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This study was conducted to investigate some engineering properties of Cercis siliquastrum L. seed
namely, geometrical properties (length, width, thickness, geometric mean diameter, sphericity, surface
area, seed volume), gravimetrical properties (thousand seed mass, bulk and true densities, porosity),
and mechanical properties (fracture force, absorbed energy, toughness, power requirement and
firmness) for different acid treatment and stratification durations. All properties of C. siliquastrum L.
seed were evaluated as a function of acid (H,SO,) treatment durations (0- 15- 30- 45- 60- 120 min) and to
the 0- 1- 2 months stratification. The duration of seeds in acid has eroded the coat of the seed and the
axial dimensions of the seed which are not scarified are decreased. Since the stratification duration of
seed in humid perlite increases the ability of water absorption tapered coat, axial dimensions have
increased contrarily. As the surface area and volume of the seed decrease in those that were not
scarified in axial dimensions, it has increased importantly in the first and second scarification months.
The opposite is determined in sphericity. According to the different stratification durations of seeds
which are not applied with acid treatment, minor changes are determined in seed mass, bulk and true
densities and porosity values. In acid treatments of 15 - 120 min significant changes are recorded apart
from true density between stratification durations. Fracture forces according to unstratification, first
and second months of scarification of seeds have decreased from 359.3 to 293.8 N, from 315.9 to 64.2
N, from 226.8 to 45.5 N respectively. The differences according to acid treatment and stratification
duration of measured fracture forces and absorbed energy, toughness and firmness values are found
statistically important.
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INTRODUCTION

Cercis is a genus of 8 species native to North America,
Asia, and Mediterranean area. All are large shrubs or
small trees under 10 m in height. The genus Cercis is an
unusual member of the caesalpinoid subfamily of legu-
mes (Leguminosae sub. Caesalpiniaceae) producing pea
-like, papilionaceous flowers more common to the
Fabaceae subfamily. The two most important species are
Cercis canadensis L. and Cercis siliquastrum L. Both
species are similar in appearance, with C. canadensis L.
produced as a nursery crop in the United States, where it
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is native, and C. siliquastrum L., being commercially imp-
ortant in its natural distribution in Mediterranean area.
Cercis L. is cultivated as an ornamental landscape tree
and for establishment in windbreaks or wild life habitats
(Geneve, 1991, Dianxiang, 1999).

Conventional propagation of Cercis L. species is most
commonly from seed. The seed exhibits a double dor-
mancy, requiring treatment to allow imbibitions of the
hard seed coat followed by cold stratification (Dirr and
Heuser, 1987). For Cercis seeds can be scarified with
concentrated H,SO, for 30 min, followed by 30 - 90 days
moist stratification at 1 - 5°C for optimum germination. It
is common for nursery industry to sow scarified Cercis
seed in outdoor seedbeds in the autumn for spring germi-
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nation (Dirr and Heuser, 1987; Geneve, 1991; Young and
Young, 1992; Hartmann et al., 2002; Anonymous, 2003;
Zencirkiran, 2003, 2008).

Recently scientists have made great efforts in evalua-
ting basic physical properties of agricultural materials and
have pointed out their practical utility in machine and
structural design and in process and control engineering
(Chowdhury et al., 2001). Although the recent scientific
development have improved the handling and processing
of bio-materials through mechanical, thermal, electrical,
optical and other techniques, a little is known about the
basic physical characteristics of bio-materials. Such basic
information is important not only to engineers but also to
food scientists, processors, plant breeders and other sci-
entists who may find new uses (Mohsenin, 1970).

Several investigators determined the physical and mec-
hanical properties of ornamental plant, trees and shrubs,
fruit trees seeds and grains at various moisture contents
such as Olaoye (2000) for Ricinus communis (castor nut);
Aydin and Ozcan (2002) for Pistacia terebinthus L. (tere-
binth fruit); Demir et al. (2002) for Celtis australis L.
(hackberry); Kaleemullah and Gunasekar (2002) for Are-
ca catechu L. (arecanut kernel); Demir and Kalyoncu
(2003) for Carnus mas L. (cornelian cherry); Abalone et
al. (2004) for Amaranthus cruentus (amaranth seed);
Akinci et al. (2004) for Juniperus drupacea fruit; Amin et
al. (2004) for Lens culinaris Medik. (lentil seed); Calisir
and Aydin (2004) for Prunus laurocerasus L. (cherry lau-
rel fruit); Ozdemir and Akinci (2004) for Corylus avellana
L. (hazelnut); Vursavus and Ozguven (2004) for Prunus
armeniaca L. (apricot pit); Aviara et al. (2005) for Balani-
tes aegyptiaca nuts; Calisir et al. (2005) for Prunus spp.
(wild plum fruit); Dursun and Dursun (2005) for Capparis
L. (caper seed); Ozguven and Vursavus (2005) for Pinus
pinea L. (pine nut); Akaaimo and Raji (2006) for Prosopis
africana seed; Pliestic et al. (2006) for Corylus maxima L.
(filbert nut and kernel); Aydin and Ozcan (2007) for Myrt-
us communis L. (myrtle fruit); Goyal et al. (2007) for
Emblica officinalis Gaertn. (aonla fruit); Jarimopas and
Kitthawee (2007) for Mangifera indica L. (mangoe); Zew-
du and Solomon (2007) for Eragrostis tef (Zucc.) Trotter.
(tef seed); Garnayak et al. (2008) for Jatropha curcas L.
(jatropha seed); Solomon and Zewdu (2008) for Guizotia
abyssinica Cass. (niger seed) and Ixtaina et al. (2008) for
Salvia hispanica L. (chia seed). In addition, studies have
been carried out to determine some physical (only seed
dimensions), treatment and stratification processes for
germination and dormancy properties of different species
of Cercis L. seeds (Dirr and Heuser, 1987; Geneve,
1991; Dianxiang, 1999; Hamiliton and Midcap, 2001;
Young and Young, 1992). However, no published work
seems to have been carried out on the physical and mec-
hanical properties of the Cercis L. seeds, which has a
very hard seed coat compared to the other plant species.
The physical properties of Cercis L. seeds, like those of
other seeds, are essential for the design of equipment for
handling, harvesting, transporting, cleaning, separating,

