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Muir, W. E. and Sinha, R. N. 1988. Physical properties of cereal
and oilseedcultivars grown in western Canada. Can. Agric. Eng.
30: 51-55. Physical properties of 14 cultivars of cereal grains at
moisture contents of 12.7 and 16.4% wet-mass basis and 17 cultivars
of oilseeds at a moisture content of 8.1% were measured. For several
crops, bulk and kernel densities were significantly different among
cultivars. Compacted bulk densities obtained by dropping the seeds
2.7mwere greater byup to 15% (forHarmon oats) than thedensities
measured by the standard method usedby the Canadian Grain Com
mission. Ranges of emptying anglesof repose within a crop were as
high as22-34° for sunflower seeds and21-27°for wheat. Anincrease
in moisture contentof cereal grains from 12.7 to 16.4% caused a 27%
increasein the coefficient of sliding friction on galvanized steel.

INTRODUCTION

Knowledge of thephysical properties of bulkgrain is essential
in the design of grain storing and handling systems (Stewart
andBritton 1973;Canadian FarmBuilding Code (CFBC) 1983).
Much of the available data was determined with unknown cul
tivarsor cultivars no longer grown in western Canada (Amer
ican Society of Agricultural Engineers (ASAE) 1985; CFBC
1983;Brubaker and Pos 1965;Monroe and Moysey 1974;Staley
1981). The objective of this study was to measureand compare
the bulk densities, kernel densities, angles of repose and coef
ficients of sliding friction of 31 commonly growncultivars of
hard redspring wheat, durum wheat, barley, oats, triticale, rye,
rapeseed, mustard, flax, sunflower and soybean.

MATERIALS AND METHODS

Crops
Grain samples were certified seed grown in western Canada.
Moisture contents of seeds below the desired level were raised
by spraying wateronto the seedsas they werepoured fromone
container to another. The seeds were thoroughly mixed and then
stored in airtight containers for at least 3 days at room temper
ature (22±2°C). When moisture contents were above the
desired level the seeds were dried in an oven at 130°C ± 1°C
forvarying periods andthenstoredin airtightcontainers. Mois
ture contents were determined by the oven dry method specified
by ASAE(1985) and expressed on a wet mass basis. Two way
analysis of varianceandStudent-Newman-Keuls' test (Steeland
Torrie 1980) were used to analyze the data sets.

Densities

Bulk density is the mass of grain divided by the volume occu
piedby the grain and intergranular space. Bulk density meas
ured according to the method specifiedby the Canadian Grain
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Commissionis called standardbulk-density in this paper. Using
this method, thegrain wasplaced in a conehaving a topdiam
eter of 225 mm, a bottom diameter of 38 mm, and a height of
160 mm. The flat slide gate on the bottom of the cone was
opened and the grain flowed freely into the center ofa 500-mL
cup, 90 mm in diameter and 79 mm deep. The bottom of the
cone was 45 mm above the top of the cup. The excess grain
was struck off with a rod and the mass of the grain in the cup
was measured.

An indication of possible compacted densities in grain bins
was obtained byplacing the500-mL cupat thebottom ofa 100-
mm-diameter plastic pipe, 1620mm long. The maximum den
sity with this equipment was obtained when the grain was
poured slowly intothe topof the pipeandthe grain stream was
moved randomly across the top of the pipe opening.

Kernel density is the mass of grain divided by the volume
occupied by the kernels (i.e., excluding the volume of inter
granular space). The volume occupied by a measured mass of
kernels was determined with an air comparison pycnometer
(Model 930, Beckman Instruments Inc., Calif.). Porosity is the
percent fraction of a bulk-volume of grain occupied by inter
granular space. Porosities were calculated using bulk and kernel
densities.

Angles of repose
Emptying or draining angle of repose is the included angle
betweenthe horizontaland the sloped upper surface of a grain
pile created when the grain is allowed to flow out through an
opening at the bottom or side of the pile. Emptying angle of
repose was measured with a box 430 mm long, 200 mm wide
and 430 mm high. The box was filled with grain to a depthof
about350mm. The grain was then allowedto flowout through
a 50-mm-high rectangular opening alongthe bottomof oneend
wall. The emptying angle was calculated from measurements
of the grain depth 30 mm in from the opened end and 50 mm
in from the closed end.

