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INTRODUCTION
Moisture plays an important role in

the safe storage of grain. If the mois
ture content is maintained at a suf
ficiently low level, grain can be stored
for many years with little deteriora
tion. Low moisture levels limit devel
opment of harmful organisms, namely
fungi, bacteria, mites and insects, that
attack stored grain.

Changes in moisture content in
stored grain may result from entrance
of rain or snow, absorption of mois
ture from the air, redistribution or
translocation of moisture due to
changes in grain temperature or from
heavy insect infestation.

Rain from a roof leak and snow
blown through ventilators may enter
bulk stored dry grain and cause damp
grain pockets.

Grain will absorb or give up mois
ture until its moisture content is in
equilibrium with the relative humid
ity of the surrounding atmosphere
(7). Moisture is absorbed from the
air if the equilibrium moisture con
tent of the grain is below that of the
atmosphere; drying occurs if the re
verse is true.

When grain is placed in storage
bins, redistribution of moisture occurs.
This phenomenon, called moisture
migration, has been observed by Car
ter and Farrar (5). The air in the
storage space is in constant motion as
result of diffusion and/or convection.
When air from a warm region in the
grain reaches a cooler region, it must
give up some of its moisture to the
grain if the equilibrium condition is
to be maintained. This interchange of
moisture usually takes place entirely
in the vapour phase, but, in extreme
instances, warm air reaching a cold
region in the storage space may be
cooled below its dew point, with con
densation occurring on the cold sur
face of the grain or walls of the bin.
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Thus moisture is transferred from
warmer to cooler regions of the stored
grain. Anderson, et al (3), have re
ported that temperature differentials
cause the movement of moisture in
stored grain. They carried out a lab
oratory experiment which suggested
that the chief cause of local increases
in moisture content of dry wheat
stored in country elevator annexes in
Western Canada is a temperature dif
ferential established during winter. A
temperature difference of 95°F, across
6 ft. of grain having an initial mois
ture content of 14.62%, caused the
moisture content at a cold end
(32°F) to rise to over 20% in 316
days.

Moisture accumulation is acceler
ated by insect infestation since the in
sects migrate to, and remain active in,
the warmer portions of stored grain.

Moisture redistribution is consider
ed to be a slow process with equilib
rium conditions never established for
any practical length of time (3).
However, spoilage as a result of ex
cessive moisture accumulation may
occur in parts of stored grain even
though none of the grain initially con
tained sufficient moisture to promote
spoilage. Whether moisture redistri
bution takes place to the same extent
in grain stored at different initial
moisture contents under the influence
of the same environment does not ap
pear to have been investigated. Thus,
the objective of the study reported
here was to examine the moisture
changes in bulk stored grain of two
different moisture contents.

PROCEDURE

Air-oven method moisture deter
minations were made, at the begin
ning and end of a cooling and warm
ing cycle, on samples from dry and
tough Manitou wheat, the amount of
each grade being 82 bushels. The
tough wheat was obtained by moist

ening dry wheat. This was achieved
by spraying water over the dry grain
while it was turned continuously.

Initial moisture determinations
were made on 40 random samples
from the bulk of dry and tough
wheat, 20 from each grade. The
samples were taken at random from
bags of dry and tough wheat, using
random number tables.

Four circular steel bins, each 4 ft.
in diameter and 5 ft. high were load
ed with wheat. Each bin contained
41 bushels of wheat to a height of 4
ft. Two bins contained dry wheat and
two tough wheat. The four bins were
subjected to 28 consecutive days of
cooling in a cold chamber followed
immediately by 35 consecutive days
of warming in a warm enclosure (1).
In the cooling condition, the environ
mental temperature dropped from
70° F to -20°F within 4 days with
—20° F maintained thereafter with
±1° variation. Similarly, the tempera
ture in the warm enclosure was in
creased from -20°F to 70°F in 4 days
and held at this temperature, the
maximum temperature fluctuation
over any one 24 hour period being
from 60°F to 70°F.

After the cooling and warming
cycle, moisture content determina
tions were made on samples from the
bins. Twenty - four samples from
points predetermined by thermo
couple positioning were collected
from each bin. The sampling points
are shown in Figure 1. To collect the
samples, the grain was removed in
layers by vacuum to ensure minimum
disturbance and mixing in the bin.
At the level of the thermocouple pos
itions, the kernels in the neighbour
hood of each thermocouple were re
moved carefully with a metal scoop.

The weight of each sample taken
was 100 grams. The whole kernel,
air-oven method (8) was used in the
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moisture content determinations. The
loss in weight was recorded as the
percentage moisture content (wet
basis).

ANALYSIS AND RESULTS

The factors considered in the ex
periment as influencing the moisture
content of the grain were external
temperature cycle, time, height from
the base of the bin, radial distance
from the centre of the bin and grade
of the grain. An analysis of variance
for these factors and their interactions
was made using a program (6) of the
University of Alberta Computing
Centre.

The moisture means for days, radial
spacing, layer and grade are given in
Table I. The result of the analysis of
variance is given in Table II.

