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1. INTRODUCTION 

Sustainable groundwater management has become one of the biggest challenges to cover the demands 

of present day and future development programs (agricultural, urban, industrial, .etc.).   Groundwater 

management (both quantitative and qualitative) is constrained by recharge, discharge, flow and 

quality regimes, it seeks a renewal/withdrawal balance and quality degradation retreat (the qualitative 

terms of groundwater management is the subject of the present work).  Deterioration of groundwater 

quality falls into two broad categories; that due to natural conditions and that due to anthropogenic 

causes, (Jakeman et al 2016). Extraction or changes to recharge can alter groundwater flow 

directions or expose aquifer material to natural contaminants such salt and some trace elements and 

resulting in poor water quality and associated health impacts (Sadek et al, 2020a). The 

overexploitation of groundwater may cause upconing of saline deep water or inland invasion of sea 

water. The contact of water with rock matrix along transit and residence may rise salinity by leaching, 

dissolution, ion exchange… etc. The solutes and trace elements content of water determine its 

suitability for different uses and the way to manage hazards due to that. Egypt, to face the exceeding 

shortage of water resources while population rate progressively increases and standards of living rises, 

has launched a strategic plan to accommodate the water and food deficit by extension of agricultural 

lands to the desert areas which are located at the periphery of traditionally cultivated lands in the Nile 

Delta and Valley. Groundwater resources of adequate   quantity and quality is primarily required to 

meet the needs of desert reclamation and agricultural expansion in the remote areas away from Nile 

River and irrigation canals network. This necessitates a detailed investigation and exploration of the 

hydro geologic system of the   allocated area. Several works have been conducted in the area under 

study and its surroundings (southwest El Minia, upper Egypt) dealing with geological and 

hydrogeological conditions but in localized sporadic zones (Korany et al. 2008, Said, 1990, RIGW 

1992, Tantawy 2006, Abu Heleika and Niesner 2008, El Kashouty et al 2013, Abdulaziz et al, 

2017, Reda et al, 2017, Sallam et al, 2020). Recently, the concept of water quality index (WQI- 
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AHP) has been used as a powerful decision support tool in water resources management to assess the 

quality state of a water body modified into dimensionless numbers in a simple manner, (Zavadskas 

and Turskis, 2011, Sadek and Hagagg 2020b). The present work aimed at evaluation of salinity 

sources of the groundwater resources in south West El-Minia, Upper Egypt and to determine the 

quality constrains for irrigation use, also to point out an applicable method for management these 

constrains. This goal has been achieved through the conjugation between classical hydrochemical 

interpretation with the multivariate statistical analysis (MSA) to get more insight to the sources of 

salinity and evolution trends. In addition to that, a new water quality index (WQI) to assess the 

irrigation quality state of the groundwater system in the study area was developed using Analytical 

Hierarchy Process (AHP) of the MPDA approach. Further a suggested method for treatment and 

management the quality constrains of irrigation water have been recommended. 

2. PHYSICAL SETTING OF THE STUDY AREA 

The study area is located in mid Upper Egypt, it lies between longitudes 29⁰ 9′   37.41̏ and 30⁰ 58′ 

5.49̏ E, and latitudes of 27₀ 32′ 28.13̏ and 28⁰ 47′ 6.36̏ N. Fig. (1a), it is characterized by arid to 

semiarid climate with hot dry summer and rare precipitation winter. The minimum temperature varies 

from 4.5 (January) to 20.5°C (August), while the maximum temperature varies from 20.7 (January) to 

39.7°C (August). The mean monthly relative humidity during daytime ranges from 36% in May to 

62% in December (Reda et al 2017). Three geomorphologic units appear in the study area (Fig 1c), 

from east to west (young alluvial plain, old alluvial plain and plateau). The young alluvial plain 

bounds the Nile River and is filled with Holocene silt and clay, it is followed westward by old alluvial 

plain unit which is covered by Pleistocene sands and gravels and the lower Eocene Plateau.  

