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ABSTRACT

The aim of this investigation is to evaluate the consumed energy under
surface and subsurface drip irrigation techniques in hyper arid condition
of Siwa Oasis with using low quality water. Experimental treatments
were done at Siwa Oasis — Matruh Governorate. The experimental
results showed that energy applied efficiency (EAE, 1.75 kg/MJ), and
without escalation (with escalation) benefit/cost ratio 6.16 (5.60) were
obtained from with underneath PE sheet, at 10 cm dripline depth, 0.9 — 1.2
m dripline spacing, and VSL (two Vertically Spaced Line) arrangement.
Key words: Drip irrigation, Subsurface drip irrigation, Dripline

spacing, Dripline depth, Underneath sheet, Irrigation economic

analysis, Energy applied efficiency, Tomato, and Onion.

INTRODUCTION

The increased use of trickle or drip irrigation is seen as one way of helping
to improve the sustainability of irrigation systems around the world. So, it
is useful to get tools, which allow the maximum benefit and minimum
disadvantages from these methods. The sustainability of the projects
depends on the compatibility with the economic roles.

The use of saline water for agricultural irrigation is attractive for the
following reasons: a) Water shortage problems can be resolved; b) Large
amounts of saline water can be disposed of during the entire year, with
minimal risk of groundwater deterioration; ¢) Economic benefits: a
higher market price for the fruits, which are sweeter, and an extended
shelf life, due to the stressful growing conditions (Oron et al., 1995).
Using subsurface drip irrigation SDI increasers water use efficiency and
its conservation, (Camp and Lamm, 2003), moreover,

(1) and (3) resp. Prof. Emerit. and Assoc. Prof., Ag. Eng. Dep., A. Shams U.,
Cairo, Misr (Egypt).

(2) and (4) resp. Prof.. Emerit. and Res., Soil Conserv. Dep., Desert Res.
Center., Cairo, Misr (Egypt).

The 17". Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1771 -



IRRIGATION AND DRAINAGE

using SDI enhances the emission uniformity (EU), (Aboamera, 1999),
Shawky et al. (2001) and Enciso et al. (2005). Consequently, increasing
EU of drip irrigation decreased the irrigation water requirements for
crops. This means that saving irrigation water and energy required for
irrigation could be obtained by increasing the designed water emission
uniformity of trickle irrigation system, (El-Ansary et al., 1999). And this
is in agreement with Keller and Bliesner (1990), Oron et al. (1995), and
Bakeer (1996). The trickle irrigation has a potential for reducing
pumping energy costs where operating pressure are considerably lower
than that of the other pressurized systems types, (Bucks and Nakayama,
1982) and this is in agreement with Abd Elaal, (1991), who also
concluded that drip irrigation system obtains higher energy application
efficiency (EAE) compared to the other systems.

Low operating pressure value, where the emitter operating pressure head
5 — 8 m is suitable for fodder and vegetable production, (El-Berry,
1990). Furthermore, the converting to low-pressure emitter type may
reducing irrigation consumed, (Evans et al., 1996).

Kassem and Mulhim (1999) showed that estimating net irrigation
requirements are useful in determining pumping requirements, and hence
the energy needs.

Barth (1995) found that the economical advantages of the SDI are
savings in water and energy as well as significant improvements in crop
yield. He added that the subsurface irrigation has productivity rates
between 30 to 70 % above surface irrigation methods. Further economic
factors are influencing the social situation and minimize maintenance.
Due to the subsurface layout, the laterals are not as exposed to damage
and a fully mechanized labor saving operation is possible. Moreover,
management problems are reduced to a minimum due to the simplicity of
the system.