packing, storing and processing. These physical proper-
ties affect the conveying characteristics of solid materials
by air or water. Size, shape, and physical dimensions of
Cercis L. seeds are important in sizing, sorting and other
separation process. Bulk and true densities of Cercis L.
seeds are necessary to design the equipment for proces-
sing and storing such as dryers and bins. The porosity of
the seeds is the most important for packing. The porosity
also affects the resistance to airflow through bulk seeds.
The designs lead to inadequate applications if the sys-
tems are designed without taking these physical proper-
ties into consideration. In addition, there is some resear-
ch on the mechanical properties of hazelnut, apricot, pine
nut and almond with hard coat. Detailed information on
the engineering properties of Cercis L. seeds especially
those grown in Turkey and their dependence on seed
stratification and acid treatment durations is not available
in the literature.

The aim of the this work is to determine the main cha-
racteristics affected different stratification and acid treat-
ment durations of C. siliquastrum L. seeds, namely, geo-
metrical properties (length, width, thickness, geometric
mean diameter, sphericty, surface area and volume), gra-
vimetrical properties (thousand seed mass, bulk and true
densities and porosity) and mechanical properties (frac-
ture force, absorbed energy, toughness, power require-
ment and firmness).

MATERIAL AND METHODS
Seed collection and preparation

Mature pods of C. siliquastrum L. were collected from a tree grow-
ing in its natural habitat in Bursa-Turkey. The seeds were extracted
manually from pods in the laboratory. The C. siliquastrum L. seeds
used in this study are shown in Figure 1. The seeds were cleaned
manually to remove all foreign matter, broken, immature seeds and
those damaged by insects. After this process, the seeds are rinsed
in tap water, dried in shade for 24 h and stored in air-tight jars at
room temperature (22 + 2°C). Afterwards, the seeds are grouped
and are exposed to concentrated H,SO4 (98%) in durations of O,
15, 30, 45, 60 and 120 min. Following the acid treatment, the seeds
are washed in water for 30 min. Control (0) group is steeped in
water without any acid treatment.

Figure 1. Cercis sliquastrum L. seeds
that were used in measurements



Control group and seeds that were applied with acid treatment for
120 min are divided into three groups among themselves. First
group seeds are tested without stratification. For this, geometrical,
gravimetrical and mechanical tests whose methods are given below
are applied to these seeds. Second and third group seeds are left
to stratification in humid perlite in 4°C in the refrigerator for 30 and
60 days respectively after they are put into bags. Seeds that are
stratified for 30 and 60 days are taken out and each sample group
is extracted from perlite manually. After that they are rinsed with tap
water rapidly and replaced back into refrigerators after put into air-
tight clean bags.

Before starting the tests the required quantities of the samples
were taken out of the refrigerator and allowed to warm to room tem-
perature for about 3 h (Dehspande et al., 1993; Nimkar and Chatto-
padhyay, 2001). Measurements and analysis of the second and
third group seeds are carried out respectively as in the first group.

Geometrical properties of seed

To determine the average size of the C. siliquastrum L. seed, a
sample of 100 seeds for both control and acid treatment was ran-
domly selected and their three principal dimensions namely, major
(length), intermediate (width) and minor (thickness) axes were mea-
sured using a digital caliper (Mitutoyo, CD-15CP, England) with an
accuracy of 0.01 mm.

The geometric mean diameter, (Dg) and sphericity (7) of the seed
were calculated by using the following equations (Mohsenin, 1970;
Ozguven and Vursavus, 2005; Calisir and Aydin, 2004):

@)

)

The surface area S, of seed was found by analogy with a sphere of
the same geometric mean diameter, using the following relation-
ship:

©)

The volume of the individual C.siliquastrum L. seed was calculated
from the principal dimensions earlier measured. For ellipsoidal sha-
pe materials, namely, Cercis L. seeds, the volume (V) is given by
Mohsenin (1970) as given in the following equation:

(4)

where Dy is the geometric mean diameter (mm); L is the length
(mm); W is the width (mm); T is the thickness (mm); f is the sphe-
ricitys(%), S is the surface area (mm?) and V is the seed volume
(mm?).

Gravimetrical properties of seed

Thousand seed mass was obtained with to help of an electronic
balance (Chyo, MP-300, Kyoto, Japan) reading to 0.001 g. To eval-
uate the one thousand seed mass, 50 randomly selected seeds
from the bulk sample were averaged.

The bulk density defined as the ratio of the mass sample of the
seeds to its total volume, was determined using a modified stand-
ard test weight procedure (Singh and Goswami, 1996; Gupta and
Das, 1997) by filling a 90 ml container with seeds that were poured
from a height of about 150 mm at a constant rate, then the content
was weighed. No separate manual compaction of seeds was done.
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The bulk density was calculated from the mass of the seeds and
the volume of the container. The processes for both stratification
and acid treatment durations were replicated 20 times and bulk
density taken as the average of the 20 replications.

The true density defined as the ratio between the mass of C. sili-
quastrum L. seed and the true volume of the seed, was determined
using the toluene (C;Hs) displacement method. Toluene was used
in place of water because it is absorbed by seeds to a lesser extent.
The volume of toluene displaced was found by immersing a wei-
ghted quantity of seed in the measured toluene (Garnayak et al.,
2008; Unal et al., 2008). This process were also replicated 20 times
and true density taken as the average of the 20 replications.

