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Abstract
Grain indices, such as size and shape, are very important parameters used in the morphogenetic characterization
and evaluation of bean populations. For this purpose during the years 2016-2017 in the Experimental Didactic
Farm of the Faculty of Agriculture and Veterinary in Prishtina, grain indices were analysed in 20 common bean
populations, cultivars and lines. The investigated parameters were grain elongation in three orientations (Ew, Et,
Ev), geometric mean diameter (Dg, mm), sphericity (φ, %), surface area (S, cm2), geometric volume (V, cm3)
and grain density (Gd, g/cm3). All parameters were analysed using geometric calculations and formulas based
on average values obtained, respectively length, width, thickness, and replacement volume. The results of the
study show that the higher average values of the geometric diameter of the grain had the FAGB194 population,
which at the same time had higher grain mass, volume and surface area values. Whereas, regarding the
sphericity, the highest values had the FAGB191 population, but associated with lower grain density values
compared to other populations. Regarding the elongation in the vertical and the thickness orientation, the highest
average values had the population Trenaria, while the lowest values were found in the population FAGB189.
According to the physical traits of the grain, the studied populations were divided into two groups: the first
group includes populations with elliptic shaped grain, while in the second group the populations were grouped
kidney shaped grains, which correlate with sub-compressed and compressed grain forms. Since the grain
morphological traits determined by genetic factors, the studied populations could be used in genetic
improvement programs for the creation of ideotypes suitable for different environments and cultivation
methods.
Keywords: Common bean, shape, sphericity, geometric diameter, ideotype.

1. Introduction
The common bean (Phaseolus vulgaris L.) is the most widely grown edible legume species in the world. In
Kosovo, the common bean is cultivated in all regions on an average area 3 958.55 ha [1] and cultivation mainly
based on seed landraces [2].
The visual appearance of agricultural products is the primary criterion and main information for consumer
preference, which is characterized by the properties such as size, shape, color, form, absence of defects and
abnormalities [3, 4, 5, 6, 7]. Among these properties, the size and shape of agricultural products are the most
important quality and processing parameters [6, 7, 8, 9, 10]. Grain morphological traits have been useful for the
analysis of taxonomic relationships in a wide variety of plant families and genus.
Quantitative evaluation of the shapes of different plant organs is often required in various research fields,
such as agronomy, genetics, ecology, and taxonomy [11]. Grain morphology is useful in genotype discrimination
[12] and the results are of signifcance in systematics. Measures of size and shape in grains, their correlation, and
relationship are important in breeding for seed yield [13]. Knowledge of the relation between seed shape and
agronomic characteristics may be useful to improve yield or quality [28].
Most of researchers used an image analysis system to measure the size, shape and other physical traits of
different plant organs, such as seed, fruits, etc. [14, 15, 6, 9, 16, 17]. Therefore both seed shape and size are
useful parameters to analyze biodiversity in plants.

30

Evaluation of morphogenetic diversity for grain indices in some common bean population in Kosovo

Information on the size and shape features of bean cultivars such as their dimensions (length, width and
thickness), projected area, mass, volume, elongation at different orientations and sphericity is considerably
important in the seed technology process ing but also for bean cultivars calsification [18].
Therefore, the objective of the study was to determine morphogenetic diversity of 20 common bean
population in Kosovo, based on the grain size and shape. An analyse using geometric calculations and formulas
based on average values obtained from grain measurments, respectively length, width, thickness, and replacement
volume, was used in order to determine the morpho-physical properties of bean.
2. Material and Methods
2.1. Research material
The research trial was set up during 2016-2017 at the Experimental Didactic Farm (EDF) of the Faculty of
Agriculture and Veterinary in Pristina. As research materials were used 20 Common beans (Phaseolus vulgaris
L.) populations, cultivars and line, collected in different regions of Kosovo and abroad and stored in the Gene
Bank of Kosovo for Plant Resources in the form of seed accessions. The experimental design was randomized
block with three replications. The measurements were carried out in the laboratory; where for each of repetition
were taken three plants from which the grains of the 10 randomly chosen pods were taken, i.e. 100 grains per
population. Grains were analyzed separately for morphometric parameters (dimensions), including measurement
of length, width and thickness. Grain dimensions are measured using a nonius ruler, while the true volume was
determined by replacement method in 96% ethanol using a graduated cylinder. Based on the values obtained
from these measurements, the geometric methods and equations were used to determine the grain size and shape
properties of the studied populations, including the elongation at the width orientation (Ew), elongation at the
thickness orientation (Et) and elongation at the vertical orientation (Ev), geometric mean diameter (Dg, mm),
sphericity (φ,%), geometric volume (Vg, cm3), grain density (Gd, g/cm3) and grain surface area (S, cm2).
Elongation at the three orientations was calculated using the following geometric equations, according to the
method of [16]:
Elongation at the width orientation:

