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ABSTRACT 
 
Due to scarcity of water resources in Jordan, the use of marginal water (treated waste water 
in particular) in agriculture is highly required. However, this needs to be done with 
precautions to avoid harming the valuable agricultural soils and to prevent any consumer 
health risk. The Jordan University of Science and Technology (JUST) has a large campus (11 
km2) and has reused water from the university treatment plant for almost 20 years. The 
campus plant has a design capacity of 2,500 m3/d but is currently operating at about 600 
m3/d.   The other source of effluent water is located off campus at Wadi Hassan area about 4 
Km south of the university campus.  The design capacity of this plant is 2,200 m3/d and it has 
been in operation since September 2001.  There are two storage lakes on campus: a 132,000 
m3 lined pond and a 110,000 m3 capacity reservoir.  These sources of effluent water and the 
existing infrastructure have encouraged the University to irrigate additional portions of the 
campus and to support the production of cash crops, field crops and forest trees by reclaimed 
wastewater. There is also a desire to have local community involvement and to train local 
farmers in the management and use of reclaimed water. JUST pilot has been involving 
researchers and students in the water reuse activities. Local farming communities and other 
stakeholders have also been exposed through visits and field days to the reuse activities at 
JUST so that a more positive attitudes can be created about reuse. The USAID funded water 
reuse activities at JUST are of great value also for JUST as a university and for the country 
due to the great research and demonstration value of this activity. JUST water reuse pilot 
continues its activities that aim to demonstrate and document safe reuse of reclaimed water 
and reaching at a wider social acceptance of this valuable resource for Jordan. The goal of 
the pilot project is to evaluate the efficacy and economics of growing new types of crops in the 
northern area of Jordan utilizing the flow from the existing JUST WWTP as well as the Wadi 
Hassan WWTP.  The crops for the pilot study are selected based on their applicability to the 
climate and soils of JUST, as well as to be marketed at a profit.   
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1. BACKGROUND 

In recognizing the imperative to identify renewable water resources for Jordan, the Ministry 
of Water and Irrigation (MWI) and the U.S. Agency for International Development (USAID) 
have collaborated in implementation of a major project to demonstrate that recycled water 
can  be  used  for  various  requirements  efficiently,  cost  effectively  and  in  a  safe 
environmentally friendly manner.   As found in most regions of the world, and the Middle 
East  in  particular,  water  resources  are  becoming  increasingly  limited,  and  innovative 
solutions are sought to address critical shortfalls.   In Jordan, over-exploitation has resulted in 
ever-decreasing levels of ground water.   At the same time, the population is increasing and 
the concomitant demand for supplies of fresh water.   Against this backdrop, the government 
of Jordan through the MWI has made the decision to institutionalize water reuse, to monitor it 
and control it in a manner that does not threaten the environment.   It is recognized that 
reclaimed water can be applied within a limited and controlled context, and under appropriate 
conditions will be a critical factor in securing adequate water supplies for the future.  

The overall goal of the Jordan program is to implement direct reuse of treated wastewater in 
Jordan that is reliable, environmentally sound, and cost-effective.   Institutional capacities to 
develop  water  reuse  and  implement  relevant  supporting  actions  has  been  significantly 
enhanced through a number of significant initiatives.  The Government requires the capacities 
to plan, manage and monitor practical and sustainable direct water reuse projects associated 
with  other  medium  and  small-scale  wastewater  treatment  plants  in  the  Kingdom. 
Demonstration of the practical application of water reuse principles has been achieved through 
the implementation of pilot demonstration farms in three areas of the country; these are Wadi 
Musa, Aqaba and the campus of Jordan University of Science and Technology (JUST). 
 

 
2. OBJECTIVES 

 
The specific objectives of reuse pilot project at JUST are: 

• Expand irrigated areas to maximize the utilization of reclaimed water generated by 
JUST WWTP and JUST’s allocation from Wadi Hassan WWTP. 

• Develop the procedures of operation and maintenance for the pilot that are 
accepted by the system operators and users. 

• Documenting the safe practice of reuse, through  outputs of the impacts of reuse on 
crop quality, health and environment. 

• Develop a cost-effective on-farm management of agricultural inputs, in order to 
achieve the sustainability for the pilot. 

• Provide a baseline for the policy makers in the reuse sector. Baseline values 
concern the reuse operation and maintenance, product quality, health and 
environmental impact in agriculture. 

• Educational outreach program for students and local community. 

