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DESIGN OF SPRINKLER IRRIGATION TAPERED 

MAIN LINE BY LINEAR PROGRAMMING 

Hassan, A. A. 

ABSTRACT  

A mathematical linear programming model based on Microsoft Excel 

spreadsheet was developed to design mainline of sprinkler irrigation 

system. The line considered has a length of 522 m combined with five 

different nominal diameters of 3', 3-1/2", 4", 5" and 6" (internal diameter 

of 73.7, 85.4, 97.2, 122.3and 149.3 mm) which are commercially 

available in the Egyptian markets. The objective function was to minimize 

the cost of the mainline pipe; and the constraints considered were 

commercial availability of diameters. The head loss calculations are 

based on four different head loss formulas. These are the Hazen-

Williams, Manning, Scobey, and Darcy-Weisbach equations. The model 

estimates the number of pipe unit according to the available 

manufacturer length. ( taken as 6 meter long). The lowest cost of 7924 

US$ was found by the Darcy Wiesbach equation followed by Manning as 

8030, Hazen–Williams as 8051 and Scobey as 8385. Validity and 

sensitivity of the model were confirmed. The effect of land slope and inlet 

pressure to the system was studied. The results indicated that increasing 

in inlet pressure decreases the cost of the mainline. Meanwhile, the cost 

of the mainline is proportionally increased by increasing the up slope of 

the land, and inversely increases by increasing the down slope of the 

land.  

INTRODUCTION 

ost designers of simple pressure water delivery systems for 

irrigation purposes use very simple empirical pipe selection 

methods based on arbitrary concepts (unit head loss, velocity, 

and percent head loss methods), without taking into account economic 

criteria. These methods do not lead to an optimal solution. The designer 

of an irrigation system should aim to determine an adequate size and 

length of the main and submain pipelines so that the total annual cost is 

minimized.  
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For optimal design of irrigation networks, various methods have been 

successfully developed and applied, linear, non-linear and dynamic 

programming methods. Keller and Bliesner (1990) noted that the 

selection of economical pipe sizes is an important engineering decision; it 

is often given insufficient attention, especially in simple irrigation 

systems. In such projects, i.e. simple tapered submain lines or simple 

branched networks, many designers use very simple methods, including 

unit head loss (setting a limit on the head loss per unit length), limiting 

velocity, and per cent head loss (setting a limit on the friction head loss in 

the main line networks). Various methods have been proposed to address 

the question of optimal design of simple irrigation delivery systems. 

Keller (1975) proposed a method based on the construction of economic 

pipe-selection charts for determining the most economical pipe diameters 

in tapered submain lines or in a simple branched network. This method, 

as Keller and Bliesner (1990) demonstrated, resulted in designs which 

were less expensive. Singh et al. (2000) proposed a method based on the 

shortest-route algorithm for non-looping networks. This method used an 

equation to calculate total energy cost at each section. However, this 

equation has a systematic error: it takes into account the flow rate passing 

through each section instead of the total system flow rate (pumping 

discharge).  On the other hand, several analytical techniques (Wu and 

Gitlin (1975); Solomon and Keller (1978); Valiantzas (2002)) and 

computer-aided design techniques (Bralts et al.,1993; Kang and 

Nishiyama, 1996) have been proposed, which focus on the optimization 

of single-diameter pipeline networks. These methods are usually based on 

hydraulic criteria alone and ignore economic criteria. Valiantzas ( 2003) 

proposed simple methods for selecting pipe sizes in tapered lateral 

irrigation pipelines; however, the energy cost is not considered in this 

suggested design procedure.  

The objective of this work is to develop a mathematical linear 

programming optimization model that help in selecting the optimum pipe 

size of mainline from commercially available diameters. Minimizing the 

pipe cost was considered as an objective function.  The solution of the 

problem was by Microsoft excel spread sheet applied by solver 

application. 
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Optimization model:  

Let us consider single main or submain pipeline with number of sections 

as given in Fig. (1). Along pipe section (i),  having discharge Q(i) and 

length L(i), D(i,j) pipe sizes, ( j= 1, 2, 3)  can be considered. Each pipe 

size D(i,j) has corresponding length X (i,j).  