Two main effects showed signifi
cant differences. The main effect due
to layer was significant at 10% level
of significance and that due to grade
was significant at 1% level of sig
nificance. The significance of these
main effects indicated that the varia-

WHEAT

], SURFACE

VERTICAL SECTION ALONG DIAMETER

CROSS-SECTION

Figure 1. Vertical and cross-sections of bin
showing sampling points. Sampling points 1
to 12 are in upper layer. Sampling points
13 to 24 are in lower layer.

tion of moisture content between the
two layers is statistically significant
at 10% and the variation of moisture
content between the dry and tough
wheat is statistically significant at
1%.

The only interactions found to be
significant were Day x Layer inter
action and Day x Grade interaction.
Day x Layer was significant at 10%
significance level and Day x Grade
was significant at 1%. The interac
tion of day and layer (DL) and that
of day and grade (DG) may be ob
served in Figure 2. The interactions
are due to a differential response de
pending upon the combination of the
factors. In both interactions there
was a difference of direction of re
sponse. The interactions indicated
that the factors were not independent
of each other.

DISCUSSION OF RESULTS

The subjection of the dry and tough
wheat to the cooling-warming cycle
resulted in moisture movement in
both grades of grain. The moisture
variation between the two grades and
that due to interaction of time and
grade were found to be highly sig
nificant. These indicate that the dif
ference between the moisture changes
in the dry and tough wheat, for the
moisture levels considered, under the
influence of the same temperature
cycle, was highly significant.

Barre and Sammet (4) have stated
that moisture accumulations most
often occur in the upper layer of
grain. The significance which existed
for the main effect due to layer and
for the Day x Layer interaction sup
ports this statement. The upper layer
gained as much moisture as was lost
by the lower layer (Table I and
Figure 2) indicating moisture migra
tion from the lower to the upper
layer.

Hall (7) has reported that with
warm grain in a bin with colder sur
rounding air, moisture accumulation
is at the top of the grain and with
cold grain in a bin with warmer sur
rounding air, moisture accumulation
is at the bottom of the grain. In this
experiment, the storage began as
warm grain with cold environment,
continued as cold grain with a warm
environment and ended as grain with
a central temperature higher than
thatof the environment. Thus, though
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the final moisture tests indicated
moisture accumulation at the top
layer of the grain, there could also be
a smaller accumulation at the bottom
contributing to the effect of layer be
ing significant at the 10% level. The
lack of significance of the main ef
fect due to radial spacing indicated a
lack of horizontal moisture move
ment. The trend of vertical moisture
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Figure 2. Graph illustrating significant
interactions

TABLE I: MOISTURE CONTENT
MEANS IN PERCENT (WET BASIS)

Means of days

First Last

13.91 14.95

Means of radial spacing

20 inches 12 inches 4 inches

13.93 13 .89 13.96

Means of layer

Upper Lower

14.10 13.75

Means of grade

Dry Tough

11.21 16.64

Grand Means

13.93
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movement may, in part, be due to the
fact that the tops of the bins were
open to the environment.

The lack of significance due to day
indicated that moisture redistribution
is a slow process as pointed out by
Anderson, et at (3). This fact and the
difference in the rate of moisture re
distribution between the two grades
may account, in part at least, for the
increase and decrease respectively, as
suggested in Figure 2, in the moisture
contents of the tough and dry grain.
Further contributing factors in this
regard may include the levels from
which the samples were taken and
the increased fungal activity noted
(2) in the tough grain over the period
of the experiment.

CONCLUSIONS

The conclusions are:

1. Moisture redistribution occurs in
stored bulk grain subjected to a
cooling-warming cycle. The mois
ture migration tends to be towards
the uppers layers, where the top
surface of the grain is open to the
environment. The main effect due
to layer was found to be signifi
cant at 10% significance level.

2. Moisture variation among the rad
ial spacings, and therefore the
moisture variation in the horizontal
direction, was not significant.

3. Under the influence of the same
temperature cycle, moisture re-

TABLE II: ANALYSIS OF VARIANCE OF MOISTURE CONTENT

Source of Degrees of Sum of Mean

variation freedom squares' squares' F

Day (P) 1 0.019 0.019 1.973

Spacing (S) 2 0,037 0.018 1.244

DS 2 0.037 0.018 1.244

Layer (l) 1 1.425 1.425 11.27CT*

DL 1 1.425 1.425 11.270*

SL 2 0.032 0.016 1.547

DSL 2 0.032 0.016 1.547

Grade (G) 1 353.550 353.550 37130.000***

DG 1 1.213 1.213 127.400***

SG 2 0.025 0.013 0.848

DSG 2 0.025 0.013 0.848

LG 1 0.093 0.093 0.733

DLG 1 0.093 0.093 0.733

SLG 2 0.002 0.001 0.082

DSLG 2 0.002 0.001 0.082

Bin/G 2 0.019 0.010 0.012

DB/G 2 0.019 0.010

SB/G 4 0.059 0.015

DSB/G 4 0.059 0.015

LB/G 2 0.253 0.127

DLB/G 2 0.253 0.127

SLB/G 4 0.042 0.010

DSLB/G 4 0.042 0.010

Total 47

* Significant at 0.10 probability level (9).

*** Significant at 0.01
1 Three decimal places
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distribution in grain stored at dif
ferent moisture contents did not
take place at the same rate. The
rate was higher in the tough grain
than in dry, the difference being
highly significant.
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