Effective energy use in agriculture is one of the conditions for sustainable
agricultural production, since it provides financial savings, fossil
resources preservation and air pollution reduction, (Pervanchon et al.,
2002). Energy analysis can be divided into two parts as direct and
indirect energy, (Uhlin, 1998). Direct energy is directly used at the farm
and on fields for crops, but indirect energy is not directly consumed at

The 17". Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1772 -



IRRIGATION AND DRAINAGE

the farm. However, both direct and indirect forms of energy are required
for agricultural production in terms of its development and growth. On
the other hand, despite its importance, energy use can be very costly.
Energy input output analysis is usually used to evaluate the efficiency
and environmental impacts of production systems, (Ozkan et al., 2003).
Annual irrigation costs must include all costs associated with owning
and/or renting, operating and maintaining the irrigation system,
(Thompson et al., 1983). They also illustrated that the fixed and variable
costs associated with owning and operating an irrigation system have
increased for a number of years and are projected to continue to increase
in the future and this known as cost escalation (inflation).

It is worth, that the ideal general planning of irrigation system consists of
lateral lines and submain lines and main line and these groups come out
an area, which can be repeated, (Awady, 1974).

The most economical size for irrigation main line depends only the
irrigated area and not on the pipe length. A relationship was expressed in
the very applicable form “D = 20.16v/ A where “D” is the pipe diameter
in mm and “A” is the irrigated area by fed, (El Awady and Hegazi,
1987).

Another theory for selecting the optimal pipe size of trickle irrigation
system based on water velocity by Hassan and Younis (1987). They
found that optimal water velocity varied between 0.5 — 1.0, 1.0 — 1.5, and
0.5 — 1.5 m/s for lateral, submain, and main line, respectively.

In addition, computer model can be developed to help in selecting drip
irrigation optimal design. The solution based upon minimum total annual
cost for specific statistical uniformity. And the availability of
determining the optimal area of trickle irrigation submain unit can be
obtained. It is easy to get results, which are comprehensive technical and
economic details for the owner or designer about the system to evaluate
the economic soundness, (Sharaf, 1996).

MATERIALS AND METHODS
* Site of the experiment:
Two field experiments were conducted during winter season (2006 — 2007)
in Agricultural Experiment Station of the Desert Research Center (DRC),
Siwa oasis — Mersa Matruh Governorate. Siwa depression is located on the
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northern edge of the great sand sea, one of the largest sand areas in the world
in the western desert of Egypt at about 750 km north west of Cairo and 300
km west south Mersa Matruh (The Mediterranean coast). Depression has a
length of about 75 km and a width varying between 5 and 25 km with a total
area of about 1088 km?. The elevation of the floor is 0 to -18 m from sea
level and the longitude ranges between E  25°18' — 26° and the latitude

ranges between N. 29°5' _29°2(’

The soil of experiments is deeply sand. It is a part of sand dune, which is

very deep and the water table surface is about 4 m depth.

Irrigation system installation and experimental treatments:

The first experiment (E;) without PE foil was carried out including the

following treatments:

a. Two Adjacent Lines (AL) and two Vertically-Spaced Line (VSL) at 15
cm in-between.

b. Variation in driplines depth ((upper dripline of VSL or AL depth was 0
and 10 cm).

c. Variation in the driplines spacing (0.4 to 1.0 m).

The main treatment was the driplines arrangement (AL or VSL). Sub-

main treatments were the dripline depth (D = 0 or 10 cm) and, variation

of dripline spacing (S from 0.4 to 1.0 m), as shown in Fig. (1).

It is worth to mention that using 15 cm Vertically-Spaced driplines in VSL

conforms to Ismail et al. (2006).

The second experiment (E,) had underneath PE foil, with the following

treatments:

a- Dripline arrangement (AL and VSL).

b- Variation in driplines depth (upper dripline in VSL or AL depth was
varied from 0 to 25 cm).

c- Variation of the driplines spacing (0.2 to 1.2 m).

Each treatment was replicated two times. Each lateral dripline was

considered as one replicate for the plant grown, so the plant yield of each

crop was obtained from four replicates.

All plots received the same amount of organic manure (about 4 m®/fed)

without any chemical fertilizer.