Elongation at the thickness orientation:

Elongation at the vertical orientation:

Depending on the values obtained for these parameters, then the bean populations are classified according to
[19]: ellipticus (ellipsoid) for the values of ratio L/W = 1.51 - 1.71), oblongus (long cylindroid, kidney shaped)
when L/W = 1.85 - 2.31), subcompressus (sub-compressed and long when the value (W/T)×L = 1.29 - 2.08), and
compressus (more compressed and broad, when the ratio (W/T)×L = 2.17 - 3.51). The mean geometric diameter
(Dg, mm) and sphericality (φ,%) are calculated for each grain using the following equations according to [20]:

The surface area of the grain (S, mm2) was calculated from the below equation [21, 22]:
Whereas, the calculation of the geometric volume and grain density is conducted according to the following
equations:
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where Gm is the grain mass, which is determined using an analytical electronic balance Denver with 0.01 mg
resolution.
2.2. Statistical analysis
Statistical data analysis was carred out using the software JMP 13 and Microsoft Excel. The data were subject of
ANOVA in order to analyse of variance and to determine signifcant differences at the level LSD0.05 and
LSD0.01.
3. Results and Discussion
3.1. Grain mass
The mean values for grain size and grain density are shown in Table 1 and vary from 0.37 g to 1.66 g for a
grain mass and 370 – 1656 g for 1000 grain mass, from which it can be concluded that the highest values for both
of these parameters had the population FAG194 (1.66 g, respectively 1656 g), while the lowest values are found
in population L232 (0.37 g, respectively 370.14 g). The differences between the studied populations for these
parameters were highly significant (LSD0.01). Our research data is also higher compared to other authors. In a
study conducted by [23] in seven bean cultivars, values of 1000 grains ranged between 209.1 and 467.6 g, while
in another study by [16] also in seven bean cultivars was found 1000 grains mass values 171.7 to 613.2 g. The
results of our study are also higher than the findings of [18], who found grain mass values from 0.180 to 0.656 g,
respectively 180 to 656 g for the 1000 grains mass.
The population FAGB190 had the highest mean values for grain density (1.67 gcm-3), while the population
FAGB191 had the lowest (0.81g cm-3) and difference between them were highly significant (LSD0.01).
Approximately but lower values also were found by the authors [16], respectively 1.220g cm-3, and 1.1921.317gcm-3 [18] as well as 1.279 g cm-3 [24].
Table 1. Mean values and standard deviation for grain mass and density of common bean populations.
Population
FAGB129
FAGB153
FAGB170
FAGB187
FAGB189
FAGB190
FAGB191
FAGB194
FAGB195
FAGB202
FAGB204
FAGB205
FAGB206
FAGB208
Kallmet
Lapardha
L 232
L 13-2
Trenaria
Peja
LSD0.05
LSD0.01