Q(i) Q(i) Q(i) Q(i)

L

D(i,j)
X(i,j)

D(i,j+1)
X(i,j+1)

D(i,j+2)
X(i,j+2)

D(i,j+3)
X(i,j+3)

 J(i,j J(i,j+1) J(i,j+2) J(i,j+3)

i =1,2,3    m No. of section
j=1,2,3     n   No. of sub-sections     

C(i,j) C(i,j+1) C(i,j+2) C(i,j+3)

D diameter at section i for subsection j, j+1,… n
X  length at section i for subsection j, j+1,….n
J   unit of head loss m/100m at section i for subsection j, j+1,… n
C cost per unit length for diameter at section i for subsection j,j+1,…n

L(i) L(i) L(i) L(i)

Fig. ( 1) description of the main pipeline parameters for design  

The head loss due to friction hf(i,j) along X(i,j) when the discharge Q(i) 

and the pipe size D(i,j) are computed by four different head loss 

equations, as Hazen Williams, Manning, Scobey and Darcy Weisbach.  

The general form of the friction formulas    of the diameter section is as 

follows: 

        
              

       
 

Where: 

hf(i,j) Friction loss(m) 

K, a, b Constants 

Q(i) Discharge cross the pipe (l/s) 

X(i,j) Pipe length (m) 

D(i,j) pipe diameter (mm) 

Constants K, a and b for the different friction formulas are presented in 

Tab. (1). Applying the loss head gradient, the pervious equation becomes: 
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Table (1): Parameters and constants of the friction formulas applied  

The friction 

formula 

Constants 

K a
 

b
 

Hazen - 

Williams 

1.22x10
10  

x(1/150)
1.852 1.852 4.852 

Manning 1030 x 0.009 2 16/3 

Scobey 0.32 x  4.1x10
6 

1.9 4.9 

Darcy Wiesbach 9.47x10
5 

1.828 4.828 

               
      

   
 

Where 

J(i,j)  Head loss gradient  in pipe having Q(i) and D(i,j) ( m/100 m) 

 

The head loss hf(i,) in the i-th pipe section is determined by summing the 

partial head loss along the j diameter, consequently,  
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The model described in this paper assumed that the layout of the field and 

pipes, as well as the discharge loads have already been determined. It is 

also assumed that the water is supplied from the regional main pipeline 

which provides changeable pressure head. The pressure head hu(i) 

required at the inlet  to the laterals are computed by the following: 

24

3
)(

z
hrhfhsihu


  

Where: 

hu(i) Pressure head required at the lateral inlet (m) 

hs Sprinkler operating pressure head (m) 

hf Pressure head loss in lateral pipe (m) 

hr Riser height (m) 

Δz Elevation difference along the lateral (m) 
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The total head at the lateral inlet Hu(i) is determined by adding the 

surface elevation zi  between the lateral and the submain and the local 

head loss k in the take off, where: 

                  

The objective function: 

The objective function is to obtain, under certain limitations called 

constraints, a solution of the most economic cost of design and operating 

sprinkler irrigation system. The minimum requirement of minimum total 

annual cost, expressed mathematically is defined as the objective 

function. The cost per unit length for pipe with diameters D(i,j) is C(i,j). 

The cost  along X(i,j) is therefore , C(i,j) multiplied by X(i,j). Thus, the 

cost C1(i) along the i-th pipe section is computed from : 






m

j

jiXjiCiC

1
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Therefore, the total cost of the system mainline is determined by 

summing the partial costs of the i-th pipe sections as, 
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The previous equation when minimized is the objective function of the 

herein model.  

The constraints: 

Certain constraints are imposed on the objective function depending on 

the type of the function. The first and the most important is the 

requirement of the pressure head at each node (i) as recommended by 

Benami and Ofen 1984,  which should be at least Hu(i)  as: 
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n
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iHu
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Where: 

Ho Net available pressure head at the inlet of the main pipe. 