• Develop a business plan for the pilot’s crop varieties. 
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3.  SITE DESCRIPTION  

The JUST Pilot Demonstration Project is being managed through a contractual 
agreement entered into in March 2003.   The project is located on the campus of the university 
and includes five sites where treated wastewater is applied to a variety of agricultural crops 
utilizing several different irrigation methodologies.   The five sites encompass a total of 720 
dunums (72 hectares) of land that was not previously cultivated. The university  provides  
the  overall  pilot  project  management  and technical support, including a variety of 
agricultural and engineering specialists.  
Starting in January 2003 water reuse implementation activities have been operating at 4 sites 
on the JUST campus, in addition to one site at a nearby wastewater treatment plant under the 
management of the Water Authority of Jordan (Wadi Hassan WWTP).   Addressing human 
and environmental health concerns usually associated with reuse of treated wastewater is at 
the forefront of the study objectives.  
 

The project design includes installation of both trickle and sprinkler irrigation systems in all 

sites, planting of cash crop trees (such as Almonds, Pistachio, Pine) as well as field crops 

(such as barley, vetch, alfalfa).  

Harvest of cultivated crops is sold and income is donated to support the needy students 

through the “needy student” fund in the university. 

Figure 1 shows the reuse sites of the projects that are located within the JUST campus. 

Following are the areas of these sites:  

-    Site One of 100 donum area. 

- Site Two of 400 donums. 
- Site Three of 35 donums. 
- Site Four of 66 donums, and  
- Site Five of 120 donum in Wadi Hassan (off campus) 
 
 
4.  IRRIGATION SYSTEMS: 
 
Drip irrigation is the main irrigation system installed in the five project sites. Almost all types 
of drippers were used. These include inline emitters (GR), online pressure compensating 
emitters, and beside new adjustable emitters (click emitters). Moreover, about 12 dunums 
grown with fodder crops/alfalfa in site 1 is served by a new innovation of sprinklers called 
floppy sprinklers.  
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Figure 1: The four Sites of Reuse pilot project located within JUST campus. 

 
 
4.1 Floppy Sprinklers 
 
Floppy sprinklers are a new concept in irrigation. Also called overhead sprinkler, it is 
manufactured from stable engineering plastic and silicon tubing that pops up with incoming 
water pressure when spraying action starts and pops down immediately as the water pressure 
is released (see Figure 2). Floppy sprinklers provide a desirable rain-like irrigation effect with 
relatively large droplet size hence reducing wind drifting and enhancing uniformity. The 
freedom that the silicon tubing provides this unique irrigation method ensures full circle 
spraying patterns that prevent dry patches. These sprinklers can be installed in two ways; 
mounted on risers or dangled from wires, thus no moving parts, which eliminate maintenance. 
Floppy sprinklers are ideally suitable for landscape and turf irrigation. They are especially 
recommended for irregular undulating terrain and hilly areas. 
 
4.2 Click Emitters 

 
Click emitters are a new adjustable type of emitters as well. These emitters enable a wide 
variety of discharges by adjusting the click openings while keeping the pressure unchanged. 
An emitter consists of two parts that are a perfect fit, as one is screwed into the other it clicks 
indicating a quarter of a turn. Ideally, if the farmer set all of the emitters to 4 clicks for 
instance, they should each give the same discharge. However, that can not be the case if the 
click emitters are not well-manufactured. 
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Figure 2: Irrigation operation for field crops at site1 
 

 
4.3 Irrigation Systems Evaluation: 

 
Two terms which describe the performance of irrigation systems are uniformity and irrigation 
system application efficiency. Irrigation efficiency is a concept used extensively in system 
design and management. It can be divided into two components, uniformity of application and 
losses. If either uniformity is poor or losses are large, efficiency will be low. Low application 
efficiencies are related to water losses mainly due to runoff and/or deep percolation. This 
efficiency will be further reduced by non-uniform water application. In case of minimal water 
losses as with well managed trickle irrigation systems, emission uniformity is usually used as 
indicator of efficiency. It is critical that the irrigation system be designed for high uniformity 
and that this high uniformity maintained throughout the life of the system. 
 

