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ABSTRACT

The design of post-harvest equipment is centered on
the physical characteristics of agricultural food grains,
which are dependent on their moisture content. The
physical and engineering properties of materials are
decisive in addressing various challenges related to
machine design and evaluating how products perform
during agricultural processes like handling, planting,
harvesting, threshing, cleaning, sorting and drying. In
the recent study, numerous physical properties (Bulk
density, True density, Porosity, GMD, Sphericity and
Surface area) of different food grains (wheat paddy,
gram, pigeon pea and pea) were determined at five
levels of moisture content i.e. 10%, 13%, 16%, 19%
and 22% on wet basis. As the moisture content of
food grains increases, their average length (mm),
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width (mm), thickness (mm), bulk density (kg/m?),
true density (kg/m?), porosity (%), geometric mean
diameter (mm), sphericity, and surface area (mm?) all
show an upward trend.

Keywords Moisture content, True density, Bulk
density, Sphericity, Surface area.

INTRODUCTION

Engineering properties are those that are helpful
and required for the design, manufacture, and use of
various machinery used in the field of agricultural pro-
cessing. The size, shape, and physical characteristics
of food grains play a crucial role in the manufacturing
of equipment’s for harvesting, separating, sizing,
grinding, and oil extraction. Bulk density (Pb), true
density (Pt), and porosity (€) (which refers to the ratio
of the space between grains to the total volume they
occupy) are key factors in designing storage bins and
silos, as well as in separating impurities, cleaning and
grading, and evaluating product quality. Moisture-de-
pendent physical properties and mechanical behavior
of food grains. (Buenavista et al. 2024).

The most extensively grown cereal crop in the
world is wheat, covering approximately 237 million
hectares each year and contributing around 420
million tonnes in total production (Isitor et al.1990,
Langer and Hill 1991, Olabanji et al. 2004). It pro-



vides at least one-fifth of the caloric intake for hu-
mans (Ohiagu ef al.1987). Wheat is an annual grass
with a tall stalk that ends in a densely packed cluster
of plump kernels surrounded by a beard of bristly
spikes. It can grow to a height of 2 to 1 4 meters
(Smith 2010). The early domestication of wheat likely
involved selecting plants with larger kernels to max-
imize the nutrients obtained from each stalk. Wheat
has been grown in Nigeria for centuries (Ohiagu et
al.1987). There is substantial evidence that wheat
has been cultivated in Nigeria as far back as 200 BC,
although the varieties grown today were introduced
more recently (Olabanji ef al. 2004). Even though
the demand for wheat is rising, Nigeria’s domestic
production has remained low. Factors limiting wheat
cultivation in many of the country’s wheat-growing
regions include climate conditions, suitable agronom-
ic practices, and a preference for vegetable farming
(Ohiagu et al. 1987).

Paddy is one of the highest essential food crops
of the world and is the second emerging crop in India
after wheat. (Razavi and Milani 2006). Rice is a grain
belonging to the grass family. Every year, more than 3
billion people rely on rice as a vital source of nourish-
ment. Every year, 680 million tons of rice are grown,
making it the second most produced food in the world
behind wheat (Foo and Hameed 2009). Globally, In-
dia stands first position in paddy area and second in
paddy production, after China. It contributes 21.5%
of global paddy production. It feeds morethan 50%
of the world’s population (Sinha 2017).

Chickpea belongs to the family Fabaceae, within
the tribe Cicerae. It is a self-pollinated, diploid, annual
grain legume crop. The global production of chickpea
is nearly 11 million tonnes and India is the major
producer accounting for 64% of the total chickpea
production (FAOSTAT 2019). Kabuli type chickpea
is mostly grown in the temperate regions, while the
Desi type chickpea is grown in the semi-arid tropics
(Muehlbauer et al. 2004, Malhotra et al.1996). How-
ever, several early-maturing Kabuli chickpea varieties
have been acquired recently, which can be cultivated
in tropical regions (Gaur and Singh 1996).

Pigeon pea is a versatile leguminous crop com-
monly grown in Nigeria. It serves multiple purposes
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for small-scale farmers engaged in subsistence
agriculture, providing food, fuelwood, and fodder.
Pulses along with cereals play a vital role in human
nutrition, especially for the vegetarian population as a
cheap source of protein. Pigeon pea (Cajanus cajan)
is the most consumedpulse in the Indian subcontinent.

