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ABSTRAT

The present study was carried to evaluate the effect of moisture content
on some physical and mechanical properties of seed melon seeds and
their kernel. The average length, width, thickness, mass and hardness of
100 seeds were 12.42, 7.80, 2.37 mm, 0.097g and 64.8 N, respectively, at
a seed moisture content of 9.53% (w.b.) corresponding values of kernel,
were 10.5, 6.50, 1.64dmm, 0.061g and 14.0 N. The increase of seed
moisture content from 9.53 to 24.08% leads to increase the bulk density
of seed and kernel from 490 to 600 and 510 to 640 kg/m’, respectively.
However, the true density of seed was decreased from 1160 to ]000kg/m3.
Meanwhile, it increased from 1015 to 1150 kg/m3 for kernel. The porosity
decreased from 58 to 41 and 50 to 40% for seed and kernel, respectively.
The highest values of terminal velocity were 6.4, 4.67 and 3.94 for seed,
kernel and hull, respectively, at seed moisture content of 24.08%. In the
same manner the same increase in seed moisture content increased the
static coefficient of friction of seed from 0,24 to 0.65, 0.23 to 0.80 and
0.34 to 0.90 for galvanized metal, stainless steel and plywood,
respectively. While, the corresponding values of static coefficient of
friction of kernels were 0.23 to 0.68, 0.27 to 0.75 and 0.33 to 0.80 for the
same mentioned above surfaces. The angle of repose increased from (27
to 43 deg) for seeds and (31 to 41) deg for kernels with an increase in
moisture content 9.53 to 24.08 (w.b.).

INTRODUCTION
eed melon (Colocynthis citrullus), belong to the Cucurbitaceae-

family is cultivated in the arid and semi-arid areas of northern half
of the Nile Delta in Egypt, such as Kafr El-Sheikh Governorate,
and newly reclaimed lands.
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Seed melon seeds are strategic vegetable products in Egypt that can be
exported to several Arab countries. According to Egyptian Ministry of
Agriculture and Land Reclamation Report (2005), the total area of seed
melon is about 170.000 Fed. with an average yield of 470 kg/fed.

The seeds from the seed melon mature fruit are used in the form of
roasted and salted food items. There is considerable interest in seed melon
seeds because of their high nutritional quality, mainly in terms of protein
and oil content. Acknowledge of the physical and mechanical properties
of seed melon seeds is considered to be necessary to design the
separating, hulling and handling equipment and other processing
techniques. Theotia and Ramakrishna (1989) reported that the size of the
seed wad considered being an important parameter in processing; the bulk
sample of the seeds was classified into three categories, namely large,
medium and small, based on their length, for melon seeds.

The increase in bulk density of karingda seeds and their kernels with
increase in mass owing to moisture gain in the sample is greater than the
accompanying volumetric expansion of the bulk (Suthar and Das, 1996,
Joshi et al., 1993) and Hsu et al., 1981).

The decreasing and increasing trends of the true densities of karingda
seed its kernel, respectively, may be attributed to the higher volumetric
expansion of the seed as compared with the kernel alone on moisture
gain. Similar trends were reported for pumpking seed (Joshi et al,. 1993)
and other grains (Brusewitz, 1975; Shepherd and Bhardwaj 1986). Up to
a moisture content of 18.0% (d.b.), the seed had a true density higher than
that of kernel. However, beyond this moisture content, the true density for
kernel remained higher.

The estimated porosity of both karingda seed and kernel was found to
decrease with increase in moisture content. The porosity values for
karingda seed and kernel are found to be lower than that of pumpkin seed
and kernel (Joshi et al., 1993) and higher than that of melon seeds (Teotia
and Ramakrishna, 1989).