Figure 3: Click emitters. 
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4.4  Distribution Uniformity DU, Emission Uniformity EU, and Coefficient of 
Uniformity CU: 

 
Uniformity of water application with sprinkler irrigation systems is often reported as 
Distribution Uniformity (DU). It is an indicator of how equal (or unequal) the application 
rates are in the field. A low DU (below 60%) indicates that application rates are very 
different, while a high DU (80% or higher) indicates that application rates over the area are 
similar in value and the water is distributed evenly to all the plants. Distribution Uniformity is 
based on the low quarter of the irrigated area.  The DU is termed as Emission Uniformity 
(EU) when referred to trickle irrigation systems. 
The calculation of DU requires that the catch-can test be performed in the irrigation zone. 

 
The average low-quarter depth of water received is the average of the lowest one-quarter of 
the measured values, where each value represents an equal area. 
The other parameter of focus in the evaluation process for sprinkle irrigation systems is the 
Coefficient of Uniformity (CU) developed by Christiansen (1942). Values of CU greater then 
75% are acceptable for general field analysis 

 
4.4.1 The catch-can test 
A catch-can test is simply placing the catch-cans in such a way as to collect the intended 
amount of water from the emitters/sprinklers that are being tested. Whichever type the 
irrigation system, the catch-can test is the same; the only difference is its position with respect 
to the emitter/sprinkler itself. A catch-can is placed underneath an emitter in a line of drip 
emitters, but placed in the areas between the risers in floppy sprinkler irrigation systems. The 
number of catch-cans placed in the test block depends on the system being tested and the 
spacing of the sprinklers. The volumes held in the catch-cans are then, normally, measured 
using a graduated cylinder. 
 
 
4.4.2 Evaluation of Floppy Sprinkler Irrigation System: 
 
Evaluation had been conducted for Floppy Sprinkler irrigation system at Site 1. Results of 
catch can evaluation for Floppy Sprinkler irrigation system at Site1 indicates the good 
performance of the irrigation system with relatively high values of both DU and CU 
coefficients, thanks to the large droplet size and the specific pressure-discharge relationship 
characterizing this innovative sprinkle system. 
 
4.4.3. Evaluation of Drip Irrigation Systems: 
 
Evaluation of Drip Irrigation Systems at all sites is normally conducted during every growing 
season. The field Emission Uniformity Coefficient (EU) for each block of the drip irrigation 
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system in each site is estimated. In each block, at least four laterals are chosen in such a way 
to represent the remaining laterals in the block. For each selected lateral, the flow rates in 
(L/h) of at least four emitters are measured. Then, the block EU is calculated as the percentage 
of the average low quarter to the total average of all emitters tested. EU percentages for 
almost all sites are usually in the upper 80s which reflect the benefits of the continuous onsite 
checking/ maintenance efforts. 
 

5.   CROP WATER REQUIREMENTS (CWR): 

Knowing the crop water requirements (CWR) is an essential step for proper irrigation 
scheduling. The crop water requirements were estimated by multiplying the grass reference 
evapotranspiration by the crop coefficient following the FAO method described in the FAO-
56 irrigation and drainage paper (1998). Maximum and minimum values of crop water 
requirements were determined based on the last recent 10 year climatic data available for the 
region.     

6.  MANAGEMENT OF WASTEWATER REUSE IN IRRIGATION: 
  
Crop yield reduction associated usually with wastewater reuse in irrigation may result from 
(1) osmotic stress caused by the total soluble salt concentration (i.e. salinity), (2) toxicities or 
nutrient imbalances created when specific solutes become excessive, or (3) a reduction in 
water penetration through the crop root zone caused by excess sodium inducing a 
deterioration of soil permeability. The key to managing salinity is leaching, the net downward 
movement of water through the crop root zone. Salts are leached whenever water applications, 
either rainfall or irrigation, exceed evapotranspiration, provided soil infiltration and drainage 
rates are adequate. 
 
6.1 Irrigation management for salt control 
 
The primary parameters that have to be considered to ensure effective irrigation management 
for salt control are crop water requirement and the quality of irrigation water. 
6.2 Leaching Salts from the Root Zone 
In arid climates irrigation must supply all water requirements of the crop for the growing 
season. Additional water must be applied to remove the salts from the root zone in order to 
avoid a build-up of salts which will exceed the threshold level for a given crop and result in 
yield reduction. The amount of additional water is usually expressed as a leaching fraction 
which is a dimensionless number. The leaching requirement for sprinkler and surface 
irrigation can be expressed by the following equation: 
 
                      ECw 
LF  =    _______________ 
               5 (ECe) -  ECw 
 
Where, 
LF = minimum leaching requirement needed to control salts within the tolerance (ECe) of the 
crop with ordinary surface methods of irrigation 
ECw = salinity of the applied irrigation water in dS/m. 
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ECe = average soil salinity tolerated by the crop as measured on a soil saturation extract. It is 
recommended that the ECe value that can be expected to result in at least a 90% or greater 
yield be used in the calculation. 
 
