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HYDRAULIC STUDIES ON SURGE FLOW FURROW
METHOD BY USING GATED PIPE SYSTEM

FOR CLAY LOAM SOIL.
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ABSTRACT

The study was conducted to evaluate surge flow technique comparing
with continuous irrigation. This study was conducted at the Experimental
Farm of Faculty of Agriculture, Ain Shams University , at Shalagan
village 1km from El-Kanater El-Kairea District, Kaliobia Governorate,
Egypt. Two furrows length were selected 70 and 90m with and 0.75 m
Jfurrow spacing and gated pipe was used for irrigation on 0.2% average
slope on a clay loam soil.
The field experiment comprises one continmuous treatment and three
surges( 3 , 4 and 5} treatment with two inflow rates of 1.67 and 2.1 l/s,
and two cycle ratios ( CR1 = 0.33 with 15 min on and 30 min off ) and {
CR2 =0.50 with 15 min on and 15 min off ), along with two steady flow
treatments with the same inflow rates in order to analyze the advance and
recession phases, wetted depth, cumulative infiltration , application
efficiency, storage efficiency, distribution  uniformity,  absolute
distribution uniformity, deep percolation ratio and tail water ratio.
Results indicated that surge flow treatments advanced rate faster than the
respective continuous flow treatments. Surge treatment had a better
application efficiency and distribution uniformity than the comtinuous
trearments. On other hand the continuous treatments had better storage
efficiency than surge treatments. The maximum deep percolation loss
{41%) was observed in continuous treatment.
keywords: surge flow — surface irrigation — cycle ratio —furrow trigation,
INTRODUCTION

rrigated agriculture in Syria faces a number of problems. So that

that t the Ministry of Irrigation try to use new techniques in irrigation

and modemize the irrigation networks (Alshami, 2000). Surface
irrigation efficiency is maximum when systems are managed to minimize
deep percolation and runoff while meeting irrigation requirements
(Kanber et al., 2001).
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Surge irrigation, is defined as the intermittent application of water to
furrow, rills or borders in a series of relatively short on- and off-time
periods of constant or variable time spans (Humphreys, 1989).

Potential benefits of using surge irrigation over continuous irrigation may
include faster water advance, an increase in distribution uniformity,
reduction in the total volume of water required for an irrigation event, and
reduction in irrigation time {(Allen, 1980; Bishop et al,, 1981; Mahmood
et al., 1993; El- Dine et al., 2000; Kanber et al., 2001). .

izuno and Podmore (1986) demonstrated the effect on the predicted
advance and performance by changing the input parameters of a surge
model. The conclusion was that, changing physical parameters such as
slope, Manning roughness and hydraulic cross-sectional area
characteristics has little effect on the predicted advance. On the other
hand changing the most important factors such as: stream size, cycle time,
number of surges and cycle ratio has the largest effect on advance and
performance predictions.

(Henggeler et al., 1996) stated that proper cycle times vary from 30
minutes to several hours depending on soils, length of furrow, furrow
stream size and other variables.

The cycle ratio is defined as the surge on-time divided by the cycle time.
With a cycle ratio of 0.5 for the same instantaneous discharge, surge flow
irrigation reduces advance time by 50% compared to comtinuous flow
Purkey and Wallender (1988).

The furrow stream size is usually between 0.2 and 3 L/s and in more
permeable soils, the maximum non-erosive flow should be used for
wetting the end of the furrow as early as possible. The maximum slope is
usually related to a non-erosive stream size. The land slope should
generally be less than 3% . Furrows are usually V-shaped where the width
varies from 0.25 - 0.4 m and the depth from 0.15 - 0.3 m (Depeweg,
1998}.

Number of cycles for furrows one/fourth of a mile long or less, the
required is usually 3 or 4 surges and for furrows over one/fourth of a mile
long, the number of cycles is between 4 and 6. Additional surge cycles
will be required during the soaking phase Rogers and Sethers (1995).
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The roughness of furrow determines the average velocity of water in an
open canal and the roughness factor represents the effect of roughness and
geometric characteristics of the canal material upon the energy losses
(Depeweg, 1999),
Regarding the evaluation of surface irrigation methods , a complete set of
parameters should be calculated. These parameters are: application
efficiency ( Ea ), requirement efficiency ( Es ) , distribution uniformity
(DU), deep percolation ratio (DPR) and tail water ratio (TWR), (Walker,
1989).
The literature on surge irrigation indicates that this method can help save
irrigation water . So that , the principal purpose of this research was:
1- Evaluate the surge flow under furrow irrigation and clay loam soil.
2- Efficiency comparing surge flow with conventional continuous flow

applications in furrow irrigation .