Grain mass
(g)
0.59±0.01
0.55±0.01
1.49±0.07
0.75±0.05
0.69±0.03
0.71±0.09
1.27±0.04
1.66±0.06**
1.25±0.05
0.62±0.01
0.64±0.03
0.63±0.05
0.67±0.06
0.67±0.05
0.51±0.02
0.56±0.02
0.37±0.09
0.46±0.03
0.76±0.06
0.59±0.03
0.0775
0.102

Thousand grain mass
(g)
590.79±8.93
547.00±5.33
1490.62±67.78
754.35±57.78
692.98±26.55
714.21±89.17
1268.08±39.26
1656.18±59.11**
1249.83±48.12
615.85±7.08
639.15±34.28
634.05±47.53
672.43±55.90
669.39±49.89
507.95±17.81
558.84±17.97
370.14±90.54
463.91±25.47
763.54±60.64
591.90±29.30
77.5
102

Grain density
(g cm-3)
1.32±0.10
1.44±0.16
1.02±0.06
1.67±0.22
1.09±0.10
1.67±0.44**
0.81±0.08
0.97±0.05
0.93±0.04
1.36±0.09
1.32±0.18
1.37±0.18
1.32±0.17
1.22±0.12
1.23±0.07
1.32±0.14
1.18±0.35
1.34±0.33
1.47±0.11
1.31±0.08
0.3049
0.4014

3.2. Grain volume
Regarding the results for the grain volume, the higher mean values were found in the population FAGB194
(1.803 for true volume, respectively 1.700 cm3 for geometric volume) as for replacement method also for the
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calculation method (geometric equation), although the differences in accuracy of the methods were about 10%.
Meanwhile, the lowest mean value for grain volume had the population L232 (0.300 and 0.317 cm3 respectively)
with negative trend of calculation method up to -1.68% (Table 2). These values are consistent with the findings of
the authors who found seed volume values between 0.531 cm3 and 0.137 cm3 with a precision difference of the
method from 0.7% to 7.2% [18].
As seen in Fig. 1, in some of the bean populations there is a large difference in percentage between the
replacement and the calculation method. This may possibly be related to the shape and other physical
characteristics of the grain.
Table 2. Mean values and standard deviation, as well as the differences in accuracy of methods for grain
volume of common bean populations.
Population
FAGB129
FAGB153
FAGB170
FAGB187
FAGB189
FAGB190
FAGB191
FAGB194
FAGB195
FAGB202
FAGB204
FAGB205
FAGB206
FAGB208
Kallmet
Lapardha
L 232
L 13-2
Trenaria
Peja
LSD0.05
LSD0.01

Replacement method
(cm3)
0.453±0.015
0.540±0.010
1.503±0.015
0.503±0.006
0.650±0.020
0.507±0.012
1.100±0.030
1.803±0.015**
1.300±0.030
0.487±0.035
0.500±0.010
0.503±0.015
0.600±0.020
0.613±0.021
0.477±0.015
0.473±0.006
0.300±0.020
0.370±0.020
0.617±0.035
0.543±0.042
0.0353
0.0465

Calculation method
(cm3)
0.449±0.038
0.383±0.036
1.461±0.018
0.456±0.030
0.637±0.038
0.439±0.076
1.567±0.138
1.700±0.034**
1.344±0.014
0.455±0.026
0.493±0.080
0.469±0.081
0.515±0.086
0.553±0.047
0.415±0.015
0.427±0.032
0.317±0.027
0.356±0.071
0.520±0.054
0.454±0.032
0.098
0.129

Difference
0.467447
15.68247
4.252122
4.77003
1.335975
6.727829
-46.7371
10.33272
-4.36204
3.188117
0.727262
3.440194
8.505318
6.079701
6.159771
4.638043
-1.68645
1.371757
9.707657
8.954704