In case of frequent irrigation as the case when using trickle irrigation systems, the LF can be 
estimated using the following equation: 
 
       ECw 
LF  =  ___________ 
  2 (ECe)max 
 
Where,  
(ECe)max = zero yield salinity, i.e. the maximum salinity which causes zero crop yield as 
measured on a soil saturation extract. 

6.3 Irrigation Requirements: 

The irrigation requirement of a crop can be defined as the total amount of water that must be 
supplied by irrigation to a disease free crop that is growing in a large field with adequate 
water and fertility. Irrigation requirement includes the water used for crop consumptive use, 
maintaining favorable salt balance with the root zone, and overcoming the non-uniformity and 
the inefficiency in irrigation 

The irrigation requirement is estimated as: 

CWR – Pe 
IR = ______________ 
 Ea (1 – LF) 

Where, 

IR = Irrigation requirement  
CWR = Crop water requirement 
Pe = effective precipitation 
Ea = Irrigation application efficiency or emission uniformity (EU). 

Based on the maximum and minimum CWR, Ea or EU, and LF monthly recommended 
irrigation requirements for all crops were determined for better planning and easier/practical 
irrigation scheduling. Fore example, Figure 4 shows the maximum, minimum, and 
recommended daily irrigation requirement depths on monthly basis for almond and pecans 
trees. 
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Figure 4: Irrigation requirements for Almond and Pecan trees 

6.4. Irrigation Schedule: 

Irrigation scheduling is the term used to describe the procedure by which an irrigator 
determines the timing and quantity of water application. Accordingly, the two classical 
questions of irrigation scheduling are: when to irrigate? and, how much water to apply? 

a practical approach to scheduling of irrigation at JUST wastewater irrigation system while 
based on crop water requirements it also takes into account the need to have a simple and 
transparent operational approach that makes it easy for the system operator to follow the 
schedule. For that reason, Water Marks were introduced to act as indictors for soil moisture 
monitoring and hence help the operator to decide when to irrigate.  
Regarding how much water to apply, Irrigation Amounts were determined based on crop 
irrigation requirements as described previously, However, irrigation set times in hours for 
each crop were determined based on crop planting area and irrigation system flow rates to 
simplify the irrigation scheduling process.  
Since the first operation of the irrigation system, regular records have been carried of the daily 
amounts of applied reclaimed water by the pumping system. Furthermore, water allocation of 
each plot has been recorded with the operation hours for that plot.  
 
 
7.  PLANTS GROWTH AND DEVELOPMENT: 
 
Plants growth and development were monitored periodically since the beginning of the 
project. All indicators of growth monitored indicate the well irrigation management and 
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agricultural practices followed during the last four years since the beginning of the wastewater 
reuse project at JUST. Figures 5 and 6 are just two examples to show the good growth 
development of both pine trees and cactus plants which are originally suggested and 
introduced by project team committee as potential crops, as well as other crops as mentioned 
previously, which can be irrigated safely and successfully using non conventional irrigation 
water sources such as treated wastewater. 
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Figure 5: Pine Site 1 
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Figure 6: Cactus, Site 1 
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Similarly, and on regular basis, agronomy data is obtained for field crops demonstrated in the 
project. Figure 7 shows growth development for Barley grown with treated effluent 
(supplemental irrigation) compared with Barely grown on rain water only (rain-fed control). 
 

 

 
Figure 7: Presentation for the growth development of the Barely field crop at 

                       Site 1 (December 2005) 
 
8. ENVIRONMENTAL ANALYSES 

 
A comprehensive monitoring program has been in place to collect periodic environmental 
quality data on reclaimed water, soil as well as agricultural produce. This is essential to 
document and demonstrate the safety of waste water reuse and to mitigate impacts on public 
health and the environment as well. In addition, produce is analysed for nutritional value as 
compared with same variety produced with fresh water. This gives rich data on possible 
impacts on crop quality, safety for consumption as well as marketability. 
 
In the remainder of this Chapter, example analyses are presented for selected crops of the 
JUST water reuse project. In all analyses done so far in this project there have been no 
significant differences between crops irrigated with reclaimed waste water and crops irrigated 
with fresh water. This has been true for the nutritional value as well as the  potential 
contamination criteria. 
 