The terminal velocity of the karingda seed was found to increase from of
4.5 to 6.5, 3.5 to 4.8 and 2.0 to 4.1 m/s for seed, kernel and hull
respectively, in the moisture range of 5 to 40% (d.b.). The individual
terminal velocities of seed, kernel and hull are linearly related to moisture
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content as reported earlier for pumpkin seed and its fractions (Joshi et al.,
1993). The static coefficient of friction of both karingda seed and kernel
increased linearly with moisture content irrespective of surfaces
employed. The coefficients for kernel for both plywood and mild steel
became lower than that of seed beyond moisture content of about 29 and
22% (d.b.), respectively, (Joshi et al., 1993). A linear increase of angle of
repose was observed for both karingda seed and kernel for moisture range
of 5 to 22% (d.b) with higher values for the latter-to-rad (31 to 43°deg)
than the former-to-rad (28 to 42°deg) (Joshi, et al., 1993).

The seeds are symmetrically arranged all around the central septum and
are concentrated more within the central portion of the fruit than at the
ends. On average, the seeds constitute 3.5% of the fruit by weight
(Nwosu, 1988).Mohsenin (1986) concluded that friction is the result of
shearing and deforming asperities, adhesion and cohesion friction of
agricultural products against machine parts is one of the main causes of
mechanical injuries to fruits and vegetables during handling. Knowledge
of the friction coefficient is also important in the design of machines and
equipment and in storage structures. He concluded investigations over the
years on various agricultural products have added to the knowledge of
friction properties. Matouk et al. (1999) evaluated the effect of some
mechanical parameters on handling characteristics of spherical crops.
They showed that the best ever handling result was obtained at 0.2 m/s
speed of fruit feeding chain, 200 rpm sieve rocking speed and rad (15
degree) of sieve slope angle during fruits handling using rectangular cell
shape. Waziri and Mittal (1983) stated that the angle of repose is an angle
with the horizontal at which the material will stand when piled. The size
contact surface and orientation of product material influence the angle of
repose of a placed material. Sitkei (1986) studied the rolling angle of
some agriculture products. He concluded that deform able product resting
without movement on a slope always lies on a part of its own surface
which will be impressed relative to original under formed spherical
surface. Therefore, a relatively large slope angle is required to initial
rolling. Nwosu (1988) pointed that it is a fleshy fruit, which is generally
green in color, through some varieties have their green color streaked
with white. The external surface of the fruit is relatively hard and smooth.
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The majority of the fruits are nearly spherical in shape but some are
ellipsoids having slightly elongated head-tail axial dimensions.
The objectives of the present study were to find out the principal
dimensions, densities, terminal velocity, coefficient of friction, and angle
of repose of seed melon seeds and its kernel at different moisture
contents.

MATERIALS AND METHODS
Five bulk samples each massing Skg of seed melon seeds (Giza-5) were
produced from Kafr El-Sheikh Governorate during the harvest season of
2005. The samples were mixed and the initial moisture content of the
seeds was determined by oven drying at K (105 °c) for 24h. The samples
were cleaned to remove foreign matter, broken and immature seeds. To
obtain the intact kernels; the seeds were manually dehulled, seeds and
kernels were packed in bags.
1- Measurement of size and mass of seed melon seeds:
To determine the size and shape of the seed, three samples each massing
0.5kg, were taken from the bulk, of each sample, 200 seeds were picked
out and 600 seeds thus obtained and were mixed; then, 100 seeds were
randomly selected and labeled.
This method of random sampling is similar to that followed by Dutta et
al. (1988). For each individual seed and kernel, the three principal
dimensions, namely: length, width and thickness were measured using a
digital vernier, (with an accuracy of about 0.01mm). Fig. 1 illustrates the

main dimensions of seed melon seeds and kernel. To obtain the mass,
each seed and kernel were 0.079 and 0.061 g, They separately massed on
and electronic balance (accuracy of 0.01 g)

Since size of the seed was considered to be an important parameter in
processing, the bulk sample of seed was classified into three categories,
namely, large, medium and small, based on their length, similar to the
method used by Ramakrisha (1989) for seed melons. The frequency
distributions of seeds by the number of each size in the sample were
estimated.

