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ABSTRACT 

Series of pot experiments were conducted and randomly 

arranged under greenhouse conditions for evaluating the 

effect of irrigation with saline water (alternative source) in 

combination with different organic sources (amendments) i.e. 

leucaena plant residue (LU), Quail feces (QF) and chicken 

manure (ChM) added in different percentages against the 

mineral form (ammonium sulfate) either in ordinary or 
15
N 

labeled (2 and 5% 
15
N atom excess) forms, on sorghum 

growth and nutrients acquisition. Artificial saline water with 

different EC and SAR values was prepared at laboratory 

using computer programe designed by the author with 

guiding of the designed Package named Artificial Saline 

Irrigation Water (ASIW) (Manual of Salinity Research 

Methods). In addition, proline acid was also sprayed (foliar) 

on leaves of sorghum plants at different concentrations. The 

experimental results indicated the positive effect of organic 

amendments, as compared to mineral fertilizer, and foliar 

application of proline acid on enhancement of plant growth 

and nutrient uptake. This phenomenon was pronounced 

under water salinity conditions. In this regard, increasing of 

water salinity levels induced reduction in plant growth as 

well as nutrients acquisition. Data of 
14
N/

15
N ratio analysis 

pointed out enhancement of N derived from mineral source 

as affected by organic amendments. At the same time, 

considerable amounts of N was derived from organic sources 

and utilized by plants. The superiority of organic sources on 

each others was fluctuated depending on interaction with 

water salinity levels and proline concentrations. In 

conclusion, organic additives and proline acid has an 

improvement effects especially under adverse condition of 

irrigation water salinity.   
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Introduction 

 

The continuous increase in the earth’s population while 

the earth’s renewable water resources are finite requires more 

water for domestic, industrial environmental, recreational and 

agricultural needs. Water shortage in Egypt is becoming a 

major constraint for economic welfare and sustainable 

regional development. These water-deficient regions are 

characterized by high spatial and temporal imbalances of 

water demand and supply, seasonal water uses, inadequate 

water resources and poor institutional water management.  

   

Irrigation has long played a key role in feeding the 

expanding world population and is expected to play a still 

greater role in the future. Reliance on the use and reuse of 

saline and/or sodic drainage waters, generated by irrigated                 

agriculture, seems inevitable for irrigation. Technologically                               

and from a management perspective, a couple of strategies 

have shown the potential to improve crop production under 

irrigated agriculture while minimizing the adverse 

environmental impacts. Strategy fosters dedicating soils to 

crop production systems where saline and/or sodic waters 

predominate and their disposal options are limited. Being 

economically and environmentally sustainable, this strategy 

could be the key to future agricultural and economic growth 

and social wealth in regions where salt-affected soils exist 

and/or where saline-sodic drainage waters are generated. 

 

Most studies on the effect of salty water on crop yield 

refer to individual crops, but, in actual practice, the 

interseasonal salinity balance that actually influences the crop 
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yields is greatly modified by the cropping sequence. The 

management practices also vary according to the cropping 

system followed. Therefore, it is important to consider the 

saline/alkaline water-use practices not only for individual 

crops but also for the cropping system. 

 

The objectives of this study are thus planned (i) to study 

the combined effect of ECiw and SARiw on growth, yield and 

nutrients uptake by sorghum plants grown  on  loamy sand 

soil and treated with selected organic materials or different 

concentrations of proline acid. (ii) to prove that saline water 

can be beneficially used to supplement the fresh water. Beside 

substantial increase in production, this strategy would lend 

sustainability to the agricultural production. (iii) Nuclear 

technique using stable isotope 
15

N-tracer was applied to 

investigate the potentiality of nitrogen inputs as chemical 

fertilizer in sorghum grown on loamy sand soil as well as 

distinguish between the different N sources, i.e. Ndff, Ndfr 

and Ndfs as affected by saline and alkaline irrigation water, 

organic amendments and foliar application of proline acid. In 

this way, management of nitrogen availability would be 

outlined.  
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   2. REVIEW OF LITERATURE 

 

2.1. Water Resources Management  

 

         2.1.1. Fresh Water Supply  

The overall average annual rainfall in Egypt is about 18 

mm mainly occurring at the northern coast which receives 

about 150 mm of precipitation per year. In the southern Upper 

Egypt, Sinai, and along the Red sea coast events of 

measurable rainfall may be encountered once every three 

years, sometimes developing into very short, but destructive, 

flash floods. Precipitation which occurs in winter and late 

autumn accounts for 1.3 BCM/yr of internal renewable water 

resources recharging shallow aquifers, and to a less extent 

supplying surface water resources (The World Bank, 2005) 

The Nile River supplies about 97% of the annual 

renewable water resources in Egypt. Out of the Nile’s average 

natural flow of 84.0 k m
3
/y reaching Aswan, a share of 55.5 

BCM/yr is allocated for Egypt according to the Nile Water 

Agreement (1959). The Agreement also allocates a share of 

18.5 BCM/yr to Sudan; while about 10 BCM/yr is lost in 

evaporation from the high dam reservoir (Lake Nasser). Thus 

the total renewable water resources of Egypt are estimated at 

56.8 BCM/yr. (Some references include an additional 1.0 

BCM/yr of Tran boundary groundwater flow [FAO 1999]). 

The latter amount of supply is constant and incremental 

possibilities are not foreseen for the short term. This accounts 

for an average per capita share of about 800 m
3
/cap/y as of 

year 2004, while projections forecast a share of about 600 

m3/cap/y by the year 2025 as depicted in Figure 1. 
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       Non-renewable water resources comprise fossil 

groundwater in deep aquifers. Non-conventional resources 

include agricultural drainage water reuse, sea water 

desalination, brackish water desalination, municipal 

wastewater reuse, and rain harvesting. Fossil water 

exploitation is estimated at a rate of 1.0 BCM/yr, mainly 

concentrated at the oases of the Western Desert. The 

municipal wastewater reuse capacity is currently of the order 

of 0.7 BCM/yr, while the agricultural drainage reuse is 

projected to be around 7.5 BCM/yr in the Nile Valley and 

delta. Reused water is a recycled bi-product of other water 

utilization sectors. It should be viewed as a demand 

management intervention and should not be accounted for at 

the national balance of natural resources.  

The expansion in irrigated agriculture needs to continue 

as the world population increases, but annual renewable 

freshwater resources for the foreseeable future are now largely 
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allocated. There may be some areas where freshwater 

resources increase or decrease according to rainfall changes 

due to climate change, however, these are likely to occur at 

the level that is small compared to the increased future 

demands for freshwater (Wallace, 2000).  Competition for 

fresh water already exists among the municipal, industrial and 

agricultural sectors in several regions due to an increase in 

population. The consequence has been a decreased allocation 

of freshwater to agriculture (Tilman et al., 2002). This 

phenomenon is expected to continue and to intensify in less 

developed, arid region countries that already have high 

population growth rates and suffer from serious environmental 

problems. 

As supplies of good-quality irrigation water are expected 

to decrease, available water supplies need to be used more 

efficiently (Oweis et al., 1999; Hatfield et al., 2001 and 

Wichelns, 2002), where one of the techniques can be the reuse 

of saline and/or sodic drainage waters generated by irrigated 

agriculture (Shalhevet, 1994; Rhoades, 1999 and Oster, 2000), 

or of marginal-quality waters generated by municipalities 

(Bond, 1998 and Bouwer, 2002). The same applies to salt-

affected soils, which occupy more than 20% of the irrigated 

lands (Ghassemi et al., 1995), and warrant attention for 

efficient, inexpensive and environmentally acceptable 

reclamation and management to improve crop production 

(Qadir and Oster, 2002). If mismanaged, the use of such 

poorer quality waters and soils can increase salinity and 

sodicity problems, which already plague many irrigation 

projects reducing crop yields. 

 Groundwater utilization has been steadily increasing in 

Egypt for the last twenty years. A designated sector for 

groundwater management has been established at the Ministry 
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of Water Resources and Irrigation to coordinate, develop, and 

rationalize the national groundwater utilization. 

Various demands for freshwater are exerting excessive 

pressure on the available water supply. The agricultural sector 

(including fisheries) is the highest freshwater consumer, 

utilizing about 86% of the available supplies (excluding 

recycling), while the domestic and industrial sectors consume 

6% and 8%, respectively of the total natural supplies. The 

navigation and energy (i.e. hydropower) sub-sectors are 

“instream” users; meaning that they utilize the Nile/irrigation 

distribution system, but they are not net consumers of the 

water resources. Drainage water spilled to the Mediterranean 

Sea and the desert fringes of the Nile system contributes the 

water needed to maintain the ecosystem/habitats of the 

northern Delta/Lakes. Evaporation losses from the 31,000 

Km-long water conveyance network is estimated at about 2.4 

BCM/yr. Water resources management, hydraulic control, 

channel design, distribution networks, and water discharge 

monitoring has been practiced by Egyptians for over 5000 

years. The total dam capacity is about 169 km3 mainly 

attributed to the reservoir of the Aswan high dam. About 90% 

of the Nile’s hydro-potential has been exploited to generate 

about 12 Twh. The irrigation potential is estimated as 4.4 

million ha. Agricultural drainage through primitive pumping 

stations and excavation of main drains has been practiced in 

Egypt as early as 1898. Ditch drainage has been introduced in 

1938 followed by sub-surface drainage in 1942. The Egyptian 

Public Authority of Drainage Projects (EPADP) has launched 

a comprehensive drainage construction/rehabilitation program 

in Egypt that covers 8.0 Million feddan of agriculture lands 

since late seventies. EPADP has been either constructing new 

surface (open) drains or rehabilitating (remodeling, 

deepening, widening, and weed removal) existing open 
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drains. EPADP accomplished 7.2 Million feddan with surface 

open drainage till end of 2004. Parallel with that, EPADP 

introduced a long-term planning for flexible construction of 

subsurface drainage in an area of 6.4 million feddan, which 

widely enabled the use of mechanized pipe-laying, plastic 

pipes and synthetic envelope materials by public and private 

contractors. EPADP accomplished 5.4 Million feddan of 

subsurface drainage till end of 2004.  

There are four major groundwater systems in Egypt, 

namely; the Nile Aquifer, the Nubian Sandstone Aquifer, the 

Moghra Aquifer, and the Coastal Aquifer. The Nile aquifer is 

renewable and underlies the Nile Delta and is characterized by 

high productivity of its wells and the shallow depth of the 

groundwater table allow the abstraction of large quantities of 

water (100-300 m
3
/hr) with relatively shallow wells at 

relatively low pumping cost. Conjunctive use of surface and 

groundwater is widely practiced by farmers, especially during 

periods of peak irrigation demands. About 6.1 BCM/yr are 

annually extracted from the aquifer. Being a shallow aquifer it 

is extremely vulnerable to pollution by surface induced 

sources. The aquifer is directly connected to the Nile River 

system, and thus will be directly affected by programs for 

reducing conveyance losses in waterways. The Nubian 

sandstone aquifer is shared by four countries namely; Egypt, 

Sudan, Chad, and Libya. The whole aquifer contains about 

150,000 BCM of fossil water at depths reaching 2000 m. 

Pumping costs and economies of scale control the 

development of groundwater from the Nubian Aquifer. The 

Nubian Aquifer extends also beneath the Eastern Desert. 

Recent studies show that the shallow aquifers at the middle 

and south of the desert are connected to the deep aquifer, thus 

providing a good potential for groundwater development. In 

the Moghra aquifer, the groundwater flow is in general 
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directed towards the Qattara Depression. The aquifer is 

recharged by rainfall and lateral direct inflow from the Nile 

aquifer. Due to the sharp increase in abstractions for 

groundwater-based reclamation projects in the Egyptian 

Western Desert and industrial and municipal supply, notably 

in the Western fringes of the Nile Delta, the water quality and 

sustainability of this resource is at risk. The Coastal aquifers 

exist near the western northern coast of Egypt and are 

recharged by rainfall on the western coast. Quantities that can 

be abstracted are limited due to the presence of saline water 

underneath the fresh water layers. (The World Bank, 2005). 

 

2. 1. 2. Water Demand  

The first and most important challenge in Egypt is 

satisfying the future water demand corresponding to the 

expected population growth. The population of Egypt has 

been growing in the last 25 years from about 40 million in the 

year 1978 to about 72 million in 2004 and is expected to reach 

somewhere between 85 - 95 millions in the year 2020 

according to different scenarios. More than ninety five percent 

of the present population of Egypt is concentrated in only 

about 5.5% of the total area namely in the Nile Valley and the 

Delta. The government has started an ambitious program to 

increase the inhabited area in Egypt from the present 5.5% to 

about 25%. Water demand is rapidly increasing due to the 

growing population and hence a growing demand for water by 

agriculture, horizontal expansion in the desert areas, industrial 

growth, new communities expansions etc. This triggers more 

efficient use of present resources and, if possible, to develop 

additional water resources.  

Drinking water requirements for major urban towns and 

rural villages have been estimated to be 4.6 BCM in 99/2000 

where approximately 97% of urban population and 70% or 
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rural population of Egypt relies on piped water supply. The 

major cities in Egypt (217 city) enjoy full potable water 

coverage (100%). Sanitation services, however, lag behind 

water supply, where approximately 52% of urban population 

is covered by collection and treatment sanitation systems 

while about 11% of rural population in villages is connected 

to the sewerage system. Municipal water is diverted from two 

sources: surface water which supplies about 83% of total 

municipal demand and groundwater, which supplies about 

17% of total demands. The total municipal demand (drinking 

water) is calculated to increase by a factor of 1.4 between 

2000 and 2017. The total industrial water utilization is 

expected to increase by a factor of 2.0 throughout the former 

period. 

The availability of 2000 m
3
 of renewable fresh water 

per person per year is considered the threshold for water 

shortage. If the availability is below 2000 m3 per person per 

year, then the area is considered a water-poor area. An 

availability of less than 1000 m3 per person per year is 

considered extreme water poverty. Available water 

assessment show that in 10 countries of the region, the 

renewable fresh water availability is in the bottom range of 

extreme water poverty. Generally the average renewable 

water resources per person per year have declined rapidly in 

the most of the developing countries of the region, being 

nowadays of values nearly 50% lower than the ones 

corresponding to the year 1960. The reason for the decline is 

primarily due to population growth.  

         With GOE implementing aggressive irrigated 

agricultural area expansion, water availability per Feddan will 

vary. The irrigated areas are projected to increase from 7.985 

million feddans in 1997 to 11.026 million feddans in 2017 

(NWRP).  
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2. 1. 3. Water scarcity and agriculture  

 Limiting water resources in the east and south of the 

Mediterranean basin appears as one of the main factors 

limiting agricultural development particularly in 2000-2025 

periods. The water needed for irrigation is even scarcer than 

the land itself and the land suitable for irrigation is becoming 

harder to find. 

At present, the irrigated areas account for more than 16 

million hectares; in 15 years, these have increased by 3 

million hectares and the growth rate seems to stabilize round 

200,000 hectares per year. This implies the use of 

supplementary capacity in the order of 2 billion m³ of water 

per year only for agricultural sector. This will certainly cause 

some difficulties for partitioning of water resources between 

agriculture and other sectorial water uses and in particular 

domestic and industry, This demonstrate clearly   recycling of 

both urban and irrigation waste water will become necessary 

in a number of countries, particularly those of the arid region 

at the Mediterranean areas.  

Nowadays, water is becoming scarce not only in arid and 

droughtprone areas, but also in regions where rainfall is 

relatively abundant. Scarcity is now viewed under the 

perspective of the quantities available for economic and social 

uses, as well as in relation to water requirements for natural 

and man-made ecosystems. The concept of scarcity also 

embraces the quality of water because degraded water 

resources are unavailable or at best only marginally available 

for use in human and natural systems.  

Figure 2 illustrates the causes for water scarcity, which 

may be natural, dominated by climate features, or man-made. 