The porosity of the bulk seed (9 was calculated from bulk and
true densities using the relationship (Mohsenin, 1970) as follows:

(©)

where ry, is the bulk

density (kg/m®) and ry is the true density (kg/m?).

Figure 2. Test device that was used in fracture tests.

Mechanical properties of seed

The fracture force of C. siliquastrum L. seed was tested to know the
magnitude of the force that was required to break the seed when
the seeds are minor axes (thickness). Fracture forces were measu-
red using a dynamometer (Sundoo, 500 SH, accuracy 0.1 N, China)
with 500 N capacity (Figure 2). The loading velocity of the dynamo-
meter was constant at 35 mm/min during measurements. For each
test, a single seed was placed on its thickness on a flat steel plate
and then compressed with a 12 mm-diameter probe. The process
was replicated 30 times and the average of the 30 readings was
taken as the representative value. According to preliminary experi-
ments, since the deformation values of seeds in maximum fracture
force will change according to stratification and acid treatment,
triplicative experiments are carried out for deformation data in each
level. When the seeds whose initial thickness is known, made an
effect of cracking at seed coat of compress probe they are ceased
and the height between two fracture plates is measured with caliper
(0.01 accuracy). This interval is the dimension of seed in fracture
point and is subtracted from initial thickness later on. Value detec-
ted gives the deformation in mm.

Average values of triplicative deformation measurement is used
in other equations measured according to 30 repetitive fracture for-
ce measurements (Table 1).
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Table 1. Deformation values to the different stratification and acid
treatment durations of Cercis siliquastrum L. seeds.

Stratification Acid treatment durations (min)

durations (months) 0 15 30 45 60 120
0 0.34 0.27 026 0.25 0.24 0.22
1 0.37 0.48 052 055 057 0.58
2 0.38 053 056 0.58 0.61 0.66

Energy absorbed in millijoules (E.) by the seed coat at fracture;
toughness (P) that is expressed as the energy absorbed by the
seed coats up to fracture point per unit volume of the coat; the
power requirement for cracking the seed (P)) and firmness (Q) val-
ues at fracture point were determined by using the following equa-
tions (Olaniyan and Oje, 2002; Vursavus and Ozguven, 2004;
Ozguven and Vursavus, 2005):

(6)

@)

®)

9)
where E,

is the energy absorbed by the seed coat at fracture (mJ); Ft is the
fracture force (N); Ds is the deformation at fracture point (mm); P is
the toughness (mJ/mm?®); V is the volume of C. siliqua-strum L.
seed (mm?®); P; is the power requirement for fracture the seed coat
(W); Vi is the loading rate (mm/min), and Q is the firm-ness (N/mm).

Statistical analysis

The obtained data were statistically analyzed as two factorial expe-
rimental design (MINITAB 14.0, 1996). Least significance difference
(LSD) at the 0.05 and 0.01 probability levels was used to determine
significant differences among means.

RESULTS AND DISCUSSION
Geometrical properties of seed

The stratification of C. siliquastrum L. and the seed sizes
in acid treatment duration, geometric mean diameter,
sphericity, seed surface area and average volume values
are given in Table 2. As it's seen in Table 2, taken the
acid durations applied on seeds into regard, while unstra-
tified seed decrease from 5.31 to 4.97 mm, it increases
from 5.37 to 6.78 mm and from 5.41 to 6.94 mm res-
pectively in the first and second stratification months. The
width of the seeds decreases from 3.85 to 3.68 mm in
unstratified ones while increases from 3.88 to 4.66 mm

and from 3.88 to 4.70 mm respectively in the first and
second stratification months. Similar trend is available for
seed thickness. According to this, while the thickness
decreases from 2.13 to 2.04 mm in unstratified seed, it
increases from 2.14 to 2.50 mm and from 2.17 to 2.52
mm respectively in the first and second stratification mon-
ths. Acid treatment durations cause wear on seed coat
and as a result sizes of the three axial dimensions of
unstratified seeds are reduced. In addition to these, since
the stratification duration of seeds in humid perlite increa-
sed the water absorption ability of the eroded coat, there
are contrary increments in axial dimensions. Relative to
the stratification, durations of the seeds which are not
treated with acid, changes in length, width and thickness
are not found important statistically. Differences in dimen-
sions according to different stratification durations of
seeds which are applied with acid treatment of 15 - 120
min are found important (P<0.01). Moreover, while the
differences in different acid treatment durations of unstra-
tified seeds are not found statistically important, differen-
ces in width and thickness are important (P < 0.05). The
differences between each three dimensions of seeds
which applied with acid treatment in the first and second
months of stratification are found important statistically (P
< 0.01). The estimated dimensions of C. siliquastrum L.
seed were smaller than those of the pine nut (Ozguven
and Vursavus, 2005) and jatropha seed (Garnayak et al.,
2008), while these were greater than those of the Areca-
nut kernel (Kaleemullah and Gunasekar, 2002) and caper
seed dimensions (Dursun and Dursun, 2005). Dianxiang
(1999) reported similar to results for C. glabra Pamp., C.
chuniana Metc., C. canadensis L. species, but he has not
given any data for C. siliquastrum species.

Similar trend in axial dimensions of seeds are found for
their geometric mean diameters. While the geometric dia-
meters for unstratified seeds decreases from 3.51 to 3.33
mm, in first and second months of stratification samples
they increase from 3.54 to 4.29 mm and from 3.57 to 4.34
mm, respectively.