Pea is a member of the family Fabaceae, is an
important cool-season and nutritious leguminous
vegetables. India is fifth on the list of top pea pro-
ducers, behind France, and is one of the world’s
largest pea producers. India produces 7.8 lakh tons
of produce annually, which accounts for about 7% of
global production. In India peas are mainly grown in
Uttar Pradesh, Madhya Pradesh, Himachal Pradesh,
Jharkhand, Punjab, Haryana, and Uttarakhand (Gan-
jloo et al. 2018).

Therefore, the primary goal of this study was to
examine the mechanical and physical characteristics
of food grains that are dependent on moisture, such as
their size, sphericity, surface area, bulk density, true
density, porosity, and linear dimension on a variety of
surfaces at varying moisture content levels.

MATERIALS AND METHODS

The development of experimental setup to find out the
physical properties of grains and experimental work
were carried out in the Department of Processing and
Food Engineering, Mahamaya College of Agriculture
Engineering and Technology, Ambedkar Nagar.

It is needed to determine conditions for most fa-
vorable processing of grains, their physical properties
have to be measured on a regular basis for different
food grains. Conventional standard methods for mois-
ture content and bulk density determination are both
energy and time consuming. The conventional way
to determine the bulk density is to weigh a given vol-
ume of material. Test weight, a measure of static bulk
density determined under specific conditions (USDA
1953) for a particular moisture content, continues to
serve as an indicator for quality control. Determina-
tion of moisture content, the ASAE Standards (ASAE
2003) specify oven-drying three ground samples for
2h at 130°C for different food grains and for 2 h at
103°C for corn.
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The samples with the required moisture con-
tent were created by adding a calculated amount of
distilled water based on the following relationship
(Coskun et al. 2005):

CWiME-Mi)
100 M f

Where Q = Added water to sample, (kg), W, = Initial
weight of the sample, (kg), M, =Initial moisture con-
tent of sample, (wb) %, M= Final moisture content
of sample, (wb) %.

Measurement of physical properties of the various
food grains

The various physical properties measured included
length (L), width (W), thickness (T), thousand grain
mass, geometric mean diameter (GMD), aspect ratio,
surface area, sphericity, volume, bulk density, true
density, and porosity. A sample of 100 grains was
erratically picked, and their three main dimensions
(length, width, and thickness) were measured with a
vernier calliper, achieving an accuracy of 0.02 mm.
The mass of 1,000 grains was determined by manually
counting and weighing different sets of grains using a
digital balance that has an accuracy of 5g. The average
value of three replications was taken.

Bulk density

The bulk density of grain was measured by filling a
circular container with a volume of 442.4 m?, without
any manual compaction. The mass of the grain was
then recorded using an electronic weighing scale
with a precision of 5 grams. The bulk density was
determined using the following formula

w
Pb—
\Y

P, = Bulk density, kg/m*, W = Weight of material, kg,
V = Volume of the container, m’

True density

Liquid displacement technique was used to determine
the true density of multi food grains. The true density
was determined by calculating the ratio of the mass

of the grains (in kg) to the volume of water displaced
(in m?), using the following formula:

w
Pt=—
v

P = True density, kg/m*, W = Mass of the grains, kg,
V = Volume of water displaced, m?

Porosity

The porosity was determined from the measured val-
ues of bulk density and true density using the given
relationship (Mohsenin 1986):

e=(PEP)
(

¢ = Porosity, %, Pb - Bulk density, kg/m? , Pt - True
density, kg/m?,

Geometric mean diameter (GMD)

A vernier calliper with a minimum count of 0.02 mm
was used to measure the three principal dimensions:
Major diameter (length), minor diameter (thickness),
and intermediate diameter (width). The equivalent
diameter of grain samples is another name for the
geometric mean diameter (GMD). The following
formulae were used to calculate the geometric mean
diameter (GMD) and sphericity (Mohsenin 1986):

GMD= (LWT)"?
L= Length, mm, W= Width, mm, T= Thickness, mm

Sphericity, (¢)

In relation to a sphere of the same volume, the sphe-
ricity is a measure of shape character. In order to
determine the sphericity, the following formula was
used, assuming that the diameter of the circumscribed
sphere matched the biggest intercept (a) of the tri-ax-
ial ellipsoid and that the solid’s volume matched that
of the ellipsoid with intercepts a, b, and c:

(LW

LA



¢ = Sphericity, L= Length, mm, W= Width, mm, T=
Thickness, mm

Surface area

The following formula was used to determine the
surface area

S =mn Dg?