Degradation of land alters hydrological processes that 

negatively influence water availability for humans and the 
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environment. Demand may grow much in excess of 

availability. In other words, natural scarcity may be 

aggravated by human influences, such as population growth 

and poor water management. Man-made water scarcity is a 

consequence of these and other human activities. 

 
     Figure 2: Natural and man-made water scarcity 

Southern and Eastern Mediterranean countries will 

experience difficulties in ensuring self-sufficiency in meeting 

agriculture, domestic and industrial water needs. The supply 

of drinking water to urban areas will be one of the most 

critical problems in those countries, and unless, on one hand, 

developing effective methodologies and systems for assessing 

and improving the performance of irrigated agriculture and on 

the other one introducing the non-conventional water as 

additional water sources in the irrigation sector (Hamdy et al. 

1995). 

 However, successful and safe use of such water will 

require careful planning, more complex management practices 

and stringent monitoring procedures, than when good water 

quality is used (FAO, 1999). 
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2. 2. Use of Brackish, Saline and Drainage Waters 

2. 2. 1. Characteristics and Impacts of Saline Waters 

Saline water includes water commonly called brackish, 

saline or hyper-saline from different sources, including 

aquifers which are naturally saline or became saline due to 

human activities, and drainage effluents from agricultural 

land. It also includes water that contains one or more specific 

elements in concentrations above those found in good quality 

water. 

Fresh water is considered to have a total dissolved solids 

(TDS) concentration of less than 500 mg/l (EC < 0.7 dS/m). 

Saline and brackish water have 500– 30,000 mg/l (0.7–42 

dS/m) TDS, while sea water has TDS averaging 35,000 mg/l 

(49 dS/m). 

A major problem with irrigated agriculture is its negative 

environmental impacts. Irrigated agriculture, over the long-

term, cannot avoid causing adverse off-site effects due  to the 

drainage water it generates (Van Schilfgaarde, 1994). The 

generation of drainage water by irrigation is a necessity to 

maintain soil salinity, through leaching, at acceptable levels 

for crop growth. However, it is no longer sufficient to set 

leaching requirement objectives based solely on irrigation 

water salinity and crop salt tolerance. Nor is it sufficient to 

limit the objectives of soil reclamation, or rehabilitation, to 

reducing soil salinity and sodicity to levels that permit high 

levels of crop productivity. The environmental impacts of the 

drainage waters generated by reclamation, rehabilitation and 

irrigation in general must also be considered. What is the 

disposal site for the drainage water, or more to the point, the 

salt it contains? What will be the impact on the chemical 

composition of the receiving waters or soil strata? The key 
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issues are: (1) what can be done to minimize the volume of 

drainage water? (2) Should the disposal of unusable drainage 

water be localized to the sub-regions where these waters are 

generated? One strategy to deal with such issues is to improve 

irrigation management (Wichelns, 2002) so that excess water 

is not applied over that needed for evapotranspiration and 

leaching. Another is to reuse drainage waters for irrigation of 

appropriate salt-tolerant crops (Rhoades, 1999). 

In the future, sustainable irrigation systems using saline-

sodic soils and waters have the potential to improve crop 

production with minimized adverse environmental effects. 

This will require a comprehensive approach to soil, water and 

crop management. The foci will need to be on reclamation of 

new lands, rehabilitation of saline and sodic lands generated 

by past irrigation practices, improved productivity per unit of 

water, and environmental protection. Crop and water 

management will play key roles in such a comprehensive 

approach.. 

The annual use of saline drainage water in Egypt is above 

5 billion m
3
 for irrigating nearly 500,000 ha of land. Drainage 

water is used in many parts of the world including California, 

USA. Saline groundwater is used extensively in many 

countries such as Tunisia, India, and Israel. Reports on use of 

saline water are abundant in the literature (e.g. Kandiah 1990, 

Rhoades et al. 1992, Minhas 1996, Tyagi and Minhas 1998, 

Gupta et al. 1998). The use of highly saline waters, unusable 

by common agricultural crops, may be feasible for halophytes, 

which could be explored for human and animal consumption 

(e.g. Lieth and Al Masoom 1993, Choukr-Allah et al. 1996). 

Waterlogging, salinity and related problems have arisen 

in many irrigation areas where fresh water is used for 

irrigation. Such problems could arise even more 2008 Using 
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Non-conventional Water Resources quickly and more 

severely when saline water is used. The major potential 

hazards associated with the use of saline water in agriculture 

are summarized in Table 1. The negative impacts which result 

from the use of saline waters can be overcome when water 

management is performed appropriately, that is having the 

control of the negative impacts as a main goal. However, this 

implies good knowledge of the mechanisms influencing plant 

stress and soil degradation, and appropriate information on the 

quality characteristics of the waters being used and of the 

toxic ions, nutrients or disease vectors likely to be present. 

Only when such information is available will it be possible to 

select the crops, cultivation techniques, irrigation methods and 

water management practices that facilitate saline water use. 

An FAO expert consultation (Kandiah 1990) proposed a set of 

criteria for use of saline water for irrigation. These include the 

need for 

_ Integrated management of water of different qualities at the 

levels of the farm, the irrigation system and the drainage basin 

when sustaining long-term production potential of land and 

water resources is a main goal. 

_ Adopting irrigation methods with high performance, using 

minimal leaching fractions to reduce drainage volumes , 

implementing reuse of drainage water for progressively more 

tolerant crops, and reusing otherwise unusable saline water for                                                                                                                                                                                                                           

halophyte production. 

_ Monitoring of soil and water quality, providing feedback to 

management to provide for optimal operation and control of 

the irrigation systems. 

_ Further development in understanding the effects of saline 

irrigation water on soil-plant-water relationships, including 

cumulative effects on perennials. 
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_ Promotion of tools to predict long and short-term effects of 

irrigation water quality on crop yields, soil properties and 

quality of the environment.  

_Establishment of pilot areas to test   and assess irrigation 

methods and complementary soil and crop management 

practices for using saline water. 

_ Training of   irrigation and agricultural officers. 

 

Table (1): Major potential hazard associated with the use of 

saline and poor quality waters in agriculture  

   

Yields decrease        
a- Reduced soil water availability to the crop 

due to augmentation of the soil water 

osmotic potential 

b -Reduced soil infiltration rates, thus 

reducing soil water availability  

c- Soil crusting, affecting infiltration of 

water and crop emergence   

d- Toxicity to the crop when the 

concentration of certain ions is above 

crop tolerance 

e- Imbalance of nutrients available to crops 

Yields decreas  

f -Reduced soil water availability to the crop 

due to augmentation of the soil water 

osmotic potential   

g- Reduced soil infiltration rates, thus 

reducing soil water availability  

h- Soil crusting, affecting infiltration of 

water and crop emergence      

i- Toxicity to the crop when the 

concentration of certain ions is above crop 

tolerance i-Imbalance of nutrients available 

to crops 
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Soil Degradation            
a - Salinisation, particularly in the absence of 

adequate leaching and drainage, when salts 

accumulate in the root zone and in the 

groundwater  

b- Sodification when there is high sodium 

content as compared to other cations, then 

the soil complex accumulates this excess 

sodium. Sodification causes soils to lose 

their structure and tilth, become dispersive, 

and have reduced infiltration and 

permeability  

c- Loss of soil productivity when the 

processes of salinisation and/or 

sodification are continued because 

conditions for plants to extract water and 

nutrients become progressively worse 

Effects on the 

Environment                
a - Soil degradation, which contributes to 

desertification. 

b- Damages to the soil environment, causing 

negative changes in plant and animal 

communities, and soil biodiversity.  

c- Nutrients in reused drainage effluents give 

rise to uncontrolled algal blooms, 

development of aquatic weeds in water 

bodies, which lead to clogging problems in 

hydraulic structures and equipment, in 

waterways and canals, and reduce the wild 

life which inhabits farm ponds, lakes and 

reservoirs.  

d- When nitrogen in reused drainage waters 

is excessive or when it is not taken into 

consideration in the fertilisers’ balance, the 

resulting excess nitrates add to 
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groundwater pollution and to 

eutrophication.  

e-The presence of particular ions to levels 

exceeding specific health and safety 

thresholds affect either plant sensitive to 

those ion concentrations, or animals that 

drink those waters, e.g. selenium in 

drainage waters in California animals that 

drink those waters 

Risk for Public health                       

 a – Toxic ions such as heavy metals that, 

although they may be present in minute 

concentrations, are cancerous when 

accumulated in humans. 

b -   Vectors of disease, such as mosquitoes 

snails, which develop better in saline water, 

mainly those rich in nutrients, so creating or 

increasing health hazards for populations 

living in areas using saline water or reusing 

drainage waters.     

2. 2.2. Criteria and Standards for Assessing the Suitability 

of Water for Irrigation 

A great deal of research on the water quality requirements 

for irrigation has been developed over a long time. 

Consolidated standards have been made available in FAO 

publications (Ayers and Westcot 1985, Kandiah 1990, 

Rhoades et al. 1992). It is then possible to define the main 

water quality parameters which need to be known to allow 

saline waters to be used safely in irrigation. Recommendations 

by FAO include: 

1)  Water quality characteristics to be considered for irrigation 

to assess the suitability of saline water concerning, 

particularly: 
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      – Salinity hazards (total dissolved salts, TDS and electrical 

conductivity, EC) 

      – Crusting and permeability hazards (SAR or adjusted 

SAR, EC, and pH) 

      – Specific ion toxicity hazard (Na, Cl, B, and Se, among 

others) 

      – Nutrient imbalance hazard (excess NO3, limited Ca, 

phosphate, etc.) 

2) Parameters required to evaluate the quality of saline water 

on a routine basis including: TDS, EC, concentration of 

cations and anions (mainly Ca, Mg, Na, CO3, HCO3, Cl, 

SO4), SAR or the adjusted SAR under certain conditions, 

trace elements (such as Se, As, B, Mo, Cd, Cr, Cu), as well 

as other potentially toxic substances of agricultural origin. 

3) Water quality standards already available should be 

evaluated through research and adjusted for the specific 

conditions of saline water use, including soils, climate, 

crops and crop sequences, and irrigation methods. More 

emphasis should be given to the development of 

appropriate models, criteria and standards applicable under 

non-steady conditions. 

4) Guidelines on use of saline water should also include the 

possible hazardous effects of trace elements on people or 

livestock which consume crops produced using such water 

(As, Se, etc.). The main water quality characteristics for 

saline waters are summarized in Table (2), with indications 

of the restrictions on their use in relation to the overall 

quality of the water. Restrictions mainly concern crop 

tolerance to salts, need for leaching, specific requirements 

for the irrigation methods and systems, and soil 

management practices. Agricultural drainage waters are 

also a resource for irrigation and other uses (Table 3). 

When treated, for example by desalination it may be 
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reused for several processes as outlined by Tanji and 

Kielen (2002) and van der Molen et al. (2007). 
 

Table 2: Water quality for irrigation and required restrictions in use 

(adapted from Ayers and Westcot 1985) 

 

 

Problems 

 

Water chracteristic 

 

No 

restrictions 

 

Slight to 

moderate 

restrictions 

 

Severe 

restricti

ons 

 

Salinity effects 

on water 

availability 

 

EC (dS/m) 

TDS (mg/l) 

 

< 0.7 

< 450 

 

0.7-3.0 

 

> 3.0 

 

Salinity effects 

on soil 

infiltration 

 

SAR < 3 

3-6 

6-12 

12-20 

20-40 

 

EC > 0.7 dS/m 

> 1.2 
>1.9 

>2.9 

>5.0 

 

EC: 0.7-0.2 dS/m 

1.2-0.3 
1.9-0.5 

2.9-1.3 

5.0-2.9 

 

EC< 0.2 

dS/m 

< 0.3 

< 0.5 

< 1.3 
< 2.9 

 

Toxicity 

 

Sodium 
Surface irrigation:SAR  

Sprinkle/spray (me/l) 

Chloride concentration 
Surface irrigation (me/l) 

Sprinkle/spray (me/l) 

Boron (mg/l) 
Trace elements 

Bicarbonate (me/l) 

(Sprinkle/spray irrigation) 

 

 
< 3 

< 3 

 
< 4 

< 3 
< 0.7 

Variable 

< 1.5 
 

 

 
3-9 

> 3 

 
4-10 

>3 
0.7-3.0 

 

1.5-8.5 

 
 

>9 
 

 

>10 
 

>3.0 

 
>8.5 

 

Plant nutrition  

 

pH 

 

6.5-8.5 

  

 

Table 3: Quality of drainage water for use in irrigation and other uses 

(adapted from van der Molen et al. 2007) 

 

Quality Ec (ds/m) Application 

 

Very Good 

 

< 1 

 

All crops 

Good 1-2 Most crops 

Moderate 2-3 Tolerant crops 

Poor 3-6 Tolerant crops, with appropriate leaching  
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Very Poor >6 Not recommended for irrigation. Other uses when 

not polluted: 

Irrigate halophytes 

Maintain water levels in fish ponds 

Secure water levels in brackish lakes 

Leaching salt-affected soils during the initial stage  

2. 2.3. Crop Irrigation Management Using Saline Water 

Water for agricultural use is normally considered to be 

in one of five salinity classes. These classes are outlined in 

Table (4), their boundaries being defined by the total 

dissolved solids and electrical conductivity of the water. Crop 

responses to salinity vary with species and, to a lesser degree, 

with the crop variety. The tolerance of crops to salinity is 

generally classified into four to six groups (Table 5), from the 

sensitive (or non tolerant), where most horticultural and fruit 

crops are included, to the tolerant, which includes barley, 

cotton, jojoba, sugar beet, several grass crops, asparagus and 

date palm. Full lists of crop tolerance classes are given by 

Hoffman and Shalhevet (2007). In addition, halophytes may 

be commercially explored and they use very highly saline 

water. 

The behaviour of various crops under irrigation with 

water of different degrees of salinity varies with species, 

varieties and the crop growth stages. As irrigation water 

salinity increases, germination is delayed. Germination is 

adversely affected for most field crops when the EC of the 

irrigation water or the soil saturation extract reaches a 

threshold of 2.4 dS/m. Adverse effects occur at lower values 

(< 1 dS/m) for non-tolerant crops, and at higher values for 

tolerant crops (generally not exceeding 4 dS/m). 
 

 

 



 

 

 

 

 

21 

Table 4: Salinity classifications of water (adapted from Rhoades et al. 

1992) 

 

 Non 

saline 

Slightly 

saline 

Medium 

saline 

Highly 

saline 

Very 

highly 

saline 

 

Total dissolved 

solids, 

TDS (mg/l) 

 

<500 

 

500-2000 

 

2000-4000 

 

4000-9000 

 

>9000 

Electrical 

conductivity, 

EC (dS/m) 

<0.7 0.7-3.0 3.0-6.0 6.0-14.0 >14.0 

 

 

Table 5: Summary guidelines for use of saline waters (adapted from 

Rhoades et al. 1992) 

 

Crop tolerance to 

salinity 

Non 

saline 

Slightly 

saline 

Medium 

saline 

Highly 

saline 

Very 

highl

y 

saline 

 

I sensitive 

 

Limitation  

to use  

Yield 

reduction 

 

None 

 

None 

 

Slight to 

medium 

Up to 50% 

 

Restricted 

 

>50% 

 

Not 

usable 

- 

 

Not 

usable 

 

- 

 

II moderately 

sensitive 

 

 

Limitation  

to use  

Yield 

reduction 

 

None 

 

None 

 

Slight 

 

Up to 20% 

 

Medium 

 

Up to 50% 

 

Restricted 

 

>50% 

 

Not 

usable 

 

- 

 

III 

moderately 

Tolerant 

 

 

Limitation  

to use  

Yield 

reduction 

 

None 

 

None 

 

None 

 

None 

 

Slight to 

medium 

20-40% 

 

 

Medium 

 

40-50% 

 

Very 

restricte

d 

>50% 

 

II tolerant 

 

 

Limitation  

to use  

Yield 

reduction 

 

None 

 

None 

 

None 

 

None 

 

Very slight 

 

Practically 

none 

 

Slight to 

medium 

20-40% 

 

 

Restrict

ed 

 

>50% 
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2. 2.4. Reusing drainage waters for irrigation 

Drainage from irrigated lands is a necessity for irrigation 

to be sustainable. Drainage waters carry a salt load that is 

always higher, sometimes substantially higher, than that of the 

irrigation water. In many instances, drainage water does not 

flow directly back to the rivers from which the irrigation 

water was obtained. Saline geologic deposits and saline 

ground waters often exist along the flow path. As drainage 

water flows through these deposits, or displaces the saline 

groundwater, the salt loads in the resulting drainage water can 

considerably exceed those projected to occur from irrigation 

alone (Van Schilfgaarde, 1994). In some geological settings, 

drainage waters may dissolve and displace some minor 

elements that are potentially toxic (Skaggs and van 

Schilfgaarde, 1999). Such waters also are an economic burden 

to those who have to use waters into which such waters have 

been disposed, or to those who have to dispose them in 

evaporation ponds. 