 

 

Fig1.  a) Well location map of the study area; b) Digital Elevation Model (DEM); c) geomorphological and 

geologic map of El Minia district (Conoco Coral Egypt 1987 and modified by Abou Heleika and Niesnr (2008) 

and Kamel (2012). 
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Litho-stratigraphically, the following layers have been identified in the work of (Abu Heleika and 

Niesner 2008) and described by (El Kashouty, 2013): (a) The Quaternary deposits that are formed of 

Pleistocene sands and gravels intercalated with clay lenses capped by Holocene Nile Silt and Clay. (b) 

The Pliocene clay beds that become absent in the north and west (c) The Eocene limestone which is 

differentiated into four formations; Samalut, Wadi El Rayan, El Minia and Drunka Formations).  

Hydrogeologically, two main aquifers are encountered in El Minia area, namely (1) the Quaternary 

(alluvium) aquifer which has a wide distribution in Nile Valley and the adjacent areas at the foot slope 

of the Eocene plateaus. This aquifer is composed mainly of coarse, thick sand and gravel beds 

intercalated with clay lenses. (2) The Eocene (limestone) aquifer which is the subject of this work is 

represented by Samalut Formation which is used for agricultural expansion in the study area.  It is 

unconfined under the alluvium aquifer and overlies the Nubian sandstone aquifer; it occupies the 

extreme western sides of the study area and is affected by a network of faults, joints and fractures that 

may play a role in the recharge mechanism to this aquifer. 

3. MATERIALS AND METHODS 

A set of representative 67 groundwater samples were analyzed for physical measurements including 

Electrical conductivity (EC), pH, temperature, total dissolved solids (TDS), using portable probes. For 

chemical parameters comprising major cations (Ca, Mg, Na, K) and anions (Cl, SO4, HCO3) 

concentrations. All the wells located in El Minia had been in use during the time of sampling 

(Fig.1b).  The samples were collected in 1-L narrow neck pre–washed polyethylene bottles. Analysis 

of the water samples was carried out following the methods described in (ASTM, 2002). Total 

hardness (TH) as CaCO3 and Ca2+ were analyzed using standard EDTA. Mg2+ was calculated by 

taking the differential value between TH and Ca2+ concentrations. Na+ and K+ were measured using a 

flame photometer. Total alkalinity and CaCO3, CO3
2−, and HCO3 – were estimated by titrating with 

HCl. Cl− was determined by standard Hg (NO3)2 titration. SO4
2− was analyzed using a 

spectrophotometer. All parameters are expressed in milligrams per liter and milliequivalents per liter. 

Data quality was assessed using the charge balance between the difference of cations and anions 

(expressed in meq/l) divided by their summation according to the following equation: 

Σ (Cations- Anions)/ Σ (Cations+ Anions) X 100 ………………………………               (1) 

With an acceptable range of ±5 (Hem 1991) that confirm the water quality assessment.  The results 

data from hydrochemical analysis have been treated, analyzed, processed using standard reference 

methods (graphical, mathematical and statistical) for describing the sources of salinity and evolution 

of the groundwater under study, as well as irrigation suitability constrains area. The Multi Criteria 

Decision Approach (MCDA), Analytic Hierarchy Process (AHP), (Saaty’s 1980) has been applied for 

development a new water quality index for irrigation suitability. The standard methods have been 

used for determining proposed methods for management and treatment the adverse effects of 

irrigation water salinity.   

4. RESULTS AND DISCUSSION 

4.1.  Hydrochemical Characterization and Salinization Processes.  

The general statistics (minimum, maximum, average, standard deviation, and variation coefficient) of 

the chemical analyses data are shown in Table (1). The ranges of TDS and ionic species are generally 

wide and the coefficients of variation are significantly high (0.79, 0.89, 0.92, 0.78, 0.75 and 0.54 for 

TDS, Na, Cl, Ca, SO4 and Mg respectively). This reflects less homogeneity and variability of 

salinization processes.  The areal distribution of TDS, Fig. (2) shows  a general trend of   increasing 

concentrations from south to north with parallel increase in shale and clay content, and generally high 

values in the western areas (at the carbonates plateau reach). The orders of  cationic and anionic 

concentrations of the studied groundwater samples  indicated that about 83% of the samples have Cl – 