X length 

J Head loss gradient (m/100m) 

i Section number (i= 1,2,3 ….m) 

j Diameter subsection number (j=1,2,3 ….n) 
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When a pump supplies the irrigation water, Ho is a variable having pre-

determined values. It follows that the optimum Ho satisfied the 

requirement of minimum cost for the pipe system.  The second constraint 

states that each pipe section L(i)is the sum of the sub pipe section  X(i,j) 

having diameters D(i.j), equal the total length L(i) as: 






n

j

iLjiX

1

)(),(  

X(i,j) could be replaced by the number of pipe unit length N multiplied by 

the manufacturer pipe unit length which is considered 6m in the study. 

The previous constraint is true until N is an integer number, as: 






n

j

egerjiNWhereiLjiN

1
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The next constraint states the mainline total length (L) is the sum of the 

mainline sub-sections L(i) as:  

   ∑    

 

   

 

The fourth constraint involves the non- negativity of the pipe lengths, as: 

0)(0),(  iLandjiN  

Finally, solving for the optimum pipe size  of sprinkler mainline and the 

corresponding lengths, the objective function is formulated as: 
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),(),(6.  

Case study: 

A procedure of applying linear programming technique for design main 

line is proposed by a case study to demonstrate how the model selects the 

optimum pipe sizes for the minimum cost. Let us considerer mainline 

serves a governmental farm includes 6 fields each 6.17 feddan (180 m x 

144 m) at area where the consumptive use by the crop is 5 mm/day. Each 

field irrigated by two hand move laterals. The lateral served by 8 

sprinklers and the sprinkler flow rate is 1.6 m
3
/h operated at 30 m 

pressure head. The irrigation set time is 6 hours per day. The distance 

between lateral is 18 m and the distance between sprinklers is 18 m and 

the system efficiency is 85%. According to these inputs, the application 

rate is 4.94 mm/h and the available moisture in the root zone is about 25 
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mm and the irrigation interval is 5 days. Fig.(2 ) depicts PVC mainline 

buried 0.6 m and having a downward slope of 2 % runs though the center 

of a field 522 m long. Along its length the mainline has 15 take-off, 

spaced 36 m apart serving a total of 60 lateral settings. six PVC hand 

moved level laterals are operated simultaneously along the mainline.  

 Fig. (2 ) Schematic diagram of the system considered in the case studied  

Fig. (2). Shows the sequence of operation, three lateral are started at field 

1,2 and 3 at the same time anther three lateral next to  the main line 

started and gradually moved back to their starting position.  The total 

length of the mainline is 522 m combined with five PVC commercial 

available nominal diameters of 3", 3-1/2'', 4" ,5" and 6" ( internal 

diameter of 73.7mm , 85.4 mm, 97.2 mm, 122.3mm and 146.mm 

respectively, (the source is USplastic. Com according to January,2016 

price list(. The cost per/meter of the pipe are 7.9 US $/m, 11.4 US$/m, 

17.1 $/m, 21.9 US $/m and 33.1 US$/m respectively. Among the 

application four different head loss equations were tested. These are 

Hazen Williams, Manning, Scobey and Darcy Weisbach. Thirty takes- off 

spaced 36 m apart are installed in the mainline. Six 3" PVC laterals 135 m 

length is running on zero level land. The model discussed assumed that 

the layout of the fields as well as the discharge loads has already been 
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determined. It is also assumed that the water supplied from the regional 

main pipe line could provide changeable pressure head.  The allowable 

head losses on the mainline taken as 2m/100m.  According to these 

inputs:  
A- The length constraints: 

  ∑           

 

   

            ∑           

 

   

 

  ∑           

 

   

           ∑           
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B- The hydraulic constraints: 
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Where: 

Δo Elevation head at the mainline inlet  point (o) or at the pump (m) 

Hu(i) Pressure head required at take-off of section (i=1,2,3,4)  

Δ(i) Elevation head at section (i= 1,2,3,4) 

N(i,j) Integer No. of pipe unit  (6 m) for section i and subsection j,  

 

RESULTS AND ANALYSIS 

The model described earlier (objective function, constraints and the 

integer variable) was written on Excel spread sheet and solved by solver 

application. The linear programming by solver applied simplex and dual 

simplex methods, the problem include integer variables constraints, the 

branch and bound method is implemented.   