During the last two decades, concerns have arisen 

regarding off-site impacts of irrigation and drainage (Van 

Schilfgaarde, 1994). On a long-term basis, the generation of 

drainage water by irrigation can cause adverse effects on 

groundwater quality. Thus, it is axiomatic that irrigated 

agriculture cannot be maintained unless there is adequate 

drainage coupled with appropriate treatment, disposal, or 

utilization of the drainage effluent in environmentally and 

economically acceptable ways. The treatment processes of 

poor-quality waters for agricultural use are energy intensive 

and usually economically impractical (Pimentel et al., 1999). 

An alternative to disposal of drainage waters into rivers or 

groundwaters, with the consequent degradation of the quality 

of these waters, would be to dispose drainage waters into 

permanent evaporation ponds within the region where they are 
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collected. However, solar evaporation from ponds can 

concentrate toxic elements and compounds in the water, if 

present, to the levels that can become lethal to native birds 

and animals (Skorupa, 1998). In this event, constructed 

wetlands can be used to mitigate the effects of evaporation 

ponds on wildlife. The constructed ponds occupy 

approximately 12% of the total area on a permanent basis 

(Tanji et al., 2002). Additional land may need to be dedicated 

to constructed wetlands should toxic effects on wildlife 

require mitigation. Finally, there are construction and 

operational costs of the ponds, and of the pipelines and canals 

to collect and convey the drainage water to the ponds. 

Studies conducted on the reuse of saline drainage waters 

for irrigation have shown promise for crop production systems 

and soil management (Grattan and Rhoades, 1990; Oster, 

1994; Sharma and Rao, 1998 and Moreno et al., 2001). The 

key to this approach includes: (1) availability of drainage 

water when crops need it, which may require storage facilities, 

either in the soil though controlled drainage techniques, or in 

surface reservoirs, (2) cultivation of appropriately salt, B and 

Na
+
 tolerant crops and (3) adequate leaching while avoiding 

deterioration of soil physical conditions. Leaching, the 

application of excess water over that needed for 

evapotranspiration, prevents excess accumulation of salts in 

the root zone. This extra quantity of water, referred to as 

leaching requirement, must be able to pass through the root 

zone. Consequently adequate soil permeability and drainage 

are a necessity, either as a consequence of natural or artificial 

drainage. Where artificial drainage is installed, controlled 

discharge practices may be used to maximize crop water use 

from the shallow (1–1.3 m) groundwater (Ayars, 2003). 

Besides agronomic and environment aspects, economic 

incentives also promote the reuse of drainage waters for crop 
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production systems. Such incentives can be designed to 

motivate near-term reductions in effluent and long-term 

investments that will reduce the volume of effluent generated 

per unit of agricultural production (Knapp, 1999). Increasing 

block-rate prices and salt-load surcharges can motivate 

farmers to improve water management practices and reduce 

unnecessary deep percolation. Such pricing would motivate 

farmers to choose irrigation methods that will reduce regional 

salt loads. For instance, Wichelns et al. (1996) reported 

reductions in water applications ranging from 9% on tomato 

(Lycopersicon esculentum Mill.) fields to 25% on cotton fields 

as a result of implementing block-rate prices of water and 

other economic incentives. 

There are three major approaches that involve the use of 

saline and/or sodic drainage waters for crop production. These 

include cyclic, blending and sequential use and reuse of such 

waters through surface irrigation. A number of studies have 

been carried out during the last two decades that evaluated 

these approaches on a field scale. These approaches allow a 

good degree of flexibility to fit different situations. 
  

2. 2.5. Cyclic reuse 

The cyclic strategy involves the use of saline-sodic 

drainage water and nonsaline irrigation water in crop rotations 

that include both moderately salt-sensitive and salt-tolerant 

crops. Typically, the nonsaline water is also used before 

planting and during initial growth stages of the salt-tolerant 

crop while saline water is usually used after seedling 

establishment. Following the use of saline-sodic drainage 

water, gypsum may need to be applied to the soil surface 

before irrigation with nonsaline water, or before a rainy 

season, to prevent problems with slow water infiltration, soil 

crusting, poor tilth and inadequate aeration. The cyclic 
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strategy requires a crop rotation plan that can make best use of 

the available good- and poor-quality waters, and takes into 

account the different salt sensitivities among the crops grown 

in the region, including the changes in salt sensitivities of 

crops at different stages of growth. 

The advantages of cyclic strategy include: (1) steady-

state salinity conditions in the soil profile are never reached 

because the quality of irrigation water changes over time, (2) 

soil salinity is kept lower over time, especially in the topsoil 

during seedling establishment, (3) a broad range of crops, 

including those with high economic-value and moderate salt 

sensitivity, can be grown in rotation with salt-tolerant crops 

and (4) conventional irrigation systems can be used. A major 

disadvantage is that drainage water must be collected and kept 

separate from the primary water supply, i.e. it requires storage 

when it cannot be used for irrigation. 

The cyclic strategy was first demonstrated to be 

sustainable in the Westside San Joaquin Valley of California 

by Rhoades (1987). A good-quality water (EC=0.5 dS m
−1

) 

was used to irrigate cotton (Gossypium hirsutum L.) during 

germination and seedling establishment, and a saline-sodic 

water (EC=7.9 dS m
−1

, SAR=11) was used thereafter. Wheat 

(Triticum aestivum L.) was subsequently irrigated with the 

good-quality water, followed by 2 years of sugar beet (Beta 

vulgaris L.) irrigated with the saline-sodic water. Other 

studies conducted in California involving the cyclic use of 

drainage waters (Rhoades, 1989; Oster, 1994 and Shennan et 

al., 1995) have revealed that this strategy is sustainable for 

cotton, wheat, safflower (Carthamus tinctorius L.), sugar beet, 

tomato (Lycopersicon esculentum Mill.), cantaloupe (Cucumis 

melo L.) and pistachio (Pistacia vera L.), provided the 

problems of crusting, poor aeration and tilth are dealt with 

optimum management. 
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In India, Sharma and Rao (1998) provided evidence that 

saline drainage waters (EC=6, 9, 12 and 18.8 dS m
−1

) could be 

used successfully for 7 years to irrigate different crops without 

any serious degradation of a coarse-textured soil. The crop 

rotations were: wheat-fallow for 3 years, and wheat-pearl 

millet [Pennisetum glaucum (L.) R. Br.] or sorghum for 4 

years. The mean yield reduction was approximately 4% when 

a water of EC 6 dS m
−1

 was used for irrigation. The crop yield 

declined approximately 22% where the EC 18.8 dS m
−1

 and 

SAR 15 water was used for irrigation. The soil salinity levels 

developed by the saline-sodic irrigation water were managed 

satisfactorily by monsoon rains. At times a pre-sowing 

irrigation of 70 mm with low-salinity canal water was applied 

to decrease soil salinity to levels suitable for the subsequent 

crop. The average annual rainfall and pan-evaporation for the 

area over a 16-year period were 650 and 2500 mm, 

respectively. The extent of salt leaching was heavilly 

dependent on the total amount of monsoon rainfall and 

subsurface drainage. 

In Israel, some areas of the Negev region are underlain 

with aquifers that contain saline-sodic water. In this 

Mediterranean climate (winter rainfall 250–400 mm), the soils 

with silt loam texture are grown with cotton. In a 16-year 

study (Keren et al., 1990), a poor-quality water (EC=4.6 

dS m
−1

, SAR=26) was used for irrigation during summer (450 

mm), which resulted in ESP values ranging from 20 to 26 in 

the upper 0.6 m of the soil. There was no deterioration in soil 

hydraulic properties during the summer because salinity of the 

irrigation water was sufficient to counteract the deleterious 

effects of exchangeable Na
+
. However, deterioration did occur 

during the rainy season because of the negligible salinity of 

rain water. An annual application of phosphogypsum at 5 

Mg ha
−1

 to the soil surface, following tillage in the fall, 
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prevented the formation of surface seals and crusts and 

maintained adequate infiltration rate. In turn, this assured 

sufficient infiltration of rainfall to leach salts from the root 

zone. Average cotton yields from the area were 5 Mg ha
−1

, 

which were similar to those obtained by irrigation with the 

good-quality irrigation water. 

In southwest Spain, the soils are characterized by a high 

clay content ( 700 g kg
−1

) dominated by illite, and an 

extremely saline water (EC >80 dS m
−1

) below a shallow (1 

m) water table. An artificial drainage system has been 

provided, which consists of cylindrical ceramic sections (0.3 

m long) forming pipes 250 m long, buried at a depth of 1 m 

and spaced at intervals of 10 m. The drains discharge into a 

collecting channel perpendicular to the drains. This drainage 

system controls the water table level, which remains at a depth 

of approximately 0.9 m and avoids encroachment of the saline 

water into the root zone. In the presence of a low and variable 

rainfall, good-quality water falls short of crop water 

requirement. Moreno et al. (2001) evaluated an irrigation 

combination comprising of one irrigation with highly saline-

sodic water (EC=22.7 dS m
−1

, SAR=38.1) applied between 

two consecutive irrigations with fresh water (EC=0.9 dS m
−1

) 

to cotton during first year, and two irrigations with moderately 

saline-sodic water (EC=5.9–7.0 dS m
−1

, SAR=6.3–12.3) to 

sugar beet during the second year. The cotton yields were 4.2 

Mg ha
−1

 from the control (irrigation with fresh water only) 

and 4.3 Mg ha
−1

 for the cyclic irrigation with non-significant 

treatment differences. In case of sugar beet, sugar content and 

beet yield (90.6 Mg ha
−1

) from the cyclic irrigation were 

significantly higher than the plots where freshwater was 75.8 

Mg ha
−1

 applied throughout the growing season. 

In Pakistan, more than 2×10
6
 ha of the Indus plains are 

cropped with rice (Oryza sativa L.)-wheat rotation, which has 
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approximately 2–3 months of fallow period after the wheat 

harvest. This period is usually hot, dry and windy with scarce 

supplies of good-quality irrigation water to grow a high-value 

cash crop. Consequently, the salts tend to move upward 

through capillary rise during this period (Qadir et al., 2001). 

Saline-sodic drainage waters from tile drains are available in 

several parts and are posing disposal problems. In experiments 

on farmers’ fields, such waters have been used to irrigate 

sesbania to fill the gap in the rice–wheat rotation. As a short 

duration crop, sesbania provides good-quality forage with an 

additional ability of N2-fixation in soils (Qadir et al., 1997) for 

the subsequent crop(s). 

2. 2.6. Reuse after blending 

Blending consists of mixing good- and poor-quality 

water supplies before or during irrigation. Drainage water 

from a drainage sources can be pumped directly into the 

nearest irrigation canal, or drainage water from a sump on a 

regional collector, which serves several drainage systems, can 

be conveyed to a single location and then pumped into a main 

irrigation canal. In both cases, the amount of drainage water 

pumped into the canal can be regulated so that target salinities 

in the blended water can be achieved. Different water qualities 

are altered, according to the availability of different irrigation 

water qualities and quantities, between or within an irrigation 

event. Blending saline drainage waters with good-quality 

irrigation waters has been a common practice in several 

regions such as India, Pakistan and USA (Ghafoor et al., 

1991; Minhas, 1996 and Oster et al., 1999). 

Letey et al. (1985) developed a model describing plant 

response to irrigation amount when the root zone salinity was 

in steady state. Dinar et al. (1986) used this model to estimate 



 

 

 

 

 

29 

the percentage of saline water that can be blended with 

nonsaline water to achieve different yield potentials. 

Assuming a leaching fraction of 25%, the percentage of saline 

water depends on crop salt tolerance, salinity of the drainage 

water, and desired yield potential. For a moderately sensitive 

crop, lettuce (Lactuca sativa L.), drainage waters with 

salinities in the range of 4–6 dS m
−1

 have little usefulness 

unless a potential yield of 80% is acceptable. Even then, the 

percentage of saline water ranges from 23 to 37%. For a salt-

tolerant crop such as cotton, 35% of the water applied can 

have a salinity of 10 dS m
−1

 at a 100% yield potential; at a 

yield potential of 80%, all the applied water can have a 

salinity of 10 dS m
−1

, except for the seedling establishment 

that requires soil salinities less than 2 dS m
−1

 in the seed zone. 

 Blending is often proposed as a way to extend the water 

supplies. However, blending good-quality irrigation water 

with water that is too saline can negate the effects of such 

expansion as exemplified by the use of 4–6 dS m
−1

 water for 

lettuce. From the point of view of irrigated agriculture, the 

principal objective has always been to increase the amount of 

water available to support transpiration because plant growth 

is directly proportional to water consumption through 

transpiration. The greater the salinity/sodicity of irrigation 

water, the less will be evapotranspired before the 

concentration will become limiting for plant growth. 

Therefore, plants must have an access to water of a quality 

that is suitable for their consumption. A plant cannot grow 

properly if salt concentration in the soil water exceeds the 

specific limit for growth under given conditions of climate 

and management. For highly saline water, blending it with 

low salinity water can result in the loss of consumable water. 

Blending results in greater salinity in the soil surface over 

time, which can reduce seedling establishment and crop yield, 
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and decreases the opportunity to grow high economic-value 

salt-sensitive crops. Under such conditions, more crop 

production can usually be achieved from the total water 

supply by keeping the water components separate than using 

them in a blended form (Rhoades, 1999). However, blending 

may be more practical for situations where the drainage water 

or shallow ground water is not too saline for the crops and 

insufficient quantities of fresh water are available to meet crop 

water requirements. 

2. 2.7. Sequential reuse 

This option involves applying the relatively better quality 

water to the crop with the lowest salt tolerance, then using the 

drainage water from that field—obtained from subsurface 

drainage system—to irrigate crops with greater salt tolerance. 

The simplest management method is to use drainage water on 

fields located down-slope from those where the drainage 

water is collected. There is no fixed number of times the cycle 

can be repeated. It depends on salinity, sodicity, and 

concentrations of toxic minor elements in drainage water, 

volume of water available, and the economic value and 

acceptable yield of the crop to be grown. 

The sequential strategy provides the means of 

minimizing the volume of drainage water produced by 

irrigated agriculture. The long-term feasibility of drainage 

water reuse would likely be increased if implemented on a 

regional scale rather than on a farm scale. Grattan and 

Rhoades (1990) provided a schematic presentation of regional 

drainage water reuse strategy. Regional management of 

drainage water permits its reuse in dedicated areas so as to 

localize the impacts of its use while other areas, such as up-

slope areas, can be irrigated solely with better quality water. 
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The second-generation drainage water from the primary reuse 

area may be discharged to other dedicated reuse areas where 

even more salt-tolerant crops could be grown successfully. 