The intercropping yields of tomato and onion were conducted. Tomato

seedlings (Super strain B, Lycopersicon esculentum L.) with plant
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spacing 0.5 m of dripline and onion seedlings (Yellow creol, Allium cepa)
with plant spacing 0.1 m of dripline, were sown on 3/1/2007. Two croppings
were obtained and recorded for each experiment and each treatment.

Field Experiments

Experiment (1) without
underneath sheet

Experiment (2) with
underneath PE sheet

VSL AL
Dripline Dripline VSL AL
arrangement arrangement
Dripline
depth (cm) || 10 | | Surface || 10 |Surface| 10 || 15 || 25 |Surface| 10 || 15 || 25
0 (surface)
Dripline 0.2-0.3 0.2-0.3
spacing
range 09-12 09-12
> (m)
04-06 0.3-0.6 0.3-06
04-06| |- T TN
.1 08-10 Llos_10 0.9-1.2: 0.9-1.2|<
04-06|« [04-06/ |%3796 0.3-061
0.6 — 0.9}« 0.6 - 0.9}
0.6 —0.8|= 0.6 — 0.8«
08-1.0|= 08—-1.0/< 0.3-0.6}< 0.3-0.6}«
0.9-1.2{< 0.9-1.2}

Fig. (1): Flow chart of the experimental treatments.
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* Energy consumption:
Work is required to lift and pressurized water and amount of water
delivered per unit time can be related to power and the energy applied
efficiency (EAE) according to Abedel-Aal (2000):
_ QxHpyxY,,
b= E X E, <1000 7777

Where: By: Brake power (kW)

Q: Discharge (m®/sec)

Hp: Total dynamic head (m)

Ep:  Pump efficiency

Yw: Water specific weight (9810 N/m?®)

Ei: Irrigation efficiency

Pumping energy requirement (E;) =By X T c.cevevenenen 2

Where, T: Irrigation time per season for area unit, (h/fed)

Total energy requirements, E¢ (kW.h/fed) = E; + Ein (Etr) «.... (3)
Where, Ej, Laterals installation energy consumed (MJ), and it was
determined as man energy per hour equals to 1.96 MJ according to
Ozkan et al. (2003). The consumed time in the installing depends on

(dripline arrangement, dripline depth, and dripline spacing).

E lied effici (EAE) Total Yield (kg/fed) )

nergy applied efficienc =
Iy app Y Et (KW.h/fed)

* Economic analysis:

The following equations were used to compute the annual fixed cost by
the application of an amortization factor, (Thompson et al., 1983 and
James, 1988). Present worth (PW) is the amount of cost that must be
invested at the beginning of the analysis period. When the analysis period
equals the component useful life (assumed), and it can compute by:

PWF=(1+ir)™" ....cceovueenene. 5)
PW = (IC) x (PWF) = ICx (L+ir) ™" ...... 6)
The present worth value if there is salvage value at the end of useful life:
1+er

LF
PW=IC-SV|——
[M} )
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ir(L+ir)"
(1+ ir)u: e )]

The fixed cost for all components can compute by:

CRF =

The escalation effect on the present worth factor:

@+er)  (1+er)"
PWF,, = =
O~ vin®  \1eir) @

l+er L
PW.. =(IC PWF )=ICx| ——
1, =(IC)x (PWF, ) x[mrj L

EAF, . = (Lren)” —(+in™ X Ir for erir .. (12)
™ 1+er)—(L+ir) @+ir)*F -1 )

Where: AFC:  Annual fixed cost (amortization value)
CRF: Capital recovery factor
PWF: Present worth factor
PWF): Present worth factor with escalation
PW:  Present worth of component “c” (L.E)
PW(: Present worth of component with escalation “c” (L.E)
EAF: Uniform equivalent annual cost factor
EAC: Uniform equivalent annual cost.

n: Number of system component

LF: Estimated life (year)

ir: Annual interest rate (decimal)

IC: Initial cost of component or replacement cost

SV: Salvage value of component
er: Expected annual rate of cost escalation.

