated air. (Heat
should be available on standby.) The static pressure on
the fan is given in inches of water. The approximate
drying time for grains and seeds at different initial
moisture contents and seasons (in Georgia) is shown in
Table 9 (page 11) for unheated air. Notice drying with
natural air is quite slow. For this reason, many farmers
will not find natural air drying acceptable since faster
methods will usually be needed. Drying rate can be
increased by adding heat (limited to 110 degrees F for
seed) or increasing air flow rate, or both. Slow drying is
not desirable to maintain grain quality and reduce risk
from aflatoxin (See Aflatoxin section).

Adding low levels of heat (10-15ºF) allows faster
drying and the drying process becomes less sensitive to
the weather. A good method for controlling the supple-
mental heat is to install a humidistat in the blower dis-

charge air stream or near the top of the storage bin. The
humidistat, set at the desired humidity level, provides
almost perfect control if three conditions are met. First,
the heating unit should have a modulating valve so heat
output changes will be gradual. Second, the humidistat
must be able to operate in a dusty environment. Third,
reaction time of the humidistat and heater should be
such that there is little if any overrun of the heater.

Aflatoxin
The mold aspergillus flavus grows on most grains,

particularly corn, in a temperature range of 55 to 105
degrees F in an environment of high humidity (85 per-
cent and higher). The mold is present throughout the
Southeast and is commonly found on grain at harvest.

To minimize the potential for aflatoxin buildup,
harvest early and dry grain with greater than 17 percent
moisture within 48 hours or less. Also, store only clean,
dry grain, keeping seed coat damage to a minimum, and
aerate.

For further information on aflatoxin, see Georgia
Cooperative Extension Bulletin 1231, Reducing Afla-
toxin in Corn During Harvest and Storage.

Shrinkage
Over-drying grain results in loss of weight (water)

that could have been sold, since grain is usually sold on
a weight basis. If the initial weight, initial moisture and
final moisture contents are known, the final weight can
be calculated as follows:

Initial weight X
100 - initial % moisture

= final weight
100 - final % moisture

To find the increase in value due to drying, multiply
the selling price of dry grain by the volume and com-
pare it with the selling price of wet grain with discount.

Table 10 on page 11 shows the loss in weight in
percent due to drying grain.

To use Table 10, multiply the initial weight by 1.00
minus (the percent shrinkage given in the table divided
by 100). For example, if grain is dried from 25 percent
down to 12, take the initial weight X (1.00 - 0.148) =
final weight.

Some people prefer to use a shrinkage chart as in
Figure 4 to determine weight loss in grain drying.

Example: Grain dried from 30 to 12 percent = 20.4
percent loss from original weight.
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Table 8. Estimated maximum quantities of grain that can be dried per batch per fan horsepower for minimum
air flow rates and grain depths using natural air.

Grain
Air Flow Rate
per Bu. (CFM)

Initial Moisture
Content (%)

Grain Depths
(ft.)

Static Pressure
(inches water gage)

Maximum Quantity that
Can Be Dried per Fan

Hp (Bu)

Corn (shelled) 6 25 3 0.60 885
5 1.50 360
7 3.20 170

5 22 5 1.00 635
7 2.40 265
8 3.40 190

3 18 7 1.27 835
9 2.14 495
10 2.65 400

2 15 7 0.81 1,965
9 1.33 1,200
11 1.95 815

Corn (ear) 8 25 5 0.67 595
10 3.25 120

4 18 10 0.41 1,940
20 1.50 545

Grain sorghum 6 25 3 1.09 485
4 1.89 280

5 22 3 0.97 655
5 2.50 255

3 18 3 0.66 1,610
5 1.45 730
7 2.70 395

2 15 5 1.00 1,590
7 1.72 925
9 2.77 575

Oats 3¾ 25 5 1.50 565
7 3.05 280

3 22 5 1.15 925
7 2.21 480
8 3.05 350

2¼ 18 5 0.90 1,570
7 1.65 860
10 3.35 425

1½ 15 7 1.09 1,950
9 1.69 1,255
11 2.56 830

Soybeans 6 25 5 1.10 480
8 2.97 180

5 22 5 0.90 710
7 1.72 370
9 3.04 210

3 18 7 0.95 1,120
9 1.51 705
11 2.45 435

2 15 7 0.66 2,410
9 0.97 1,640
11 1.57 1,015



11

Figure 4. Guide for estimating percent weight loss
in grain drying. To use chart, place straight edge at
final and original moisture content and read off the
percentage loss.