Figure 1. Differences in grain volume based on the method of measurement.
Figure 2. Graph of the ratio between grain volume and grain density of common beans populations.
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3.3. Grain dimensions and clasification
The mean values for the length, width and grain thickness of the common beans populations are shown in
Table 3. The minimum and maximum values vary from 12.73 and 22.93 mm for length, 7.83 and 14.57 mm for
width as well as 5.07 and 9.80 mm thickness. The highest grain length values were found in the population
FAGB170 (22.93 mm), while the lowest in the population L232 (12.73 mm). Meanwhile, the highest mean
values for grain width had the population FAGB194 (14.57 mm), while the lowest the population L232 (7.83
mm). In terms of grain thickness, the highest values were found in the population FAGB191 (9.80 mm), while the
lowest values were at the population Trenaria (5.07 mm).
Our results regarding the grain dimensions values are consistent and in some cases are even higher than the
findings of some other authors who found different values of grain size from 7.8 to 22.6 mm in length, 4.9 to 11.8
mm for width and 2.3 to 7.7 mm of thickness [18]. Other authors [23] reported mean grain length between 8.6
and 15.0 mm, while [25] up to 16.68 mm.
Based on the data presented in Table 3, bean populations are classified according to their size and shape
[19]. As seen from the table, one bean population (FAGB129) was of the compressus type, one was oblongus
(FAGB187), while others were combined types oblongus-compressus, ellipticus-compressus and ellipticussubcompresus.
Table 3. Mean values and standard deviation for grain dimensions, as well as the classification of bean
populations based on the values of ratios for different grain dimensions.

Population
FAGB129
FAGB153
FAGB170
FAGB187
FAGB189
FAGB190
FAGB191
FAGB194
FAGB195
FAGB202
FAGB204
FAGB205
FAGB206
FAGB208
Kallmet
Lapardha
L 232
L 13-2
Trenaria
Peja
LSD 0.05
LSD 0.01

Length
Width
Thickness (mm) (W/T)xL L/W Classification
(mm)
(mm)
15.86±0.76
9.17±0.35
5.90±0.52
2.48
1.73
C
16.00±0.70
8.37±0.60
5.47±0.25
2.46
1.92
O/C
22.93±0.78** 14.27±0.06
8.53±0.29
3.84
1.61
E/C
16.63±0.40
8.17±0.15
6.40±0.17
2.12
2.04
O
16.00±0.00
9.53±0.29
7.97±0.25
1.91
1.68
E/C
16.57±1.21
8.53±0.40
5.90±0.35
2.4
1.94
O/C
21.43±0.51
14.23±0.81
9.80±0.17**
3.11
1.51
E/C
22.83±0.65 14.57±0.32**
9.77±0.25
3.41
1.57
E/C
21.03±0.25
13.17±0.15
9.27±0.06
2.99
1.6
E/C
17.53±0.40
9.40±0.26
5.27±0.06
3.13
1.87
O/C
17.63±1.10
9.37±0.60
5.67±0.35
2.92
1.88
O/C
16.77±1.34
9.00±0.30
5.90±0.35
2.56
1.86
O/C
19.00±0.30
9.67±0.42
5.33±0.65
3.47
1.97
O/C
19.40±0.61
10.07±0.12
5.40±0.36
3.62
1.93
O/C
16.23±0.55
8.23±0.25
5.93±0.12
2.25
1.97
O/C
16.10±0.53
7.87±0.12
6.43±0.32
1.97
2.05
O/SC
12.73±0.50
7.83±0.29
6.07±0.40
1.65
1.63
E/SC
13.47±1.10
8.17±0.42
6.13±0.51
1.8
1.65
E/SC
18.87±0.31
10.37±0.84
5.07±0.06
3.86
1.83
O/C
17.47±0.47
9.53±0.21
5.20±0.17
3.2
1.83
O/C
1.1416
0.6798
0.5271
1.5027
0.8948
0.6939

*C – compressus; O – oblongus; O/C – oblongus/compresus; E-ellipticus; E/C - ellipticus/compresus; SC - subcompresus.