* Laterals and submain initial cost were estimated as follows:

IC, =N x[(Lx LUC)+(ne>< EC)],,,, (13)
IC, =(N—-1)x[(SLxSUC)+TC]..... aa)
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Where: IC_: Lateral hose initial cost (L.E)
LUC: Price of lateral hose unit length (L.E/m)
EC: Price of emitter (L.E/unit)
ICs:  Submain line initial cost (L.E)
SUC: Price of manifold unit pipe length (L.E/m)
L: Lateral length (m)
SL: Lateral spacing (m)
N:  Number of laterals (unit)
ne:  Number of emitters (unit)
TC: Price of grommet or tee connection (L.E/unit).

Where the emitter in the GR dripline is not a separate part and it fixed in
the line then the equation (3.20) becomes as following:

IC, =Nx(LxLUC)...... (15)
It is worth to mention that the cost of installing the irrigation system or
parts can be calculated as a fixed cost and added to the total fixed cost.

The variable operation costs which contains:
- Energy cost:

AEC =BpxT. xC,,...... (16)
Where: AEC: Annual energy cost (L.E/year)
Ti:  Irrigation operating time (h/year)
Ckw: Cost of energy (L.E/KW.h).
- Maintenance and repair cost:
LMR =N (L x LUC x MRpp) ... (17)
SMR = ICs x MRpp ...... (18)
PMR =ICp x MRp ...... (19)
Where: LMR: Laterals maintenance and repair cost (L.E)
SMR: Submain line maintenance and repair cost (L.E)
PMR: Pump maintenance and repair cost (L.E)
MRepp: Annual maintenance and repair for plastic pipe (decimal)
MRp: Annual maintenance and repair for pump (decimal)
ICp:  Pump initial fixed cost (L.E).
Maintenance and repair guidelines for trickle irrigation components
(Jensen, 1983) showed that annual maintenance and repair ratio of initial

The 17". Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1778 -



IRRIGATION AND DRAINAGE

cost were 3—5,5-8,1.5-2.5, and 5 — 8 % for centrifugal pump, diesel
engine, plastic pipe, and trickle emitters, respectively.
- Labor cost:
The cost of operating time, which is consumed in operate and check the
component. Labor cost is estimated by following:
ALC =T; x LC .... (20)

Where: ALC: Annual labor cost (L.E)

Ti:  Annual irrigation time (h/year)

LC: Labor cost (L.E/h).
RESULTS AND DISCUSSIONS
* Energy Applied Efficiency (EAE):

Treatments without underneath sheet: The yield of intercropping
(tomato and onion) per consumed energy for the different treatments
without underneath sheet is illustrated in, Tab. (1). It is clear that the high
EAE value was 0.76 kg/MJ for all dripline spacing of dripline depth 10
cm under VSL.

The total seasonal energy is a part of annual energy depending on the season
consumed time. Season time was 5 months thus the annual energy will be
converted to seasonal energy per feddan. The seasonal energy was affected
by the variation in treatment factors. Tab. (1), represents the total energy,
and the energy components. It is clear that the highest energy component
was the irrigation energy which was affected mainly by the dripline spacing
then the water quantity per feddan. The energy of farmyard manure was
high because it has high specific energy per weight 0.3 MJ/kg, (Ozkan et al.
2003). On the other hand, the installation energy was low because it resulted
from dividing the total installation energy by the component life time. The
energy of harvesting and transportation depended directly on the production
quantity of the treatment.

According to mean energy components, irrigation energy is the highest
component followed by farmyard manure energy and the next protection
of plant against sand hazards and the minimum energy value was for
transportation.
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Table (1): Energy components and total energy without underneath sheet.