Contrary to axial dimensions, while sphericity increases
in unstratified seeds, it decreases in stratified ones.
Sphericity increases from 66.62 to 67.48% while in first
and second months of stratification samples decrease
from 66.13 to 63.55% and from 66.02 to 62.83%, respec-
tively. Similar trends for unstratified seeds have been
reported by Demir et al. (2002) for hackberry, Abalone et
al. (2004) for amaranth seed, Dursun and Dursun (2005)
for caper seed, Aydin and Ozcan (2007) for myrtle fruits
and Garnayak et al. (2008) for jatropha seed. On the
contrary, to the stratified seeds, Razavi et al. (2007)
reported similar result for pistachio nut and its kernel. The
sphericity of unstratified seeds at different acid treatment
durations exhibited a chance from 66.62 to 67.48%, indi-
cating that sphericity of C. siliquastrum L. seed is not
significantly (P>0.05) affected by the change in acid treat-
ment durations from 0 to 120 min. This indicates relati-
vely proportional changes occurred in the dimensions of



Table 2. Statistical analysis for some geometrical properties to the different stratification and acid treatment durations of Cercis siliquastrum L. seeds.
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Stratification durations

Acid treatment durations (min)

Significance

(months) 0 15 30 45 60 120 level
Length (mm)

0 5.31+0.12 5.19 +0.08 © 5.15+0.08 © 5.07 +0.08 © 5.05+0.08 ® 4.97 +0.08° ns
1 5.37 +0.07 ¢ 6.00 +0.15%° 6.19 + 0.16 & 6.39+0.13 5" 6.53 +0.13 6.78 £0.12 o
2 5.41+0.07°¢ 6.39+0.174" 6.60 +0.14 42 6.71+0.124% 6.86 +0.12 6.94+0.12" o
Significance level ns ** *x *x ** *x

Width (mm)

0 3.85+0.03? 3.80+0.03%%® 3.75+0.04 &% 3.74+0.04 &% 3.72+0.04 5% 3.68+0.04 ¢ *
1 3.88+0.04"° 4.27+0.08%° 4.34+0.08°%" 4.42 +0.07 5" 451+0.05%%® 4.66+0.05"° o
2 3.88+0.06° 4.47+0.08"" 457+0.06 ~® 4.62+0.06%% 4.64+0.06"%® 470+0.05"° o
Significance level ns ** *x *x ** *x

Thickness (mm)

0 2.13+0.02? 2.12+0.02% 2.11+0.02 52 2.09+0.025% 2.07 £0.025%® 2.04 £0.02 %" *
1 2.14+0.02°° 2.34£0.04 4" 2.41+0.03"%® 2.43+0.044% 2.46+0.03"° 2.50+0.03*° *
2 2.17 +0.03° 2.35+0.04 4" 2.44 £0.04 A 2.46 +0.034%® 2.49+0.04"° 2.52+0.04"° *
Significance level ns ** *k *k ** *k

Geometric mean diameter (mm)

0 3.51+0.03? 3.46+0.02%%® 3.44 +0.03 ©*° 3.40 +0.03 & 3.38+0.03%« 3.33+0.03%¢ o
1 3.54+0.03° 3.91+0.07"¢ 4.01+0.06 % 4.08+0.05°%" 416+0.04%%® 4.29+0.04"° o
2 3.57+0.05"° 4.06 +0.07*°¢ 4.18+0.06 " 4.23+0.054%® 429+0.04%%® 4.34+0.04"° o
Significance level ns ** *x *x ** *x

Sphericity (%)

0 66.62 + 0.96 67.08+0.81" 67.06 +0.66 " 67.42+0.72" 67.39+0.76 * 67.48 +0.77 " ns
1 66.13 + 0.59 65.58 + 0.75 "® 65.31+0.87 “® 64.29+0.73° 64.18 +0.88 ® 63.55+0.69 ° ns
2 66.02 + 0.59 64.02+0.71° 63.75+0.78 ® 63.32+0.60 ° 62.83 +0.65° 62.83+0.67° ns
Significance level ns * * *x ** *x

Surface area (mm?)

0 38.73+0.60 ? 37.75+0.53 % 37.18 +0.60 & " 36.42 + 0.58 36.04 +0.59 & 34.99 +0.56 ¢ o
1 39.49 + 0.60 ° 48.41+1.71"° 50.83 + 1.56 & 52.65 +1.27 B 54.63 +1.01 %% 57.83+1.07 %2 o
2 40.20+1.04 ¢ 52.29+1.85"°¢ 55.24 +1.46 ~ ™ 56.51 +1.22 4 57.95+1.10%% 59.41+1.21%2 o
Significance level ns ** *k *k ** *k

Seed volume (mm3)

0 22.72+0532 21.86 +0.46 & 21.38 + 0,52 ©* 20.72 + 0,49 © P 20.40 + 0,49 < 19.52 + 0,47 & ¢ o
1 23.39+0,54 ¢ 3211+1.71~¢ 34.43+1,545 36.15+1,27 "% 38.11+1,03%® 4151+1,14"% o
2 24.14 +0,95 ¢ 36.04+1.87*°¢ 38.90+1,51""% 40.15+1,28 4 41.64+1174 4325+1,301"% o
Significance level ns ** *x *x ** *x

All data represent the mean 100 determinations. Standard error values are in +.

" Significance levels at 5%, 1%, respectively. ns: not significant
@) values in the same row with different lower-case letters are significantly different at P <0.05 and P < 0.01
=9 values in the same column with different upper-case letters are significantly different at P < 0.05 and P < 0.01.
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C. siliquastrum L. seeds used for the calculation of
sphericity.