As the physical grain properties, the geometric mean diameter and the grain surface area are the function of the
length, width and grain thickness values, while the sphericity is defined as the ratio of the geometric mean
diameter and the length of the grain [20]. Among the common bean populations the largest geometric mean
diameter had FAGB194 (14.81 mm), which at the same time had a larger grain surface area (3.68 cm2). The
highest values of grain sphericity had the population FAGB191 (67.2%), while the population FAGB206 had the
lowest values (52.21%). Meanwhile, in terms of shape factors, respectively width and thickness orientation, the
bean populations of Lapardha and Trenaria among others had higher values (2.05 and 3.72 respectively).
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Our findings regarding the geometric mean diameter, grain surface area and sphericity are consistent to the data
of [18] who found a range of values from 8.1-9.8 mm for geometric mean diameter; 0.206 - 0.301 cm2 for surface
area and 58.9 -70% for sphericity. Whereas the values for shape factors in our study were higher. Our results are
also consistent with the findings of [26] which found values of average arithmetic diameter of 7.30 - 10 mm,
grain surface are from 1.53 to 3.47cm2 and sphericity of 45-67%, while shape factors had lower values (0.82 1.015). The sphericity and aspect ratio of more than 70 per cent implied that grain was more as spherical and tend
to rather roll than slide [27].
Table 3. Mean values and standard deviation for the grain geometric mean diameter, surface area and
sphericity. as well as shape factors.

Surface area
(cm2)

Sphericity (%)

FAGB129
FAGB153
FAGB170
FAGB187
FAGB189
FAGB190
FAGB191
FAGB194
FAGB195
FAGB202
FAGB204
FAGB205
FAGB206
FAGB208
Kallmet
Lapardha
L 232
L 13-2
Trenaria

Geometric mean
diameter
(mm)
9.49±0.27
9.01±0.29
14.08±0.06
9.54±0.21
10.67±0.22
9.41±0.54
14.40±0.43
14.81±0.10**
13.69±0.05
9.54±0.18
9.78±0.55
9.62±0.54
9.92±0.56
10.18±0.3
9.25±0.11
9.34±0.24
8.45±0.25
8.77±0.60
9.97±0.35

0.258±0.04
0.188±0.03
2.717±0.07
0.265±0.03
0.517±0.06
0.251±0.09
3.144±0.55
3.681±0.15**
2.299±0.05
0.264±0.03
0.315±0.10
0.286±0.10
0.344±0.11
0.391±0.07
0.22±0.02
0.233±0.04
0.129±0.02
0.166±0.06
0.346±0.07

59.96±4.23
56.3±0.72
61.43±1.99
57.38±0.46
66.69±1.35
56.87±1.68
67.2±0.80**
64.89±2.24
65.1±0.86
54.41±0.36
55.48±0.82
57.44±1.32
52.21±2.17
52.45±0.27
57.04±1.33
58.01±0.57
66.46±3.35
65.17±1.66
52.82±1.25

Peja
LSD0.05
LSD0.01

9.53±0.23
0.5653
0.7441

0.263±0.04
0.3568
0.4696

54.57±0.30
2.9718
3.9119

Population

Shape factor
Width
Thickness
orientation
orientation
1.73±0.14
2.71±0.38
1.92±0.07
2.93±0.21
1.61±0.05
2.69±0.18
2.04±0.03
2.6±0.03
1.68±0.05
2.01±0.06
1.94±0.09
2.81±0.12
1.51±0.07
2.19±0.02
1.57±0.08
2.34±0.13
1.6±0.04
2.27±0.04
1.87±0.01
3.33±0.07
1.88±0.02
3.11±0.17
1.86±0.09
2.84±0.07
1.97±0.07
3.59±0.38
1.93±0.08
3.6±0.13
1.97±0.11
2.74±0.06
2.05±0.06**
2.5±0.08
1.63±0.12
2.11±0.18
1.65±0.06
2.2±0.12
1.83±0.13
3.72±0.04**