According to the case study inputs which: head loss gradient of about 

2m/100 of the mainline length, No. of nods nodes (7), No of sections (6) 

and their length, No. of available pipes and their prices $/m, No. of lateral 

operated simultaneously (6), land slope (down slope 2 % for the mainline 

and zero slope for laterals), sprinkler discharge (1.6 m
3
/h) and the 

operating pressure (3 bar). The results presented in Table (2).  

Table (2): The model results for minimum cost of the mainline pipes. 

Section  
Length 

m 

Discharge 

m3/h  

Diameter 

mm  

Number of pipe units per Method  
Price  

US$/m  
Hazen  Darcy  Scobey  Manning  

C- 1  18  76.8  
146.3  1  1  1  1  33.1  

122.3  2  2  2  2  21.9  

1 -2  144  64.0  122.3  24  24  24  24  21.9  

2 – 3  36  51.2  122.3  6  6  6  6  21.9  

3 – 4  144  38.4  

122.3  3  1  1  -  21.9  

97.2  8  8  19  13  17.1  

85.5  13  15  4  11  11.4  

4 – 5  36  25.6  
85.5  5  5  6  5  11.4  

73.3  1  1  
 

1  7.9  

5-6  144  12.8  73.3  24  24  24  24  7.9  

Total cost of pipe $ 8051  7924  8384  8030  
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The hydraulic parameter of the design by linear programming of the 

mainline illustrated in Tab. (3a) and Tab. (3b). The velocity limits within 

the system is 0.83 m/s ≤ V ≤ 1.86 m/s and the head loss gradient was 0.6 

m/100m ≤ J ≤ 4 m/100m. These could be acceptable in design main and 

submain line pipes in sprinkler irrigation systems 

Table (3a): Linear programming hydraulic results of the mainline by 

Hazen Williams and Darcy Wisbach 
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C -1 76.8 18 
1 146 0.91 1.27 0.06 1 146 0.89 1.27 0.05 

2 122 2.26 1.82 0.27 2 122 2.13 1.82 0.25 

1 - 2 64.0 144 24 122 1.61 1.51 2.31 24 112 1.53 1.51 2.2 

2 -3 51.2 36 6 122 1.06 1.21 0.38 6 122 1.02 1.21 0.37 

3 - 4 38.4 144 

3 122 0.62 .91 0.11 1 122 0.6 0.91 0.04 

8 97 1.91 1.44 0.92 8 97 1.82 1.44 0.87 

13 85 3.57 1.86 2.79 15 85 3.38 1.86 3.05 

4– 5 25.6 36 
5 85 1.69 1.24 0.51 5 85 1,61 1.24 0.48 

1 73 3.47 1.67 0.21 1 73 3.3 1.67 0.2 

5 - 6 12.8 144 24 73 0.96 0.83 1.39 24 73 0.93 0.83 1.34 

Total 90 
   

8.94 90 
   

8.85 

Table (3a): Linear programming hydraulic results of the mainline by 

Manning and Scobey 
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C -1  76.8  18  
1 146 0.85 1.27 0.05 2 146 1.08 1.28 0.13 

2 122 2.21 1.82 0.27 1 122 2.6 1.82 0.16 

1 - 2 64.0 144 24 122 1.54 1.51 2.21 24 122 1.84 1.51 2.65 

2 -3 51.2 36 6 122 0.98 1.21 0.35 6 122 1.21 1.21 0.43 

3 - 4 38.4 144 

     1 122 0.7 .91 0.04 

13 85 1.88 1.44 1.47 19 97 2.15 1.44 2.45 

11 73 3.74 1.86 2.47 4 85 4.00 1.86 0.97 

4– 5 25.6 36 
5 85 1.66 1.24 0.5      

1 73 3.67 1.67 0.22 6 85 1.87 1.24 0.67 

5 - 6 12.8 144 24 73 0.92 0.83 1.32 24 73 1.04 0.83 1.49 

Total 90    8.86 90    8.99 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., July 2017  - 1345 - 