While surface area and volume of seeds decrease in
unstratified seeds similar to axial dimensions, it increases
importantly in first and second stratification months. Acc-
ording to this, while the surface areas in unstratified seed
decrease from 38.73 to 34.99 mm? it increases from
39.49 to 57.83 mm” and from 40.20 to 59.41 mm?, res-
pectively. Similar trends for surface area have been rep-
orted by Demir et al. (2002) for hackberry fruit, Dursun
and Dursun (2005) for caper seed, Razavi et al. (2007)
for pistachio nut and kernel and Garnayak et al. (2008)
for jatropha seed. On the other hand, while the seed volu-
me decreases from 22.72 to 19.52 mm? in unstratified
ones, it increases from 23.39 to 41.51 mm® and from
24.14 to 43.25 mm®, respectively. The same trend has
been reported for hackberry (Demir et al., 2002).

Acid treatment durations in seeds cause wearing in
coat’'s which lessen the axial dimensions of seed consi-
derably. Therefore, size reduction is seen in measured
geometric diameter, sphericity, and surface area and
density values. Contrary to this, these values have incre-
ased considerably in seeds which are left in cold strati-
fication. Changes in unstratified, first month and second
month stratifications respectively in geometrical average
diameters, sphericity, surface area, and seed densities of
seeds which are not acid treatment applied are not found
important statistically. Changes which are applied with
acid treatment are found 1 and 5% important. In addition
to this, changes in sphericity values in acid treatments of
each stratification duration are found unimportant. Differ-
ences in geometric mean diameter, surface area and
seed volume are found unimportant (P < 0.01).

It can be understood from here that, acid treatment on
C. siliquastrum L. seeds in different times, decreases the
geometrical dimensions of the seed which are unstratified
related to wear effect of the acid. However, applying hu-
mid cold stratification on seed increases water conduc-
tivity of hard coat and as a result causes considerable
increment in seed dimension and in other geometrical
values. Leaving control seeds to stratification does not
create differences in dimensional values. On the contrary,
considerable changes are determined in dimensional ch-
anges related to different stratification durations of seed
in 15 - 120 min acid treatments. This shows that, acid
and stratification treatment for C. siliquastrum L. seed is
required to improve the water permeability of seed coat.
According to these results, designing suitable sowing
machine for C. siliquastrum L. it is important to take the
dimensional and form changes of the seeds.

Gravimetrical properties of seed

Averages of thousand seed mass, bulk and true densities
and porosity values of C. siliquastrum L. seed in different
stratification and acid treatment durations are given in
Table 3. As itis understood from the table, according to

the acid durations applied on samples, while 1000 seed
mass on unstratified seeds decrease from 27.40 to 25.67
g, it increases from 27.50 to 39.23 g and from 27.77 to
46.87 g, respectively in the first and second months of
stratification. These values are lower than those reported
for hackberry (Demir et al., 2002), balanites eegyptiaca
nut (Aviara et al., 2005), prosopis africana seed (Akaaimo
and Raiji, 2006), myrtle fruit (Aydin and Ozcan, 2007), but
higher than those of lentil seed (Amin et al., 2004), caper
seed (Dursun and Dursun, 2005), tef seed (Zewdu and
Solomon, 2007), chia seed (Ixtaina et al., 2008) and niger
seed (Solomon and Zewdu, 2008).

While the deformation on seed coat caused by acid
treatment duration results in decrement of 6.7% of weight
in unstratified seeds, it results in considerable increment
as 42.7 and 68.8% respectively in the first and second
months of stratification. Both the acid treatment and cold
stratification durations causes hard seed coat to soften
and therefore effects the increment in humid permeability.
The differences between the seed weights of unstratified
seeds in different acid durations and differences in seed
weights of different stratification durations of control
seeds are not found important statistically. In addition to
this, there are important statistical differences in acid
treatments of first and second months of stratification of
seeds and in thousand seed mass between stratifications
for each acid duration (P< 0.01).

While acid treatment duration of C. siliquastrum L.
seeds increase the bulk density from 782.2 to 823.4
kg/m?®, decrease the samples of first and second months
of stratification from 763.8 to 596.6 kg/m® and from 734.2
to 577.2 kg/m®, respectively (Table 3). The deformation
caused by acid treatment duration on seed coat results in
increment in bulk densities of unstratified samples about
5.3% in total. However, there occur important size reduc-
tion of 21.9 and 21.4% respectively in the first and sec-
ond months of stratification. It can be understood from
here that acid treatment and stratification durations fasten
humid permeability on impervious hard coat of seed and
therefore increase seed mass. However, since the mass
increment of the seed is more than its weight, bulk den-
sity decreases.

The bulk density of C. siliquastrum L. seed was compa-
red with those of other fruit seeds and it was observed
that the bulk density of seed at a given moisture level
was lower than those of arecanut kernel (Kaleemullah
and Gunasekar, 2002) and prosopis africana seed (Akai-
mo and Raji, 2006), whereas, it was almost same as that
of pine nut (Ozguven and Vursavus, 2005) and myrtle
fruit (Aydin and Ozcan, 2007), and higher than terebinth
fruit (Aydin and Ozcan, 2002), wild plum fruit (Calisir et
al., 2005), caper seed (Dursun and Dursun, 2005) and
jatropha seed (Garnayak et al., 2008). Differences bet-
ween the bulk densities of unstratified seeds on different
acid treatment durations and bulk densities of control
seeds in different stratification durations are not found
important statistically. However, difference between acid



Table 3. Statistical analysis for some gravimetrical properties to the different stratification and acid treatment durations of Cercis siliquastrum L. seeds.
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Stratification durations

Acid treatment durations (min)