2- Sample preparation:

To investigate the effect of moisture content on physical and mechanical
properties of seed melon seeds and kernel, the required quantity of each
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was soaked separately in tap water for 60 min. to attain a moisture content
of about (40%). The samples were lightly dabbed with blotting paper to
remove surface water before they were allowed to be equilibrating for
about 24h. This was followed by drying and it was continued for different
period to achieve the desired moisture content in samples.

Fig. 1: Characteristic dimensions of Seed melon seed and
kernel
3- Physical properties of seed and kernel for seed melon:
a- Bulk and real densities of seed and kernel:
The bulk and real densities of seed and kernel were determined at
different moisture contents. The bulk density was calculated by dividing

the mass of bulk of seeds by its volume, which was measured by using a
constant volume cylinder.
Where:

P, = the bulk density of seed, g/cm’;

M, = mass of the certain quantity of seeds, g and

Vy, = volume of the same quantity of seeds, cm’
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The real density was defined as the ratio of a given mass of sample to its
real volume which was measured as the increase in 5 ml sodium nitrate
solution subjected in a small graduate cylinder of 5 cm’® with accuracy of
0.1 cm® when the particle was put in the solution (El-Raie et al., 1996).
b- Porosity of seed and kernel:
The porosity (¢) of the bulk is the ratio of the volume of internal pores in
the particle to its bulk volume and was determined as,
Where:

& = the porosity of seed melon seeds, % and

= (=P 100 2
e=( p) (2)

P, = real density of seed melon seeds, g/cm3
4- Mechanical properties of seed and kernel:
a- Terminal velocity:
The terminal velocities of seed melon seed and kernel at different
moisture contents were measured using the terminal velocity apparatus
Fig. 2, according to Awady and El-Sayed (1994). The air flowed upwards
in the tube from the bottom to top and the air velocity at which the major
fraction of sample remained suspended was recorded by using an
anemometer. Ten replicates were undertaken for each sample.
b- Static friction coefficient and angle of repose:
The static friction coefficient in terms of the repose angle was examined
by using the digital apparatus that, designed and fabricated at the Rice
Mechanization, Center. The static friction coefficient (SFC) for seed and
kernel was calculated by using the following formula.

SFC=tan0 ..................................(3)

Where:
SFC = static friction coefficient
0 = repose angle, degree
Three different friction surfaces of galvanized metal, stainless steel and
plywood were tested, for both seed and kernel.
c- Hardness of seed and kernel:
The hardness of seed and kernel was tested using rigidity tester (model
#174886 Kiya Seisakysho LTD).
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Fig. 2: Terminal velocity setup (Awady and El-Sayed 1994).
RESULTS AND DISCUSSION

1- Physical properties of seed and kernel for seed melon:

a- Dimensions of seed and kernel:

Table 1 presents the mean values of the parameters for both seed melon
seed and kernel, which classified into three categories. Results indicated
that 81.83% of the seeds were medium (length ranged between 10.5 to
13.5 mm), meanwhile about 12.25% were in large (grade length larger
than 13.5mm) and the small length was lesser than 10.5 mm and
represented 5.92%. The smaller seeds were thinner, narrower and lighter
as compared with the medium and larger size seeds. Also, the results
indicated in the same table, showed that the kernel length, width,
thickness and mass were closely correlate with its grade whereas the large
grade gave the highest values of these parameters as compared with the
other two categories.
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Fig. 3: Effect of moisture content on true density, bulk density and porosity
of seed and kernel melons.