MATERIALS ANDMETHODS

All equipment needed for recording the reguired water measurements were
instailed in the field at the beginning of the experimental work.
1-The field:
Two different furrow lengths 70 and 90 m with 0.2 % slope were
selected. Furrow geometry was measured (as average of cross sections
along 20 in individual furrows) manually by a locally manufactured
furrow profile mete Walker and Skogerboe (1987).

y Tmax
" _4 Ymax
Base

Figure 1: Furrow profilometer for determining cross-sectional area.
Table 1: Unit width flow cross section of furrows:

Parameter Measured value, m
Top width (T max) 0.48
Middie width (T mid) 0.37
Base 0.132
Maximum depth (Y max) 0.15
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Elliott and Walker (1982) found that the wetted perimeter and cross-
sectional area could be expressed as simple power functions of depth :
WP =yiy".......... e raetetasteaetareeneeranennns 1))

where WP is the wetted perimeter of the furrow in m, y is the flow depth
in m, and v, and y, are numerical fitting parameters; and

A=y ieirenanes errerraneenance veneererenene cvenenne2)
in which A is the cross-sectional area of the furrow in m?and 61 and 62
are numerical fitting parameters. Values of py, p2. v1, 72, 61, and o; can be
computed by the equations presented in Appendix A: :
2-Soil and water analysis:
The field was plowed with a chisel plow to 30 ¢cm depth, and leveled
manually to 0.2% slope. Soil and water of irrigation samples were
collected and were analyzed in the standard soil at Testing Laboratory of
Soil Department in the Faculty of Agriculture, Ain Shams University. The
analysis are presented in Tables(2),(3) and (4).
Table 2: Some physical properties of soil.

Particle size distribution , %

Sample depth C. F Texture
cm silt cay F.C PW.FP BD Class
sand sand
0-30 3.32 3521 2117 403 29 17 1.26 C.L
30-60 3.4 33 20.6 43 30 19 1.44 CL
60-100 4.7 29 261 402 30 18 1.46 CL

F.C= field capacity (%); PW.P.=permanent welting point (%), F.C. and PWP werc
determined as percentage in weight; B.D.= bulk density(g/ems); C.L.= clay loam.
3-Infiltration test:

Infiltration test was measured by double ring infiltrometer , and the result

presented in figure 2.
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Figure 2: Cumulative infiltration and infiltration rate.
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Cumulative infiltration rate was determined by using the Kostiakov
relation:

D = cumulative infiltration (cm).

T = cumulative time (min)

a and b: coefficients of equation and from infiltration test a =
(.5638 and b =0.65436.
For infiltration rate process :

I = infiltration rate {cm/hr).

T = is the time that water is on the surface of soil (min).

K and n: coefficients of equation and from infiltration.
4-Gated pipe:
Gated pipe irrigation system tested was a single length of 6" diameter
light weight aluminum pipe 6 m length with infinitely adjustable plastic
sliding gates was used. The gates were located at 75¢m spacing and were
circle shape with 0.04m diameter. The head used for test was 1.25m. The
discharge rate from gated pipe was calibrated manually three time at the
beginning of the every irrigation
5-Field measurements:
5-1-Advance and recession rates of the water :
To measure the rate with which the advancing front moves across a surface-
irrigated field, stakes are placed along the length of the furrows. In this study
the spacing between the stakes was 10 m. The clock time recorded when the
irrigation water supply is diverted into the field and when the advancing front
reaches each stake. The recession phase ends when the surface water
disappears at cach measuring station and was recorded too.
5-2-Wetted depth in furrow :
Soil augers was used to measure the wetted depth at five points along the
furrow 0,15,35,55and 70m for length of furrow 70m and at 0,15,55,75 and
90m for length of furrow 90m. The measurements was taken after 24 hours of
irrigation.
5-3- Cumulative infiltration by infiltration opportunity time:
The water level was fixed during all treatments of the experiment. The
cumulative infiltration calculated by infiltration opportunity time and by
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ERY
-

using cumulative infiltration equation eq(3) . The infilization opportunity
time defined here as the time during which water re ditis standing at each
station in the test furrows was obtained from the difference between the
recession and the advance times (Merriam et al, 1980).