Na water type with two ionic orders: Cl- > HCO3
- > SO4

2- / Na+ > Mg2+ > Ca2+  and Cl- > SO4
2- > 

HCO3
- / Na+> Mg2+  > Ca2+  representing  90% and  10% of the samples respectively,  this Cl-Na 

water type and ionic orders characterize advanced stage of mineralization and potential salinization 

processes under effect of  leaching , dissolution and exchange on surface of  lithologic matrix. The 

water types HCO3- Na and HCO3 – Mg appear in 12% and 5%  of the total nos. of samples with ionic 

orders HCO3
- >Cl- >SO4

2- / Na+ >Mg2+ >Ca2+ and HCO3- >Cl- >SO4
2- /Mg2+ >Na+ > Ca2+, 
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respectively, these two water types and ionic orders characterize less developed mineralization stage 

and dilution effects.  

Table1. Descriptive Statistics of Chemical Analysis Data   

Parameters Units Min. Max. Average SD Var. Coefficient 

pH  6.69 9.2 8.02   

EC µS/cm 285 6880 1721 1286 0.73 

TDS mg/l 185 5160 1263 903 0.79 

Na+ mg/l 26 1220 249 209 0.89 

K+ mg/l 5 26 10.14 6.2 0.62 

Mg2+ mg/l 12 144 58.3 31.46 0.54 

Ca2+ mg/l 10 212 51 38.48 0.78 

Cl- mg/l 35 1714 405 361 0.92 

HCO3
- mg/l 20 1033 147 159  

SO4
2- mg/l 55 390 219 157.8 0.77 
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Fig2. Arial Distribution of TDS in the Study Area. 

The multivariate statistical analysis is a tool used to compare and interrelate variables in the whole 

samples domain, accordingly classify them into groups and components representing the features and 

variations characterizing the system. This has been applied   in the present work, in term of three 

items (Ionic and TDS Correlation Coefficients Matrix, Hierarchical cluster Analysis (HCA) and 

Principal Components Analysis (PCA ) using SPSS.22  statistical software.  The correlation 

coefficients (C.C) matrix of TDS and major ions shows that TDS is highly corelatable to Na and Cl 

(C.C. =0.98 and 0.95 respectively), followed by Mg, Ca, and SO4 (C.C. = 0.78, 0.77. and 0.73 

respectively) reflecting that salts of these ions could control groundwater salinity and quality. This is 

also reflected by the high C.C. between Na and Cl (0.94) and between Ca and SO4 (0.7) and between 

Mg and Cl (0.88). The hierarchical cluster analysis (HCA) is a method of classifying a set of data into 

two or more mutually exclusive groups, based on the combination of interval variables (Ashley and 

Lloyd 1978). Comparisons based on multiple parameters from different samples were made and the 

samples were grouped according to their similarity to each other. The output results are represented in 

the form of a dendrogram, Fig. (3) The studied groundwater samples have been classified according 

to the proximity of the water quality parameters into two major groups (A and B). Group A comprises 

two clusters: cluster -1- that includes 65% of the samples and cluster – 2 that includes 16% of the 

samples, Group B comprises two clusters: cluster - 3 that includes 13% of the samples and cluster – 4 

that includes samples The clustering of the samples complies with variation of TDS and ionic 

composition, which are controlled, by hydrogeochemical and physicochemical conditions. The  

hydrochemical variables that classified   the samples into  Dendogram groups  have been analyzed 
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using  Principal Components Analysis (PCA) technique  to  reduce the large data of these groups 

into a set of variables called Principal Components, Table (2), this has been done based  on 

variances and  eigenvalues relations  without sacrificing much of the original information.  The first 

two components with Eigen values >1 account for 82.6% of the total variance and assumed to 

adequately represent the overall characteristics of the data set. The first principle component (PC -1), 

accounts for 70.811 of the variance in the data set and combines the chemical variables TDS, Cl, Na, 

Mg, Ca and SO4; the second component (PC -2) represents about 11.794% of the variance and 

combines HCO3 in little  association   with TDS and other ions. The salinization processes that could 

contribute to the variation of the first component parameters are evaporation, leaching/ dissolution of 

rock salts and ion exchange. The less association  and little   match of  HCO3 with TDS and other 

ions variations  in the second component could be due to dilution with rain water and Nile irrigation 

water.  