Results in Table 2 show that the L/W ratio gave the lowest value of
standard deviation as compared with L/T and L/M ratios. This means that
length of the seed is closely related to its width but less associated with
the thickness and mass. The same results were obtained for the kernel and
the lowest values of the standard deviation were obtained for I/w ratio.
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b- Bulk and real densities:

Figure 3 shows that the bulk density of seed melon seed and its kernel
were increased from 490 to 600 and 510 to 640 kg/m3, respectively, as the
moisture content increased from 9.53 to 24.08%. It is obvious also that
the bulk density of seeds was loss than that under the same conditions of
grain moisture content. This is due to the presence of the relatively lighter
hull, which reduces the total mass per unit volume occupied by the seed.
However, the increase in bulk density of both seed and kernel with
increase is mass owing to moisture gain in the sample is greater than
accompanying volumetric expansion of the bulk. These results agreed
with that reported by (Suthar and Das, 1996). An equation to explain the
relationships between the bulk densities (P,) and moisture content (MC)
of seed and kernel were obtained and derived as follows:

P =408.6 49.85MC ..ovvveeeie i, 4 (r2=0.96)
Py =405.07 4852 MC oovvvviiiiiiiiiii S (rZ:O.92)
Where:

k: kernels and s: seeds

Pbk: kernel bulk density, Kg/m3

Pbs: seed bulk density Kg/ m’
Figure 3 illustrates the effect of seed moisture content on true density of
seed and kernel. Results showed that the true density was found to be
decreased from 1160 to 1000 kg/m3 for seed and increase from 1015 to
1150 kg/m’ for kernel by increasing the seed moisture content from 9.5
to 24.08%. The decreasing and increasing trends of the true densities of
seed melon seed and its kernel, respectively, may be attributed to the
higher volumetric expansion of seed as compared with the kernel alone on
moisture gain.
Similar results were reported by (Joshi, et al., 1993). The variations in
true density (P;) with moisture content (Mc) for seed and kernel may be
indicated as follows:

P =91698+9.12Mc ........oovvvivrerierrnnnn 6 (£ =0.92)

Po=1254.9-10.59MC .......coovvieieeeeeeenen 7 (12 = 0.98)
Where:

K: kernel and s: seeds
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Table 1: Size distribution of seeds at moisture content of 9.53% (w.b.)

Size category

Particulars Ungraded Large Medium Small
Length of seed, mm 9.43 to >13.5 10.5 to <10.5
16.27 13.5

Percentage of sample | 5 12.25 81.83 5.9

by massing

Average dimension

Seed:

Length (L),mm 12.42 14.52 12.45 10.32

Width (W), mm 7.80 9.47 7.63 6.12

Thickness(T),mm 2.37 2.67 2.32 2.05

Mass (M),mm 0.097 0.126 0.089 0.065

Hardness (T),N 66.58 52.56 65.79 74.18

Kernel:

Length (L),mm 10.57 12.17 10.78 8.92

Width (W),mm 6.50 8.01 6.34 4.83

Thickness (T),mm 1.64 1.85 1.60 1.26

Mass (M),mm 0.061 0.091 0.067 0.043

Hardness (T),N 14.70 6.12 13.41 21.73

Average of three replications.
c- Porosity of seed and kernel:
Dealing with the effect of moisture content on the estimated porosity, it

was noticed that the estimated porosity for both seed and kernel found to
decrease with the increase of moisture content (Fig. 3). The observed
reduction in seed and kernel porosity with the increase in moisture

content could be attributed to the increase in principal dimensions of seed

and the resulted reduction in void area between seed. Similar results were
obtained by (Matouk et al., 2004). Two equations to explain the relation
between the porosity (€) and the moisture content (Mc) for kernels and
seeds are indicated as follows:

£ =56.890067McC...............
£=69.75-115Mc ...,

Where:

k: kernels and s: seeds
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Table 2: Seed and kernel dimension ratio at 9.53% moisture content w.b.