1.83±0.05
0.1244
0.1638

Figure 3. Elongation values determined in three orientation (length, width and thickness).
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4. Conclusions
Based on the results of this study could be drawn the following conclusions:
 The common bean population FAGB194 had the highest mean values for some geometric and gravimetric
traits such as grain mass, volume, surface area and geometric mean diameter.
 FAGB190 had the highest grain density values, while the lowest had the population FAGB191, despite the
larger enough of grain mass.
 The highest mean value for grain length had FAGB170, while the highest grain thickness values were found
in the FAGB194 population. Whereas, the lowest values for both grain length and grain width were found in
the L232.
 The largest grain thickness had the populations FAGB191, while population Trenari had the lowest one.
 The highest mean values of sphericity had the FAGB191 and lowest the population FAGB206.
 Based on the ratio of the dimensions: length/width and width/thickness, among the 20 studied bean
populations, one population (FAGB129) had compressed grains (compressus), one had elongated (oblongus),
six populations (FAGB189, FAGB191, FAGB194, FAGB195, L232, L13-2) were elliptic (elipticus) but of
width orientation compressus or subcompressus, and nine populations (FAGB190, FAGB202, FAGB204,
FAGB205, FAGB206, FAGB208, Lapardha, Trenaria and Peja) were oblongus type with compressus width
orientation.
5. Acknowledgements
I would like to thank the co-authors for their contribution to the finalization of this paper, as well as the Gene
Bank of Kosova for Plant Resources for providing research material and equipment.
6. References

1. Kosovo Agency of Statistics (KAS): Kulturat e arave në Republikën e Kosovës 2014; 2016.
(http://ask.rks-gov.net/media/2476/kulturat-e-arave-ne-republiken-e-kosoves-2016.pdf)
2. Fetahu, Sh., Aliu S., Rusinovci I., Kelmendi B., Caka H., Maliqi N: Diversity of seeds size and
weight of common beans landraces (Phaseolus vulgaris L.) in Kosovo. Proceedings. 47th
Croatian and 7th International Symposium on Agriculture. Opatija. Croatia 2012, 270–274.
3. Kays SJ: Preharvest factors affecting appearance. Postharvest Biology and Technology 1999,
15: 233–247.
4. Jahns G, Nielsen H M & Paul W: Measuring image analysis attributes and modelling fuzzy
consumer aspects for tomato quality grading. Computers and Electronics in Agriculture 2001,
31: 17–29.
5. Abdullah M Z, Mohamad-Saleh J, Fathinul-Syahir AS, Mohd-Azemi BMN: Discrimination
and classifcation of fresh-cut starfruits (Averrhoa carambola L.) using automated machine
vision system. Journal of Food Engineering 2006, 76: 506–523.
6. Venora G, Grillo O, Shahin MA & Symons SJ: Identifcation of Sicilian landraces and
Canadian cultivars of lentil using an image analysis system. Food Research International
2007, 40: 161–166.
7. Costa C, Antonucci F, Pallottino F, Aguzzi J, Sun DW, Menesatti P: Shape analysis of
agricultural products: a review of recent research advances and potential application to
computer vision. Food and Bioprocess Technology 2011, 4(5): 673–692.
8. Morimoto T, Takeuchi T, Miyata H, Hashimoto Y: Pattern recognition of fruit shape based
on the concept of chaos and neural networks. Computers and Electronics in Agriculture 2000,
26: 171-186,.
9. Koc AB: Determination of watermelon volume using ellipsoid approximation and image
processing. Postharvest Biology and Technology 2007, 45: 366–371

30

In vitro propagation of plum (Prunus domestica.)