Dg or GMD = Geometric Mean Diameters, mm, S =
Surface Area, mm?

RESULTS AND DISCUSSION

The results of various experiments conducted to find
out the physical properties for instance true density,
bulk density, porosity, GMD, surface area and spheri-
city on grains wheat, paddy, pigeon pea, gram and pea
to see the effect of different moisture content levels
(10%, 13%, 16%, 19%, 22%).

Effect of moisture contact on physical properties
of wheat size dimensions

The data obtained on size of wheat is depicted in
Tables 1-2. The length (L), width (W), thickness (T)
and geometric diameter of the wheat grain varied
from 6.08 to 6.92 mm, 4.06 to 4.48 mm, 3.36 to 3.82
mm and 4.42 to 4.72 mm respectively. Dimension of
wheat grain increased with increased the moisture
content from 10%, 13%, 16%, 19% and 22% (wb).

Bulk density (Pb), true density (Pt), and porosity
()

The interrelationship between bulk density (Pb), true
density (Pt), and porosity () to different levels of the

Table 1. Axial dimensions of wheat grains.

SI. Length Width Thickness GMD Sphericity ~Surface

No, (mm) (mm) (mm) (mm) area mm?’
1 6.92 4.24 3.36 4.61 0.66 66.9
2 6.18 4.48 3.64 4.65 0.75 67.9
3 6.08 4.42 3.68 4.62 0.76 67.1
4 6.18 3.86 3.64 4.42 0.71 61.5
5 6.82 4.06 3.82 4.72 0.69 70.2
Avg 643 4.21 3.62 4.60 0.71 66.7
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Table 2. Physical properties of wheat grains at 10%, 13%, 16%,
19% and 22% moisture content.

Moisture  Bulk True Porosity GMD Sphericity Surface

content density density (%) (mm) area
(%) (kg/m?) (kg/m?) mm?
10 867 1041 16 4.61 0.66 66.9
13 926 1136 18 4.97 0.71 71.7
16 930 1190 19 4.99 0.71 78.6
19 990 1250 20 5.03 0.72 80.4
22 1073 1388 22 5.15 0.73 83.2

moisture content for wheat grains shown in Table 2. It
was observed that bulk density (Pb), true density (Pt),
and porosity (€) of the wheat grains increased with the
increases the moisture content. The bulk density (Pb),
btrue density (Pt), and porosity (¢) of wheat grains
varied from 867 to 1073 kg/m?, 1041to 1388 kg/m*
and 16 to 22% respectively at the moisture content
ranging from 10% to 22% on wet basis.

GMD, Sphericity, Surface area

The relationship between GMD, sphericity, surface
area to different levels of moisture content for wheat
grains shown in Table 2. It was observed that GMD,
sphericity, surface area of the wheat grains increased
with the increases the moisture content. The GMD,
sphericity, surface area of wheat grains varied from
4.61 to 5.15 mm, 0.66 to 0.73 and 66.9 to 83.2 mm?
respectively at the moisture content ranging from10%
to 22% on wet basis.

Effect of moisture contact on physical properties
of paddy size dimensions

The data obtained on size of paddy is presented in
Tables 3 and 4. The length (L), width (W), thickness
(T) and geometric diameter of the paddy grain varied
from 7.08 to 8.7 mm, 2.84 to 3.38 mm, 2.7 to 2.8 mm
and 3.85 to 4.19 mm respectively. As we increased
the amount of moisture content from 10%, 13%, 16%,
19% and 22% wb, our length (L), width (W), thick-
ness (T) and geometric mean diameter also increased.

Bulk density (Pb), true density (Pt), and porosity
()

The interrelationship between bulk density (Pb), true
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Table 3. Axial dimensions of paddy grains.

Sl Length Width Thickness GMD  Sphericity Surface

No, (mm) (mm) (mm) (mm) area mm?’
1 7.08  3.28 2.8 4.02 0.56 50.7
2 7.06  3.06 2.7 3.87 0.54 472
3 8.7 3.02 2.8 4.19 0.48 55.1
4 748  2.84 2.7 3.85 0.51 46.6
5 7.68  3.38 2.8 4.17 0.54 54.6
Avg 7.6 3.11 276 4.02 0.53 50.8

density (Pt), and porosity () to different levels of the
moisture content of the paddy grains shown in Table
4. It was observed that bulk density (Pb), true density
(Pt), and porosity (g) of the paddy grains increased
with the increases the moisture content. The bulk den-
sity (Pb), true density (Pt), and porosity (¢) of paddy
grains varied from 867 to 1073 kg/m?, 1041 to 1388
kg/m? and 43 to 47 % respectively at the moisture
content ranging from 10% to 22% on wet basis.