Effect of land slope and inlet pressure head on mainline cost: 

The inlet pressure head influenced the total cost of the mainline. It is well 

known that the down slope increase the pressure head due to the 

gravitational effect which allow increasing in allowable pressure loss used 

in design the pipe size. This interpreted to small pipe size. The effect of 

both land slope and inlet pressure on mainline cost was studied. The land 

slope changed from -2% to 2% .and the inlet pressure head from 50 to 70 

m as shown in Fig. (3). The result indicated that the cost of mainline 

decreased by increasing the inlet pressure but with different degrees 

depending mainly on the land slope. The cost of the mainline was 

decreased by 30.8% at zero level slope due to increase the mainline inlet 

pressure from 50 m to 70 m. In case of upslope conditions the cost is 

decreased by 47.5 %, 41.8%, 36.3% and 33.7% due to change of inlet 

pressure from 50 m to 70 m at the upslope of 2%, 1.5%, 1% and 0.5% 

respectively.  The results indicated moderate decrease due to change of 

inlet pressure ranged between 28.1% and 21.5%  in case of down slope 

lands ranged between -.5% and -2% at the same limit of pressure inlet to 

the main line.  

 

Fig.(3) Effect of land slope and inlet pressure on mainline total cost 

 

4000

5000

6000

7000

8000

9000

10000

11000

45 50 55 60 65 70 75

To
ta

l a
an

u
al

 c
o

st
 o

f 
th

e 
m

ai
n

 li
n

e 
($

) 

Inlet pressure to the mainline (m) 

Sl
o

p
e 

%
 

2% 

-2% 

(Simulated by Darcy- Wiesbach) 
 

Zero 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., July 2017  - 1346 - 

Checking head at the terminal nodes (sprinklers) 

In order to insure the arrival of water at the last sprinkler, calculations are 

made to check heads at the terminal sprinklers on the laterals. If the 

calculated pressure head at these point is greater than or equal the 

sprinkler operating pressure (hs) that mean the system is designed 

correctly. The pressure head at last sprinkler (hs) on laterals for the 

different settings at slope between -2% and 2 %  and inlet pressure head 

(Ho)  between 35 m and 55 m are given in Tab.(4). As shown none of the 

sprinkler pressure head at any setting is less 30 m (hs) even by the 

different methods applied to estimate the head losses. Regardless of the 

slope value and direction and the friction formula, the terminal pressure 

value is about 31 m. These results verified the model logic, algorism and 

sensitivity to design the mainline by linear programming. 

Table (4): Pressure head at the terminal sprinkler at each lateral setting  

Method slope Hc hs(1) hs(2) hs(3) hs(4) hs(5) hs(6) hf/HC 

Darcy 

2 % 54.75 51.34 46.26 44.68 36.82 35.32 31.10 0.1907 

0% 44.31 41.26 39.06 38.20 33.22 32.44 31.10 0.2356 

-2 % 33.87 31.25 31.93 32.29 31.11 31.15 32.69 0.2613 

Hazen 

2 % 54.76 51.31 46.12 44.89 36.76 35.44 31.17 0.1894 

0% 44.32 41.23 38.92 38.41 33.16 32.56 31.17 0.2340 

-2 % 33.88 31.23 31.80 32.14 31.10 31.11 32.60 0.2638 

Manning 

2 % 54.74 51.32 46.23 45.01 36.65 35.33 31.13 0.1902 

0% 44.30 41.24 39.03 38.53 33.05 32.45 31.13 0.2350 

-2 % 33.86 31.24 31.91 32.28 31.11 31.12 32.68 0.2616 

Scobey 

2 % 54.79 51.25 45.72 44.57 36.88 35.49 31.12 0.1902 

0% 44.35 41.17 38.52 38.09 33.28 32.61 31.12 0.2350 

-2 % 33.91 31.27 31.50 31.79 31.11 31.16 32.55 0.2653 
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Another factor could be used to verify the acceptability of the model 

which is the ratio between the total head loss along the system and the 

system inlet pressure (hf/Ho). This ratio for the acceptable hydraulic 

design should be less than 0.3 ( 1991شاسٌٝ،  ).  The results indicated in Tab. 