Some crop samples are occasionally tested in two different laboratories for cross-checking. 
Samples are analysed in the laboratories of RSS (Royal Scientific Society), WAJ (Water 
Authority of Jordan) and/or the laboratories of JUST University. 
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- Cactus 
 
Cactus fruits and pads were sampled and tested for chemical and microbiological 
contamination at two Labs. The results are presented in tables 1 and 2 below 
 
 
 

Table 1: Results for Cactus analysis by RSS Lab, sampling date: August 17th, 2005 
 

Parameter Unit Cactus 
Cortex 

Cactus 
Fruit 

Cactus  
 

Pb mg/kg <0.05 <0.05 - 
Cd mg/kg <0.015 <0.015 - 

NO3 mg/kg 69 8 - 
E-Coli MPN/g - - <0.03 

Salmonella Present-
Absent/10g

- - Absent 

 
 

Table 2: Results for Cactus analysis by WAJ laboratories.  
Sample date: August 17th, 2005 

 
Cactus Fruit Cactus Pads 

 
Parameter Unit 

Cortex Inside Cortex Inside 
Total Coliform  <0.3 0.4 <0.3 0.9 

E-Coli MPN/g - <0.3 - <0.3 
Salmonella Present-

Absent/10g
- - Present - 

Helminth Eggs  - - - - 
 
 

Sample results for the analysis of Alfalfa and Barely crops are also shown in tables 3 and 4, 
respectively 
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- Alfalfa 
 

Table 3: Results for Alfalfa analysis by WAJ laboratories. Sample date: July 24th, 2005. 
 

Parameter Unit Alfalfa 

Total Caliform MPN/g 110 
E-Coli MPN/g <0.3 

Salmonella Present-
Absent/10g

Absent 

Helminth Eggs  - 
Cd  <D.L. 
Pb  <D.L. 

NO3-N %  0.45 
 
 

- Barley 
 

Table 4: Results for Barley analysis by WAJ laboratories, samples date: June 19th, 2005. 
 

Parameter Unit Barley 

Total Caliform MPN/g 4.3 
E-Coli     MPN/g <0.3 

Thermotolerant   <0.3 
Helminth Eggs  Pathogenic Helminth eggs were not seen 

 
 
 

9. EDUCATIONAL OUTREACH PROGRAM FOR STUDENTS AND LOCAL          
COMMUNITY 

  
One of the main aims of JUST Pilot Project is the educational outreach for all stakeholders 
specially students and the local community to be able to raise public awareness about water 
reuse issues and concerns. Moreover, to demonstrate and train interested target groups who 
are involved in water reuse at all levels. 

 
Over 45 groups of visitors from off campus were accommodated.  Public and private Schools, 
Universities, National and International NGOs and agencies visited the projects and toured its 
reuse sites.  Many demonstrations regarding water reuse in agriculture has been conducted to 
various farmers groups. 
 
Training and demonstrations for students enrolled in different courses in the faculty of 
Agriculture, Faculty of Engineering, and Faculty of Science have been implemented. 
Pamphlets and informational Extension materials have been distributed to various groups. 
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Training workshops where conducted to accommodate the training needs of national and 
international engineers and subject matter specialists. 
 
In collaboration with the University of Arizona and USAID, an E-learning graduate course 
was offered in the Fall semester 2006/2007. Eighteen graduate students from the schools of 
Civil Engineering, Agriculture and Water Demand Management have successfully finished 
this course for 3 credit hours. The course title was Management of Wastewater Reuse in 
Agriculture. 
 
 
10.  CONCLUDING REMARKS 
 
The wastewater reuse project at the Jordan University of Science and Technology has been 
progressing since late 2002. The Project tries to demonstrate and document safe water reuse in 
agriculture. Wide range of cash crop trees and field crops are demonstrated. Various irrigation 
systems are evaluated. Environmental analyses of agricultural produce have so far resulted in 
no reduction of the nutritional value of any crop due to the use of reclaimed water. 

 
Reclaimed water used in the project does comply with effective Jordanian Standards for reuse 
in Agriculture. There has been no evidence thus far of any salt accumulation or contaminant 
build up in the soil of the various sites of the project.  

 
Educating the public among other stakeholders about water scarcity in Jordan and the need for 
water reuse continues to be a major objective of the Project. 
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