Table 9. Approximate drying time for grains and seeds at different initial moisture contents and months
of the year.

Kind of Grain
or Seed

Initial Moisture Content
(Percent)

Month Rate of Air Flow
(CFM/Bu.)

Total Time in Drying Beans
(Days)

Corn, shelled 25 September 6 12
25 September 10 8
25 October 6 16
25 October 8 12
16 October 8 5
15 Nov. - Jan. 2 70

Grain sorghum 25 Sept. - Oct. 6 28
21 Nov. - Dec. 5 55

Oats 25 May - June 5 7
17 May - June 2 21

Wheat 15 May - June 2 33

Table 10. Weight loss due to drying grain.

Initial Moisture
Content (%)

Final Moisture Content (Percent)

15½ 14 13 12 10

Percent Shrinkage

30 17.2 18.6 19.6 20.4 22.2
25 11.2 12.8 13.6 14.8 16.7
20 5.4 7.0 8.1 9.0 11.0
17 1.8 3.5 4.6 5.7 7.8

Moisture Control in Grain Tanks
The Problem: Grain stored in metal tanks without

aeration can spoil in storage even though the grain was
originally dried to the recommended level. This is
caused by moisture migration, insects and molds, all of
which are directly related to moisture.

Grain or beans harvested in the summer or fall and
placed in storage produce air currents within the tank
that cause moisture condensation. The process can
occur within a completely enclosed and sealed tank and
is caused by temperature differences within the grain.
As the outside air temperature decreases, the bin walls
cool which cools the grain layer near the walls and
roof. Air next to the walls cools and becomes dense,
settling toward the bottom of the tank. The interior
holds heat and warms the air, making it expand and
become light, which causes this air to rise. As this
warm, moist air rises, it passes through the cooler top
layer of grain, causing the warm moist air to cool and
produce condensation. As this warm moist air con-
tinues to rise, it comes in contact with a cold roof and
further condensation occurs. This condition, known as 



Bulletin 873 / Reviewed May, 2009

The University of Georgia and Ft. Valley State University, the U.S. Department of Agriculture and counties of the state cooperating. 
Cooperative Extension, the University of Georgia College of Agricultural and Environmental Sciences, offers educational programs, 
assistance and materials to all people without regard to race, color, national origin, age, gender or disability.

                          An Equal Opportunity Employer/Affirmative Action Organization Committed to a Diverse Work Force


	Table of Contents
	Principles of Grain Drying
	Drying Methods
	Moisture Levels for Safe Storage
	Equilibrium Moisture Content
	Bin Batch Drying
	Match Drier to Harvesting Rate
	Air Volume Required for Moisture Removal
	Fan Capability and Horsepower
	Heat Required
	Natural Air Drying
	Aflatoxin
	Shrinkage
	Moisture Control in Grain Tanks
	Safety Considerations