 

Fig3. Dendogram for Hydrochemical Grouping of the Samples 

 Table2. Total Variance and Eigen Values of Principle Components 
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Squared Loadings 

 Component

s 

Total 

% of 

Varianc

e 

Cumulativ

e % Total 

% of 

Varianc

e 

Cumulativ

e % Total 

% of 

Varianc

e 

Cumulativ

e % 

 1 2 

6.37

3 
70.811 70.811 

6.37

3 
70.811 70.811 

6.32

4 
70.267 70.267 EC .987 .081 

1.06

1 
11.794 82.605 

1.06

1 
11.794 82.605 

1.11

0 
12.338 82.605 TDS .971 .082 

.764 8.492 91.097       Na .954 .023 

A 

B 

1 

2 

3 

4 



Salinization Processes and Quality Constrains for Irrigation Water Management in Southwest El Minia, 

Upper Egypt.  

 

International Journal of Research in Environmental Science (IJRES)                                               Page | 6 

.438 4.867 95.965       K .750 .108 

.227 2.527 98.492       Mg .833 .302 

.112 1.248 99.741       Ca .860 .057 

.013 .143 99.884       Cl .960 .118 

.006 .069 99.953       SO4 .755 -.346 

.004 .047 100.000       
HCO

3 
.100 .926 

The salinization processes that might contribute to salt composition of the collected groundwater 

samples have been more examined using by ion /ion scatterplots and ion ratios indexes.  The plot of 

Na against Cl (with the line 1:1 of halite dissolution), Fig. (4a) shows that the study groundwater 

samples follow a strong direct pattern (0.9 C.C.) reflecting halite dissolution process. The shift of few 

samples above 1:1 line indicates a decrease of Na ions that could be due to ion exchange. The plot of ( 

Ca + Mg ) vs (HCO3 + SO4) Fig. (4 b) shows the samples distribution on line 1:1 reflecting CO3 

dissolution (calcite, gypsum, anhydrite). The shift of some samples below the line 1:1 could be due to 

cation exchange which affects the Ca + Mg relative proportion. The location of some samples points 

on the 1:2 line in the (Na+Cl) vs total cation relation, Fig. (4c) indicates that dissolution of rock 

matrix could be accompanied by silicate weathering in the processes of groundwater salinization. The 

ion exchange process was checked by plotting a relation between (Ca2+ + Mg2+ - SO4
-2- HCO3

–) 

against (Na+- Cl–), (Jankowski et al., 1998); Fig. (4d) the plotted water samples are distributed on a 

linear pattern of a slope equal -1 in the upper left square of the figure. This indicates that the Eocene 

groundwater samples are affected by ion exchange reactions between Na and Ca - Mg in water and 

rock matrix. 

a) 

 

b)  

 

c) 

 

d)  

 
Fig4. Scatter plots of a) Na+ vs. Cl- ; b) (Ca+Mg) vs. (HCO3+SO4) ; c) (Na+Cl) vs. total cations; d) (Na-Cl) vs. 