Significance

(months) 0 15 30 45 60 120 level
Thousand seed mass (g)
0 27.40 +1.10 26.93+1.00° 26.73+0.98 € 26.67+1.30° 26.00+1.32°¢ 25.67+1.14°¢ ns
1 27.50 + 1.07 ¢ 31.47+1.41%“  3370+1.48%"  36.97+164%%® 3747+161%%®  39.23+154%% o
2 27.77+0.98 ¢ 39.40+1.66%°  41.10+1.77""  44.03+154"%®  4597+165"%  46.87+157"°? *
Significance level ns *k *k *k *k *k
Bulk density (kg/m3)
0 7822+75 785.0+9.4% 787.4+11.4° 800.4+11.6" 811.0+15.2° 823.4+145" ns
1 763.8+12.4° 699.6 +29.3%%®  672.1+288%"  633.8+30.2%"  614.8+293°%° 596.6 +29.2 ¢ *
2 734.2+23.0° 659.3+22.2%°  640.0+242%" 6108+175%" 596.1+175%  577.2+15.9%¢ o
Significance level ns * *k *k *k *k
True density (kg/m3)
0 1277.5 +53.9 1246.1 + 58.8 1212.7 + 46.2 1201.2 + 43.2 1189.5 + 38.8 1167.3 + 42.3 ns
1 1265.0 + 45.6 12275+37.1 1206.7 + 38.4 1170.5 + 40.8 1143.5 + 38.2 1127.2 + 37.9 ns
2 1251.4 + 45.0 1191.0 + 50.0 1177.6 £ 37.0 1167.2 + 455 1142.0 +23.0 1119.4 + 27.2 ns
Significance level ns ns ns ns ns ns
Porosity (--)
0 37.9+23° 359+275® 345+ 1.6 5% 32.8+1.7 8 31.4+1.78"% 28.9+18°%° *
1 392+13° 432+1.0"° 445+0.7 %% 46.0+0.84% 4641372 473+1.0%2 *k
2 41.2+0.8¢ 443+12"°¢ 457 £0.9~ "™ 475+06 "% 47.9+0.6 4% 48.4+06"2 *k
Significance level ns * *k ol * *

All data represent the mean 30 determinations. Standard error values are in +.

"™ Significance levels at 5%, 1%, respectively. ns: not significant

@9 values in the same row with different lower-case letters are significantly different at P < 0.05 and P < 0.01
=9 values in the same column with different upper-case letters are significantly different at P < 0.05 and P < 0.01.

treatment durations of first and second months of
stratification and between bulk densities between
each acid duration is found important statistically
(P <0.01 and P <0.05).

True density of the seed decreases from 1277.5
to 1167.3 kg/m® contrary to the bulk densities
unstratified samples. Similarly, in the samples of
first and second month stratifications it decreases
from 1265.0 to 1127.2 kg/m3 and from 1251.4 to

1119.4 kg/m3 respectively (Table 3). The results
were similar to those reported by Aviara et al.
(2005) for balanites aegyptiaca nut, Dursun and
Dursun (2005) for caper seed and Pliestic et al.
(2006) for filbert nut and kernel. It is, however,
contrary to the results of Aydin and Ozcan (2002),
Demir et al. (2002), Aydin and Ozcan (2007) and
Garnayak et al. (2008) who found the true density
to increase with moisture content for terebinth fru-

it, hackberry, myrtle fruit and jatropha seed, res-
pectively. These seeds thus increase as their moi-
sture content increases. Taken both the stratifica-
tion and acid treatment durations into regard, no
important differences between the true densities
of the seed are found (P > 0.05).

While the porosity of C. siliquastrum L. seed
decreases from 37.9 to 28.9% in unstratified sam-
ples, it increases from 39.2 to 47.3% and from
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41.2 to 48.4% in the first and second months of stratifi-
cation (Table 3). The porosity values for C. siliquastrum
L. seeds are found to be similar to that for balanites ae-
gyptiaca nut (Aviara et al., 2005), filbert nut (Pliestic et
al.,, 2006) and myrtle fruit (Aydin and Ozcan, 2007), but
lower than that for terebinth fruit (Aydin and Ozcan,
2002), cherry laurel fruit (Calisir and Aydin, 2004) and su-
mac fruit (Ozcan and Haciseferogullari, 2004). While dif-
ferences between porosities of control seeds relative to
stratification durations are not found important statistically
(P > 0.05), differences between stratification durations of
acid treatment seeds and porosity values in acid dura-
tions for each stratification are found statistically import-
ant (P < 0.01 and P < 0.05).

While the seed mass, true density and porosity of C.
siliquastrum L. seed in different acid treatment durations
decrease in unstratified samples inconsiderably, bulk
density again increases inconsiderably. However, stratifi-
cation seeds results in considerable changes in these
ratios. Minor changes are detected in the seed mass,
bulk and true densities and porosity values of seed that
are not applied with acid treatment. In acid treatments of
15 - 120 min important changes are observed among
stratifications apart from true density. Mass, bulk density
and porosity values of C. siliquastrum L. seed in first and
second months of stratification of 0-15-30 and 45 min
acid treatments have changed considerably. However,
there are no important changes in values between 45 -
120 min duration. It can be understood from here that, 30
- 45 min acid treatment is enough for weakening the seed
coat and acid duration over this time is found to have no
more effect on seed mass and bulk density.

Mechanical properties of seed

Average fracture force, absorbed energy, toughness, po-
wer requirement and firmness values of C. siliquastrum L.
seeds in different stratification and acid treatment dura-
tions are given in Table 4 and Figure 3 - 4. As it is seen
in Table 4 and Figure 3, coat fracture forces in unstra-
tified, first and second month’s stratification according to
acid treatment durations decrease from 359.3 to 293.8 N,
from 315.9 to 64.2 N and from 226.8 to 45.5 N, respec-
tively.