Ideally, regional coordination and cost sharing among growers 

should be undertaken in such a reuse system. 

In California, the sequential reuse experiments have 

involved the use of trees, shrubs and grasses (Tanji and 

Karajeh, 1993; Cervinka, 1994 and Oster et al., 1999). Tanji 

and Karajeh (1993) used a tree–shrub combination by 

growing Eucalyptus camaldulensis Dehnh. with subsurface 

drain water collected from nearby croplands (EC=10 dS m
−1

, 

SAR=11) while effluents from Eucalyptus and the perimeter 

interceptor drain (EC=32 dS m
−1

, SAR=69) were used to 

irrigate Atriplex species. The tree plantation was successful in 

lowering the water table from 0.6 m to 2.3 m while 

consumptively using the saline-sodic water. But after 5 years 

of drain water reuse, a substantial buildup of salinity, sodicity, 

and B occurred throughout the soil profile to the extent that 

the trees were unable to fully extract the available soil water. 

Cervinka (1994) used Eucalyptus as the first plant species 

followed by Salicornia as the second and final species. 

Although Salicornia efficiently used the saline irrigation 

water, the yield of its oil bearing seeds was low. The 

Eucalyptus trees did not prove to be effective for drainage 

water use in the western San Joaquin Valley. The major 

deterrents were found to be: (1) lower salt tolerance than 

originally anticipated, (2) susceptibility to frost damage and 

(3) susceptibility to low oxygen status associated with 

excessively wet soil conditions resulting from over watering 

to maintain appropriate levels of salinity in the root zone 

(Letey et al., 2001). In a 4-year field study, Oster et al. (1999) 

found significant reductions in growth rate and water use of 

Eucalyptus when irrigated with saline-sodic waters (EC=8–10 
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dS m
−1

, SAR=25–30) resulting in average root zone salinities 

(ECe) of 20–22 dS m
−1

. Elsewhere in the world, two species of 

Eucalyptus (Eucalyptus occidentalis Endl. and Eucalyptus 

sargentii Maiden) were reported to be tolerant to both 

waterlogging and salinity. Qureshi and Barrett-Lennard 

(1998) reported Tamarix aphylla (L.) H. Karst. as capable of 

doing well under a variety of stress conditions such as 

drought, waterlogging and salinity. Van der Moezel et al. 

(1989) found two species of Casuarina (Casuarina obesa Miq. 

and Casuarina glauca Sieber ex Spreng.) to be useful trees for 

saline and waterlogged areas. 

Owing to partly unsuccessful attempts to develop 

agroforestry systems based on sequential reuse of saline-sodic 

drainage water in the San Joaquin Valley of California (Tanji 

and Karajeh, 1993 and Cervinka, 1994), the recent focus is on 

forage cropping systems. Production systems based on salt-

tolerant forage crops and grasses using saline irrigation waters 

may be sustainable. The objective of the forage production 

systems would be to provide a year round supply of high-

quality feeds suitable for grazing and economic weight gains 

in cattle or sheep, or alternatively for sale to dairy farms as 

ensilage or hay. If a livestock production system is based on 

the reuse of drainage waters, it can transform such waters 

from a necessary evil into a practice yielding significant 

economic returns. These production systems can reduce the 

amount of water that must be disposed to ground or surface 

waters, and provide the incentive to install needed artificial 

drainage systems to sustain and improve soil quality. It has 

been demonstrated through preliminary experiments that 

Bermuda grass [Cynodon dactylon (L.) Pers.] can be grown 

with saline-sodic waters having EC approximately 17 dS m
−1

 

and SAR exceeding 25 (Oster et al., 1999). Oster and Birkle 

(2001) have provided information regarding growth habit, salt 
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tolerance characteristics, average root zone salinity at 70% 

yield, and leaching requirement of several forages and 

Eucalyptus camaldulensis (clone 4544) when irrigated with a 

water having salinity of 10 dS m
−1

 and SAR of 15. 

 

2. 3.  Long-Term Impacts: Monitoring and Evaluation 

 

Most studies indicated that using irrigation water 

containing salts in excess of conventional suitability standards 

can be successful on numerous crops for at least seven years 

without a loss in yield (Rhoades 1990). However, uncertainty 

exists concerning the long-term effects of these irrigation 

practices on the physical quality of the soil. These effects 

largely depend on the soil chemical and physical 

characteristics, on the climate and on the possibility of 

leaching with natural rain or using higher quality water for 

leaching as mentioned above. 

The greatest concern with regard to long-term reuse of 

drainage water for irrigation is its effects on the soil physical 

quality, particularly the reduction of water infiltration 

capacity. According to Rhoades (1990), this is especially 

important where reuse is practiced on poorly structured soils 

and the drainage water has SAR > 15 (mmol/l) 1/2. The 

capability to predict changes in soil infiltration and 

permeability is still beyond current knowledge of soil physics. 

Long-term effects on soil salinization are already 

considered when using simulation models. However existing 

knowledge is quite limited. Soil variability in space and 

irrigation variability both in time and space produce large 

uncertainty in predictions. For instance, soil salinity under a 

cyclic strategy of application will fluctuate more, both 

spatially and temporally, than if using a blending strategy. 
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Therefore, predicting or anticipating plant response would be 

more difficult under the former. Nevertheless, management 

schemes must be practised that keep the average root zone 

salinity levels within acceptable limits in both strategies. 

Drainage water often contains certain elements, such as 

boron and chloride, which can accumulate in plants to levels 

that cause foliar injury and a subsequent reduction in yield. 

This is another cause of uncertainty and, in many cases, may 

produce more long-term detrimental effects than salinity. 

Another long-term consideration with regard to reuse of 

drainage water is the potential for accumulation of heavy 

metals in plants and soils. These metals can be toxic to human 

and animal consumers of the crops. For these cases also, there 

is only limited potential for using prediction models to 

estimate when long term impacts would be important.  

Monitoring soil salinity, leaching and drainage adequacy 

is therefore required to evaluate the long term impacts from 

using saline waters, irrespective of whether the source of the 

saline water is groundwater or drainage water.  

 

2.3.1. Monitoring and evaluation should be 

concernedwith: 

 

_ The status of salts throughout the soil profile on a 

continuous basis for detecting changes in salinity levels 

and to identify when salt build up is steadily increasing.     

_ The functioning and performance of the drainage system, 

including observations of the hydraulic head, drainage 

outflows and salts transported with the drainage water. 

_ The irrigation performance, mainly relative to the 

uniformity of water distribution and the leaching fractions 

actually applied. 
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_ The irrigation schedule in respect to the satisfaction of 

irrigation and leaching requirements, and the constraints on 

delivery or other restrictions that may hamper the 

appropriate irrigation management 

_ Sampling EC throughout the irrigated area to identify the 

occurrence of problem    areas requiring specific water 

management. 

_ Sampling for specific ions that may be present in the 

irrigation water and that could have toxicity effects or, as 

for heavy metals, could create health risks. 

_ Follow-up non agricultural impacts from using saline water, 

such as changes in groundwater quality, in plant 

ecosystems and in wetland or river-bed fauna and flora.  

 

Traditional laboratory techniques of salinity measurement 

using soil samples are impractical for the inventory and 

monitoring requirements of large areas, so new approaches 

have recently been developed, particularly those described by 

Rhoades et al. (1999) that were developed especially for 

application in large areas. Environmental impact assessment 

methodologies for irrigation and drainage projects may also 

be adapted for surveying and monitoring areas where water of 

inferior quality, i.e. saline and wastewater, is used for 

irrigation. 

 

2.4. Sorghum grown under salinity conditions 

 

Grain sorghum is a potential crop for moderately saline 

areas, having been identified as fairly tolerant to salinity, and 

shown to contain intraspecific variability for that trait (Igartua 

et al., 1995). They exposed eleven public inbred lines and one 

cultivar to a salinity gradient (NaCl and CaCl2, 1:1 w/w) 

created with a triple line source sprinkler system. The traits 
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most affected by salinity were grain yield, number of grains 

per head, shoot dry weight (both grain and stover), harvest 

index, and leaf chloride, sodium, calcium, and potassium 

concentrations.  

Plant height, head length, and head number per plot were 

moderately affected by salinity, whereas flowering time, and 

total number of leaves per plant were unaffected. Two sets of 

three genotypes were identified with consistently contrasting 

responses to salinity across the three years. The differences in 

tolerance between these two groups were not associated with 

differences in total shoot biomass, but rather with different 

patterns of biomass partitioning under the most saline 

conditions. There were significant differences between the 

tolerant and susceptible genotypes in leaf chloride and 

potassium concentrations. The possible implications of the 

latter in the determination of the contrasting genotypic 

responses to salinity were discussed. 

Increasing levels of Ca
2+

 in the solution culture enhanced 

growth, lowered sodium (Na
+
) uptake, and increased K

+
:Na

+
 

ratio significantly. Elevated K
+
 level also improved growth 

significantly, but had no significant effect on Na
+
, Ca

2+
, or 

magnesium (Mg
2+

) accumulation of either roots or shoots. 

Accumulation of K
+
 and consequently K

+
:Na

+
 ratio increased 

with external K
+
 concentration. The effects of sodium chloride 

(NaCl) versus potassium chloride (KCl) salinity on the growth 

and ionic relations of sorghum ('ICI-5521') were also 

examined. Growth inhibition was greatest when KCl alone 

(160 mM) was used, but was enhanced when a mixture of 

NaCl and KCl (15:1) was used. The influence of salinity on 

the accumulation of proline, amino acids and carbohydrates 

and total osmolality is also discussed (Dashti et al., 2009).  

The amount of total monovalent cations in leaves of 

Sorghum bicolor, L. Moench, RS 610, which were exposed to 
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salinity stress, was a function of both the osmotic potential 

and the concentration of K+ of growth media. The plants have 

a Na
+
 exclusion mechanism that keeps the level of Na

+
 in 

leaves low. Thus, most of the osmotic adjustment in leaves 

was due to K
+
. Proline did not start to accumulate in leaves 

until the concentration of total monovalent cations in leaves 

reached a threshold of approximately 200 µmol/g fresh 

weight. Above this threshold, the contents of prolin and 

monovalent cations in leaves increased with increasing 

salinity of the medium. The ratio of proline to monovalent 

cation was 5% of that amount of monovalent cation in excess 

of the threshold concentration. Therefore, if the cations are 

located in the vacuoles and proline accumulates in the 

cytoplasm, then the amount of accumulated proline is 

sufficient to act as a balancing osmoticum across the 

tonoplast. Very little proline accumulated in roots because this 

tissue contained much less total monovalent cations than 

leaves from the same salt-stressed plants. The same threshold 

of 200 µmol/g fresh weight of total monovalent cations was 

required in roots as in leaves to initiate proline accumulation 

(Weimberg et al., 2006). 

Potassium (K) uptake by plant roots is often suppressed by 

sodium (Na) in the growth medium, whose damage may be 

moderated by calcium (Ca). There is a debate if K influx 

could be used as an index to salinity tolerance and the 

reliability of its determination by the ion-depletion method. 

Two sorghum [Sorghum bicolor (L.) Moench] genotypes 

(Hegari and NB-9040), that differ in their salt tolerance, grew 

for 28 days in nutrient solutions with 0, 25, 50 and 75 mm 

NaCl. In addition, the effect of Ca was determined in the 

presence of 2 and 5 mM Ca
2+

 with plants grown in 50 mM 

NaCl. Depletion of K
+
 concentration (C) in the solutions was 

then determined over time, and K net influx (In) was 
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calculated from K concentration depletion between two time 

steps. The procedure was repeated four times. Potassium 

influx data of the four reps were fitted by the least-squares 

procedure to the equation In = m1(C-m2) (m3 -C-m2)+m4C, 

where m1 to m4 are the calculated coefficients. For each 

genotype, the fitted equation indicated a decrease in K influx 

affinity to C with the increase in the NaCl concentration in the 

growth solution. Yet, this effect was obtained in the salinity-

sensitive NB-9040 in lower NaCl concentration than in the 

tolerant Hegari. The use of the depletion procedure for uptake 

studies involved with interacting ions is discussed (Silberbush 

2001). 

Genetic improvement of salt tolerance is of high 

importance due to the extent and the constant increase in salt 

affected areas. Sorghum [Sorghum bicolor (L.) Moench] has 

been considered relatively more salt tolerant than maize and 

has the potential as a grain and fodder crop for salt affected 

areas (Krishnamurthy et al., 2007). One hundred sorghum 

genotypes were screened for salinity tolerance in pots 

containing Alfisol and initially irrigated with a 250-mM NaCl 

solution in a randomized block design with three replications. 

Subsequently 46 selected genotypes were assessed in a second 

trial to confirm their responses to salinity. Substantial 

variation in shoot biomass ratio was identified among the 

genotypes. The performance of genotypes was consistent 

across experiments. Seven salinity tolerant and ten salinity 

sensitive genotypes are reported. Relative shoot lengths of 

seedlings were genetically correlated to the shoot biomass 

ratios at all stages of sampling though the relationships were 

not close enough to use the trait as a selection criterion. In 

general, the whole-plant tolerance to salinity resulted in 

reduced shoot Na
+
 concentration. The K

+
/Na

+
 and Ca

2+
/Na

+ 

ratios were also positively related to tolerance but with a 
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lesser r
2
. Therefore, it is concluded that genotypic diversity 

exists for salt tolerance biomass production and that Na
+ 

exclusion from the shoot may be a major mechanism involved 

in that tolerance. 

The work done by da Paixo et al., (2007) was  to evaluate 

the potassium absorption, production of dry matter (PDM) and 

accumulate of rude protein (ARP) in sorghum crop irrigated 

with different salinity levels in irrigation water. The research 

was conducted under field conditions in the experimental area 

of University of Philosophy Dom Aureliano Matos in 

Limoeiro do Norte, Cear state, Brazil, in the period of July to 

November of 2004. The sorghum was planted in vases with 7 

kg of soil, which variety was acquired from producers (twenty 

seeds/vase). The vases were fertilized with 1.0 g of urea (N), 

5.0 g P2O5 and 1.0 g of KCl. The water used in the experiment 

was collected directly from the public water service company 

and determined the chemical characteristics. The experiment 

was in entirely randomized blocks, with four treatments and 

three replicates, which consisted of five levels of salinity of 

the irrigation water (T1 = 0.33, T2 = 0.72, T3 = 2.52 and T4 = 

4.55 dS m-1). The results were submitted to the variance 

analysis and the means compared by the test of Tukey with P 

< 0.05. The results showed that in the experimental conditions 

the different salinity levels in the water did not provide 

significant effects on the variables K, PDM and ARP of the 

sorghum crop.  

Concerning the effect of organic manuring on sorghum 

growth on saline soils or that salt affected one, Kurdali (2005) 

demonstrated that nitrogen is the most common limiting factor 

in crop production leading to great increases in use of N 

fertilizers in agriculture. Because of the increasing prices of 

chemical fertilizers and water pollution, farmers need to have 

more economical and cleaner alternative N sources. 
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Legumes have long been recognized as important 

components of crop rotations and intercrop systems. Apart 

from the direct benefits from N2 fixation in the grain or fodder 

produced, any N contribution to the soil can be used by 

subsequent or companion crops. Legume residues are 

particularly useful as organic manure due to their large N 

contents, and because this N is more likely to become readily 

available for uptake by other plants (Giller and Wilson, 1993). 

It has been demonstrated that legume green manure can 

provide a significant amount of N to the subsequent crop, 

replacing some portion of the economically and 

environmentally costly N fertilizers (Kolar et al., 1993; Ladha 

et al., 1988; Manguiat et al., 1992; Sharma and Das 1994). 

Benefits of using green manures may also arise from 

increasing soil nutrient availability and soil water storage 

(Aggarwal et al., 1997), reducing plant disease severity 

(Woodward et al., 1997) , and producing some essential 

nutrient elements [potassium (K), magnesium (Mg), 

phosphorus (P), and calcium (Ca)] other than N (Lupwayi and 

Haque., 1998).  