Ratio
Particulars Mean Star.ldz.nrd
Min. value | Max. value deviation
value
L/W 1.59 1.53 2.42 0.133
L/T 5.24 4.49 5.89 0.457
L/M 128.04 97.57 162.26 20.491
I/w 1.63 1.41 2.53 0.124
I/t 6.45 3.38 7.43 0.635
I/m 173.28 112.78 219.18 25.059
LA 1.18 1.05 2.30 0.158
W/w 1.20 1.03 2.24 0.194
T/t 1.45 1.09 1.98 0.168
M/m 1.59 1.86 1.46 0.016

2- Mechanical properties of seed and kernel:

a- Terminal velocity:

The variation velocity of seed melon seed and its fractions with moisture
content are presented in Fig. 4. The terminal velocity was found to be
increasing from 4.55 to 6.4, 3.50 to 4.67 and 2.10 to 3.94 m/s for seed,
kernel and hull respectively by increasing the moisture content 9.53 to
24.08 % (w.b.). The divergent between the terminal velocities of seed and
kernel with the increase in their moisture contents suggests better
separability of these two fractions at higher moisture contents. On the
other hand, the terminal velocities of kernel and hull tend to converge
with the increase in moisture contents, which would make separation
more difficult. These results agreed with that reported by (Joshi et al.,
1993).

Three equations to explain the relation between the moisture content and
the terminal velocity (Tv) and moisture content (Mc) for hull, kernel and
seed were obtained and indicated.

T.Vi=0.8240.12MC ..o 10 (17=0.95)
T.Vi=2.6240.08MC ... eooeeeeecercererererer 11 (12=0.94)
T.Ve=31240.14MC oo 12 (1720.97)

Where:
h: hulls, k: kernels and s: seeds
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b- Angle of repose:
Fig. 5 shows the relation between the angle of repose of seed melon seed
and its kernel at various moisture contents. It increased from (27 to 43)
and from (31 to 44° degree) for kernel as the moisture content increased
from 9.53 to 25.08% (w.b.). The angle of repose for both seed and kernel
was found to be linear relationship with respect to moisture content (Mc)
as given by the following equations:

0=16.85+1.09McC ......ovvvrimierenrnnn 13 (17 = 0.99)

Ok =21.78 +0.91 Mc oo 14 (5 = 0.97)
Where:

s: seeds and k: kernels

c- Static coefficient of friction:
The static coefficients of friction of seed melon seed and kernel with
respect to three surfaces (galvanized steel, stainless steel and plywood)
showed a direct proportion with the moisture content as shown in Fig. 6.
Data also, showed that the coefficients of friction of seed and kernel vary
linearly with the moisture content of the tested sample irrespective of the
surfaces under test. It is clear that lower moisture content gave the lowest
values of static coefficients of friction (CF) or all tested surfaces.
However, the increase in seed moisture content gives higher values of
coefficients of friction. These results reveal that, seed and kernel counters
more resistance to sliding for plywood than the other two surfaces. The
relationships between the static coefficients of friction against the three
different surfaces with the moisture content (Mc) are indicated as follows:

CFa=-0.12+0.03MC ...oovvvronreeeiniienrrcenren 15 (17 = 0.94)

CFg=-0.03+0.03Mc ......ccovenreeeimnrinnrennn. 16 (2 = 0.98)

CFg=-0.1240.04MC ....covvvvaeeeeenininere. 17 (12 = 0.93)

CFe=-0.1940.04 MC .....ovveevveeeenrererenn. 18 (2 = 0.98)

CEu=0.0540.03McC .....oooeeeieeeiiiiinriinnniinnn 219 (1 = 0.97)

CFp=-0.10+0.04 Mc........coeevvivnrcerrriennnn...20 (1 = 0.96)
Where:

gk: kernel with galvanize

gs: seed with galvanize

sk: kernel with stainless steel
ss: seed with stainless steel
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pk: kernel with plywood

ps: seed with plywood
d- Hardness of seed and kernel:
Results illustrated in Table 1 shows that, the ungraded seed and kernels
gave the lowest values where they reached 66.58 and 14.7 N. However,
small seed and kernels gave the highest values of 74.18 and 21.73 N
comparing with the other sizes distribution of seed.

