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Excutive Summary 

This progress report presents the activities of the second year of the project 

(May, 1 995-April, 1996) in 4 parts: 

Part I: Presents the historical and measured data on changes in quality of 

groundwater in the study area. it also gives a briefing on groundwater 
development studies presented and discussed in the first progress report. Data 

obtained domestrate that agriculture horizontal expansion in Sadat City and 

Wadi El-Natrun has gone beyond the groundwater potential in these areas and 

dicassed identified policy options for groundwater development in the area. 

The salinity of groundwater was measured in a number selected wells in the 

study area and compared with available historic data. Groundwater salinity in 

12 wells in Sadat City were monitored over the period 1987-1995. Slight 

salinity changes with time could be noticed over short periods. Over the past 
seven years (1987-1995), however, salinity rose in 4 wells by 70-100% but 

remained below 480 ppm in 3 of these wells. The remaining 8 wells showed 

very slight and insignificant changes in salinity. In 75% of the tested wells 

salinity was 255-480 Pl'11 over the period 1987-1995, while the other 25% of 
the wells had medium salinity (890— 1434 ppm). The seasonal variations in 

groundwater table in Sadat City in I 989 showed a slight difference between 

spring and summer seasons, which indicate slight fluccuations in this area. At 

that time the effect of discharge was not detected and the aquifer was 

characterized to be of good potentiality. However these investigations need to 

he updated in view of the increasing agriculture expansion in the area in recent 

years 

In Wadi-El-Natrun, groundwater salinity varied widely with location and 

showed much higher values than Sadat City especially in the North sector of 



Wadi-El-Natrun where it reaches 4000 ppm. Data on groundwater salinity 

were collected for 31 well for the period 1966-1985 and salinity of these wells 

was determined in 1995. Salinity of groundwater was mostly 300-700 ppm in 

I 966 but rose appreciably in 15 wells (mostly in the north sector) to 2-8 times 

reaching 2000-4000 ppm in 1995. However, changes in groundwater salinity 

in South sector were slight and groundwater remained of medium to good 
quality (346-877 ppm) in 1995. 

The salinity of groundwater was measured in 1995-1996 in 3 1 wells in Fath 

sector, South Tahrir, where it is used as a supplementaty source of irrigation 

during the canal shutdown and when the level of the Nile-water in the 

irrigation is low. Historic data on salinity of these wells are not available but 

for South Tahrir area, in general, it was 200-1000 ppm in 1973 but rose in 

1993 to 312-1700 ppm. Salinity in 1995-1996 in 31 selected well was higher 

ranging between 345-2266 ppm. In 28 wells salinity ranged between 450 and 

2000 ppm and 50% of tested wells having salinity <1000 ppm. The increase in 

groundwater salinity with time in the cultivated area of South Tahrir was 

probably due to the leaching of salts and fertilizers from soil since (lie static 

level of groundwater in the tested wells was only 5-12 111 below surface. 

Part II: Presents and discusses the technical field evaluation of the existing 

irrigation system in 10 1 representative desert farms conducted in four areas 

namely, South Tahrir, Bustan, Sadat City, and Wadi El-Natrun. Bustan and 

South Tahrir areas use surface water as the main source of irrigation, while 

Sadat City and Wadi El-Natrun use only groundwater for irrigation. In South 

Tahrir and Bustan, the most widely used Pressurized irrigation system is the 

preinstalled hand-move sprinkler system. Other systems such as fixed sprinkler, 

draghose, and drip irrigation cover only a small percentage. While in Sadat 

City and Wadi El-Natrun, the most widely used pressurized irrigation system is 

the drip irrigation system. Other systems such as fixed sprinkler covers only a 

small percentage. However, some irrigators are illegally practicing flood 

irrigation in the four areas under study. Land holders in Bustan area are small 

holders, graduates, and private investors, while in South Tahrir are settlers, 
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private investors, and large agricultural companies. In Sadat City and Wadi El- 

Natnin, however, they are mainly investors. 

Sprinkler systems were evaluated in the field by determining the uniformity 
coefficient (UC), distribution uniformity (DU), and potential application 

efficiency (PELQ). Drip irrigation systems are evaluated in the field by 

determining the emission uniformity (Eu) and the application efficiency (Ea). 

The results show that sprinkler and drip irrigation systems throughout the 

project area are performing poorly. About 85% of the fixed and hand-move 

systems and 78% of the side-roll systems had uniformity coeflicien <80% and 

about 33% of the fixed systems, 36% of the hand-move systems, and 11% of 
side-roll systems had uniformity coefficient <60%. It was found that the poor 
water distribution pattern can be improved by using the proper sprinkler nozzle 

pressure and the proper lateral spacing (50% of the wetted diameter). A total 

of 50 drip systems have been evaluated throughout the project area. About 

80% of the drip systems had emmision unifority (EU) <80% and 70% of the 

systems had EU's <70%. The low emission uniformity (below 80%) can be 

raised through preventive maintenance that includes water filtration, field 

inspection, pipeline flushing, and chemical water treatment. 

The project is providing a pilot rehabilitation field (20 feddans) at the 

DDC farm in South Tahrir to demonstrate that the existing systems can be 

made to operate correctly and within the design criteria originally established. 

The pilot project will also demonstrate the costs of any further improvements 
or modifications and serve as a training and demonstration site for project stall' 
and settlers. 

Part III: Discusses and analyzes survey data collected from 109 farms on 

the technical aspects of desert irrigation efficiency Data obtained included the 

Preseilt status of water source, pump stations, and problems related to 

irrigation systems in the four areas of study. Thirty three percent of the 

responding farmers agree that the insufficient water is the most predominant 
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problem through the water source, while this percent reaches 43.6% in South 

Tahrir and Bustan. Costly spare parts, fuel and electricity, and maintenance 

and repair are the common problems with pump stations for more than 85% of 
the responding farmers, while unavailability of skilled technicians was a 

problem for 71.4 percent. Most of the farmers (90%) felt electricity was very 

costly and beyond the purchasing capabity of the common farmer. 

The sprinkler irrigation systems were less than 10 years old in Bustan 

area while 90% of the sprinkler systems exceeded the expected life (1 5 years of 

age) in South Tahrir. About 56. 1% of the responding farmers stated having 

problems with hand-move systems, all of them located in South Tahrir. 

Operating at too low a pressure is common problem on 72% of the hand-move 

sprinkler systems. The more logical explanation for operating at low pressure 
lies in the exceptionally high level of water losses from the irrigation hydrants 

(common problem on 42% of the systems). In addition, 36% of the 

responding farmers attributed the low pressure to the illegally surface irrigation 

practice. Low pressure also increase droplet size which cause physical damage 
to plants common problem for 64% of the responding farmers). The hand- 

move sprinkler has high labor requirements (common problem for 53% of the 

responding farmers). 

Of the 52 farms with drip irrigation systems, 36 farms only had 

filtration systems. Sand filters were not used in 50% of the cases in Bustan 

and South Talirir although the water source contained silt and algae (Nile 

water). However, screen filters were used in most of the cases (94%). 
Chemical fertilizers were not applied through the drip systems in 29.2% of the 

total farms and it reaches 44.5% of the farms in Sadat and Bustan, while in 

Wadi-El Natron, the fertilizer injection devices are common. Among the 

injection devices fertilizer tank was the widely used (82.7%). Out of35 farms 

using chemical injection devices 27 farms use acid treatments, mainly in the 

farm of phosphoric acid, which is also used as a fertilizer. Out of 52 farms 

with drip irrigation, only 28.8% use air release valve, 40.4% use check valve, 
26.9% use flow meter, 67.9% use flushing valve, 13.5% use pressure 

regulator, 15.4% use pressure relief valve, and 59.6% use pressure gauges. 
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Therefore, large percentage of drip irrigation systems are loosing the essential 

parts of a well designed irrigation systems. 

IV. A social survey of the irrigation efficiency in desert lands aimed to 
explore the socio-economic characteristics of the holders of desert lands, the 

systems of irrigation in use, the knowledge level about sprinkler and drip 
irrigation as the most prevailing modern techniques, and the attitudes towards 
water and irrigation practices applied in the areas of study. 

The survey was planned to be applied on a representative sample of the 
holders of desert lands. Hence, secondary data about holders of desert lands in 

four areas selected for this study, South Tahrir, Al—Sadat agricultural ZOI1C. 

Wadi Al—Natron, and Al—Bostaii were collected to portray the populatioii of 
this study. A quota stratified random sample of holders was drawn 
accordingly. 

A questionnaire was designed to collect the field data along with 

personal interview from the drawn sample. A final version of a pretested and 

precoded questionnaire was applied to the sample by enumerators trained fbr 
this purpose in summer 1995. 

Preliminary analysis of data took place after the data verification. 
However iii this report of the social survey only the main findings are 

presented. A detailed report about the results of the social survey will follow 
by the end of research project. 

Depending on the descriptive statistics of the data and some 

preliminary statistical analysis a review of some of the main findings are 
presented in this report. Distribution of the sample by the regions of residency, 
the farm holding size, and the type of irrigation system(s) used in the farm was 
discussed. Some of the main social demographic characteristics of the 
representative sample was discussed too. 

An attitude scale related to the various aspects of rational use of water 
in irrigation and the applied irrigation practices was designed and pretested. 
The scale is constructed from 29 items that cover all the above mentioned 
three components and seven dimensions; cultural value of water, economic 
value of water, information aspects of available water resources, on-farm water 
management, applied irrigation practices. willingness to share in responsibility 
of rational use of water and experiences needed in the irrigation process. 
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About 38% of the items were formulated in passive form to reflect the action 

tendency component of the scale. 

Significant differences of the holders attitudes were found among the 
lotir regions of residency towards the rational use of water and the modern 

irrigation techniques. These differences could be partially attributed to the 
distinctive characteristics of settlers more dominant in each area as mentioned 
before. Analysis showed no significant difference among the various categories 
of holding size concerning their attitudes towards water. However, a very high 
significant difference of the holders' attitudes was found among the five 

categories of users of the various irrigation systems. Those who use modern 

irrigation systems and techniques tend more to have higher positive attitudes 
towards the rational use of water and the modern irrigation techniques. 

The relationships between some attitude components and some study 
variables (area of study, education levels, and type of irrigation system used) 
were analyzed and statistically tested. More than 86% of the sample 
interviewed have high to very high estimation for the economic value of water 

specially those of Bustan and Tahrir area with agriculture education and those 

having medium education (91 .4%) and university education (80%). As to the 

willingness of landholders to share cost of irrigation public works, 83.4% of 
the sample interviewed showed high to very high attitude. Landholder of 
Wadi-El Naturn who relay totally on groundwater showed less willingness to 
share such cost. The percentage of those having high to very high willingness 
was 95.2% for those having medium education, 78% for university graduate 
and only 60% for holder who just read and write. The preference of 
landholders to use modern irrigation systems was related to direct experience 
of landholder to use those systems and level of education. In Tahrir and Sadat 
where some landholders practice flood irrigation show lower preference to use 
modern techniques. Those who have high to very high preference to using 
modern irrigation techniques represent about 87% of sprinkler and drip 
irrigation users, 63.6% ofthose using mixed systems and only 6.7% oftliose 
using flood irrigation. The percentage of those having high to very high 
preference was about 82% for those having medium and university education 
and only 25% for illiterates. 

The knowledge level of holders of desert lands with the various 
technical aspects of sprinkler irrigation is low in average. This means that there 
are real training needs that should be satisfied through tailored training and 
extension programs. However, full detailed training needs assessment should 
he undertaken prior to any design or planning of such programs . Training 
needs are not related to technical knowledge only. They are also related to the 
attitudes and skills related to the recommended irrigation system. 
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it could be concluded, in general, that the level of technical knowledge 
with the various aspects of drip irrigation is rather higher than other modern 

irrigation systems due to the characteristics of users and the importance of 
using this system efficiently where water resources are more scarce. When the 
holders are mostly investors they seek more efficient systems regardless of 
their initial costs. 

The characteristics of the holders and their period of practice with 
farming seem influential in determining their need of knowledge about 

irrigation systems and practices. Those who had long period of practicing 
farming those with agricultural background whether by practice or education 

helped them to feel more satisfied with their knowledge in irrigation. The 
investors seem more active in getting the knowledge they need regardless of 
the existence or not of extension service in the area. 

Part V. is devoted to the economic evaluation of crop production 
functions under different irrigation systems. This report sheds the light on the 

problem of water productivity and water use efficiency in the new lands on the 

micro level. More importantly, a quantification of the impact of irrigation 
water on the level and/or value of output is assessed under the three dominant 

irrigation methods: sprinkler, flooding, and drip. A random sample of 109 

farmers was interviewed during the summer and fall of 1 995 for the purposes 
of this study. This sample covers four areas in the new lands (South Tahrir, 

El-Bostan, Wadi-El-Natroun, and El-Sadat). Eight Cobb-Douglas production 
fi.inctions were estimated for peanuts (sprinkler and flooding), wheat (sprinkler 
and flooding), summer crops (sprinkler), winter crops (sprinkler and flooding), 
and vegetables (drip). 

Despite a variety of issues related to the measurement of the water 

input, the positive statistical significance of its estimated coefficient in all of the 

estimated functions is a telling sign. Equally telling, is its ranking as the most 

important input in the study area. This implies that water is the limiting factor 

for desert development. 

The study showed that: (i) On the grounds of production (technical) 

efficiency, the cubic meter of irrigation water for the sprinkler system 

possesses on the average higher efficiency than the flooding system for the 
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same crop. Although, this comparison could not be made for the drip system, 

the highest average value product was obtained in the case of the drip 

system. This implies the highest production efficiency in the estimated 

functions. (2) On the grounds of price (allocative) efficiency, which is the 

other component of economic efficiency of water use, farmers are found to be 

price efficient in one function only under the first scenario of calculating the 

imputed cost of water (design expectation of the pump). Under this scenario, 

the cubic meter of irrigation water is priced at 0.070, 0.124, and 0. 143 

Egyptian pounds for the flooding, sprinkler, and drip systems, respectively. 
Under the second scenario, three function are found to achieve Price efficiency. 

Under this scenario (actual operation hours of the pump), the cubic meter of 
irrigation water is priced at: 0.140, 0.248, and 0.286 pounds for the three 

irrigation systems, respectively. 

It is concluded that, given these figures for the imputed cost of water 

and that irrigation water is not priced in Egypt, the majority of the estimated 

functions (seven under the first scenario and four under the second one) 

displayed that the farmers are under-utilizing irrigation water. This rather 

striking result could be due to the fact that farmers face problems of water 

shortages which affect their level of water use. that is to say, the quantities of 
water they apply per feddan depend upon availability more than choice. In 

addition, altering the assumption through which the imputed cost of water is 

calculated from may alter the final results. More investigations are sneeded 

on this ground. The least of which is to determine the shadow (economic) 

price of irrigation water in the study area through mathematical programming 

techniques. In addition, thorough examination of some sample farms is needed 

to examine their irrigation systems, modify them, and economically evaluate 

their status before and after modification. 
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iNTRODUCTION 

The plaii of work in the original document of the project includes the fohlowng 

activities to be continued or carried out and reported during the second year of the 

project (May, 1995-April, 1996): 

I. Analyze and monitor changes in quantity and quality of groundwater in the 

project area 

2. Survey and quantify on-farm water losses related to irrigation 

3. Evaluate existing irrigation systems under specific cropping patterns in desert 

farming 

4. Survey and analyze technical and socio-economic aspects of irrigation 

practices iii representative farms. 

5. Evaluate crop production function under different liTigation systems and water 

salinity levels and to furnish background information for water pricing polices. 

The activities carried out in the second year and presented in this second annual report 

addressed objectives 1, 3, 4, 5. 

Changes in groundwater quality are presented aiid discussed through historic data 

collected and groundwater salinity determined in 3 I wells in South Tab ir, 12 wells in 

Sadat City and 3 1 wells in Wadi ET-Natrun in DDC laboratory. Data presented cover 
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the penod 1973-1996 in South Tahrir, 1987-1996 in Sadat City and 1966-1995 in 

Wadi El Natrun area. Monitoring these changes in groundwater quality will continue 

throughout the project period and on to establish data base of groundwater changes in 

the area. 

Objectives 2, and 3 were covered by evaluating the existing irrigation system in I 0 I 

selected desert farms representing South Tahrir, Bustan, Sadat City, and Wadi El 

Natrun areas under different cropping system. 

Objective 4, was covered by cariying out the technical and socio-economic survey on 

109 desert farms representing the four study areas. Data were collected by visiting all 

resj)ondellts at their farms after preparing and pretesting the questionnaire. The 

technical aspects of desert irrigation in the questionnaire included source and quality 

of irrigation water, problems associated with pump stations: problem associated with 

spnnkler arid drip irrigation systems, fertilizer and chemical injection devices, water 

filtration, aiid control units in inodeni irrigation systems. Data were analyzed 

discussed and presented in this report. The social aspects of desert irrigation 

concentrated on attitudes and knowledge of farmers towai-ds water use and irrigation 

practices. The scale of attitudes cover 7 dimensions; cultural values of water. 

economic values of water, cognitive aspects of available water resources, on farm 

management, irrigation practices, and sharing responsibility of rational use of water 

and experiences needed in irligation. 

Analysis of data took into consideration testing the relationship between the attitudes 

of the farmers toward water use and irrigation practices and three main vaiiables; the 

region where the farm is located, farm size, type of irrigation system used in the farm. 

A similar scale of knowledge towards water usc and irrigation practices was designed, 

pretested, used in the questionnaire, and data were similarly analyzed. 
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Objective 5 is achieved by collecting the required economic data using the 

questionnaire on 109 forms using different irrigation systems under different cropping 

systems. Economic analysis was carried out and crop production functions were 

evaluated under different irrigation systems. 

Future Work Plan: 

The main activities of the third year of the project will be directed towards: 

I- Development of specification for improved irrigation systems and 

modifications for the exisisting systems to improve their peiformance and 

control on fann water losses. This activity will include: 

a) Detailed technical observations on a sub-sainplefarnis 

A series of detailed tecimical observations on a sub-sample of around 10 

farms selected from the survey sample will be conducted to directly 

observe what is actually clone rather thait depending on what a 

respondent says. This sub-sample of farms could be selected for 

intensive observation and monitoring over the period of a year. lile 
research team will collect the following information: 

1- Crop rotation, crops growl, areas, yields, and other agronomic 

practices. 

2- Type of fertilizers used (amount, timing, method of application). 

3- Source of water, and its salinity (EC). 

4— Type of irrigation systems used, and the total irrigation time during 

the season, total discharge thus total amount of water applied. 

5— Emitter and/or sprinkler characteristics and hydraulic performance. 
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6- Water use efficiency in terms of amount of yield per unit of water 

applied to the crops. 

7- Energy consumption. 

8- Measurements of water losses from the irrigation systems: flow 

meters will be installed at the inlet of the field in order to measure the 

actual amount of water delivered to the system. Losses can be 

estimated by collecting and measuring water leaking from the system. 

9- Water distribution uniformity. 

b) Mod jfy and de'elop specifications for irrigation systems. 

Based on the results of the survey and identification and quanitification of 

the sources of water losses from the irrigation systems, repairs and 

modifications of both drip and sprinkler systems vill be undertakeii in the 

selected farms. lii this respect the following will be considered: 

1. Introducing screen at the inlet of hand—move lateral line. 

Sprinkler nozzles are frequently plugged by dirt, grit, weeds, and trash 

that can be draw into the system by the pump on enter the pipes when 

they are being moved from one setting to the next. To t)1eVeflt blockage. 

filters should be designed and placed at the head of the lateral between 

the valve elbow and the first section of pipe. The filter can l)e made from 

thin aluminum sheet perft)rated with fine holes. 

2. Changing sprinkler spacing from rectangular to triangular 

patteols on hand move systems can improve water distribution 

uniformity. 

3. Introducing pressure regulators and flow meters and other 

control devices. 
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4. Draghose sprinkler systems 

The drag hose spriiikler is considered as a modification of the hand-move 

sprinkler system. The drag-hose will be introduced to South Talirir 

through the DDC farm to demonstrate how this system is more 

convenient, easier to operate, reduces labor demand, and saves 

deterioration of lateral pipes and fitting. 

c) Technical evaluations of the modified and improved systems of irrigation 

will be carried out in the selected farms. Also economic evaluation of 

crop production before and after modification will be examined. This is 

rendered necessamy since the results have shown that most farmers are 

under—utilizing irrigation water. The only reasonable explanation of this, 

other than the method and/or the assumptions of claculating the inputed 

cost of water, is that individual farmers face problems of water shortage 

which alter their problem from a choice problem to an availability one. 

This is a rather important aspect in economic analysis, since that the 

economic problem under the theory of production is time probieni of 

choice. That is, the choice amoiig available production altenmative some 

goals taking into consideration scarcity of resources. 

2- Disseminatiou of results, amid policy statments drawim. This will be covered 

through. 

a) The establishment of pilot rehabilitation field at the DDC farm in South 

Tahuir to demonstrate that time exisiting irrigation systems can be made to 

operate correctly and within time design criteria originally established. 

The pilot project which will L)e established on 20 feddan area will also 

demonstrate the cost of any further improvement and modihcations and 
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serve as a training and demonstration site for the most common sprinkler 

aiicl drip irrigation systems. 

b) Two scientific papers presenting some of the achievements in the second 

year of the project were presented in the Annual AUC Research 

Conference on April, 22, I 996. The first paper entitled "irrigation 

Systems Evaluation in Desert Farming" by Dr. S. Ismail, Dr. A. 

Metwally and M.A. Sabbah, while the second paper entitled "Attitudes of 

Desert Farmers Towards Water Use and Irrigation practices in New 

lands" by Dr. M. Nawar and Dr. M.H. El-Lakany. Copies of the two 

papers are endorsed to the IDRC. More publications are expected to 

emerge from results achieved in the second and thirds years of the proiect 

especially those dealing with the economic evaluation of crop production 

functions under different irrigation systems. 

c) Brochures containing guidelines for improved irrigation systems 

efficiencies and reducing on-farm water losses will be made available to 

farmers using various sprinkler and drip irrigation systems along with tips 

for better performance and higher yields. 

3— Monitoring the change in groundwater quality in the selected wells in South 

Tahrir, Sadat City, and Wadi El—Natrun Will continue during the third year of 
the project and after to cleat data—base on changes in groundwater in the study 

area. 

4- More data will be collected on the quantification of on-farm water losses. 

Actual measurements will be performed on the selected farms before and after 

modifications and specifications for improved irrigation systems are carried 

out. 
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I. €hanges in Quantity and Quality of GIOUfl(lVa(er in the Study 
areas: 

A general review on groundwater conditions presented in the first progress 
report iiicluded general otitliiies and features, geology, and a description of' 

groundwater aqwlers in west Nobariya canal area, early Pleistocene Nile 

sediments (between Rosette branch and east Nobariya and Nasr canal), 
South wesi of Nile della ( Wadi I l — Faiigh and its western cxteiition), and 

in West of Giza (North of Alni—Rawasli). 

The groundwater development in the western Nile 1)elta was also 

presented and discussed in the first progress report. I(Ientified policy 
opt ions for groundwater development in the sI tidy area that ranged from no 
further groundwater development to jul I development of' groundwater were 
also discussed. The study showed that without further development (only 
70,00() feddan of cultivated laud) there is still a lowering of groundwater 
head of' I 0—1 5 meters in the conung So years, whereas uncontrolled or full 

development to cultivate additional 1 90,000 feddan will lead to a lowering 
of the groundwater head of maximum of So meters afier 50 years. The 

study sited proposed a control led groundwater development to cultivate 
additional 1 30,000 feddan to limit the groundwater lowering to 25 meters 
and assure that most of existing wells remain in operation. (ontrollcd 
groundwater development with addilioiial surface supply is the only optioll 
to reclaim all cultivable land in the area (400,000 fddan). I inplenienlat ion 
of' surface water projects will also prevelit uncontrolled drilling of veIls in 
the area and will eventually provide additional recharge to groundwater 
system. 

The data presented in the first progress report showed that the agricultural 
horizontal expansion in Sadat and Wadi El Natrun areas has already gone 
beyond the groundwater potential in these areas according to the study of 
1ari(l and Tuinof (1 99 1). 

Farid and Tiiitiof (1991). Groiiiidw'aicr devc!opinciii, Wa(cr Sd: Special 43—52. 
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Ilic controlled groundwater development plan (1 990—2000) suggested that 

cultivable area in Sadat City can be increased from 200() to 1 0,000 leddan. 
The available data show that total cultivable area in Sadat City is being 
developed to about 30,000 leddan. Groundwater extraction iii these area 

is expected to he three times the safe discharge of 75 million m3/y with the 

subsequent lowering of groundvater level and possibility and some wells 
to fill day. In Wadi El—Natrun the controlled development plan suggested 
that groundwater extraction should not exceed 6 million m3 which irrigate 
1 000 feddan while the potential cultivable area that is being developed 
reached 30,000 feddan 4000 feddan have been under cultivation since the 
I 960's, 1 4,000 Fed, have been allocated to agriculture Cooperative (sonic 
of these started already) and 1 2000 fd. are available for investors. 

Coiilrol of the development plans should he implenienled by liceiiiiig 
system. Licenses for the installation of new wells should include 

guidelines for the minimum drilling depth and screen depth and minimum 
distance between wells. Only recently the Groundwater Research Institute 
has assumed responsibility to such keening system. 

The groundwater salinity of some selected wells in different areas of the 
western desert was also presented. Data showed that South Talirir, I3ustan 
and Sadat city has good quality water. Ilowever salinity slightly increased 
in these areas from the I 970's to the I 990's. Over three years groundwater 
salinity in Sadat city slightly rose from 266—8 1 2 in 1 990 to 3 1 2—9 I 5 ppm in 
1993 

This report includes the change in groundwater (ua1ity in the study area 
mainly in Sadat and Wadi El Natrun area where gnnindwater the sole 
source of irrigation: 

Groundwater Salinity in 1 2 wells representing the area of Sadat City was 
measured in I)DC laboratory in Sadat City in 1 987, 1 988, and 1 995. 'I'hc 
locations oF these wells are shown in l'ig I . The salinity values are 

presented in table I . In general Sadat ('ily has good groundwater quality. 
With the exception of wells 90, 92(1). 92(2) located close and along the 



Fig. (1A1): Location map of El. Sadat City, nd 
Wadi El—Natruri areas 
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Cairo—Alexandria road, the groundwater salinity ranges between 0,398 and 
0.75 dS/m (255—480 pmm) over the period 1987—1995. The higher salinity 
of groundwater in well 90, 92(1), 92(2) ranged between 1 .39 and 2.24 
dS/m (890—1434 pmm) and was attributed to the presence of clay lenses 
and the intercalation of clay and sand in the vicinity of these wells in 

addition to seepage of wastes from the Fgyptian Poultry Company located 
near well 92.. 

Slight salinity changes with time could he noticed over short periods 
between 1 987 and 1 988 (table I). Over the past seven years (I 988-1 995), 
however, salinity rose by 70—1 00% in four out of the twelve vells under 

investigation (Figs. 2—4). These wells are AIJC, W4 W9 1iUl 90. 
Although salinity rose by such a high percentage it remained below 0.75 
dS/m (480 ppm) in wells of AUC W4 and W9 and groundwater in these 
wells remaiiied of good quality. The remaining 8 wells show very slight 
and insignificant changes in groundwater salinity over the same period. 
Monitoring salinity and chemical composition of' groundwater will 
continue in DDC Laboratory in Sadat City to asses changes in 

groundwater quality as affected by the agriculture expansion in the area. 

r!h1C water table contour maps of Sadat City iii April and July I 989 I 

(Figs 5 and 6) indicated that the general flow pattern of the groundwater in 
the Pleistocene gravely aquifer in Sadat City coincides with the general 
flow pattern of groundwater in vest of the Nile Delta. Generally the 
water flows &oni northeast to southwest in the direction of' Wadi H 
Natrun depression. This provides an additional evidence 1r the hydraulic 
conhlectiol1 between Pleistocene aqul icr l)eneatll the I )clta and the whole 

region to the west of the aquifer. It also suggests the presence of an 

important recharge source located in the northwest dii eel ion and is 

presented by Rosette branch. The seasonal variations in groundwater table 
showed a slight difference between the spring and summer season, which 
indicate slight fluctuations in this area. At that time the effect of' discharge 
in the area was not detected and therelre, the aquiFer was characterized to 
be of' good quality of good potentiality. 

Et- Maghuaby, MM. (1990). Geograhpical and hydorotogical studies of Sada City. Egypt. MSc. 
Thesis, Fac, Sd., Alexandria University. 
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These investigations need to be updated in view of the agriculture 
expansion in the area in recent years to evaluate its elTect on the 

potentiality of the aquifer. 

Table (2) shows that NaHCO3 and NaC I are the major the salinity 
constituents of Sadat City groundwater at low levels of salinity. However 

at higher level of salinity (wells #92 (I) and #92 (2) NaSC)4 and NaC I 
became the major salinity constituents. 

changcsA..VnitndwaterQgslity. isiWa&EJt{atiiun Acaii 

Table 3 and Figs. 7-12 show changes in groundwater salinity in 31 

wells in Wadi El Natrun between 1966 and 1995. l)ata 11w thc period 
1966-1985 were collected from Wadi El Natrun authority. Samples from 
most of these wells where collected and analyzed iii 1995 in [)DC 
laboratory in Sadat City.. Data show that groundwater salinity iii Wadi El 

Natrun area varies widely between different locations and shows much 

higher values compared to Sadat area especially in the Northern sector of 
Wadi El Natrun where it reached 4000 P1" (6.2 dSIm). Most wells in the 

southern sector are at much lower salinity (see map for the locations of 
the wells in Fig. 13) with total salinity ranging between 346-909 ppm. 

Data presented show changes in well water salinity between 1966 and 
1995. In 1966 groundwater salinity in the monitored wells were mostly 
between 300 and 700 ppm with the exception of 3 wells where it was 

slightly higher than 1000 ppm. In 1995, salinity rose appreciably iii IS out 
of the 31 wells under study to 2-8 times its salinity in 1966 reaching values 

ranging between 2000 and 4000 ppm in most of tliese wells especially 
those located in the northern sector of Wadi El Natrun. However changes 
in groundwater salinity in most of the well in the southern sector were 

slight and water quality in terms of total salinity remained of fairly good 
quality ranging between 346 and 877 ppm in 1995. 

11. 
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Groundwater Salinity in South Tahrir Area: 

The salinity of groundwater was measured iii 3 I wells in Fath sector, 

South 'I'ahrir area. Groundwater is used for supplementary irrigation 
during the period of canal shutdown and when the level of Nile waler in 

the irrigation canals are low. (I roundwater vclls in 'l'ahrir area ate usually 
dug 1 .2 km apart aioiig the feeding canals and adjacent to the collective 

pump station (serving 400—600 l'eddans) as shown in Hg (1 4). 
Groundwater is usually pumped, using desil or electric power to the 

feeding canals and then pumped to I lie feld irTigatioli network by the 

booster ptimp in the collective pump station. 

The salinity of groundwater in these vel Is were determination in May, 
I 995 and Jan., 1 996 and presented in table (4). Historical data on water 

quality of these wells were unavailable. Out of the 3 I wells tested only 
two have groundwater of very good quality with salinity <0.7 (IS/ill (45() 
ppm). Only one well had high salinity of' >3.0 dS/m (2000 ppiii). The rest 
of the wells have groundwater of inediuni salinity ranging Iloni 0.7—3.0 

dS/m (450—2000 ppm). More than 50% of the tested wells have salinity 
below 1000 ppm. 

1-lowever historical data available br the area and presented in the flrst 

progress report show that groundwater salinity in cultivated area of South 
Tahrir were in the range 200—500 ppm in I 973 when I IC()3 and Na were 
dominant aiid 620—1000 ppm when Cl and Na were dominaiit. Iii 1 993, 
however groundwater salinity rose to 3 I 2— I 700 ppm Corn paring these 
ranges ol salinity with that measured in Faili sector, South Taliri r in I 995 
1 996 (345—2266 ppm) we could detect a sligh salinity rise of groundwater 
in the cultivated area, probably due to the leaching of salts and fertilizers 
to the groundwater since the static level of' groundwater ranges l)etwcen 5 

and 12 111 below surface. 

Data presented in table (I ) show that groundwater in Sadat city is of much 
better quality than ill South Tahrir area. Eleven out of the 14 wells tested 
in Sadat city had groundwater salinity < 500 ppm, two had salinity 500— 

I 00() ppm and only one had salinity of about I 600 ppm in I 995. On the 
other hand, groundwater salinity in South lahrir is conSiderat)ly lower than 
in Wadi El Natrun (table 3). Thirteen out of' the 3 I wells tested had 
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Table (4) : Groundwater Salinity in South Tahrir Area (Fatli Sector) 
(I 995- I )96) 

I Veil No i)ept/i Static 

level 

Maj', 1995 Jan. 1996 

# in in EC dS/m,) pjn: EC(dS/ns,) ppm 

1/2 100 10.5 1.00 640 1.02 653 

2/2 100 9.5 1.24 797 1.30 832 

3/2 100 11.5 (.82 1177 1.74 1114 

4/2 100 12.0 2.00 1280 1.74 1114 

5/2 40 11.5 1.98 1267 - - 

6/2 100 ho 2.04 1305 2.14 137() 

1/3 100 10.0 — — — — 

2/3 100 9.5 0.68 435 0.68 435 

3/3 100 9.5 2.14 1369 1.98 1267 

4/3 70 9.5 1.2 768 1.14 73() 

5/3 50 9.5 1.7 1088 - - 

6/3 40 9.5 1.42 908 - 

7/3 100 7.5 1.26 806 - - 

8/3 100 7.0 1.22 780 1.26 806 

9/3 100 6.0 1.12 714 1.24 7Q4 

1/4 100 (0.5 — — — — 

2/4 100 10.5 - - (.54 Q$6 

3/4 100 (0.5 - - - - 

4/4 70 10.5 0.86 550 0.72 461 

5/4 100 10.5 1.08 ()j — — 

6/4 100 10.5 0.7 448 - - 

7/4 70 9.0 - 

8/4 70 9.5 1.1$ 755 1.2 7()8 

A 100 6.0 (.64 104) 1,64 (050 

B 100 7.5 1.32 844 1.34 858 

C (00 9.5 3.44 2201 3.54 2266 

[3 100 10.5 1.44 021 (.54 986 

E 100 11.0 1.56 098 (.64 1050) 

F 100 10.5 0.84 537 .88 563 

G 100 12.0 2.00 (280 1.74 1114 

H 100 5.0 0.54 [345 - - 



salinity <1000 ppm while the remaining wells had high salinity in the range 
1800-4000 ppm. It should be emphasized that groundwater in both Sadat 
and Wadi El-Natrun areas is the only source of irrigation water while it 
only represent a supplementary source of irrigation in South Tahrir area. 

Monitoring groundwater quality and quantity in these areas of study will 
continue to assess the potentiality of this water resource. More historical 
data may be collected to assess the changes that have been taking place in 

groundwater. 
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1. IRRIGAtION SYSTEM S EVALtJATION 

The technical field evaluation of the existing irrigation system iii 

representative desert farms were conducted in four areas namely South 

rIaI1rir Bustan, Sadat City, and Wadi El—Natrun. l3ustan and South Tahrir 

areas use surface waler as the main source of' irrigation, while sadat city 

and Wadi El—Natrun use only groundwater for irrigation. In South 'I'ahrir 

and I3ustan, the most widely used pressurized irrigation system is the 

preinstalled hand-move sprinkler system. Other systems such as fixed 

sprinkler, draghose, and drip irrigation cover only a small percentage. 

While in Sadat City and Wadi El—Natrun, the most widely used 

pressurized irrigation system is the drip irrigation system. Other systems 

such as fixed sprinkler covers only a small percentage. I lowever, some 

irrigators are illegally practicing flood irrigation in the four areas under 

study. Land holders in Bustan area are small holders, graduates, and 

private investors, while in South Tahrir are settlers, private investors, and 

large agricultural companies. In Sadat City and Wadi El—Natrun, however, 

they are mainly investors. A total of' 1 01 sprinkler and drip irrigation 

systems have been evaluated in a number of selected farms in the four 

areas under study as follows: 

Type of 
irrigation_system 

South Tahrir Bustan %Vadi Natrun Sadat 

Hand-move 13 7 - - 

Side—roIl 9 — — — 

Fixed 8 7 6 - 

Draghose - 2 - - 

Drip - 8 26 15 

23 



In Bustan and South Tahrir where settlers and graduates are 

located, pumping stations are used to supply the hand-move irrigation 

systems. The settlement areas are provided with the same field irrigation 

systems throughout, although the land is allocated in either 5.0 feddan 

units or in 20 feddans units. A typical collective pump station in either 

Bustan area or South Tahrir area serves about 500 feddans (Fig. I) and 

consists of three electrical turbine centrifugal pumps, about 100 

horsepower each . However, a typical independent pump station in Bustan 

area serves 20 feddans and consists of 20 horsepower electrical horizontal 

centrifugal pump. 

Sprinlder systems are evaluated in the field by determining the 

uniformity coefficient (UC), distribution unifonnity (DO), and potential 

application efficiency (PELQ). The test evaluations at the tested area do 

not include line filling and emptying losses, and gasket leakage. This kind 

of water losses were included under a separate section titled "water 

losses". A sample data sheet used for evaluating hand-move, side-roll, 

draghose, and fixed irrigation system is shown in the Appendix. 

Drip irrigation systems are evaluated in the field by determining the 

emission uniformity (Eu) and the application efficiency (BA). Non- 

uniformity can be caused by: 

1- variability in distribution characteristics due to quality control in the 

manufacturing processes. 

2- faulty or incompetent system design and management. 
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3— operational pressures outside those suggested for the dislnI)ution 

system being used. 

4— physical changes in the system that may have oCCurrCd with time. 

WATER I)ISTRI Bt ITION SVSTEI\IS 

1- EL-Bustan Area 

The water is delivered to l3ustan area through open concrete—lined 

Secoildary and tirtiary canals 1)ranch froii El—Nasr canal through which 

water flows under gravity. El-Nasr canal takes water from Nubaria canal. 

Whilst the Nubaria canal flows wholly under gravity, the Jl—Nasr canal 

runs against the slope and water is raised in a number ol major pump 

stations. In the future the El—Bustan area is expected to 1)e irrigated by a 

new "El—Bustan" canal. In El—Bustan area, where pressurized irrigation 

systems have been established, water is pumped from tertiary canals using 

either collective puniping stations (serving 300—600 feddans) or small 

individual PIIifiPS serving 20 feddans. 

The pressure distribution system consists of the irrigation pumping 

station, abstracting water from the tertiary canals, and the buried pipe 

system, terminating in the hydrants that supply the porlabic hiriii laterals. 

The pumping stations contain electrically powered centrifugal 

punips and designed for a water duty of 2.25 m3/hr per feddan. No stand- 

by units are provided. There are automatic cut-outs to prevent abstraction 

where the canal water level is too low. 
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The pipe work system is asbestos-cement, with pipes ranging in 

diameter from 4 to 1 6 indies. The whole area is divided in 5 feddans 

plots, each having either two hydrants for old design or one hydrant for 

recent design, rising from the buried brunch pipeline. rl]1C following are 

the evaluation of the pressurized irrigation systems used in FI—Bustan area. 

2- South Tahrir Sector 

The water is delivered to South Tahrir Sector through a number of 

primary, secondary, and tertiary canals branch Irom Fl—Riah El—Nasty 

which is a distributor of the Nile. Branch canals flow under gravity, whilst 

some of them run against the slope and water is raised in a number of IiIl 

punipstations. 

The South Tahrir sector is irrigated by hand—move spr inkier 

systems, and these are supplied by several irrigated pumpstations taking 

water from the branch canals. rIl settlement area is provided with the 

same field irrigation systems throughout. rl]ie land is allocated in 20 

feddans to settlers. 

The system of' field irrigation uses intermediate lunge, double— 

nozzle sprinklers mounted on portable, hand—move laterals. Each 20 

leddan plot contains 5 hydrants and each hydrant has 3 lateral positions. 

The designs allow for each 20 feddan plot to be irrigated in three days if' 

the operating hours per day is iS hours. I lowever, each 2() b.ddan plot can 

be irrigated in 5 days if the operating hours per clay is reduced to 9 hours, 
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which is the actual situation. One lateral line is provided for each 20 

feddan plot. 