Dhaincha (Sesbania aculeata L. Pers) is a rapidly growing 

leguminous plant. This species is adapted to a variety of soil 

conditions, varying from waterlogged to saline, and from 

sandy to clayey soil (Sandhu and Haq, 1981; Kurdali and Al-

Ain, 2002). Sesbania aculeata is native to Pakistan and India 

and was introduced in Syria in 1997, mainly for the 

revegetation of salt affected lands to be able to produce green 

manure and fodder. This plant species has been largely used 

for green manuring of rice plantations in many parts of Asian 

countries (Beri et al., 1989; Sharma et al., 1995; Sharma and 

Ghosh, 2000). Information is lacking on the use of Sesbania 

aculeate plant residues for green manuring of other crops, 

particularly, those grown under Mediterranean climatic 
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conditions. Moreover, data are not available on the use of 

such residues for crops grown on saline soils. 

Water demand is increasing worldwide due to fast 

population growth rates, improvement in living standards, 

expansion of irrigation schemes and global warming (IPCC, 

1996; UN Population Division, 1996). In regions affected by 

water scarcity such as the Mediterranean basin, water supplies 

are already degraded, or subjected to degradation processes, 

which worsen the shortage of water (Chartzoulakis et al., 

2001; Attard et al., 1996). Reduced water supplies induce 

restrictions on water uses and allocation policies among 

different user sectors. In such regions, the competition for 

scarce water resources among users will inevitably reduce the 

supplies of freshwater available for crop irrigation. As a 

consequence, agriculture will increasingly be forced to utilize 

marginal waters such as brackish water or reclaimed effluent 

to meet its increasing demands, which in turn increases the 

risks of soil salinization and yield reduction. 

Accumulation of salts in root zone affects plant 

performance through the development of a water deficit and 

the disruption of ion homeostasis (Zhu, 2001; Munns, 2002). 

These stresses change hormonal status and impair basic 

metabolic processes (Loreto et al., 2003; Munns, 2002) 

resulting in inhibition of growth and reduction in yield (Maas, 

1993; Prior et al., 1992; Paranychianakis et al., 2004a). 

Depressed photosynthesis has been suggested to be 

responsible for at least part of the growth and yield reduction 

(Prior et al., 1992; Munns, 2002). Despite the vast number of 

studies dealing with the impacts of salinity on photosynthesis 

of horticultural crops, most of them fail to quantify the nature 

of photosynthetic limitations. Stomatal closure, arising from 

the osmotic component of salinity, has been reported to be 

primarily responsible for photosynthesis inhibition in some 
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studies (Paranychianakis et al., 2004b; Ban˜uls and Primo-

Millo, 1995). Other studies have found strong correlations 

between salt accumulation, in particular Cl-, and 

photosynthesis reduction (Lloyd et al., 1989; Walker et al., 

1981; Chartzoulakis et al., 2002), implying that non-stomatal 

factors dominate in photosynthesis inhibition. In fact, such 

correlations do not represent cause-effect relationships, 

bringing into question the contribution of nonstomatal 

limitations. Identifying the nature of nonstomatal limitations 

of photosynthesis under stress conditions is currently an active 

area of photosynthesis research (Medrano et al., 2002; 

Centritto et al., 2003). 

Salinity is defined as the accumulation of salt in the soil 

layer explored by the root system which causes damage to 

cultivated crops (Katerji et al., 2009). It is often associated 

with irrigation, which is practiced to combat drought 

(Cheverry, 1995). The main causes of soil salinity are 

incorrect irrigation management and the use of 

unconventional waters for irrigating, which have recently 

become more common (Hamdy et al., 1995). Salinity is 

currently one of the most severe abiotic factors limiting 

agricultural production. The high rates of population growth 

and global warming are expected to further exacerbate the 

threat of salinity, especially in areas with a semi-arid climate 

as in the Mediterranean region. Salinity affects plant 

performance through the development of osmotic stress and 

disruption of ion homeostasis, which in turn cause metabolic 

desfunctions. Particular emphasis is given on the impacts of 

salinity on photosynthesis because of its potential restrictions 

on plant growth and yield (Paranychianakis and 

Chartzoulakis, 2005). 

However, in the natural environment drought and salinity 

are frequently combined. This is the case in the Mediterranean 



 

 

 

 

 

43 

region (Hamdy et al., 1995). Ayers and Westcot (1985) 

reported that this combination creates an additional water 

stress which reduces the water availability for crops more 

significantly than the separate effects of either salinity or 

drought. The traditional approach, which consists in 

comparing the consequences of drought and salinity 

separately, no longer seems suitable. Factorial studies 

considering the interaction between drought and salinity are 

more appropriate for analyzing crop productivity in natural 

conditions. 

Sorghum is often grown in areas of relatively low rainfall, 

high temperatures and saline soils (Boursier and Lauchli, 

1990). The effect of salinity on plant growth is a complex 

syndrome that involves osmotic stress, ion toxicity, and 

mineral deficiencies (Hasegawa et al., 2000; Munns, 1993, 

2002; Neumann, 1997; Yeo, 1998). These effects are still not 

well understood. 

Intensive agriculture has caused negative effects on soil 

environment over past decades (e.g. loss of soil organic matter 

(SOM), soil erosion, water pollution). These problems have 

led to concentration on development and promotion of organic 

farming management systems. Organic farming is 

increasingly becoming of interest because of the perceived 

health and environmental benefits, especially in arid-area. 

Sustaining agricultural production on the arid-area is very 

important to ensure a sufficient food supply for the growing 

population (Zhao et al. 2009). 

Straw complement is considered an important management 

practice with potential to reduce the dependence on mineral 

fertilizers and to maintain soil organic matter content. Straw 

manure commonly replaces farmyard manure amendments on 

stockless farms. As other amendments, straw provides nutrient 

for plant growth and the organic carbon containing in straw 
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serves as an energy supply for heterotrophic soil 

microorganisms. Inputs crop residue can increase the size and 

activity of soil microbial communities, and increase soil 

enzyme activity (Bolton et al., 1985; Martens et al., 1992; 

Kautz et al., 2004). Crop residue amendments have caused 

shifts in microbial community composition, and influenced 

microbial carbon source utilization profiles (Lupwayi et al., 

1998; Schutter and Dick, 2001). 

 

2. 5. Future perspective 

 

Despite limitations with the freshwater supplies, 

particularly in water-starved countries, there will be an 

increasing need for more water to meet the needs of 

municipal, industrial and agricultural sectors. With increasing 

population, less and less freshwater will be available for 

agricultural use. Consequently, the use and reuse of saline 

and/or sodic irrigation waters is expected to increase in the 

future. This scenario generates a need to modify existing soil 

and crop management practices in order to cope with the 

inevitable increases in soil salinity and sodicity that will 

occur. We propose two strategies to foster the sustainable use 

of saline and/or sodic irrigation waters and soils through: (1) 

developing cropping options compatible with the constraints 

imposed by the expected local levels of salinity, sodicity and 

waterlogging, and (2) encouraging the use of economic 

incentives to foster the long-term dedication of lands irrigated 

with saline and/or sodic waters to crop production systems 

that are most likely to be sustainable. 

As the use of saline and/or sodic irrigation waters will 

increase, the assessment of the future sustainability of their 

use, in regard to maintain soil permeability, will become a 

more serious issue. Although currently available research 
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information and computer models provide insights into what 

may happen in the future, they are based on laboratory 

methods that do not reflect field conditions. Therefore, these 

options have limited ability to predict the impacts of soil 

sodicity and salinity on the permeability of soil to air and 

water. The hydrosalinity models need field-scale testing on a 

range of soil types, and irrigation and cropping practices. 

Although models are unlikely to totally replace the need for 

continued research on soil reclamation and irrigation 

management, they do provide an important tool, for those 

familiar with their features, for developing alternative 

reclamation and irrigation plans and designing monitoring 

strategies to track their progress. Computer modeling may 

help assess viability of the bioremediation and drainage water 

reuse strategies to extend results broadly to other similar 

locations. 

In the past, drainage control measures such as tile drain 

and tube well installations were done at places when water 

table reached damaging levels. Economic analysis of water 

table management strongly suggests that drainage 

management should begin well before the water table reaches 

critical levels. This would delay or may even eliminate the 

onset of drainage problems, thereby reducing the cost when 

those levels would be reached. In a similar way, efforts should 

be made to minimize the occurrence of developing secondary 

salinity/sodicity in soils by controlling the improper use and 

management of land and water resources. 

The interaction between soil management and soil 

sodicity under different levels of salinity will continue to be a 

challenge for researchers and farmers. There is a need to 

apprise the farming community about the fact that the 

occurrence of soil salinity and sodicity problems in a 

particular region does not mark the end of being able to use 
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the soil, or that its reclamation or use of drainage waters for 

irrigation would require unrealistic inputs. Making the right 

decisions at the farm level in terms of input-use efficiency and 

resource protection is becoming an increasingly knowledge-

intensive task. Thus, there would be a need to strengthen 

linkages among researchers, farm advisors, and farmers for 

quick adoption of useful research information by the farmers, 

and transfer of research needs of farmers to researchers for 

their attention. These linkages will continue to be needed and 

fostered as the use of saline-sodic waters and soils becomes 

more common. The development of successful saline 

agriculture will need a greater understanding of the potentials 

of plants, soil and water, and the uses and markets for the 

agricultural produce. We believe that the time has come for 

the tactical management of saline and/or sodic soils and 

drainage waters for sustainable crop production systems in 

environmentally acceptable and economically feasible ways. 
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3. MATERIALS AND METHODS 

 

Series of pot experiments were conducted under 

greenhouse conditions at Soil and Water research Department, 

Nuclear Research Center, Atomic Energy Authority, Inshas. 

These experiments were carried out to evaluate the effect of 

artificial saline irrigation water differ in their salinity levels, 

based on variation of EC and/or SAR, on growth and nutrients 

uptake by sorghum crop. Experimental work consists of three 

experiments represents the effects of changes of SAR and EC 

of the irrigation water combined with addition of proline and 

different organic or inorganic fertilizers on growth and 

nutrients uptake by sorghum plant. 

 

3.1. MATERIALS  

 

3.1.1. Seeds 

 
Sorghum [Sorghum bicolor (L.)], seeds classified as salt 

tolerant, based on grain yield at EC = 6 dS m
-1 

was used as 

indicator plant. These caryopses were obtained (as pure 

strains) from the Institute of Field Crop Research, Agriculture 

Research Centre (ARC), Ministry of Agriculture, Giza, Egypt. 

 

3.1.2. Experimental soil 
 

The experiments were conducted in loamy sand soil of at 

Inshas area in the farm of Agricultural Department for Soil 

and Water, Nuclear Research Centre, Atomic Energy 

Authority, Inshas, Egypt. The source of irrigation was 

artificial saline water. Some physical and chemical properties 

of the experimental soil were presented in Table (6). 
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 Table (6) Some physical and chemical characteristics of the 

experimental soil 

Particle size 

distribution % 

Sand Silt Clay 

Texture 

class 

Bulk 

density  

gm cm
3

 

F. C % PWP % 

78.8 15 6.2 
Loamy 

Sand 
1.37 9.2 2.1 

pH 

1:2.5 
CaCO3 

% 

O.M 

% 

EC 

(dS/m) 

at 25
o
c 

Soluble cations 

(meq / 100g soil) 

Soluble anions 

(meq / 100g soil) 

    Ca
++

 Mg
++

 Na
+

 K
+

 CO3
-

 HCO3
-

 Cl
-

 SO4
--

 

7.4 0.75 0.35 0.31 0.15 0.005 0.19 0.02 - 0.090 0.100 0.175 

 

3.1.3. Irrigation saline water 
 

All pots of the three experiments were irrigated with 

different saline water at 60-70% of field capacity. The 

calculation of different of water salinity levels and SAR ratios 

(calculating the quantities of different salts) was carried out 

according to Manual of Salinity Research Methods (1992) and 

the accompanied software program. The composition of 

artificial saline water is presented in Table (7). 
 

Table (7) Composition of artificial saline water 

 
Salinity Element NaCl Na2SO4 CaCl2 MgSO4 Total 

Na 1.5 10.5   12 
Ca   13.5  13.5 
Mg    4.5 4.5 
Cl 1.5  13.5  15 
SO4  10.5  4.5 15 

EC = 3 
dSm

-1
, 

SAR = 
4 
 

Total 1.5 10.5 13.5 4.5  
 

Na 6.6 12.2   18.8 
Ca   8.3  8.3 
Mg    2.7 2.7 
Cl 6.6  8.3  14.9 
SO4  12.2  2.7 14.9 

EC = 3 
dSm

-1
, 

SAR = 
8 
 

Total 6.6 12.2 8.3 2.7  
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Na 4.4 11.4   15.8 
Ca   10.5  10.5 
Mg    3.5 3.5 
Cl 4.4  10.5  14.9 
SO4  11.4  3.5 14.9 

SAR = 
6, EC = 
3 dSm

-1
 

 
Total 4.4 11.4 10.5 3.5  

 
Na 3.8 21.2   25 
Ca   26.1  26.1 
Mg    8.7 8.7 
Cl 3.8  26.1  29.9 
SO4  21.2  8.7 29.9 

SAR = 
6, EC = 
6 dSm

-1
 

 
Total 3.8 21.2 26.1 8.7  

 

 

Organic resources 

 

3.1.4. Green manure (Leucaena lecocephala) 
  

Leucaena lecocephala fallen leaves was used as a green 

manure collected from the farm of Agricultural Department 

for Soil and Water, Nuclear Research Center, Atomic Energy 

Authority, Inshas, Egypt.  

 

3.1.5. Poultry manure  
 

Poultry manure was collected from the poultry farm of the 

Department of Biology, Nuclear Research Centre, Atomic 

Energy Authority, Inshas, Egypt.  

Some chemical properties of the different organic sources 

used in the present study were presented in Table (8).  
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Table (8) some chemical characteristics of 

organic sources 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mineral Fertilization 

 

3.1.6. Chemical fertilization  
 

The plants under study (sorghum) received different 

treatments of salinity (EC = 3, 6, 8) and fertilized with 

nitrogen at rate of100 mg N kg
-1

 soil in form of ammonium 

sulfate. Thus, phosphorus at rate of 150 mg P kg
-1

 soil (150 

mg P kg
-1

 soil) was added to sorghum as superphosphate 

(15.5% P2O5).  Potassium was added at rates of 200 mg K kg
-1

 

soil (50 mg.P kg
-1

 soil) to sorghum as potassium sulfate.  

 

 

 

 

 

  Q.F. Ch.m. LU. 

N% 9.393 3.704 5.289 

P% 1.162 1.906 0.288 

K% 1.075 1.091 2.675 

Na% 0.520 0.325 0.092 

Ca% 3.533 5.000 0.220 

Mg% 1.800 2.120 0.720 

Fe% 0.135 0.225 0.238 

Cu% 0.006 0.080 0.005 

Zn% 0.561 0.121 0.323 

Mn% 0.439 0.050 0.028 

C/N Ratio 13/1 15/1 18/1 

Free Amino    

Acid( ppm) 
46.797 51.407 52.034 
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3.2. EXPERIMENTAL LAYOUT 

 

3.2.1. Experiment I 

 

Pots were filled with loamy sand soil at rate of 5 kg pot
-1

. 

The residue of leucaena (LU), Quail feces (QF) and chicken 

manure (ChM) were added when preparing pots for 

cultivation at rate of 2%, 4%, 8%; 1%, 2% and 1%, 2%, 4% 

v/v, for LU, QF and ChM, respectively. In addition, one 

treatment fertilized with chemical nitrogen fertilizer only was 

included.. Superphosphate fertilizer (15.5%) and potassium 

sulfate were applied as basal doses at rate of 150 kg P fed
-1

 

and 50 kg K fed
-1

, respectively. Fertilizer-N was applied in the 

form of ammonium sulfate with rate of 100 kg N fed
-1

. 