(Ca+Mg)-(HCO3+SO4)   

4.2. Development and Application of Irrigation Water Quality Index (MCDA/AHP) approach) 

The identification of ground water quality hazards ad its suitability for irrigation use in the study area 

is of prime importance for socioeconomic and sustainability prospects. Apart from the several 

methods used for that, the present work applied the Multi Criteria Decision Approach (MCDA), 

Analytic Hierarchy Process (AHP) for development a new water quality index. The relevance of the 
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new index is its integrative, objective and collective nature, it combines the water quality criteria that 

relevantly control and complementarily express the whole irrigation water quality hazards on soils and 

plants. The three steps indicated in (Saaty and Vargas 2001) have been followed to conduct AHP 

analysis and to develop Water Quality Index (WQI) in this work, as follow: 

 The first step coincides with the main objective of the decision-making problem as a hierarchical 

decomposition; the main goal is developing an index for evaluation irrigation water quality 

hazards on soil and plants and suitability of its use. To achieve this goal; eight criteria have been 

created covering salinity hazards, soil sodicity and permeability problems as well as specific ion 

toxicity. These criteria include Electrical Conductivity (EC), Sodium Adsorption Ratio (SAR), 

Residual sodium Carbonate (RSC), Permeability Index (PI), Magnesium Hazard (MH), Cl, Lime 

Deposition Potential (LDP), and Trace element toxicity of Cu, Cd, and Pb. Each one of these 

criteria is subdivided into classes coinciding with the categorizing limits   indicated in the 

corresponding standards references.  

 The second step is assigning suitable weight values for the created criteria and subcriteria 

depicting their relative importance to irrigation suitability and hazard sensitivity. All themes and 

their classes were assigned weights and normalized weights based on Saaty`s AHP technique 

(Saaty et al, 1980). The maximum value is given to the feature with highest quality hazard 

potentiality and the minimum being to the lowest. Consequently, all factors are compared in 

pairwise matrixes, the Eigen values calculated and the normalized weights determined which 

represent the relative importance of one element to another. To control and test the consistency of 

the assigned weights and relative priorities, a consistency Ratio (CR) less than 10% (as 

recommended by Saaty technique) has been reached and accordingly the calculated weights 

become acceptable. The following equation has been used for calculating the consistency ratio: 

CR = CI/ RI     ………………..                                                                                                          .(1) 

CI= (λmax –n) / (n-1)…………….                                                                                                       .(2) 

Where, RI is the random consistency index, CI is the consistency index (1), n is the number of 

elements being compared in the matrix, λmax is the largest or principal eigenvalue of the matrix, the 

tables that summarize Random Index (RI) and the comparison scale are presented in the work of 

Saaty, 1980. In this paper; the degree of   Consistence Ratio (CR) is satisfactory, hence it is equal to 

0.0066 (i.e less than the indicated limit of saaty, 1980).  

 In the third step; the rating of all criteria and sub-criteria multiplied by its weight and aggregated 

to get local ratings with respect to each criterion, (Bhushan and Rai 2004) for the developed 

WQI. All criteria maps were overlaid in the GIS environment by using irrigation water quality 

index (IWQI).  The results of analysis conducted through  the described three steps of  MPDA / 

AHP approach  are  given  in Table ( 3) as  weights and rates  values calculated for the criteria 

and sub criteria of the  developed  Water Quality Index . The index is classified into five 

categories for irrigation water suitability, Table (4). Applying the developed index on the 

groundwater under study, it is found that about 28 % of the samples are good to be used for 

irrigation purposes while   most of the sample are moderate (78%) reflecting a relatively high 

salinity constrains requires treatment and management to be controlled.  

Table3. Calculated Weighting / Rating Values for WQI Criteria and Subclasses using MPDA/AHP Approach 

Goal Categories Effective 

weight of 

criteria 

Sub-

Categories 

Effective weight of sub-

criteria 

Alternative 

W
at

er
 Q

u
al

it
y

 I
n

d
ex

 

fo
r 

Ir
ri

g
at

io
n

 

(C
R

=
0

.0
0

6
) 

EC 0.34 <250 0.657 0.223 

250-750 0.203 0.069 

750-2250 0.094 0.032 

2250-5000 0.046 0.016 

RSC 0.149 <1.25 0.717 0.107 

1.25-2.5 0.217 0.032 

>2.5 0.066 0.010 
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SAR 0.149 <10 0.657 0.098 