The South Tahrir sector is subdivided into sections. E.ach section 

has a pumping station and a deep-well PUllil) which feeds an area of' 200- 

600 feddans. Each section is subdivided into 20 feddans plots and 

allocated to settlers. Each section was numbered according to its branch 

canal number and its location on the branch canal. lor exainpi e, the 

section number 6/2 means branch canal number 2 and the puiiip station 

number 6 on the branch canal. rFhc water delivery system comprises deep— 

well pump, irrigation pump station (booster), and pipe system. 

I)eep—Well Pump. Au electrically deep—well turbine pump of about 1 00 

horsepower is used to lift water from underground to discharge into the 

branch canal, rll1e static underground water level in the area ranges 

between 20 —40 meter. The deep-well works as an alternate source of 

water and certainly during the period of shut—down of the canals in 

Januaty/February. 

Irrigation t'ump Station. The old installation of pump station includes an 

electrically powered vertical centrifugal t)tiflhl) house and the suction pipe 

inlet with trash grate. The electricity of' the irrigation pumpstation in some 

of the old settlement of South—Tahrir is free of charge. 

The pumptations are designed for a water duty of about 2 m'3/hr 

per leddan. This flow is not enough if the operating hours per day is less 

than I 5 hours due to power outage. The pumpstations contain electrically 

powered centrifugal puiiips. No standby units are provided. I'he settlers 

operate the irrigation pump stations under the supcrvisioul of the staff of 
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the Electrical and Mechanical Division of the Ministry of Public Works 

and Water resources. 

The design sprinkler operating pressure is 3.5 atmospheres, which 

with allowance for losses in the laterals and buried pipelines plus (lie 

suction head, gives a dynamic pumping head of about 5.5 atmospheres 

depending on ground level variations. Sprinkler pressures as low as 0.5 

atmosphere were observed due to different leakage hoin (lie irrigation 

system and wear in the pump impellers. The designers intend (lie 

pumpstation to operate 1 5 hours per day, but it seems that due to shortage 

of water or electrical failure, and possibly other reasons, they operate on 

average less than 10 hours per day. 

Pipe System. The sprinkler system consists of (lie 1)uned pipe system, 

terminating in the hydrants that supply the portable latin laterals. 'Flic pipe 

work system is Asbestos—Cement, with pipes ranging in diameter Ironi 1 6 

inches to 4 inches. 

SPRINKLER SYSTEMS EVALUATIONS 

hand-Move Sprinkler System 
The field irrigation equipment provided for haiid—niove system in 

Bustan area comprises one aluminum 3.0 inch diameter lateral line. One 

lateral line is shared between two earlier settlers whereas more recent 

settler has his own lateral. On each lateral six twill nozzle rain bird 70 

sprinklers are mounted at 1 5 iii intervals on risers. 'l'he sprinkler. 
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manufactured in Egypt, releases 3.7 m3/hr at an operating pres ire of 3.5 

bar. The designs allow for I 5 hours of irrigation per day, with an irrigation 

interval in the peak period of 4 days which is enough to cover the peak 

consumptive use ( readily availat)lc moisture is 28 mm and peak 

consumptive use is 7 mm/day). 

In practice the pumping station operating hours is, on average, 8— 1 0 

hours !er day. In addition, the design operating Pressure is not acllieVC(l 

with a subsequent reduction in sprinkler discharge capacity and a serious 

impact on the uniformity of water application and efficiency of water 

application. 

The hand—move sprinkler has high labor requirements and subjects 

equipment to an exceptionally high rate of wear due to the high number of 

lateral movements required by the large number of irrigations necessary. 

The policy of sharing one lateral sprinkler line between two earlier settlers 

is clearly unsatisfactory in relation to the highly intensive use of 

equipment. The recently designed and constructed sprinkler projects in 

Bustan area provides one sprinkler lateral for each 5 feddans unit, and thus 

this problem is limited to the earlier settlers. 

From the field evaluation ( Table I ), it was observed that on several 

occasions the sprinklers were operating at low pressure. 'Ihe more logical 

explanation lies in the exceptionally high level of water losses from the 

irrigation hydrants, valve elbows, lateral pipe seals, and sprinkler 

bearings, in addition, Some farmers practice surface irrigation illegally 

and there are possible leakage from buried main pipelines. All these 

reasons cause the pumps to deliver much higher discharges than designed 
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with a consequent drop in Iresstlrc. As a result of having 110 desilling 

basins or sand separator at the pumping stations, there is wear in (lie 

impellers caused by sand blown into the irrigation canals. 

The direct impact of low operating pressures is a reduction in 

sprinkler nozzle discharges and distortion of (lie optimum water 

distribution pattern thus reducing (lie application efficiency. Low pressures 

also increase droplet size which cause physical damage to plants. 

The hand—move sprinkler system in Fl—Bustaii area is designed in 

accordance with the tl lowing assumptions of net crop water 

requirements. The peak water Else is 7.0 mm/day and the sprinkler 

irrigation efficiency is 75%. The water requirements tr the originally 

proposed cropping pattern are not met during summer period, fr LI— 

Bustan. All these calculations ate based on 1 5 hours operation per day 

which is the designer's intention, hut due to a shortage of water, or 

electrical failure or pumps breakdown, (lie actual working hours reported 

during the field evaluations is only 8—I 0 hours per day. As a regular event, 

this would reduce the area that call reliably be irrigated by about 50%. 

The sprinkler irrigation equipment provided in the 20 feddan plot of 

South—Tahrir comprises one portable aluminum lateral line of 270 meter 

length with two pipe sizes. The lateral line starts with a diameter of 4 

inches for 90 meter length arid 3 inches diameter for 1 80 meter length. On 

each lateral, thirty twin nozzle Rain Bird 30 TNT sprinklers ( Locally 

manufactured by Heiwan Company for Non—Ferrous Industries) have (lie 

following characteristics: 

— Nozzle diameter: 4.8 x 2.4 111111 — 27 degrees (trajectory aiigle) 
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.-Design operating pressure: 3.5 bar; 

- Effective diameter of wetting: 30 iii; 

Sprinkler discharge; 34 1 iter/niinute. 

At the design spacing of 9 x 1 8 iii, the application rate can be calculated 

as follows; 

SI )< Sni 

=(34 x60)/(9 x 18) = 12.6 mm/hr 

where q is the sprinkler discharge and sI, sin are sprinkler spacings. 

Each 20 feddan plot has 5 hydrants rising from the buried branch 

pipeline, giving a total of fifteen lateral positions. Irrigation of a 20 feddan 

jlot is to be accomplished in 5 days, with 3 lateral positions per day. 

It can be assumed that the available water is 60 mm/rn, with 

irrigation being necessary when 50 % of' this is depleted. rillus 30 mm/rn is 

considered readily available water. For a 0.7 in rooting depth ( common 

for most field crops ) , the net application depth is 21 nim. This confirms 

the necessity for a 3 days irrigation interval in the peak period (July / 

August ) for most crops, hence the peak consuniptive use of' niost crops 

lies be1veen 7 and 8 mm pel day. If the 20 fiddan plot lutist be irrigated 

within 3 days, then 5 lateral movement must be done everyday. According 

to the above computations, the operating time must be 1 2 hours at peak 

period. The irrigation time would be 2.25 hours per latet-al position. 

equivalent to 12.6 mm/ni x 2.25 hr = 28.35 mm. If the irrigation efficiency 

is 75 % then the net application depth is 2 I mm. As the irrigation interval 
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in the peak period is 3 days, this is equivalent to a peak crop consumptive 

use of 7 mm/day. it was observed that the Rain Bird 30 TNT sprinkler is 

not suitable for all uses. It cannot be used for undertree irrigation of citrus. 

Sprinkler Rotation. The rotation rate of sprinklers on the same lateral 

line are riot uniform as presented in the evaluation sheets found in the 

Appendix. As a consequence, uniformity of water distribution is further 

reduced. Rotation rate is dependent on the mcchanisni the bearing 

construction and the seals used the nozzle diaiiieter the pressure and the 

tension on the arm spring. Worn bearings or seals cause a variable rate of 

rotation and thus a poor distribution pattern. Ihe wetted diameter heconleS 

smaller with the faster rotation for the same sprinkler. If damage has 

occurred to the oscillating arm, the arm should be replaced. 'Flie angle of 

water—contact of the jet with the arm, if not correct, will change the turning 

characteristics of the sprinkler. 

Wind Speed. Sprinkler systems were designed without adequate 

consideration of wind. However, it has been shown that the wind greatly 

affects sprinkler performance ( Table 1). If the effect of speed and 

direction of the wind is not sufficiently considered in the design of a 

sprinkler irrigation system, the resulting system's performance may be 

suboptimal. Most researchers agree that uniformity coefficient decreases 

as wind speed increases, some combinations of nozzle size, pressure, and 

sprinkler spacing do show a slight increase in uniformity coefficient at low 

wind speeds. Redditt (1965) credited the reduced uniformities at higher 

wind speeds to a quicker breakup of the jet of waler leaving the nozzle. 
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The water begins traveling as individual drops sooner, and therefore 

travels a shorter distance from the nozzle. 

Griffin (1978)1 reported that most agricultural sprinkler 

appJications require a uniformity cocfhcient of it least 8() I)eFCCIt for 

market acceptance, but the appropriate design uniformity coefiiciciit is a 

function of available water, crop water response, and CtOJ) price ( Von 

I3crnuth, I 983)2. LOV uniformity coeflicient values oftcii iiidicate an 

incorrect combination of sprinkler size, operating pressure, and spacing. 

Riser Height. Many farmers install the sprinkler heads directly on the 

lateral line without using risers (Table I). Risers are short pipes between 

the sprinkler and its supply pipe (lateral). Their purpose is twofold. l'hey 

raise the sprinkler above the ground so that the jet will not 1)e interfered 

with by the growing crop, and they provide a straight section of pipe 

leading to the sprinkler to help remove the turbulence set up when 1art of 

the flow in the lateral pipeline is diverted to an individual sprinkler. If not 

removed, this turbulence may carry through the nozzle and cause 

premature stream breakup and reduced diameter of coverage and hence 

l-GrilTin,SB.1978.Computer programming solid set systcni,ASAF Paper No. 7-2o12, ASAE,St. Joceph, Ml 

49085. 

2-Von Bernuth.R.D. 1983. Uniformity design criteria under limited water. Iransaclions of the ASAF, 

26(5):1418-1421. 
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produce a poor distribution pattern. rIlie length ol pipC ticeded to remove 

turbulence is about 30 cm. Some research studies indicate that 30 to 60 

cm additional height improves the sprinkler distribution efficiency. 

However, there are obvious disadvantages to this, such as additional wind 

drift and problems with handling lateral pipes with long risers attached. 

The preferable riser height is 45- 60 cm except when irrigating higher 

growing crops or for fixed systems with buried lateral. 

Mixed Sprinkler Head. Different type of sprinklers, nozzle sizes, 

nozzle configurations, and spacings were being used on the same lateral 

pipeline as shown in Table I. As a consequence, levels of leakage 

increased and the efficiency of water application is further reduced. 

Sprinkler nozzles are frequently plugged by dirt, grit, weeds, and 

trash that can be drawn into the system by the pump or enter the pipes 

when they are being moved from one setting to the next. To prevent 

blockage, filters should be placed at various places in the pipe systcni. The 

convenient location for the filter in the pipe is at (lie head of the lateral 

between the valve elbow and (lie first section of pipe. The filter can be 

made from thin sheet brass perforated with fine holes. 

While making the inspection tours, it was lound that most sprinklers 

are not operating satisfactorily. This was don by pointing out diameter of 

pattern coverage and improper breakup of nozzle stream. 

Sprinkler application efficiency is reduced when worn nozzles 

unevenly or excessively apply water. The wear of sprinkler nozzles may 

be checked with a proper size drill hit. If the proper size drill bit fits the 
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nozzle tightly there is little if any wear but if the drill bit (its loosely the 

nozzle should be inspected for wear. Increasing discharge caused by worn 

nozzles may cause a pump to produce less pressure and/or maintain 

pressure and overload the motor. 

Replacement equipment is frequently not compatible with existing 

equipment specifications. Since there is a range of sprinkler types 

installed, there is a risk of farmers purchasing the incorrect type of 

equipment and instances were observed during field evaluations where 

three types of sprinklers, discharge capacities and spacings were being 

used on the same lateral pipeline. As a consequence, the efficiency of 

water application is further reduced and levels of leakage increased. 

Draghose Sprinkler System. The draghose sprinkler is considered 

as a modification of the hand move sprinkler system. In Draghose system 

(Fig. 2), individual sprinklers are supplied by hoses and periodically 

moved to cover several positions. In this case 7 sprinklers are attached to 

7 flexible hoses ( 48 in length and 25 mm diameter) and the lateral line 

remains stationary. Sprinklers are mounted on skids and towed 

periodically to give grid patterns of l2x12 m. Risers should be high 

enough to keep the sprinklers above the mature crop. 

The hand—move sprinkler is labor intensive system. 'lhe 

modification of existing hand—move by introducing draghose sprinklers 

would reduce labor demand to about half of that required fr a comparable 

hand—move lateral system. It is also more convenient, easier to operate and 

saves deterioration of lateral pipes and fittings. 
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Figure 2. 1)raghusc sJ)Iu)JdcI syslciii. 
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Uniformity coefficient (UC). Nine Hand-move sprinkler systems 

have been evaluated in Bustan area since August 1 995 (Table 1). 01 these 

9 systems, one had an UC between 80-90 %. Four systems had UC's 

between 60-80%, and three systems had UC's less than 60%. The two 

draghose systems evaluated in El-l3ustan area ( # I ,#6 in f hI 1) had 

UC's of 76 and 57%. As presented in Table 1, the lower UC can he 

attributed to high wind, low operating pressure, and wide sprinkler 

spacing in related to the actual wetted diameter. Another 9 1-land—move 

sprinkler systems had been evaluated in South rFallrir and presented in the 

second progress report, May 1995 (Table 2). Of these 9 systems, One had 

an UC between 80-90%. Five systems had UC's between 60-80%, and 

three systems had UC's less than 60%. Additional 4 IIand—movc sprinkler 

systems were evaluated in the DDC farm, South Tahrir and presented in 

the second progress report, May 1 995 (Table 3). Of these Ibur systems, 

one had an UC between 80-90%. Two systems had UC's between 60- 

80%, and one system had an UC less than 60%. Nine Side—roll sprinkler 

systems were evaluated in the DL)C farm and arc presented in Table 3. Of 

these 9 systems, two had EU's between 80-90%. Six systems had UC's 

between 60-80%, and one system had an tiC less than 60%. 

Improvements. Poor water distribution pattern may he improved by the 

following methods: 

(1) use proper sprinkler nozzle pressure as reconiinended by the 

manufacturer. 
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['able (3) Summary of the held evaluations made at the L)DC Ilirm in South Tahrir 
larm 

Field 
No 

T\peof 
Irrigation 
System 

Irrigation System 
Characteristics 

Irrigation System 
Performance 

P, bar q, m3/h Nozzle 0 
mm x mm 

Spacings 
in x m 

DU UC PFLQ 

3 Side-roll 
Side-roll 

3 

2 
2.1 
3 

5x3 
7x4 

12x18 
12x18 

59.8 
51.8 

73,5 
68.5 

70 
41 

S Side-roll 
Hand-move 

2.4 
2 

1.7 

1.8 

5,5x3.5 
3. 5x2 

l2xl8 
Qxl $ 

46.0 
81.4 

58 

86 
40.3 
73.6 

7 Side-roIl 
Hand-move 

3 

3.2 
2 
1.9 

5.3x2 
5x2 

lxl8 
9x1 8 

33.7 
51.4 

66 
78.2 

62 
54 

9 Side-roll 1.5 1.8 5,5x2.5 12x18 67.3 74 54 

10 Side-roll 2.1 2.9 6.5x3.5 12x1$ 75.4 81.5 

12 Side-roll 
I-land-move 

2.5 
3.3 

2 
2.5 

5x2.5 
5x2.5 

12x18 
Qxl8 

54.7 
40.0 

64.8 
47 

IS l'land-move 2 1.7 5x2.5 9xlS 66.3 77 

17 Side-roll 
Side-roll 

2.8 
2.6 

2.3 
2.7 

5.5x2.5 
6.5x2.5 

12x18 
9x18 

69.0 
78.6 

79.5 
86 

50 
4() 

8 Fixed system 
Fixedsystem 

2.1 
2.5 

3.05 
1.63 

7x2.5 
5x2.5 

I 8x1 8 

18x18 
60.8 
56.2 

76 
69 

43.6 
46.4 

16 Fixed system 
Fixed system 

2.5 
3.4 

2.8 
1.55 

7x2.5 
5x2.5 

l8xIS 
I 8x1 8 

62.6 
64.0 

71.7 
73,5 

62.2 
6.6 

11 Fixedsystem 3.5 1.7 5x2.5 l8x18 65.6 75 51 

8 Fixed system 
Fixed system 

2.4 
2.5 

1.66 
3.09 

5x2.5 
7x2.5 

l8x!8 
I 8x1 8 

50.0 
47.9 

62.7 
71.3 

58.5 
60.6 

Ii Fixedsystem 1.95 2.78 7x2.5 18x18 59.8 46.2 70 
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(2) change lateral spacing. Lateral spacing should not exceed 65 percent 

of the diameter of the pattern under no-wind conditions. For the prevailing 

1 0 km/hour wind speed, lateral spacing should be limited to 50 percent of 

the wetted diameter. 

Fixed (Solid) Sprinkler system 

Two types of sprinklers are used. The RB7O, with the sprinklers 

spaced 15x18 m, and the RB3O with sprinklers spaced at 12x12 Ill. 

discharge of the RB3O sprinkler is 1 .4 m3/hr at a working pressure of 2.8 

bar. 

The evaluated irrigation systems characteristics and performance 

are calculated and summarized in Table 4. Several observations and some 

recommendations can be based on the data and computations in Table 4. 

Operating Pressure. Operating pressure as low as 0.8 bar was found 

as indicated in Table 4. The operating pressure for 69% of the systems 

evaluated are under the minimum manufacturer's recommended operating 

pressures of 2 bar for the sprinklers used. Operating at too low a pressure 

is a common problem on many sprinkler systems. It can be concluded that 

most sprinkler irrigation systems are operating below the correct pressure. 

The direct impact of low operating pressure is a reduction in wetted 

diameter and hence a distortion of the optimum water distribution pattern. 

As the pressure reduced, the water application pattern changes froii the 

normal triangle shape to the doughnut shape. As a consequence, the 

uniformity of water application is further reduced. The wetted diameter 

depends on the operating pressure as follows:- 
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WD=2.7 h*d 
Where: WD = wetted diameter, iii 

h sprinkler operating head, iii 

d = sprinkler nozzle diameter, mm 

The direct impact of low pressure is also a reduction in sprinkler 

nozzle discharges as described by the following equation :- 

2 1 
q=cd—d j2gh 

Where: q = sprinkler discharge 

cd = discharge coefficient, cd 0.95 

h = sprinkler operating head. 

Low pressures also increase droplet size which damage delicate 

crops and some soils by breaking down the surface structure and reducing 

the infiltration rate. 

To determine whether the spray from a sprinkler is coarse, fine, or 

somewhere in between, the coarseness index ( CI ) is used. This index 

can be calculated by the following method: 

P'.3 cI=— 
B 

Where: P = nozzle operating pressure (psi) 

B = nozzle size (64ths of an inch) 

If the value of CI � 7 the spray is coarse 

If the value of CI � 17 then the spray is fine. 

Low pressures also cause the rubber ring in the pipe couplers to 

leak since it seals only under the correct pressure. 
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Mixed Sprinkler Head. Different nozzle types and sizes were being 

used on the same lateral pipeline as indicated in Table 4 and in the 

evaluation sheets in the Appendix. Heavy wear of nozzles were found 

when checking with a proper size drill bit. Silt and sand particles in 

irrigation water can cause wear and increase the size of the bore. Sprinkler 

efficiency is reduced when worn nozzles unevenly or excessively apply 

water. Increasing discharge caused by worn nozzles may cause a pump to 

produce less pressure and/or maintain pressure and overload the motor. 

Heavy nozzle wear can mean up to 1 7 % more energy use by pumps to 

maintain correct operating pressures. This will result in extra cost and over 

irrigation. 

Riser Height. The riser height ranges between 0.5 and 0.6 m in Bustan 

and reaches liii in Wadi Natrun, as indicated in Table 4, which is suitable 

from the hydraulic point of view and also for low height crops. However, 

the problem lies in the erectness of the riser. Most risers are not in vertical 

positions. As a consequence, the uniformity of water application is 

reduced. 

Sprinkler Spacings. The sprinkler spacings are either 15 x 15 in or 

1 8 x 1 8 m in Bustan and mainly 1 2 x 1 2 in in Wadi Natrun, as indicated in 

Table 4. However, it has been shown that the wind greatly affects 

sprinkler performance as shown in the same Table. It can be seen that 

when the effect of speed and direction of the wind is not sufficiently 

considered in the design of the sprinkler irrigation system, the resulting 

system performance will be suboptimal. 
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As shown in Table 4, the sprinkler spacing exceeds 65 % of the actual 

measured wetted diameter of the sprinkler. Howevê, the lateral spacing 

should not exceed 65 
percnt of the diameter of the pattern under no-wind 

conditions. For the prevailing 1 0 km/hr wind speed in the area, lateral 

spacing should be limited to 50 percent of the wetted diameter. Generally, 

highest uniformities are obtained at spacings of 40 percent or less of the 

diameter, but such close spacings raise both precipitation rates and costs. 

Head Loss in Laterals. Sprinkler discharge is approximately 

equivalent to that of an orifice. 

qi = C'11 

Where H is the head at sprinkler, and C is a coefficient. In order to obtain 

the same discharge at every sprinkler along a lateral, H must be equal at 

each sprinkler. This does not usually occur in an installation and it is 

common practice to limit the difference in H along the lateral to 20 percent 

of the average H. Thus, 

= O.2H 

Where I-I is the average of the heads for all sprinklers along the lateral 

line, and Hmax is the maximum allowable difference in head between any 

two sprinklers on a lateral. This can result in a probable maximum 

dischalge differential of 

/iTiiT e= IIi 
or the maximum discharge rate is 11 percent greater than the minimum 

discharge rate. The value of H at any point ( and hence of H for the line) 
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is a function of the head loss in the laterals, the difference in elevation, and 

the pressure at the head of the line. 

Uniformity Coefficient. Seven fixed irrigation systems have been 

evaluated in El-Bustan area since May 1995 (Table 4). Of these 7 

systems, one had an UC between 60-80%, and six systems had UC's less 

than 60%. However, of the six fixed systems evaluated in Wadi Natrun, 

three had UC's between 80-90%, and three had UC's between 60-80%. In 

addition, 8 Fixed sprinkler systems were evaluated in the DDC farm, 

South Tahrir and are presented in Table 3. Of these 8 systems, seven had 

UC's between 60-80%, and one had an UC less than 60%. The lower UC 

can be attributed to high wind, low operating pressure, and*wide sprinkler 

spacing iii relation to the actual wetted diameter 

Improvements. Poor water distribution pattern may be improved by the 

following methods: 

(1) use proper sprinkler nozzle pressure as recommended by the 

manufacturer. 

(2) change lateral spacing. For the prevailing 10 km/hour wind speed, 

lateral spacing should be limited to 50 percent of the wetted 

diameter. 

DRIP IRRIGATION EVALUATION 

Field Procedure 

The emission uniformity can be determined iii the field by the 

following procedure: 
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1. Select a subunit representative of average operating conditions 

in all subunits. 

2. locate 4 laterals along an operating submain; one lateral near the 

inlet end, one lateral near the far end, two laterals evenly spaced in the 

middle section. 

3. measure the pressures at the inlet and at the far end of each 

lateral. 

4. on each lateral select 2 adjacent emitters at 4 different plant 

locations - at the inlet, 1/3rd of the way down the lateral, 2/3rds and at the 

end points of laterals in situations where three or more emitters are located 

at a single plant location. 

5. measure the discharge from emission points selected according to 

4 above. Collect the flow for a full number of minutes - 1, 2, 3 etc. to 

obtain a volume between 100 and 250 ml for each emitter. 

6. Enter the information collected into the data sheet in Table 5. 

7. Compute the average discharge for each pair of emitters. 

8. Use the average of the lowest 4 discharges of all the readings as 

the minimum rate of discharge. 

9. The average of all the readings is the average rate of discharge 

per emitter. 

10. Calculate the field emission uniformity (EU) by the following 

equation: 

EU = minimum rate of discharge per plant 
average rate of discharge per plant 

11. Estimate the application efficiency (AE). 
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Drip irrigation has significant advantages over other techniques in 

minimizing or preventing water loss because leakage from the delivery 

system is negligible. Evaporation is minor as water is not discharged in the 

air, as with sprinkler irrigation, or left on the soil surface as with surface 

irrigation methods. Only a small fraction of the soil surface is wet. 

Therefore, the only considerable water loss in drip irrigation is deep 

percolation. With drip irrigation it is always very difficult to determine the 

soil moisture deficit in the field because of the small soil moisture 

variations which occur in the wetted soil before and after irrigation. 

Therefore reasonable deep percolation will be taken as 1 0 percent of the 

amount of water applied. The application efficiency is therefore: Ea = 0.9. 

Eu. 

Data Analysis and Recommendations 

In Bustan area, trickle irrigation is used mainly to irrigate citrus, 

apple, tomatoes, and vegetables as cucumber, pepper, squash, and 

eggplant. However, in wadi Natrun area, trickle irrigation is used mainly 

to irrigate citrus, mango, peaches, apple, tomatoes, and apricot. 

The source of water in El-Bustan area is the Nile water, which 

contains organic matter, silt, and sand. Therefore, the filtration system 

should contain both media filter and screen filter, but as indicated in Table 

5 about 33% of the drip systems have no filter at all. However, 66% of the 

drip systems have only screen filters. The screen filter does not remove 

organic materials, which is common in surface water. 
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The drip irrigation system in Sadat area is underdesigned and poorly 

constructed and used mainly for irrigating olives and fruit trees. As 

presented in Table 6, the groundwater salinity is variable and had values 

between 256-1523 ppm. Fifteen evaluations were conducted since 

September 1 995 on drip systems in Sadat area. All of the 1 5 evaluations 

had EU's less than 70 %, as presented in Table 6. Of the 1 5 evaluations, 

only 3 systems had screen filter, and only 4 systems had fertilizer injection 

device. The most common problems were with low pressure in the lateral 

lines ( less than 0.5 bar ) and clogged emitters. The low pressure was 

related to low system pressure, due to the low pressure at the deep-well 

pump. There were instances that mixed emitters were used due to emitters 

from different manufacturers being used in the same zone and/or emitters 

in the same zone having different flow rates. Problems from leaks in 

laterals were due to leaks and/or cuts in the lateral along the length of the 

rows. In one instance, there were missing parts from the emitters, resulting 

in low emission uniformity. 

In Wadi El-Natrun area the source of water is wells. Therefore, 

screen filter or disc filter is satisfactory for the filtration system. As 

indicated in Table 7, only 30% of the drip systems contain pressure gages 

before and after the filter to enable monitoring the pressure loss across the 

filter and hence know the time of cleaning and also figure out the filter 

efficiency. As also presented in Table 7, the pressure loss across the filter 

reached 3 bar in some drip systems which indicate a large pressure loss 

due to filter blockage and may need to change the media. 
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No fertilizer injection device was found in the drip systems 

evaluated in El-Bustan area. }-Iowever, in Wadi Natrun area, the fertilizer 

injection devices are common. In drip irrigation, the fertilizer spread on 

the soil surface does not leach into the root zone, therefore it has to be 

injected into the drip system. The differential pressure tank of 1 50 liter 

capacity is the most widely used fertilizer injection device. 

In Bustan area, the most widely used emitter types are GR dripper 

line, which deliver 4 liter/hour at 50 cm spacing and used for vegetables 

and tomatoes as well, and spaghetti tubes which used for irrigating citrus 

and deciduous trees as well. In Sadat City area, the most widely used 

emitter type is the spaghetti tubes for fruit trees. However, in Wadi Natrun 

area, the most widely used emitter types are GR for toniatoes, lurbo—key, 

Microjet, and Katif for fruit trees. Two emitters per tree is a coniiron 

practice. 

Table 7 presents a great difference in the irrigation water 

application in different areas for the same crop. For example a crop as 

tomatoes is given 8 liter per day per plant in Wadi Natrun, while is given 4 

liter per day per plant in Bustan. Another example is citrus, the tree is 

given different amount of water at the same age which ranges between 1 2 

to 32 liter/day per tree. However, the citrus tree in Bustan is given 50 to 

90 liter/day per tree. 

The spacing between driplines ranges between 1 .6 - 1 .85 iii for 

vegetables. However, it ranges between 3.5 to 4 m for citrus and fruit 

trees, except for a small percentage which reaches 6 iii. 
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The calculated crop water requirement for the previous crops during 

the month of september is as follows:- 

2. Tomatoes at emitters spacing of 0.5 x 1.75 m, 

crop water use (liter I day) = ETo x kc x SI x Sni 

Lpd = 6.2 x 0.6 x 0.5 x 1.75 = 3.25 Ipd 

where 

Eto: potential evapotranspiration, mm/day 

kc: crop coefficient 

Si : emitter spacing on lateral line, m 

Sm: lateral spacing, rn 

2. Deciduous fruit trees at spacing 3.5 x 4 iii. 
Tree water use (liter / day) ETo x kc x St x Sr 

Lpd = 6.2 x 0.8 x 3.5 x 4 = 69.44 Lp 

where 

St: tree spacing in row, m 

Sr: row spacing, iii 

3. Citrus trees at spacing 3.5 x 4 m 
Tree water use (liter / day) = Eto x kc x St x Sr 

Lpd =6.2x0.85x3.5x4=73.78 Lpd 

The typical irrigation frequency is either daily or every other day 

which is reasonable according to the following calculations: 

In AW x Dr x depletion 
= 60 mm / in x 0.7 m x 0.30 = 12.6 inni 

dn 12.6 ______ = 2.54 2days EToxkc 6.2x0.8 
where 
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dii: net application depth, mm 

AW: soil available water, mm/ni 

Dr : Active root zone depth, ni 

F : irrigation frequency, days 

The average emitter operating pressure for 67% of the drip systems 

evaluated is below one bar which is the correct design pressure. 

The typical lateral line length is 50 meter and the typical lateral 

diameter is 16 mill. As a consequence, the pressure drop along the lateral 

line is limited to 0.3 bar, according to the line discharge. However, in 

Bustaii area, the preinstalled drip system has lateral length of 90 m and 

lateral diameter of 13 mm, which is considered as a poor design. As a 

consequence, the graduates change the system to 50 iii lateral length with 

a diameter of 16 mm. 

The spaghetti tubing in El-Bustan gave an emission uniformity as 

high as 78% and application efficiency as high as 70%. The GR dripline 

used for vegetables in Wadi El-Natrun showed a high performance of 95% 

emission uniformity and 86% application efficiency, while in Bustan area 

the emission uniformity is as high as 87% and the associated application 

efficiency is 78%. The Katif emitter iii Wadi El-Natrun showed emitter 

uniformity as high as 79% and application efficiency of 71%. However, 

the Microjet showed an emission uniformity of 74% and applicatioii 

efficiency of 67%. 

The low emission uniformity ( below 80%) can be attributed to: 

- low operating pressure 

2- no water filtration or using unsuitable filter. 
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3- emitter clogging. 

4- no line flushing. 

5- no chemical water treatments. 

6- leaks in laterals. 

Clogged emitters were determined when the flow rate from an 

emitter was not at the manufacturer's recommended rate at the operating 

pressure. The clogging was due to either a buildup of chemical 

precipitation or to mineral and organic particles. The problem with 

excessive and under watering was due to either operating schedule or 

unavailability of water. In most cases, the irrigator was unaware of how 

much water the system was delivering. Based on the calculations made by 

the research team, the irrigation duration was not correct on most cases. 

The problem with non-uniform pressure in the delivery system was due to 

design or installation errors. In many instances, the lateral pipe diameter 

was not the correct size for the length and total nuniber of laterals iii the 

zone. The problem with mixed emitters occurred where the irrigator 

replaced missing or clogged emitters with emitters that were from a 

different manufacturer or had a different flow rate. 

Improvements. A major improvements would be to iiicrease the 

percent of wetted area, this could be achieved by adding one or two 

emitters at each tree or increasing the duration of application, hence longer 

application wet more soil volume. 

The number of emitters per plant is determined by two factors. First 

is the number of liters per day required and the number of hours of 
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operation available to apply the quantity of water. For the required 80 

liters per day per tree, 4 emitters of 4 liters per hour are required, or 2 

emitters of 8 liters per hour. Both cases would then operate for 5 hours. 

The second factor affecting the number of emitters per tree is the 

requirement to wet a given portion of the root zone. It is recommended 

that at least 50% of the root zone be wetted. In sandy soil, the average 

area wetted by one emitter is 1 .8 mr\2. The number of emitters required 

can be calculated as follows: 

• (Area per plant) x 0.5 (SO% of the soil) No. of enutters = ________________________________________ 
ir142 ( Area wetted by each emitter) 

For the tree spacing of 3.5 x 4 m in sandy soil ( 1 .8 mt2 - average area 

wetted by one emitter); 

• 3.5x4x0.5 No. of emitters = 4 emitters 
1.8 in2 

The preinstalled drip irrigation system in Bustan was designed for 

Citrus trees planted at 6x6 rn spacing and no provision was made for 

growing other crops. Each tree is provided with 4 drippers each giving 4 

liter/hour at a working pressure of I bar. Polyethylene 13 mm outside 

diameter lateral line of a length of about 80-90 in serving 14 trees is used. 

The drip system introduced to El-Bustan is underdesigned and 

poorly constructed and no provision was made for more drippers once the 

trees have grown. The design working hours of pumping stations of 15 

hours per day are not met. In addition, since the unit is designed for the 

production of fruit trees only, this would mean settlers have no income for 

the first 3-5 years. The modification of existing drip system by adding new 
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drip laterals for vegetable cultivation (high value crops) would help the 

settlers to increase their income until their orchards came into production. 

Most farmers are either adding fertilizer after filtration or adding 

fertilizer by spreading or broadcasting over the soil surface. Under trickle 

irrigation, the water does not leach the fertilizer spread or broadcast over 

the soil surface into the root zone; therefore, it is necessary to add much of 

the required fertilizer, especially nitrogen, directly to the irrigation water. 

Any fertilizer applied through the trickle irrigation system should be added 

before the screening or filtration. 

Prevention, rather than reclamation, has been the best solution to 

reducing or eliminating emitter clogging. I'reventive maintenance includes 

water filtration, field inspection, pipeline flushing, and chemical waler 

treatment. 

SUMMARY OF THE IRRIGATION SYSTEMS 

PERFORMANCE 

A total of 101 sprinkler and drip irrigation systems have been 

evaluated in a number of selected farms in the four areas under study. 

Nine Hand-move sprinkler systems have been evaluated in I3ustan 

area since August 1995 ( Table 1). Of these 9 systems, one had an UC 

between 80-90 %. Four systems had UC's between 60-80%, and three 

systems had UC's less than 60%. The two draghose systems evaluated in 

El-Bustan area had UC's of 76 and 57%. As presented in Table I, the 

lower UC can be attributed to high wind, low operating pressure, and 
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wide sprinkler spacing in related to the actual wetted diameter. Another 9 

I-land-move sprinkler systems had been evaluated in South Tahrir and 

presented in the second progress report, May 1995 (Table 2). Of these 9 

systems, One had an UC between 80-90%. Five systems had UC's 

between 60-80%, and three systems had UC's less than 60%. Additional 

4 Hand-move sprinkler systems were evaluated in the DDC farm, South 

Tahrir and presented in the second progress report, May 1995 (Table 3). 

Of these four systems, one had an UC between 80-90%. Two systems had 

UC's between 60-80%, and one system had an UC less than 60%. Nine 

Side-roll sprinkler systems were evaluated in the DDC farm and are 

presented in Table 3. Of these 9 systems, two had EU's between 80-90%. 

Six systems had UC's between 60-80%, and one system had an UC less 

than 60%. 

Seven fixed irrigation systems have been evaluated in El-Bustan 

area since May 1995 (Table 4). Of these 7 systems, one had an UC 

between 60-80%, and six systems had UC's less than 60%. However, of 

the six fixed systems evaluated in Wadi Natrun, three had UC's between 

80-90%, and three had UC's between 60-80%. In addition, 8 Fixed 

sprinkler systems were evaluated in the DDC farm, South Tahrir and are 

presented in Table 3. Of these 8 systems, seven had UC's between 60- 

80%, and one had an UC less than 60%. 

Nine evaluations were conducted on drip systems in El-Bustan area 

since July 1 995. Of the 9 evaluations (Table 5), three had Eu's between 

80-90%: five had Eu's between 70-80%, and one had an Eu less than 

70%. Fifteen evaluation were also conducted on drip systems in Sadat 
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area since November 1995. Of the 15 evaluations (Table 6 ), non of them 

had Eu above 70%; two had Eu's between 60-70% ; and thirteen had Eu's 

less than 60%. Of the 1 5 evaluations, twelve had operating pressures less 

than 0.5 bar. A total of 26 drip irrigation systems have been evaluated in 

Wadi Natrun area since September 1995. Of these 26 systems (Table 7), 
two had Eu's above 90%; five had Eu's between 80-90% four had Eu's 

between 70-80%; and fifteen had Eu's less than 70%. It can be seen that a 

total of 50 drip systems have been evaluated throughout the project area. 

Of the 50 evaluations; two had Eu's greater than 90%; eight had Eu's 

between 80-90%; nine had Eu's between 70-80%; and 31 had Eu's less 

than 70%. 

Pilot Rehabilitation Field 

The sprinkler and drip irrigation systems throughout the project area 

are performing poorly. The project would provide a pilot rehabilitation 

field at the DDC farm in South Tahrir to demonstrate that the existing 

systems can be made to operate correctly and within the design criteria 

originally established. The pilot project will also demonstrate the costs of 

any further improvements or modifications and serve as a training and 

demonstration site for project staff and settlers. 

Pilot activities would cover the full range of irrigation systems in 

the project area, details are provided in Fig. 1. The irrigation systems 

considered are: 

- hand-move sprinider ( 5 feddans). 

2- drip irrigation system ( 5 feddans). 
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3- drip ( vegetables + orchard) and fixed sprinkler (total 5 feddans). 

4- drip (vegetables + orchard) and draghose sprinkler (total 5 feddans). 

SUMMARY 

The technical field evaluation of the existing irrigation system in 

101 representative desert farms were conducted in four areas namely 

South Tahrir, Bustan, Sadat City, and Wadi El-Natrun. Bustan and South 

Tahrir areas use surface water as the main source of irrigation, while Sadat 

city and Wadi El-Natrun use only groundwater for irrigation. In South 

Tahrir and Bustan, the most widely used pressurized irrigation system is 

the preinstalled hand-move sprinkler system. Other systems such as fixed 

sprinkler, draghose, and drip irrigation cover only a very small percentage. 

While in Sadat City and Wadi El-Natrun, the niost widely used 

pressurized irrigation system is the drip irrigation system. Other systems 

such as fixed sprinkler covers oniy a small percentage. However, some 

irrigators are illegally practicing flood irrigation in the four areas under 

study. Land holders in Bustan area are small holders, graduates, and 

private investors, while in South Tahrir are settlers, private investors, and 

large agricultural companies. In Sadat City and Wadi El-Natrun, however, 

they are mainly investors. 

In Bustan and South Tahrir where settlers and graduates are 

located, pumping stations are used to supply the hand-move irrigation 

systems. The settlement areas are provided with the same field irrigation 

systems throughout, although the land is allocated in either 5.0 feddan 
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units or in 20 feddans units. A typical collective pump station in either 

Bustan area or South Tahrir area serves about 500 feddans and consists of 

three electrical turbine centrifugal pumps, about 100 horsepower each 

(Fig. 1). However, a typical independent pump station in Bustan area 

serves 20 feddans and consists of 20 horsepower electrical horizontal 

centrifugal pump. In practice the pumping station operating hours is, on 

average, 8-10 hours per day. In addition, the design operating pressure is 

not achieved with a subsequent reduction in sprinkler discharge capacity 

and a serious impact on the uniformity of water application and efficiency 

of water application. 