GMD, sphericity, surface area

The interaction between GMD, sphericity, surface
area to different levels of moisture content of the
paddy grains shown in Table 4. It was observed that
GMD, sphericity, surface area of the paddy grains
increased with the increases the moisture content.
The GMD, sphericity, surface area of paddy grains
varied from 4.02 to 5.50 mm, 0.56 to 0.63 and 50.7 to
95.1 mm? respectively at the moisture content ranging
from 10% to 22% on wet basis.

Effect of moisture contact on physical properties
of pigeon pea size dimensions

The data obtained on size of pigeon pea is presented
in Tables 5-6. The length (L), width (W), thickness
(T) and geometric diameter of the pigeon pea grain
varied from 6.28 to 6.8 mm, 5.08 to 6.38 mm, 4.08
to 4.74 mm and 5.21 to 5.83 mm respectively. As the
moisture content increased from 10%, 13%, 16%,
19% and 22% wb. As we increased the amount of
moisture content of pigeon pea grain the length (L),
width (W), thickness (T) and geometric mean diam-
eter of grain increased as well.

Bulk density (Pb), true density (Pt), and porosity
()

The interrelationship between bulk density (Pb), true

Table 4. Physical properties of paddy at 10%, 13%, 16%, 19%
and 22% moisture content.

Moisture Bulk True Porosity GMD Sphericity Surface

content density density (%) (mm) area
(%) (kg/m’) (kg/m?) mm?
10 644 1130 43 4.02 0.56 50.7
13 666 1250 46 4.41 0.59 61.2
16 670 1260 46 4.78 0.60 72.2
19 680 1290 47 4.99 0.61 83.2
22 689 1310 47 5.50 0.63 95.1

density (Pt), and porosity (¢) to different levels of the
moisture content of the pigeon pea grains shown in
Table 6. It was observed that bulk density (Pb), true
density (Pt), and porosity (g) of the pigeon pea grains
increased with the increases the moisture content. The
bulk density (Pb), true density (Pt), and porosity (g)
of pigeon pea grains varied from 870 to 983 kg/m?
and 1041 to 1562 kg/m* and 16 to 36 % respectively
at the moisture content ranging from 10% to 22% on
wet basis.

GMD, sphericity, surface area

The interaction between GMD, sphericity, surface
area to different levels of moisture content of the
pigeon pea grains shown in Table 6. It was observed
that GMD, sphericity, surface area of the pigeon pea
grains increased with the increases the moisture con-
tent. The GMD, sphericity, surface area of pigeon pea
grains varied from 4.02 to 5.50 mm, 0.56 to 0.63 and
50.7 to 95.1 mm? respectively at the moisture content
ranging from 10% to 22% on wet basis.

Effect of moisture contact on physical properties
of gram size dimensions

The data obtained on size of gram is presented in
Tables 7-8. The length (L), width (W), thickness (T)

Table 5. Axial dimensions of pigeon pea grains.

SI. Length Width Thickness GMD Sphericity = Surface

No. (mm) (mm) (mm) (mm) area mm?
1 6.8 6.3 4.64 5.83 0.85 106.9
2 6.56 6.38  4.66 5.79 0.88 105.5
3 6.28 5.08  4.58 5.26 0.83 87.0
4 6.86 548 474 5.62 0.82 99.4
5 6.84 5.08  4.08 5.21 0.76 85.3




Table 6. Physical properties of pigeon pea at 10%, 13%, 16%, 19%
and 22% moisture content.
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Table 8. Physical properties of gram at 10%, 13%, 16%, 19% and
22% moisture content.

Moisture Bulk True Porosity GMD Sphericity Surface

content density density (%)  (mm) area
(%) (kg/m?) (kg/m?) mm?2
10 870 1041 16 5.83 0.85 106.9
13 924 1136 18 5.99 0.86 112.6
16 942 1250 24 6.00 0.87 115.3
19 970 1388 30 6.12 0.88 119.5
22 983 1562 36 6.19 0.88 120.2

Moisture Bulk True Porosity GMD Sphericity Surface

content density density (%) (mm) area
(%) (kg/m®) (kg/m?) mm?
10 836 1086 23 7.36 0.88 170.4
13 870 1190 26 7.47 0.93 175.4
16 899 1315 31 7.50 0.93 176.3
19 922 1470 37 7.60 0.94 180.1
22 983 1666 40 7.63 0.94 183.2

and geometric diameter of the gram grain varied from
8.18 to 8.56 mm, 6.28 to 7.84 mm, 6.08 to 6.58 mm
and 6.78 to 7.48 mm respectively. As the moisture
content increased from 10%, 13%, 16%, 19% and
22% whb. As we increased the amount of moisture
content of gram grain the length (L), width (W),
thickness (T) and geometric mean diameter of grain
increased as well.