10 to 18 0.203 0.030 

18 to 26 0.094 0.014 

>26 0.046 0.007 

PI 0.149 >75 0.717 0.107 

25-75 0.217 0.032 

<25 0.066 0.010 

MH 0.053 <50 0.9 0.048 

>50 0.1 0.053 

Cl 0.053 <70 0.657 0.035 

70-140 0.203 0.011 

141-350 0.094 0.005 

>350 0.046 0.002 

LDP 0.053 <2 0.657 0.035 

2 to 3 0.203 0.011 

3 to4 0.094 0.005 

>4 0.046 0.002 

Trace 

Element 

Toxicity 

0.053 <1 0.9 0.048 

>1 0.1 0.053 

Table4. Classification of the Developed Water Quality Index.  

Category Value 

Excellent <0.71 

Good 0.58-0.71 

Moderate 0.44-0.57 

Unsuitable 0.29-0.43 

4.3. Management of Irrigation Water Salinity  

The application of the developed irrigation suitability index on the collected samples reflected a 

significant hazards related to irrigation water salinity and quality attributes. The soil salinity 

degradation and potential yield reduction on typical crops in the study area have been described in the 

next section, also, the leaching of soil salinity for management of irrigation water quality.  

 Crop Tolerance to salinity 

Continuous irrigation with highly saline water causes accumulation of salts in soils zones. The high 

soil salinity affects osmotic pressure and ability of plants roots to extract water, also may decrease 

infiltration if salinity is of high sodicity in addition to specific ions toxicity. The plant yield is 

considerably reduced under these effects.  The different crops can tolerate  high salinity of  irrigation 

water and soil  water (without yield reduction)  up to certain threshold values specific to each crop, 

exceeding the threshold values of salinity causes a reduction of yield in a constant rate related to 

exceeding salinity, (Ayers, 1977) .  Comparing the groundwater salinity of the collected samples with 

the work of Ayers (1977) the percentage of groundwater samples which have high salinity enough to 

cause 10%, 25% and 50%  reduction of typical crops in the study area, (Onion, Dry Beans, Corn, 

Potato and Alfalfa, Barley and Wheat) are given in Table (5) . Obviously wheat and pearly are 

considered the best crops that can be cultivated in the study area using the groundwater without a 

proper treatment. 

Table5.  Percentage  of Groundwater Samples of Salinity Causing  10%, 25% and 50% Yield Reduction of 

Typical Crops in the Study Area, According to (Ayers, 1977). 

Item Barley Wheat alfalfa Potato Corn Onion Dry beans 

10% 1.5% 2% 24% 24% 24% 45% 34% 

25% 

 

1.5% 12% 12% 12% 20% 19% 

50% 

  

3% 12% 12% 15% 19% 
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 Leaching of Soil Salinity -Leaching Fraction (LF) & Leaching Requirements (LR)- 

Where salinity is a hazard in irrigation water, the only economical means of salt control is to ensure a 

net downward flow of water through the crop root zone and drainage over time. In this case, the 

normally defined net irrigation water requirement must be expanded to include an additional 

increment of water for leaching. The leaching requirement is the minimum fraction of the total applied 

and infiltrated water (irrigation plus precipitation) that must pass through the crop root zone to prevent 

a reduction in yield from excessive accumulation of salts . Leaching occurs whenever the infiltrating 

part of the irrigation and rainfall exceeds the crop evapotranspiration and the water storage capacity of 

the soil. In humid regions precipitation is normally sufficient to adequately flush salts from the crop 

root zone. In arid regions as in our case, additional irrigation water must be applied to assure adequate 

leaching fraction. Depending upon the degree of salinity control required, leaching may occur 

continuously or intermittently at intervals of a few months to a few years. Hence applying a leaching 

fraction requires careful management to assure efficient drainage to flush salts out of the soil zone 

without affecting groundwater salinity or ties of water table.  The amount of water required for 

leaching is termed Leaching Requirement (LR), it is calculated using equation (3) which is described 

by (Ayers and Westcot 1985). 