5-4-Evaluation for continuous and surge flow irrigation:

Regarding the evaluation of surface irrigation methods a complete set of
parameters should be calculated. These parameters are: application
efficiency (Ea), storage efficiency (Es) , distribution uniformity (DU),
deep percolation ratio (DPR) and tail water ratio (TWR), Walker (1989).

5-4-1- Application Efficiency, E,%:
Ea = Depth of water stored to root zone (ram)

Deepth of water applied to the furrow (mm)
5-4-2- Storage Efficiency, Egoy, :
Stored water depth in root zone (mm)
Required water depth in root zone {mm)
5-4-3-Distribution Uniformity, DU %:

Merriam and Keller (1978) propose that distribution uniformity be defined as:
DU= Low-quarter minimum infiltrated water depth (mm) 100..(7)

Average infiltrated water depth (mm)
The same authors also suggest an absolute distribution uniformity DU, %:
Minimum infiltrated water depth(cm) 1

DU, = 00, (8)
Average infilitrated water depth (cm)
5-4-4-Deep Percolation, DPR%:
DPR = —Dctppercolated water (mm) _ 1 )
Applied water to the furrow {mm)
5-4-5- Tail water ratio, TRW%:
TWR - Average Runoff water (mm) 100 (10)

Average Applled water te the furrow {mm)
6-Experiment design :
The experimental design for both of CR1 and CR2.
- Main treatment : Three number of surges 3,4 and 5 and one continuous flow.
- Sub treatment : Two furmow length 70m and 90m.
- Sub- sub treatment : Two flow rate 1.67L/s and 2.1 L/s.
Number of sarges 3 and 4 were selected according to Rogers and
Sothers {1995) , where the length of furrows were one/fourth of a mile
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70 and 90 m) and we add the treatment (5 surges) after field experiments

to achieve beat evaluation.
RESULTS AND DISCUSSION

4-1-Flow shape:
Numerical fitting parameters presented in table (3).
Table 3: Numerical fitting parameters for flow shape.

Pl P2 g a2 Y1 Y2
0.445 2.833 0.763 1.429 [.657 0.536
The wetted perimeter WP of the furrow in m, y is the flow depth in m,
and the cross-sectional flow area at the furrow inlet, A, for both discharge
rates was calculated and presented in table (4).
Table 4 : wetted perimeter flow depth . and the cross-sectional flow
~area at the furrow inlet:

Mischarge rate Wetted Cross-sectional
{L/s) perimeter (m)  Flow depth (m)  flow area (m?)
1.67 0.366 0.06 0.0138
21 0.392 0.068 00163

“The change in flow shape before and after the irrigation was presented in

figure 3.
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Figure 3: The change in flow shape before and after the irrigation.

4-2-Wetted Depth:
The wetted depth along the furrows after 24h of irrigation was measured by
augers and presented in figures 4 and 5. Figures 4 and 5 show that the
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biggest wetted depth in the first half length of the furrow was for
continuous treatment and for 5 surges treatment in the second half of
furrow. This is due to longer contact time was bigger in continuous one in
first half and in 5§ surges in second half length of the furrow and the
advance phase was higher
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Fig.(4): Wetted depth for CRI.
in 5 surges treatment tgo. Wetted depth in 5 surges treatment was deeper
than 3 and 4 surges because the irrigation time was higher. The wetted
depth for discharge rate 2.1 L/s was higher than that the discharge rate
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1.67 t/s. The results of wetted depth were close in both cycle ratios but it
was higher in CR1 than at CR2 because the off- time in CR1 was longer

than CB2
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Fig.(5): Wetted depth for CR2.

4-3-Cumutative infiltration by infiltration opportunity time:

The infiltration opportunity time or contact time was measured from
curves of advance and rescission for all treatments. The infiltration
opportunity time was obtained from the difference between the recession
and the advance times at five places in every length of furrow. For furrow
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70m the piaces were 0, 15, 35, 55 and 70m and for furrow 70m the
places were 0, 15 , 45 , 75 and 90m. Figures 6 and 7 refer that the
biggest cumulative infiltration in the first half length of furrow was for
continuous treatment. For 5 surges treatment in the second half length of
furrow ,that is due to the
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Fig.(6): Cumulative infiltration for CR1.

and because the advance phase was bigger in 5 surges treatment than that
at 3 and 4 surges. Cumulative infiltration in 5 surges treatment was higher
than 3 and 4 surges because the irrigation time was longer. Discharge rate
2.1 I/s the cumulative infiltration was higher than that discharge rate 1.67
i/s. The results of wetted depth was close in both cycle ratios but it was
higher in CRI.
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Fig.(7): Cumulative infiltration for CR2.