Nitrogen fertilizer was applied in two equally splitting doses; 

the first is one day after thinning and the second after 10 days 

from the first dose.  Ten grains of sorghum (Sorghum bicolor 

L. Dorado) were sown per pot. Seedlings were thinned to 5 

seedling pot
-1

, 21 days after sowing. All pots were irrigated 

with different saline water at 60-70% of field capacity. The 

calculation of different of water salinity levels and SAR ratios 

(calculating the quantities of different salts) was carried out 

according to the developed ASIW package (see the next 

chapter for details and Manual of Salinity Research Methods, 

1992) and the accompanied software program. Saline 

irrigation water was applied at EC, equal 3 dS m
-1

 with 

different SAR, i.e. 4 and 8. The experiment was conducted 

using randomized complete block design, consisting of two 

water stress treatments (A levels) and nitrogen fertilization 

strategy including organic or inorganic sources (B levels) and 

replicated three times.   

 

3.2.2. Experiment II 

 

Pots were filled with loamy sand soil at rate of 5 kg pot
-1

. 

Both the residue of leucaena and chicken manure was added 

when preparing pots for cultivation at rate of 2% v/v. In 
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addition, one treatment fertilized with chemical nitrogen 

fertilizer only was included. Superphosphate fertilizer (15.5%) 

and potassium sulfate were applied as basal doses at rate of 

150 kg P fed
-1

 and 50 kg K fed
-1

, respectively. Fertilizer-N 

was applied in the form of labelled ammonium sulfate with 

5% 
15

N atom excess at rate of 100 kg N fed
-1

. Nitrogen 

fertilizer was applied in two equally splitting doses; the first is 

one day after thinning and the second after 10 days from the 

first dose.  Ten grains of sorghum (Sorghum bicolor L. 

Dorado) were sown per pot. Seedlings were thinned to 5 

seedling pot
-1

, 21 days after sowing. All pots were irrigated 

with different saline water at 60-70% of field capacity. The 

calculation of different of water salinity levels and SAR ratios 

(calculating the quantities of different salts) was carried out 

according to Manual of Salinity Research Methods (1992) and 

the accompanied software program. Saline irrigation water 

was applied at different EC, i.e. 3 and 6 dS m
-1

 and different 

SAR, i.e. 6 and 8. The experiment was conducted using 

randomized complete block design, consisting of four water 

stress treatments (A levels) and nitrogen strategy (B levels) 

and replicated three times.   

 

3.2.3. Experiment III 

 

Pots were filled with loamy sand soil at rate of 5 kg pot
-1

. 

Residue of leucaena (LU) and chicken manure (ChM) were 

added when preparing pots for cultivation at rate of 2% v/v. In 

addition, one treatment fertilized with chemical nitrogen 

fertilizer only was included. Superphosphate fertilizer (15.5%) 

and potassium sulfate were applied as basal doses at rate of 

150 kg P fed
-1

 and 50 kg K fed
-1

, respectively. Fertilizer-N 

was applied in the form of labelled ammonium sulfate with 

2% 
15

N atom excess at rate of 100 kg N fed
-1

. Nitrogen 

fertilizer was applied in two equally splitting doses; the first is 

one day after thinning and the second after 10 days from the 

first dose.  Ten grains of sorghum (Sorghum bicolor L. 

Dorado) were sown per pot. Seedlings were thinned to 5 
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seedling pot
-1

, 21 days after sowing. All pots were irrigated 

with different saline water at 60-70% of field capacity. The 

calculation of different of water salinity levels and SAR ratios 

(calculating the quantities of different salts) was carried out 

according to Manual of Salinity Research Methods (1992) and 

the accompanied software program. Saline irrigation water 

was applied at different EC, i.e. 3 and 6 dS m
-1

 with SAR, 6. 

Proline acid was sprayed on plants at two different 

concentrations, i.e. 20 and 40 mg L
-1

. The experiment was 

conducted using randomized complete block design, 

consisting of two water stress treatments (A levels), nitrogen 

strategy including organic or inorganic sources (B levels) and 

different proline concentrations (C levels). The experimental 

treatments were replicated three times.   

 

3.3. METHODS 

 

3.3.1. Soil analysis  
 

Soil samples were collected from different layers (0 – 15, 

15 – 30 cm depth) of the soil surface, and analyzed for 

physical and chemical properties. 

 

Determinations of physical properties 
 

Mechanical analysis of soil was done using the pipette 

method (FAO, 1982).        

 

Chemical determinations 
 

Soil samples were analyzed according to the method of 

Page et al., (1982) which included determinations of pH and 

EC values, and estimation of N, P, K, Ca, Mg, Na, CO3, 

HCO3, Cl, SO4, and organic matter.                                           
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3.3.2. Plant analysis    

 

The plant samples (0.5 g) were dried in aerated oven at 70 
0
C for 24 hrs and then grounded. After the digestion of oven 

dried plant materials with 5mL concentrated H2SO4. Digestion 

was carried out in Kjeldahl flask (100 mL). The sample was 

digested at 100 
o
C for one hour in a heating mantle then at 160 

o
C for hours and at 220 

o
C for 3 hours till colorless residue 

was obtained. The colorless residue was dissolved (diluted) in 

distilled water and completed to volume (50mL) in a 

measuring flask then,  analyzed according to the methods 

described by  FAO (1982)  for N, P, K, Na, Ca, and Mg.  

 

3.3.3. The use of stable nitrogen isotope (
15
N) - Isotope 

dilution concept  

 

Background: 

 

Emission spectrometer 

 

Emission spectrometers are much simpler than mass 

spectrometers. They can be maintained much easier but they 

can be used only to determine 
15

N/
14

N ratios.    

Nitrogen gas at low pressure (10 torr) is excited to higher 

electronic levels by absorbing energy from an external radio-

frequency (RF) source (electrode less discharge) and emits 

radiation in the VIS-UV region when the electrons fall back to 

ground state. A monochromator resolves the spectrum. The 

variation of light intensity with wavelength at the exit slit is 

detected by a photomultiplier tube (PM) or a photo diode 

array (PDA) (Fig. 3).    
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Figure 3. Simple emission spectrometer for sealed discharge tubes 

 

 

The emission band illustrated by Fig.(4), of molecular 

nitrogen which are used for measurement are: 
                                                                     14

N/
14

N     297.7 nm (2977A) 
14

N/
15

N     298.3 nm (2983A) 
15

N/
15

N     298.9 nm (2989A) 

 

The monochromator must be able to scan over this 

wavelength region. In older types of emission spectrometers 

(NOI-5, Jasco, Sopra) this is carried out by moving the prism 

or grating in the monochromator slowly with an electro motor. 

A photomultiplier (PM) tube is used to record the different 

light intensities over time. One scan of a spectrum takes about 

a minute. The more advanced NOI-6 emission spectrometer 

uses a vibrating slit in front of the PM-tube which scans the 

region of interest about 50 times per second which results in a 

life display of the spectrum on the computer. An advantage of 

the advanced equipment is the absence of moving parts which 

improves the robustness of the instrument. 

The measured values have to be converted to the true 

atom% values by means of a calibration curve. This curve has 

to be prepared beforehand with a set of known standards. The 

NOI-6 and NOI-7 are equipped with a data acquisition unit 
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(PC) which stores the calibration data and automatically 

converts the measured to the true value.     
 

 
 

Figure 4. Emission spectrum of molecular nitrogen 

 

A. Off-line sample preparation 

 

The older type of emission spectrometer (NOI-5, Jasco, 

Sopra) need sealed discharge tubes to be prepared off-line on 

a separate vacuum line. A small amount of NH
+

4 sample 

representing about 10ug N is inserted together with CuO and 

CaO into a glass tube. The tube is evacuated, sealed and put in 

a muffle furnace at 600
o
C to convert NH

+
4 to N2 gas. 

Measuring time (including the preparation of the tubes) is 

more than 20 minutes per sample. The standard deviation is 

more than 3%. 

 

B. On-line sample preparation 

 

The NOI-6 and NOI-7 emission spectrometers have a 

built-in sample preparation system which converts NH
+

4 

nitrogen to N2 gas on-line by the Rittenberg conversion. The 
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N2 samples and He (Helium) carrier gas passes through a 

drying tube and a discharge tube where the pressure is 

adjusted to about 10 torr by means of a vacuum pump and two 

flow restrictors. Measurement time is about 1 minute per 

sample with a standard deviation of about 1% (Fig. 5). 
 

 
Figure 5. Schematic diagram of modern emission spectrometer with 

integrated sample preparation system (NOI-6 & NOI-7) 
 

15
N Analyses: 

 

The Dumas dry combustion method (Fiedeler and Proksch, 

1975) was used to convert the nitrogen compounds in the dry 

samples to nitrogen gases. In this method, all the organic or 

the inorganic nitrogen compounds are converted in one step to 

N2 gas as follows: 

The reaction was carried out with dried materials at 5500 C 

for 6 hours, in a closed nitrogen free atmosphere (discharge) 

Pyrex tubes, using copper oxide (CuO) as an oxidizing agent 

and calcium oxide (CaO) to absorb water and gases like CO2.  
 

Dry - sample = N2 – gas 
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Emission spectrometry 
15

N analyzer (Model Fischer NOI- 

6PC) was used to determine the 
14

N/
15

N ratio in the 
15

N -

laboratory, Soil and Water Research Department, Atomic 

Energy Authority, Egypt, using the standard equations 

developed by IAEA (2001). 

 

% 
15

N atom-excess = 100/2R+1 

Where:  

R = I28/I29 x M 

I28 = Spectral intensity for 28N peak height 

I29 = Spectral intensity for 29N – 30N peak height 

M = Multiplier value for 29N – 30N, attenuation value  

 

Note: The abovementioned equation was recently built in the 

computerized program of the more advanced equipment 

(NOI-6PC) such we have in our laboratory.  
 

Isotope dilution concept and standard equations used for 

quantifying N derived from fertilizer (%Ndff), organic 

residues (%Ndfr), soil (%Ndfs), fertilizer use efficiency 

(%FUE), 
15

N recovery, and fertilizer-N remained in soil after 

harvest were carried out according to Training Course Series 

no. 14, IAEA (2001).  

 

Equations: 
 
                      % 

15
N atom excess of plant 

% Ndff = -----------------------------------------   x 100 
                % 

15
N atom excess of fertilizer  

 

% Ndfs = 100 - %Ndff  

 

Nydff = %Ndff x total N uptake. 

Nydfs = %Ndfs x total N uptake.  

 
                        

15
N% atom excess in organic treated sample 

% Ndfr = (1- ------------------------------------------------------------) X 100 
                         

15
N% atom excess in untreated sample             
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                                         Nydff 

% FUE =          --------------------------------- x 100 

                          Rate of fertilizer applied   
 

 
15
N Recovery = 

15
N% atom excess X sample dry matter yield 

 

 

   

                                                     
15
N% a.e. in soil sample 

Fertilizer-N% remained in soil= ------------------------------------ X 100  
                                                                      15

N% a.e. in added fertilizer 

 

 

Statistical analysis 
 

The analysis of variance for the final data was statistically 

assayed using the system ANOVA and the values of least 

significant differences (L.S.D) from the controls were 

calculated at 5% level to compare between means of 

treatments (Duncan’s test) according to SAS software 

program (2002). 
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دة � اآNَ أ��ن -�
A م ا�َ ّي��ا���د A �Iر
a5�

ت �
K'A
4
�?ت ا�C'0 ول� )O4ء ا�
 ). با�5

  ا���د��مأ��نا��0
ص ِ ز�
دة �4$ل إ��0
ِص أ��ن ا���د��ِم أّدْت إ�� ز�
دة -

ت  �% أ	�اء�
KI 0 ول َأو'Cت ا�?�

ت �4�
K'A �Iر
a5�
A �ِT�085ِت ا�
K'ا�

�JT8'� ت?�
 .SAR ا�45
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- ،��

رc� �I آDُُُ �� � ّآَ� + Na �مأ��ن ا���د� �% هO{ ا�#a5�
A وِرOا�� %� 

ن َأو ا�#�Kبa�� .ا�

� �� � اآN أ��ن ا���د��م  -'َ�ّ.َ ،���J4ت ا�
�
Mن ا�q�،ِت|
و�% �Nm4 ا�#
+Na%ِI$45د ا�
5��
A �Iر
a� �ِT�085ت ا�
�ِ
K'اء  ا��	أ %�  . 


ض َآ
َن أ���A DJ ا��5
دِر  -�Kج ا�
5
د زرق ا�$	� OBAا ا���8ص، �qن 
�J4ا� �T�085ِ�ا��. 

 : ا�.��)#&م

���م -�
Cن ا���أ Nاآ � %� �ًT�T� دًة
5
ِء ا��5#ِ% أدي ال ز��
A ا�َ ّي Ca ++  ن
a���
A
5
ء��  ا�%#�5 �
A *ا�َ ي c� �Iر
a5�
A وُرOّ��
Aب(وO4ا�( 

���م -�
Cن ا���أ Nاآ � tَ.�� $a� آ�
�% ا�#�Kب أ��h ا�% ++ Ca و�% ا(��
{ ا�45
aَ5ُ�
A ض
T8I��5َ.�ا��
A ���
4� ِ�Pت ا�
�
K'ا� c� �Iََر
)�AO4ا� ( . 


��ا��5
دِرا��J4�ِ�،أّدى إ�� �aI � اآN أ��ن  -Mن أq� ،ِت|
�% أآr  ا�#
���م�
Cا� Ca ++  د
5��
A ���

ت ا�45�
K'ا� c� �Iر
a5�
A �T�085ت ا�
�
K'اء ا��	qA

ja� %ِI$45ا� . 
���م -�
Cن ا���و ان أ$K� 

رc� �I � آ� �% ++ Caآ5a5�
A وَرOّن وا��
a�� ا�

 SAR 8 و�TI %�SAR 4 ا��6ِ�، � N��C ه'
ك إ_0?َف آ��A  َ�K . ا�#�Kِب
���م �
Cن ا���أ N�a� �K�'�
ACa ++ 
BA �a�ّ40ُ5ا� . 

�)#&م/� :ا�

���م -'�
5
د ا�I$45ِ% � آ�ت �%  +  Mg 2 � اآN أ��ن ا�5�
ِت �4
�?ت ا��
KI %�

ن و$6a��0
�%ا��Oوِر وا��
� آI
 . آ

-  �ِ��J4ِت ا�
�
M)
A ًا �r1ّ ْت آqُ� �ِT�085ِت ا�
K'اِء ا��	ِم �% أ����'�
� اآN ا�5
)�0K�َIِع ا��5$ر و�I (. 

-  %�  D��aا� ���ِ�
ن و ُa��
ا�B��� وِرO% ا��� �م � آ����'�
و&��5ً
،�qن ا�5
 .ا�#�Kِب

 :ا������ ا��#��2

 :ا���ج ا��دة ا���ِ��

- 
T8I$ أ	و $a��.��5ا� ���

ت �4�
KI c� ��ِ
0
ج ا�5
دة ا��Iأ %�  �K٦ض �4'�ي آ 
dS m-1 ِد
5� ���

ت �4�
K'� ��ِ
0
ج ا�5
دة ا��I% أ� ��دة �4'�
5
 ��.tَ ز�'�A ،


ض�Kج ا�
 .ا�$	
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-  $�5�0َ�� ���0I ��
0
ج ا�5
دة ا��Iأ %� �ِ��
� ا���
دِة ا�4ْm.��  hIّأ ،
ًJ�وأ$K� 
آ5

ت�
K'�� ِي�J4با� ���
45
���  dS m-1 ٦  ا�45�
A �Iر
a�٣ dS m-1  ت
�
K'أوا�

�.��5�
A ���
4�  �Pب(ا�O4ء ا�
 . ) ا�5
ُ Dُ�ّ6 �� _)�رة ��1qَ ���.ِ� ا�5
ِء &��  - $ْ6َ �ِ��J4ا� 
�
aKا� ��
M4ْ'% أّن إ�ا َOوه


ِتK'�5 ا�I. 


