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HIS study was conducted to evaluate factors regulating

groundwater quality as applied mainly for agricultural use. For
these purposes, fourteen groundwater samples have been collected from
different locations of Minufiya Governorate, Egypt. Minufiya
governorate is located in the Nile Delta, 80 km north of Cairo, and its
groundwater resources are developed for water supply and irrigation
purposes. The groundwater samples were analyzed for various water
quality parameters such as pH, electric conductivity, soluble cations
(Na*, K*, Ca*? and Mg*), soluble anions (CI', HCO;, CO52 and SO,?),
macronutrients (NOs;, NH,, total P and total K), and micronutrients
(Fe, Mn, Zn and Cu). Chemical index like sodium percent (% Na),
sodium adsorption ratio (SAR), residual sodium carbonated (RSC)
and Kelley’s ratio (KR) were calculated.

Based on the analytical results, the abundance major ions are as
follows: HCO5” > CI" > SO,2 > COs2 and Na* > Mg*™ > Ca™ > K*,
Also, the examined samples for its content of macro and micro
nutrients can be arranged as K > NO5-N > NH,-N > P and Fe > Cu or
Mn >Zn, respectively. The studied water samples have pH values
ranged between 6.88 and 7.89. The analytical results indicated that,
14.28%, 57.15%, 64.29%, 92.86% of ground water samples classified
as good order based on EC, RSC, % Na and KR parameters,
respectively. On the other hand, 100% of groundwater sample is
excellent for irrigation purposes based on SAR, while 50% of samples
are marginally for irrigation dependable on its nitrate content. The
dominant hydrochemical facies of groundwater is Ca-Mg-HCO; and
Na-CI-SO, type. Assessment of water samples from various methods
indicated that groundwater in the study area is chemically suitable for
agricultural uses without any harmful effect on soil or plant.

Keywords: Groundwater, Chemical characters, Irrigation water,
Evaluation, Classification.

Water is essential to the existence of human and all living things. Groundwater
occurs almost everywhere beneath the earth surface not only in a single
widespread aquifer, but also in thousands of local aquifer systems. Man’s
activities such as food production and nutrition are dependent on water
availability in adequate quantities and good quality (Howari et al., 2005). Water
is the most common and widespread chemical compound in nature which is a



82 MANAL F. TANTAWY et al.

major constituent of all living creatures. Groundwater which occurs beneath the
earth surface is considered free from contamination, hence usable but
anthropogenic as well as natural factors are affecting the quality as well as quantity
of this valuable resource (Jain et al., 2009). It has been estimated that once
pollution enters the subsurface environment, it may remain concealed for many
years, becoming dispersed over wide areas of groundwater aquifer and rendering
groundwater supplies unsuitable for consumption and other uses (Nagarajan et al.,
2010).

Quality of water is assuming great importance with the rising pressure on
industries and agriculture and rise in standard of living. The adequate amount of
water is very essential for proper growth of plants but the quality of water used
for irrigation purpose should also be well within the permissible limit otherwise
it could adversely affect the plant growth (Deshpande and Aher, 2012). The
water used for irrigation is an important factor in productivity of crop, its yield
and quality of irrigated crops. The quality of irrigation water depends primarily
on the presence of dissolved salts and their concentrations. Water chemistry
differs depending on the source of water, the degree to which it has been
evaporated, the types of rock and mineral it has encountered, and the time it has
been in contact with reactive minerals (Arshid et al., 2011). Sodium absorption
ratio (SAR) and residual sodium carbonate (RSC) are the most important quality
criteria, which influence the water quality and its suitability for irrigation (USSL,
1954). In Egypt, groundwater is considered the third water resource for irrigation
after the river Nile and drains. Thus it is considered an important resource to
irrigate some agricultural areas in the Delta region, and some cultivated
lands not accessible to Nile water (Fahim et al., 1995).

The objective of the present work is (1) to understand the sources dissolved
ions, and (2) to assess the chemical quality of the groundwater through chemical
analysis and (3) to investigate the concentration of the total dissolved
constituents present in the ground water with respects to the standards of safe
potable water. Moreover, groundwater in the study area is utilized for
agricultural purposes hence hydro geochemistry is discussed in order to
understand water rock interaction process.

Study area: Minufiya Governorate is located in the Nile Delta, Egypt, which
lies between 30° 10" 14" to 30° 44' 6" North latitudes and 30° 49' 31" to 31° 15'
36" East longitudes. Minufiya Governorate occupies 2499 km? with an average
elevation about 12 m a. s. I. (Fig. 1). The cultivated area covers approximately
331,000 feddans. The most important economic activity in the area is agriculture.
Minufiya region comprise of alluvial soils which formed from the suspended
solid matter of the Nile, that were deposited every year during the flood season.
The suspended matter of the Nile is formed from the disintegration of the
eruptive and metamorphic rocks of the Ethiopian plateau through physical,
chemical and biological weathering factors. Delta alluvial soils are classified
according to soil taxonomy as order Vertisols.
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Mediterranean Sea

Minufiya
Governorate

Fig. 1. Study area and groundwater sampling location.