Sprinkler systems are evaluated in the field by determining the 

uniformity coefficient (UC), distribution uniformity (DU), and potential 

application efficiency (PELQ). Drip irrigation systems are evaluated in 

the field by determining the emission uniformity (Eu) and the application 

efficiency (EA). 

A total of 101 sprinkler and drip irrigation systems have been 

evaluated in a number of selected farms in the four areas under study. A 

total of 21 fixed sprinkler systems have been evaluated throughout the 

project area. Of the 21 evaluations; three had UC's between 80-90 %; 

eleven had UC's between 60-80 %; and seven systems had UC's less than 

60 %. A total of 22 Hand-Move sprinkler systems have been evaluated 

throughout the project area. Of the 22 evaluations; three had UC's 

between 80-90 %; eleven had UC's between 60-80 %; and eight had 

UC's less than 60 %. Nine Sid-roll sprinkler systems were evaluated in 

the DDC farm. Of these 9 systems, two had UC's between 80-90 %. Six 
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systems had UC's between 60-80 %, and one system had an UC less than 

60%. 

Poor water distribution pattern may be improved by the following 

methods: 

(1) use proper sprinkler nozzle pressure as recommended by the 

manufacturer. 

(2) change lateral spacing. For the prevailing 10 km/hour wind speed, 

lateral spacing should be limited to 50 percent of the wetted 

diameter. 

A total of 50 drip systems have been evaluated throughout the 

project area. Of the 50 evaluations; two had Eu's greater than 90%; eight 

had Eu's between 80-90%; nine had Eu's between 70-80%; and 31 had 

Eu's less than 70%. 

The low emission uniformity (below 80%) can be attributed to: 

1- low operating pressure 

2- no water filtration or using unsuitable filter. 

3- emitter clogging. 

4- no line flushing. 

5- no chemical water treatments. 

6- leaks in laterals. 

Prevention, rather than reclamation, has been the best solution to 

reducing or eliminating emitter clogging. Preventive maintenance includes 

water filtration, field inspection, pipeline flushing, and chemical water 

treatment. 
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The sprinkler and drip irrigation systems throughout the project area 

are performing poorly. The project would provide a pilot rehabilitation 

field at the DDC farm in South Tabrir to demonstrate that the existing 

systems can be made to operate correctly and within the design criteria 

originally established. The pilot project will also demonstrate the costs of 

any further improvements or modifications and serve as a training and 

demonstration site for project staff and settlers. 
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III. IRRIGATION TECHNICAL SURVEY 

A total of 1 09 farmers were selected for this survey. All respondents 

were visited and interviewed at their farms. The irrigation technical 

questionnaire is a survey of the following information : water source, pump 

stations, and irrigation systems. 

WATER SOURCE 

The main source of irrigation waler in south Tahrir and Bostan is 

Nile water. However, Wadi-Natron and Sadat depend only on 

groundwater as presented in Table I. Most of the responding farmers 

(85%) in Wadi-Natron use their own private wells, while 1 5% usc 

collective wells. In South Talirir, small percent of the responding farmers 

(5. 1 0/s) use private wells (Table I), hence the main source of irrigation 

water is Nile water. 

Table I. Distribution of the sample in areas of study according to the 
main source of irrigation water. 

Main 
source of 
irrigation 

Tahrir Sadat W.N Bostan Total 

# % # % # % /n # % 
Nile water 37 94.9 - - - - 30 100 67 61.5 

Private well 2 5.1 9 45 17 85 - - 28 25.7 
Collective 

well 
- - 11 55 3 15 - - 14 12.8 

Total 39 100 20 100 20 10(1 30 100 109 10(1 

Most of the responding faiiiiers ( 63.3%) face problems in obtaining 

the irrigation water through the source, the major percentage of them are 

located in South Tahrir (47.8%), Bustan (27.5%), and Sadat (I 7.4%). 

Thirty three percent of the responding farmers agree that the insufficient 

water is the most predominant problem through the water source in South 
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Tahrir (43.6%) and Bostan (43.6%). However, thirty five percent of the 

responding farmers in Sadat area, attributed the problem of the water 

source to the illegal practice of flood irrigation that some farmers usually 

do. Twenty four of the responding farmers have a well as a secoiidaiy 

water source, most of them located in south Tahrir (65.4%). 

Irrigation water quality is commonly assessed in terms of soluble 

salt content. The greater the soluble salt content the bigger the risk of 

creating a saliiie soil or of making soil water less available to plants. 

The irrigation water electrical conductivity was measured in situ 

during the interview ( Table 2). The water salinity in South Tahrir and 

Boslan is less than 480 ppm since the Nile is the source of waler and 

consequently the water can be used for irrigating most COS on most soils. 

However, the water salinity in 20% of the farms in Sadat and 1 5% in 

Wadi-Natron are considered relatively high (>1440 ppm) since the 

groundwater is the source of water. Changes in groundwater salinity in the 

study area has been presented and discussed in part I in this report. High 

salinity water can only be used for salt—tolerant crops with gOod 

management on well—drained permeable soils. Salinity may reduce the 

yields of crops by as much as 25% without visible symptoms. Crops 

grown on infertile soil may seem more salt—tolerant than those grown with 

adequate fertility, because fertility is the primaly factor limiting growth. 

The addition of extra fertilizer will not alleviate growth inhibition by 

salinity. Climate is a major factor affecting salt tolerance. Most crops can 

tolerate greater salt stress if the weather is cool and humid than if it is hot 

and diy. Yield is reduced more by salinity when humidity is low. Drip 

irrigation, if properly designed, minimizes salinity amid matric stresses 
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because the soil water content is maintained at a high level and the salts 

are leached to the perimeter of the wetted volume, where rooting activity 

in minimal. Drip irrigation is usually the method of choice when the water 

is high in salts, though the high build—up of salts in the fringe of the wetted 

area may eventually become a problem. For tree crops, a low head bubbler 

system provides excellent control and distribution if watei while 

minimizing pressure requirements. Irrigation by sprinkling allows superior 

control of the amount and distribution of' water. It, therefore, is often used 

on steep land. There is tendency to apply too little water for leaching 

requirements with this method, and leaching of salts beyond the root zone 

often requires special effort. Sprinkling irrigation is more efficient than 

other methods at removing salt from small pores in the soil prolile (Neilsen 

et al. 1966). Crusting is more likely to beconie a problem with sprinkler 

irrigation in calcareous soils. Another potential hazard of sprinkler 

irrigation is foliar uptake of salt and leaf bunt to contact with water. 

Sprinkler irrigation should be avoided if the water contains excessive 

levels of sodium and chloride, although sprinkling at night can help in such 

cases. 

Table 2. Distribution of the sample in areas of study according to (lie 

irrigation water salinity (Summer, 1 995). 

Sal iii it H aza rd Tali ii r Sadat V/. N Bostan Total 

# % # % # % # % # % 

<481) ppm 37 94.9 8 40 13 65 30 1(R) 88 80.7 

480 - 1440 ppm 1 2.6 8 40 4 20 - - 13 11.9 

> 1441) ppm 1 2.6 4 20 3 IS - - 8 7.3 

Total 39 100 20 10(1 20 10(1 3)) 1(R) 109 10(1 

69 



PUMP STATIONS 

Most pumps (55%) were new (Table 3). About 84.6% of the pumps 

were under 5 years old in South Tahrir, 75% in Sadat, 75% in Wadi- 

Nairon, and 1 00% in Bostan. This suggests that an extensive program of 

maintenance and repair will be needed in the near future. In addition, 

skilled technicians and spare parts should be available. 

Table (3) Distribution of the sample in areas of study according to pump 

age. 

Piiiii p age 

years 

Tali ri r Sadat W. N. liostan Tot a I 

# % # % # % # % % 

() 20 51.3 Ii 55 I 5 28 93.3 60 55 

<5 13 33.3 4 20 14 70 2 6.7 33 30.3 

5 - II) 5 12.8 4 20 5 25 - - 14 12.8 

>l() 1 2.6 1 5 - - - - 2 1.8 

Total 39 100 20 100 20 100 30 100 109 l0() 

Over half(55%) of the responding farmers (Table 4) had no private 

ptinips or additional pumps in case of using collective pump stations. 

About 39.4% of the responding farmers were using Diesel engines to 

operate their private pumps. However, 5.5% of the responding farmers 

were using Electric motors to operate their private pumps. The reason for 

wide use of Diesel engine could be attributed to either the unavailability of 

electricity in the farm or the feeling that electricity is costly. About 15.6% 

of the responding farmers stated having had frequent problems in operating 

their private pumps. 
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Table 4. Private pumps and type of engine distribution in areas of study. 

Private pomp and 

type of engine 

Tahrir Sadat W.N Bostan Total 

.# % # % # % # % # % 

No l)Iivate pump 20 51.3 II 55 I 5 2% 93.3 60 55 

Diesel engine 18 46.2 9 45 14 70 2 6.7 43 39.4 

Electric motor 1 2.6 - - 5 25 - - 6 5.5 

Total 39 100 20 100 20 100 30 tOo 109 I 0() 

The various problems with pump stations re sponding farmers faced 

are categorized and given in Table 5. Costly spare parts, fuel and 

dec tricity, and maintenance and repair are the common problems with 

pump stations for more than 85 % of the responding farmers, while 

unavailability of skilled technicians was a problem for 7 1 .4 percent. Most 

of the farmers ( 90%) felt electricity was very costly and beyond the 

purchasing capacity of the common farmer without capital subsidy. 

Table 5. Frequency of problems with pump stations. 

Problems Tab iii. Sadat N at ion Total 

#(pcr 10) % # (pcr6) % (pcr5) % # (pcr2) % 

Frequent cut—off of electricity 1 10 0 0 I 20 2 9.5 

Low water pressure 4 40 2 33.3 2 40 8 38.1 

Low water level I 10 0 0 0) 0 I 4,8 

unavailable spare parts 3 30 () 0) 2 40 5 23.8 

Costly spare pails 9 90 5 83.3 4 80) 18 85.7 

Costly fuel & electricity 9 90 6 too 4 80 19 90.5 

Costly maintenance & repair 9 90 5 83.3 5 100 19 90.5 

Unavailable skilled technicians 8 80 3 50 4 80 IS 71.4 

Inappropriate design of iwmvs 4 40 1 16.7 0 0) 5 23.8 

Wearing of pump impeller 3 30 6 100 2 40 Ii 52.4 
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SPRINKLER IRRIGATION SYSTEMS 

About 26.6% of the responding farmers changed their preinsta lied 

irrigation system, while 56.7% of the responding farmers in El-Bostan area 

changed their preinstalled irrigation system. The reason for the wide 

change of irrigation system in El-Bostan area could be attributed to the 

unsuitability of the preinstalled hand-move sprinkler irrigation system. The 

hand-move sprinkler system supplied to the settler is cheap and very 

inflexible, and it is not entirely suitable. It cannot be used for orchards, and 

the farmers with suppleinentaty employment off—farm are unable to fully 

utilize their irrigation system. 

The sprinkler irrigation systems were less than 10 years old in 

Bostan area. However, 90% of the sprinkler systems exceeded the 

expected life (15 years of age ) in South Talirir. Sprinkler nominal 

discharge rates were less than 1 .8 in''3/hr for 76 percent of the systems. 

Seventeen percent of the responding farmers installed the sprinkler heads 

directly on the lateral line without using risers. The risers raise the 

sprinkler above the ground so that the jet will not be interfered with by 

growing crop. 

About 56. 1 % of the responding farmers stated having had problems 

with hand—move systems, all of them located in south Tahrir. 
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The various problems farmers faced when using hand-move 

sprinkler system are categorized and given in Table 6. Thirty six 

evaluations were conducted on hand-move sprinkler systems. The 

most common problems were with low pressure in the lateral lines 

and unsuitability of hand—move for either orchard irrigation or 

supplementary off-fann employment. The hand-move system that 

has been designed and provided for the settlers is cheap and veiy 

inflexible, and it is not entirely suitable. In particular it does not 

allow the fanner to take up supplementaty employment. At the root 

of the problem is the high application rate and the small soil 

moisture reservoir which requires the laterals to be moved every 

2.25 hours. With movement of this frequency night—time irrigation, 

which could facilitate oif—larm employment, is not socially 

acceptable, nor even practical. Night—time irrigation is usually 

based upon a ten to twelve hours irrigation shift, which eliminates 

the need to move laterals at night. The hand-move is unsuitable for 

all uses. it cannot be used for undertree irrigation of citrus, because 

the branches interfere with the water jet. Branches blocking spray 

occurred where low tree branches deflected the spray patterii 

while not affecting the flow rate, the intended wetted diameter was 

iiot uniformly irrigated. Operating at too low a pressure is common 

problem on 72 % of the hand-move sprinkler systems. The direct 

impact of low pressure is a reduction in wetted diameter and 

sprinkler nozzle discharge and hence a distortion of the optiimim 

water distribution pattern. Low pressure also increase droplet size 

which damage delicate crops and some soils by breaking down the 

surface structure and reducing the infiltration rate. Low pressures 
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also cause the rubber ring in the pipe couplers to leak, since it seals 

only tinder the correct pressure. 

The more logical explanation for operating at low pressure 

lies in the exceptionally high level of water losses from the 

irrigation hydrants ( common problem on 42 % of the systems ), 

valve elbows ( common problem on 33% of the systems ), lateral 

pipe seals ( common problem on 22 % of the systems ), sprinkler 

bearings ( common problem on 25 % of the systems), and buried 

main pipelines( common problem on 14 % of the systems ). In 

addition, 36 % of the responding farmers attributed the low 

pressure to the illegally surface irrigation practice. All these 

reasons cause the pumps to deliver much higher discharges than 

designed with a consequent drop in pressure. Low pressures also 

increase droplet size which cause physical damage to plants ( 

common problem for 64 % of the responding farmers). 

The hand-move sprinkler has high labor requirements ( 

common problem for 53 % of the responding farmers ) and subjects 

equipment to an exceptionally high rate of wear due to the high 

miumber of lateral movements required by the large number of 

irrigations necessaly. The policy of sharing one lateral sprinkler 

line between two earlier settlers is clearly unsatisfactomy for 39% of 

the responding farmers in relation to the highly intensive use of 

eqwpment. The recently designed and constructed sprinkler 

projects in Bostan area provides one sprinkler lateral for 5 feddans 

unit, and thus this problem is limited to the earlier settlers. 
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Table 6 Frequency of problems with bland-move sprinkler system. 

Problems Tabrir Bostan Total 

ft (per2o) % ft (per 15) % ft (per 36) % 

Sprinkler operating at low 

pressure 
17 85 8 53 26 72 

Leakage from irrigation 
hydrants 

10 50 5 33 

13 

15 42 

33 Leakage from valve elbows 10 50 2 12 

Leakage from lateral pipe 
seals 

6 30 2 13 8 22 

Leakage from sprinkler 
bearings 

8 40 1 7 9 25 

Leakage from buried main 
l)Pe_line 

3 15 2 13 5 14 

Some farmers practice 
surface_irrigation_illegally 

11 55 2 13 

40 

13 36 

64 Physical damage to plants 
from_large_water_droplets 

17 85 6 23 

Not possible to share one 
lateral_line_betweemi_settlers 

9 45 5 33 14 39 

Most of the lateral pipes are 
damaged 

12 60 3 20 

67 

15 42 

67 Lateral iipes and seals are 
not_available 

14 70 10 24 

hand move is unsuitable for 
supplementary off—farm 

employment 

17 85 12 80 29 8 I 

[land-move is unsuitable for 
irrigating_orchards 

19 95 12 80 3 1 86 

It is difficult to move lateral 
pi'es six or even four times 

everyday 

15 75 2 13 17 47 

The system is higli labor 
requirement 

7 35 12 80 19 53 

75 



DRIP IRRIGATION SYSTEMS 

1- Filtration System. Of the 52 farms with drip irrigation 

systems, 36 farms only had filtration systems. In all of the 36 

farms, the filters are cleaned manually. Although all filters are 

cleaned manually, 59.6% only had pressure gauges attached to the 

filters to indicate when cleaning is required. Out of the 36 fhrms, 

29 farms use only screen filters, 2 farms use only gravel ( sand 

media) filters, while 5 farms use gravel and screen filters. Out of 1 9 

farms in Sadat area, only 8 farms use filters, while the percentage 

are 94% in Wadi-Natron and 64% in Bostan. It can be said that 

sand filters were not used though the water source contained sill 

aiid algae (Nile water) in 50% of the cases in Bostan and South 

Tahrir. However, screen filters were used in most of the cases 

(94%). In Wadi-Natroii and Sadat the source of water is wells. 

Therefore, screen or disc filter is satisfactoiy for the filtration 

system. 

2-Fertigation. Fertigation is necessary for more efficient use 

of fertilizers, especially nitrogen, for fields irrigated with drip 

systems. This is because dry fertilizer broadcasted over the soil 

surface will iiot move into the plant root zone by the irrigation 

water. The same type of equipment can be used to inject either 

fertilizer solutions or chemicals that help prevent emitters from 

clogging. 
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Out of 48 farms with drip irrigation systems, 14 farms had 

no fertilizer injection device (Table 7). Chemical fertilizers were 

not applied through the drip systems in 29.2% of the total farms 

and it reaches 44.5% of the farms in Sadat and Bostan, while in 

Wadi-Natron, the fertilizer injection devices are common. In drip 

imgation, the fertilizer spread on the soil surface does hot leach 

into the root zone, therefore it has to be injected into the drip 

system. 

Table 7. The distribution of using fertilizer injection device in the survey 

sample 

Study area Tahrir Sadat W.N Bostan Total 

Distribution # % # % % # % # % 

Yes 4 8() 10 55.5 15 93.7 5 55.5 34 70.8 

No 1 20 8 44.5 1 6.3 4 44.5 14 29.2 

Total 5 100 18 100 16 100 9 100 48 100 

The distribution of drip sets according to type of injection 

device is presented in Table 8. Fertilizer-injection equipment 

employed (Table 8) are: tanks (85.7%), venturi type (2.9 %), and 

hydraulic pump (11 .4%). The maxinuuu number of drip sets 

(85.7%) used fertilizer tank as injection device. The fertilizer tank 

is simple and does not require additional motorized pump for 

injection. The concentration of chemicals injected into the 

irrigation system fiom the fertilizer lank changes continuously with 

time consequently uniformity of distribution may be a problem, if 

the fertilizer is to be applied to several blocks through a cycles 

system. 
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Table 8. Distribution of drip sets according to type of injection device. 

Type of injection 

device 

Tahrir Sadat W.N Bostan Total 

# % # % # % # % # % 

Feiiilizer tank 4 80 10 100 II 73.3 5 100 30 85.7 

Venturi - - - 1 6.7 - - 1 2.9 

Injection pump 1 20 - - 3 20 - - 4 11.4 

Total 5 100 10 100 15 100 5 1(X) 35 100 

3- Acid Treatment. The injection of acid is generally done 

to lower the pH as a control mechanism for various water quality 

problems. Out of 35 farms with chemical injection device, 27 farms 

use acid treatments, mainly in the form of phosphoric acid, which is 

also used as a fertilizer ( adds phosphate to the root zone). 

Phosphoric acid has been applied successililly through trickle 

irrigation systems and causes no precipitation or clogging of 

emitters even when the irrigation water is relatively high in 

bicarbonate plus calcium and magnesium. Because phosphoric acid 

will form insoluble precipitates and keep the pH low enough. 

4-Emitters. The most widely used emitter types are: GR 

driplines ( 40%), Katif point source emitter ( 25%), and E2 point 

source emitter ( 20%). Most of the GR and E2 in the market are 

locally made, while Katif is totally imported. 

5—Valves. Valves form an integral part of drip irrigation 

systems. The nature of the valving for a given installation will 

depend on the level of automation, degree of pressure regulation, 

and number of set required. Several types of automatic, manual, 
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check and air release valves are used in drip systems. Check valves 

are normally used only at the pump station and particularly when 

pumping out of a sump or deep well. Air release and vacuum relief 

valves are located at high points or mains, submains, and laterals. 

Air release valves are generally placed at high points in mainlines, 

submains, and pump stations. They release entrapped air on 

system start up, and allow air to enter the pipeline under conditions 

of negative pressure. Check valves are used to prevent unwanted 

flow reversal. They are used to prevent possibly damaging 

backflow through a pump, to prevent pump suction lines from 

draining ( cause loss of "prime"), or to protect water supplies 

against contamination. Pressure relief valves are used to relieve 

excessive pressure surges. They are usually spring loaded and set 

to open above the operating pressure. Flushing valves are usually 

hand—operated and on the end of a line for flushing out dirt and 

debris. Pressure regulators are installed to keep a constant pressure 

regardless of whether the pipelines go up or downhill. Pressure 

gauges are used to indicate the pressure at the pump or at the 

begitming and the end of filters and lateral hues to check the 

pressure loss. Flow meter offers the farmer an unprecedented 

degree of control over his water and power costs, and over the 

growing conditions of his crop. To take full advantage of this 

ability to control the irrigation system, it is necessary to have useful 

feedback information on flow rates and total water applied during a 

given tinie period. Accurate flow rate information is also 

indispensable for the analysis of crop response to water and 

nutrients, and for monitoring the continuing peiforniance of the 
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irrigation system. A good quality system flow meter is therefore an 

essential part of a well designed irrigation system. 

Out of 52 farms with drip irrigation, 28.8% use air release 

valve, 40.4% use check valve, 26.9% use flow meter, 67.9% use 

flushing valve, 13.5% use pressure regulator, 15.4% use pressure 

relief valve, and 59.6% use pressure gauges. 

SUMMARY 

Irrigation technical survey was conducted to study the 

present status of water source, pump stations, and irrigation 

systems in the four areas of study. Thirty three percent of the 

responding farmers agree that the insufficient water is the most 

predominant problem through the water source, while this percent 

reaches 43.6% in South Talrir and Bostan.. Costly spare parts, fuel 

and electricity, and maintenance and repair are the common 

problems with pump stations for more than 85 % of the responding 

farmers, while unavailability of skilled technicians was a problem 

for 71 .4 percent. Most of the farmers ( 90%) felt electricity was 

very costly and beyond the purchasing capacity of the common 

farmer without capital subsidy. The sprinkler irrigation systems 

were less thai 10 years old in Bostan area. However, 90% of the 

sprinkler systems exceeded the expected life (15 years of age ) in 

South Tahrir. About 56.1% of the responding farmers stated having 

problems with hand—move systems, all of them located in south 

Tahrir.Operating at too low a pressure is common problem on 72 

% of the hand-move sprinkler systems. 
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The more logical explanation for operating at low pressure 

lies in the exceptionally high level of water losses from the 

irrigation hydrants ( common problem on 42 % of the systems ). In 

addition, 36 % of the respoiiding farmers attributed the low 

pressure to the illegally surface irrigation practice. Low pressures 

also increase droplet size which cause physical damage to plants ( 

common problem for 64 % of the responding fanners ). The hand- 

move sprinkler has high labor requirements ( common problem for 

53 % of the responding farmers). 

Of the 52 fanns with drip irrigation systems, 36 farms only had 

filtration systems. Sand filters were not used in 50% of the cases in Bostan 

and South Tahrir though the water source contained silt and algae (Nile 

water). However, screen filters were used in most of the cases (94%). 

Chemical fertilizers were not applied through the drip systems in 29.2% of 

the total fanns and it reaches 44.5% of the farms in Sadat and Bustan, 

while in Wadi-Natron, the fertilizer injection devices are common. Among 

the injection devices used fertilizer tankwas the most (85.7%) common. 

Out of 35 farms using chemical injection devices, 27 farms use acid 

treatments, mainly in the form of phosphoric acid, which is also used as a 

fertilizer. Out of 52 fanns with drip irrigation, 28.8% use air release valve, 

40.4% use check valve, 26.9% use flow meter, 67.9% use flushing valve, 

13.5% use pressure regulator, 15.4% use pressure relief valve, and 59.6% 

use pressure gauges. Therefore, large percentage of drip irrigation systems 

are loosing the essential parts of a well designed irrigation systems. 
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IV. The Social Aspects of Desert Irrigation in the New Lands 

I In trod uction: 

It planned in the first stage of this research to investigate the 
social aspects of irrigation through the application of a sample survey on 
the holders of desert lands. rj.j is to explore the possible relations 
between these aspects and the efficiency of using water and irrigation 
systems there. Man and his behavior are considered from among the 

important determinant factors for such efficiency. Experience of holders 
with technical aspects of irrigation, their approach to acquire needed 
knowledge and their altitudes towards using water and related irrigation 
systems are some of the social aspects to be clarified in such situations. 
Facts about these aspects could be very informative in the interpretation 
of the relationships between these social factors and present situation of 

efficiency of irrigation of desert lands. Meanwhile such findings could be 
used in projection of the potential changes in irrigation ci hcicncy and 
assessing the applicability of certain irrigation practices and related 
trainning, extension and maintenance programs in future, given the 
continuity of present conditions. 

Nevertheless, in the light of the main objectives of the social 
component of study a specific methodology was adopted (First progress 
report, Nov. 1 994, pp. 35—38). This is to use the sample survey to afford 
needed information al)out variables that have the potential of having 
relationships with the irrigation in desert lands. 

Secondary data about holders of lands in the four areas selected ftr 
this sttidy South Tahrir, Al—Sadat agricultural zone, Wadi Al—Nairon, and 
Al—Rostan were collected to portray the population of this study. A quota 
stratified random sample of' 1 09 holders was drawn accordingly. 

In the social survey interest was directed towards the exploration of 

sample socio—economic characteristics, the systems of irrigation in use, the 
knowledge level about sprinkler and drip irrigation as the most prevailing 
modern techniques, the attitudes towards water and irrigation practices 
applied, and some other aspects related to the social organization of 
community that are likely to be linked with irrigation. A specific 
questionnaire was designed to collect the field data from the di-awn 

sample. A final version of a pretested and l)recOdIed questionnaire was 

applied to the sample by enumerators trained lbr this l)tlrPose. 



Preliminary analysis of data took place after the data verification. 
1-lowever in this report of the social survey only the main findings are 

presented. A detailed report about the results of the social survey vill 
follow by the end of research project. 

2. Distribution of the Sample Study 

Sample was selected from among all the farm holders in the four 

regions of the newly reclaimed lands South Tahrir, Al-Sadat City 
agricultural zone, Albostan and Wadi Alnatron. Based on the secondary 
data collected about the number of land holders and their holding size in 
each of the above mentioned regions a quota stratified random sample was 
selected. About 120 holders were interviewed during the period of field 
data collection. Due to the uncooperative attitudes of some interviewees 
and the false or ambigious responses of some others only 11 2 interviews 
were completed. Yet, after the verification of data only 1 09 questionnaires 
were accepted and processed for statistical analysis. 

Depending on the descriptive statistics of the data and sonic 
preliminary statisttical analysis a review of some of the main findings are 
presented in this report. However, distribution of the sample by the region 
of residency, the farm holding size, the type of irrigation system(s) used in 
the farm, and some other social demographic characteristics are shown in 
the following section. 

a) Distribution of the sample by region of residency: 

Distribution of the sample according to the area of study is shown in 
table (I) below. 

Table (1) Distribution of the Sample by the Area of Study 

Region South Talirir Al-Sadat Wadi Alnatron Albostan Total 

NO. % NO. % NO. % NO. % NO. % 

Total 39 35.8 20 18.3 20 18.3 30 27.5 109 100. 
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The highest percentage of the sample (35.8%) was selected from 
South Tahrir where the bulk of them have settled there since the fifties and 
the sixties. However, they represent more than one category of settlers 
small holders, old graduates and investors. The second higher sub-sample 
is that of Al-bostan (27.5%) which represents only the new graduates who 
have been resettled in this area relatively recently. The other two sub- 

samples in Al-Sadat and Wadi Al-Natron are equal (1 8.3%). They 
represent only investors who most of them started their productive 
activities recently. Yet this category itself is not homogenous. It includes 
holders of different occupational background. They mostly delegate some 
other fulitime manager to take care of the daily productive process in their 
farms. 

b) Distribution of the Sample by farm holding size 

Following is the distribution of the sample of study according to the 
categories of farm holding size. Due to the specific tenure system applied 
in the newly reclaimed lands, land holdings less than 3 leddans except that 
resulted from application of the inheritance system arc rare. l-lence, the 
categories of farm holding size were classified into six intervals; less than 
5 feddans, 5 to less than 1 0, 1 0 to less than 20, 20 to less than 50, 50 to 
less than 100, and finally 100 and more feddans. Table (2) shows the 
sample distribution according to the above mentioned categories. 

Table (2) Distribution of the Sample by farm holding size (fed.) 

Size 

(fed.) 

>5 5- 10- 20- 50- 100+ Total 
NO. % NO. % NO. % NO. % NO. % NO. % NO % 

Total 15 13.8 32 29.3 21 9.3 19 7.4 9 8.3 13 1.9 09 100 

The highest percentage of farm holding size is that of the second 
category (5 to less than 1 0) feddans which represents 29.3% of the whole 

sample. ['hen ranked second the category of 1 0 to less than 20 feddans. 
The least percentage (8.3%) was that of the category of SO to less than 100 
feddans. This means that the majority of sample (62.4%) have farms with 
size less than ffity feddans. 
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c) Distribution of the Sample by Irrigation System(s) 

Distribution of the sample according to the irrigation system(s) used 
in their farms is shown in table (3). 

Table (3) Distribution of the Sample by Irrigation System(s) 

Irrig. 

System 

Sprink Drip. Surface Sprink & Drip Mixed Total 

No % No % No % No % No % No % 

Total 44 40.4 23 21.1 15 13.8 16 14.7 11 0.1 109 00.1 

The highest percentage of irrigation system adopted as the sole 
system used by the sample was that of the sprinkler irrigation (40.4%). 
Drip irrigation is applied solely in only 21 . I % of the farms. Yet both 
sprinkler and drip irrigation systems are used in 14.7% of the cases. 
1-lowever surface irrigation is used only in 13.8% of the cases. Mixed 
systems of irrigation are used by the same farmer in only 1 0. 1 % of the 
cases. This means that more than three fourthes of the sample of study 
applys one or more of the modern irrigation techniques in their farms. 

Testing the difference of distribution of the subsamples of the four 

regions of study according to the different systems of irrigation using chi2 

technique of analysis showed very high significant differences as presented 

in table (8). For instance in South Tahrir 56.4% of the sub-sample uses 

sprinkler irrigation while 28.2% uses surface irrigation which is the highest 

among all regions . In Sadat region half of the sub-sample uses drip 

irrigation, 30% uses mix of the three systems of irrigation and 1 5% uses 

both sprinkler and drip irrigation . In Wadi Al—Natron 40% of the sub- 

sample uses drip irrigation, 35% uses both sprinkler and drip irrigation 

while 15% uses surface irrigation . In Al-Bostan area the majority (73,3%) 

uses sprinkler irrigation while 20% uses both sprinkler and drip irrigation 

There is no surface irrigation in any case in this region as in contrary to the 
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case in South Tahrir Holders in this region are only graduates while in 

South Tahrir there are a lot of resettled small holders 

Obviously the highest percentage of those who are using modern 

techniques of irrigation exists in Bostan area, then Wadi Al- Natron area 

Sadat area and lastly in the South Tahrir area. 

Table (4) Distribution of the Sample in Areas of Study by Type ol 

Irrigation System 

Irrig. 

System 

S. Talirir Sadat W.Natron Bostati Total 

No % No % No % No % No % 

Sprink. 

Drip 

Surface 

Sp.&Drip 

Mixed 

22 

3 

II 

- 

3 

56.4 

7.7 

28.2 

- 

7.7 

- 

10 

1 

3 

6 

- 

50 

5.0 

15.0 

30 

- 

8 

3 

7 

2 

- 

40 

15.0 

35.0 

10 

22 

2 

-- 

6 

-- 

73.3 

6.7 

— 

20 

-- 

44 

23 

15 

16 

11 

40.4 

21.1 

13.8 

14.7 

10. I 

Total 39 100 20 100 20 100 30 100 109 100 

chi2=78.511** df= 12 Prob.=8.07E- 12 V0.49 

3. The Main Social Demographic Characteristics of Sample 

a) Sample Distribution by Age : Table (5) presents the 

distribution of the sample of study by age. The age categories were set as 

25 to 35 years, 36 to 40, 41 to 45, 46 to 50, 51 to 55, 56 to 60 and 61 

years and more. 
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Table (5) Sample Distribution by Age 

Age category No. % 

25-35 33 30.3 

36-40 9 8.2 

41-45 21 19.3 

46-50 15 13.8 

51-55 11 10.1 

56-60 tO 9.1 

61+ 10 9.1 

Total 109 99.9 

In the above mentioned table it was found the highest percentage was that 
of the young category who were less than 36 years old. It represents 30.3 
% of the sample . The second highest category was that of the farm 
holders who were between 41 and 45 years old (19.3%) . Those who were 
between 46 and 50 years represented 13.8% of the sample 

b) Sampk Distribution by marital status : Table (6) shows that 
93% of the sample are married . Yet , in Boston and Wadi El - Natron 
areas this percentage is less than the average at the sample level . This is 
due to the relatively new settlement of graduates in Boston and the new 
investments started recently in W. Natroii area 

Table (6) Distribution of the sample in the Areas of study by Marital 
S talus 

Marital 
Status 

S. Tahrir Sadat W. Nation Bostan Total 
No. % No. % No. % No. % No. % 

Single 
Married 

1 

38 
2.6 

97.4 

- 

20 

- 
100 

1 

19 
5.0 

95.0 
2 

28 
6.7 

93.3 
4 

105 
3.7 
96.3 

Total 39 100 20 100 20 100 30 100 109 100 
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c) Sample Distribution by Educational Status Table (7) presents the 
distribution of sample by their educational status in cacti of the regions of 
study. 

Table (7) Distribution of the sample in tile Areas of study by Educational 
status 

Education level South Tahrir Sadat W. N. Bostan Total 
No. % N % No. % No. % No. % 

Iliterate 
ead&write 
lementary 
reparatory, 
econdary 
igh Tech. 

niversity 
raduate Studies 

6 
6 
2 
I 

9 
1 

12 
2 

15.4 
15.4 
5.1 
2.6 

23.1 
2.6 

30.8 
5.1 

6 
1 

2 
- 

2 
1 

6 
2 

30 
5 

10 
- 

10 

5 
30 
10 

- 
3 
2 
- 
- 
- 

11 

4 

- 

15 

10 
- 
- 
- 

55 
20 

- 
- 
- 
- 

20 
20 
8 
- 

- 
- 
- 
- 

66.7 
6.6 

26.7 
- 

12 
10 
6 
1 

31 
4 

37 
8 

11 

9.2 
5.5 
0.9 

28.4 
3.7 

33.9 
7.4 

Total 39 100 20 100 20 100 30 100 109 100 

From the above table it was found that only 11 % of the whole sample al-c 

illiterate, 9.2% read and write while the others have got formal education 
that vary widely . Those who have only elementary or preparatory 
education were 5.5% and 0.9% of the sample respectively. 

Distribution of the sample according to their educational status and region 
of residency shows that those who are illiterate or read and write only 
represent 35% of the sub—sample in Sadat , 30.8% in South Tahrir and 
I 5% in Wadi Al— Natron. Yet those who have got only elementary or 
preparatory education represent about 1 0% in each of the Sadat and Wadi 
Al - Natron areas and 7.7% in South Tahrir. The percentage of those who 
have got medium education represent 73.3% in Albostan, 25.7% in South 
Tahrir aiid 1 5% in Sadat areas . However those who have got University 
or higher education represent 75% of the sample in Wadi Al - Natron 
40% in Sadat , 35.9% in South Tahrir and only 26.7% in Al- hostan area. 
Distribution of the two subsample in South Tahrir and Sadat areas seem 
relatively similar to each other than that in Al — Bostan and Wadi Al— 

Natron . The later areas where all holders are investors they seem to have 
ill average higher education than in the former ones 

d) Sample Distribution by Type of Education: Table (8) presents the 
distribution of holders who got formal education higher than preparatory 
according to the type of their education whether agricultural or iion- 
agricultural. 
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Table (8) Distribution of the sample in the Areas of study by type of 
Education 

Type of 
Education 

S. Tahrir Sadat W. Natron Bostan Total 
No. % No. % No. % No. No. 

Agric. 
Non-gric. 

Total 

13 54.2 
11 45.8 
39 100 

2 18.2 
9 81.8 

20 100 

3 20 
12 80 

29 100 

7 23.3 
23 67.7 

30 100 

25 31.25 
55 68.75 

100 100 

It is shown from the above mentioned table that the highest percentage of 
those who have agricultural educational background is that of the South 
Tahrir holders (54.2%). Bostan area has relatively the second higher 
percentage of holders with agricultural educational background (23.3%) 
though it is far less than the counter rate in Tahrir. The other counter 
percentages in Wadi Al-Natron and Al-Sadat are rather less. rfhey are 20% 
and 18.2% respectively. 

4. Attitudes of Holders of Desert Land Towards Water tJse and 

Irrigation Practices 

Introduction: 

Attitudes are considered important aspects of personality that reflect 

the action tendency of a person towards all various objects in his life in 

future situations. These objects could be persons, social or economic 

situations, specific agricultural practices or any other thing. Attitudes are 

related to all aspects of life. They show the preference patterns of behavior 

of specific individual or group in a very wide area of human activities. 

Attitudes are composed of the person's cognition, his feelings and action 

tendencies developed through his past experience whether acquired by 

practice or transmission by some other means. They could be seen as 

relatively stable interrelated systems of the above mentioned three 

components. 
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F-lence, an attitude scale related to the various aspects of rational use 

of water in irrigation and the applied irrigation practices was designed and 

pretested. The scale is constructed from 29 items that cover all the above 

mentioned three components and seven dimensions cultural value of 

water, economic value of water, information aspects of available water 

resources, on-farm water management, applied irrigation practices, 

willingness to share in responsibility of rational use of water and 

experiences needed in the irrigation process. About 38% of the items were 

formulated in passive form to reflect the action tendency component of the 

scale. Table ( 9 ) below presents the component structure of the applied 

attitudes scale. 

Table (9 ) 
Component Structure of the Attitudes Scale 

Type of 
item 

Di m e ii s 1 o ii Total 

Cultural Economic Informa— 
lion 

On Farm 
Water 

Manag 

Irrigation 
Practices 

Parti— 

cipation 
— 

Item No. 

Experience in 

Irrigation 

Item No. Iteii No. Item No, 1tei No. l1eii No. Item No. No. 
Positive 12 1 7& 

17 
2 6 1 13, 

15, 
16& 
25 

4 9, 
10, 
ll& 
29 

4 2.5. 
20& 
21 

4 24 
& 
27 

2 18 

Negative I I 19 1 3 1 14& 
26 

2 8& 
18 

2 4 1 22, 
23& 
28 

3 11 

Total 2 3 2 6 6 5 5 29 

The scale was designed using the Liked pattern of attitude scales. 

This is to locate the response to each item on a five point continuum starts 

with "strongly agree" to "strongly disagree" on the statement. Responses 

to each item ranked between 5 to I for the positive statements and vise 

versa for the negative statements respectively. Thus each respondent total 

score ranged between 29 and 145 . Accordingly live categories of attitude 
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were identified; highly positive (123-145), positive (1 00-1 22), neutral (77- 

99), negative (53-76) and highly negative (less than 53). 

Analysis of data took into consideration testing the relationship 

between the attitudes of holders towards water use and irrigation practices 

and three main variables; the region of residency where the farm is 

located, the farm holding size, and the kind of irngation system(s) iii use in 

the farm . Following are the results of this aiialysis 

2. Attitudes of farmers in the various regions of study 

The average value of attitudes and its standard deviation were 

calculated for each of the four subsampics of South Tahrir, Sadat , Wadi 

Al— Natron and Al— Bostan regions . Results are shown in the tabic (I 0) 

below. 

Table (10) Average values of farmers' attitudes towards water and 

irrigation practices by region of residency 

Region Mean Std. Dev. Cases 

S.Tahrir 

Sadat 

W. Natron 

Bostan 

112.05 

106.95 

111.55 

116.77 

11.90 

8.49 

13.39 

8.74 

39 

20 

20 

30 

Total 112.32 11.21 109 

Figures in the above table show that the average value of attitudes for the 

whole sample is 112.32 which is positive with standard deviation 11 .2 1 

The averages of attitudes of all subsaniples are positive and ranged 
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between 106.95 in Sadat region and up to 116.77 in Bostan region . The 

averages in South Tahrir and Wadi Al- Natron are very near to each other 

with the values of 112.05 and 111.55 respectively. 1-lowever, the average 

values of attitudes in the other two areas are highly different. They are 

106.95 in Sadat and 116.77 in Bostan areas. Standard deviations for the 

extreme averages of Sadat (8.49) and Bostaii (8.74) are so close and less 

thaii that of the other two areas of South Tahrir (II .9) and Wadi Alnatron 

(13.39). This shows rather stable attitudes among the farmers in both 

Sadat and Bostan which denotes to some real reasons for the differences 

between the farmers of these two areas. 