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /AllegroBT-Regular
    /AlorNormal
    /AmazeNormal
    /AmazoneBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /AmeryBold
    /AmeryBoldItalic
    /AmeryItalic
    /AmeryNormal
    /Animals2
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Italic
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AuroraBT-RomanCondensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-Medium
    /BankGothicBT-Medium
    /BannerNormal
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BasqueNormal
    /Batang
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /Bauhaus93
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /Bauhaus-Light
    /Bauhaus-Medium
    /BazookaRegular
    /BellGothicBT-Black
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhartNormal
    /BiminiNormal
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BonkOffset
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BoulderRegular
    /BowNormal
    /BradleyHandITC
    /BremenBT-Bold
    /BroachNormal
    /BroachThinNormal
    /Brush738BT-RegularA
    /BrushScriptBT-Regular
    /BrushStroke26Normal
    /Brushstroke35Normal
    /BussoNormal
    /Calli109Normal
    /CalligrapherRegular
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenfaceBT-Regular
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /Century
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Century-Light
    /Century-LightItalic
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CenturySchoolbook-Regular
    /Cezanne
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CharlesworthBold
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /ChasmExtendedNormal
    /ChasmNormal
    /ChasmThinNormal
    /ChaucerRegular
    /ChazExtendedNormal
    /ChazNormal
    /Cheltenham-Bold
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightItalic
    /ChiselNormal
    /ChiselThinNormal
    /ChiselWideNormal
    /CHRISTMAS
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-BoldCondensed
    /ClarendonBT-Heavy
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ClarendonBT-RomanCondensed
    /Clarendon-Condensed-Bold
    /CleanNormal
    /CloisterBlackBT-Regular
    /CobaltNormal
    /CocoaNormal
    /ComicSansMS
    /CopperplateGothicBT-Bold
    /Cornerstone
    /Coronet
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CovingtonSCShadow
    /Cuckoo
    /DauphinPlain
    /Denmark
    /DeVinneBT-Italic
    /DeVinneBT-ItalicText
    /DeVinneBT-Roman
    /DeVinneBT-Text
    /DiNormal
    /DominonLiteNormal
    /Egyptian505BT-Bold
    /Egyptian505BT-Light
    /Egyptian505BT-Medium
    /Egyptian505BT-Roman
    /Egyptian710BT-RegularA
    /EngagedNormal
    /English111VivaceBT-Regular
    /EnviewNormal
    /EnviewThinNormal
    /EpicNormal
    /EstrangeloEdessa
    /Exotic350BT-Bold
    /FlatBrushNormal
    /Franciscan
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Freedom9Normal
    /Freedom9ThinNormal
    /Freeform721BT-Black
    /Freehand471BT-Regular
    /Freehand521BT-RegularC
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /FusiExtendedNormal
    /FusiNormal
    /FusiThinNormal
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /GalantCondensedNormal
    /GalantNormal
    /GalantWideNormal
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /Galliard-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GastonNormal
    /Gautami
    /Geo957Normal
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-XtraBold
    /GeoNormal
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSansMT
    /GillSansMT-BoldItalic
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /Haettenschweiler
    /Hanger
    /HeatherRegular
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /Herald
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Impact
    /Incised901BT-Black
    /Incised901BT-Bold
    /Incised901BT-Italic
    /Incised901BT-Light
    /Incised901BT-Roman
    /Informal011BT-Roman
    /JesterRegular
    /JoltNormal
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KeiraNormal
    /Latha
    /LechterNormal
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LucianoNormal
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LyndaNormal
    /LyndaThinNormal
    /LyndaWideNormal
    /Mangal-Regular
    /ManuscriptNormal
    /Marigold
    /Market
    /MemoNormal
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MT-Extra
    /MVBoli
    /Nadine2Normal
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewZurica
    /NewZuricaBold
    /NewZuricaItalic
    /OldCentury
    /OzHandicraftBT-Roman
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /ParkAvenueBT-Regular
    /Pegasus
    /PersiaNormal
    /Pickwick
    /Poster
    /PosterBodoniBT-Roman
    /PressWriterSymbols
    /Pristina-Regular
    /Pythagoras
    /Raavi
    /RapidNormal
    /Sceptre
    /ScrollNormal
    /SeagullBT-Bold
    /SeagullBT-Heavy
    /SeagullBT-Light
    /SeagullBT-Medium
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /ShelleyAndanteBT-Regular
    /ShelleyVolanteBT-Regular
    /SherwoodRegular
    /Shruti
    /Signboard
    /SimpsonNormal
    /SimSun
    /SinbadNormal
    /SnowCapBT-Regular
    /SnowtopCaps
    /Socket
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Square721Blk-Italic
    /Square721Blk-Normal
    /Square721-BoldItalic
    /Square721BT-Bold
    /Square721BT-Roman
    /Square721Demi-Italic
    /Staccato222BT-Regular
    /SteamerRegular
    /Storybook
    /SubwayRegular
    /Swiss721BT-Bold
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TangiersNormal
    /Teletype
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tristan
    /TubularRegular
    /Tunga-Regular
    /TypoUprightBT-Regular
    /Unicorn
    /Univers-Bold
    /Univers-BoldItalic
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /Vagabond
    /VAGRoundedBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /ViveNormal
    /VoltageNormal
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [800 800]
  /PageSize [612.000 792.000]
>> setpagedevice