Filling angle of repose is the included angle between thehor
izontal and the slopedupper surface of a cone of grain created
by the fall of grain onto a surface at zero velocity. To satisfy
the requirement for zero velocity the slope must be measured
away from the area of impact where the falling grain strikes
and flattens the apex of the cone. Filling angle of repose was
measured in a box 1220 mm long, 100 mm wide, and 760 mm
highwithonesidewallof transparent plastic.Grainwasplaced
in a wooden hopper with a square opening 53 mm wide, 800
mm above the bottom and 100 mm in from one end of the
receiving box. The angle of the filling slope was calculated
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Table I. Mean densities andangles of repose of sixcereal crops at 12.7% moisture content (n = 5)t

Bulk densities (kg/m3) Kernel

density
(kg/m3)

Porosityt
(%)

Angles of repose (°)

Standard compacted^cultivar Filling Emptying
Bread wheat (HRSW§)
Columbus 7806 8566 1379a- 38 26a 23c
Benito 768c 842a1 13906 39 256 lid
Neepawa 163d 846c 1384c 39 26a 27a
Durum Wheat

Wakoma 794a 872a 1410a 38 246 246
Coulter 744c 816c 1377c 41 23c lid
Barley
Norbert 667a 7376 1357a 46 266 15d
Bedford 6646 750a 13466 44 24c 26c
Bonanza 628c 709c 13456 47 28a 286
Argyle 592a1 616d 13456 50 28a 29a
Oats

Fidler 555a 631a 13156 52 27a 25c
Hudson 4886 5556 1302c 57 27a 29a
Harmon 480c 552c 1324a 58 28a 276
Triticale

Carman 669 733 1385 47 23 21

Rye
Gazelle 760 834 1406 41 25 21

tMean standard deviations within crops were ±1.5 kg/m3 for standard bulk density, ±1.9 kg/m3 for compacted density, ±1.3 kg/m3 for kernel
density, ±0.52° for filling angle of repose, and ±0.40° foremptying angle of repose.
^Compacted by a free fall of 2.7 m.
§Hard red spring wheat.
a-e Means within a crop for individual variables, when all crops were compared, followed bythe same letter are not significantly different at
the 5% level of confidence according to the Student-Newman-Keuls test.

Table II. Mean densities and anglesof reposeof five oilseed cropsat 8.1% moisture content (w=5)t

Crop and Bulk densitiesi (kg/m3) Kernel

density
(kg/m3)

Porosity^
(%)

Angles of repose (°)

cultivar Standard Compacted^ Filling Emptying
Rapeseed
Altex 687a 744a6 1129a 34 26a
Regent 670c 729c 1093a1 33 25a
Candle 6776 7436 11226 34 24 26a
Torch 664a1 746a 1118c 33 27a

Mustard

Domo 6826 758a- 1145a- 34 25a 28a
Lethbridge 703a 7756 1153c 33 26a 28a
Stoke 702a 780a 1176a 35 25a 27a
Common Brown 699a 767c 11736 34 246 266

Flax

Culbert 669a 743a 11526 36 276
Dufferin 665a 742a 1146c 35 246 25c
Linott 6556 746a 1158a 36 28a 31a

Sunflower
CMH 103 429a 480a 10846 56 296
7101 Hybrid 426a 480a 1075c 55 34a
Saturn 427a 4686 1077c 56 27c
Sundak 3926 418c 1132a 63 21 lid

Soybean
Maple Presto 719a 774a 1258a 38 286
McCall 721a 775a 12506 38 29a

tMean standard deviations within crops for standard bulk density were ±1.0 kg/m3; compacted bulk density, ±1.6 kg/m3; kernel denisty, 1.4
kg/m3; filling angle of repose, ±0.3°; and emptying angle of repose, ±0.50°.
^Compacted by a free fall of2.7 m.
a-d Meanswithin a crop for individual variables, whenall crops werecompared, followed by the same letter are not significantly differentat
the 5% level of confidence according to the Student-Newman-Keuls test.
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Table III. Mean densities and angles of repose of sixcereal crops at 16.4% moisture content (n= 5)t.
~ « , ,1 , ,x KernelCrop and Bulk densities (kg/mQ density poroskj4

cultivar Standard

Bread wheat (HRSW§)
Neepawa

Durum wheat

Coulter

725a

7096

Barley
Bedord

Bonanza

649a

6096

Oats

Fidler

Hudson

537a

4796

Triticale

Carman 606

Rye
Gazelle 711

compacted^

821a

7906

721a

6886

617a

5316

684

799

(kg/m3)

13706

1372a

1372a

13596

1329a

13066

1378

1395

(%)

40

42

47

49

54

59

50

43

Angles of repose (°)

Filling

31a

296

266

31a

36a

306

31

31

Emptying

34a

306

326

37a

32a

33a

33

31

tMean standard deviations within crops were ± 1.4kg/m3 for standard bulk density, ±1.8 kg/m3 for compacted density, ±1.1 kg/m3 for kernel
density, ±0.3° for emptyingangle of repose.
^Compacted by a free fall of 2.7 m.
§Hard red spring wheat.
a,6Means within a crop for individual variables, when all crops were compared, followed by the same letter are not significantly different at
the 5% level of confidence according to the Student-Newman-Keuls test.