CONCLUSION

From the obtained results the following conclusion are derived:

1- The average length, width, thickness, mass and hardness of 100
seeds were 12.42, 7.80, 2.37 mm, 0.097 g and 64.8 N, respectively,
at a seed moisture content of 9.53% (w.b.) corresponding values of
kernel which were found to be 10.57, 6.50, 1.64 mm, 0.061g and
14.0 N.

2- Results also showed that the physical properties of seed melon seed
and kernel were dependent on the moisture content.

3- The highest values of bulk and true densities of seed were 600 and
1000 kg/m’, while corresponding values for kernel were 640 and
1150 kg/m’, respectively, at moisture content of 24.08%.

4- The porosity of seed and kernel were decreased from 58 to 41 and
50 to 40% as the moisture content increased from 9.53 to 24.08%,
respectively.

5- The data revealed that the terminal velocities of seed and its
components were increased as the moisture content increase and the
seed gave the highest values of terminal velocities while hull gave
the lowest values.

6- Results also, illustrated that plywood surface gave the highest
values of coefficient of friction at all seed moisture content for seed
and kernel. Meanwhile, galvanized metal gave the lowest values at
the same conditions.

7- The increase of seed moisture content from 9.53 to 24.08%
increased the angle of repose from (27 to 43) and (31 to 44 deg) for
seed and kernel, respectively.

Misr J. Ag. Eng., July 2007 589



REFERENCES

Awady, M. N. and A. S. El-Sayed (1994). Separation of peanut by
airstream. Misr J. Ag. Eng., 6(2): 125.

Brusewitz, G. H. (1975). Density of rewetted high moisture grains.
Trans. of the ASAE, 18(6): 935-938.

Dutta, S. K.; V. K. Nema and R. K. Bhardwaj (1988). Physical
properties of grain. J. Agric. Eng. Res., 39: 259-268.

El-Raie, A. E. S.; N. A. Hendawy and A. Z. Taib (1996). A study of
physical and engineering properties for some agricultural products.
Misr J. Agric. Eng., 13(1): 211-236.

Hsu, M. H.; J. D. Mannapperuma and R. P. Singh (1981). Physical and
thermal properties of pistachios. J. Agri. Eng. Res., 49: 311.

Joshi, D. C.; S. K. Das and R. K. Mukherjee (1993). Physical properties
of pumpkin seed. J. Agric. Eng. Res., 54: 219-229.

Matouk, A. M.; A. M. El-Gindy; Y. M. El-Hadidi; E. A. Amin and M.
M. El-Rahman (1999). Evaluating the effect of some mechanical
parameters on handling characteristics of sphere-like crops. Misr J.
Agric. Eng. 16(4): 701-719.

Matouk, A. M.; S. M. Radwan and M. M. El Kholy (2004).
Determination of grain density and porosity for some cereal crops.
Misr J. Agric. Eng., 21(3): 623-641.

Mohsein, N. N. (1986). Physical properties of plant and animal materials.
New York: Gordon and Breach Science Publishers.

Nwosu, R. C. (1988). Engineering properties of Egusi fruit and design of
Egusi seeds extraction equipment. Bachelor of Engineering project
Report. Department of Agric. Eng. Univ. of Nigeria, Nsukka, Nigeria,
June.

Ramakrisha, P. (1986). Melon seeds evaluation of physical
characteristics. J. Food Sci. and Technol., 23(3): 158-160.

Shepherd, H. and R. K. Bhardwaj (1986). Moisture dependent physical
properties of piheon pea. J. Agric. Eng. Res., 35 : 227-234.

Sitkei, G. (1986). Mechanics of agricultural materials. Pupl by El-Sever
Science Pupl- Amesterdam.