4-4-Advance and rescission phases:

The advance and rescission phases presented in figures 8,9,10 and 11.

it can be observed that the surge flow advanced faster than the respective
continuous flow treatments, It can be also observed that there was a
greater difference in advance time between surge and continuous for the
lower inflow rate. It was also observed that surge flow treatments with
small cycle ratio and large discharge had faster advance rate. then we can
say that surge flow with the small cycle ratio and high discharge has the
greatest effect on reducing the advance time.
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Fig.(10): Advance and recession curves for 70m , CR2.
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A longer advance time, normally, increases the water loss by deep
percolation due to slow advance rates , Therefore, a high inflow is
recommended to obtain a rapid stream advance.

For both cycle ratios the advance time is reduced compared to
continuous flow .This reduction was due to the effect of off-time. When
the off-time is long enough to infiltrate all the water before the second
surge starts, the mechanism of surge flow works effectively Ismail
(2003).

4-5- Performance of surge and continuous irrigation:

Irrigation performance parameters calculated for treatments are given in
Table (5).

4-5-1-Application efficiency Ea:

Application efficiency was computed using Eq(3) for surge flow and
continuous treatments from cumulative infiltration equation. The average
application efficiency for continuous treatments ranged from 59 to 78%
while the Ea ranged from 69 to 98 in surge flow treatments and this
indicates that surge treatment combinations had a better application
efficiency than the continuous treatments.

For CR1 the application efficiency was higher than CR1 and this could
reduce the infiltration rate. Therefore, the low application efficiency
recorded for continuous immigation is due to its inherent property relative
to surge irrigation and be due to the consolidate of the furrow during the
long off time and this results is applied. Then we can conclude that the
surge flow treatments had better application efficiency than the
continuous flow treatments.

4-5-2- Storage efficiency, Eq:

Storage efficiency was computed using Eq(6). The storage efficiency
observed for the larger discharge (2.1 L/s} was higher than that recorded
for the smaller discharge (1.67 L/s). Generally, continuous flow
treatments had better storage efficiency than surge flow treatments. This
might be due to the fact that the continuous flow treatments obtain higher
amounts of water applied than the surge flow treatments.
4-5-3-Distribution uniformity, DU:

Distribution uniformity was computed using Eq (7). Higher distribution
uniformity was observed for surge flow treatments than for the
continuous flow treatments. This may be due to the fact that surge flow
irrigation reduced the infiltration rate and increased the advance rate. The
average
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s 2.1 59 91.6 82 73 41
= 1.67 77 83 79 74 23
Z 90
3 2.1 70 93 82 80 30
o 3 92 59 90 83 8
167 4 90 73 92 91 10
70 5 85 91 96 94 15
3 82 67 9 86 i8
21 4 78 84 94 91 22
033 — 5 69 94 9% 94 31
' 3 98 49.5 84 76.5 2
167 4 96 64 85 77 4
%0 5 97 81 92 91 3
3 95 59 81 79 5
z 21 4 97 82 91 88 3
= 5 90 95 93 89 10
20 3 90 58 91 86 10
3 167 4 90 77 92 91 10
70 5 84 91 95 94 16
3 74 60 89 83 26
21 4 76 83 94 91 24
05 5 69 94 95 94 31
' 3 97 49 81 72 3
167 4 % 64 89 87 4
90 5 95 77 90 88 5
3 92 58 81 77 8
21 4 93 78 89 88 K
5 90 94 92 89 10