Analysis of variance was applied on the above mentioned data . It 

revealed a significant difference among the average attitudes towards 

water for the four regional subsamples at a 0.021 9 level of significance as 

it is shown in the following ANOVA table (II) 

Table (11) ANOVA for the Attitudes Towards 

Water in the Four Regions of Study 

Source D.F Sum of 

Squares 

Mean 

Squares 

F 

Ratio 

F 

Prob. 

Between Group 

Within Group 

Total 

3 

105 

108 

1184.60 

12377.16 

13561.76 

394.87 

117.88 

3.35 0.0219 

The above mentioned significant differences among the holders' 

attitudes towards water could be partially attributed to the distinctive 

characteristics of settlers more dominant in each area . All settlers in 

Bostan are new graduates while they are mostly small investors with 
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variable background in Sadat and Wadi Al-Natron. Yet, South Tahrir is 

characterized by a wide variety of sett1ers small holders, old graduates, 

and recently small investors. However, the situation in l3ostan and South 

Tahrir areas, where attitudes are relatively high, is characterized by a wide 

application of the sprinkler irrigation. About 73.3% and 56.4% of the sub- 

samples in these two areas use sprinkler irrigation respectively. 

3. Attitudes towards water among the various land holders' 

categories of farm size 

Average values of the holders' attitudes were calculated for all 

categories of farm holding size. Means and standard deviations of' the 

attitudes for all categories are shown in table (12) below 

Table (12 ) Average values of attitudes by farm holding size categories 

Holding Size Mean Std. Dev. No. of Cases 

>5 106.53 9.04 15 

5- 115.63 10.62 32 

10- 111.33 14.58 15 

15- 110.00 4.86 6 

20- 112.26 10.50 19 

50- 110.33 7.55 9 

100+ 114.54 14.10 13 

Total 112.32 11.21 109 

it is shown from the table above that all categories have positive 

attitudes towards water ranged between 106.5 and 115.6 on the scale. 

Distribution of all categories spread over a range of 9 degrees difference 

It is obvious that the least average is that of the less than 5 feddans 
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category where they are mostly old settlers having low educational 

background. Yet, the highest average is that of the category of five to less 

than ten feddans which mostly represent the new university graduates. 

Dispersion for all categories ranged between 4.9 and 1 4.6. 

Analysis of variance was applied to the data related to the mean 

values of attitudes of the various categories of farm holding size . ANOVA 

table (13) is shown below. 

Table (13) ANOVA of the average attitudes towards water 

for farn holding size categories 

Source D.F. Sum of 

Squares 

Mean 

Squares 

F 

Ratio 

F 

Prob. 

Between Group 

Within Group 

Total 

6 

102 

108 

998.28 

12563.48 

13561.76 

166.38 

123.1714 

1.35 0.24 

Analysis showed that there is no significant difference among the 

various categories of holding size concerning their attitudes towards water. 

4. Attitudes towards water among land holders according to their 

irrigation systems 

Average values of farmers' attitudes were calculated for all 

categories of farmers classified according to the irrigation systems they use 

Means of the attitudes of the farmers classified into five categories 

sprinkler only , drip only , surface only , sprinkler and drip together and 

surface and drip together are shown in table (14) below 
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Table (14 ) Average Values of Attitudes by Irrigation System 

Iriigation system Mean St. Dev. Cases 

Spunk. 115.66 8.77 44 

Drip 108.35 9.28 23 

Suthce 103.00 10.09 15 

Sprink.&Drip 118.12 13.9 17 

Drip & Surface 110.90 11.05 10 

Total 112.32 11.21 109 

It was found that all categories have positive attitudes towards 

water . Yet their means are dispersed on a relatively wide range extends 

from 1 03 to 11 8. 1. The data showed that those who use both drip and 

sprinkler irrigation systems together have relatively the highest positive 

attitudes (11 8. 1) among all users of all different irrigation systems . The 

users of sprinkler irrigation system alone come next (11 5.7) then the users 

of both drip and surface systems together (110.9). The users of drip 

irrigation system alone come fourth (108.3) while the users of surface 

irrigation have the lowest attitudes towards water (103). 

Application of ANOVA to the above mentioned data is presented in 

table (15) below. 
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Table (15 ) ANOVA of the attitudes towards water 

for users of different irrigation systems 

Source D.F. Sum of 

Squares 

Mean Squares F 

Ratio 

F 

Prob. 

Between Group 

Within Group 

Total 

4 

104 

108 

2747.99 

10813.77 

13561.76 

687.00 

103.90 

6.607 0.000 I 

Analysis of variance of the data showed a very high significant 

difference among the attitudes of the five categories of users of the various 

irrigation systems. 

These results seem very logical . Those who invest high capital in 

establishment of two modern systems of irrigation together have high 

costs of using water. Thus they estimate the value of water accordingly 

Yet, on the contrary, the users of surface irrigation who do not cost the 

water they use much, estimate the water itself accordingly 

Though all farmers categories have positive attitudes towards water 

the significant differences of their attitudes towards water and the 

irrigation practices could be attributed to the costs they pay and the 

knowledge background for using specific irrigation techique. Hence it 

seems logical to conclude that there is a positive relationship between the 

farmers' attitudes towards irrigation water and the investments they 

allocate to cover the costs of water they use. Meanwhile the users of 

modern irrigation techniques should have more knowledge about the pros 

and cons of each irrigation technique and related infromation to decide to 

cost their irrigation more than the useres of surface irrigation. 
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5- Analysis of the Relationship Between Some Attitude Components 
and Area of Study, Education Level, and the Irrigation System 
tJsed 

The following is the analysis of the relationship between each of the 

three components of the attitude namely; the estimation of the economic 

value of water, the willingness to share costs of irrigation public works, 

and the preference of landholders to using modern irrigation systems in 

relation to area, the level of education and the type of irrigation system 

used. 

a) Landholders Estimation of the Economic Value of Water 

Measurement of the estimation of the economic value of water was 

undertaking using a three items scale. The range of scale was between 3 

and 15. Table (16) presents the distribution of the sample by the area of 

study and the economic value of water. 

Table (16) 
Distribution of the Sample by Estimation of 

Economic Value of Water and Area of Study 

A rca 
Category South 

Talirir 
Al-Sadat Wadi 

Aliiatron 
Albostan Total 

No % No % No % No % No % 
5- 0 0 0 0 2 10 0 0 2 1.8 
8- 2 5.1 5 25 4 20 2 6.7 13 11.9 
II- 18 46.2 10 50 9 45 14 46.7 51 46.8 
14- 15 19 48.7 5 25 5 25 14 46.7 43 39.5 
Total 39 100 20 100 20 100 30 100 109 100. 

Chi2 = 18.49 D.F. 9 Prob. = 0.0299 

The range of scale was classified into four categories; low (<8) 

medium (8 to 10), high (II to 13) and very high(14 to 15). The 

distribution shows that niore than 70% of the landholders of each area 

97 



have high to very high estimation of the economic value of water. More 

the 86% of the sample interviewed fall in this category. The above 

categories showed some differences which were found significant at 0.03 

using Chi2. Those who have high to very high economic value of water 

represent 94.9% in South Talirir and 93.4% in Bustan areas. Landholders 

of these two areas include young and old graduates and small holder who 

have agricultural background through education or practice. Landholder of 

Sadat City and Wadi El-Natrun area have 75% and 78% of those with high 

to very high economic value of water. Settler of these two areas are 

mainly small investors with variable background and less agricultural 

education. 

These results suggest that the estimation of the economic value of 

water is high among desert landholders and is higher at those of agriculture 

education. Yet this does not reflect the approval of direct water pricing 

which was refused by all categories during the pretest of the questionnaire. 

Table (17) represents the distribution of sample by the education status 

and estimation of the economic value of water. The percentage of those 

who have high to very high estimation for the economic value of water 

was 91.4% of the holder of medium education, about 80% for the 

university graduate but only 70% for those who read and write. Testing 

the difference of distribution, however, show that the relationship is 

insignificant using Chi2. It was noticed, however, that those who have 

less education tend generally to have low estimation of the economic value 

of water. 
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Table (17) 
1)istribution of the Sample by estimation of 

Economic Value of Water and Educational Status 

Educational Status 

Category Illiterate Read& Write Basic Ed. Medium Ed. Univer. Ed. Total 

No % No % No % No % No % No % 
5- 

0 0 0 0 0 0 0 0 2 0 2 1.8 

8- 
2 16.7 3 30 1 14.3 3 8.6 4 8.9 13 11.9 

11— 

5 41.7 4 40 5 71.4 16 45.7 21 46.7 51 46.8 

14- 15 
5 41.7 3 30 1 14.3 16 40.0 18 40.0 43 39.5 

Total 12 100 10 100 7 100 35 100 45 100 109 100 

Chi2 9.320 D.F.= 12 Prob. 0.6754 

b) Landholders' willingness to share cost of irrigation public 
works. 

Table (1 8) shows the sample distribution by the area of study and 

willingness to share cost of irrigation public works. This willingness was 

measured on a continuum ranging between 5 and 25 degree. The 

dategories of willingness were; low (5-10), medium (11-15), high (16-20) 

and very high (2 1-25). On the basis of the whole survey sample, 83.4% of 

the interviewed landholder have high to very high willingness to share cost 

of the irrigation works. Testing the difference of distribution of the 

subsamples using Chi2, it was found to be significant at the level of 0.05. 
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Table (18) 
Distribution of the Sample by Willingness to share in 

the Costs of Irrigation public Works and area of study 

Area 

Category 
South Tahrir Al-Sadat Wadi Alnatron Albostan Total 
No. % No. % No. % No. % No. % 

5- 1 2.6 0 0 3 15 0 0 4 3.7 
II - 6 15.4 2 10 5 25 1 3.3 14 12.8 
16- 22 56.4 13 65 8 40 17 56.7 60 55.0 
21-25 10 25.6 5 25 4 20 12 40 31 28.4 

Total 39 100 20 100 20 100 30 100 109 100. 

Chi2 = 17.008 D.F.= 9 Prob. = 0.0486 

Those who have high to very high willingness represent 96.7% in Bustan 

area, 90% in Sadat area, 82% in Tahrir and only 60% in Wadi El-Natrun 

area. Land holders of Wadi El-Natrun are investors relying totally on 

groundwater and therefore they have the lowest willingness to share cost 

of irrigation works, since they do not benefit from public irrigation works. 

The situation in Bustan is different since they all use Nile water and 

benefit directly from irrigation works. The relatively lower percentage of 

willingness in Tahrir is probably due to high percentage of small holders 

with low education background and using flood irrigation which affect 

their awareness of the benefit of such irrigation public works. This is 

beside the long history of reliance on state and public authorities in 

providing these farmers with all its needs free of charge. The high 

percentage of willingness in Sadat City is probably due to their hope of 

having Nile water reaching their lands since they have been trying to 

convince the authorities to dig a canal through the area to prevent the 

groundwater wells from falling dry. 

The relationship between the willingness to share such costs and the 

level of education of the landholders is presented in table (19). The 
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percentage of those having to very high willingness of sharing such 

costs ranges between 60% of the holder who just read and write to 95.2% 

Table (19) 
Distribution of the Sample by Willingness to share in 

the Costs of Irrigation Public Works and Educational Status 

Educational Status 

Category Illiterate Read & Write Basic Ed. Medium Ed. Univer. Ed. Total 

No % No % No % No % No % No % 

5- 
0 0 1 10 0 0 0 0 3 6.7 4 3.9 

11- 
2 16.7 3 30 1 14.3 1 2.9 7 5.6 14 12.8 

16- 
7 58.3 5 50 5 71.4 24 68.6 19 2.2 60 55.1 

21- 25 
3 25 1 10 1 14.3 10 26.6 16 5.6 31 28.4 

Total 12 100 10 100 7 100 35 100 45 100 109 tOO 

for those having medium education. The university graduates show less 

willingness to share costs compared to those having medium education. 

Only about 78% of those have high to very high willingness. The 

difference of this distribution was, however, statistically insignificant using 

Chi2. 

Table (20) shows that those who have high to very high willingness 

to share costs represent 90.9% of the users of sprinkler irrigation systems, 

86.7% of those using surface irrigation, 81 .8% of the users of mixed 

irrigation systems, 75% of the users of drip and sprinkler irrigation 

systems and 74% of the users of drip irrigation systems. The difference 

between these categories was, however, insignificant using Chi square. 

Chi2 = 15.048 D.F.= 12 Prob. = 0.2388 
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The results, however, show that more than 83% of the land holders 

interviewed have high to very high willingness to share costs and at least 

74% of the users of any irrigation system fall in this category. 

Table (20) 
Distribution of the Sample by Willingness to share Costs of Irrigation 

Public Works and Irrigation System(s) used 

Irrigation System 

Category Sprinkler Drip Surface Sprink.&Drip Mixed Total 

No % No % No % No % No % No % 
5- 

0 0 3 13.0 0 0 1 6.2 0 0 4 3.7 

11— 
4 9.! 3 13.0 2 13.3 3 18.8 2 18.2 14 12.8 

16- 
30 68.2 12 52.3 9 60.0 4 25. 5 45.4 60 55.1 

21-25 
10 22.7 5 21.7 4 26.7 8 50 4 36.4 31 28.4 

Total 44 100 23 100 15 100 16 100 11 10.1 109 100 

Chi2 = 17.562 D.F.= 12 Prob. = 0.1297 

c) Preference of Desert Land Holders to Using Modern Irrigation 
Systems: 

The preference to use modern irrigation systems and techniques was 

measured on a scale of six items ranged between 6 and 30. It was classified 

into five categories; very low (6-10), low (11-15), medium (16-20), high 

(2 1-25) and very high (26-30). Table (21) presents the distribution of sample 

by preference in the four areas of study. 
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Table (21) 
Distribution of the Sample by Preference of Modern 

Irrigation Systems and Areas of Study 

Area 

Category South ''ahrir Al-Sadat Wadi Alnatron Albostan Total 
NO. % NO. % NO. % NO. % NO. % 

6- 5 12.8 0 0 2 10 0 0 7 6.4 
11 - 3 7.7 2 10 1 5 1 3.3 7 6.4 
16- 10 25.6 6 30 0 0 1 3.3 17 15.6 
21- 15 38.5 10 50 14 70 21 70 60 55.1 

26-30 6 15.4 2 10 3 15 7 23.3 18 16.5 

Total 39 100 20 100 20 100 30 100 109 100. 

Chi2 = 23.786 D.F.= 12 Prob. = 0.0218 

On the basis of the whole sample interviewed 71 .6% have high to 

very high preference to using modem irrigation systems and techniques. 

Difference between areas was found significant at 0.02 level using Chi 

square. Those who have high to very high preference represent 93.3% of 

the land holders in Bustan area, 85% in Wadi Al-natron, 60% in Sadat and 

only 53.9% in Tahrir. This trend seems to be in accordance with the 

diversity of irrigation systems in use in these areas. In Bostan only 

sprinkler and drip irrigation systems are used. In Wadi AL-Natron drip 

irrigation is the dominant system used. In Tahrir and Sadat flood irrigation 

is practiced along with other systems of irrigation. This means that the 

direct experience with modern irrigation system beside the availability of 

alternatives strongly affect the preference of land holders to use these 

modem systems and techniques. 

The relation between the level of education and the preference to 

modem irrigation systems and techniques is illustrated in table (22) 
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Table (22) 
1)istribution of the Sample by Preference of Modern Irrigation 

Systems and Educational Status ______ 

Educational Status 

Category Illiterate Read & Write Basic Ed. Medium Ed. Univer. Ed. Total 

No % No % No % No % No % No % 
6- 

3 2.5 1 10 2 28.6 1 2.9 0 0 7 6.4 

11— 
2 16.7 1 10 1 14.3 1 2.9 1 2.2 6 5.5 

16- 
4 33.3 I 10 2 28.6 4 11.4 7 15.6 18 16.5 

21- 
3 25 5 50 2 28.6 23 65.7 27 60.0 60 55.1 

26- 30 
0 0 2 20 0 0 6 17.1 10 22.2 18 16.5 

Total 12 100 10 100 7 100 35 100 45 100 109 100 

Chi2 = 32.408 D.F.= 16 Prob. = 8.844E-03 

The percentage of those having high to very high preference to using 

modern irrigation systems and techniques represent 82.8% of landholders 

having medium education, 82.2% of the university graduates and only 25% 

of the illiterates. The difference of distribution was found significant at 

0.0088 level using Chi2. It could be concluded that there is a positive 

trend of relationship between the educational status and the preference of 

us i tig modern irrigation systems and technique. 

The preference of various landholder using specific irrigation system 

to using modern irrigation systems and techniques is illustrated in table 

(23). 
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Table (23) 
Distribution of the Sample by Preference of Modern Irrigation 

Systems and used Irrigation System(s) 

Irrigation System 

Category Sprinkler Drip Surface Sprink. & Drip Mixed Total 

No % No % No % No % No % No % 

6- 
0 0 0 0 7 46.7 0 0 0 0 7 6.4 

11— 
2 4.6 1 4.3 3 20.0 0 0 0 0 6 5.5 

16- 
6 13.6 2 8.7 4 26.7 2 12.5 4 36.4 18 16.5 

21- 
30 68.2 17 73.9 0 0 7 43.8 6 54.5 60 55.1 

26- 30 
6 13.6 3 13.1 1 6.7 7 43.8 1 9.1 18 16.5 

Total 44 100 23 100 15 100 16 100 11 100 109 100 

Chi2 =76.315 D.F.= 16 Prob. = 7.638E-1O 

It was found that the users of drip systems and the users of sprinkler and 

drip systems together have the highest percentages of the categories of 

high and very high Preference. They were 87% and 87.6% respectively. 

The users of sprinkler systems came third with 81 .8%, while the users of 

mixed systems canie fourth with 63.6%. Users of surface irrigation came 

far behind with 6.7% only. Testing these differences of the distribution 

using Chi2 was found very highly significant at (7.638 E-1O) level. The 

conclusion is clear that practical experience with any irrigation system 

affects and is highly correlated with the preference of modem irrigation 

systems and techniques. 
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6. The Sample Knowledge Levels of Modern Irrigation Techniques 

In this section interest will be directed towards the assessment of the 
technical knowledge level related to the different aspects of sprinkler and drip 
irrigation techniques separately. Related data were collected from those who 
were using these techniques either solely or in parallel with other techniques 
at the time of data collection. 

a) Technical Knowledge of Sprinkler Irrigation 

The data used in this part were that collected from 60 farmers who 
were using this technique either alone or along with some other systems. 
Table (24) below presents the distribution of this sub-sample by item 
grouping of knowledge scale and the areas of study. 

TABLE(24) 
Sample Distribution by Area of Study and 

Technical Knowledge of Sprinkler Irrigation 

ITEM 
S. Tahrir Sadat 
N =21 N 4 

W. Al- 
Natron 
N=1l 

Bostan 
N =24 

TOTAL 
N == 60 

No % No % No % No % No % 

Manage. (8 110 65.5 19 59.4 44 50 102 53. 
1 

275 57. 
3 

Op. Cond.(3 13 20.6 9 75.0 22 25 43 59. 
7 

87 48. 
3 

Fertigation 
(1) 

12 57.1 2 50 10 90.9 7 29. 
2 

31 51. 
7 

Efficiency(1 20 95.2 4 100 11 100 23 95. 
8 

58 96. 
7 

Labor 

Reg.(l) 
ii 52.4 2 50 00 00 3 12. 

5 

16 26. 
7 

Crop 
Serv.(1) 

I 4.8 1 25 3 27.3 8 33. 
3 

13 21. 
7 

Total(15) 167 53.0 37 55 90 54.5 186 51. 
7 

480 53. 
3 
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It is shown from the above table that the whole sample has relatively 
low level of knowledge with the measured items. The average level was 
found 53.3% for the whole sample while it ranged between 51.7% and 55% 
for the four areas of study. However when this level was measured for each 
group of items it was found very high with the knowledge related to the 
measure of efficiency of sprinkler irrigation system (96.7%). However, the 
level of knowledge was found very low for the items related to labor 
requirements and the crop service advantage of this system. They were found 
26.7% and 21.7% respectively. Average knowledge level with operating 
conditions, fertigation and on farm water management groups of items ranged 
between 48.3% and 57.3%. 

It seems that knowledge level of holders of desert lands with the 
various technical aspects of sprinkler irrigation is low in average. This means 
that there are real training needs that should be satisfied through tailored 
training and extension programs. However, full detailed training needs 
assessment should be undertaken prior to any design or planning of such 
programs . Training needs are not related to technical knowledge only. They 
are also related to the attitudes and skills related to the recommended 
irrigation system. 

b) Technical Knowledge of Drip Irrigation 

Data were collected from the users of drip irrigation whether alone or 
along with some other system. Table (25) presents the distribution of the 
sample by areas of study and the groups of items of technical knowledge with 
drip irrigation. 

The over all average of knowledge level of the sample with the 
technical aspects of drip irrigation was found 67.3%. It is relatively higher 
than that of the users of sprinkler irrigation. It ranged between 65.2% in 
Tahrir and 68.8% in Sadat. 

When these averages were estimated for the groups of items they were 
found very high for advantages of the system for crop service, the costs of the 
system and efficiency measures of the system. They were 93.9%, 87.8% and 
81 .6% respectively. Knowledge level was found moderate with the groups of 
items of advantages of the system, maintenance and the operating conditions 
where they were 76.9%, 72.2% and 71.0% respectively. The groups of other 
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TABLE(25) 
Sample Distribution by Region and 

Technical Knowledge of Drip Irrigation 

ITEM Taliiir 
N=5 

Sadat 
N=19 

W. Alnatroii 
N=19 

Bostan 
N=6 

TOTAL 
N=49 

No % No % No % No % No % 

Mainten. (5) 18 72 71 74.7 65 68.4 23 67. 
7 

177 72.2 

Oper.Cond. 
(5) 

20 80 69 72.6 63 66.3 22 73. 
3 

174 71.0 

Fertigation 
(4) 

10 50 56 73.7 54 71.1 16 66. 
7 

136 69.4 

Manage. 
(3) 

7 46.7 28 49.1 24 42.1 8 44. 
4 

67 45.6 

Advantage 
(3) 

10 66.7 44 77.2 46 80.7 13 72. 
2 

113 76.9 

Weeding 
(2) 

5 50 25 65.8 20 52.6 7 58. 
3 

57 58.2 

Costs 4 80 14 73.7 19 100 6 100 43 87.8 

Labor 2 40 3 15.8 3 15.8 0 0 8 16.3 

Efficiency 5 100 13 68.4 17 89.5 5 83. 

3 

40 81.6 

Pesticide 3 60 12 63.2 11 57.2 4 66. 
7 

30 61.2 

Cr01) Service 4 80 18 94.7 18 94.7 6 100 46 93.9 
Total (27) 88 65.2 353 68.8 340 66.3 110 67. 

9 
891 67.3 

items ranged between 45.6% for the group of on farm water management and 
69.4% for fertigation. The lowest level of knowledge was that related to the 
labor requirements of the system (16.3). 

It could be concluded, in general, that the level of technical knowledge 
with the various aspects of drip irrigation is rather higher than other modern 
irrigation systems due to the characteristics of users and the importance of 
using this system efficiently where water resources are more scarce. This 
system is mostly used in Sadat and Wadi Al-natron areas (see table (8) 
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above) where holders are mostly investors and seek more efficient systems 
regardless of their initial costs. 

c) Irrigation Knowledge Needs: 

Table (26) presents the distribution of the sample by the areas of study 
and their need or not of some knowledge related to irrigation systems and 
practices. 

TABLE ( 26) 
Sample Distribution by Area of Study and 

Irrigation Knowledge Needs 

Response Talirir Sadat W. Alnatron Bostan TOTAL 

No % No % No % No % No % 

Yes 11 28.2 9 45 14 70 20 66.7 54 49.5 
No 28 71.8 111 55 6 30 10 33.3 55 50.5 
TOTAL 39 100 20 100 20 100 30 100 109 100 

In general it was found that about 49.5% of the whole sample were in 
some need of knowledge related to irrigation. The percentage of those who 
were in some need of irrigation knowledge was found the highest in Wadi Al- 
natron (70%), then in Bostan (66.7%), and moderate in Sadat area (45%), 
while it was the least in Tahrir (28.2%). These figures show again that 
characteristics of the holders and their period of practice with farming seem 
influential in determining their need or not of knowledge about irrigation 
systems and practices. The lower proportion of needy holders in Tahrir 
confirm that the long period of practicing farming beside their agricultural 
background whether by practice or education helped them to feel more 
satisfied with their knowledge in irrigation. However this does not mean they 
have the right knowledge they need for their farming conditions. 
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Table (27) presents the distribution of those who were in need of knowledge 
related to irrigation and whether they got the knowledge they need or not. 

TABLE(27) 
Sample Distribution by Area of Study and getting 

Required Knowledge 

Response 
T. S. W.N. B. TOTAL 

No % No % No % No % No % 

Yes 8 72.7 9 100 14 100 18 90 49 90.7 
No 3 7.3 -- 00 -- 00 2 10 5 9.3 

TOTAL 11 100 9 100 14 100 20 100 54 100 

It is shown from the table that the majority of the needy holders (90.8%) have 
got the knowledge they needed. The percentage was the least in Tahrir. Yet, 
it was the highest in Sadat and Wadi Al-natron where settlers are mostly 
investors. This reflects the fact that the wealthy holders can get the 
knowledge they need regardless of the existence or not of extension service in 
the area. 
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V. Economic Evaluation of Crop Production Functions tJnder 

Different Irrigation Systems 

Preface: 

In Egypt, water is considered to be the most important constraint 

which hinders agricultural expansion. Decision makers can no longer plan 

any agricultural expansion without seriously considering the limited supply 

of water provided by the Nile River. Moreover, the demand for water, for 

almost all uses, has risen and is continually rising, to the point that Egypt 

is currently using more than its share of 55.5 billion cubic meters. 

Pressure of rising population, by itself, underscores the need to revitalize 

the agricultural sector. This will definitely possess important implications 

for water use and constitutes a pressing need for the country to maximize 

the returns to this valuable resource in an environmentally sound manner. 

One of the major steps the Egyptian government has taken in recent 

years to increase agricultural production is to reclaim new lands. Land 

reclamation is another major water consumer and promises to become an 

increasingly important component of demand in the near future. 

Originally, this practice has started in the early fifties. The government 

has restarted its land reclamation program in the mid seventies with 

ambitious objectives based on its experience with old new lands (the 

Tahrir area). This interest in reclamation stems mainly from the 

government's need for an outlet to deal with the demands of a growing 
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population.l/ The political and social importance of thisactivity 

explains the government insistence on expanding its reclaiming efforts 

despite of a widespread criticism of the economic costs and high water 

consumption. 

Since 1 952, the government has reclaimed 1 .6 million feddans and 

has lost approximately one million feddans of the old Delta lands to urban 

encroachment during this period. Accordingly, net gains have been 

significantly reduced. Moreover, the productivity on the new lands did not 

meet expectations due to a number of administrative, technical, and natural 

constraints. Of the 900,000 reclaimed feddans between 1 967 and 1 975, 

only 500,000 feddans were farmed, with only 200,000 feddans of that 

reaching submarginal productivity .2/ 

the reasons for this disappointing performance are believed to be 

economic inefficiency combined with some technical bottlenecks. High 

investment cost is the character of land reclamation. In other words, it 

takes an average of ten years before reclaimed lands reach submarginal 

productivity. Not enough attention was paid to irrigation and drainage 

infrastructure. Moreover, 500,000 feddans had to be completely excluded 

from crop rotations because of salination problems in some areas; in other 

areas the water table rose an average of three meters a year.3/ Water 

shortages were common, and the cost of lifting water became an issue, as 

did the problem of an unreliable electricity supply. Egypt's Water Master 

I/Waterbury, J., and Rignall, K. Agriculture and Water Use in Egypt: Policy Task Force 402(e), 
Managing a Vital Resource: Conflict and Cooperation in the Nile Basin. USAID/Cairo, Development 
Information Center. April 29. 1991. 
2/ Barth, H.K., and Shata, A.A., Natural Resources and Problems of Land reclamation in Fgyp 
Wiesbaden: Dr. Ludwig Reichert Verlag, 1987. 
3/ El-Batran, MM. The Impact of Alternative Policies on the Food Gap for Strategic Crops in 

Egypt." Diss. Colorado State University, 1989. 
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Plan predicted future reclamation to require 5,400 cubic meters per feddan, 

while IBRD considered 9,200 cubic meters per feddan more realistic given 

current methods of reclamation.4/ 

The fiscal constraints of the mid seventies as well as the recognized 

inefficiencies in reclamation efforts spurred a reassessment of the 

government's program in the early eighties. With a revised plan based on 

improved planning and more appropriate technology, the government 

hopes to achieve greater economic and water use efficiency in future 

reclamation. 

This report sheds the light on the problem of economic and water- 

use efficiency in the new lands on the micro level. Marginal analysis is 

used through the estimation of crop production functions under different 

irrigation systems. The objective is to assess the role of irrigation water 

for some chosen crops under each system, in addition to testing the 

economic efficiency of the farmers residing in the new lands. More 

specihcally, a quantification of the impact of irrigation water on the level 

oh' agricultural output is made. A random sample of 1 09 farmers (this 

represents the number of farmers who responded) was interviewed during 

the summer and fall of 1995. This sample covers four areas in the new 

lands: South Tahrir, El-Bostan, Wadi-El-Natroun, and El-Sadat. All of 

which are located in El-Beheira governorate. 

4/ Waterbury, J. Riverains and Lacustrines: Toward International Cooperation in the Nile Basin. 
Research program in Development Studies 107. Princeton: Princeton U, Undated. 
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The Production Function Approach:5/ and 6/ 

Knowledge of water response functions constitutes an important set 

of information needed in either private or public decisions on optimal 

water use. Unfortunately, however, yield response functions for water 

have seldom been known before large or small irrigation practices have 

been initiated fron either surface or groundwater. Decision rules for 

optimal water use depend upon: (a) the knowledge of the water production 

function relative to various soils, environmental variables, and 

management variables with which it can be used, and (b) the stochastic, 

i.e., probabilistic or uncertain, nature of the water supply. In this report, 

soil types and environmental variables are found to be of no importance 

due to their relative homogeneity in the study area; while the stochastic 

nature of water supply is not considered. 

A production function represents a schedule or mathematical 

formulation expressing the relationships between inputs and outputs. It 

also indicates the maximum amount of product obtainable from a specified 

quantity of inputs given the existing technology governing the input-output 

relationships. By definition, a production function embodies technical 

efficiency. This requires that a specified set of inputs cannot be 

recombined to produce a larger output or that a specific level of output 

cannot he produced with fewer inputs. The input-output relationships are 

assumed to he known with certainty, i.e., the farmer knows the eventual 

outcome of the production process at the beginning of the production 

period. Since these relationships are neither fully known nor controllable, 
5/Hexem, R.W. and E.O. Heady. Water Production Functions for Irrigated Agriculture. Center for 
Agricultural and Rural Development CARD, The Iowa State University Press, Ames, Iowa, USA, 
1978. 

6/Doll, J.P. and F. Orazem. Production Economics: Theory with Applications. Grid Inc., Columbus, 
Ohio, USA. 1978. 
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a distribution of yields would be associated with each input-use level. 

This range of expected yields depends on the estimated variability of the 

predicted yield corresponding to the specified input use-level. Finally, 

inputs included in a production function are assumed to be homogeneous 

and prices of inputs and outputs are known with certainty. 

A production function can be expressed in different ways: in written 

form; enumerating and describing the inputs that have a bearing on output; 

by listing inputs and the resulting outputs numerically in a 

table; in the form of a graph or a diagram; and as an algebraic equation. 

A single-variable production function is of little practical 

significance. Few, if any, actual production relationships involve a single 

input. A niore meaningful relationship is expressed symbolically as 

follows: 

Y = f(X1, X2, X3 Xn) (1) 

Where Y denote output (or Total Physical Product TPP), X I denote the 

variable input (water in our case), X2 to Xn stand for the levels of other 

variable inputs, and f is the mathematical form of the input-output 

relationship that transforms inputs into output. 

Some important derivatives which could be obtained once a 

production function is estimated include: Average physical Product (APP), 

Marginal Physical Product (MPP), and elasticity of production lEp. The 

first, APP, is obtained by dividing total output Y by the total amount of the 

variable input X. Geometrically, it is defined in terms of the slope of a 

particular straight line. This slope represents the average rate at which the 

input X is transformed into product Y. The straight line (ray) must always 

pass through the origin and intersects the estimated production function. 

The second, MPP, is the change in output Y resulting from a unit 
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increment or unit change in the variable input. It measures the amount that 

total output increases or decreases as input increases. Geometrically, 

MPP represents the slope of the estimated production function. The 

third, the elasticity of production Ep, is a concept that measures the 

degree of responsiveness between output Y and input X. Like any other 

elasticity, Ep is independent of units of measure. 

Furthermore, there is a duality between production and cost 

functions, i.e., cost functions and production functions are by nature 

inversely related to each other. Knowledge of one implies knowledge of 

the other (when input prices are known). 

Economic Efficiency: 

This concept refers to the combinations of inputs that maximize 

individual or social objectives. It is defined in terms of two conditions: 

necessary and sufficient. The first is met in the production process when: 

(a) there is no possibility of producing the same aniount of product Y with 

fewer inputs and (h) there is no possibility of producing more product Y 

with the same amount of inputs. This necessary condition for economic 

efficiency is met when estimating a production function (given that the 

previously-mentioned assumptions are satisfied) in the second stage of 

production, i.e., when Ep is equal to or greater than zero and equal to or 

less than one. 

The second, i.e., the sufficient condition of economic efficiency, 

varies with the objectives of the individual farmer. It is called the choice 

indicator. An individual farmer whose objective is to increase yield per 

feddan will be different from that of an individual whose objective is 

maximization of profits per feddan. It is assumed in this report, like most 
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of the economic literature under perfect knowledge, that the individual's 

farmer main objective is to maximize profits. This implies that the 

sufficient condition for economic efficiency will turn out to be what is 

known as the price or allocative efficiency. This efficiency is defined as 

profit maximization through equating the value of marginal product of the 

input VMP(X) (water in this case) to its unit price. Where VMP(X) is the 

outcome of multiplying the MPP of water which is derived from the 

estimated production function by the unit price of output (the farmgate 

price). Because irrigation water is not priced in Egypt, a method had to be 

deduced in this report to calculate the imputed cost of water, which is a 

measure of the opportunity cost of water. In other words, the cost the 

farmer would bear should water was not delivered to him free of charge. 

In this report, the imputed cost of water is the cost of constructing a well 

taking into consideration the type of irrigation system utilized. 

Input and output measurements: 

Eight per-feddan production functions of the Cobb-Douglas 

(double-logarithmic type) are estimated separated by the type of crop 

grown and method of irrigation, They are: peanuts (sprinkler) PNTI, 

peanuts (flooding) PNT2, wheat (sprinkler) WHT1, wheat (flooding) 

WI-1T2, winter crops (sprinkler) WC1, winter crops (flooding), summer 

crops (sprinkler) SCI, and vegetables (drip) VEG3. Two equally-good 

functions are found to represent VEG3. The numbers 1, 2, and 3 stand for 

the three irrigation systems: sprinkler, flooding, and drip, respectively. 

Winter crops include: wheat, onions, peas, and clover. Summer crops 

include: peanuts, maize (corn), darawa, kidney-beans for forage, sorghum, 

and sesame. Vegetables include: watermelons, watermelons for seeds, 
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green beans, potatoes, egg plant, squash, strawberries, tomatoes, 

cucumbers, bell peppers, green beans, and melons (cantaloup). This 

almost includes all of the major crops grown in the study area but citrus. 

Although data for citrus was collected and analyzed, no functions could be 

estimated due to the problem of having different maturity dates for citrus. 

In other words, farmers who have mature and productive citrus trees were 

characterized by having great output with very few inputs; while some 

other farmers who have young nonproductive citrus trees were 

characterized by employing lots of inputs and having a slim or no output. 

When a trial was made to group the trees of the same age together in one 

function the problem of having few degrees of freedom was raised. This 

eventually prevented a correct statistical estimation of production functions 

for citrus utilizing the sprinkler or the drip systems. 

Functions such as winter crops (drip), summer crops (flooding or 

drip), vegetables (sprinkler or flooding), peanuts (drip), and wheat (drip) 

could not he estimated due either to the nonexistence of enough degrees of 

freedom or the fact that no fanTler utilized a certain irrigation system for a 

particular crop. 

The dependent variables in the estimated functions are either the 

quantity of output in physical units, i.e., kilograms/feddan, or monetary 

unit, i.e., value of output in L.E./feddan. The first was employed for the 

functions which portrayed one output, i.e., wheat (sprinkler and flooding) 

and peanuts (sprinkler and flooding). For the functions where the 

dependent variable was a collection of products, i.e., winter crops 

(sprinkler and flooding), summer crops (sprinkler), and vegetables (drip), 

the dependent variable was the value of output per feddan. 
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The explanatory (independent) variables are: education measured as 

a dummy variable 1, 2, and 3 which stand for elementary, intermediate, 

and high education, respectively; seeds in kilograms; organic fertilizers in 

cubic nieters, nitrate fertilizer, phosphate fertilizer, and potassium 

fertilizer, all measured by the quantity of active ingredient; machinery in 

monetary units, labor in man/days, and water in cubic meters. 

Analysis and Results 

Production Function Estimates: 

Table (1) presents a summary of the production function estimates. 

The F-ratios of all of the estimated functions (regressions) are found to be 

statistically significant. All of the estimated coefficients are statistically 

significant (at different significance levels as shown by the P-values in 

parentheses). The adjusted R2 and the number of observations N are 

shown at the extreme right of the table. The first indicates the contribution 

of the explanatory variables in the estimated function in explaining the 

variation in the level of the dependent variable (physical output for the first 

four functions and the value of output for the next four functions). For 

instance, an adjusted R-square of 0.55 for the function PNTI implies that 

the explanatory variables: water, nitrogen fertilizer, and labor account for 

55% of the variation in output. The second, N, shows the number of 

observations. The table also shows that VEG3 has two equally-good 

• functions which represent it. 

Because all of the estimated functions are of the Cobb-Douglas 

type, the estimated regression coefficients shown in table (I) are the 

elasticity of production for the corresponding inputs. For instance, for 
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peanuts (sprinkler) PNTI, a water coefficient of 0.231 means that an 

increase in the level of water by 100% results in increasing the level of 

output by 23.1%, and so forth for the rest of the estimated coefficients. 

On the other hand, the table shows that most of the signs of the estimated 

coefficients are positive and match with economic logic (except for four 

variables scattered in PNT2, WHT2, and WC I). 

Table (I) Summary of Production Function Estimates 

bxplanatory Variables (P—Values) 
Iuiicttoii 

[du. Water Seeds Orgi. N. P. K. Macli. 1.,abor I—ratio Adj.R2 N 

PN'Il 0.231 0.244 0.383 19.75 0.55 -17 

(0.01) (0.004) (0.00!) (0.000) 

PNl2 1.227 -0.296 -0.09 1.421 18.02 0.84 14 

(0.002) (0.09) (0.02) (0.00 I ) (0.000) 

WI III 0.90! 0.304 0.45 0.054 14.51 0.65 30 

(0.000) (0.06) (0.07) (0.07) (0.000) 

W1Ii'2 -0.347 0.49! 0.097 0.269 8.41 0.68 15 

(0.02) (0.02) (0.0!) (0.002) (0.003) 

SC! 0.447 0.232 0.103 0.366 7.69 0.42 47 
(0.03) (0.04) (0.06) (0.004) (0.000) 

WC I 1.330 0.164 0.088 -0.144 0.195 15.46 0.60 50 
(0.000) (0.003) (0.08) (0.03) (0.002) (0.000) 

WC2 0.923 0.508 0.271 10.07 0.63 17 

(0.03) (0.08) (0.03) (0.00!) 