Misr J. Ag. Eng., July 2007 590



Suthar, S. H. and S. K. Das (1996). Some physical properties of
karingda [Citrullus lanatus (Thumb) Macsf] seeds. J. Agric. Engng
Res., 65: 15-22.

Teotia, M. S. and P. Ramakrishna (1989). Densities of melon seeds,
kernels and hulls. J. Food Engineering, 9(2): 231-236.

Waziri, A. N. and J. P. Mittal (1983). Design related physical properties
of selected agricultural products. AMA., 14(1): 59-61.

slanyly Lalai¥) ol gUad (2005) a0 gibainlg 4 3l 305y Bl

222 : A 6 el Al s dduall Jualadll o)) 5

el padlal)
) gty sl ISl g el gl ) (and 2

2 5 pall () 63 TGl 55,  Taded o o)

Jealad) o IS0 Gl 3y Aalell LBy Jualaall (o jeadll Jpalse iiad
Gl (Aly Qlll gl Jgeana Lias (g maall g ) all )58 Dan ja5 all 5 dkeal)
saall sl Y15 Gl Jlads Adlaie 5,21 45,Y) daiel )
79900 0,38 (s 5w ) Jaakis Wt 170000 Jsn pan & Al Gday dabs alii
(22005 aledel )3l 555 Al sbanll QUS) /S 470 W) b i Oh
@ danyy sle el 0l b g ) Cus - 5% S JS Clgia 8 e dandiag
a e VT dala s e ) ) 31 YY) it (IS5 500 e Jpand) (g palane |
Ll Gal ) e clily ) zlisg Cadedl g Jaall 5 4 )30 5 daadl) VT (e slaal)
RN PA PN IPRPVOR. i S W PPN N1 N |
50 YA e Jseanall 13y Adlaial) duandal) (el &) Al jo oSl Cangdl 1aa (3adanly
e %24.08 <20.16 <17.29 ¢13.41 ¢9.53) sl asha )l (5 sinall il ginue el
Aol cgabiall cdial) s 4 AUl AAUSH MR (e Leilis€as ool e (o) ol
Aal )l ) s MSEAY) Jalas ¢ all
-l LaS i) (el (e g
(@e12.42 Falad) i LS el y (a2l 5 Jshall o S Jawsie S -]
%9.53 sl Ash) s siae e il e an 0.097 «a<2.37 «a«7.80
Al 0.061 ¢a01.64 <246.50 ¢a010.57 doms siall OIS Lty calay ulasd e
sl
aa— b all - By - dae ) )l duxigl) &g dgaa — gl by -]
a5 alall - e V) daala de ) I A e 31 Anigl) ac b S0l 2D

Misr J. Ag. Eng., July 2007 591



oSl Agdall 2 pallal) USH (e S ed led of il il 22
oy bl e 9424.08 sk s sine die i i e P4/2K1000 <600
il e sl Qll 307281150 <640 <uilS Laiy

e %40 ) 50 05 41% S 58 e sl Al sl dpdlise Cuaddl) U3
il e 923,08 U 9.53 (e sl skl (s ginal) 35 e i il
by

S sl chy sl e 924,08 A 9.53 e sk N il 33l -4
GV 4.55 a5 4.67 A 3.50 5 3.94 SN 2.10 e dasall Aoyl 504
Al (e 353 9550 g 3,0l 3 8 (e JST AN/ 6,40

e %24.08 )shy sina el die sl SIAY) Jalaa ad cialy -5
ghalls paally aial) mhul aladiul e 0,65 <0.80 <0.90 (b oo
Jshsiy Ji s 33 f5all al il aal o il dpalall o2y i il e
s

e %24.08 sk ssiae de (Ra 43) sl Aalll Ay @l -6
sl Jshaiy J8 il 5 gainat die Tas Aala Lpalall oda 5 by ulad

Misr J. Ag. Eng., July 2007 592