LR= ECw / (5ECe-ECw)………                                                                                                         (3) 

Where, LR = leaching requirement ratio, ECw = EC of the irrigation water (dS /m), ECe is estimated 

EC of the average saturation extract of the soil root-zone profile for given crop’s at a maximum yield 

potential (dS/ m) as presented by Ayers and Westcott (1985). As the salinity of  irrigation water 

increases , the reduction of crop yield increases and the extra   water required for leaching salts 

increases, this stresses the availability of water resources (particularly in arid areas as the one under 

study which use groundwater for irrigation) and may cause drainage problems in the root zone. 

Considering these constrains , the salinity leaching  approach has been suggested and applied here  in 

this work (only for conditions of 10% crop yield reductions) ; other ways  are recommended for crop 

reductions > 10% (such as blending or altering the sequence of higher salinity crops as best possible 

cropping pattern). The salinity values of the groundwater samples that cause 10% reduction of typical 

crops in the study area and the soil salinity threshold values of zero % yield reduction of these crops 

were applied in equation (1) to calculate the leaching requirements. The following Table (6), 

summarize the calculated value of the leaching requirements ratio. 

Table6. Statistical Values for Leaching Requirements of 10% Yield Reduction in the study area 

Item Barley Wheat Alfalfa Potato Corn Onion Dry Beans 

Max. 0.35 0.34 0.78 0.67 0.67 0.60 0.61 

Min. 0.35 0.34 0.26 0.25 0.25 0.27 0.25 

Av. 0.35 0.34 0.49 0.37 0.37 0.37 0.42 

The total amount of water required for irrigation of a specific crop (WQ) will sum the values required 

for crop growth (Evapotranspiration ET) and that required for leaching (Leaching Requirement LR).  

This has been calculated using equation (2), where LR is determined in this work and ET extracted 

from Agriculture Economic Bulletin (2009), the results given in Table (7). 

WQ = ET / (1-LR)…….                                                                                                                      .(4) 

Table7. The Total Amount of Water Required (m3/Fadden) for Irrigation of Specific Crops (WQ) in the study 

area  

Item Barley Wheat Potato Dry Beans 

Max. WQ 1773.846 2339.394 6245.455 2935 

Min. WQ 1773.846 2339.394 2748 2874.25 

Av. WQ 1773.846 2339.394 3271.429 2874.42 

5. CONCLUSION 

The present work introduces a hydrochemical characterization, source of salinity evaluation and 

hazards of water quality on irrigation as well as management of salinization of the groundwater of 

Eocene aquifer in west El Minia Governorate, Upper Egypt, the results of major ions of 67 

groundwater samples have been used for that.  The salinity ranges from 185 to 5160 mg/l with a mean 

value of 1216 mg/l. About 74% of the samples are classified as slightly saline, 27 % are classified as 
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moderately saline and 9% as fresh water. The relative abundance of cations is Na>Mg>Ca>K for all 

collected samples, Cl>HCO3>SO4 in 81% and HCO3>Cl>SO4 in 19% for anions dominance. 

Multivariate analysis of the data of this study was performed through Ionic and TDS Correlation 

Coefficient Matrix, Hierarchical cluster Analysis (HCA) and Principal Components Analysis (PCA) 

techniques using SPSS.22 software. The   hydrochemical facies and salinity evolution indicate that 

rock/water interaction processes (leaching, dissolution, ion exchange…) are major causes of salinity 

in the study area. The Analytic Hierarchy Process (AHP) which is one of the  Multi Criteria Decision 

Approach (MCDA) methods have been used  for development and application of a  new irrigation 

water quality index  in this work; it has been   revealed  that most of the sample (about 78%) are of 

relatively high salinity constrains for  irrigation uses  and  requires  salinity management and control.  

Based on the potential yield reduction on the typical crops in El Minia, only wheat and pearly are 

considered the best crops that can be cultivated in the study area using the groundwater without 

treatment.  The irrigation water required for salinity management by leaching have been calculated in 

this work and added to that needed for plant evapotranspiration, the results are overall sum of water 

requirement should be secured for planting in the study area. This information is important for 

decision makers to protect the resources and /or treat them for sustainable development. 
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