(4) confirmed this condition.  

CONCLUSSIONS 

The paper presented a mathematical development of linear programming 

technique to design mainline of sprinkler irrigation system based on 

minimizing the pipe cost. The algorithm of the hydraulic fiction losses 

was based on Darcy- Weisbach, Hasen Williams, Manning and Scobey 

formulas. The developed model used available pipes diameter in the 

market. Analyses were performed based on numerical example to design 

a mainline design. Results showed that least cost of the mainline pipes 

was given by applying Darcy- Weisbach as 7924 US$ followed by 

Manning formula that increased by 1.34 %. Hazen Williams gives the 

second higher cost than Darcy by 1.6%. The cost by Scobey is increased 

by 5.81 %. The influences of land slope and inlet pressure to the system 

were studied. Increasing the pressure at the pump in the down slope lands 

leads to steady decrease in the cost of the mainline.  Over zero slope the 

cost of the mainline decreased proportionally to increasing the inlet 

pressure especially in higher up slope conditions. In general, the mainline 

cost decreased by increasing the inlet pressure in case of upslope 

conditions, meanwhile almost no influence in down slope lands. This is 

true when the system is operated at minimum allowable pressure head. In 

case of inlet pressure higher than the minimum allowable on down slope 

conditions, the decrease is relatively moderate. Results indicated 

reduction about 30.8 % due to change in inlet pressure from 70 to 50 m at 

leveled land. The influence of inlet pressure in case of up slope land is 

relatively high. The cost reduces by almost half due to slope change by 

2%. The validity and sensitivity of the model were confirmed by 

calculating the pressure at the terminal sprinkler (which should be at least 

the operating pressure hesd) at different slope values from -2 % to 2 %. 
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The results indicated that none of pressure head at the terminal sprinklers 

less that 3 bar. Hydraulic parameters limits given by the model such as 

water velocity inside the pipe sections, head loss to inlet pressure ratio 

(hf/HC), head losses gradient show acceptable limit values.  The velocity 

limits is 0.82 m/s ≤ V ≤ 1.86 m/s, (hf/HC) ≤ 0.3 and the head loss gradient 

is 0.82 m/100m ≤ J ≤ 4 m/100m. 
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 .1991شاسٌٝ شىشٜ سىلا . " ٕ٘ذست اٌشٜ ٚاٌصشف " . داس اٌّعاسف .

  الملخص العربً

 

 الاقطارتصميم الخط الرئيسً للري بالرش المتعذد 

 بىاسطت البرمجت الخطيت

 عزة عبذ الفتاح حسن 

ٌخمٍيً حىاٌيف  الالطاسٌخصّيُ اٌخظ اٌشئيسٝ ٌٕظاَ اٌشٜ باٌشش ِخعذد اخشيج ٘زٖ اٌذساست 

داٌت ٘ذف حسّر بخذٔٝ حىاٌيف ششاء اٌبشِدت اٌخطيت. ٚرٌه ِٓ خلاي  بأسخخذاَ الأٔشاء ٚرٌه 

 111ِخش/2ِٓ اٌضغظ ِمذاسٖ  بفالذٝ  ٚاٌخٝ  حسّر الأٔابيب اٌّسخخذِت فٝ أشاء اٌخظ اٌشئيس

ٚلذ  . ِخش ِٓ طٛي اٌخظ . ٚحُ اخخياس الأٔابيب ِٓ ِدّٛعت ِسذدة الألطاس ِٚخازت فٝ الأسٛاق

حُ حطبيك ِعادلاث داسسٝ ٚسبان ٚ ٘اصْ ٌٚياِض ٚسىٛبٝ ِٚإٔح ٌخمذيش اٌفٛالذ بالازخىان عٍٝ 