Table IV. Mean coefficients of sliding friction of six cereal crops at 12.7% and 16.4% moisture content(w =5)t
Galvanized

steel

Steel-trowelled

concrete

Wood-floated

concrete

cultivar 12.7%

0.30a

0.31a

0.32a

16.4% 12.7% 16.4% 12.7% 16.4%

Bread wheat (HRSW§)
Columbus

Benito

Neepawa 0.43

0.396

0.396

0.42a 0.47

0.426c

0.436c

0.47a 0.50

Durum wheat

Wakoma

Coulter

0.29a

0.31a 0.49

0.396

0.396 0.48

0.45a6

0.42c 0.52

Barley
Norbert

Bedford

Bonanza

Argyle

0.29a

0.29a

0.30a

0.30a

0.34a

0.36a

0.386

0.386

0.416

0.45a

0.446

0.49a

0.436

0.456

0.47a

0.47a

0.476

0.51a

Oats

Fidler

Hudson

Harmon

0.30a

0.28a

0.27a

0.43a

0.336

0.39a

0.38a

0.40a

0.48a

0.406

0.406

0.42a6

0.44a

0.49a

0.446

Triticale

Carman 0.39 0.41 0.38 0.46 0.39 0.47

Rye
Gazelle 0.30 0.37 0.38 0.40 0.41 0.47

tMean standard deviations were ±0.01 for galvanized steel and wood-floated concreteand ±0.02 for steel-trowelled concrete.
§Hard red spring wheat.
a-c Means within a crop for individual variables, when all crops were compared, followed by the same letter arenot significantly different at
the 5% level of confidence according to the Student-Newman-Keuls test.

from measurements of the grain depth at two points 650 mm
apart.

Coefficient of sliding friction
Coefficient of sliding friction is the ratio of the force required
to slide grain over a surface divided by the normal force press
ing the grain against the surface. Coefficients of friction were
determined for grain on three surfaces: galvanized steel, steel-
trowelled concrete, and wood-floated concrete. The material
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surface was fastened to a tilting table. A frame made with square
wooden bars, 18 mm thick, was placed on the surface to enclose
an area 305 mm long by 255 mm wide. The frame was filled
with grain and then lifted slightly so that it was not resting on
the surface. The table was tilted slowly by a manually driven
screw device until movement of the whole grain mass and frame
was detected by the operator. The coefficient of friction was
the tangent of the slope angle of the table measured with a
plumb bob and protractor.
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Table V. Mean coefficients of sliding friction of five oilseed crops
at 8.1% moisture content (n = 5)t

Galvanized
Concrete

Crop and cultivar steel Steel-trowelled Wood-floated

Rapeseed
Altex 0.27a 0.286 0.38a6
Regent 0.20c 0.26c 0.376
Candle 0.14b 0.30a 0.39a
Torch 0.28a 0.2% 0.38a6

Mustard

Domo 0.15b 0.31b 0.466
Lethbridge 0.30a 0.35a 0.50a
Stoke 0.15b 0.3lb 0.446
Common Brown 0.18c 0.25c 0.40c

Flax

Gilbert 0.42a 0.426 0.506
Dufferin 0.38b 0.40c 0.506
Linott 0.42a 0.47a 0.59a

Sunflower
CMH 103 0.486 0.48a 0.52a
7101 Hybrid 0.49a 0.49a 0.516
Saturn 0.37c 0.37c 0.40c
Sundak 0.35a1 0.406 0.40c

Soybean
Maple Presto 0.206 0.256 0.286
McCall 0.27a 0.33a 0.34a

tMean standard deviation for all three surfaces was ±0.01.
a-d Means within a cropfor individual variables, whenall cropswere
compared followed by the same letter are not significantly different at
the 5% level of confidence according to the Student-Newman-Keuls
test.

Five replicatemeasurements of each physicalproperty were
made with each cultivar and moisture content.