IRRIGATION AND DRAINAGE

o - | Farm _Icultural . . Yield
- Dripline(Dripline| ,. Irrigation|Installing| yard |Protection . |Harvesting|Transportation| Total
Dripline . Yield practices energy
arrangement depth |spacing (kg/fed) energy | energy |manure| energy |° energy energy Energy ratio
g em) | (m) |Y9"D) (Masfed) | (Marfed) | energy | (MJ/fed) W | (MIrfed) | (MIffed)  |(MJI/fed)
(MJ/fed) (kg/MJ)
(MJ/fed)
0.4-0.6| 2996 4964 38 501 305 261 48 28 6145 | 0.488
surface
0.8-1.0| 1554 2782 19 251 152 131 25 14 3374 | 0.461
VSL 0.4-0.6| 4793 4964 89 501 305 261 77 44 6241 | 0.768
10 |0.6-0.8| 3334 3545 55 309 188 161 53 31 4343 | 0.768
0.8-1.0| 2648 2782 44 251 152 131 42 24 3427 | 0.773
0.4-0.6| 3035 4964 38 501 305 261 49 28 6146 | 0.494
surface
0.8-1.0| 1162 2782 19 251 152 131 19 11 3364 | 0.346
AL 0.4-0.6| 2872 4964 89 501 305 261 46 26 6192 | 0.464
10 |0.6-0.8| 2741 3545 55 309 188 161 44 25 4329 | 0.633
0.8-1.0| 1828 2782 44 251 152 131 29 17 3406 | 0.537
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EAE increased with using underneath PE sheet, where EAE value
under VSL arrangement was 1.74 kg/MJ for dripline spacing range 0.9 —
1.2 m, at 10 cm dripline depth, Tab. (2). The installation energy increased
as compared to without underneath PE sheet due to the installing of PE
sheet increasing excavation, which increases consumed energy. The
highest irrigation energy was associated with dripline spacing range of
0.2 — 0.3 m due to the high amount of irrigation water per unit area
compared with the other dripline spacing ranges. The protection energy is
inversely proportion with dripline spacing but with small difference
between the treatments.

The economic analysis of irrigation system:

The previous parts are converted here as a benefit and cost. Solving the
disposal of drainage water problem in Siwa oasis has a lot of benefits,
which are considered indirect benefits. This part will focus only on the
direct benefits and costs. As mentioned before, the cost consists of fixed
and annual (energy, maintenance and labor) costs. The calculation was
based on that life time for the plastic lines (driplines) is 5 and 10 years
according to exposure to sunshine. It is assumed that the annual interest
rate (ir) and expected annual rate of cost escalation or inflation (er) are 10
and 8 %, respectively. The plastic pipe salvage equals zero prices after
the useful life time. The costs of installation of the irrigation system were
added to the fixed cost.

Treatments without underneath sheet: The annual cost per feddan is
affected by the treatments, where the differences in the treatments led to
varying the system size, and then the price. The assumed price for
different fittings is shown in Table (3). The results without inflation (with
inflation) without underneath sheet treatment, showed that the highest
treatment costs were 7526 (12358) and 5630 (8208) L.E/year, which
represent the surface driplines with spacing 0.4 — 0.6 m under AL and
VSL, respectively, Fig. (9). This may be attributed to the small dripline
spacing, which led to a lot of lateral dripline and big size of manifold. In
addition, surface driplines led to short life time (5 years) due to sunshine
(ultra violet) exposure and then enlarging the fixed cost resulted from
replacing the expired parts.

The 17". Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1781 -



IRRIGATION AND DRAINAGE

Table (2): Energy components and total energy with underneath PE sheet.