V EG 3 
(I) 1.400 1.111 1.400 8.85 0.54 2! 

(0.04) (0.01) (0.00!) (0.000) 
(2) I .34() 0.774 0.333 7.68 0.50 2 I 

(0.06) (0.04) (0.03) (0.00!) 

legend: PNI, WI IF, SC, WC, and V FG stand For peanuts, wheat, suniiner crops, winter crops, and 

vegetables, respectively. The numbers I, 2, and 3 which are attached to those symbols represent the 
three irrigation systems under study: sprinkler, flooding, and drip, respectively. Ihe explanatory 
variables: lidu,, Org[, N., P., K., and Macli. stand br education, organic Ièrtilizer, Nitrogen, pliosplite, 
potassiuni, and machinery, respectively. 
Source: Calculated through multiple regression analysis. 
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Ranking of Inputs: 

The inputs of the eight estimated production functions are ranked 

according to their relative importance in affecting the level (or value) of 

output. This is done by estimating the standardized regression coefficients 

(Beta). This could be obtained utilizing the previously estimated 

regression coefficients and the standard deviation of both the input and 

the output. Table (2) shows the standardized regression coefficients for 

the eight estimated functions. Comparisons should be made within the 

estimated function only (not across functions) according to the size of the 

Beta coefficient (including the sign). The bigger the Beta coefficient the 

more important the variable becomes. 

Table (2) The Estimated Standardized Regression Coefficients for the Estimated 
Production Functions 

ltindi&ii 
Explanatory Variables 

Edo. Water Seeds OrgIl N. 1'. K. Math. Labor 

2.29 0.03 0.01 

2.17 0.01 

PNII 
PN't'2 -0.008 -0,002 

WIITI 1.00 0.01 0.02 0.002 

WIIT2 -0.0006 0.76 0.004 0.005 

SCI 0.57 0.02 0.003 0.009 

WCI 0.81 0.01 0.002 -0.02 0.007 

WC2 1.32 0.04 0.006 

VEG3 (I) 0.09 0.002 0.002 

(2) 0.09 0.003 0.003 

Source: Calculated form the estimated functions and standard deviations of inputs and output. 

The table shows that within the eight estimated functions, water is 

by far the number one input for the above indicated crops. For peanuts 

(sprinkler) PNT1, nitrogen and labor followed; for peanuts (flooding) 

PNT2, labor, phosphate, and potassium followed; for wheat (sprinkler) 
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WHTI, seeds, nitrogen, and phosphate followed; for wheat (flooding) 

WFIT2, labor, phosphate, and education followed; for summer crops 

(sprinkler) SCI, nitrogen, phosphate, and labor followed; for winter crops 

(sprinkler) WC 1, nitrogen, phosphate, and labor followed; for winter 

crops (flooding) WC2, nitrogen and labor followed; and finally for 

vegetables (drip), organic fertilizer and potassium fertilizer were of' the 

same relative importance (for the first function), while seeds and organic 

fertilizer were of the same relative importance (for the second estimated 

function). 

Economic Efficiency of Water Use: 

Technical (or production) efficiency, as defined earlier, could be 

explicitly deduced from the estimated production functions through the 

calculation of the Average Physical Product APP of water. That is to say, 

a measure of the number of units of output produced by one unit of water. 

lable (3) shows a summary of the calculated APP for the water input for 

the eight estimated functions. The APP for water could be calculated in 

either one of two ways: by solving the estimated function to obtain Y/X, 

where Y is the level of output per feddan (in physical or monetary units) 

and X represents the amount of water in cubic meters applied per fedclan; 

or directly by dividing the average amount of Y by the average amount of 

X. Both ways are found to yield the same results (which is a proof that the 

estimated functions are statistically correct). For the first four estimated 

functions, Y was measured in physical units (kilograms), while for the last 

four functions Y was measured in Egyptian pounds. In the latter case, it is 

not proper to call it APP bitt rather Average Value Product (AVP). For 

instance, for PNTI, an APP of water of 0.476 implies that a cubic meter of 

122 



water increases on the average the level of output by 0.476 kilogram. On 

the other hand, for a value function like Sd, a cubic meter of water 

results in increasing the value of output by 0.482 pound. Comparisons of 

the calculated APP or AVP of water are of value only when we 

consider the comparisons between the production efficiency of the 

sprinkler and the flooding irrigation systems for the same crop, i.e., when 

we compare between PNTI and PNT2 or WHTI and WHT2 or WCI and 

WC2. These comparisons reveal one simple fact: the cubic meter of 

irrigation water for the sprinkler system possesses on the average high 

production efficiency than the flooding system. Note also the high AVP of 

water in case of vegetables. This may indicate the high production 

efficiency of drip irrigation agaiiist either the flooding or the sprinkler 

systems, in addition to the fact that vegetables are considered cash crops 

and it pays to water them (a cubic meter of water on the average increases 

the value of output by almost three pounds). Unfortunately, statistical 

analysis could not be performed for other crops utilizing the drip system 

either because of the nonexistence of enough degrees of freedoni to allow 

a justifiable statistical estimation of the production function, or that the 

drip system already is not installed yet for some crops. 
Table (3) Production Teclinical) Efficiency of Water for the Estimated Production Functions 

Prodiidioo Fiuictii Average I1.ysicaI Product of Water (API') 

Peanuts (sprinkler) PNTI 0.476 

Peanuts (flooding) I'NT2 0.327 

Wheat (sprinkler) WI rr 1 0.687 

Wheat (flooding) WIYI2 0.634 

Swniner Crops (sprinkler) SCI 

Average Value Product of Water (AVI') 

0.482 

Winter Crops (sprinkler) WCI 0.422 

Winter Crops (flooding) WC2 0.331 

Vegetables (drip) VEG3 2.969 

Source: Calculated from ti e estimated production functions. 
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On the other hand, the farmer is considered price efficient in the use 

of irrigation water if lie gets a high value for the unit of output compared 

with the unit cost of water. In other words, if the Value of Marginal 

Product VMP of water is equal to the unit cost of water. Stated 

differently, if the ratio of the VMP of water to its own price equals one. If 

this ratio is greater than one then the farmer is under utilizing water. 

While if the ratio is less than one then the farmer is over utilizing water. 

In Egypt, irrigation water is not priced. Consequently, some 

assumptions have to he made to calculate the imputed cost of water which 

in this case represents the opportunity cost of water. That is to say, the 

cost the farmer would have paid should water was not delivered to him 

free of charge. 

The assumptions used in this report to deduce the cost of one cubic 

meter of irrigation water in the study area are as follows: The area the well 

serves is 50 feddans; the discharge of the pump is 1 50 cubic meter/hour; 

the cost of digging the well, the pump, and the diesel engine is estimated at 

L.E. 73,000; the well is of an average depth of 100 meters; the average life 

of the well that is adequately maintained is 1 5 years; the costs of the 

flooding, sprinkler, and drip systems are: zero, 1500, and 3000 Egyptian 

pounds per feddan, respectively; average annual fixed costs are 4867, 

12367, and 19867 Egyptian pounds for the flooding, sprinkler, and drip 

systems, respectively; cost of fuel (diesel) is estimated at 9600, 17600, and 

1 5360 pounds per year for the flooding, sprinkler, and drip systems, 

respectively; oil and lubricant costs per year are estimated at 200, 366, 

and 320 pounds for tlooding, sprinkler, and drip 
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systems, respectively; annual cost of repairs and maintenance for the 

engine and pump for the three systems is estimated at 2920 pounds; annual 

maintenance and repair costs of the whole irrigation system are estimated 

at zero, 375, and 750 pounds, for flooding, sprinkler, and drip systems, 

respectively; total annual fixed and variable costs for the three systems are 

17587, 33628, and 30217 pounds, respectively; the pump discharges 

300,000 cubic meter per year on the basis that the number of operating 

hours for the system is estimated at 2000 hours (design expectation) and 

1 000 hours (actual operation in the study area). 

Accordingly, two scenarios are made for the cost of one cubic meter 

of irrigation water in the study area. The first is based on an annual 

operating hours of 2000/year; the second on 1000 hours/year. Under the 

first scenario, the cost of the cubic meter of water for the flooding, 

sprinkler, and drip systems is estimated at: 0.07, 0. 124, and 0.143 pounds, 

respectively. Under the second scenario, these same figures are multiplied 

by two yielding an imputed cost of the cubic meter of water in the study 

area of: 0.14, 0.248, and 0.286 pounds for the flooding, sprinkler, and drip 

irrigation systems, respectively. 

Table (4) shows the ratio of the VMP of water and its imputed cost 

along with the corresponding t-statistic when rendered necessary (that is to 

say, only when the tested ratio is close to one). The null hypothesis (I-b) 

is that the ratio is equal to one. These VMP's for water are deduced form 

the estimated functions by multiplying the estimated water coefficient by 

the average value of output over the average value of the water input. 
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Furthermore, output prices were based on the average of the years 1991 

through 1993 (the last available published data). 

Table (4) Results of the Price (Allocative) Efficiency of Water Under the Two Scenarios of the 
Imputed Cost of Water for the three irrigation systems 

luu.iiii VMP(W) C(W) VMP(W)/C(W) Esiimatedt4e ho: The Ratio Equals One 
Lii. L.E,/m3 (Wha Necessaiy)* 

(1) (2) (1) (2) (1) (2) (1) (2) 
Desi Adual 

PNTI 0.118 0.124 0.248 0.952 0.476 -0.235 -7.232 donotre1 reje 
PN'12 0.429 0.070 0.140 6.129 3,064 reject reje1 

WIITI 0.318 0.124 0.248 2.565 1.282 1.352 rejet don(rejcct 

WIIT2 0.160 0.070 0.140 2.286 1.143 1.006 rejc donrejc 
SCI 0.215 0.124 0.248 1.734 0.867 2.099 -0.659 reject donct reject 

WCI 0.561 0.124 0.248 4.524 2.262 reject reject 

WC2 0.305 0.070 0.140 4.357 2.179 reject reject 

VI ( 13 

(I) 3.978 0,143 0.286 27.818 13.909 reject reject 
(2) 4.156 0.143 0.286 29.063 14.53I reject reject 

Source: Calculated through the estimated production functions, the imputed cost of water in the study 
area, and the cross section data. 
* The level of significance is tile 1% level. 

The table shows that allocative (price) efficiency was achieved in 

four cases (that is to say, the ratio was equal to one in only four case). 

IJnder the first scenario of the imputed cost of water (where the design 

expectations of operating hours is embodied), only one function displayed 

allocative efficiency, peanuts (sprinkler) PNTI. Under the second 

scenario of the imputed cost of water (where actual operating hours are 

considered), three functions portrayed allocative efficiency, Wheat 

(sprinkler) and (flooding) WHT1 and WHT2, and summer crops 

(sprinkler) SCI. Of course, any alteration in the assumptions through 

which the imputed cost of water is calculated from will result in changing 

these results. 
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Conclusions 

The results of the study could be summarized as follows: (I) The 

sprinkler system is more production efficient than the flooding irrigation 

system in terms of the amount or value of output obtained from the unit of 

irrigation water. (2) The drip system possesses the highest production 

efficiency in terms of water use. (3) Water is by far the most important 

input in desert agriculture in the new lands in the study area. The water 

coefficient was always positive and statistically significant across all 

estimated production functions. (4) Because irrigation water is not priced 

in Egypt, a method has to be developed to calculate the imputed cost of 

water. Two scenarios for the price of the cubic meter of irrigation water 

are presented in the study area. Under the first scenario (design 

expectation of pump-operating hours of 2000 hours/year), the imputed cost 

of the cubic meter of irrigation water was estimated at: 0.070, 0.124, and 

0.143 pounds for the flooding, sprinkler, and drip systems, respectively. 

Under the second scenario (actual operating hours of the pump of 1000 

hours/year), which portrays the problem of water shortage in the area, the 

cubic meter of irrigation water was priced at 0.140. 0.248, and 0.286 

pounds for flooding, sprinkler, and drip irrigation systems, respectively. 

(5) As far as allocative (price) efficiency is concerned, one function 

(peanuts sprinkler) out of possible eight is found to achieve it under the 

first scenario (design expectation); while three functions (wheat sprinkler, 

wheat flooding, and summer crops sprinkler) are found to achieve it under 

the second scenario (actual operation). 
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Iiiiplications for further research: 

The marginal analysis employed in this study, though considered 

sound in the economic literature, has some deficiencies. These 

shortcomings are embodied in its main assumptions of: perfect knowledge 

of the prices of inputs and outputs, perfect competition in input and output 

markets, the knowledge of the technical relationships between inputs and 

outputs on behalf of individual farmers, and the unconsideration of the 

stochastic nature of any variable and specially irrigation water. this type 

of analysis is in need to be complemented with other analyses to 

strengthen it. For instance, one of the items in this study which affected 

the results obtained concerning economic efficiency is the imputed cost of 

irrigation water. It is clear that altering any of the assumptions through 

which this cost is calculated from will alter the results. 

Accordingly, another economic analysis is needed to complement 

the results of the production function estimation. This could be in the form 

of a mathematical programming technique through which the shadow 

(economic) price of irrigation water is determined. The mathematical 

programming technique will also help in determining the optimal cropping 

lattern in the study area, in addition to the area that should be grown of 

each crop given the existing resources if the farmer is to maximize Profits 

or any other function. 

Furthermore, a closer examination of a sample farmers (who were 

originally included in the analysis) should help in determining the status of 

their irrigation systems, allow modification to their systems, and eventually 

evaluating their economic status before and after modifications. This is 

rendered necessary since the results of this study showed that most 

128 



farmers are under-utilizing irrigation water. The only reasonable 

explanation of this, other than the method and/or assumptions of 

calculating the imputed cost of water, is that individual farmers face 

problems of water shortages which alter their problem from a choice 

problem to an availability one. This is a rather important aspect in 

economic analysis, since that the economic problem under the theory of 

production is the problem of choice. That is, the choice among available 

production alternatives to achieve some goals taking into consideration 

scarcity of resources. 
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A PPENDIX 

JRRJGA TJON SYSTEMS 
FIELD EVAL UA TION SHEETS 



TR1CK1A IRRIGATION £VALUATION 

Location: El Roslaii — 10/la/ned /'.s,naiel 

Obsert'er: Ent,' Yasser , Dale: I-I'S 95 

('rap: 'i: ioina!o Age: 2 dat's Spacing: 0.5x1.S5 

Soil.' ievtlire Niiide :1 tm/able Il lois/ore O0 
Irriçation : /)urauion 4 lie I'iequeiicv: 2 days 

Filter T'pc And Performmzce. S'creeii JIlter 

Pressure hue!: Pressure out/el: Loss: 

Fertilizer thur ('Jiarueteristics. No /ilti/ize, ens/s 

NE,,,itter: Alake: local I'oinl Spacing 0,5 /11 

Rated 1)ischargc per Emission Pojnt : 4 1/h At Pressure: / bar 

/t/ilLVSiO/l P0//I/s Per P/a/it : / git'ing S /ile,/day 
Laterals: Dia,,uelei-: 16 mm, \ lalerial : P. E Le/lgth 42 in 

Spaciuug: I. S'S in. 
E. ('. (if grouiu/%t'oter is used): ppiui 

Ot it let I oCat bit 
oii lateral 

La lera I location on the N'la n I fold 

ittict end 1/3 (lOwn 2/3 (toWn ha' end 
volume 
collected 
ml 

disclizirge 
h/h 

vol uiiie 
collected 
ml 

discharge 
I/h 

voltiiiic 
collected 
ml 

di schaige 
I/h 

volume 
collected 
nil 

disehaige 
I/h 

A 29 3.48 23 2.76 28 3.36 30 3.6 
Lnlet end B 29 3.48 26 3.12 28 3.36 31) 3.6 

Tune 30 30 30 30 30 30 30 3(1 

Average — 
29 3.48 24.5 2.94 28 3.36 31) '3.6 

A 26 3.12 23 2.76 29 3.48 26 3.12 
I/3dowii B 27 3.24 24 2.88 28 3.36 25 3 

Time 3(1 30 30 30 3(1 3(1 30 3(1 

Average 26.5 3.18 23.5 2.82 28.5 3.42 25.5 3.06 
A 26 3.12 26 3,12 30 3.6 28 3.36 

2/3 down 13 

l'inic 
26 3.12 25 3 30 3.6 27 3.24 
30 30 30 30 30 30 3(1 30 

Average 26 3,12 25.5 3.06 30 3.6 27.5 3.3 

A 2) 3.48 20 2.4 30 3.6 30 3.6 
Fat' end 13 

'lime 
26 3.12 19 2.28 27 3.24 29 3.48 
30 30 30 30 30 30 30 30 

Average 27.5 3.3 19,5 2.34 28,5 3.42 29.5 3.54 
Pressure titici end I 1. 1 1. 1 1.2 

far end I I I. 1 1 

minimum mate 

of discharge 

2.89 

average mate of 3.22 EU= 89.8 % ir'e___._ Ea= 80,8 % 



TRICKLE I IUUCATION EVALUATION 

Lot alum: El—)osian— Radv Nahawv ElJ!oi,sicnv 

(.)hsert'cr: l',ic,'. } o.s.ver l)ate: 20 8 95 

('rop: '1:tpe .vqiiasii e,c,'t,'cplaiit .lge: 30 dat 'paci,ig: 0. 5• 18 iii. 

.S'oi/: 7'vl,,re ',aiidy .1 t'ailahle Aloiviurc 60 % 

Irriç'atioiz : /)uraiion 3 4 hr lie queiict': daily 

Litter Tj'pe ti nil PerJor,nance. ''cie en li/ic, 
I'ic'ssiiie Inlet: PP('VSIIle out/cl: Los.': 

Fertilizer (hut Characteristics. 

Emitter: A lake: local 7:e: (fr Point S'pacine 0.5 ,i,. 

Rated I)isch urge per E,,,issio,, Point : 4 / 1, :11 Pressure: / bar 

/nussioii Points Per P/out : / s,', $ ///1,1 dat 
Laterals. 1)ia,,,eter: ìó inn,, A laterial . 1'. k Length 42 ni 

Spaciiiç: 1.8 in. 
.E. ( (ii grouiu/u'ater is' used): ppm 

Outlet locaijo,, 
on lateral 

Lateral location oii the Mwuifolul 

ui/el end 1/3 don',: 2/3 down ciii! 
vol LIffiC discharge voluiiie discharge volume discharge vol Lime cliseleirge 
collected 'h collected Iii collected I/li collected I/li 

E 

lu/ct eiziJ 

— 
A 
13 

'Fne 
ygIg_ 
A 

rI 
39 
42 
30 

40.5 
40 

4.68 
5.04 
30 

4.86 
4.8 

uI 

25 
33 
3)) 
34 
41 

3 
3.96 
30 

4.1)8 
4.92 

ml 

37 
39 
30 
38 
34 

4.44 
4.68 
30 

4.56 
4.08 

ml 

28 
29 

30 
33.5 
3) 

3.36 
4.68 
3)) 

4.02 
3.72 

1/3 do,i',, B 
'Ii inc 
Aveiate 
A 

40 
30 
40 
3) 

4.8 
30 
4.8 
3.72 

31 
3)) 

36 
52 

3.72 
30 

4.32 
6.24 

38 
30 
36 
26 

4.56 
3)) 

4.32 
3.12 

37 
30 
34 
28 

4.44 
30 

4.08 
3.36 

2/3 don',, B 

Time 
Average 
A 

25 
30 

41.5 
26 

3 
30 

4.98 
3.12 

31 

3)) 
41.5 
23 

3.72 
30 

4.98 
2.76 

tO 
30 
IS 
35 

1.2 
30 

2.16 
4.2 

24 
30 
26 

34 

2.88 
30 

3.12 
4.1)8 

Far end 13 

Time 
Average 

34 
30 
25 

4.1)8 

30 
3 

27 
3)) 

25 

3.24 
30 
3 

34 
30 

34.5 

4.1)8 
30 

4.1)8 

33 
3)) 

33.5 

3.96 
30 

4.02 
I'ressuire inlet end 

tar end 
1.6 

1.4 

1.3 

1.4 

1.3 
1.4 

1.4 
1.5 

,,iiuiiunn,,z rate 22) /ir_ 
average rate of' 4 EL172.7 % Ea= 65.4 % 

disc/i urge 



locaijo,:: El Bos1aii— L/iiiicd E/','avecl Iliisien 

Qbsert'cr: Eiig. )1Isser /)a/e: 20/S 95 

('rap: /J?e mum/a 

Soil: 'Ivlmoe auJ 
irrigation : /)ura 1/aim 2/mr 

Filter Type And Pert orma,zce. screen /1//er 

1 'ressure In/el: aim//el: 

i't'r1ilizt'r (J,,jt ('/iaracteristics.No /1/li/izer tim/il e.visl 

Emitter: A lake: Local Type: (ii 

Rateil i)isc/zar'e per Emi.s'sio,, Point : 4 I/i 

Liuiissioim l'ouils Per P/ant : 1 git'i/ç' 4 
Laterals': 1)/awe/er: /6 win, A laleria/ : 1'. I 

Outlet location 
on lateral . 

I. ateral locatio,, on the )Ia,u:told 

i,,let end 1/3 m/o,i,, 2/3 uIowi Jar end 
volunie 
collected 
nil 

discharge 
Iii 

vol Lithe 

collected 
nI 

discharge 
I/h 

voluiiie 
collected 
nil 

disclizirge 
I/li 

vol uiiie 
collected 
nil 

discliar.c 
I/li 

A 31 3.72 30 3.6 29 3.48 20 2.4 
Iith'i L'ild 13 29 3.48 29 3.48 30 3.6 19 2.28 

'l'inte 30 30 30 30 30 30 30 30 

Average 30 3.6 29.5 3.54 29.5 3.54 19.5 2.34 
A 28 3.36 28 3.36 22 2.64 19 2.28 

I/Jdou'n 13 28 3.36 29 3.48 22 2.64 15 1.8 

Time 30 30 30 30 30 30 30 30 

Average 28 3.36 28.5 3.42 22 2.64 17 2.04 
A 28 3.36 29 3.48 21 2.52 20 2.4 

2/3 i/on',, B 28 3.36 29 3.48 22 2.64 20 2.4 
Ti tue 30 30 30 30 30 30 30 30 

Average 28 3.36 29 3.48 21.5 2.58 20 2.4 
A 18 2.16 28 3.36 IS 1.8 19 2.28 

Far end I) 27 3.24 29 3.48 12 1.44 18 2.16 
tine 30 30 30 30 30 31) 30 30 i'i'_ 22.5 27 28.5 3.42 13.5 1.62 18.5 2.22 

Pressure inlet end 1.1 0.6 0.7 ((.7 

far end LI 1.1 0.6 0.6 
,muiiu;uu,i rate 
of (/isc/lart,'e 

2.07 

at'crage rate of 
discharge 

2.89 E1J 71.6 % Fa 64.4 % 

TRICKLE IRRICATION EVALUATION 

',/)aciuiy: 0. 5xL 7 in. 

I tue/able A lois/are 60°i 

l'requeumcv: 2 clays 

Loss: 

Pout 'pacing 0. A in 

/1/ Pressure: I bar 

/ilerdav 
Length 45 in 

Spacing: 1. 7 in. 
L C (if groundtt'uier is used): 



TRICKLE IRRIGATION EVALUATION 

Locatio,,: El—Has/an Zakaria iawfik .ibas 

Obsereer: Eng. Yasser l)a/e: 2US"95 

('rap: 'ivpe /)/iiato ilge: 7 l)avs Snacing.' 0.5x1. I' in 

Soil. 7xture '/aiu/v .1 vol/able A lois/ore 60 91 

lrrigatio,: : / )!igIlj(F1 / hr l're(/Ie/1cy: (la//V 

lilter !:VpC tad Perj'ormance. .Screen Ill/er 

l'ressui'e l,zlei: Prevv,ue on/let: Loss: 

Fertilizer Unit (Yzaracleristics. Votertilizer exist 

Emitter: A lake: local Type: (ir /'oint Spacing 0.5 in 

Rated 1)ischarge per Emission Point : 4 / Ii .1 / Pressure: I bar 

I:missi on Points Per Plan! : I giving 4 liter/day 
Laterals: l)ia,'neter: /6 nun, A la/erial : P. E Length 55 in 

Spacing: 1.5 in. 
E. C. (ijgroundhiater is used): pp,,i 

Outlet 
location oii 

lateral 

Lateral location oil the Manifold 

inlet end 1/3 down 2/3 dowi: - end 
voItiii 

collected ii I 
diseharge 

I/h 
'ol tune 
collected 

nil 

discharge 
I h 

'ol urne 
ellecled 

nil 

discharge 
I/h 

volume 
vol levIed 

ni 

discharge 
I/h 

Jitlet end 
A 
B 

Time 
Average 

26 3.12 16 1.92 18 2.16 21 252 

34 4.08 13 1.56 18 2.16 18 2.16 
30 30 30 30 30 30 30 30 
30 3.6 14.5 1.74 18 2.16 19.5 2.34 

1/3 down 
A 
B 

Ti inc 

Average 

20 2.4 17 2.04 17 2.04 20 2.4 
22 2.64 18 2.16 16 1.92 17 2.04 
30 30 30 30 30 30 30 30 

21 2.52 17.5 2.1 16.5 1.98 18.5 2.22 

2/3 don',, 
A 
B 

Time 
Aveie 

14 1.68 II 1.32 16 1.92 33 3.96 
21 2.52 12 1.44 14 1.64 20 2.4 
30 30 30 30 30 30 30 30 

17.5 2.1 11.5 1.38 15 1.8 26.5 3.18 

Far end 
A 
[3 

Fi Ole 

Average 

17 2.04 9 1.08 15 1.8 II 1.32 
25 3 14 1.68 IS 1.8 14 1.68 
30 30 30 30 30 30 30 30 

21 2.52 12.5 1.5 15 1.8 12.5 1.5 

Pressure inlet end 0.7 0.5 0.5 0.5 
far end 0.6 0.5 0.5 0.5 

izininmn 
rate of 

1.53 sLIz_____ 
ai'erai,'e rate 
of_discharge 

2.14 EtJ71.2 % Ea 64.1% 



TRiCKLE IRRIGATION EVALUATION 

Locatie,,: hi Ilosia,, —Ovaina Said 1 boS'baea 

(Thseri'er: E,n. I asser , / )ale: 24 7 95 

('rep: 'Iipe ('itrus 

Soil: '/'.vti,re Saudi' 

Irrigaliw: : 1)urai,oui 3 hr 

Filter Tj'pe Atid Perfiuri,,a,zce. 

Pressure Inlet: Pressure out/el: , Loss: 

Fertilizer Visit ('/,aracteristics. No Jirlilizer unit exist 

Emitter: Make: local 7qie: Spaghetti Point Spacing 4 in 

Rated I)ischarç'e per E,nis,s'ion Point : 50 lii ill Pressure.' 

Luni.s'siou, I'oiuui.v Per l'IauuI : / giving 50 Il/er/day 
Laterals: flianueler: 16 nun, Material : P. E Lem,'l/s 20 

tge: 6 Years Spacmg: 4x4 us 

li'ailahle Aloisliure 60 
Ire queuicv: 3 (lay 

No tiller exist. 

Spacing: 4 in. 
E ( (1/ 'rouiu/si'aler is used): p,nui 

0.5 bar 

ii! 

Outlet location 
on lateral 

Lateral location on 1/se Manifold 

inlet end l/3 down 2/3 down far end 
'ultiinc 
eollckxl 
ni 

disLliarg 
I 

vol tini 
eo!l(ctcd 
nil 

diseliarg 
I/li 

voluni 
colleeled 
nil 

diselitige 
I/li 

vol uiisc 
colleeled 
ml 

ilischarg 
Ih 

E1,zlet end A 624 47.9 542 65 500 60 440 52.8 
B 
Time 30 30 30 30 30 30 30 31) i'_ 624 47.9 532 65 500 60 440 52.8 

1/3 ilon'n 
A 795 95.4 453 54.4 609 73.1 564 67.7 
U 

'I me 30 30 30 30 30 30 30 30 

Average 795 95.4 453 54.4 609 73.1 564 67.7 
A 415 49.8 300 36 569 68.3 610 73.2 

2/3 slon',, B 

Time 30 30 30 30 30 30 30 30 

Avei__ 415 49.8 300 36 569 68.3 610 73.2 

A 312 37.4 55 6.6 58 7 23(1 27.6 
Far cnn' B 

Time 30 30 30 30 30 30 30 30 

Average 312 37.4 55 6.6 58 7 23(1 27.6 
Pressure inlet eIi(1 0.7 0.7 0.6 0.6 

far cud 0.4 0.3 0.4 0.3 
,sini,nu,n rate 
of disc/s (irge 

21.75 

average rate of 
disc/i arge 

53. I E(J 41 % Ea 36.9 % 



TRICKLE IRRIGATION EVALIJATION 

Location: El Bbs/au —/.v.vani ?tlo/ian,ed.lho El/I//ecu 

()hxi'rt'er: Lug. I iiv.vt'r I )ale: 2.17 95 

(rop. Y'vpe ('itrns+ apple .Igc: / gear 2yea,x ''pacing:-/x2.5 in 

Soil. lexiure Sandg :1 t'ailah/e .1 loisiure 60 % 

Irrigation : fluralion 3 hr lrequencv: 3 da;'s 

IilIer 'i:1C And I&'rforn:ance. No/I//er e.visl. 

l',esvure Inlet: I'resstire outlet: 

Fertilizer Unit ('liurueteristics. No /lltililizer unit exist. 

Emitter: i\Iake: local it/)e:Sjagetti l'oint "uacing 2.5 m 

Ruteil l)iscl,uri,'e per E,,,ission Point : 9(1 II, . It I'rs.otre: 0.5 

1:/mission I'oinls Per P/intl : I gn'ii 90 li/er;dav 
I,ateral.s': t)iameter: JO mm, Alaterial : P.E Len guI 20 in 

Sjiacii:g: 2. 5x-I in. 
E. ( (i/groundwater is used): ppm 

Outlet 
location on 
lateral 

Lateral location on the Manfiild 

inlet end 1/3 down 2/3 down far end 
volume 
collected 
nil 

discharge 
I/lu 

volume 
collected 
nil 

discharge 
I ii 

volume 
cot lected 
uI 

discharge 
I/li 

vol uuuue 

collected 
mmml 

discharge 
I/li 

A 815 97.8 780 93.6 786 94.3 634 76.1 

liild end 13 

.——- I 30 39 30 30 30 30 3(1 30 

Average 815 97.8 780 93.6 786 97.3 634 76.1 

A 748 89.8 725 87.1 700 84 712 85.4 
1/3 u/men 13 

'lime 30 30 30 39 30 30 30 30 

Average 748 89.8 725 87.1 700 84 712 85.4 
A 900 108 660 79.2 710 85.2 551 (m6.l 

2/3 don',, 113 

Time 30 30 30 30 30 30 30 30 

Average 900 108 660 79.2 710 85.2 551 66.1 

A 890 106.8 786 94.2 643 77.2 490 58.8 

1'i,r end B 
Time 30 30 30 30 30 30 30 30 

Average 890 106.8 786 94.2 643 77.2 490 58.8 

Pres.s,ire inlet end 0.4 — 0.5 0.4 0.5 
far end 0.5 0.3 0.4 0.2 

,,iiniInuhlz rate 
of discharge 

67.8 

average rate 
of disc/s arge 

86.5 EU 78.4 % Ea 70.5 % 



TRICKLE IRRIGATION EVALUATION 

Location: El liosla,i— l?aiiiadan .1 bdk/iiioiiseii 

(Thserver: Eni,'. Yasser I)ate: 24 795 

Crop. Type ( 'ucuniher .ige: 20 days S'pacthg: 0.5x 1. 75 in 

Soil: i&viu,e '/andy ;I i'a,/able A lois/vie 609-6 

Irrigation : Du,viuii 0.5 hr irequency: daily 

Filter T'pe And Performance. Vcreen 6(1 a, 

l'ressure Inlet: Pressure outlet: Loss: 

Fertilizer Unit ('haractc'ristics. Va /1//er e.visl 

Emitter: AIaA'e: /ocal( Eloropia) Type: (ir. I'oinl 'pacing 0.5 in 

Rat eti I)isc/iarge per Lniisswn Point . 4 lii Al Pressure. / bar 

/'inission I'oi Us l'er P/au! : / yiviuig tiler/day 
laterals: l)iauneter: /6 nun, A lalerial : P. i Leu,gi/i -/0 in 

Spacing: 1. 75 in. 
E. C. (1/ groundwater is used: ppm 

(iutk't location 
on lateral 

Lateral locatwn an the Manfi4d 

inlet Cud 1/3 clown 2/3 clown far curl 
voitiinc 
o1 Ie1cd 

nil 

dischaig 
h 

\'oILII1I 
eol Icted 
nil 

tlisctiargc 
i/li 

'oiLIIu 
Ileted 
nil 

dickiig 
I/h 

viIuiii 
col Icekxl 
nil 

dischzirg 
'Ii 

A 34) 3.6 32 3.84 34 4.4)8 34 4.2 
lu/ct end B 33 3.96 35 4.2 34 4.08 36 4.4)8 

'lime 30 30 30 30 3)) 30 30 30 

Averarc 31.5 3.78 33.5 4.4)2 34 4.4)8 35 4.2 
A 29 3.48 31 3.72 33 3.96 33 3.96 

J/3don'n B 34 4.4)8 34 4.08 33 3.96 34 4.4)8 

Time 30 30 30 30 30 30 30 30 

Average 31.5 3.78 32.5 3.9 33 3.96 33.5 4.02 
A 34 4.08 29 3.48 32 3.84 3.48 

2/doii',: B 3 4.2 29 3.48 32 3.84 29 3.48 
Ti inc 3)) 34) 3)) 3)) 30 3)) 30 30 

Average 34.5 4.14 29 3.48 32 3.84 29 3.48 

A 30 3.6 31 3.72 34) 3.6 27 3.24 

Far end — 13 34 4.08 32 3.84 39 3.48 19 2.28 
lime 30 30 30 30 30 30 30 30 

Average 32 3.84 31.5 3.87 29.5 3.54 23 2.76 

I'ressure inlet cud 1.4 1.4 1.4 1.5 

far end 1.3 1.1 1.1 1.2 

!nh!limui: rate 3.31 li./:'e_____ 
average rate of 
discharge 

3.78 EU"- 87.4 % Ea= 78.6 % 



TRICKLE IRRICATJON EVALUATION 

Location: H I3ostan- 1"al/iv Jfegazv Ob.vcrver: Eng. Yasser , Date: /4/8/95 

Crop: ivpe pepper ;h,'e: /'pacing: 0.5x1.85 in 

Soil: iexl,ire i/uh ualab/e Aloislure 60% 

Irrigation : 1)uralion I hr Erequencv: (lai/v 

Filter i'pc And Perfrma,zce. 'creeii filler 

Pressure Inlet: Pressure outlet: Loss: 

Fertilizer Unit Characteristics, No Jerlilizer i//lit exist 

Emitter: A lake: local Type: Or Point Spacing 0.5 in 

Rated 1)isclzarge per L,,,issio,z Point : 4 f/u I I Pressure: / bar 

foussion Poi,uiv Per P/wit : / git'ing 4 literday 
Laterals: Diwneter: /6 mm, Alaterial : P.E , Length 45 in 

Spacing: 1.85 in. 
E (. (ifgrounduiater is used): ppm 

Outlet location 
on lateral 

Lateral location on the Manifold 

ialct cud 1/3 down 2/3 clown fir end 
vol uiiI 
cilected 
iiil 

dlsL'hargc 
I/li 

vol LHuC 

collected 
nil 

disdiarge 
I/li 

vol wiie 
collected 
nil 

discharge 
I/h 

volwiic 
collected 
nI 

discharge 
I/h 

A 43 5.16 40 4.8 36 4.32 34 4.08 
In/cl end B — 46 5.52 41 4.92 36 4.32 34 4.08 

Ji 30 30 30 30 30 30 30 30 

Average 44.5 5.3-4 40.5 4.86 36 4.32 34 4.08 
A 35 4.2 55 6.6 49 5.88 46 5.52 

1/3 don',: B 38 4.56 46 5.52 34 4.2 49 5.88 
Time 30 30 30 30 30 30 31) 30 

Averate 36.5 -4.38 50.5 6.06 41.5 4.98 47.5 5.7 
A 34 4.1)8 39 4.68 36 4.32 31) 3.6 

2/3 dunn B 32 3.84 36 4.32 33 3.96 32 3.84 

Time 30 30 30 30 30 30 30 30 

Average 33 3.96 37.5 4.5 34.5 4.14 31 3.72 
A 44 5.28 34 4.08 39 4.68 33 3.96 

Far end 13 — 31 3.72 33 3.96 40 4.8 33 3.96 
'lime 30 3(1 30 30 30 30 3(1 3(1 

Average 37.5 4.5 33.5 4.02 39.5 4.74 33 3.96 
Pres.ure inlet end 1.5 1.5 1.5 1.5 

fur end 1.4 1.2 1.2 1.4 

Iiuniinuin: rate 
'?/ discharge 

3.9 I 

average rate of 
disch arçe 

4.57 EtiS 85.5 % Ea= 76.9 % 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

i'j,e of irrigatwn sj'ste,n : Fixed sB's/em 
Loeatio,: : JVad' LlNutroii Soau lb Sector — EI1iassadfiri,i 
Ohser;'er: Eiig. A. Maher i)ate: 24/10/95 
Crop: Alfalfa 
Soil : texture: Sandy , available water : 60 mm/ne 

Sprinkler: i,.ake : U.S.A , model:Rain Bird 

Sprii/der spacing: 12 by 15 in , Irrigation duration : 2 hrs 
Rated sprinkler discharge: l.. m3/hr, apressure : 2 Kg/cin2. 
La(eral : diameter : 3 inch , slope : 0 %, riser height: I in 

No. of spriiikIei in 
the field 

1 2 1 2 * 5 
efl(i 

Pressure , bar 2 2 2 2 2 
Disharge , in3//tr 1.36 1.38 1.25 1.18 1.3 

c/na! sprinkler pressure and discluirL'e rates 
Wind: speeil, Km//jr relative to lateral line 

5.22 initial , 8.46 luring , 3. 6 final 
1)uration oft/ic e.xp. : / hr. 
Container rini dia,,,etcr : 71 in,,, 
Contai,,er grid spacing ( 3 by 3 in.) 

SpI* 

31 3S 30 

'i,tiI directio,i Sp2 Spi 
Sprinkler rat/thus of throw: 10 in 

Sprinkler's speed of rotation: 2.1 rpm. 
Spriiikler trajectory wig/c: 20 

Temp. = °c. , R. JI %. , EC = 268.8 ppm. 
NoTES: 

SIlL iS 

C 82.76 %. , Eu=74.62 % , Ea 68.15 %. 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

i''pe of irrigation systeni : Fixed system 
Location Wady ElNatron Soul/i sector —Ibralnin Zaher 
Observer: Eng. Yasser , 1)ate: 2 5/9/9 5 

('rop 
Soil : texture: San dy/own , available water 80 imn/ni 

Sprinkler: iisake Israel , model Daai: , nozzles 4.5 by 3 inn: 
Sprinkler spacing 15 by 12 ;,s , Irrigation duration 2 /:rs/ 3 days 
Rated sprinkler discharge 1.6 ,n3/hr, (ajressure 3 Kg/cm2. 
Lateral : diameter 2.5 inc/i , slope 0 %, riser Iieig lit 0. 9 in 

No. of sprinklers in 
1/ic field 

1 2 1 * 2 * 5 
Ciii! 

Pressure , bar 2. 9 2.9 2.9 2.9 2.8 
Disharge , m3/hr 1.66 1.59 1.37 1.58 1.57 

Actual sprinkler pressure and discliare rates : 
Wij,d: speed, Km/ hr relative to lateral line 

14. 6 initial , 14.2 during , 14.4 final 

container rim diameter 71iis:,i 
Con tai,,er grid spacing (3by 3 iii.) 

Sp I 

fl"iiii/ (lire ctioii Sp 2 

Sprinkler raddius oft/iron': 10.25 in 
Sprinkler's 'speei/ of rotation 1.3 rpm. 
Sprinkler trajectory angle 200 

33 42 
Sji J * 

Sp2* 

Tenip.= 40 °c. 

NOTES: 
R.H=54%. EC= 342 ppm. 

ESUL TS 

Ci,=82.7%. , E,=72.38% , Ea=66.9 %. 