The results are similar to those reported by Aydin
(2002) for hazelnut, Calisir and Aydin (2004) for cherry
laurel fruit, Vursavus and Ozguven (2004) for apricot pit
and Aktas et al. (2007) for almond. While the coats frac-
ture forces of unstratified seeds in 0 - 120 min acid treat-
ment decreases 20%, it is 400% in seeds of first and sec-
ond stratification duration. On the other hand, while the
fracture force of control seeds of first stratification in 30
and 40 min acid treatments decrease 54 and 78% res-
pectively, after 45 min there is no considerable decrease
in this ratio. In the second month of stratification, control
seeds are applied with acid treatment of 30 and 45 min,
67 and 77% increment between coat fractures of seeds

are noted, and no considerable increment is observed
after 45™ min again. It can be understood from here that
for C. siliquastrum L. seeds which have hard coats, acid
treatment of 30 - 45 min can lessen coat fracture force,
over duration after this application do not have more eff-
ect than the initial one.
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Figure 3. Effect of acid treatment on fracture force of
Cercis siliquastrum L. seed against stratification durations:
() unstratified; ( ) first month stratification; ( ) second
month stratification.

The relationships existing between fracture forces (F)
and acid treatment duration (t) to the different stratifica-
tion durations are polynomial and can be expressed by
the regression equations:

Ffo = 0.0063t>-1.2299t + 351.73 (10)
Ff1 = 0.0375t-6.407t + 295.81 (11)
Ffp = 0.0268t>-4.3936t + 191.49 (12)

both with values for the coefficient of determination R? of
0.919, 0.956 and 0.815.

Absorbed energy values (Equation 6) in unstratified, fir-
st and second stratification months according to acid tre-
atment duration measured according to fracture force of
coat and deformation in fracture point decrease from
62.87 to 32.32 mJ, from 58.44 to 18.62 mJ and from
43.09 to 14.12 mJ, respectively (Table 4 and Figure 4a).
This is in agreement with the findings of Olaniyan and
Oje (2002) for shea nut, Vursavus and Ozguven (2004)
for apricot pit and Arslan and Vursavus (2006) for
almond.

Similarly, toughness values measured from seed mass
of each stratification and acid treatment stage and absor-
bed energy value (Equation 7) decrease from 2.767 to
1.656 mJ/m®, from 2.500 to 0.449 mJ/m® and from 1.785
to 0.326 mJ/m® respectively according to acid durations
in unstratified, first and second months of stratification
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Table 4. Statistical analysis for some mechanical properties to the different stratification and acid treatment durations of Cercis siliquastrum L. seeds.

Stratification Acid treatment durations (min)

Significance

durations (months) 0 15 30 45 60 120 level
Fracture force (N)

0 359.3+12.7%2 323.4+89"° 319.2+75"" 311.3+7.8"° 3045+7.4"° 293.8+93"" *%
1 3159+11.6%2 175.6 + 25.85° 146.2 +23.3%° 705+29%°¢ 66.3+3.4°%° 64.2+35%°¢ *%
2 226.8+13.8%2 81.4+3.28°° 75.7+26%° 526+2.1%°¢ 484+31°%°¢ 455+34°° *
Significance level i *k i *k *k *k

Absorbed energy (mJ)

0 62.87 +2.22~2 4366 +1.21 %" 4150 +0.97 " 38.92 +0.97 4™ 36.54 +0,89 ~ 32.32+1,01~¢ *%
1 58.44 +2.14~2 42.15+6.19%" 38.02+6.07*°" 19.39+0.80 * ¢ 18.91+0.98 %°¢ 18.62 + 1.00% ° %
2 43.09+261%2 2157 +0.86%° 21.21+0.7300 &° 15.25+0.60 ©° 14.77£0.95%°¢ 14.12 +1.06 ©° *
Significance level i *k i *k *k *k

Toughness (mJ/mm3)

0 2.767 +0.098 2 1.997 +0.055 *° 1.941 + 0.046 *° 1.878 £0.047 *"° 1.791 £ 0.044 ~*° 1.656 +0.052 * ¢ *
1 2.500 +0.092 * 2 1.313+0.193%° 1.104 +0.176 ° 0.536 +0.022 % ¢ 0.496 +0.026 ® ¢ 0.449 +0.024 % ¢ *
2 1.785+0.108 @ 0.599 + 0.024 ©° 0.545 +0.019 " 0.380 +0.015 & 0.355 + 0.023 & ¢ 0.326 +0.024 & ¢ *x
Significance level *k *k *k *k *k *k

Power requirement (W)

0 0.013 +0.0005”?  0.007 +0.0002 *®  0.006 +0.0001 %" 0.006 +0.0001 ° 0.005 +0.0001 ° 0.004 +0.0001 ° *%
1 0.013+0.0005"*?  0.012+0.0017*?  0.012 +0.0018 *2 0.006 + 0.0003 ° 0.006 + 0.0003 ° 0.006 + 0.0003 ° *%
2 0.010 + 0.0006 ® 0.007 + 0.0003 ® 0.007 + 0.0002 ® 0.005 + 0.0002 0.005 + 0.0003 0.005 + 0.0004 ns

Significance level

**

*

*

ns

ns

ns

Firmness (N/mm)

0
1
2
Significance level

1026.4 362~ °
877.4+32.252
596.8 + 36.2 ©'2

**

1197.9+33.6"°
304.6 +48.6 2P
153.6+6.1°°

* %

1227.7 +28.89 ~ %
285.0 +49.19 &P
135.2 + 4.7 &b¢

**

12454 +31.1 4%
128.2+5.385%°
90.7+3.65™

* %

1268.7 +30.9 4%
116.4+6.0%¢
79.4+571 5

* %

1335.4 £+ 4232
110.7+6.0%°
735+5568¢

**

**

**

All data represent the mean 30 determinations. Standard error values are in +.