- Dripline|Dripline| . Irrigation|Installing Farm yard Protectio Cultu_ral Harvestin|Transporta| Total Yield
Dripline - Yield manure practices . energy
arrangement depth |spacing (kg/fed) energy | energy energy n energy energy g energy |tion energy| Energy ratio
(cm) (m) (MJ/fed) | (MJ/fed) (MJffed) (MJ/fed) (MJ/fed) (MJ/fed) | (MJ/fed) [(MJ/fed) (kg/MJ)
Surface 0.2-0.3| 6555 9873 183 601 366 314 105 60 11502 0.57
0.9-1.2| 1110 2509 65 215 131 112 18 10 3060 0.36
10 0.3-0.6| 5331 5400 254 501 305 261 85 49 6856 0.78
0.9-1.2| 5590 2509 109 215 131 112 89 51 3216 1.74
VSL 0.3-0.6| 5882 5400 292 501 305 261 94 54 6908 0.85
15
0.6-0.9| 4052 3273 175 301 183 157 65 37 4191 0.97
0.3-0.6| 2917 5400 343 501 305 261 47 27 6884 0.42
25
09-1.2| 1229 2509 147 215 131 112 20 11 3145 0.39
surf 0.2-0.3| 4276 9873 183 601 366 314 68 39 11444 | 0.37
urtacio9-1.2| 2106 | 2509 65 215 131 112 34 19 3085 | 0.68
0.3-0.6| 6926 5400 254 501 305 261 111 64 6896 1.00
10
09-1.2| 2785 2509 109 215 131 112 45 26 3146 0.89
AL 0.3-0.6| 6201 | 5400 292 501 305 261 99 57 6916 | 0.90
15
0.6-0.9| 1659 3273 175 301 183 157 27 15 4130 0.40
0.3-0.6| 3497 5400 343 501 305 261 56 32 6898 0.51
25
0.9-1.2| 1080 2509 147 215 131 112 17 10 3141 0.34
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The variation in the cost value between the two arrangement VSL and
AL according to the VSL arrangement has one dripline on the surface
and another subsurface, while in AL arrangement both driplines were at
the surface. In contrast, minimum treatment costs were 2333 (2566) and
2366 (2599) L.E/year under 10 cm dripline depth with 0.8 — 1.0 m
dripline spacing under AL and VSL, respectively. This is attributed to that
price of installing VVSL laterals was higher than that of AL at the same depth
because the total depth in VSL was deeper than that in AL by 15 cm.

The total season cost is a part of annual cost depending on the season
consumed time. Season time was 5 month thus the annual cost will be
converted to season cost per feddan. The season cost is affected by the
variation in treatments. Tab. (4) represents the benefits of intercropping
yields, total cost, and the cost components in the case without inflation. It
is clear that the highest cost component was the fixed cost in all
treatments.

Table (3): The assumed price for irrigation system fittings and crop in 2006.

Fitting (Ir:l)wlr?w.) Unit I(DI_”S
50 m 4.4
63 m 5.8
L 110 m 17
Plastic pipes (PVC) 195 m 1
140 m 25
160 m  35.45
GR lateral 16 m 0.6
Total length of pipe (m) in Ex. station 125 m 703
Total experimental serviced area (fed) fed 25
Related part with fed 125 28.12
Price of Pump No. 20000
Related price part with fed (pump) 800
Energy price:
1 kW.h kW.h 0.066
Crop price:
Tomato kg 1
Onion kg 1
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Table (4): Cost components, total cost, the benefit of treatments without underneath sheet at year's 2006.

Escalate Dripline DI;L%I':Ee E;;Fc)lllr?ge . . L'.Elseason Benefit Ratio System cost
arrangement (cm) (m) Fixed | Energy | Maintenance |Labor|Total| (L.E/season) (L.E/year)