Bulk density (Pb), true density (Pt), and porosity
()

The interrelationship between bulk density (Pb), true
density (Pt), and porosity (¢) to different levels of the
moisture content of the gram grains shown in Table
8. It was observed that bulk density (Pb), true density
(Pt), and porosity (¢) of the gram grains increased
with the increases the moisture content. The bulk
density (Pb), true density (Pt), and porosity (g¢) of
gram grains varied from 836 to 983 kg/m* and 1086 to
1666 kg/m* and 23 to 40 % respectively at the mois-
ture content ranging from 10% to 22% on wet basis.

GMD, sphericity, surface area

The interaction between GMD, sphericity, surface

Table 7. Axial dimensions of gram grains.

Sl. Length Width Thickness GMD Sphericity Surface

No, (mm) (mm) (mm) (mm) area mm?’
1 8.32 7.58 6.34 7.36 0.88 170.4
2 8.18 6.28 6.08 6.78 0.82 144.5
3 8.34 7.84 6.42 7.48 0.89 176.0
4 8.48 7.08 6.58 7.33 0.86 169.0
5 8.56 7.08 6.38 7.28 0.85 166.6
Avg 837 7.17 6.36 7.24 0.86 165.3

area to different levels of moisture content of the gram
grains shown in Table 8. It was observed that GMD,
sphericity, surface area of the gram grains increased
with the increases the moisture content. The GMD,
sphericity, surface area of gram grains varied from
7.36to 7.63 mm, 0.88 t0 0.94 and 170.1 to 183.2 mm?
respectively at the moisture content ranging from 10%
to 22% on wet basis.

Effect of moisture contact on physical properties
of pea size dimensions

The data obtained on size of pea is presented in Tables
9 —10. The length (L), width(W), thickness (T) and
geometric diameter of the pea grain varied from 7.28
to 7.84 mm, 6.46 to 6.88 mm, 6.08 to 6.48 mm and
6.58 to 6.86 mm respectively. As the moisture content
increased from 10%, 13%, 16%, 19% and 22% wb.
As we increased the amount of moisture content of
pea grain the length (L), width (W), thickness (T) and
geometric mean diameter of grain increased as well.

Bulk density (Pb), true density (Pt), and porosity
()

The interrelationship between bulk density (Pb), true

Table 9. Axial dimensions of pea grains.

Sl.  Length Width Thickness GMD Sphericity Surface

No, (mm) (mm) (mm)  (mm) area mm’
1 7.36 6.88 6.4 6.86 0.93 148.1
2 7.28 6.48 6.38 6.70 0.92 140.9
3 7.54 6.54 6.48 6.83 0.90 146.7
4 7.84 6.48 6.08 6.75 0.86 143.4
5 7.28 6.46 6.08 6.58 0.90 136.2
Avg 7.46 6.56 6.28 6.74 0.90 143.0
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Table 10. Physical properties of pea at 10%, 13%, 16%, 19% and
22% moisture content.

Moisture Bulk True  Porosity GMD Sphericity Surface

content density density (%) (mm) area
(%) (kg/m’) (kg/m?) mm?2
10 870 1230 29 6.86 0.93 148.1
13 926 1360 31 7.68 0.94 185.1
16 940 1440 34 7.70 0.94 185.1
19 950 1550 38 7.71 0.95 186.1
22 994 1680 40 7.72 0.96 187.1

density (Pt), and porosity (¢) to different levels of the
moisture content of the pea grains shown in Table 10.
It was observed that bulk density (Pb), true density
(Pt), and porosity (¢) ofthe pea grains increased with
the increases the moisture content. The bulk density
(Pb), true density (Pt), and porosity (¢) of pea grains
varied from 870 to 994 kg/m? and 1230 to 1680 kg/
m? and 29 to 40% respectively at the moisture content
ranging from 10% to 22% on wet basis.