* Significance levels at 5%, 1%, respectively. ns: not significant
@9 yalues in the same row with different lower-case letters are significantly different at P < 0.05 and P < 0.01.
=9 values in the same column with different upper-case letters are significantly different at P < 0.05 and P < 0.01.
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Figure 4. Absorbed energy (a), toughness (b), power requirement (c) and firmness (d) of Cercis siliquastrum L.
seed as a function of stratification and acid treatment duration: () unstratified; ( ) first month stratification; ( )

second month stratification.

(Table 4 and Figure 4b). The same trend has been obser-
ved for apricot pit (Vursavus and Ozguven, 2004), almo-
nd (Aktas et al., 2007) and aonla fruit (Goyal et al., 2007).
These values are lower than that reported for aonla fruit,
but higher than those of apricot pit and almond.

The power requirement for fracture of seed coat, which
is found in equation 8, decreased averagely from 0.013
W to 0.004 W according to different acid application per-
iods when all stratifications are considered (Table 4 and
Figure 4c). Previous works carried out by Ozguven and
Vursavus (2005) for pine nut, Aktas et al. (2007) for almo-

nd have also shown that the power requirement decree-
ses with increase of moisture content.

While the firmness values measured according to the
maximum fracture value of the seed and deformation val-
ue during fracture (Equation 9) increase from 1026.4 to
1335.4 N/mm in acid treatments of unstratified seeds, it
decrease from 877.4 to 110.7 N/mm and from 596.8 to
73.5 N/mm respectively in samples of first and second
months of stratification (Table 4 and Figure 4d). Similar
trend was observed by Aktas et al. (2007) for almond.
Firmness values for unstratified are higher than these re-



ported for almond, whereas it is similar to with those of
first and second stratification durations.

Differences among measured fracture forces and abs-
orbed energy, toughness and firmness values according
both to acid treatment and stratification duration are fou-
nd important statistically (P<0.01). Though statistical dif-
ferences in needed power requirement values for seed
fracture are found between stratifications of 0 (control),
15 and 30 min acid durations (P<0.01 and P<0.05), there
are not important differences in power requirement bet-
ween 45 — 120 min (P > 0.05). As it is seen in Table 4,
when the interaction from fracture force to firmness val-
ues according to acid treatment durations are observed,
while important differences are detected between 0 — 30
min durations, differences between 45 — 120 min are not
important. Similarly, when the fracture force, toughness
and firmness data are observed, the seeds which are un-
stratified in interactions related to stratification are more
important than the seeds of first and second months of
stratification. In stratification interactions, the results of
seeds of first and second month of stratification between
45 - 120 min of acid treatment are less important.

It can be understood from the findings that, applying
acid treatment on seeds only in different time intervals do
not have any important alteration for lessening the coat
fracture strength of C. siliquastrum L. seed. Meanwhile, it
is thought to be necessary for them to be laid in cold
humid stratification for at least one month. In addition to
this, taken both the stratification and acid treatment dura-
tions into regard, acid treatment after 45™ min does not
have any effect on the fracture of C. siliquastrum L. seed.
Therefore, when other absorbed energy, toughness,
power requirement and firmness values — fracture value
being in the first place — are observed, acid treatment
between 30 - 45 min is enough for the seed.

Conclusion

The following conclusions are drawn from the investiga-
tion on engineering properties of C. siliquastrum L. seeds
as a function of stratification and acid treatment dura-
tions.

i.) Geometrical dimensions of C. siliguastrum L. seeds
which are subjected to different acid treatment durations
lessen with the effect of acid comparing with unstratified
ones. However, applying humid cold stratification on seed
increases water permeability of hard coat and caused
important changes in seed dimensions and in other geo-
metric values. It shows that acid and stratification appli-
cation for the seed is necessary to increase humid per-
meability of seed coat.

ii.) While thousand seed mass, true density and porosity
decrease in unstratified samples in different acid treat-
ment of seeds, bulk density increases. Stratification on
seeds has caused considerable change in these ratios.
Weight, bulk density and porosity values between 0, 15,
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30 and 45 min acid treatments in the first and second
months of stratification months have changed considera-
bly. However, there are no considerable changes in the
values between 45 — 120 min durations. It can be under-
stood from here that for C. siliquastrum L. seeds which
have hard coats, acid treatment of 30 - 45 min can lessen
coat fracture force, over duration after this application do
not have more effect than the initial one.

iii.) Although acid treatments are generally effective in
increasing the coat fracture strength of C. siliquastrum L.
seed, different acid treatment durations have minor effect
on coat fracture. Moreover, taken fracture strength in
different stratification durations into regard, it is found that
two months of stratification lessen the fracture strength of
seeds importantly. Therefore, taken both stratification and
acid durations into regard, acid treatment over 30 min
have no over effect in fracture force of the seed. For this
reason, when other absorbed energy, toughness, power
requirement and firmness values - fracture value being in
the first place — are observed, it is resulted that 30 min of
acid treatment and two months of cold stratification is
enough for the seed.

iv.) Having carried out investigations on some engineer-
ing properties of the C. siliquastrum L. seed, the results
of the test has shown good agreement with some of the
general trend and ranges obtained for other similar
seeds.

v.) The dimensions of the seeds are relatively uniform
hence it will make the process of mechanization in size
separation and cleaning very easy. The seed being very
hard and non-porous indicates that there is a need for
pre-treatment before processing and handling especially
affecting germination.

vi.) The properties are also a good data source useful in
the design and development of the necessary processing
machines for the crop. This will help in using appropriate
data rather than using properties of similar crops in
machine and process design for C. siliquastrum L. seed.
vii.) In brief, this work deals with engineering properties of
C. siliquastrum L. seed, enlarging the knowledge about
this species and providing useful data for its industrial
processing. Engineering data in this study will also supply
useful information in the search of C. siliquastrum L.
seeds’ germination related to different stratification and
acid treatment durations.
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