RESULTS AND DISCUSSION

Bulk density

Standard bulk densities were significantly different (P<0.05)
among cultivars of the same cereal grain (Table I) and rapeseed
(Table II). Compacted densities were greater than those meas
ured using the standard method by as low as 7% for Sundak
sunflower (Table II) to a high of 15% for Harmon oats (Table
I). Based on the measured compacted densities the mass in a
given granary volume may vary by as much as 110%— Sundak
sunflower seed (418 kg/m3) to Wakoma durum wheat (872 kg/
m3).

Compacted densities obtained with our method were greater
thanthoseobtainedby Martineauand Britton (1982). Theyused
Neepawa wheat at 13.1% moisture content with a standard bulk
density of 768 kg/m3 compared with our Neepawa wheat at
12.7% moisture content and 763 kg/m3. They obtained a max
imum bulk density of 811 kg/m3 using their predictionequation
for a 2.7-m drop into a container 304 mm in diameter and 250
mm deep. Our measured value for this height of fall into a 90-
mm diameter container was 4% higher at 846 kg/m3.

Versavel and Britton (1984) measured bulk densities as high
as 904 kg/m3with hard red spring wheat of an unknown cultivar
at 14% moisture content falling 5-11 m into the bin of a com
mercial elevator. This represented a compaction rate of 15%
over their measured standard-bulk-density of 786 kg/m3 com
pared with a 10-11% increase in our tests with a much smaller
fall of 2.7 m.

54

Increasing themoisture content of thecereal crops to 16.4%,
which is classified ''tough" by the Canadian Grain Commis
sion, decreased both standard and compacted bulk-densities
(Table III). Thedecrease incompacted density ranged from 6%
for Carman triticale to 2% for Fidler oats.

Kernel density

Within crops, allcultivars hadsignificantly different (P<0.05)
kernel densities exceptfor three barley and two sunflower cul
tivars (Tables I andII). Buttherange within crops was lessthan
3% except for the confectionary Sundak which was 5% higher
than the least-dense oil-sunflower 7101 Hybrid. Even though
Sundak had the higher kernel density it had much lower bulk
densitiesthan the oil type sunflowers. Kernel densities of cereal
grains, 1302-1410 kg/m3 were anaverage 19% greater than the
densities of 1075-1258 kg/m3 for the oilseeds. The effect on
kernel density of the increased moisture content was small and
variedfrom a decrease of 1% for Neepawawheat and Gazelle
rye to an increaseof 2% for Bedford barley (Table III).

Porosity

Porositiesbased on the compacted bulk densities were 34-38%
for rapeseed, mustard, flax and soybeans but much higher for
oil sunflowers (56%) and confectionary sunflowers (63%).
Except for sunflowers, porosities of cereal grains are higher
than for theoilseeds; wheat andrye, 39%, barley and triticale,
47%; and oats, 56%.

Angle of repose

Cultivars withineachcrop had significantly different(P<0.05)
angles of repose except for rapeseed and mustard (Tables I and
II). Theranges of emptying angles within a crop were highfor
sunflower seeds, 22-34°, and for wheat, 21-27°. Differences
between filling and emptying angles were generally small.
Increasing moisture content of the cereal grains from 12.7 to
16.4% caused largeincreases in the meanangles of repose for
the eight cultivars (Table III): 35% for filling angle and 20%
for emptying angle.

Coefficient of sliding friction
Within a cereal crop the effects of cultivar on the coefficients
of sliding friction were less significant than the effects on den
sities and angles of repose (Table IV). The crop and cultivar
with the maximum coefficient of friction varied among sur
faces. For example, of the cerealcrops Argylebarley had the
highest coefficient, 0.45, on steel-trowelled concrete, but on
wood-floated concrete two others had the same value and on
galvanized steel four other cultivars had higher coefficients.
Mean coefficients of friction for the cereal grains were highest
on wood-floated concrete, 0.43, followed by 0.40 for steel-
trowelled concrete and 0.30 for galvanized steel. Similar mean
coefficients for the oilseedswere0.43, 0.35 and 0.32, respec
tively. An increase in moisturecontent of the cereal crops from
12.7 to 16.4% caused an increase in the coefficients of friction
of 27% on galvanized steel, 13% on wood-floated concrete and
16% on steel-trowelled concrete.

The oil-type sunflower cultivars, CMH103 and 7101 Hybrid
had the highest coefficients of sliding friction of all the cereal
and oilseed crops (Table V). The two soybean cultivars tended
to have the lowest coefficients.
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