distribution uniformity for continuous treatments ranged from 79 to %2%

while the DU ranged from 81 to 95 % in surge flow treatments and this
indicates that surge treatment combinations had a better distribution
uniformity than the continuous treatments. The surge flow irrigation helps to
obtain a uniform wetting of the root zone with minor differences in the
infiltration depth at the beginning and the end of a furrow. In surge flow the
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water was allowed to run long enough to completely fill the root zone area.
Therefore, water has more time to infiltrate on the inflow end of the field
compared to the bottom end, leading to low distribution uniformity along the
furrows.
Absolute distribution uniformity, DU:
Absolute distribution uniformity was computed using Eq (8). The lowest
absolute distribution uniformity was cbserved for continucus treatments than
for the surge flow treatments. This may be due to the fact that continuous
flow imrigation has shorter infiltration opportunity time at end of furrow
compared with the beginning the furrow.
4-5-4-Deep percolation, DPR:
Deep percolation was determined using Eq (9). The highest deep percolation
loss was observed for continuous treatments and the least deep percolation
losses for the CR1 (Table 5). The maximum deep percolation loss (41%) was
observed in continuous treatment{ 2.1 L/s and 70m) and the least deep
percolation loss (2%) was recorded for surge flow treatment ( CR1, 2.1 L/s,
70m and 3surges ) . So that , the deep percolation was very high for
continuous flow treatment but small for surge flow irrigations.
4-5-5- Tail water ratio, TRW:
This parameter is ignored in this study because the furrows had a blocked end
and that implies that all the loss during irrigation are only due to deep
percolation.
CONCLUSION
Resuits indicated that the water in surge flow treatments advanced than the
respective continuous flow treatments due to the influence of the wetting and
drying cycles on soil infijtration characteristics. Surges treatment had a better
application efficiency and distribution uniformity than the continuous
treatments but continuous treatments had better storage efficiency. The
maximum deep percolation loss was observed in continuous treatment.
Therefore, less water was consumed to attain a given advance distance. Thus,
a better water distribution in the soil was observed.
Surge flow frrigation can apply under short length of furrow for acceptable
resui regaraag to water saving . It is comparable to the results obtained in
lone field conditions. The evaluation of the ficld experiments and selection of
the best treatments in view of application efficiency, water saving and crop
production will be further investigated.
REFERNCES
Alfen N.L.(£980). Advance rates in furrow irrigation to cycled flow. Ms.c
thesis, presented at Utah State Univ. Logan, U.S.A.
Al-Shami, S . (2000). Toward watery strategy in Syria. Symposium of the
economical tuesday,13th. Syrian Society of the Economical Sciences.
Bishop, A. A; W. R. Walker ; L. N. Allen and G. J. Poole (1981). Furrow
advance rates under surge flow systems, J. Irrigation Drainage Div.,
ASCE 107(ir3), 257-265. .
Depeweg, H.(1998). Field irrigation and drainage, Surface irrigation
methods, Lecture Notes, International Institute for Infrastructural,

The 18" Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 201 1 =271 -



IRRIGATION AND DRAINAGE

Hydraulic and FEnvironmental Engineering (IHE). Delft, The
Netherlands.

Depeweg, H.(1999). Symbols and Glossary, Hydraulic and Irrigation &
Drainage. Lecture Notes, Intemational Institute for infrastructural,
hydraulic and environmental engineering (IHE). Delft, The
Netherlands,

El-Dine, T.G. and M.M. Hosny (2000). Ficeld evaluation of surge and
continuous flow in furrow irrigation systems. Water Resources
Management. 14: 77-87.

Elliott, R.L. and W.R. Walker (1982). Field evaluation of furrow
infiltration and advance functions. Trans. ASAE 25 (2), 396-400.

Henggeler, J.C; J.M. Sweeten and C.W. Keese (1996). Surge flow
irrigation. Texas Agricultural Extension Service (TAEX) and Texas
Agricultural Experiment Station (TAES) in Cooperation with Texas
Water Resources Institute (TWRI).

Horst, M.G; S.S. Shamutalov ; JJM. Goncalves and L.L. Pereira (2007).
Assessing impacts of surge flow imrigation on water saving and
productivity of cotton. Agric Water Manage 87:115-127.

Humpherys, A.S. (1989). Surge irrigation: I An overview. ICID Bulletin.
Vol. 38, No. 2, pp. 35-48.

Ismail, S. M. (2003). Surge flow irrigation: field experiments under short
field conditions in Egypt. Workshop on Improved Irrigation
Technologies and Methods: R&D and testing. Proceeding of the 54th
Executive Council of ICID and 20th European Regional Conference.
Montpellier, France..

Izuno, F.T. and T.H. Podmore (1986). Surge irrigation management.
Agricultural Water Management. No. 11, pp. 279-291.