ا��#��و$#" � :ا�

- [�َIِ �� 

د* &�� �
 EC َأو SAR أدت ا���P0 ات �% أ�ًJ�  ِ�1q� ِء ا�َ ي* إ��
 LَTّ8Iأ ��. ،N	ر��
ت ا��
K'� وِرOن وا��
a��ا�'�0 و	�� ا��055 �% آD �� ا�

�K�I دة
 .EC وN�َ6ِ ال A SAR}$�ة c�َ ز�

 ا��J4�ِ� َآ
َن �h أ1  إ��
A% وه
ّم &�� زَ�ْ
َدة  -�
aKا� ��
Mن إn�،ا�_ ى ��.
�� ا�'


ِت�
K'A �055ا� ��	ا�'�0 و %�
�5�Cد ا�
5��
A ���

ت ا�45�
K'�� N	ر�� ا�
)ja� %I$45ا� (. 


ض َآ
َن �T0ّ�َق &�� ���   -�Kج ا�
5
د ا�$	�A ���

ت ا�45�
KI نn� ،��
�% هO{ ا�#
  %�
�5�Cد ا�
5�
 و�4
�?ت ا�'��
ت ا���T�85A ���
 )  . ا�I$45%(ا�45

� �055� 	c ا�% ���.ِ� �
ِء ُ&��5ً
، �nن آDَ �� ا�'�a وا���
دة �% ا�'�0 و	�� ا -

ِت ا��J4�ِ�، &�� ا��0ا�% و6$ َآ
َن أ&�� �% .
�� Nِ�َ6ِ ال �
M)ا� ي واEC 

 [ِ�َIِ  ��Pْ0َA �Iر
a5�
A ���
4
���  . SARا�4� Dآ cK0� $'& h'� �a#� اOوه. 

 :+�آ#5 ا�')'&ِر

 -     � Dت آ
�
K'�  ���'4� دة

ن  ِز�a����Tر �% ا��Tا��ت زاد � آ�?�
4� �          
       
'��
ت ا���T�8�  
B� ف
J5ت ا�
�
KI c� �Iر
a5�
A ض
�Kج ا�
5
ِد ا�$	�          و
           j�a� %ِI$�4� د
5�� .                                                                        -      

�     ا�- ْI

 َآ'��
 ا����
aKA ���

ت ا�45�
K' ِد
5�A ���

ت ا�45�
KI ��& ?ً��6 �َ6�ّT0�      

ض       �Kج ا�
5
د د	
ج َآ�
َن   ا�$	�
ت �4
�?ت �
KI %ر��T��Tا��آ� � 
5'�A         
       ��ّaA  ت
�
KI ��& ّ�َقT0�  ا� ���

ت �4�
KIأو 
'��
ت ا���T�8� ت?�
5
د ا�45�     
       �K�I تOَ_ُأ 
��Tر���Oور�%ا� ا�I$45% أذا ��TK0&)ا 
  ار

-    h��Iأ 
��� زاد � آ���� آ��5�T&'   ا� ����دة �4'�

�Tر ���% ا����Oوِر ز�����B %��� ن
a����                                                             .ا�

�� و&'$Mِء ا�َ ي* �7�08 �%إ
�  EC      َدة

ن ِز��a������Tر�% ا��Tا� �K��I زادت ،

��
MnA ���'4� ت
'�        .ا��J4�ِ� ا�#5
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ض            -   ��Kج ا�
5
ِد ا��$	��
ت ��4
�?ت ��
K'� %�&را��T���Tا� �K��I �ْ��ّ��      و$�6 ُ

ت �
KI 
B0ْ��َ  
'���
 ا����ّ
aA ت?�
�5
ء ذا     �4A 
�B�ر N�� %�0�0ى ���.��    وا����   ٦ِ 

dS m-1. 


� :ا�,&+�*#&م ا�


ت ���.ِ� �
ِء -��0�
دة ���A �ْ'����م ا��055 �#ّ
��Kدِر  ا� ي ا�
 وا��5
 ���
J5ا� �ِ��J4ا�. 

���م -
��Kن ا���أ D6 K+  �0ي�
ت ���.ِ� �
ِء ا� ي و�Dv h'C �% ا�5��0�
دة ���A
�ِ��J4ِت ا�
�
M)
A %4�K(ا�. 


ت ��aA ا�45
�?ت  -�
KI %�& ض
�Kج ا�

ت �4
�?ت زرق ا�$	�
KI �6�T� $aو�
���م
��Kص ا�
���م آ5
 �K$وأّن �.ا��J4�� �� .�� أ��0
��Kن ا���أ Nm4


ن  +K ا��055a�� .أDَaِ0I ِ�ْ� ا��Oوِر و� آ��% ا�
-  �� Dًاِت آ ��P� ��A  َ�Kك إ_0?َف �4'�ي آ
5
ِء ا�َ ي* EC َأو SARو� N��C ه'� 

���م
��Kا�Oَ_ُأ 

ر     +K أذا �K�&ور �% ا�Oن وا��
a�� . ا�DC� �055 �� ا�

 
�  :ا��&د-&م ا�


ت �� -��0�
دة���Aءا� ي زاد

ن +Na ا��0
ص أ��ن �.ِ� �a�� %�

ت�
K'وِرا�O	و  . 


ت ا���د��م   -I��ا Na+ وِرOا�� �ْ�ِ  rت اآ
�
K'ن ا�
a��� ��	�ًدة �% Iَ
 .َآ

ت ���ن  -�
K'ص ا�

&$ت &�% أ��0� ��
J5ا� �ِ��J4دِر ا�
�  + Na ا��5#�

 .&�ا�D ا���5.ِ�
- 
A ت
�
K'ن ا�
a��A �(َ�{I �ْI

رc� �I ا��Oور وآ��O َآa5�. 
- �TI %�   ك  � وق

ت ا���د��م �4'���ا��6ِ�، � N��C ه'I��أ  ��A ة َ�Kآ Na+ 

 . EC ا��T�085 َأو N�َ6ِ ال SAR ا�a5$رة �#� N�6 ال 


� :ا�.��)#&م ا�


ن -a��
رc� �I ا�a5�
A وِرOم �% ا������
Cا��زاد � ّآ� . �ِ�
MnA ن
�% L4A ا�.�
� �ِ��J4ت ا�
'�
تا�#5�
K'م �% ا�����
Cا� c�ز�� �َ�ّ#.  

���م  -�
Cت ا�
I��أ c�َ 
ً.�Mو  َrأآ �ْI

ه ِة َآmا� }Oوه Ca2 +  ��055ا�

��OوِرA. 


و�4'�ي &�% أ��ن  SAR وNِ�َ6ِ ال  ECا���P0 اِت �% ال  -ً�A
َ إ��  �1q� 
B� ن
آ
���م�
Cا� . 
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���م ا��055 -�
Cن ا���ا�&�� � �ا�0 آ� Ca2 +�
A Dَ�ّ��Oوِر &'$���0ي ���.�  ُ
SAR 8 ٦ و EC  dS m-1 .  $�5�4
�?ت ا�0� c�5	 ت
�
KI c� اOوه. 


��)#&م ا�/� :ا�

���م  -'�
�  Mg+٢أ��ن ا�5A

ن وا��Oور آ
ن ��  1a��ا�DCA �055 �� ا�

دِر ا�0��5$ وا���5.َ��� ��A  D_0$ا�� 
ًaK� 1 ًاq0و�. 


ّدًاوا(_0?ف ��A ا�0��5$ ا�I$45ِ% وا�5  -. �Cَ� N� �ِ��J4دِر ا�
� . 
���م  -'�

��Oوِروا�05)
�aA  أ�
رْت إ�� ا���
دِة  +  N�َ6ِ Mg 2 أ��ن ا�5A �055ا�

 . SAR ا�0$ر���ِ� �c ز�
دة Nِ�َ6ِ ال
���م ��P�  EC ات  -'�

ِء ا�َ ي* د�� &�% أّن ا��ن ا�5� Mg 2 +  �055ا�


ت ِزادْت DC{A �$ر��% �c ز�
د�
K'ن ا�
a��Aةال EC  %0ت ا�
�
K'ا� c� �ِIر
a5�
A
5
ء &OبA وي �. 

���م -'&

ن  + Mg 2 و&��5ً
،  �qن ا�N�َaِ ا��5m4 ���ن ا�5a���
A �055ا�
��0ى ���.ِ� �
ِء ا� ي� c� ِْ�T{0إآ dS m-1    ٣. 

���م  -'�
� Mg +  $�5�45
�?ت ا�0A 1ّq0و� [�ّa0� آَ� و
4َ� }
ا��Oورأ_O ا��

ت ���.ِ� ���0�
ِءا� ي و�. 


 ِ "  ��درا��#��و$#" ا����'�)(N_15 ا��#��و$#" �  ا�


 ِ ْ" ا�)�د � :)Ndff(ا��#��و$#" ا�


  " ا�)�د� (Ndff %)  �),� ا��#��و$#" ا�

- %ِI$45د ا�
5�
ت ا���ر	N َآ
َن أ&��  (MF) ا��
KIورO	 ن  َأو
a��ا��055 �% ا�

ت �4�
KI �ْ& %I$45د ا�
5�5
د �% .
�� ا��
ت �4
�?ت �
KIو 
'��
 ا����
aA ت?�



ض�Kج ا�
 .د	
5
د -���K ا�'�0 و	�� ا��055 �� ا�I و أّن$Kْ�َ 

َدة  Ndff % آ5ْ�َ�A 
ً�K���1ّqَ ت  

[ِ�َIِ %� اِت ��P0�
A  ًَ
(K� � Dv h�'C�َ ،ِء ا� ي
� �ِ.��� SAR. 

  ��P ت  ���.َ� �
ِء  -�$'& �ْm.�� �BA
 ) . EC أو SAR(ا� ي ا(ّ��
ه
ت ا�05}


 ِ ْ" ا�,@�-��  )Ndfr(% ا��A&-ِ�  �),� ا��#��و$#" ا�

ً �aAة &�� ا��5$ِر  - ا�'�0 و	�� ا��055 ِ�ْ� ا��5
دِر ا��J4�ِ� َآ
ن �$50ِ4

ت ���.ِ� ا�5
ِء��0� .ا��J4ِي و�
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-  ���J4ا�
�
aKا��055 �� ا� ��	ا�'�0 و �K�'�  %�
��0ى &� Dَ�ّ� Ndfr%  و$6ُ
 �
ض �#�Kج ا�
5
ِد ا�$	�
ت �
KI c� �Iر
a5�
A 
'��
 ا����
aA ت?�

ت �4�
K'�

ن a���
A ��&أ Dv h'C� ت
�
K'وُرا�Oّ	ن و
a�� �� DC� اO0 ول  وه'Cت ا�?�
4�

 .&ْ� ا��Oوِر
��K ا�'�0 و	�� ا��055 ��  -I نq�،�ِT�085ِء ا�

ت ���.ِ� ا�5��0�� �#� ،�C4�
Aو

���J4ا� 
�
aKا�% Ndfr  �ْ& ض
�Kج  ا�
5
ِد ا�$	� ���

ت �4�
KI %� ��&َن أ
 َآ

'��
 ا����
aA ���

ت �4�
K'� �ِ��ّ� .  ��� ا�5

-  �
ت ���.T�08��ِِ� إ��0��0�5
ءذات �A �� وُرِو�ْْ5Iَ %0َت ا�
�
K'و أّن ا�$Kْ�َ 
آ5
5
ءA �
رc� �Iُ ��� ا�0% رُو�a5�
A �ِ��J4دِر ا�
  0�I و	�� أآr  ِ�ْ� ا��5


َر) ا�C'0 ول(&OبK0&)ض �% ا
�Kج ا�
5
ِد ا�$	� 
IO_أ

 أذا �ً���_ . 


 ِ ْ" ا����ِ� � ):Ndfs(ا��#��و$#" ا�

-  �K�I تO_ًأ
5
د أذا ��4
�?ت ا�� ��A َة �Kآ ��ك � وق �4'�
�N ��	$ ه'
�A 0ا��055 �� ا� ��	ا�'�0 و % Ndfs َر
K0&ا� %�. 


ِت A$ً| 	�ء ا�'�0 و	�� ا�q5_�ّذ ِ�ْ� ا -K'ا� �ِ�OP� ��& ة �Kآ ���
4ّ� h� �َCَ� N� �ِA 0�
�ِ��J4دِر ا�
 .ِ�ْ� ��� ا�q5_�ذة ِ�ْ� ا��5

 ):NUE(%آ'�ءة أ*��Dام ا��#��و$#" 

��5.ِ� �
ِء ا� ي -A ة�${A  1ّ ْتqو� 
ً�K�� �ْI

ءة إ�80$ام ا�'�0 و	�ِ� َآTآ. 

ءة ا�80$ام ا�'�0 و	�� -Tن آq� ل
 (%NUE) &�� أ�� .
5
�% ذ�� �4
��� ا�C'0 ول  -A ت?�
 . � N�Cََ� 	�َ$ 	$ًا �#� ُآDّ ا�45
�0�َ
وُز  - N� %B� ِت|
5
ِد  % �١٥% أآr  ا�#� ���

ت �4�
KI %� %0ا� ��� Dr�


ن (ا�$	
ج  ��C'0 ول a�� )	Oور+ ا�
5
د  -�
ءة أ�80$ام ا�Tآ �� �َ�5
ِد ا�$	
ج َ.ّ� ��
Mإ(%NUE) 

 &'$ إ�80$ام �
ء  -ًJ�ذا���.ِ�   أSAR= 6و EC= 3 ,6 dS m-1 ��
M�
A  

4
�?ت ا�C'0 ول � �#� �ِ��ّ� .إ�� ��� ا�5

 :N_ 15 Recovery–ا��#��و$#" ا�)���ض 


ن و	Oوِر ا���ر	N َآ
َن أ&�� �% ا�A 0ِ� ١٥ا�'�0 و	��  -a��40
ض �% � ا�5

5�
ت 4�َ
�?ت �
KI �ْ�ِ ja� %Iِ$45'% ا��	د ا�'�0 و
5��
A ���
د د	
ج ا�45

 
'��
 ا����
aA ت?�

ت �4�
KIض و
�Kا�. 

ت ���.ِ��
ِء ا� ي  -��0�
دة ���A LَTّ8Iأ hIأ 
و أر��1q0A jKِ  ا��5
دِر . آ5

 �ْI

 َآ'��
ت �4
�?ت  ا����
KI نn�   َMَن وا
� ا���5.ِ�، وآ5
 َآ#� �ِ��J4ا�
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ض &'$�Kج ا�
5
ِد ا�$	�
ت �4
�?ت �
KI ��& �َ6�ّT0�EC= 3 dS m-1 c�َ 
SAR= 4 ,8 $'&  �C4ا� t.ِ��ُ 
5'�A ، َSAR=6و  EC= 3 6 dS m-1. 