-/4 34 28 
36 31 22 21 30 
31 28 26 21 24 
36 39 39 30 35 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Type of irrigation system : Fixed system 
Location Wwly ElNatron South sector — Saud Eldeen flirn, 
Observer: Eng. Yasser , i)ate: 3/10/95 
Lroj: harssem 
Soil : te.vtiire Sa,u1loani , a3'uhlalJle water 80 nun/in 
Sprinkler: isiake Israel , model Daan , nozzles 3. 9 by 3 inns 

Sprinkler spacing 12 hp 12 in, Irrigation duration 4 hrs dail 
Rated sprinkler discharge 0. 75 ,,i3//zr, pressure 1 Kg/cni2 
Lateral : diassieter 3 inc/I , slope 0 %, riser height 1 in 

No. of sprinklers in 
the Jiehi 

I * 2 * 1 2 3 
em! 

Pressure , bar I I I I I 
1)isharge , m3/hr 0. 7161 0. 756 0. 773 0. 752 0. 786 

Actual sprinkler pressure and discharge rates: 
Wind: speed, Kin! hr relative to lateral line 

19 initial , 7. 9 during , 7 final 

container rim diameter 71 us,,, 
(omitainer grid spacing (3 by 3 mm,.) 

Sj I ________ ________ ________ _______ 

Sp 2 

1 P111(1 direction 
Sprinkler raddius of throw: 8. 1 in 

Sprinkler's speed of rotation 1.2 rpm 

Sprinkler tra/ector' angle 200 

Temp. =29 °c. , R. H= 72 %. , EC =243 jpiss. 
NOTES: 

LSULTS 

cu=z62. 5 %. , Eu =52.5 % , Ea50.3 %. 

Sp I * 

12 14 30 19 
6 11 34 17 
12 13 18 20 
27 27 41 25 

Sp2 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Trpe of irrigation systeni : Fixed sj'ste,,, 
Location : JJ'ad' ElNatroii Smith sector — Kureeni & Rania flirni 
Observer: Eiig.A. Ma/icr, 1)ute: 9/10/95 
Crop Ik'arlp 
Soil : texture: San d}'loa,u , available water: 80 ,n,il/nl 

Spriiikler: iiiake : Israel , model :Naa,, 
Sprinkler spacing :12 hp 12 in , irrigatuni duration :1.5 hrs 
Rated sprinhier disc/surge : 1.2 ,n3/hr, capressure:I.3 Kg/cm2 
Lateral : dia,,,eter:2 inc/i , slope 0 %, riser height : (1.5 in 

No. of sprinklers in 
the field 

1 2 3 2* 3 * 4* 8 
end 

Pressure , bar 1.3 1.3 1.3 1.3 1.3 1.3 1.2 

1)is/uirge , n,3/hr 
4 

1. 18 1. 1 7 1. 16 1.2 0.93 0.88 

No.zeldiuns. ,,nsn. 4/ 
2.3 

4.3/ 
2.3 

3.9/ 
2.3 

4.2/ 
2.3 

4.5/ 
2.3 

4/0 4/0 

/lctual sprinkler pressure and discI,are rates: 
I kind: speed, Kin/ hr relative to lateral li,,e 

9 initial , 9 during , 9 final 

('olitailier rim dianmeter 71 ii,,,, 
( ontunier grid spacing ( 3 by 3 in.) 

)I'ifl(l direction 

Sp2 

Sp3 

Sprinkler raddius of throw: 10.5,,, 

Sprinkler's speed of rotation 1 rjnn. 
Sprinkler tra/eetori' amigle 20 

Sp2 

Sj)3 * 

Teinp. %'. 

NOTES: 

ESULTS 

R.II= %. EC = 1)1"• 

Cu=67 %. , Ei, 59.5 % , Ea 515 %. 

7 15 35 54 
28 31 22 30 
24 34 60 13 
19 23 29 41 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Type of irrigation systei,, : Fixed syste,,, 
Locatioi, :Wady ElNatroii South sector — Dr. fliaa Usef farm, 
Observer: Eng. Yasser, 1)ate: 10/10/95 
Crop : Alfalfa 
Soil : texture: , m'ai/able water 90 ;mn/in 

Sprinkler: imike : Anierican , model : Lego 
Sprinkler spacing : 7 by 7 in , Irrigatwi, durafio,,: 1 Jirs 
Rateil sprinkler (/1w/large: 0. 7 ,,s3//ir, pressure: / Kg/cin2. 
Lateral : diameter : 3 inch , slope: 0 %, riser height : I in 

No. of sprinklers in 
the Jìeld 

1 4 5 4* 5* 13 
end 

Pressure , bar 1.2 1. 1 1. 1 1. 1 1. 1 1. 1 

1)isliarjn3/hr 0.852 0.624 645 0.625 0.695 0. 702 
Noze! dia,,i. , nun. 4. 1 3. 9 4 3. 9 4 4 

A dual spri,,kler pressure 1111(1 discIiare rates : 
Wiml: speed Kin/ hr relative to lateral line 

9 ini(i(i! ,9 during , 9 final 

Co,,tainer rim,, diameter 71 mmmiii 

Container grill spacing (1 by ins.) 
Sp4 

* 

.17 5(1 56 61 51 50 66 
43 59 

58 
57 60 58 48 41 

52 47 60 45 36 29 
42 48 52 60 45 30 28 
37 46 50 47 36 27 28 
39 37 44 41 42 42 34 
39 38 34 35 4/ 45 51 

Sp5 * 

Spriiskler raddius of thro1':10.5 in 
Sprinkler's speed of rotation I rpni 
Sprinkler tr( ector;' angle 20 

Temnp. . 
NOTES: 

R.iJ= %. ECpp;n. 

wind (lirectiofl 

ES(!L T 
Cu= 82.3 %. , Eu 72.5 % , Ea 62.2 %. 

1? 



SPRINkLER-LATERAl. IRRIGATION EVALUATION 

Type of irrigatwn systeni : F'ixe/ spste,n 
Location : JVadj' ElNatron North sector— S/i auTh far,,, 
Observer :Eng passer, 1)ate: 1 7/10 /95 
C rop. A Iflulfi, 
Soil : texture: Sandy , available 'ater 60 

Sprinkler: ,i,ake Israil , ;,sodel I)aun 
Sprinkler spacing 12 by /2 ni , Irrigation dii rat ion 2.5 hrs/2 days 
Rated sprinkler thsc/iar,'e: 0. 75 in3//ir, (a jiressure: 1 Kg/cm2. 
Lateral : diameter 2.5/2 inc/i , slope: 0 %, riser Ii eight: 0. 75 ni 

No. of sprinklers in 
tizejield 

1 3 4 * 4 * 9 
end 

I'ressure , bar (1.8 (1.8 0.8 0.8 0.8 (1.8 

1)ish urge , ,,i3/hr (1.95 0. 75 0. 77 0. 735 0. 72 (1.98 

Nozzel dia,,,. , ii,,,,. 4.4/3 3.9/3 3.9/3 3.9/3 3.9/3 4.4/3 

l elm,! spri,ikler pressure awl discl:arge rates: 
J"iiid: speed, Kin,' hr relative to lateral hue 

13. 7 initial ,5. 7 during , 5. 7 final 

Container rim diameter 71 nni 
Container grid spacing ( 3 by 3 ni.) 

p4________________________ _______ 5P4* 
30 10 14 18 

n'ind direction 5p3 

Sprinkler raddius of throw: 8 in 
Sprimikier 's speed of rotation 0. 75 rpmmi 

Sprinkler tru/ectory aught' : 20 

I'euuiji.'3I '. , R.H74 %. , EC= 614 pj)n,. 
IVOTES: 

ES(JL TS 

Cu= 62.4 %. , Eu 45 % , Ea33.14 %. 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

'j'p' of irrigation s'steni llaiid Move / Side—roll / Fixed s;'sten, 
Location Vad' ElNatron Soul/i sector —Ibraluni Zalier 
Observer: Eng. Yasser , 1)ate: 25/9/95 
crap 
Soil : texture: Su,ld)'lounI , available water 80 ii.in/ni 

Sprinkler: ii.ake Israel , model Duo.. , nozzles 4.5 by 3 mm 
Sprinkler spacing 15 b' 12 in , Irrigation duration 2 hrs/3 days 
Rated sprinkler discharge 1.6 ,,s3/hr, apressure 3 Kg/cin2 
Lateral : dia,,,eter 2.5 inch , slope 0 %, riser height 0. 9 in 

No. of sprii:klers in 
the fiCl(/ 

1 2 J* 2* 5 
Cfl(/ 

Pressure , bar 2. 9 2. 9 2.9 2.9 2.8 
1)ishargc , n.3//zr 1.66 1.59 1.37 1.58 1.57 

il dual sprinkler pressure and discl,ar.ge rates : 
Wii,d: speeil Kin! hr relative to lateral line 

14.6 initial , 14.2 durwg , 14.4 

Spriiikler rathijus of throw: 111.25 in 
Sprinkler's speed of rotatwn 1.3 rpm. 
Sprinkler tru,ectorp angle 20 

Sp I * 

Sp2 
* 

Tcnip. 40 °e. 

NOTES: 
R. 11= 54 %. EC= 342 ppm. 

ES (IL TS 

0/ cu 82. 7 %. , Eu 72.38 o , Ea 66.9 %. 

Container rim dianieter 71 iii,,, 
Ctnitainer grid spacing (3hy 3 in.) 

Sj I 

Sp 2 

'; 

44 34 28 33 42 
36 31 22 21 3'tP 
31 28 26 21 24 
36 39 39 30 35 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

'fl'pe of irrigatiol: spte,,i : IIa,id Move / Side—roll / Fixed ssten 
Location Wady ElNatron Son tI sector — Saud Eldeen flirni 
Observer: Eng. Yasser , 1)ate: 3/10/95 

Cr0,): hars.s'e,n 

Soil : fevture Sai,d'loain , available water 80 nun/n, 
Sprinkler: make Israel , model 1)uan , noz.zles 3. 9 by 3 

Sprinkler spacing /2 by 12 in , Irrigatwi: duration 4 lirs daily 
Rateil sprinkler disc!: urge 0. 75 ,is3//,r, pressure I Kg/cin2 
Lateral : diameter 3 inc/i , slope 0 %, riser height I in 

Wijul: .specd, K,,,/ hr relative to lateral line 
19 initial , 7. 9 during 7 .tinal 

(Joiztui,ier rim ilunmieter 71 ii,,,, 
Loistaitser grid spacing ( 3 by 3 ni.) 

Sj,ri,,kler ruldius of throw: 8. liii 
Sprinkler's speed of rotatiomi 1.2 rpm:: 

Sprinkler trqjector' angle 20 

Sp 1* 

Sp2 wind direction 

Temnp.29 °e. 

NOTES: 
R. 11= 72 %. EC =243 J)/flfl. 

ESIIIL iS1 

Cu62. 5 %. , Eu=52.5 % , Ea=5(I.3 %. 

/1 dual sprinkler pressure (1,1(1 tliscl,arj'e rates : 

Sj I 

Sp 2 

l' 12 I' 
TH 6 Ill U 

'12 13 18 

L27 127 41 25 I 



SPRI N KLER-LATERAL IRRIGATION EVALUATION 

h'I)e of irrigutw!i system : 11(111(1 4'Iove / Side—roll / Fixed system 
Location Wadp ElNatron South sector — Kareemn & Raniafarmn 
Observer: Eng. A. Maher, 1)ate: 9/10/95 
Crop lk'arlr, 
Soil : texture: San dploamn , available waler: 80 m,un/mn 

Sprinkler: imiake : Israel , model :Naa,z 

Sprimik/er spacing :12 by 12 in , Irrigaliomi (lUratiofl :1.5 lirs 
Rated sprimi/der disc/i arge : 1.2 mn3/hr, pressure:!. 3 Kg/cm2 
Lateral : diamnetcr:2 inc/i , slope 0 %, riser height : 0.5 in 

No. of sprinklers in 
the field 

1 2 3 2 * 3* 4 * 8 
end 

Pressure , bar 1.3 1.3 1.3 1.3 1.3 1.3 1.2 

1)isharge , n,3/hr 
4 

1. 18 1. 1 7 1. 16 1.2 0.93 0. 88 

Now'! dia,,,. , ,mn. 4/ 
2.3 

4.3/ 
2.3 

3. 9/ 
2.3 

4.2/ 
2.3 

4.5/ 
2.3 

4/0 4/0 

/1 dual sprinkler pressure a,id discharge rates : 
Wiu,d: speed, Km//mr relative to lateral line 

9 initial , 9 during , 9 final 

Container rim diameter 71 inn, 
Cams tamer grid spacing (3 b ? iii.) 

Sprims/der raddius of t/iroii': 10.5,,, 

Sprinkler's speed of rotation I rpims. 

Sprinkler trajectory tingle 20 

iemiip. 
NOTES: 

R.J1= %. EC=ppis. 

ES(IL 1S 

Cu=6 7 %. , Eu= 59.5 % , Ea 55.5 %. 

Sp2 _______ Sp2* . 
7 1 

— 
3:, 

. 4 
,u .--- . . 

34 60 13 

Sp3 
23 29 41 

Sp3 * 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Tppe of irrigation spsten, : llaiid i'Iove( dragliose,) system 
Location: ElBostan—Mol,a,,ied A hd EFRa/unan Elnagar 
Observer: Eng. Yasser, Date:20/8/95 
Croj :So:l bean 
Soil : texture Sandy , ai'ailab/e water: 60 nini/ni 

Sprinkler: ,,iake: France , model : Roland 
Sprinkler spacing: 12 by 15 in , Irrigation duration 3 hrs/3 days 
Rated sprinkler discharge: 2 u,,3/hr, (i pressure: 2.5 Kg/cin2. 
Lateral : diwneter : 3 inc/i , slope :0 %, riser height :0.9 ii 

No. of sprinklers in 
the field 

1 3 4 9 
end 

Pressure , bar 2.5 2.5 2.3 1. 6 

l)isliarge , ,n3/hr 1.83 2.09 2.11 1.3 

Nozzel dians. , nun. 4/2.5 4.5/2.5 5/3 4/3 

/1 dual spriiikler pressure (111(1 discharge rates : 
IVan!: speed, A'm/ fir relative to lateral line 

6.3 initial , 7.2 during , 9 final 

1)uration of experinient: 3/4 hr 
container rim diameter 7liuuui 
container grid spacing (3 by 3 in.) 

Sp3 5p3 * 

I 20 18 19 I 31 I 34 1 

14 25 27 33 39 
31 27 33 44 49 

L 34 23 34 53 32 

wiiul direction 
Spruikler ruddi,,s of thro ': 9 in 
Sprinkler 'S j)eL'(I (?1I0t(1ti11 10 rpm 
Sprinkler trajectory angle 20 

Teiuip.32°c. , R.H %. , EC= 472.8 ppm. 
NOTES: 

1?ESUL TS 

Cu 75.8 %. , EiuO. ó % , Ea= 54.2 % 



SPRIN kI4ER-LATERAL IRRIGATION EVALUATION 

ippe of irrigatw,1 syste,,, : Fixed spsiem 
Location: ElBostan —Sa,,,i A Jul Elinolisen 
Observer :Eng. Yasser, l)atc: 2/9/95 

Crop: Peanut 
Soil : texture : Sa,,dp (il'(ii/aI)Ie sj'ater: 60 ,,,,,,/,,, 

Spriiiller: ,,,ake: , ,,iodel: 
Sprinkler spacing: 18 by 18 in , Irrigation duration: I hrs /3 days 
Rated sprinkler discliargc:6. 15 m3//,r, ('a/ressurc: 1.5 Kg/cin2 
Lateral : /uuneter :3 inc/i , slope : 0 %, riser height: 0. 6 in 

No. of sprinklers in 
the field 

1 2 J* 2* 5 
end 

Pressure , bar 1.4 1.4 1.5 1.5 1.2 

1)islzarge , mi/hr 6.06 6.8 6.15 6. 15 5. 7 

1 dual syri,,IIer pressure (111(1 discharge rates : 
Wii,d: speed Kin! hr relative to lateral hue 

9 initial , 10 (luring , 9 final 
Duration of 1/ic exp.: 1 hr 
Container rim diameter : 7/un,, 
Container grid spacing (3 by 3 iii.) 

)t'iIl(! lirection 

Sp 1 

Sp2 

Sprin/aler raddiiis of throw: 11.5 in 

Sprinkler's speed t• rotation : (1. 75 rpm 
Sprinkler tru ectorL' angle:20 

SF) V * 

Sp2 
* 

ieiiip.31 °c. 0/ R.JJ= 80 /0. EC= 472.8ppm. 

RESLIL TS ( 59.4 %. , Eu= 42 % , Ea= 40.7 %. 

34 73 138 65 19 25 
58 100 103 1 70 27 53 
103 84 29 68 70 /05 
119 50 7 59 116 104 
95 51 57 /18 135 119 
60 57 106 150 58 34 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Tppc of irrigation sj'ste,n : Fixed system 
Location: ElBosti,n— Osanut Bela! El4!asrp 
Observer: Eng. Yasser, 1)ate: 24/7/95 

Crop : 
Soil : texture: Sam/p , m'ailahle water: 60 mm/in 

Sprinkler: ,,,:kc: France & Israel , mmmdcl: Rola,ul & Naun 5033 

Sprinkler spae:,ig 18 bj' 18 in , Irrigatiomi duration:3 lirs /3 days 
Rateil sprinkler discharge: 1.8 mi/br, pressure 2 Kg/cm2 
Lateral : diiimneter : 3 inc/i , slope: 2 %, riser height : 0. 5 in 

No. of sprinklers in 
(lie field 

1 

Naun 
2 

Roland 
1 * 

Nuan 
2 * 

Roland 
5 

Roland 
Pressure , bar 1. 9 2 1.9 2 1.6 

•1)im,rg , mi/hr 1. 79 1.77 1. 75 1. 78 1.6 
/Vozzel ilium. , mmii,,. 4.8/3 4.5/3 4.8/3 4.5/3 4.5/3 

A ctiial sprinkler pressure and disc/,ar'e rates : 
Wind: sjeed Is mu! hr relative to lateral line 

1. 8 iiiitial , 7.2 during , 5.4 final 
!)urution of (lie exp. : 1 hr 
Container rimim diameter: 71 mm,;,, 

Container grul spaciimg (3 by 3 mu.) 

Iv, 
ivii,il directiom, 

Sprimikier raddius of throw:hl.5 in 
Sprimikler 's sj,ced of rotatwn 1.25 rpm 

Sprinkler trajectory angle : 20 

Temp. 3 I °c. , R. 11 84 %. , EC 4 72. 8pptn. 
NOTES : The drop in efficiency is i/tie to time big distance which, the spr are 
designed on. 

RESLJL TS 
Cu66.9 %. , Eu=53 % , Ea= 50.5%. 

Sp2 

I 

14 22 25 25 20 22 
15 15 25 17 16 17 
12 12 17 14 20 26 
34 22 7 14 23 23 
17 83 24 11 14 18 
20 20 28 12 13 10 

S 

51J1 
* 



SPRIN K IJER-IJATERAL I RRIGATION EVALUATION 

ij'pc of irrigation spste,,z : Fixed system 
IA)cation: Elfiostan— Hassan A hi! ElRasole 
Ohseri'er: Eng. Yasser, l)ate: 23/7/95 

Crop: J-W 

Soil : texture : Sai,d' , available 'ater : 60 mm/ui 

Sprinkler: i,llzke: France , mode! : Roland 
Sprinkler s/uzc:ng: 18 by 18 in , Irrigation duration: 3 Iirs/ 3 ilays 
Rated spri ilk/er discharge: 2. 5 ,n3//,r, pressure : 2. 5 Kg/cm2. 
Lateral : diameter: 3 inc/i , slope: 3 %, riser height: 0.5 i,i 

No. of sprinklers in 
the field 

1 2 1 * 2* 5 
Cull 

Pressure , bar 1. 9 1.9 2.5 2.4 1.4 

1)is/iarge , ,n3//zr 2.01 2.17 2.41 2.1 1.9 
Nozze! dia,,,. , ii,,,,. 4.8/4 5/4 5/4 4.8/4 5/4 

1 cia a! sprinkler pressure and discIiare rates : 
I Vind: sped! Kmn/ hr relative to lateral line 

Witilil , duri,ig 
I)iiration oft/ic exp. :1/zr 
Container rim diameter : 7Jmni 
Comitainer grill spacing (3 by 3 iii.) 

v7, 
Sp2 

wuiil directiom, 

Spriikler railiozis of through: 11.2 in. 

Sj,rinkler's speed of rotation :3 rpm 
Sprinkler trajectory angle: 20 

fiuial 

Temnp.= 33°c. , R.J-I= 72 %. , ECZ 472.8 ppm. 
NOTES: 
* The drop in fficl1tlCy is ilize to : a) 1"7nd. 

b,) wide spacings. 

RESULTS Cu 40.5 %. , Eu= 8.3 % , Eu= 6.5 %. 

Sp I Si, 1 * 

28 12 8 13 25 47 
12 12 6 2 6 21 
24 23 2 0 1 12 
9 23 15 0 5 26 
23 25 26 9 41 33 
29 38 29 16 59 59 

Sp2* 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

T3'pe of irrigatwn s'steni : Fixed system 
Location: Elilostan— Moliamed A hd El/ia fez 
Observer :Eiig. Yasser, Date: 23/7/95 
Cr01) : Peanut 
Soil : texture: Sandp , available water : 60 mm/ni 

Sprinkler: ,,ioke: Russia,, , niodel : Russian 100 

Sprinkler spacing: 18 hp 18 in , Irrigation dur(ltWfl: I /zrs/3 days 
Rated .spriiililer discharge: 1. 5 ,n3//zr, 'a pressure: 1. 5 Kg/cm2. 
Lateral : diameter: 3 inc/i , slope: 2 %, riser height :0.5 in 

No. of sprinklers in 1 2 
the field 

1 * 2* 

Pressure ,har 1.5 1.6 1.5 1.6 

• Disliarge , mi/hr 7.42 7.5 7.41 7.56 

ESUL TS 

'l ctual sprinkler pressure and discI,ar'e rates: 
Wind: speed Kuu/ hr relative to lateral line 

16.2 initial , 6.84 during , 11. 52 final 
1)ura tion oft/se cxp.: / hr 
Container rim dia,,,eter: 71 in,,, 
Container grid sjacing (3 by 3 in.) 

5,,J S,1* 
112 148 68 72 38 54 
108 122 37 32 56 58 
103 123 27 13 34 50 
78 54 86 114 18 154 
64 68 /08 120 128 152 
126 1/0 84 92 68 75 

Sp2 Sp2 * 

)'iiI(1 direction 
Sprinkler radthus of throw: 12.2 mu 

Sprinkler's speed of rotation: 0. 75 rpm 
Sprinkler tra/ccto' amigle: 20 

Teiiip. 33 °c. , R.I1= 72 %. , EC 472.8 ppm. 
VOTES . 
* There were au etficiamier drop because of a drop in pressure on tile •spr. , (lull 

this appears iii (he rpm of (lie spr. And if we try to raise the pressure by decreasing 
the no. of spr. there will he daniages in the s5'stcmn. 

Co= 59.3 %. , Eu '/2.3 % , Eu= 38.5%. 



SPRINkLER-LATERAL IRRIGATION EVALUATION 

Type of irrigatioli system : Fixed s'stens 
Locatwn:ElBostan— Be/al A hd EIA ziz Moustaf'i 
Observer :Eng Yasser, l)ate:3/9/95 
Croj: Corii 
Soil : texture:Sa,,d' , in'ailahle water : 60 mm/ui 

Sprinkler: make: U.S.A , lIlodel:R(lin Bird 
Sprinkler spacing 15 by 15 in , Irrigat loll duration: 3 hrs 3 (lays 
Rated sprinkler discharge: 1.5 iu:3/hr, (th' pressure: 2.2 Kg/cun2 
Lateral : diameter: 3 inc/i , slope: 0 %, riser height : 0.5 in 

No. of sprinklers in 
the field 

1 2 3 2 * 3* 6 
end 

Pressure , bar 2.4 2.3 2.3 2.2 2.2 2 

jigeii3/hr 2.27 1.36 1.59 1.9 1.93 2.11 
NozeI diant. , nun. 5/4 4.5/3 4.5/2.5 5/3 5/3 5/4 

/1 ctiial sprinkler pressure a;id discharge rates: 
Wi,,d: speed Kin! hr relative to lateral line 

9 initial , 5.4 during , 4. 5 final 
Duration of the exp.: 3/4 hr 
Container rim diameter: 71 iii,,, 
Container grid spacing (3 by 3 iii.) 

wimul threctuni 
Sprinkler ra(/(luis of throw : 8 in 
Sprin/iler 's speed of rotation : 3 rpm 

Sprinkler trajectory angle: 20 

Temp. = 35 °c. 

NOTES: 
R.tI= 70 %. EC=472.8 ppm. 

RESULT 

Cu= 58.8 %. , Eu= 51.9% , Eu, 46.3 %. 

5p2 
2833 19 10 11 

22 24 17 7 8 
11 10 9 11 27 
16 8 11 23 24 
21 /0 12 15 45 

Sj3 

Sp2* 

Sp3* 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Type of irrigation system : Fixed system 
Location: Elflostan — Tarek Fade! E!Ropy 
Ohsen'er :Eng. Yasser, I)ate: 18/8/95 

Crop: l'eanut 
Soil : texture: Sandy , available water: 60 nun/rn 

Sprinkler: make: U.S.A & Russia,, , model: Rain Bird 7() B & Russian 100 

Sprinkler spacing: 18 by 18 in , Irrigation duration : 2 lirs / 3 days 
Rated sprinkler discharge: 3.5 & 5 rn3/hr, (apressure: I Kg/crn2. 
Lateral : diameter: 3 inch , slope: 0 %, riser height 0. 6 ni 

No. of sprinklers in 
the fIeld 

1 2 1 * 

russ. 
2 * 

russ 
5 
end 

Pressure , bar 1.2 1.2 1.4 1.2 1.1 

l)isliarge , mn3/hr 5.51 4 4.11 6.23 3.7 
Norzeldiaimi. , ii,,,,. 10.5/5.5 7/7 8/5 11.2/5.5 7/5 

A dual sprii,kler pressure and discilarif e rates : 
JVu,d: speed Kin! hr relative to lateral line 

9 initial , 5.4 during , 3. 6 final 
1)uration of exp.: 0.4 hr. 
Contauzer rim diamiseter : 71 ii,,,, 

Container grid spacing ( 3 by 3 in.) 

51,1* SIJJ 

wind dire ctio,i Sp.2 * 5p2 

Spriiikler raddimis of throw: 11 in 

Sprinkler's speed of rotatwn: (1.5 rpmmi 

Sprinkler trajector' angle: 20 

R. 11= 87 %. , EG — 472.8 ppm. 

RESULTS 
Cu= 53. 7 %. , Eu= 32.8 % , Ea= 29.4%. 

Fenij. = 33 °c. 

NOTES: 

27 19 12 35 15 49 
49 21 21 14 18 7 

'/1 38 30 1(1 7 23 
49 4 2 22 52 16 
19 12 17 7 36 19 

13 9 22 6 30 32 



SP1UNKI.ER-LATERAL IRRIGATION EVALUATION 

'Li'pe of irrigation sjste,iz : Fixed syste!,, 
Locatwn: Elilostan — Ihrahi,n Ahd F/A ziz Salem 

Observer: Eng. Yasser , 1)ate: 2/9/95 
Crop: (itrus 
Soil : texture: Sandy , available water: 60 mum/ni 

Sprinkler: iuiake: France , model : Roland 

Sprinkler spacing: 15 by iS in , Irrigation duration : 3 hrs/ 3 days 
Ratel sprinkler discharge : 1. 7 mn3/hr, (a j)ressure: 1.5 Kg/cmn2. 
Lateral : thaineter: 3 inch , slope: 0 %, riser height: 0. 6 in 

Wind: speeti Kin! hr relative to lateral line 
3. 6 initial , 10 tliiring , 15 final 

Duration oft/ic exp.: 0.5 hr 
Comitainer rim diameter: 71 iii,,, 
Container grid spacing ( 3 by 3 iii.) 

wind direction 
Sprinkler raddius of throw: 8 mu 

Sprinkler's speed of rotation: 5 rpm 
Sprinkler trajectory angle: 20 

Sju 1 

Sp2 

Temp. = 27 °c. 

NOTES: 
R.Ii=90 %. EC= 472.8 ppm. 

RESULTS 

Cu=50.76%. , Eu=3l.6% , Ea=23.i%. 

ii dual syriu,kler pressure and discharge rates : 

Sj / * 

12 11 12 16 15 
37 15 24 9 10 
ii 5 3 11 11 
5 4 5 16 12 
3 0 3 7 5 

* 



SIRINKLER-LA'T'ERAL IRRI(;ATION EViLUATION 

1'/)e of irrigationsysteni : 11(111(1 1Io,'e 
Locafwn :Llhostan— Said A bd ELI ziz Jtliodeer 
Observer : Eng. Yasser, J)ate: 14/8/95 

Croj: Soil bean 
Soil : texture: Sandy , available wafer : 60 

Sprinkler: make: U. S,A , imiodel : Rai,, Bird 30 TNT, 
Sprinkler spacing: 9 by 15 in , Irrigation duration : / Jirs/3 (lays 
Raleil sprinkler thscliarge : 3.5 ,n3//ir, (a. pressure: 1.5 Kg/cmn2 
Lateral : diameter: 3 inc/i , slope: 0 %, riser lieig/it:(ftit/:oii 

No. of sprinklers in 
the field 

1 2 3 7 

end 
Pressure , bar 1.5 1.4 1.4 1 

Dishaige , ni3//zr 3. 14 3.59 3.5 4 
Nozzel diammi. , iii,,,. 4. 5/# 5/# — 5/# #/1 

Actual sprinkler pressure and dischar.ge rates : 
Wind: speed Kin//zr relative to lateral line 

1 initial , 3. 6 (luring , 3. 6 filial 
1)uration of 1/ic exJ)erimmlenl: 3/4 hr. 
Container riimi diameter 71 mu,,, 

Container grid spacing (3 by 3 iii.) 

Sp2 _______ _______ ______Sp2 

Sj3 
l'ill(l (direction 

73 75 61 
98 76 52 
85 69 86 
80 80 44 
77 70 67 

Sp3 * 

Sprinkler radius of throw:10. 5 in 
Sprinli icr's speed of rotation : 4.5 rpm 

Sprinkler Ira jector;' angle: 20 

i'enip.32 °c. , R.1185 %. , EC472.8ppin. 
NOTES: 

= u'itlzoul 1IOZZd. 

There is a leakage l,etii'een the /ijes no. 5 , 6 and this is because oft/ic damaged 
gaskets. Am! this causes the thfrence th pressure beti'een S1 110. 3 t 7. 
RESULTS 

0, =86.4 %. , Eu 76. 7 % , Ea 71.8 %. 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

Type of irrigation spstel?i : hand Move 
Location: ElBos (an — Mostala (iahre Sira 
Observer :Eng. Yasser , Date: 1 2/8/95 
Crop: Peanut 
Soil : te.xfure: Sandy , available water: 60 in in/ni 

Sprtiiller: imike: U. A. , model: Ruiii Bird 30 TNT 

Sprinkler spacing : 9 by 15 in , Irrigation duration: I hrs/ 3da's. 
Rated sprinkler disc barge: 3. 8 ;n3/hr, pressure: I Kg/cin2 
Lateral : diameter: 3 in cli , slope: 3 %, riser height 0. 6 in 

No. of sprinklers in 
the field 

1 2 3 6 

end 
Pressure , bar I I I I 
Disliarge , mn3/hr 2.33 3.88 3.8 4.4 
Nozel dia,,i. , iii,,,. 4. 5/# 5. 5/# 5. 5/# 6/# 

Actual sprinkler pressure and discI,are rates: 
W,nd: speed Kin! hr relative to lateral line 

0 initial ,3. 6 during , 7.2 final 

l)uration of (lie experiment: 3/4 hr. 
Container riiii dianseter: 71 nun 
Con (ci 11cr grid spacing (3 by 3 in.) 

_______ _______ _______Sj,2* 

wind direction Sp3 

Sprinkler radius of throw: 9 in 
Sprinkler's speed of rotation : 2.5 rpm 
Sprinkler trajectory angle: 20 

Teinp.=32 '. , R.IJ=85 %. , EC472.8 ppm. 
NOTES: 
# = without nozzel. 

RESULTS 
Cu = 68 %. , Eu 57. 7 % , Ea= 50.58 %. 

30 30 77 
52 80 54 
65 64 57 
62 81 73 

160 74 146 

Sj3 * 



SPRINKLER-LATERAL IRRiGATION EVALUATION 

lype of irrigation system: !Iaiid Move 
Location: Elflostan— Jbralnm Ahd EIAloiiee,,, Racked 
Observer : Eng Yasser , i)ate: 12/8/95 
Crop : Peanut 
Soil : texture: Sandy , available water : 60 nun/rn 

Spriiikler: niake: U.S.A , model: Rain Bird 30 TNT 

Sprinkler spacing: 15 by 15 m , Irrigation duration: I hrs/ 3 days 
Rated sprinkler discharge: 6.5 ,,,3/hr, pressure: I Kg/crn2. 
Lateral : diameter: 3 inch , slojie: (1 %, riser height : 0.6 in 

No. of sprinklers in 
the field 

1 2 3 7 

end 
J'ress,ire , bar 1.4 1 1 0. 8 

1Esge , ,n3/hr 3.54 6.31 6. 91 3.6 
Nozzel dia,,,. , inn,. 5/# 5/# 7. 5/# 3. 5/ 

Actual sprinkler pressure and discIiare rates: 
Wind: speed, Kmn/ hr relative to lateral line 

9 initial , 12.6 (luring , 7.2 fimial 
1)uration of ex/)eri;ilent: / hr. 
Container rim dianieter : 7liiiiii 
Container grid spacing (3 by 3 in.) 

Sp2 _______ _______ _______ ______ Sp2 * 

67 94 ______ 68 73 

wind direction Sp3 Sp3 * 

Sprinkler radius of throw: 8.5 in 
Sprinkler's speed of rotation: 5 rpm. 
Sprinkler trqjectory angle: 20 

Teinp.=33°e. , R.H= %. , EC472.8ppmn. 
NOTES: 
0 without iiozel. 

I? ES UL TS 

Cu 56.4 %. , Eu36 % , Ea 17%. 

58 18 2 33 80 
37, 26 13 60 44 
65 73 36 42 41 

62 93 27 44 151 



SPRINKLERLAI'ERA L IRRIGATION EVALtJATION 

Type of irrigation system: Hand Move 
Location: ElBostan— Hegazy Ahd Elii'Ioneei,i Gomaa 
Observer: Eng. Yasser , 1)ate: 12/8/95 

Cr0,): Peanut 
Soil : texture: Sandy , available s'ater: 60 imn/ni 

Sprinkler: niake : U.S.A , model: Raii: Bird 30 TNT 

Sprinkler spacing: 15 by 15 in , Irrigation duration : I hrs/3 dat's. 
Rated spriiilder discharge: 2. 5 m3/hr, pressure: 1 Kg/cni2 
Lateral : diameter: 3 inc/i , slope: 2 %, riser height : 0. 15 in 

No. of sprinklers in 
the field 

1 2 3 6 
end 

I'ressure , bar 1.2 (1.9 (1.8 1 

Discharge , ni3/hr 2 3.59 4.23 2.69 
Nozzle dia,,,. , mm. 7/0 4. 5/# 5/ # 6/# 

/1 ctual sprinkler pressure and (lisclla!j'e rates 
t'Vii,d: speed Kin! hr relative to lateral line 

9 initial , 10.8 during , 9 final 
I)urution oft/ic evp. : I Fir 

container rimis diameter: 71 iii!,, 
Container grid spacing (3 bi'3 mm,.) 

_____ _______ ______ _______ _______ Sp2* 

Sp3 p3 * 

wind direction 
Sprinkler radius of throw: 8 in 
Sprinkler's speed of rotation : 2. 5 rpm 
Sprinkler trajectory angle:20 

Temnp.=33°c. , R.J-1=%. , EC=472.8ppm. 
iVO TES: 
# without nozzle 

RESUL TS 

Cu= 67.57 %. , E,i 43. 1 % , Ea= 32.1 %. 

Sj,2_ 
77 55 58 51 93 
82 65 15 10 54 
56 70 15 25 46 
29 38 71 60 50 
45 40 83 50 40 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

i'pe of irrigation s;'stem: Haiid Move( drag/i ose) 
Locat,o,,: ElBostan — Kareein Alul Elilameed Ezut 
Observer :Eng. Yasser, J)ate: 3/9/95 

Crop: Peaiiut 
Soil : texture : Sandp , available water : 60 iiini/in 

Sprinkler: ma/ic: French , model: 1?oland 

Sprinkler spacing: 15 hi' 15 in , Irrigation duration 4 hrs /3days 
Ruled sprinkler discharge : 2 ,n3/hr, apressure: 1.5 Kg/cin2 
Lateral : diameter : 3 inch , slope: 0 %, riser height : 0. 6 in 

No. of sprinklers in 
the field 

1 2 3 2 * 6 
end 

Pressure , bar 1. 6 1.6 1. 1 1.5 1. 1 1 

Discharge , in3/Izr 1.56 2.06 1.79 2.06 1.88 1.38 
Nozzle than,. , in;,,. 5/5 5/5 5/5 4.5/4.5 5.5/2.5 5/2.5 

/1 dual sprii,Ider pressure (111(1 thscliar'e rates : 
Wind: speed K;ii/ Fir relative to lateral line 

14.4 in,tial , 10 iluring 
I)urution oft/ic exp. : 1 hr 
Co;itaincr run thaineter : 71 ii,,,, 
Coiituiiier grid spacing (3 by 3 in.) 

, 6 fiiial 

'iii1 direction 

Sp2 

Sp3 

19 63 
— 

23 34 35 
27 13 15 7 

23 1 35 18 32 
25 18 2 42 57 
17 25 13 34 29 

Sj;2 

Sj3 * 

Sprinkler radius of throii': 9 ni 
Sprinkler .s' .sj,eed of rotation: 4 rjiii 
Sprinkler trajectorp angle: 20 

Teinp. 30 o• 
JVOTES. 

R.lI= 74 %. EC= 472.8 ppm. 

RESUL TS 

Cu56.9 %. , Eu=36.5 % , Ew27.6% 



Lroj: Citrus 
Soil : texture : Sandy , available water: 6(1 i,;iii/iii 

Sprinider: make: Greece & U.S.A , model: .lerscy & RB 70 

Sprinkler spacing 12 by 18 in , Irrigation duratwim : 2 hrs/3 days 
Rated sprinkler discharge: 3.5 & 5.5 i,;3/hr, a pressure: 2.5 Kg/cm2 
Lateral : tha,neter: 3 inc/i , slope: 11 %, riser height : 0.2 in 

No. of spriizklers' in 

Liress,1re , l)ar 
I 1)isch urge , ,n.J/hr 

Actual sprinkler pressure and dischar.e rates: 
l'Vii,d: speed kin//zr relative to lateral line 

3. 6 initial 12. 6 during 
Duration oft/ic exp. :3/4 hr 
Container rim diameter: 71 iii,,, 
Container grid spacing (3 by 3 in.) 

Sprinkler radius qltlirow: 9.5 in 
Sprinkler's speed of rotation: 3 rpm 
Sprinkler trajectory angle: 20 

• 16.2 final 

Sp3 

Sp2 

Teiiip.34 °c. 

NOTES: 
R.JJ=8() %. EC = 472.8 ppm. 

Vp? 
* 

won! direction 

L 57 I 

4LJ 43 3 
53 46 
85 75 5(1 

Si,2* 

I?ESUL1S 

Cu= 65. 7 %. , Eu43. 9 % , Ea= 28.5 %. 