Surface 04-06|1971| 91 190 94 |2346 2996 1.28 5630

0.8-1.0|1159| 51 122 94 1426 1554 1.09 3422

VSL 04-06|1172| 91 190 94 | 1547 4793 3.10 3713

10 (0.6-0.8] 832 65 139 94 1130 3334 2.95 2712

Without 0.8-1.0| 719 51 122 94 | 986 2648 2.69 2366

surface 04-06|2761| 91 190 94 |3136 3035 0.97 7526

0.8-1.0/1598 | 51 122 94 |1865 1162 0.62 4476

AL 04-06|1155| 91 190 94 1530 2872 1.88 3672

10 (0.6-0.8] 815 65 139 94 1113 2741 2.46 2671

0.8-1.0 705 51 122 94 | 972 1828 1.88 2333

Surface 0.4-0.6|2908 | 125 259 128 | 3420 2996 0.88 8208

0.8-1.0/1681| 69 167 128 | 2045 1554 0.76 4908

VSL 04-06|1172| 125 259 128 | 1684 4793 2.85 4042

10 (0.6-0.8] 832 89 189 128 | 1238 3334 2.69 2971

With 0.8-1.0| 719 69 167 128 | 1083 2648 2.45 2599

surface 0.4-0.6|4637 | 125 259 128 |5149 3035 0.59 12358

0.8-1.0|2644| 69 167 128 | 3008 1162 0.39 7219

AL 04-0.6|1155| 125 259 128 | 1667 2872 1.72 4001

10 (0.6-0.8] 815 89 189 128 | 1221 2741 2.24 2930

0.8-1.0| 705 69 167 128 | 1069 1828 1.71 2566
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The season cost is affected by inflation plus the variation in treatments.
Tab. (4) represents the benefits and cost components. It is clear that the
inflation enlarges the fixed cost especially in the surface treatments in
both AL and VSL.

According to mean cost components, fixed cost is the highest component
followed by maintenance cost and next the labor cost and at last the
energy cost. It is clear that the inflation effects proportional with the
component value.

The benefit from crops yield per total cost ratio is shown in Tab. (4).
Dripline depth of 10 cm shows superiority in both VSL and AL. These
results are in agreement with Keller and Bliesner (1990), Barth (1995),
and Oron et al. (1995). Without inflation (with inflation) high profit ratio
values were 2.69 (2.45), 2.95 (2.69), and 3.10 (2.85) for dripline spacing
ranges 0.8 — 1.0, 0.6 — 0.8, and 0.4 — 0.6 m, respectively with 10 cm
dripline depth and under VSL. The surface driplines gave low ratio
values in both arrangements.

In the treatment of with underneath PE sheet, the highest treatment costs
without inflation (with inflation) were 13961 (25646) and 10102 (15122)
L.E/year, which represent the surface driplines with dripline spacing
range 0.2 — 0.3 m under AL and VSL, respectively, Tabs. (5 and 6). This
may be attributed, as mentioned previously to replacement costs of
laterals for surface case. In contrast, minimum costs were 2124 (2342)
and 2179 (2397) L.E/year, under 10 cm dripline depth, with 0.9 — 1.2 m
dripline spacing, and under AL and VSL, respectively. It is clear that the
highest component cost was the fixed cost followed by maintenance cost,
next the labor cost and last the energy cost. In addition, the inflation
enlarges the fixed cost, especially in the surface treatments in both AL
and VSL arrangement.

The benefit price from crops yield per total cost ratio is shown in Tabs. (5
and 6). Dripline depth of 10 cm was superior in both VSL and AL
arrangement. The highest profit ratio without inflation (with inflation)
were 3.54 (3.26), 3.69 (3.37), and 6.16 (5.60) for dripline spacing ranges
0.3 -0.6, 0.6 — 0.9, (15 cm dripline depth), and 0.9 — 1.2 m (10 cm
dripline depth), respectively under VVSL arrangement.
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Table (5): Cost components, total cost, the benefit of treatments with PE underneath sheet without inflation at year's 2006.