GMD, Sphericity, surface area

The interaction between GMD, sphericity, surface
area to different levels of moisture content of the pea
grains shown in Table 10. It was observed that GMD,
sphericity, surface area of the pea grains increased
with the increases the moisture content. The GMD,
sphericity, surface area of pea grains varied from
6.89 to 7.72 mm, 0.93 to 0.96 and 148 to 187 mm2
respectively at the moisture content ranging from 10%
to 22% on wet basis.

CONCLUSIONS

This study covers the effect of moisture content on
physical properties such as wheat, paddy, pigeon pea,
gram and pea food grains at different level of moisture
contenti.e. 10%, 13%, 16%, 19% and 22% on wet ba-
sis. The average length (L), width (W), thickness (T),
bulk density, true density, porosity, geometric mean
diameter, sphericity and surface area increased as the
increases the moisture content. This study would also
be useful to design and develop the agro processing
equipments/ technologies used during post harvest
operational activities.

REFERENCES

Buenavista RM, Bangar SP, Gowda NN, Siliveru K (2024)
Engineering properties of grains. In Unit Operations in Food
Grain Processing .Academic Press. pp 55-91.

Coskun M, Yalcin I, Ozarslan C (2005) Physical properties of
sweet corn seed (Zeamayssaccharata Sturt.). Journal of Food
Engineering 74: 523-528.

Foo KY, Hameed BH (2009) Utilization of rice husk ash as novel
adsorbent: A judicious recycling of the colloidal agricultural
waste. Advance Colloid Interface Science 152: 39-47.

Food and Agriculture Organization (FAO) (2019) FAOSTAT
Statistical Database of the United Nation Food and Agricul-
ture Organization (FAO) statistical division, Rome.

Ganjloo A, Bimakr M, Zarringhalami S, Jalili Safaryan M, Ghor-
bani M (2018) Moisture-dependent physical properties of
green peas. Department of Food Science and Engineering,
Faculty of Agriculture, University of Zanjan, Iran. Interna-
tional Food Research Journal 25(3): 1246-1252.

Gaur RK, Singh GD (1996) Effects of Ascochyta blight on grain
yield and protein in chickpea. Indian Journal of Mycology
and Plant Pathology 26 : 259-262.

Isitor SU, Poswal MAT, Shebayan JAY, Yakubu RY (1990) The
accelerated wheat production program in Nigeria: A case
study of Bauchi State. In Proceeding of a conference on
Wheat held in Maiduguri, Borno State.

Langer RHM, Hill GD mhai (1991) Physiological Basis of Yield:
Agricultural Plants, Cambridge University Press, 348 pp
National Agricultural Extension and Research Liaison Ser-
vices, ABU, Extension Bulletin. 62: In press.

Malhotra RS, Singh KB, Van Rheenen HA, Pala M (1996)
Genetic improvement and agronomic management of chick-
pea with emphasis on the Mediterranean region.

Mohsenin NN (1986) Physical Properties of Plant and Animal
Materials. Second edn. Gordon and Breach Science Pub-
lishers, New York.

Muehlbauer FJ, Temple SR, Chen W (2004) Registration of ’sierra’
chickpea. Crop Science 44(5): 1864-1865.

Ohiagu CE, Ahmed A, Orakwe FC, Maurya P, Ajayi O, Falaki
A, Kaul N (1987) A National Wheat Production Strategy:
1987 — 1996. Prepared by Cereal Research Program IAR,
ABU, Zaria for FACU pp 67.

Olabanji OG, Omeje MU, Mohammed I, Ndahi WB, Nkema I
(2004) Wheat. In Cereal Crops of Nigeria: Principles of
Production and Utilization, xxii, 337 (Idem, N.U.A. and F.A
Showemimo edited), pp 230 — 249.

Razavi S, Milani E (2006) Some physical properties of the water-
melon seeds, African Journal of Agricultural Research
13: 65-69.

Sinha MK (2017) Weed diversity and its associated phytosociology
under direct dry seeded rice systems in Koria District (CG)
India. Advanced Plants Agricultural Research 7(2): 246-252.

Smith SE (2010) What is wheat? http:// www. Search wise GEEK.
com 20:05:2010; 18:45.

Standard ASAE (2003) S352. 2: Moisture measurement-unground
grain and seeds. St. Joseph, Mich.: ASAE.

USDA (1953) The test weight per bushel of grain: Methods of use
and calibration of the apparatus. Circular. Washington, DC:
US. Department of Agriculture, pp 921.