ِدًّ ٔظاَ اٌشٜ. ٚحُ وخابت إٌّٛرج اٌشياضٝ اٌّىْٛ ِٓ داٌت اٌٙذف ِٚدّٛعت اٌميٛد 

بعذ حسّيٍٗ  (solver)عٍٝ خذاٚي ِيىشٚسٛفج اوسيً ٚحُ اٌسً باسخخذاَ حطبيك ٚاٌّخغيشاث 

ٚوزٌه اٌخسمك ِٓ  ٖ اٌدذاٚي. ِٚٓ خلاي ِثاي عذدٜ حُ حطبيك إٌّٛرج اٌشياضٝعٍٝ ٘ز

صلازيخٗ ٚرٌه ِٓ خلاي اٌخسمك ِٓ زذٚد اٌفٛالذ اٌّسّٛذ بٙا ٚسشعاث اٌّياٖ فٝ اٌمطاعاث 

صَ ٌٍخشغيً فٝ ٔٙايت خطٛط اٌشٜ فٝ اٚضا  إٌمً لااٌّخخٍفت ٚاٌضغظ اٌّخاذ عٕذ اٌششاشاث ٚاٌ

ك ّٔارج ِخخٍفت ٌخمذيش اٌفٛالذ اظٙشث إٌخائح اْ الً حىٍفت ٌخظ اٌشش اٌسشخت. ٚ ِع حطبي

% ثُ 1.34حٍخٙا طشيمت ِإٔح بفاسق اعٍٝ بّمذاس اٌشئيسٝ وأج بخطبيك ِعادٌت داسسٝ ٚسبان 

ٚ لذ حُ ايضا   %.1..5% ٚالاعٍٝ طشيمت سىٛبٝ بفاسق 1.6طشيمت ٘اصْ ٌٚياِض بفاسق 

ٕذ ِذخً اٌخظ اٌشئيسٝ عٍٝ حىاٌيف خظ اٌشش اٌشئيسٝ دساست حأثيش ِيً اٌسمً ٚاٌضغظ ع

اٌّخعذد الألطاس. فأظٙشة إٌخائح عذَ حأثش حىاٌيف اٌخظ اٌشئيسٝ بّيً اٌسمً عٕذ اسخخذاَ الً 

 إٌّسذس ضغظ حشغيً، ِع اٌخٕٛيٗ بأْ ٘زا اٌضغظ ِخغيش بخغيش اٌّيً )يضداد ِع صيادة ِيً اٌسمً

 ٕسذس اٌٝ اسفً(. ٚيمً ِع صيادة اٌّيً اٌّاٌٝ اعٍٝ 

 اسكنذريت  -باحج اول بمحطت اختبار الجراراث الصباحيت 

 القاهرة -مركز البحىث الزراعيت  -معهذ بحىث الهنذست الزراعيت  
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ٌٚىٓ ِع ثباث ضغظ اٌّذخً ٚحغيش اٌّيٛي اخخٍفج إٌخائح ٚظٙش حأثيش اٌّيً بشىً وبيش عٍٝ 

ّذخً اٌحىٍفت اٌخظ اٌشئيسٝ خصٛصا ِع صيادة احداٖ اٌّيً لأعٍٝ. ٚظٙش حأثيش اٌضغظ عٕذ 

 بخمٍيً اٌخىاٌيف ِع صيادة ضغظ اٌخشغيً.  

ٌخصّيُ خظ اٌشش اٌشئيسٝ يت ِٚع حسٍيً ٘زٖ إٌخائح ٔٛصٝ بخطبيك طشيمت اٌبشِدت اٌخط

ٌّا حخّيض بٗ ٘زٖ اٌطشيمت ِٓ دلت ٚسشعت ِع  ٚالً حىٍفت  اٌٝؤدٜ ي اٌّخعذد الألطاس ٚاٌخٝ 

 .(Solver)حطبيماث اٌساسب الاٌٝ اٌّخازت ٌبشٔاِح اوسيً 

 

 