Kanber, R ; H. Koksal ; S. Onder ; S. Kapur and S. Sahan (2001).
Comparison of surge and continuous furrow methods for cotton in the
Harran plain. Agric Water Manage 47:119-135

Mahmood, S ; J.K. Sial ; N. Ahmad ; Q.A. Awan and M.A. Khan (1993).
Surge vs continuous imigation methods. Pakistan Journal 'of Agriculture
Sciences, 29(4): 334-338.

Merriam, J.L; M.N. Shearer and C.M. Burt (1980). Evaluating irrigation
system and practices. In: Jensen, M.E. (Ed.), Design and Operation of
Farm Irrigation Systems. ASAE monograph 3, St. Joseph, MI, pp.721-
760.

Purkey, D.R, and W.W. Wallender (1988). Surge flow infiltration
variability, Am. Soc. Agric. Engrs., St. Joseph, Mich., ASAFE Paper No.
88-2015, pp 18.

Rogers, D.H., and M.W. Sothers (1995). Surge irrigation. Imgation water
management series, cooperative extension service. Kansas State
University, Manhattan, USA.

The 18", Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 -272-



IRRIGATION AND DRAINAGE

Walker, W.R (1989). Guidelines for Designing and Evaluating Surface
Irrigation Systems. FAO Irrigation and Drainage Paper No. 45. FAQ,
Rome.

Walker, W. and G. Skogerboe (1987). Surface irrigation theory and
practice. Prentice-Hall, New York.

Appendix A:
IOC{[ [ Yioax + (Tgaa - Baze)® + "an-“' (Toaar. Twya ¥ I\.]’Yia-:* (Tomia . Base)” ]
Y= 1092
[J[‘?nm (Trmia- 8336 + [ Thea® (nax= Troia
T o - 4 )
2 log2
o LCBEE " T ()] 10 e a3%?
1 r':g‘“ s P2 3 30, » PIT Y‘ 3
ol paidal

ladieds b ghdlly ill 550 A8 sk o dgdgsam Sl
’ Agpab .‘)’-‘q“-' b
" s skl 01 ala ¢ Tgea dandgaan o pededll S50 July

@\JJ!M‘S&AJ&J@JX"!M| "4.1_)\.1&‘;.44.\“ J‘rul.ljml_).\“a.\hs_uﬁl
qﬂﬁ)aﬂl)hbﬂ|uhmunes‘uhuhﬁ '1Jul.|lm4.|_)! Sl eadh Jpe Amala
_)M Vejn,jaaélu.l.lu'.mnh_,_,.hi _,V JJLIL jJJ)ﬂUAu_’ﬂiﬂhﬂ_‘hﬁ
M)ulix_mh‘ﬂgJ‘.dauMhu\]bdeMMM}uh% 0.2 Jears
guwo_,i}‘")wg_)%r))&u Jthmwdyuﬁldhllu)ﬂ\
4agy Yo dM-OeJJ.\uu:.umh;.\ii_u\.S_,b/dT\_,\'lV.'h;ll‘:Hds.‘qu 3y
Adga Y QL‘—_, Ada Vo 708 Joway +, VT AV Anailt p ddga Vo 3l
usLiS) "5‘51‘).1.\! u).ulIJ JLH L}‘°J _)Lma.lYU rs.ﬁ.dl d.‘u.n uaLmj J.J_);.;ll O n_u‘.“ UISJ
G ;;“’""d )3' Clalna uj‘:" <_ul.S JJ.\“ M,aUn.\.ﬂ_, d.\.ﬂn.ﬂ'; uLlS u.L'I_‘SJ _).a.\.wd'u
gﬂm%\’/\\)iﬁﬁijﬂﬂg Mmﬂl.l%ﬁAu.“'l‘\ w.\o.ula.\.“u'l.lsxulu.la_,l_)a
ﬂu&@yﬂlgﬂ&hd@ Al LAY o ,J',:m&__uu:.as\l..h el
Belif S gl i b e s &....Dh\a.nua%Ati%AY e S daldaiiyl
uhuwumcuﬂ)ﬁlﬁhM\é}l@@ﬂdlg)\@@&lwﬂl

el (g Al Aot A e 5 A gl o ¢ e Sial 3 Gullls 1 Y
st (e Al (A1) 30 RS (At 30 Aty e ¢ fpdial] dged ) ) Aigdl i - ¥
woead e Aaalac At 0 A8 Lot 5 ) Lueaiph) pedd e ) ) 50 Akigl) a8 bone M oY

The 18" Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 -273-