�د ا��#��و$#" ا��,@� �� ا����ِ� ��D ا�P��ِد*: 

-   rأآ %� ،LَTّ8ُIِد  أ
5
د ا�'�0 و	��  ا��aK05 �% ا�4A �ِA 0$ ا�#��
�ِT�08�  �ِ.��� ت
��0�5
ء ذا �A  N	ر��
ت ا��
KI � .ا�#
|ِت،&'$�
 رو�

- �  c� �Iُر
a5�
A �ِ��J4دِر ا�

 ا��5Bف ا��
J5ت إ�?�
45�� D1
�.tَ ا��1q0  ا�55
 ja� %I$45د ا�
5�4
�?ت ا�� 

 :ا������ ا��2��2 •
 -:  ا���ج ا��دة ا���ِ�� 


�� آD �� ا�5
دة  -MnAورOن وا��
a���� � اآN ا�5
دة ا��
�� DCA �� ا�#�$a�

ت /0�٤٠���N ؛/���٢٠Nا��J4�� و.L5 ا�K و��� �
K'ا� c� �Iر
a5�
A 0�

 ja� %I$4� د
5� 
B� 7�M0 ول(ا�0% أ'Cا�.( 
- ��
 .ز�
دة ���.� �
ء ا� ي ادت ا�% �j�Kr � اآN ا�5
دة ا��
-  L5.��
MnA 
'�#� 

ن أآK �� ا��Oوروآ?ه5a���� ��
0
	��ا�5
دة ا��Iا


ت ا�45
��� L5#A ا�K و��� )�٢٠N���/ 0(ا�K و�����
KI %�&)٤٠N���/ 0�.( 
     

 
� _:ا��#��و$#" ا�

ت ا���ر	A N}$ة &'$  -�
KIورO	ن و
a�� �� DًCA �055ا� ��	ا�'�0 و LT8Iأ

5
ء ذا ���0ي ���.� A ٦ ’ ٣ا� ي�5'�� .م / د�
��0ي  -� c� ت
�
K'ا� �(�
ء هOا ا�'�a �% ا�'�0 و	�� ا��A �055اB0Iأ tً.ٍ��ُ

 �.���٦�'5�� .م / د�

ت ا��J4�� أدت ا�%  -�
Mت &�% ���  ا�
�
K'�
A �055ا� ��	دة ا�'�0 و
 ز�

 ja� %I$45د ا�
5��
A 5$ت�
ت ا�%0 ُ�
K'�
A ����5
د ا�$	
ج . ا�5�و�T� $6ق 

 �% هOا ا�'#� '��
ت ا��T�8� %�& ض
�Kا�. 


ن  ��Tق &�% ا��055 �% ا��Oور  -a���
A �055ا� ��	ا�'�0 و  . 
5��0ي -A ا�وراق %�& 

�� .L5 ا�K و��� ر�ًM٢٠ أN��� / %ا��0  أدت ا�


ت ا�45
��� ب �
K'ا� ��  rا��055 اآ ��	دة ا�'�0 و
 . ا��٤٠N��� /  0ز�
- �� N� ت  &�% ا�
�
K'ا� �
�� .L5 ا�K و��� ��4M4'% ان أ�ا Oن ه
 ذ�� �

 �T�085در{ ا�
وهOا آ
ن أآr  .&�% أ��0
ص آ�r ًا�� ا�'�0 و	�� �� ��
 %�
��0ي ا���5.� ا�4� �#�
ً.�M٦و�5'�� . م / د�

-  LT8'5ا� �٢٠(ا�0 آ�N���/ 0ا�� ( �ْ�ِ ���
4ّ�  َrَن أآ

�Lِ ا�K و��� َآ. �ْ�ِ
 ). ا��٤٠N���/ 0(ا�5��0ى ا�4
�% ا�0 آ�� 



٩ 
 

 
 :  +�آ#5 ا�')'&ِر


ن وا�T وع ��  -a��� �� �#�0ي آDُ �� ا�'�. ���J4دة ا�

�� ا�5Mإ
��Tر �Tا�. 


ت ا��J4�� �� �$ي � آ��  -�
Mا� �'���Tر �% آDُ �� أ	�اء .�Tا�

ت K'ا�. 

��Tر ��C� N 	�$ة ا���Mح  -�Tا� �K�I %�& ء ا� ي
� �.���  �1q� . �T'Aو
 
ً#Mوا �C� N� و��� Kا� LJ5. ي�آ� � ��A ن ا�_0?فn� �a� (ا�

 .  ��Aرة 	�$ة 
 


� :ا�,&+�*#&م ا�

ن وا�T وع �� -a��� �� �#�0ي آDُ �� ا�'�. ���J4دة ا�

�� ا�5Mإ  

 ja� %I$45د ا�
5�
ت ا��
KI c� �Iر
a5�
A م���
��Kا�. 

ن &� ا��Oور  -a�����م ا�
��A %� ���'4� دة
 .و	$ ز�
5
 آ
ن ه'
ك  -'�A م���
��Kن �� ا�
a��
 ��1q  &�% �#�0ي ا�B� ن
ا���5.� آ

4
آ� �c ا��Oور � }
 .أ��

ن وا��Oور -a��� �� �#�0ي آDُ �� ا�'� �� ز�
دة � آ�� .L5 ا�K و��� .

���م 
��Kا�. 
- 

 �� ، و&��5ً'�.  ���J4دة ا�

�� ا�K و��� &�% ا�وراق �c ا�5Mن أn�


� ��1q� �� N  ا���5.� A م���
��Kت �� ا�
�
K'�0ي ا�#�  . 

 
�  :ا��&د-&م ا�


ن وا��Oور��  -a��
�� ا��5
درا��J4�� ادي ا�% ز�
دة �#�0ي آDُ �� ا�Mأ
KI c� �Iر
a5�
A م��ن  ا���د��أ ja� %I$45د ا�
5�
ت ا��

ت ، �
KI c� اOوه

 �T�08� �.��� ت
��0�5A ���

ت ا�45�
K'ا� ��O0 ول وآ'Cا�. 

 �c �#�0ي ا��Oور �� أ��ن ا���د��م -ً.�Mو  rه ة اآ
mا� }Oه . 
5��0ي  -� 
ً4K� ���J4درا�
�5�
A ���

ت ا�45�
KI م��دة ��د
� ز�T�0_أ


ء ا� ي و� آ�� .L5 ا�K و���� �.���.  
5
ِء  -A  َت
�
K'ا� �
ن وا��Oوِر6$ زادا &'$�
 ُرو�a��َ�Kْ$و qAّن �#�0ى ��د��ِم ا�

h0ِ.��� ت
��0�
وَت �% �T05وا� %ِ#��. 
-  %� Nم ا�05 اآ��&� ا���د ��دة �4'�
زاد ا���د��م ا�05 اآN �% ا��Oور ز�


ن a�� .ا�
 
  
� :ا�.��)#&م ا�
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ن -a�����م ا�DُCA �055 �� ا��
C1  ا�q� �#�
5
ء ا�5�
A ي �
A 
ً�A
 وا��Oور أ��
. �Iر
a5ا� c� م����
Cن ا���أ %� ��K�و&�% هOا ا�'#� �nن ا���
دات ا�'


ت ا���5.� ��0�� ��A ت �P� $a� 0 ول'C�
A٦’٣�'5�� .  م / د�

ن  -a��
ت اآr  �� ا��
K'ور ا�O	 %� م����
Cا� �زاد � آ� ، ��#� hIا 
آ5

���J4در ا�

�� ا��5MnA ، م����

 �c آً.�Mو  rاآ �I

ه ة آmا� }Oه
 .ا��Oور 


ت  -��0�
ِت و�K'ء ا�
J&qA �(Kق ��$ِر وا.$ &�� ا§_  وأر��T�  �P�
 .���.ِ� ا�5
ِء


، ز�
دة  .L5 ا�K و��� ا�%  -ًI
���ِم /���٤٠Nأ.��
Cا� �َ� �ْ'�ا��0  َ.ّ

ن  وا��Oوِر a��
A �055�0ى ، ا���  c� ًا$	 
ً#Mَن  وا
���٦.ِ� �
ِء هOا َآ 

�'5��      .م/د�

 
��)#&م ا�/� :ا�

���م ز�
دة �4'���  -'�

دة ���.� �
ء ا� ي زاد ا�5��A، Dُدة  آ
���D ا���� N�
��0ي ���.� �5
ء ا� ي � cور�Oن وا��
a�� .م     / د���5'���٦ ا�


ت  -�
KI c� �Iر
a5�
A �055م ا����'�

ت ا��J4�� &�% ا�5�
M�1 ا�q� ��#�
� .هOا ا��1q0  أ�c�  50 ز�
دة � آ�� .L5 ا�K و��� . 5
د ا�ja� %I$45 ا�

��0ي  -� c� ض
�Kج ا�

 &�% ا�$	'��
ت �4
��� ا����
KI �6�T�٢٠ N���/  0ا��
 
5'�A                                                           و��� Kا� L5. ��

��0ي � c� �C4٤٠.$ث ا� N���/ L5. ��  0ا�� 

ف ر�ًJ5و��� ا� Kا�
 &�% ا�وراق

 ١٤ن/١٥+R#�P ن


   " ا�)�د  � )Ndff(ا��#��و$#" ا�

5
د  -�� ا��5
در ا��J4�� 	�ء ا�'�0 و	�� ا��055 �� ا�'�.. 

ن أآK  �� ا��055 �% ا��Oور  -a��5
د �% ا�� .ا�'�0 و	�� ا��055 �� ا�

ن  -a�5
د �% آDُ �� ا��
دة أLT8I ا�'�0 و	�� ا��055 �� ا���A ورOوا��

��0ي ���.� �
ء ا� ي � 
-  Dُد �% آ
5�.L5 ا�K و��� أ1  &�% أ��0
ص ا�'�0 و	�� ا�q5_�ذ �� ا�

� ��1q  ا���5.� #� 
ً.�Mو  rن ذ�� أآ

ن وا��Oور وآa�� . �� ا�
-  L5. �ات �% � آ� �P0د ا�% ا�
5��0
ب  ا�'�0 و	�� ا��055 �� ا��أ

M�
A ط
Kة ا�ر� �P05و��� ا� Kت ا���5.� ا�
��0�
ت ا��J4�� و��
. 
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  " ا����� � )Ndfs(ا��#��و$#" ا�

-  �� Dآ %� �A 0ا��055 �� ا� ��	ا�'�0 و �� ���J4ت ا�
�
Mا� �'�.
 ja� %I$45د ا�
5��
A 5$ت�ُ %0�
A �Iر
a5�
A ت
�
K'�� ورOن وا��
a�� .ا�

- A 0ا��055 �� ا� ��	ا�'�0 و %�& %�C&  �1q� 
B� ن
 .� ا���5.� آ

 �L5. c ا�K و��� � آ��  -'��
ت ا����
8�٤٠N��� / دة
ا��0  أدت ا�% ز�


ن أآr �� � آ�� a��ا��٢٠N��� / c�  0ا�'�0 و	�� ا��055 �� ا��A 0 �% ا�

ض �Kج ا�
 .زرق ا�$	

-  %� �A 0ا��055 �� ا� ��	ا�'�0 و �� ��ز�
دة � آ�� .L5 ا�K و��� .

 �I c. ا��Oور ً.�Mو  rن أآ
5
ء ا��5#%  وهOا آ�
A ��و �  �Pت ا�
�
K )

 ) .ا�C'0 ول 
- 

ن آ
ن أ&�% آ�r ًا �� ، و&��5ًa���qن ا�'�0 و	�� ا��055 �� ا��A 0 �% ا�

  .ا��Oورا��055 �% 
 

 �-&Aت ا���'��
  " ا�� )Ndfr(ا��#��و$#" ا�
-  ���J4در ا�

�� ا��5Mأ �� N	ر��
ت ا��
KI دت
T0� .أ

� �N �� أن ا�'�0 و	� -A �.��5A
ًK��  1q� ���J4ت ا�
T�85ا��055 �� ا� �

 ja� %I$4� د
5� 
B� ف
J5ت ا�
�
KI �� %�&زال أ
� hIء ا� ي إ| ا
�. 
� أ&�% ��  -I

ض وآ�Kج ا�
أ��0� آ�5
ت 0�I و	�� ����a4 �� زرق ا�$	


'��
ت ا���T�8�. 
- 
� وهOا �4'% أن ا��5اد ���B ا� D�#0��C5 ان ��Cن ��T$ة أآr  �� �� ه#� 

 }Oوط ا���5.� ه �. 

ر{ أ.$  -K0&إ �C5� ��Oت وآ
K'�1 &�% ا�q� h� ن
�K$و أن .L5 ا�K و��� آ


درا�'�0 و	�� ا��J4ي  �� 

ن ز�
دة �4'��� &�%  -a��
ت ا��J4�� �% ا�T�85ا��055 �� ا� ��	زادا�'�0 و

 .ا��055 �% ا��Oور 
 

 )NUE(%آ'�ءة أ*��Dام ا��#��و$#" 
- �J4ت ا�
�
Mا� �'�
ءة أ�80$ام ا�'�0 و	�� .Tآ �� ��. 

��aI �.��5 �4'�ي -A ��	80$ام ا�'�0 و�
ءة أTآ ��aI.  

ن &'h �% ا��Oور  -a��
ءة �% ا�Tآ  rن أآ
5
د ا�'�0 و	�'% آ� .ا�
-  

ءة أ�80$ام ا�'�0 و	�� ، &��5ًTآ �� �'�
�� .L5 ا�K و��� .Mن أq�

� &�ا�D ا،#� 
ً.�Mو  َrأآ �ْI

ه ِة َآmا� }O��5.ِ�وه� . 
 

 ١٥N  Recovery   ا��#��و$#" ا�)���ض
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-  hIظ ��  أ�#�� DC{A ��
ن وا��Oور �#a��40
ض �% ا��ا�'�0 و	�� ا�5
 ���J4د ا�
�5�
Aًا �r1  آq�. 

-  �.��5�
A  ض
40�
دة � آ�� .L5 ، ا�'�0 و	�� ا�5��A ًا �rآ ��و�#
 .ا�K و��� 


ن ز�
دة �4 -a��40
ض  �% ا�� .'��� &� ا��Oور زاد ا�'�0 و	�� ا�5
 

 ا��#��و$#" ا��,@� �� ا����� ��D ا�P��د

ءة أ�80$ام  -TCA ظ�#�� DC{A د
أر�jK ا�'�0 و	�� ا�aK05% �% ا�4A �A 0$ ا�#�

 .ا�'�0 و	�� 
-  �#�
5
ء ا�5�
A ��و � �Pا� 
ً���_ ���J4ت ا�
�
M0 ول( ا�'Cا� ( �JT_


د �4'��ً
 �� ا�'�0 و	�� ا�aK05% �% ا�4A �A 0$ ا��# 
���Dr� D هOا ا�L5. c�  �1q0 ا�K و���  -� N� . 
-  } 1q0ا���5.� آ Dا��& �ز�
دة ا�'�0 و	�� ا�aK05% �% ا�4A �A 0$ ا�#�
د �#


ت ا��J4�� و.L5 ا�K و���  $6��Cن أدي ذ�� ا�% �1q أ	�اء �
M�
A

ت ا��J4��  أآr  �� ا��055 �� T�85ا��055 �� ا� ��	0 و�'�
A ت
�
K'ا�

5
د� .  ا�ja� %I$45 ا�
-  c�  �ِ��J4�5$ ا��
َت qAّن إ�0 ا����ِ� ا�0I
�Kا� �ْ0K1أ $a� ،ا�% ذ����
M)
A 

 j�
�K و���  �#� � وِط ا�ُ �ِ.��5�C5ُ� َأْن �Cُ�ََن ���Kaَ� آ�05J�
رش .

ِت و�% �TI ا��6ِ� ُ�4ّ�ُض آ��a4� �َ�5َ� ِ�ْ�  ا�'0 و	�ِ� ا�q5_�ذ K'ا� �ِ�#0�


 &$ا ا�}DَC ا�I$45َ%ِ�ْ� ا��5
دِر �. 
-  D��a�َ دِة

I] هOا،�a$أ�I�ْت هO{ ا(�0 ا����ِ� ��A  َ�1q¬َ% �� _?ل ز��A


{ 	��ّ��، (�# � ��ر ا�'�0 و	�� ا�I$45% إ�� ا��K¬ِ� ا��#5)ِ� �� ،�A �
 ).وه�اء

 
 
 
 
 
 

 