SPRINKLER-LATERAL iRRIGATION EVALUATION 

1'pe of irrigat ion ysein : hand Move 
Location: 1JBo,s'ta,i — Moliaiiicd lbd EIGa,i'ad 
Oh,s'en'er: Eng. Yasser, Date: 3/9/95 

Crop: Peanut 

Soil : texture: Sandy , available water 61) iiim/in 

Sprinider: :;,ake: Israel , model : Naun 5033 

Sprinkler spacing: 15 h 15 in • Irrigation duration 2.5 /zrs/ 3 days 
Rated sprinkler discharge : 1. 8 ,n3/hr, (a jressure: 2 Kg/cm2. 
Lateral : diameter: 3 inc/i , slope: 0 %. riser height: 1.2 ni 

No. of sprinklers in 
the field 

1 2 1 * 2 * 5 
end 

Pressure , bar 2.4 2 1. 8 1. 6 1.1 

Discharge , m3/hr 1.84 1. 79 1.33 7! 1.5 
Nozzle diam,,. , mmmi. 4.5/3 4.5/3 4.5/3 5/3.5 4.5/3 

/1 ctiia! sprinkler pressure 011(1 disc!, are rates : 
Wind: speed kni/ hr relative to lateral line 

18 initial , 32.4 during , 25 final 
1)uration of the cxp.: / hr. 
Container nni tha,,,eter: 71 mmiii; 

Coistainer grid spacing ( 3 by 3 iii.) 

____ ____ ___ Spi 

wind directioii Sp2* Sj2 

Sprinkler radius of thrmv: in 
Sprinkler 's speed of rot ation 
Sprinkler trajectorp (ifl gle 20 

Temp. = °c. , R. 11= 80 %. , PC = 472.8 ppm. 
ATOTES: 

RESUL TS 

C',i= 68.6%. , Eu50.5 % , Ea=48.1 %. 

51,1 * 

23 13 31 39 32 
4 8 31 33 34 
33 - 22 26 37 45 
39 41 28 37 38 
15 27 38 49 27 



SPRINKLER-LATERAL IRRIGATION EVALUATION 

T'pe of irrigation sVsteln : liaiid Move 
Location: El Bostan—Elsaid /lhd lthngul ,lzab 
Ohsen'er :Eng Yasser, 1)ate: 12/8/95 
Soil: texture: Sandy , A i'ailahle water: 6(1 ,,,,i,/ in 

Sprinkler: imike : U.S.A , model : Rain Bird 3(1 TNT 

Sprinkler spacing: 9 by 15 in , Irrigation duration : / hrs/3 days 
Rated sprinkler discharge: 3 ,n3/hr, (a jres'sure: 1 Kg/cm2 
Lateral : diameter: 3 inc/i , slope: (1 %, riser height: (without 

No. of sprinklers in 
the field 

I 2 6 
cud 

Pressure , bar 1 0. 9 0. 9 

Discharge , m3/hr 3.24 2.98 3.54 
Nozzle dia,,:. , ii,,,,. 5.5/0 5.5/0 6/0 

/1 dual sprinkler pressure and discliare rates: 
J1ind: speed ku,i/ hr relative to lateral line 

12.6 initial , 9 during 
1)uration of (lie exp. 3/4 hr 
Container rini diameter: 7! ii,,,, 
Container grid spacing (3 l,' 3 ii,.) 

Sp2 

• 5.4 final 

Sprinkler radius of t/iroi': 7.5 in 
Sprinkler's speed of rotation ; 4 rp,n 
Sprinkler trajectory angle: 2(1 

Temp. = 32 °c. 

NOTES: 
R.l1=80 %. EC =472.8 pj'uui. 

RESUL TS 

Cu= 56.14 %. , Eu 25.5 % $ Ear: 18.6 %. 

Sj1 5)1 * 

wind direction 

45 65 58 
49 81 6(1 

4 3 5 
39 43 /29 
49 48 70 

5j3 * 



TRICKLE IRRIGATION EVALUATION 

Localjo,,: 1! ady LlNairon— South sec/ion— k/flossed 

()hsert'er: kny. }as,ver t)aie: 24/10/95 

Crop. Tepe : Peaches Age: 1.5 year Spacing. 5x5 in. 

Soil: Texture . Sandy loauuu A vailable Aloisluire: 8() % 

Irrigation : J)ura!ion : / hr Frequencv: every 2 days. 

Filter Type And Performance. 2x S'creeiu 6 in. — l,nerican. 

Pressure Inlet: 1.9 bar , Pressure out/el: 1.8 bar Loss: 0. / bar. 

Fertilizer Unit Characteristics. J"enturi meter / in. 

Emitter: A lake: ilmnerican ,Type: Rain Bird Point Spacing: 5 in. 

Rated 1)ischarge per Emission Point : 4.5 1/h .11 Pressure: 0.6 bar 

1.niissioii 1>omls I'er 1'/anl : 3 git'in,' 7 li/er/day 
Laterals: t)ia,neler: 16 mm,,,,, Material : P. b.L Le,uyt/,: 50 in 

Spacuig: 5 in. 
E. ( . (if yruu,ndwnler is used): 268.8 ppnu 

Outlet location 
OH lateral 

Lateral location on (lie Mautujold 
-. 

i,,let end 1/3 douri 2/3 down far ('lid 
'oIunc 
&oIIccL'LI 

in! 

discIiar. 
Iii 

vIu,iic 
cIILcIL(I 
11! 

disdiaiyc 
UIi 

vIiiine 
cIIciII 
iiil 

dIscI1:tI g 
Iii 

voIiiii. 
il!elI 

nil 

bsh.ii c 
I 

A 48 39 37 38 
Inlet end B 36 38 30 22 

Time 30 30 30 30 30 30 30 30 

Average 42 5.04 38.5 4.62 33.5 4.02 30 3.6 
A 41 39 38 31 

1/3 doui',, B 38 46 38 35 
Time 30 30 30 30 30 30 30 30 

2/? down 

Average 39.5 4.74 42.5 5.4 38 4.56 33 3.96 
A 41 40 40 35 
B 37 40 38 45 
Ti inc 30 30 30 30 34) 30 34) 34) 

Average 39 4.68 40 4.8 39 4.68 40 4.8 
A 39 40 19 40 

Fur end B 38 37 44) 36 
Time 30 30 34) 30 30 30 30 30 

Average 38.5 4.62 38.5 4.62 29 3.48 3 4.56 
Preso,re inlet end 0.6 0.6 0.6 0.6 

far end 0.6 0.6 0.6 0.6 
!fliiti177llfl rate 3.765 [cIii:r'e____- 
average rate of 4.4925 EEJ= 83.81 'V0 Ea 7543 % jsc/z'L'_____ 



TRICKLE IRRIGATION EVALUATION 

Location; Ha(IL' id/Vail?)!! South vector— ;l/u/ui('(l il la.o)ue'(l 1\huali('l Jam 

()/!seru'er: kng. Yasser Date: / 710:1995 

(rop: 'Rjie 016'es Age: 3 vearv Spacing: 6v6 in. 

Soil: texture Sandy Available A foisture 60% 

irrigation : I)ura(ion 3:1 hrs l'requency: euery 2 days. 

f1itter i'vpe And Perforininice. 4x Screen 3m —local. 

Pressure hue!: Pressure outlet: Loss: 

Fertilizer tJ,,it (i:aracterislic.s. local 200 liter 

Logitter: !\ lake: local type: A hcrojei I'ount 8pacu,y 6 in. 

Rated i)isc/:argc' per E,ni,ssio,, I'ouut : 19. 65 / Ii It J'ressu,re: 0.-I bar 

Linissuoiu J'oinis Per Plani : 2 giving /4. 7-1 liter dai 
Laterals: /)iaineier: 16 mm, j\Jaterial : P. 1 Lenyil, 66 mu, 

Suacing: 6 ,uu. 

.E. ( (!/u,'u'ouu/!dwaier is used: 396.8 ppm 

Outlet location 
on lateral 

Lateral location on I/ic 1Iani/old 

inlet end 1/3 doi',: 2/3 do,i',, jèzr end 
voltiuie 
collecled 
11)1 

disdiarg 
I/h 

vnic 
colleeted 

detiargc 
h 

vItmc 
collected 
tid 

d,charge 
lii 

vhttuc 
collected 

IIat 
I Ii 

A 74 330 56 194 

Inlet end 13 175 167 75 65 
ii mc 30 30 30 30 30 30 3(1 30 

Average 124.5 (4.94 248.5_ 29.82 65.5 7.86 129.5 (5.54 
A 88 153 129 127 

I/3do,i'n B 154 375 38 175 
'lime 30 30 30 30 3)) 30 30 30 

Average 121 14.52 264 31.68 83.5 10.02 151 18.12 

A IS! 154 168 26 
2/3don'n B 85 203 128 135 

Time 30 30 30 30 30 30 30 30 

Average 118 14.16 178.5 21.42 148 17.76 
A 128 130 278 340 

flit end B 128 290 182 341) 

Time 30 30 30 30 30 30 30 3)) 
— 

Average 128 15.36 210 25.2 230 27.6 340 40.8 

1're..suure inlet end 0.4 (1.5 0.6 (1,4 

far end 0.3 0.3 0.4 
— 

0.4 
mnininluin rate 

sl,i 
10.425 

average rate of 
disc/i arge 

19.65 EU 53.05% E47.75 9/ 



TRICKLF IRRICATION EVALUATION 

I, oration: I Ial kiNatron So i/li sector— 1 Iaiiul' hivliazIi 

()b,veri'er: kiig. A. A Ia/icr I )ak': / 7' 10 95 

( rap: '/i,oe 7nnaIo Age: 30 dais Spaci/ig: 0. 5v/.. ni. 

Soil: /exliire Saiicly Available Moisture 60 

Irrigation : l)uration 1/2 hr,v 1"requenci': (la/li' 

1's/tar Tj'pe And Performance. 2.v Arkal 3 in. — Israel. 

l'ressure Inlet: 4.3 /s'sure outlet: Loss: 

Fertilizer Unit (Jharuc(eristics. /20 filer—local. 

Emitter: Make: local Tve: (r Point Spacing 0.5 in. 

Ru/ed 1)1st/i urge per Emnissw,, Point : 2. X I Ii II 1're.,v,,re: 0. 9 I, al 

kn,,ssi au Poiuits I'er I'/a,,i : I L'i%'i/iL' 1.4 liter ilai' 
Laterals: L)ia,neier: /6 nun, A laterial : 1'. E . Length 50 in 

b.pacu,g: 1.5 In. 

F. ('. (iJgroiu;uln'ater is USed): 524.8 ppm 

(.)ulIe( /0lL(tiO,l 
on lateral 

L(1/erUI /OC(1tiO11 01, 1/i.e ,4IullllfOI(I 

ui/ct end 1/3 don',, 2/3 dmrn jar ei:d 
V(tlIi1 
L'(Iiecl(i 
iiil 

iicirg 
I/il 

v,liu,u 

iiI 

di.liaig 
I/li 

vIumc 
.lIcld 
iiI 

tfic)iiric 
I 

vhuiiic 
&'IIclcI 
!III 

discli 
Ii 

A 34 35 30 23 
Inlet end B 32 33 30 27 

30 Tinie 30 30 30 30 30 30 31) Ai'_ 34.5 3.78 34 4.4)8 30 3.6 25.5 3.4)6 

A 25 24 28 16 

1/3 don',, B 28 23 27 49 

Time 34) 30 30 30 30 30 30 30 

Average 26.5 3.18 23.5 2.82 27.5 3.3 47.5 2.1 
A 25 23 23 7 

2/3 dOW/I B IX 21) 26 8 
Ti iiic 30 31) 30 34) 30 30 34) 34) 

Avcrage 24.5 2.58 21.5 2.58 24.5 2.94 7. 0.9 
A 26 23 31 ii 

Far end B 213 32 17 11 
Time 30 30 30 34) 30 30 34) 30 

Average 24.5 2.94 27.5 3.3 24 2.88 II 1.32 
J'ress,,re inlet end 1.3 1.3 4.4 0.7 

far end 0.7 0.7 0.9 0.3 
,nminru,n rate 4.725 

ai'erage rate of 
(usc/i urge 

2.835 Et1 60.85% Ea 54.76% 



Irrigutiol: : J)maiion 2 his lrc'qui'iici': (la//v 

Filler ipe And Performance. 4x S'cree,, 31,, — (iC//if nih' 

/rcv,iie h,/et:2 bar Pr('sSinc' out/el: 1.8 bar Los,.: 0.3 liar 

Fertilizer Unit Characteristics. 200 li/er— heal 
Emitter: 1/ Ial(c':J,nerican '/'i'pe: lb/u bird 5 ( '., Point 8paciiig : 6 in. 

1(iled I)is liarge jer En,issio,, P0j;t . .1.57 / I, .It l',vcu,re: / liar 

l'oiuts l'er Plant : 2 gii'wc,' /8. $ lite dai 
Laterals: / )jwne(er: 16 ii,,,,, Ala/er/al : 1'. / /,envIlu /00 in 

Spacii:g: 6 in. 
F. ( (if ,'ro,mndi,'a/er is ,i.ved): 288 ppm 

Outlet locatwi: 
on lateral 

Lateral location on (lie Mamujold 

inlet end 1/3 dowit 2/3 down far end 
vol itilic 
collected 
nil 

liscIia rec 
hi 

olitme 
col Icc/ed 
ri 

tlnciiarge 
lii 

volt tue 
coil cc/cd 
nil 

discharge 
Iii 

volume 
collected 
iii 

diseluat ec 
I 

A 31 29 50 54 
liz/el end 13 25 28 43 SI 

Ti inc 30 30 30 30 30 30 30 30 

Average 38 4.56 28.5 3.42 46.5 5.58 52.5 6.3 
A 63 37 38 22 

1/3 down B 58 47 48 22 
Tituc 30 30 30 30 30 30 30 30 

60.5 7.26 32 5.04 43 5.16 22 
A 42 47 28 6 

2/Jdo,rn B 35 30 26 28 
Time 30 31) 31) 30 30 30 31) 30 

Average 38.5 4.72 38.5 4.62 27 3.24 17 2.04 
A 90 40 43 27 

Far end B 5 40 12 56 
Time 30 30 30 30 30 30 30 30 

Average 47.5 5.7 40 4.8 27.5 3.3 41 4.92 
Pressure i itlel end 1.1 0.9 0.8 

I,r end 1.1 1 0.9 0.9 
mnimlilnumn rate 

arge 
21() 

ai'erae' rate oJ 4.75 EtJ 6I.31% Fa 55. I8% jjsc.Jitir'e_____ 

a 



TRICKLE IRRIGATION EVALUATION 

Localio,r: It adi kiNa/ro,, South sector— 1.tc'. I dcl :1 Iansouir/aini 

()h,veroer: /.ng. I axser L)ah': 10.10/95 

(roji: 'lpe Orani(, ,Ige: 2.5 years Sjaciuig: 3. 5v7 in. 

Soil: 7 ('xIul•(' Sauidyloa,,u ii you/oh Ic A lois/nrc' SO 

Irrigation .' l)urauion 1.5 hr brequencv: dai/r. 

Filler i'jic And Performance. / v screen /1/tel' —/0(0/ 6 iii. 

1revsw'c' lu/el: 4.5 bar Pressure out/el: 4.25 bar loss: 0.25 bar 

Fertilizer tJ,,jl Characteristics. I 'en/un uuielc';' / in. 

Emil/er: Slake: ;Inienican Type: Ahicro—sprinklc'r Point S'pacin,g 3.5 in. 

Rated Discharge per Emission Point . 36 [h it I'revsu,'e: /.2 bar 

b.nii,s'sion Pol 1/s I'er Plant : / giviiig 54 liter day 
Laterals: Diameter: /6 nun, A later/al . P. E Length 55 ni 

Spacing: 7 in. 
F. C (i/groundwater is used.): 249.6 ppm 

* ihe latc'i'al line Oe.V ,iphil/ (111(1 (10 ,jnhiIl. 

Oti/let lO('(iliO,t 
011 lateral 

lateral location on I/se 41a,:ifoll 

inlet end 173 down 2/3 do,i',, far end 
\oliIni( 
Ljlcc1ed 
nil 

(lIUliiiy( 
I/h 

' liiiiic 
c,hOcd 
nil 

ilisctitri.' 
lh 

'i'liinn 
fl'Li(d 

nil 

dii.haii:c 
lii 

\'liiiii( 
cIkcicd 
ml 

ili'cliai i. 
Ii 

A 290 34.8 305 36.6 322 38.64 335 40.2 
Inlet end B 

Time 30 30 30 30 30 30 30 30 

Average 290 34.18 305 36.6 322 38.64 335 40.2 

1/3 (l0I'I1 

A 260 31.2 285 34.2 315 37.8 330 39.6 
B 
Time 30 30 30 30 30 30 30 30 

Avcragc 260 31.2 285 3-1.2 37.8 330 39.6 
A 233 27.96 293 35.16 243 29.16 295 35.3 

2/3 doi',i B 
Ii 

imic___________ 
30 30 30 30 30 30 30 30 

Average 233 27.96 293 35.16 243 29.l6 295 
A 397 47.64 280 33.6 322 38.63 311) 37.2 

Far end B 

Time 31) 30 3(1 30 30 31) 30 30 

———_____ 397 47.64 280 33,6 322 38.64 311) 37.2 
Pressure inlet end — 1.2 1.1 1.3 1.3 

far cud 1.2 1.2 1.3 1.3 
minimum rate 

discharge 
3(1.48 

average rate of 
disc/s arge 

3(i. I 125 EU84.4 0/n Ea75.96 % 



TRICKLE IRRIGA'I'ION EVALUATION 

I,ocalw,:: 11 ady 1:/Nairo,, Soul/i sec/or— /1/al lyriculluic clevc'lop,,ieiiI center 

()/seirc'r: Em,'. l. j%Jaher Dale: /0/1095 

('rap: Type 7,,,,a/o Age: 60 days Spacing: 0. 5v2 in. 

Soil: I crIme Sciiicly A t'ai/able A!oi.'1u,e 70 

Irrigation : 1)uralion 2 hrs Frequency: (1w/v. 

Filler 'll'pe /Ind Perfor,i:ance. I s/mope — Sc/e('II 6 in. — Jrriesrra. —1/a/ia,,. 

I'ressure hi/el: 2 bar Pressure out/el: 1.8 bar Loss: 0.2 bar. 

Fertilizer Unit ('haracteristics. Venturi mueIer / in. 

Emitter: Make: local , Type: (ir Point Spaciiig 0.5 ii,. 

RateI Discharge per Emission Poiiut : 3.2 I/h Ii Pressure: 0. 9 bar 

l.inis,viou, Pow/s Per P/ant :2 giving /2.8 liter/day 
Laterals: t),an,eier: 16 in,,,, Material : /'./' Length 45 in 

Spacing: 2 in. 
E. C. (if gro ululwater is used): 448 ppm 

()iillc'l /(ILlltiO!1 
on lateral 

L(Iler(Il lOC(ItiO?! on the fivianijold 

inlet end 1/3 down 2/3 don'n fir end 
VOIIIHIL' 

cIIecId 
I1) 

(IISCllaIgC 
)h 

VOItIflh 

(I fl? 
c ih 

VIUInC 

(I 111 

c 
VOIIIIflL' 

&I 

(IIJ1IT.' 

A_________ 28 27 26 25 
In/el end 13 28 27 30 26 

Time 30 30 30 30 30 30 30 30 

Average 28 3.46 27 3.24 28 3.36 25.5 3.06 
A 28 26 27 25 

1/3 down B 31 26 29 24 
Time 30 30 30 30 30 30 30 30 

Average 29.5 3.54 26 3.12 28 3.36 24.5 2.94 
A 30 28 29 21 

2Bdon',, B 29 27 26 18 
ii tue 30 34) 30 30 30 30 30 30 

Average 29.5 3.54 27.5 3.3 27.5 3.3 29.5 2.34 
A 28 25 25 16 

Jar end B 3)) 26 34) 2)) 

Pressure 

lime 3)) 30 34) 30 34) 30 30 30 

Average 29 3.48 25.5 3.06 27.5 3.3 18 2.16 
inlet end 1.2 1 1 0.8 
far end I 0.9 0.9 (1.3 

?,uninnim rate 

j/j/isc1zarge 
2625 

ai'eraçe rate of 
g1iscl' 

3.154 EU83.23 % Ea74.91 % 



TRICKLE IRRI(;ATI0N EVALUATION 

Location: II ad;'l:l/Vatro,i ,S'oulhscc:Ior— j) Iohwnoud L/( mdour/arni 

Obserier. Eng. A A ía/icr Date: / 0/10 95 

( rop. /rpe Apricot Age. / ;'ear Spacing. $.vO a;. 

Sal: Texture 'andy loan; A t'ailable A Iojs(ure 0 % 

Irrigattoit : l)ura/ion 4 hrs l'requencv: every 2 days. 

Filter Ti'j'e And Performance. Screen- local 6 in. 

Press,ae f/i/el: 4.5 bar Pressure outlet: 4.25 bar Loss. 0.25 bar 

Fertilizer Unit ('Izaracteristics, I en/i/ri. / in. 

Lnntter: illake American ivpe: Turbo ke; I'oint Spacing 3 am. 

Rated 1)isclzarge per E,nissio,i Point : 3.93 I/h At Pressure: / bar 

/n,,.v.vioii P01/its Per 1'/anl : 3 yiiing 23. 55 /th'rda' 
Laterals: I )ia,neler: 16 mmiii;, :1 fateria/ . 1'. E Le,igth 55 in 

Spacing. 6 in. 
L. C. (i[ groundwater is used: 249.6 ppm 

(hit/ct lOCllti(,ii 
on lateral 

Lateral lociutiou, 011 I/ic MwiiJth/ 

ui/ct end 1/3 down 2/3 down far end 
v,Iuie 
eoIIcled 
nil 

(llschareL' 
'h 

vItunc 
.oI!ccld 
nil 

dieharg' 
I/li 

\oIun1 
COIILcied 

iii 

(fIs&I1lrg 
'h 

iii 
t('l!CCk&t 

disdia' 
t.h 

A 35 37 35 26 
IfllCte,1(/ B 35 38 34 26 

Time 3)) 30 3)) 30 30 30 3)) 30 

Average 35 4.2 37.5 4.5 34.5 4.14 26 3.12 
A 35 37 36 26 

l/3down B 36 35 36 27 
Ti 'lie 30 30 30 30 30 30 30 30 

Average 35.5 4.26 36 4.32 36 4.32 26.5 3.18 

A_________ 35 36 35 25 
2/do;in B 33 35 36 26 

Time 30 3)) 30 3)) 30 30 3)) 3)) 

Average 34 4.1)8 35.5 4.26 35.5 4.26 25.5 3.06 
A 35 36 20 23 

Far cud B 42 37 33 24 
Time 30 3)) 30 30 3)) 30 3)) 30 

Average 38.5 4.62 36.5 4.38 26.5 3.18 23.5 2.82 
Pressure iiiie( end 1.3 1.3 1.2 0.8 

lar end_______ 1.1 1.1 I 0.6 
Ullfliiliilfl; rate 

,J dise/'e 
a;i'ragi' rate of .913 EIJ= 77.4% Ea= 69.44% 3jIs'c/i'e_____ 



TRICKLE IRRIGATION EVALUATION 

Location: II adv kiNairo,, Soul/i seclor—Rania ct /5arc'eFI 

Observer: kng. Yasser. Date: 9/10/95 

Crop: i'vpe Oliues ,Age:6 Years Spactiug: 6x6 in. 

Soil: 7xtiure 5,andvloa,n jlt'ailahle AIoisiure S0? 

Irrigation : 1),,ration / hr i'requencv: daily 

Filter Tyj,e And Performance. 3x Screen3 in. -Local. 

I',c,v.vure In/el. I. 7 ba I'ressure out/el: 1.5 /1(11 Loss: 0.2 bar 

Fertilizer (liii! Characteristics. basin. 

Entitler: A Ia/e: Local lype: ipa/ielti I'ouuil ')pacing : On,. 

Raled 1)isc/iarge jier Lnnssion Poii:t : 95 / Ii Jl 1'iesu,i': 0.5 bar 

l:n,ission l'oaiis Per 1'/a,,l : I gitiiuy 95 /ilerdat' 
Laterals: I)ian,eler 16 inn,, Material : 1'. E Leiigl/i 90 in 

Sjacing: 6 in. 

E.C. (ifgroundu'aler is usedL ppm 

Outlet locatiOn 
on lateral 

Lak'ral location on tile 4lanifold 

inlet end 1/3 down 2/3 do;riz Jar end - 
volume 
collected 
nil 

discharge 
1/li 

volume 
collected 
tim1 

discharge 
I/h 

volimmime 

collected 
mmii 

discharge 
l'h 

voliiimie 
collected 
mmml 

diselmat ge 
lii 

A (280 (53.6 1080 129.6 800 96 (220 
liz/el ciii! B 

Time 30 30 30 30 30 30 30 30 

Average 1280 153.6 (080 129.6 800 96 1220 146.6 
A 680 81.6 908 109 668 80.16 (035 124.2 

1/3 do,i',z B 
Time 30 3(1 30 30 30 30 30 

Average 680 81.6 908 109 668 80.16 1035 124.2 
A 915 109.8 720 86.4 378 45.36 893 10.16 

2/3 down B 
Time 30 30 31) 30 30 3(1 31) 31) 

Average 9(5 109.8 720 86.4 378 45.36 893 107.2 
Far end B 

A 814 97.68 562 67.44 493 59.16 280 33.6 
Time 3(1 30 30 30 31) 30 30 30 

Average 814 97.68 562 67.44 493 59.16 280 33.6 
Pressure inlet end 0.9 0.6 0.5 0.7 

Far end 0.4 0.4 0.4 0.4 
minima!?! rate f discharge 

5 I .39 

average rate of 
(usc/i arge 

95.445 EU 53.84% Fa 48.46% 



TRICKL1 IRRICA1'ION EVALUA'i ION 

Location: 11a(/V b./,Vairon Soul/i ,vec:lor— SauI.IIi; Raza/ai'ni 

(}bser,'er: knt'. ) asser I)ale: 3 / 095 

( rojI: ii pc 0/lies lge: 5 I 'ews 'f)ac iiii: $v5 in. 

Soil: '1ev/nrc South' loani 'I 'a,1able A Iois/,,re '0 

Irrigation : Duration 1 hr Fiequenct: DalI',' 

li/icr Ti'pe And Performance. 6 in. Berli,,oro_t' Il/ic— I,rive,ra 

L'resswe In/el: 2 bar l'recsure oullc'l: 1.4 bar . J.oss: 0.6 bar 

Fertilizer Unit ('haracteristics. Local /50 /1/er 

En,iIier: A lake: local 'Tr'pe: A uicro/el Pout Spacing 5 in. 

Rated I)isclzarge per Emission Poi,,1 : 22.45 Lii . ii Pressure: 0.46 bar 

k,nis.ion /'oinl,r i'er I'lan/ : 2 giving 44.8 file, ilau' 
Laterals: T)ia,neler: /6 nun, A'lateria/ : I'. E Leu,c,'iI, /05 in 

Spacing: 3 ni 
Ii. ( (1/ urouuu/',l'a/er i.' used): 288 ppiii 

(.Iiit/etlocaiio,, 
on lateral 

Lateral foe aiwi: on i/ic 1i1 am/old 

ui/el end 1/3 dowi: 2/3 lo;i',, f:r end 
v.iItIiii. 
cl l,cl,,d 
itil 

iltscliarc 
I Ii 

llIfliL 
U'l .'LIII 
iii 

di.liirgc 
Ii 

v,liiiiic 

nil 

ili'lia,1, 
I I, 

i,,lciiiic 
lied 

iii 

,lisch:ii r. 
I h 

A 173 233 215 316 
Inlet end B 135 226 204 276 

Time 30 30 30 30 30 30 34) 34) 

Average 154 18.48 224.5 27.54 21)9.5 25.14 296_ 35.52 

I/Jdo,rn 
A 172 322 98 191) 

B 214) 214 122 139 

'Ii mc 34) 30 30 30 30 34) 30 34) 

Average 191 22.92 268 32.16 I 10 13.2 164.5 19.74 

A 261 322 118 135 

2/3 doni: [3 203 251 157 68 
Time 34) 30 34) 34) 34) 34) 34) 34) 

Average 232 27.84 286.5 34.38 432.5 15.9 101.5 12.18 

A 229 217 104 48 

Jar end 13 273 181 10) 84 

'Time 34) 34) 34) 34) 34) 30 34) 30 

Average 25I 30.12 199 23.88 11)2.5 12.3 64) 7.92 
I'ressure inlet end 0.8 0.6 0.5 41.5 f cud 0.6 0.4 l).2 4). I 

iniirim:nn rate 
of disc/i arge 

I I .4 

average rate of 22.45 ELJ= 50.78 % Ea= 457 % j'Is(sr'e_____ 





TRICKLE IIUUGATIO EVALUATION 

Location:!! ady LiNatron Soul/i secloi'— Jfussieii ;IbdL'l//a/T farm 

Ohserper: Lag. Yasser Dale: 27/995 

('rap: Type 7nna/o .'li?: 62 (lays Spacing: 0. 5x 1.6 in. 

Soil. 1 exlure Simu/y loani , /1 vailable A lois//f/c 50 

Irrigaiwit : 1)s,ralion 2 hrs I'rc'quencv: i/oily 

Filter 'I,e And Performance. 3x Screen 3m—focal. 

Pressure In/el: 1.5 bar Prc'ssure out/el: Loss: 

Fertilizer tI,,il C'haracterislics. local- /51) liter 

Emitter: A lake: local Type: ( fr I'oinl Spaciiig 0.5 in. 

Ruled 1)ischarge per Emission J'oint : 4 / Ii It I'resrure: / bar 

/:mnission Points Per Plant : I gi%'ing 58 lileribmy 
Laterals: Diameter: 16 mmmiii, A laterial : P. F I,engt/i 35 in 

Spacing: /6 in. 
E. C. (i/groundwater is used,): 384 ppni 

Outlet location 
on lateral 

Lateral location on list' ,Janz fold 

jislet end 1/3 don',, 2/3 down end 
vnIi.tin' 
.ollecled 
mmii 

dI,'4ehaI ye 
I/li 

volume 
clIecid 
mmml 

miuscImaige 
I/li 

volume 
1 li.clc1 
mmml 

mlmLlIalge 
I lu 

oltum. 
.olle.teul 
iii 

dsclmar r. 
Ii 

Inlet end 
A 24 25 25 25 
13 24 23 25 27 
Ti Inc 30 30 30 30 30 30 30 30 

Average 24 2.88 24 2.88 25 3 26 3.12 
A 23 23 22 27 

1/3don'n B 26 24 25 24 
Time 30 30 30 30 30 30 30 30 

Average 24.5 2.94 23.5 2.82 23.5 2.82 25.5 3.06 
A 24 ____ 23 22 24 

2/3 doprn B 24 23 24 24 
Ti inc 30 30 30 30 30 30 30 30 

Average 24 2.88 23 2.76 23 2.76 24 2.88 
A 24 22 23 22 

Jar end B 26 24 23 25 
'lime 30 30 30 30 30 30 30 30 

Average 25 3 23 2.76 23 2.76 23.5 2.76 
Pressure inlet cud 0.6 0.5 0.3 0.6 

._____________ far end 0.6 0.5 0.6 0.5 
nnmnnins rate 

jfdzs'eliarge 
2.76 

ai'era,'e raft' of 2.8 EU 95.83% Ea 86.247 "/o jc'/1(,r'L._____ 



TRICKLE I RRft;ATION EVALUATION 

Location: It adv /:/iVatron South sector— Huissien I /?dHharv farnu 

Ohser'cr: Eug. }asser Date: 279/95 

('rop: 7vpe tomato Age. 62 (1(11'S Spacnug: 0.5x1. 6 in. 

Soil. lexIur(' Saudi; loauui il t'ailable A lois/nrc 80 

Irriga!ioir : / )ura/ion 2 lies l'requcuuc': (la/li 

l'tltcr irpe And Performance. 3x 8crc'('n 3m. -local. 

I'ressure Inlet: 1.5 bar , Pressure outlet: Loss: 

Fertilizer (liii! Characteristics, local- /50 liter 

Emitter: A lake: local 7ipe: Hr I'oiuut Spaciiig 0.5 in. 

Rated I)iseharge per Emissün, Point .' -1 Lii It Pressure: / bar 

/:nuis,rion Poj,,(s Per P/an! : / giving 5.8 li/erdar 
Laterals: I )iauiue/er: / 6 nun, A laterial : P. 1( Leuugt/u $5 in 

Spacing: 1.6 ni. 
E. C. (U i,'ro u/u/waler is used): 384 ppu,, 

thu/let location 
on lateral 

Lateral lication on (lie MUIIIf old 

ui/ct end l/3doii'n 2/3dojiy; jar end 
volti.i,ie 
coIlct,.'tl 
ml 

(lsuIlFi'c Il \'ItHne 
ClIC(tC&I 
mmml 

(IIscI1,tI 

Ii 
'Iiiii 
cllc(_d 
mimI 

discliai g. 
I Ii 

v,lii,,i' Il't't 
mmml 

25 

lusc?,;ii ,'' 
I Ii 

A 24 25 25 
J,,/et end B 24 23 25 27 

TIme 30 30 30 30 30 30 30 30 

Average 24 2.88 24 2.88 25 3 26 3.12 

A 23 23 22 27 

1/3 don',; B 26 24 25 24 

Time 30 30 30 30 30 30 30 30 

Average 24.5 2.94 23.5 2.82 23.5 2.82 25.5 3.06 

A 24 23 22 23 
2/3 dana B 24 23 2-4 24 

lime 30 30 30 30 30 30 30 30 

Average 24 2.88 23 2.76 23 2.76 24 2.88 

A 24 22 23 22 
bar enil B 26 24 23 25 

lime 30 30 30 30 30 30 30 30 

Average 25 3 23 2.76 23 2.76 23.5 2.76 

PresSure inlet end 0.6 0.5 0.4 0.6 
fir cud 0.6 0.5 0.6 

— 
0.5 

n:jnu;nu,n rate 2.76 S('/Ii'c_____ 
ai'erage rate of 

discharge 
2.88 EU 95.83% Fa 86.247 % 



'Ii(ICKLE IRRR;A'I'ION EVALUATION 

Locatio,,: If 'adv EliValron Soul/i vector— Lainal ( io/!ee!n /aiiii 

()bcervcr' En,L'. )'asser J)aie: 25/9/95 

( 'rap: 7 pc: I pr/cot .ke: / year uacin,': 4v6 in. 

So,l: / c'vlioSaiu Iowa ii vailable 3 lois/are '0 

Irrigation : l.)uration 2 hr Irequency.' daily. 

Filter Type And Performance. Irrieserra Screen/i/icr—Italian local ',a,ul separator 

I'rexsiire hi/el: 1. / bar l'ressure outlet: / bar . Loss: 0. / bar. 

Fertilizer Unit Characteristics, local 200 liter 

Emitter: A lake: Israel Type: Kativ Pom( "paci,Ig 4 in. 

Rated I)ischarge j,cr Emission Point : 4.47 Hi .1/ I'res.vure: 0. 7 bar 

Lmiss,oii I'oi,uls Per l'lanl : 2 ,yieiiig / 7. 9 liter (/01 

Laterals': /),a,ne/er: /6 win, Material : P. l Leuiy/h 50 in 

Spacing: 6 in. 
E. C. ('I groui,du'aler is used): 294.5 ppm 

Outlet loculioti 
on lateral 

Lateral Thea/jo,, on time Manifold 

i,,let cud 1/3do,i'n .. 'IIlI)I' (Iss('IlI r.' 
L'llccli.'d I b 
ui 

'o!tu11c 
,'ottcclcd 
iul 

(IiSL'ILII1C 
lih 

\'OItItUt.' 

'IlceIcil 
ui 

(ls1'lIrg 
'h 

'oIIIrn 
i'o!Ie.'ted 
ml 

Ii.i'liari'' 
h 

A 37 40 49 39 
Inlet end B 45 50 45 Jo 

Time 30 30 30 30 30 30 30 30 

Average 41 4.92 45 5.4 47 5.64 39 4.68 
A 39 45 37 41 

1/3 down B 28 29 35 56 ._______ 
Time 30 30 30 30 30 30 30 30 

Average 29 3.48 37 4.44 36 4.32 38.5 5.82 
A 34 40 36 39 

2/3 do,,',, B 26 38 37 38 
Time 30 30 30 30 30 30 30 30 - 

Average 30 3.6 39 4.68 36.5 4.38 38.5 4.62 
A 33 36 33 21 

Far end 13 37 36 33 39 
Time 30 30 30 30 30 30 30 30 

Average 35 4.2 36 4.32 33 3.96 25.5 3.06 
Pressure inlet end 0.7 0.7 0.8 0.6 

lar end 0.6 ((.6 0.7 0.7 
I,,u,iu,,u,,, rule 3.525 js'c'/z1r'e_____ 
m'erage rule of 
disc/i urge 

4.47 EIJ= 78.86 % Ea= 70.9% 



TRICKLE IRRIGATION EVALUATION 

Locatw,,: ftadv L/Aalm,, 'o,,t/i sec/or— ieI,ia E/Koiiii'/arin I 
()hsereer: Em,'. A.Alaher Dale: 27/9/95 

Croj: 7'l'pe citrus Mango Age.' I year "pacoi': 3. Si-I in. 

Soil: 7'ex/ure S'aiulv A eajiahie Moisture 60 

Jrrigalioz : I)uralio,, 2 hrs Lrequencv: daily 

liller i'j'e /117(1 Perforizzance. Screeii Irriserra —ó in. —Italian 

Prevvur('Jn/e/ 2 bar Pressure millet: 1.9 bar Loss: 0. 1 bar 

Fertilizer (mit Cl,arack'ritics. local 200 h/er. 

Lmilter: 1 lake: .1 inerican Type: hardy '/;//y Pojist 8/)aCiiig 3.5 in. 

Rated Discharge per Emission Point : 7.8 lb It l'ressure: 1.2 bar 

/:nussion I'oinls Per P/an! : 2 giuing 31.2 /iter'dal' 
Laterals': Diameter: /6 rn/n, i\ later/al : 1'. E Length 50 in 

Spacing: -1111. 

E. C. (if yroundwater is used,): 256 p,i,i 

Outlet location 
Oil 1(1/era! 

Lateral location on the Manifold 

ill/Cl eit(i 1/3 dowiz 2/3 dow,: tar end 
'oluiii. 
'ot lc('led 
ni 

discliaige 
I/li 

voItiii 
.'l tclc(t 
iii 

dtscliiige 
I/h 

\olitTlK 
eoll'l cI 
uT 

Iul1:if.' 
I ii 

lllnh.' 
cll iI 
uuui 

iliseliat i.' 
I h 

A 49 84 50 51 
liz/ct end B 8 67 143 7-1 

Time 30 30 30 30 30 30 30 30 

Average 28.5 3.42 9.06 9.06 96.5 11.58 62.5 7.5 
A 30 36 38 50 

J/3doivn B 39 91 36 
Time 34) 30 30 31) 30 30 30 30 

Average 34.5 4.14 63.5 7.62 38 4.56 33 3.96 
A 42 80 42 19 

2/3 down B 140 35 260 75 
i'i me 30 30 30 30 30 30 30 30 

Average 91 10.92 57.5 6.9 15i 18.12 47 5.64 
A 90 100 24 1$ 

Far end B 89 127 32 31 

riffle 30 30 34) 30 34) 30 34) 34) I' 89.5 10.74 113.5 13.62 28 3.36 24,5 2.84 
Pressure inlet end 1.5 1.5 1.5 1.4 

farcnd 1.2 1.1 1.3 1.2 
izzimnlun: rate 
,f disc!: arge 

3,42 

——__________ 
Ea 39.69 % average rate of' 

disc/i urge 
7,755 Et1 44.1 % 





TRICKLE IRRIGATION EVALUATION 

Location: Uad HiVa(run stitIi sectar — ibrnhmt ta/icr far/u 

OIL rver: kitg.A A falter Date: 25/9'95 

( 'rap: '/pe pple Age. 3 years t)aciltc.: 3v4 in 

Soil: 7 er/tire 'ai,dv Thain A i'm/a/i Ic A Jo,sIiits' RU 

Irrigatioii : / ),,ra/ian / hr Irequeiict': ererr 2 dat's 

Filter ij'pe /111(1 Performance. Screeii 6 in. —A/Fieric(ni—Raii!I/ir(/—) slia,n' 

Pressure lit/el : 3 bar Pressure outlet: 2. R bar. loss: (1.2 bar 

Fertilizer 1/nit Characteristics. No l'eriiIizer unit e.visl 

E,,utter: A lake: Local ivpe: A licroel Pa/il "/)aci/u,' in. 