(as example)

10. Sadrnia H, Rajabipour A, Jafary A, Javadi A & Mostof Y: Classifcation and analysis of fruit
shape in long type watermelon using image processing. International Journal of Agriculture
and Biology 2007, 1: 68–70.
11. Iwata H, Ukai Y: SHAPE: a computer program package for quantitative evaluation of
biological shapes based on elliptic Fourier descriptors. The Journal of Heredity 2002, 93(5):
384–385.
12. Daniel IO.. Adeboye KA, Oduwaye OO, Porbeni J: Digital seed morpho-metric
characterization of tropical maize inbred lines for cultivar discrimination. International
Journal of Plant Breeding and Genetics 2012, 6(4): 245–251.
13. Adewale BD, Kehinde OB, Aremu CO, Popoola JO, Dumet DJ: Seed metrics for genetic and
shape determinations in African yam bean [Fabaceae] (Sphenostylis stenocarpa Hochst.
Ex. A. Rich.) harms. African Journal of Plant Science 2010, 4(4): 107–115.
14. Van Eck JW, Heijden GWAM, Polder G: Accurate measurement of size and shape of
cucumber fruits with image analysis. Journal of Agricultural Engineering Research 1998, 70:
335–343.
15. Beyer M, Hahn R, Peschel S, Harz M, Knoche M: Analysing fruit shape in sweet cherry
(Prunus avium L.). Scientia Horticulturae 2002, 96: 139-150.
16. Fıratlıgil-Durmuş E, Šárka E, Bubník Z, Schejbal M, Kadlec P: Size properties of legume
seeds of different varieties using image analysis. Journal of Food Engineering 2010, 99(4):
445-451,.
17. Ercisli S, Sayinci B, Kara M, Yildiz C, Ozturk I: Determination of size and shape features of
walnut (Juglans regia L.) cultivars using ımage processing. Scientia Horticulturae 2012, 133:
47-55.
18. Kara M, Sayinci B, Elkoca E., Öztürk I, Özmen TB: Seed size and shape analysis of registered
common bean (Phaseolus vulgaris L.) cultivars in Turkey using digital photography. Tarim
Bilimleri Dergisi — Journal Of Agricultural Sciences 2013, 19:219-234.
19. Şehrali S: Yemeklik Tane Baklagiller. Ankara Üniversitesi Ziraat Fakültesi Yayın No: 1089,
Ders Kitabı No: 314, Ankara. 1988. (cited on: Kara M, Sayinci B, Elkoca E., Öztürk I. and
Özmen TB: Seed size and shape analysis of registered common bean (Phaseolus vulgaris L.)
cultivars in Turkey using digital photography. Tarim Bilimleri Dergisi — Journal Of
Agricultural Sciences 2013, 19: 219-234.
20. Mohsenin NN: Physical Properties of Plant and Animal Materials. Gordon and Breach
Science Publisher, New York. 1986.
21. McCabe WL, Smith JC, Harriot P: Unit Operations of Chemical Engineering. McGraw-Hill
Book Company, New York. 1986.
22. Olajide JO, Ade-Omowaye BIO: Some physical properties of locust bean seed. Journal of
Agricultural Engineering Research 1999, 74(2): 213-215.
23. Güvenç İ, Güngör F: Phyisical properties and nutritional composition of their seeds
registered varieties of beans in Turkey. Journal of Ataturk University, Faculty of Agriculture
1996, 27(4): 524-529.
24. Ozturk I, Kara M, Ercisli S, Kantar F: Physical and chemical grain properties of new
registered common bean cv. ‘Kantar-05’. Akademi Sains Malaysia 2010, 39(5): 725-730.
25. Cetin M: Physical properties of barbunia bean (Phaseolus vulgaris L. cv. ‘Barbunia’) seed.
Journal of Food Engineering 2007, 80: 353-358.
26. Singh Y, Chandra S: Evaluation of physical properties of kidney beans (Phaseolus vulgaris).
Food Science Research Journal 2014, 5(2): 125-129.
27. Dutta, SK, Neema UK, Bharadwaj RK: Physical properties of gram. J. Agric. Engg. Res.,
1988, 39(4): 259–268.
28. Williams K, Munkvold J, Sorrells M: Comparison of digital image analysis using elliptic
Fourier descriptors and major dimensions to phenotype seed shape in hexaploid wheat
(Triticum aestivum L.). Euphytica 2013, 190(1): 99–116.
37