. . Dripline Cost L.E/season )
Dripline Dripline . Benefit . | System cost
spacing . . Ratio
arrangement |depth (cm) (m) Fixed | Energy | Maintenance | Labor | Total | (L.E/season) (L.Elyear)
surface 0.2-0.3 | 3617 | 181 317 94 | 4209 6555 1.56 10102
09-12 | 1046 46 110 94 | 1296 1110 0.86 3110
10 0.3-0.6 | 1260 99 202 94 | 1655 5331 3.22 3972
VSL 09-12 | 658 46 110 94 908 5590 6.16 2179
15 0.3-0.6 | 1265 99 202 94 | 1660 5882 3.54 3984
06-09 | 811 60 133 94 | 1098 4052 3.69 2635
25 0.3-0.6 | 1293 99 202 94 | 1688 2917 1.73 4051
09-12 | 669 46 110 94 919 1229 1.34 2206
surface 0.2-0.3 | 5225 | 181 317 94 | 5817 4276 0.74 13961
09-12 | 1034 46 110 94 | 1284 2106 1.64 3082
10 0.3-0.6 | 1243 99 202 94 | 1638 6926 4.23 3931
AL 09-12 | 635 46 110 94 885 2785 3.15 2124
15 0.3-0.6 | 1254 99 202 94 | 1649 6201 3.76 3958
06-09 | 797 60 133 94 | 1084 1659 1.53 2602
25 0.3-0.6 | 1265 99 202 94 | 1660 3497 2.11 3984
09-12 | 658 46 110 94 908 1080 1.19 2179
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Table (6): Cost components, total cost, the benefit of treatments with PE underneath sheet with inflation.

Dripline Dripline Drip!ine cost L Efseason Benefit . |System cost
arrangement depth spacing . . (L.E/season) Ratio (L.E/year)
(cm) (m) Fixed | Energy | Maintenance | Labor |Total

0 0.2-0.3 | 5494 247 432 128 | 6301 6555 1.04 15122

09-12 | 1515 63 150 128 | 1856 1110 0.60 4454

10 0.3-0.6 | 1260 135 275 128 | 1798 5331 2.96 4315

VSL 09-12 658 63 150 128 | 999 5590 5.60 2398

15 0.3-0.6 | 1265 135 275 128 | 1803 5882 3.26 4327

0.6-0.9 811 82 182 128 | 1203 4052 3.37 2887

25 0.3-0.6 | 1293 135 275 128 |1831 2917 1.59 4394

09-12 669 63 150 128 | 1010 1229 1.22 2424

0 0.2-0.3 | 9879 247 432 128 |10686 4276 0.40 25646

09-1.2 | 1503 63 150 128 | 1844 2106 1.14 4426

10 03-0.6 | 1243 135 275 128 | 1781 6926 3.889 4274

AL 09-12 635 63 150 128 | 976 2785 2.85 2342

15 03-0.6 | 1254 135 275 128 | 1792 6201 3.46 4301

06-0.9 797 82 182 128 |1189 1659 1.40 2854

’c 0.3-0.6 | 1265 135 275 128 | 1803 3497 1.94 4327

09-12 658 63 150 128 | 999 1080 1.08 2398
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SUMMARY AND CONCLUSIONS

In case of with underneath PE sheet, EAE, the highest value under VSL
was 1.75 kg/MJ for dripline spacing range 0.9 — 1.2 m, at 10 cm dripline
depth.

In the treatments without underneath sheet, the minimum cost without
inflation (with inflation) was 2333 (2566) L.E/year under 10 cm dripline
depth with 0.8 — 1.0 m dripline spacing under AL. According to mean
cost components, fixed cost had the highest contribution, followed by
maintenance cost, labor cost, and at last the energy cost.

From the benefit cost (profit) ratio point of view, 10 cm dripline depth
had high ratio at any width either for VSL or AL arrangement. The
highest profit ratio without inflation (with inflation) was 3.10 (2.85) for
dripline spacing range 0.4 — 0.6 m, with 10 cm dripline depth under VSL
arrangement.

In the treatments with underneath PE sheet, the minimum cost without
inflation (with inflation) was 2124 (2342) L.E/year, under 10 cm dripline
depth, with 0.9 — 1.2 m dripline spacing, under AL. It is clear that the
escalation enlarges the fixed cost especially in the surface treatments in
both AL and VSL.

From the benefit cost ratio point of view, 10 cm dripline depth had high
ratio at any width either for VSL or AL arrangement. The highest ratio
values were 6.16 (5.60) without and with inflation for dripline spacing
range 0.9 — 1.2 m, with 10 cm dripline depth under VSL arrangement.
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