Climate: The climate of Minufiya Governorate belongs to the arid
Mediterranean type. It is characterized by a hot dry summer, and a general
dryness throughout the year except during the winter season. The average annual
rainfall in Minufiya Governorate is 40.5 mm, with the highest value (11 mm)
recorded in January. The rainfall is largely varied from year to year. The studied
area falls in drought prone area hence it is characterized by the erratic behavior
of the rainfall. The average of maximum temperature recorded in summer season
was 32.1 °C, while the average of minimum temperature recorded in winter was
18.2 °C. The relative humidity of the studied area recorded an average of 55
and 54% during winter and summer seasons, respectively. The maximum
evaporation rate occurs in summer reaching 6.5 mm/day, with the lowest (about
4.1 mm/day) evaporation rate recorded in the coldest months of December and
January. The average wind velocity ranged between 3.4 and 7.6 m/s, with the
highest and lowest values observed in March and November, respectively.

Material and Methods

Fourteen groundwater samples from dug wells covering entire Minufiya
Governorate were collected randomly during October 2012 (Fig. 1). After thirty
minutes from water pumping, samples of groundwater were taken at each
location separately. Samples were drawn with a precleaned plastic polyethylene
bottles. Prior to sampling, all the sampling containers were washed and rinsed
thoroughly with the groundwater. Water quality parameters such as pH and
electrical conductivity (EC) were analyzed immediately (APHA, 1995). The
bottles were sealed, sent to the laboratory and stored properly at 4 °C before
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analysis for other parameters. Groundwater samples were analyzed for its content
of soluble ions, i.e. the cations, calcium (Ca*?), magnesium (Mg*?), sodium (Na"),
potassium (K®), and the anions, chloride (CI), bicarbonate (HCOs), carbonate
(COz?) and sulfate (SO4?). Ca™ and Mg* content was determined by EDTA
titration method. Na® and K* content was determined by using a flame
photometer. CI” concentration was measured by silver nitrate titration. HCO5™ and
CO3? contents were measured by acid-base titration. SO, contents were
estimated by turbid metric method using turbidity meter. The studied water
samples were digested by HNO; for measuring some selected macro and micro
nutrients (Cottenie et al., 1982). NOs-N and NH,-N in groundwater samples
were measured according to the methods described by Page et al. (1982).
Phosphorus (P) was measured spectrophotometrically as presented by Cottenie et al.
(1982). Total potassium (K) was determined photometrically, using flame
photometer according to Page et al. (1982). Also, total iron (Fe), manganese
(Mn), zinc (Zn) and copper (Cu) were determined by atomic absorption
spectrophotometer (Cottenie et al., 1982).

Groundwater quality was evaluated based on its calculated values of some
chemical indexes like sodium adsorption ratio (SAR) and EC (USSL, 1954).
Residual sodium carbonate (RSC), sodium percent (%Na) and Kelly’s ratio (KR)
were calculated as described by Eaton (1950), Wilcox (1955) and Kelly (1940) ,
respectively. Hydrochemical facies of the studied area was determined as
demonstrated by Piper (1953). Also, the studied groundwater samples were classified
according to its EC, SAR and %Na values (USSL, 1954 and Wilcox, 1955).

Results and Discussion

Groundwater chemistry

The chemical composition of groundwater results from the geochemical
processes occurring as water reacts with the geologic materials which it flows
(Appelo and Postma, 2005). The water analyses included pH, EC, all major
anions, cations and macro and micro nutrients of the studied samples have been
described as follows.

Water pH and salinity

pH is one of the important factors of groundwater. In the study area pH varies
from 6.88 to 7.89 (Table 1). This indicates the groundwater is neutral or slightly
alkaline. The lowest pH value (6.88) was noticed in sample No. 10 and the highest
pH value (7.89) appeared in sample No. 9. Except the groundwater number 10, all
samples have an alkaline pH (> 7.0). The found pH values for the studied
groundwater lie in a safe range of pH (6.5 - 8.4). The pH of groundwater typically
ranges from about 6.5 to 8.5, depending on the type of soil and rock that has reacted
with the groundwater (Sutharsiny et al., 2012). So, the examined groundwater is
suitable for irrigation without danger of pH on either soil or plant (Ayers and
Westcot, 1985). Electrical conductivity (EC) is an indication of the concentration of
total dissolved salts and major ions in a given water body. Groundwater EC (dSm™)
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values of the study area ranged between 0.65 and 1.62 dSm™, with a minimum value
being observed in sample No. 3 and maximum EC value was noticed in sample No.
10 (Table 1). The existing data suggest that, salinity of groundwater may be affected
by the dissolution of salts from soil and aquifer material, and from the greatly
increased infiltration from irrigated land leaching out the salts present in soil (Ayers
and Westcot, 1985 and Deshpande & Aher, 2012).