Ru/ed Discharge per Emission Point : 33.6 / Ii I / l'ressure: 0. 7 bar 

Lniis,vioii I'om(s Per I'Iant : 2 , gil/ag 33.6 liter/dat' 
Laterals: Diameter: 16 turn, Material : P./ LeiigthJ7.5 in 

Spacing: 4 in. 
E.C. (i/groundn'aler is used,). 342 pp/ti 

Outlet location 
on lateral 

Lateral location Ofl tile Mautifold 

inlet ciii! 1/3 down 2/3 dmi',i end 
volume 
collected 
itt 

diseha ge 
lIt 

vol tune 

collected 
nil 

discharge 
'Ii 

s'olumne 

collected 
nil 

discharge 
h 

volt tome 

collected 
ri 

discliarre 
lii 

A 385 415 240 301 
Inlet end B . 

Time 30 30 30 30 30 30 30 30 

Average 385 43.2 415 49.8 240 28.8 301 36.12 
A 331 316 304 195 

1/3 down B 395 340 321 255 
Time 30 30 30 30 30 30 30 34) 

______________ Average 363 328 39.36 312.5 37.5 225 27 
A 190 310 271 210 

2/3 doni: B 325 160 340 170 

Time____________ 30 30 30 30 3(4 30 30 34) 

Average 257.5 235 28.2 34)5.5 36.66 190 22.8 
A 281 145 254) 245 

1'uren(! 13 252 333 135 215 
'Fime 30 34) 34) 34) 30 30 30 30 

Average 266.5 31.98 - 239 28.68 192.5 23.1 234) 27.6 
Pressure inlet end (4.8 (4.7 (17 0.6 

— 

far cud 0.6 (4.6 (15 (16 
fliiiiintiifli rate 25. 1 sc'Iz,r'_____ 
average rule of 
disc/i urge 

33.64 EtJ 74.61 % Ea67.15 % 



TRICKLE IRRIGA'IiON EVALUATION 

Locution: JJad Rltval eon %oi,tli sector— j\Johameil lr lhooef 

(Thsert'er: liig. A .Alaher Date: 279/95 

Crop: /vpe Cilrus Age: 3 years Spacinc,i: 3x4. 5,,, 

Soil: lexture I?ocky Vainly loani A 'ailah1e A Ioiri,ire 80 % 

Irrigation : / )nrat ion 1.5 hr Preqiieiici': ereri' 3 days 

Filter iyjc And PerJor,nance.3x 'ciee1? 4 in. —local 

/'ressure Inlet: 1.5 Pressure out/el: Loss: 

Fertilizer (hut ('harack'rislics. JMcal- 150 liters 

Emi(k'r: A Iale: Local Type: A hcroiet l'(Ii1ul ."jaciI?g 3 ii: 

Rated I)ischarge per E,,,i.s.sio,, Point :24.3 1/, / /'ressllre: 0. - ha, 

/,/,/ç,()/ Po,,i/s J'er J'/an/ : 1 giiii /8.23 file, (lal' 
Laterals: /)ia,,,cler: 16 mm, A later/al : 1'. E Le,,yth 50 iii 

Spacing: 4.5 in. 
E.C (i/groundwater is used): 480 ppm 

Outlet location 
oii lateral 

Lateral location on rise Manifold 

inlet ciii! down 2/3 dmi',, Jar end 
Volume 
(OIICC(Cd 

mmml 

dmseliare 
111 

volume 
colleled 
nil 

diclmarge 
I/li 

volimimme 

eollceleml 
mmml 

diseliam ge 
I/h 

olimimme 

eol!eck'd 
mmml 

dm'clm,u m' 

I 11 

A 263 31.56 205 24.6 172 20.64 175 21 

Inlet ciii! B 
Time 30 30 30 30 30 3(1 31) 30 

Avcrage 263 31.56 205 24.6 172 20.64 175 21 

A 310 33.72 141) 16.8 170 20.4 210 25.2 
1/3 down B 

Time 30 30 30 30 30 30 30 31) 

Average 31() 37.2 140 16.8 170 20.4 210 
— 

25.2 
A 281 33.72 175 21 162 19.44 125 IS 

2/3 dmi',u B 
Time 3(1 30 30 30 30 30 30 30 

Average 281 33.72 175 21 162 19.44 125 15 

Far end 
A 259 31.08 217 26,04 225 27 150 IS 
B 
'lIme 30 30 3(1 31) 30 30 3(1 30 

Average 259 31.08 217 26.04 225 27 150 18 
Pressure iiiIcl end 0.8 0.4 0.5 (1.4 

far end 0.5 0.4 0.4 0.4 
mini,nun: rate 
of discharge 

I 7.3 I 

average rate of 
ilisch urge 

24.2925 EtJ= 71.26% Ea64.134 % 



TRICKLE uuu(;A'I'IoN EVALUATION 

Locat,o;: H ad; k/iVa/roii Soul/i sec:lor kM Ia/ia ( )h.',e',: hii,c,,'. I a.s'.ve, I )ah': 2(i 9 95 

('rop: 1Y/" l'eache,s Age: 5 vecn'.c ,'ipacii;g: 4 .vO in 

Soil. ievliire 1?ocIv ",'aii/v loam , I l'ai/(ihl(' :1/aix/nrc 50 

Irrigatton : /),,,'alion 4 lu's Ire queiici: chul; 

Filtt'r i'j'pe ,l,,d Performance. Sta;,iless S'/c'eI—Ih'lica/ 

/'rc's,iIre It/c'!: -1. / bar I'i'esviire on//el: 1. / Loss: 3 liar 

Fertilizer Unit Characteristics. Local 150 liter. 

Emitter: A Iake:;I mneric:an 7'epe:Rainbird ( ) Pain! pacing 4 in 

Rated Discharge per Emission Pout! . 3.46 /// I I Pre,vsiii'e: 0.6 ha,' 

l:m,ssian I'oinls Per I'Ian/ : 2 gieing 27, 7 /i/errda;' 
Laterals: 1)ia,ne/er: /6 mm, Material : 1'. k l.c'iigi/i 50 in 

Spacing: 6 1,,. 

E. C. (if ground;i'atc'r is used). 307 ppm * 'This system contain pressure regulator 

(hillet location 
on lateral 

Lateral location (Ill (lie Maitifolil 

inlet end 1/3 down 2/3 dowit far e,u/ 
\(ilti!iiC 
i,lleeled 
iiil 

(fISClitil.' 
111 

IitiiiC 
LIL'CC(I 
ni 

(liSLliitIC 
I Ii 

\ 'IlilliL' 
L,'IIL'.IL'(I 
nil 

di'ckii r' 
Iii 

line 
c lle;ed 
ilil 

ili'.hii i.e 
I 

A 14 1.68 24 2.88 2I 2.52 24 2.88 
Inlet end B 23 2.76 21 2.52 22 2.64 23 2.76 

'lime 30 31) 3)) 3)) 30 30 3)) 31) 

Average 18.5 2.22 22.5 2.7 21.5 2.58 23.5 2.82 
A 22 2.64 19 2.28 5 0.67 24 2.88 

1/3 down B 21 2.52 22 2.64 23 2.76 23 2.76 
Time 30 3)) 30 3)) 30 3)) 3)) 30 

Average 21.5 2.58 20.5 2.46 14 1.68 23.5 2.82 
A 22 2.64 279 33.48 21 2.52 23 2.76 

2/3 down B 22 2.64 23 2.76 21 2.52 24 2.88 
Time 30 30 30 30 30 30 3)) 30 

Averagc 22 151 18.12 — 21 2.52 23.5 2.82 
A 19 2.28 21) 2.4 21 2.52 23 2.76 

Fur end B 19 2.28 21) 2.4 21 2.52 14 1.68 
Time 3)) 30 31) 30 3)) 3)) 3)) 3)) 

Average 19 2.28 2)) 2.4 21 2.52 18.5 2.22 
Pressure inlet end 0.7 0.6 0.6 0.6 

far end 0.6 0.6 0.6 0.6 
minimum rate e1e 2. I 

Ea 54.62 % i,vera,t,'i' ride of 
dixcIutj__ 

3.46 Eti= 611.69% 



TRICKLE IRIU(;ATION EVALUATION 

Lcalion: 11w/v klNatroii ouf/! sec(or—tIv .j,/I('F. Jo/in 

()b.o'rr'r. kng. ) ussr, I)atc': 269 95 

Crop: ivpe ( ilrus , :Ige: 1.5 ear Spaciiig: 3. 5.v$. 5 m 

Soil: i?XIUr(' 'aiid lva,1aIe 1 fo,s(70e 6() 

Irrgation : J)uralion 2 lies 1reqiieiicv: 2 (IaV,c 

Filler TEJe Ai:d Pert ir,,,a,,ce. 3x Screen—Local —4 in 

/'rrssure 1,,k'(: 1.8 bar Pressure out/el: 1.6 bar Loss: 0.2 bar 

Fertilizer Unit Characteristics. lli'ilra,ulic Ji'rti1iz'r —. ekul —nuidr in Israel 

Emitter: A IaI'e: Local type: A hero—/el I'o a! S/)acui9,' 3.5 

Rated I)i.seliargt' per Emis'sio,, Point : 27.4 /'/, .11 1',essure: 0.4 bar 

/.mi.vs/on /'ojflls Per 1'/anl : / gitin,' 27.4 /,Irrdav 
Laterals': L)ian,eler: /6 nuui, !tIaler,aI :P. E lenyuli 30 in 

Spacing: 3.5 in. 
F. ( ', ,/ yro,,,,dn'a!er is used): 505.6 ppii 

Outlet l(,CUt jolt 
on lateral 

Lateral location on I/ic Manifold 

inlet end 1/3 don,, 2/3 dmrn end 
Vollilne 

_'o ectcd 
ml 

dieharge 
I/li 

'Iiiinc 
cid Tected 
iii! 

diseliare 
I Ii 

voiinie 
Cd cOed 
mimI 

ilisdiarpe 
Ii 

vliinie 
cd lected 
mmml 

discli.ii 
I 

A 296 35.52 16 1.92 283 33.96 224 26.88 
1:let em! B 

Time 30 30 30 30 30 31) 30 30 

Aveiagc 296 35.52 16 1.92 283 33.% 224 26.88 
A 460 55.2 274 32.88 160 19.2 386 46.32 

1/3doii'it B 
Time 30 30 30 30 30 30 30 30 
Average 461) 55.2 274 32.88 161) 19.2 386 46.32 
A 355 42.6 165 19.8 73 8.76 162 19.44 

2/3 do'ii B 

Time 30 30 30 30 30 30 30 30 
Average 355 42.6 165 19.8 73 8.76 162 19.44 

A 223 26.76 215 25.8 192 23.04 168 20.16 
Far end B 

Time 30 30 30 31) 30 30 31) 30 

Avei'agc 223 26.76 215 25.8 192 23.04 168 20.16 
Pressure inlet end 0.6 — 0.5 0.4 0.2 

minimum rate 
far end 0.5 0.4 0.4 0.3 

12,33 

meras'e rule of 
(Ii.s'Ch arçe 

27.39 EU45.02% Ea 40.518% 



TRICKLE IRRIGATION EVALUATION 

Locath,n: /:ladal — I'Jn,atar uai'— . toni .1011 l'IA'mra,'i't, 

()hserrer: kng. las.ser Dale: / 9:/ / 95 

Crop: Trpe: ( 'ilrus & Mango Age: 7 tears S',vac:ing: 4v4 in. 

Soil: 7'xiure: Sandy A t'ai/ahle A loislure : 60 % 

Irr,gation : Duration: 4 hrs, /'requencv: et'err 3 (1(115. 

Jilter lype And Performance. 3x Screen 4 in. -local 

Pressure In/el: 4.2 bar Pressure outlet: 4 bar Loss: 0.2 bar 

Fertilizer Unit Characteristics. ruzluri I in. 

Emitter: A lain': Local Type: A licroel I'oenl Spar/itt,' : -I in. 

Rated 1)i.sc/:arge per Lnnsswii Point : 35. 96 lb t I Pressure: 0. / ho, 

/.miss!on I'oinls I'er I'larl : 2 giving 95. 9 liter c/at 
Laterals': l)ianieter: 16 mm, j\laterial : P. I Lent,'l/i 35 in 

Spacing: 4 in. 
EC. (1/groundwater is used): 1203.2 ppm 

Outlet location 
On lateral 

Lateral locatimi On I/it' iJaizl/ol(! 

A 

inlet end 
volume discharge 
collected I/li 
iii 

495 

1/3 don',: 
volti ne discharge 
collected Iih 

rI 
280 

2/3 dmrn 
olti mc discharge 

collected I Ii 
iiil 

410 

Jir end 
'olt iie (hNL'hai e 
collected I hi 

uI 

165 

!,,Iet end B 

Time 
Avcrage 
A 

34(1 

30 

417.5 
370 

30 
50.1 

170 

30 
225 
345 

30 
27 

310 
30 
360 
400 

30 
43.2 

125 

3(1 

145 

I 10 

30 
17.4 

1/3 down B 

'Fitite 

Average 
A 

240 
31) 

305 
334 

30 
36.6 

475 
31) 

41(1 

240 

3(1 

49.2 

295 
30 
346 
275 

30 
41.5 

11)1) 

31) 

105 

ISO 

30 
12.6 

2/3 doii',: B 
Time 
Average 
A 

334 
3(1 

334 
481) 

30 
40.08 

255 
3(1 

247.5 
3(1(1 

30 
29.7 

400 
30 

337.5 
477 

30 
40.5 

165 

30 
172.5 
85 

3(1 

20.7 

Far end B 

Time 
Average 

565 
30 

522.5 
3)) 

62.7 

294 
3)) 

297 
30 

35.6 

325 
30 

4(11 

3)) 

48.1 

255 
30 
17(1 

3)) 

20.4 
I're.s'.sure inlet end 

far end 
1.4 

1 

I 

0.8 
I 

0.6 
0.2 
0.2 

ifli11iflhiiii rate 17.77 

jfsç,h arge 
average rate of 35.96 EtJ49.4 % Ea44.46 % 

dv,char - - 



TRICKLE IRRIGATION EVALUATION 

Location: H ',adat—HAIaiar way— laha Afohanied lbd biAlaksoud 

Observer: /in. Fa,r.rer Dale: / 9/11/95 

Crop. 7ipe ( ucwnber ;lge: 50 day pacing:0.5 

S(nl: lexiure Sandy loani 1 vol/able iI Ioisliir' 'sO in nirn 

Irrigation : i)uralion 1 hr . 1'r('queii(:l':3 (/ThW 

Filter Tgpe And Performance. 2 x Scree,i 3 in local 

In/el: 1.2 Pressure out/el: loss: 

Fertilizer Unit Characteristics, local - 200 liter 

Emitter: Alake:loca/ Type: kali/' Point Spaciii,g : 0.5 Al 

Rated I)i.sc/:arge per E,nissim, I'oinl : 3. 9(i I/i I Pressure: 0. / 5 bar 

/'lmission I'oinls Per l'/ant : I giving 1.32 literdor 
Laterals: Diameter: /6 nun, A Ialer,a/ : I'. l Length 34 in 

Spacing: 0.5 rn 
E. C (if grouiicfwaler is used): 435 ppm 

Outlet location 
Oil lateral 

lateral locatio,, on the Manifold 
. 

ui/el end 1/3 dowi: 2/3 dmrn Jar end 
vislnine 
collected 
iii! 

discharge 
11i 

vnlntiic 
collected 
iii 

discharge 
1/li 

'ohiinic 
cofl j 
nI 

discharge 
iii 

olni He 

collected 
nil 

disclia I 
I h 

A 47 30 41 53 

l,,lel end B 40 22 22 41 
30 Time 31) 30 30 30 30 30 30 

Average 43.5 5.32 26 3.12 31.5 3.78 47 5.64 
A 29 27 50 39 

J/3doi,'n B 18 29 45 26 

Time 30 30 30 30 30 30 30 30 

Average 23.5 2.82 28 3.36 49.5 5.94 32.5 3.9 
A 27 35 25 19 

2/3 down B 17 43 29 17 
Timc 30 30 30 30 30 30 30 30 

Average 22 2.64 39 4.68 27 3.24 iS 2.16 
A 40 59 32 14 

1are,id B 37 30 59 12 
Time 30 30 30 30 30 30 30 30 

Average 38.5 4.62 44.5 5.34 45.5 5.46 13 1.56 
Pressure inlet end 0.2 

— 

0.2 0.2 0.2 
far end 

— 
0.1 0.1 0.1 0.1 

mnininuon rate 

jfliiir't' 
229 

a;'era,'e r(ite of 3 96 jimr'g_____ ELi'' 57.8% Ea=52 1Vo 

- 





I1UCKLE IRRIGATION EVALUATION 

Location: ,Sadal — 2000 fiddan area nell /2 — '/u'rii: loaad Iskauder, 

Obseri'er: l'.'ng.11. A falier Dale: /511/95 

Crop: T'pe: lemon , Age: 7 wars 'tacing: 5x5 in. 

Soil. texture : Sandy loans , A i'ai/able A loisture: S0 % 

Irrigation : l),,ralion: 2/irs Frequency: et'eri' 2 (1(115. 

Filter i';pe A ,,d Performance. 

Pressure In/el: I'ressure out/el: Loss: 

Fertilizer (liii! Characteristics. 

Emitter: ii lake: local 'Ripe: Spay/Fe/li /'ooil '/'a( iiiy: 5 in. 

Rated Discharge jer L,n,ssion Point : 26. 73 /11 II J'ressure: 0.25 /a, 

l'iinssioii I'oi its Per 1'/anl : / gn'ing 26. 73 liter dai 
Laterals: L)iameier: /6 inn,, Ala/er/al : P. F Lenyll, 60 in 

Spacing: 5 ni. 
1 ( (1/ yrour dn'ale,- is used): ppm 

Outlet location 
(111 lateral 

Lateral locatio,, on the Manifold 

inlet end 1/3do,t'n 2/?doiru Jar end 
vIU,nL 
colIcuId 
nI 

(11sc11r1c 
Ii 

vIi.uw 
IlcIed 
ml 

Ii'eIiirrc 
I Ii 

vIIIr)h— 
LIk't'tI 
ni 

ii' hIr) 
I Ii 

vIiitti. 
IIcctcI 
mmml 

IiaIiit 
Ili 

A 385 45.96 297 45.64 299 27.48 3-15 41.4 
Jiilet end B 

Timc 30 30 30 30 30 30 31) 30 

Average 385 45.96 297 45.64 299 27.48 345 41.4 
A 515 61.8 330 39.6 230 27.6 160 19.2 

1/3 don',, B 

Time 30 30 30 30 30 30 30 30 

Average 515 61.8 330 39.6 230 27.6 160 19.2 
A 159 19.08 213 25.56 I) 0 95 11.4 

2/3 doii',: B 
Time 30 30 30 30 30 30 30 30 

Average 159 19.08 — 213 25.56 0 0 95 IL-I 
A 390 46.8 156 19.8 0 0 53 6.36 

Far end B 

Time 30 30 30 30 30 30 30 30 

Average 390 46.8 156 19.8 0 0 53 6.36 
Pressure inlet end 0.3 0.3 0.3 

— 
0.3 

far end 0.2 0.1 <0.1 <0.1 
?7ii!i,?i1ii,7 rate 
of_disc/s arge 

3.009 

average rate of 
disc/i arge 

26.73 EU= 11.22% Ea= 10.09% 



TRICKLE IRRIGATION EVALUATION 

Location: l1Sada/ — 2000 ft'ddan area— i\ Ioiiained Nour 11Dean 

Ohserv'r: . Ala/icr Dale: .//9/95 

Croji: Tipe: ( ui 'a/a Age: .3 years 'ij)ac'iIIg: 2. 5.v5 in. 

Soil: 'lex/tire: 'ia,idt' A vailable A foist iire . 60o 

Irrigatwi, : I)uralio,': 1.5 hrs /reqru'iicv: every 2 (1005 

Filter i'ppe And Performance. 

/ 'rexv ore 1,, let: I 'ressure out/i'! 

Fertilizer Unit ('haracter,stzcs. 

Emitter: Make: local Type: Spa/ietli l'oinl .S'paciny: 2.5 in. 

Ruled !)iscls urge per Emi.s'sio,, Potiti : 6 lOS lii It Pressure: 0.7 bar 

Dnissio,, Points I'er J'lant : / giving 45. S / li/er (las' 

Laterals: /)ia,neler: 16 /11/n, Material : P.l J.en,'t/, 30 in 

Sj,acimzg: 5 in. 
E.G. (if groundwater is used): 

Outlet location 
0!? lateral 

Lateral locatia,, (in the Mai,ifold 
- 

inlet civ! 1/3 donii 2/3 don',, jar end 
\ uliiiu t!i.li;ti 
',,lki'k'd I Ii 
nil — 

452 54.24 

volunie 
coll(cted 
nil 

dis..'haige 
I/li 

v'lii,n 
cill'tc&I 
nil 

discliai gc 
'h 

v'liiiiic 
colk'0((f 
nil 

cIisL'li.il ;. 
I h 

A 760 91.2 632 75.84 616 73.92 
lit/el end B 

Time IS 15 IS 15 15 15 IS 15 

Average 760 91.2 632 75.84 616 73.92 452 54.24 
A 744 89.28 176 21.12 489 58.68 582 59.84 

1/3 don,, B 
Time 15 15 15 15 15 15 15 15 

Average 744 89.28 176 21.12 489 58.68 582 59.84 
A 342 41.04 467 56.04 461 55.32 504 60.48 

2/3 don',: B 
Time IS IS IS 15 IS IS IS IS i'c 342 41.04 467 56.04 461 55J2 504 60.48 
A 510 61.2 489 58.68 445 53.4 469 56.28 

l"ar cud U 

lime IS IS IS 15 15 IS IS IS 

I're,s'si,re 
Average 510 61.2 489 58.68 445 53.4 469 56.28 
inlet end 1.5 0.8 1.1 1.1 

liii!? WhifF rate 
Far end 0.5 0.5 0.5 0.5 

42.45 

average rate of' 
di.cc1ur'e 

61 .08 EU= 69.5% Ea=62.55 % 





TRICKLE IRRIGATION EVALUATION 

Location.' H ,adat— 2000 leda,i— Alo/zained /1 has' 

Ohserier.'lng. Yasser Date: /4/I / 95 

Crop.' lype: 0/ices Age: 7 1 ears ''paciIig: 5v7 in. 

80,1: Thxture: ",andv loam A cal/able A lois/crc: '0 h 

Irrigation : Duration : /5 ,'irs hrequenci': eceri' 2 dais. 

Jiller ij'pe /1 nil J-'crJornia,i Ce. 

Pressizec In/ct: I'res'swe (lilt/ct: Loss: 

Fertilizer Unit ('I: aracteristics. 

Emitter: blake: local Type: Spag/u'tti Pojnt Spaciiig : 5 in. 

Rat ed 1)iscliarge jer Lmisswn l'oi,,t : / 7. 92 / 1, Ii I'rcssurc: 0, /5 bar 

/,iiiixsioii I'oi its I'er P/out . / yii',ny' /3. -14 litci i/ai' 
Lalerals: I)ia,neler: / O liii::, A laicrial : 1'. E l,cnt'!/, 40 in 

Spacuig: 7 rn 
F. C. (if i,'roundu'ater is used): 294.4 ppm 

Outlet locatio,i 
Oil l(lf era! 

Lateral location on (lie Mainflild 

ui/ct cud 1/3 dmrn 2/3 down far end 
volume 
.'iilleeietl 
iiil 

(IIschaI ye 
lii 

volume 
c'oll.'ilcil 
iiil 

thseharge 
lii 

volume 
colle,ied 
nil 

cli c'lmrye 
lii 

soltiiiie 
il, id 

iii 

diseli.tiee 
lii 

A_________ 327 39.24 315 37.8 273 32.76 lOS 12.6 
liz/el end B 

Time 30 30 30 31) 30 34) 34) 30 

Average 327 39.24 315 37.8 273 32.76 lOS 12.6 
A 160 19.2 210 25.2 140 16.8 183 21.9 

1/3 i/oniz B 

Time 30 30 34) 30 30 30 30 30 

Average 160 19.2 210 25.2 144) 16.8 183 21.9 
A 217 26.04 88 10.56 194) 22.8 30 3.6 

2/3 doirn B 

Time 30 30 30 30 30 34) 30 34) 

Average 217 26.04 88 10.56 )0 2L8 30 16 
A 151 18.12 learn Zearo Zearo Zearo Zearo learn 

far cud B 

lime 34) 30 30 30 30 34) 30 34) 

I're.ssure 
Average 151 18. 12 Zearo Zearo Zearo Zearo learn Zearo 
inlet end 0.2 0.2 0.2 (1.1 

far end (4.1 < (1.1 <14.1 < (1.1 — 
nhininhui!ul rate 0.9 fjj.s'c/:ge_____ 
average rate of 

discharge 
17,92 EU= 5.4)2 % Ea= 4.52 'Vu 



TRICKLE IRRIGATION EVALUATION 

Location: /:/5,adal — 2000 1eddaii Irea— l)r. t/n'a/iwi ''ifE/Aasr 
Observer: Eng. A. Alaher Date: /5/11/95 

Crop: 7vpe : Age: 40 (la's , Spaciiig: 6v5 in. 

Soil. 'texture: $andv /oai?i A vailable Moisture: 80 % 

Irrigation : I)uration: 1.5 hr 1i'eqiu'ncv: ei(':l 2 dais 

1'iller i'jpe ,lizd Perfornta,zce. 

Pee vcure lu/el: Pressure out/el: l,oss: 

Fertilizer U,,it C'!, aracterislics. 

Emitter: Alake: local Type: spaghetti J'oint 8nacing: 5 in. 

Rated Discharge per E,nissio,, Point : 30. 9 / Ii I I P,'essu,'e: 0.35 1)0/' 

/nu,vsion /'oinls J'er P/ant : / c,'it'in,' 23. / li/eu' (101' 

Laterals: I)ia,,,eler: /6 mm, Alalem'ial :1'. E , LenilIi 55 in 

Spacing: 6 in. 
E. C. (if i,qo,ou/n'a/c'r is tired): p/i/il 

('.)ulIet loctitioii 
au lateral 

LU/era! !oeatioit (in f/li:' M(i,ZijO!(1 

inlet end 1/3 don',, 2/3 don',, end 
vokiinc 
col ket d 
ml 

discli:irgc 
lih 

voltiiii 
.01 ICCIC(1 

nil 

dickiigc 
I/li 

voIiimL' 
col lL'Ct,tl 
Till 

iliscIiarg 
liii 

vilii InL' 

col Icetcd 
iii 

di cliai 
I Ii 

A 330 39.6 344 41.28 340 40.8 341 40.92 
Jut/el cml B 

'TIme 30 30 30 30 30 30 30 3() — 
Average 330 39.6 344 41.28 340 40.8 341 40.92 
A 404 48.48 240 28.8 370 44.4 91) 10.8 

1/3 dais',, 13 

Ti inc 30 30 30 30 30 30 30 30 

Average 404 48.48 240 28.8 370 44.4 90 10.8 
A 394 47.28 310 37.2 297 35.64 69 8.28 

2/3 don',, B 

Time 30 30 3(1 30 30 30 30 30 

Aven'c 394 47.28 310 37 297 35.64 69 28 
A 340 40.8 155 18.6 96 I 1.52 i,si'o seam 

Far end B 

Time 30 30 30 30 30 30 30 30 

Average 340 40.8 155 8.16 96 11.52 searo zeai'o 
Pressure inlet cnd 0.3 0.3 0.3 0.3 

far end 0.2 0.1 0.2 (1 

uninuununt rule 7.65 pJjs'c'htirge__. 
average rule of sd__ 30.9 ELJ 24.76% E8= 22.28% 



TRICKLE IRRICATWN EVALIJ ATION 

Locaiwit: Sada! cliv — 2000 /l?ddau area— ibra/um /'./eral,v, 

Observer: Eng. A A ía/icr Dale: 7/11/95 

Crop: Type : Olives Age: 3 years Snaci;ig: 6.v5 in. 

Soil: Texture: ',aiuMoa,,, /1 t'ailable A loivture: 80 

Irrigatio,i .- Duration : / hr l'requencv: c't'ery 3 dat's. 

Filter Tt'pe And Perforniazzee. No Filler ('xis!. 

I're.vsiire In/el: I'rexsure outlet: Loss: 

I'ertthzer Unit Characteristics. No Fi'rtilizer toil! exist. 

Emitter: A Ia/a': local 'hype: F2—wil/iou! cover Poi,,t /ac!Izg : 6 in. 

Rated I)ise/zarge per Emission Poizzi : 53. 92 II, It I'ressure: 04 liar 

l'.n,,,vsio,, I'oinls /'er J'lant : / giving : 18 literday 
Laterals: Diameter: 16 mm, Alaterial : 1'. F Lenghl 75 in 

Spacing: 5 m. 
£ C ('f groundwater is urc'd: 492.8 ppm 

Outlet location 
Oui lateral 

Lateral localio,, on the Manifold 

i,,let em! 1/3 don',, 2/3doir,, end 
v,lii,ne 
collect at 
nil 

dictiar'c 
11)1 

\ ohiiiie 
.1 lected 
nil 

(lieI1arge 
1/h 

'oliite 
c,cetcd 
nil 

(IIchargc 
lb 

v,liutii 
cllcctei 
iiil — 

(liscli;I? c 
I Ii 

A 875 105 765 91.8 675 81 686 82.32 
liz/el em! B 

Time 30 30 30 30 30 3(1 30 30 

Average 875 105 765 91.8 675 81 686 82.32 
A 560 67.2 315 37.8 440 52.8 550 66 

1/3 don',, B 
Time 30 30 30 30 30 3(1 30 30 

Average 560 67.2 315 37.8 440 52.8 550 66_ 
A 412 49.44 175 21 161 19,32 193 23.16 

2/3 dowi: B 
Time 30 30 30 30 30 30 30 30 

Average 412 49.44 175 21 161 19.32 193 23.16 - 
A 403 48.36 190 22.8 385 46.2 404 48.48 

Far end B 

Time 30 30 30 30 30 30 30 30 — 
Average 403 48.36 190 22.8 385 46.2 404 48.48 

Pressure inlet end 0.7 0.7 0.7 0.6 
far end 0.2 0.1 0.2 0.2 

mninilnnnz rate 
oJ_discharge 

21.57 

average rate of 
disc/s arge 

53.92 EU=40 % Ea 36 % 



TRICKLE IRRIGA liON EVALUATION 

Loca1wn:,a/a! cliv —2000 /i'thlan arm— 1(1(1 Ibra/ilni taid /hr,n 

O/3,ver%'mr: /'.'ng.A A laher l)alc:6/l / 95 

crop: Type: Appel Age: 3 years Spacing: 6.vi5 in. 

Soil: Texture : Sandy loan, , Available iloisIure: 0 % 

Irrigation Duration: 3/4 hr Preqiu'ncv: vvmr $ days. 

Filter Type /111(/ Perf ornwnce. iVo /1/fe, e.vis!. 

Pressure In/el: I'ressure outlet: Loss: 

Fertilizer Unit characteristics. No lerlilizer unit ('xis!. 

Emitter: A lake: local Type: spaghetti I'oint Spacing: 6 in. 

Rated I)isclzarge per Emission Point : 7-I. 3-1 / Ii It Pre,vs,,,e: 0.-I bar 

kinission Points Per Plant : / giving 1K 6 li/crib,' 
Laterals: l)ia,neter: /6 inn!, Ivlate,ial : I'. S Length 75 in 

Spacing: 6 in. 
E. C'. (1/ gro ruidwater is used): p/un 

Outlet loeatio,, 
on lateral 

Lateral lot attoit on the Manifold 

._______________ inlet end 1/3 don',: 2/3 don',, — Jar end 
'oliiiiic 
.llccttl 
nil 

dvLliai i' 
'Ii 

voliIniC 
cllcbd 
iii 

iii liarg 
liii 

voliiiii ccld 
I 

disdiargc 
Ii 

liiuiie 
(heeled 
uI — 

disdiai r 
I 

A 1240 148.8 1260 151.2 685 82.8 682 81.84 
Inlet end B 

Ti mc 30 30 30 30 30 30 30 30 

Average 1240 148.8 1260 151.2 685 82.8 682 81.84 - 
A 904 108.5 1083 129.9 540 64.8 — 208 24.96 

1/3 don',, 13 

Time 30 30 30 30 30 30 30 30 

Average 904 108.5 1083 129.9 540 64.8 208 24.96 
A 556 66.72 825 99 241 28.92 505 60.6 

2/3 i/oi,,: 13 

Ti tue 30 30 30 30 30 30 30 30 

Average 556 66.72 25 99 241 

. A 370 44.-! 500 60 170 20.4 143 17.16 

Far end B 
Time 30 30 30 30 30 30 30 30 — 

Average 370 44.4 500 60 170 20.4 143 17.16 

I'resMlre inlet end 0.7 0.6 0.6 0.6 
far end 0.3 0.3 0.2 0.2 

fl,iflifllUfll rate 
of discharge 

20.36 

average rate of 
disc/i arge 

74.34 EtJ 27.39 % Ea 24.65 % 



TRICKLE IRRIGA'I'ION EVALUATION 

Location'S ado! cliv - 2000 Jèddan — :Ide//hrni, 

Observer: /n'. )"asser Dale: 7/f Oz'95 

(ro;: Tipc: Olives .Ige: 8 ,,,o,iI/i Spacinc: 6,v6 in. 

Soil: 7 ' vinic: Saiidvloani I I 'al/al) Ic 'l Io,s!iirc: '0 

IrrigaIon : Dni'alion : / hr Prequeizc'v: even' 2 (lOIS. 

J'iIler ii'je 'l,uI Pert orinance. No l"ilic'r evist. 

l'ressure In/el: Pressure ojillel: Loss: 

Fertilizer Unit (haracleristics.Nof','lilizer jul11 evis!. 

E,nilfcr: Slake: local ,7'pe: spaghelli J'oinl SpacilIg: 6 'n. 

Rated Discharge per Emission I'ouzt : 91 f/I; li Pressure: 0.55 bai 

l:iii,vsion i'o,nls I'er Plant : I , giving 45.5 liter dat' 
Laterals: l)ia,neler: /6 ,,,,n, Staler/al .' P. P , length 78 in 

Spacing: 6 in. 
E.C (i/groundwater is used): ppiii 

Outlet location 
on lateral 

Lateral location iit thC lIJaniJold 

inlet end 1/3 down 2/3 do,s',: end 
\ORII)1C 

Loiccic(i 
nil 

(ilSLI1I'C 
h/hi 

iuie 

iii 

(llIhIIj/ 
i/h 

\IIilne 
cuhheL'IL'd 

nil 

Ii.''i;irj, 
'h 

V hun' 
'hl.dh 
tiil 

ihiscImic 
I Ii 

A 1091 130.9 885 106.2 830 99.6 1125 135 
Inlet end B 

Ti inc 31) 30 30 30 30 30 31) 
— 

30 

Average 1091 130.9 885 11)6.2 830 99.6 1125 135 
A 1045 125.4 660 79.2 730 87.6 660 79.2 

1/3 down B . 

Ti inc 30 30 30 30 30 30 30 31) 

Average 1045 125.4 660 79.2 730 87.6 661) 79.2 
A 770 92.4 790 94.8 681) 81.6 697 83.64 

2/3 down B 
- 

Ti me 30 30 30 30 31) 30 30 30 

Average 770 92.4 790 94.8 680 81.6 697 83.64 
A 360 43.2 496 59.52 585 70.2 723 86.76 

1ar el(l B 

'Ii inc 31) 30 31) 31) 30 31) 31) 30 

Average 361) 43.2 496 59.52 585 70.2 723 86.76 
Pressure inlet cud 0.6 0.6 0.6 ((.6 

far end 0.5 0.5 0.5 0.4 
in1nimun rate 

.J!f415c11 urge 

63.03 

average rate of 
discharge 

90,95 EU= 69.3 % Ea=62.37 'Vu 



TRICKLE IRRICATION EVALUATION 

Locution: Sa/at cliv — 2000 jè/dan —Saa,d ElPou/ 

Obsert'er:Eng. )asser Dale: /2/i / '95 

(.rop: Type : Olives .-lge: / year Spacing: 6x5 in. 

Soil: 'lxture: Sciiidt'loani J vailable it lois/ore: SO i 
Irrigahois : / )uralioii: / In' l'requeucy: wee/it'. 

Filler '!)'pe 1nil Perfor,,:iu,ce. iVo i'll/er exist. 

Pressure Inlet: Pressure o,,ulet: Loss: 

Fertilizer Unit ('Ii aractcristics. No i'ertilizer toil! exist. 

Emitter: A lake: local Type: Spaghetti Point Spaciizg : 5 in. 

Rated I)ise/, urge per Emission Poi,zt : 57.7 l'/i It Pressure. 0.45 bar 

/'nussiOn i"oi,,ls Per Plait! : / yiviny : ES'. 24 liter day 
Laterals: l)iwneier: /6 mm, it lalerial : P. k Le,zyi/i 60 in 

Spacing: 6 in. 
K C'. (i/groundwa!er i. used): /523.2 pp/mi 

Outlet location 
on lateral 

Lateral location on the Manifold 

inlet end 1/3 down 2/3 down far end 
votuinc 
eul !Ctntt 
ill 

tIis'Ii.trgc 
Iih 

'uttinic 
eoIlcct,d 
nil 

&tiscliaigc 
I/ti 

vulniiic 
cutteetd 

- nil 

diseliargc 
I/ti 

v,,ILITIIC 

coliceled 
nil 

IiscIaig 
I/h 

A 
inlet cud B 

Time 30 30 30 30 30 30 30 30 

Ay'g 
A 

l/3don 13 

Time 30 30 30 30 30 30 30 30 -_e_______ 
A 

2/3 do ii B 

Time 30 30 30 30 3() 30 30 30 

Average 
A 

Far end B 

Time 30 30 30 30 30 30 30 30 

Average 
Pressure inlet end 

tuir end 
utininiuni rate 
ol dischirge 

EU % average rate of 
discharge 

La- % 







TRICKLE IRRIGATION EVALUATiON 

Location: El Sadat Observer: Lng.A.Ilossam Dale: 49'95 

crop. Tupe Gawafa , Age: 3 years Spacing: 2. 5x5 in 

Soil: Thxture Sandy A vailable A lois/nrc 60% 

Irrigation . 1)uration 1.5 hr Frequency: 2 (lays 

Filler Type And Performance. gravel 28 in. screen 

I pressure Inlet: Pressure o ut/el: Loss: 

Fertilizer Unit Gharacteristics. No/erti/izer exist 

Emitter: Make: Local Type: Spaghetti l'oml Spacmg 2.5 a; 

Rated Discharge per Emission Point : 50 ii, At Pressure: 0.5 bar 

L,nis.vioii J'oiiils Per P/aiil : / giving 5() liter day 
Laterals: 1)ia,neter: /6 iii,,,, Material : 1'.E Length 30 in 

Spacing: 5 in, 
E. C (i/groundwaler is used,): ppm 

Outlet thcation 
on lateral 

Lateral location on the Mani Fold 

inlet cud 1/3 down 2/3 dowii far end 
voluine 
eolleeled 
iii! 

dischargc 
lih 

voIiini 
COIICCIC(f 

tiil 

(Inellarge 
Ih 

you me 

ei,I!eyte&I 

iiil 

dncliarge 
h 

voluiiie 
'tIeLie(l 
iiil 

d ou!l:I I 
I 

A 76() 91.2 632 75.84 616 73.92 452 54.24 — 

Inlet end B 
Time 15 15 IS_____ IS 15 IS 15 15 

Average 760 91.2 632 75.84 616 73.92 452 54.24 
A 744 89.28 176 21.12 489 58.68 582 59.84 

1/3 down B 
Time 30 30 30 30 30 30 30 30 

Average 744 89.28 176 21.12 489 58.68 582 59.84 
A 342 41.04 467 56.04 461 55.32 504 60.4$ 

2/3 down B 
Time 30 30 30 30 30 30 30 30 

Average 342 41.04 467 56.04 461 55.32 504 60.48 
A 510 61.2 489 58.68 445 53.4 469 56.28 

Far end 13 

Time 30 30 30 30 30 30 .0 30 

Average 510 61.2 489 58.6% 445 53.4 469 56.28 
Pressure inlet end 1.5 0.8 1.1 1.1 

far end 0.5 0.5 0.5 0.5 
nun inmuin rate 

of_discharge 

42.45 

average rate of 
discharge 

61.08 EU 69.5 % Ea= 62.55 % 