Soluble cation

The analytical results of groundwater content (meg/l) of soluble cations, i.e.
Na*, K*, Ca™ and Mg*? are presented in Table 1. Generally, groundwater samples
in the study area appeared with the predominant cation of Na* followed by Mg*?,
Ca*?and K*. Except samples No. 3 and 12 the dominant cation was Mg*? followed
by Ca™ and/or Na*. In all samples K* came late in the order. Water concentration
of Ca™ and Mg*™ ranged from 1.9 to 4.9 meg/l and 1.70 to 5.92 meq/l,
respectively. Sodium content ranged between 2.31 and 7.59 meqg/l, while
potassium content ranged from 0.10 to 0.41 meg/l. Superiority of sodium may be
due to sodium compounds serve many different industrial purposes, and may also
end up in water from industries and fertilizers (Ayers and Westcot, 1985).

TABLE 1. Groundwater pH, EC (dSm™) and their content (meq/l) of soluble ions.

Soluble ions (meqg/l)

Sample EC

No. pH (dsm?) Soluble cations Soluble anions

Na* | K* | ca” | Mg*® | HCO; | CO3? | CI' | SO,?
1 7.52 0.80 350 | 025 | 1.7 2.60 6.0 0.0 14 | 0.65
2 7.80 0.74 288 | 0.31 2.1 2.30 6.0 0.0 1.3 0.29
3 7.47 0.65 231 | 010 | 17 2.50 5.0 0.0 12 | 041
4 7.19 0.89 391 | 041 | 22 2.52 5.9 0.0 2.0 1.12
5 7.02 1.49 759 | 021 | 29 4.01 6.4 0.0 39 | 440
6 7.51 0.82 410 | 0.10 19 2.30 4.2 0.0 2.8 1.40
7 7.49 151 491 | 0.11 4.2 5.92 115 0.0 29 0.74
8 7.65 0.89 412 | 0.24 2.0 2.68 6.5 0.0 2.3 0.24
9 7.89 1.23 479 | 0.19 35 4.30 7.8 0.0 2.8 2.18
10 6.88 1.62 595 | 034 | 43 5.90 8.9 0.0 3.7 3.89
11 7.39 1.10 411 | 025 | 29 3.80 75 0.0 2.4 1.16
12 7.01 1.29 3.44 | 018 | 40 4.90 10.0 0.0 18 | 072
13 7.71 0.92 3.88 | 0.11 25 3.30 7.1 0.0 1.9 0.59
14 7.69 0.95 348 | 021 | 23 4.00 8.0 0.0 1.7 | 0.29
Max. 7.89 1.62 759 | 041 | 490 | 5.92 115 0.0 3.90 | 4.40
Min. 6.88 0.65 231 | 010 | 1.90 | 1.70 4.2 0.0 120 | 0.24

Average | 7.44 1.06 421 | 022 | 291 | 3.46 7.2 0.0 229 | 1.29
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Moreover, sodium is a more common by product in groundwater as a result
of the breakdown of clay minerals (Deshpande and Aher, 2012). Exceeding Mg*?
could be related to large number of minerals contain magnesium; magnesium is
washed from rocks and subsequently ends up in water. It also ends up in the
environment from fertilizer application and from cattle feed. On the contrary,
low concentration of K is due to the fact that potassium minerals offer resistance
to weathering and dissolution (Deshpande and Aher, 2012). All water samples in
the study area recorded safe concentrations of soluble cations for both soil and
plant (Ayers and Westcot, 1985).

Soluble anion

Water samples have a moderate content (meg/l) of soluble anions, i.e. HCO5',
CI', and SO, (Table 1). The predominant soluble anions of all water samples
were HCO; followed by CI', except the samples No. 5 and No. 10 which HCO3
followed by SO, The bicarbonate content in the sampling sites ranged from 4.2
meq/l in the sample No. 6 t011.5 meg/l in the sample No. 7. Chloride contents
were found to be varying from 1.2 meg/l (sample No. 3) to 3.9 meqg/l (sample
No.5). The sulphate content ranged between 0.24 and 4.40 meg/l, with the lowest
level being recorded in sample No. 8 and the highest concentration was noticed
in sample No. 5. Water samples are free from any concentration of soluble
carbonate, that all samples have had zero meg/l of CO3? value (Table 1). Based
on cations concentration, all samples were within the maximum permissible limit
for irrigation purposes according to Ayers and Westcot (1985).

Groundwater content of macro and micro nutrients

The analytical results for macro and micro nutrients of the groundwater
samples collected from the study area are given in Table 2. The data reveals that,
water samples content (mg/l) of NOs-N was higher than that of NH4-N. This
result was attributed to that the high amounts of NO3s-N may be leached down
with irrigation water compared with that of NH,-N. Sample No. 6 achieved the
highest content of both ammonium and nitrate. The groundwater samples content
(mg/l) of NH4-N ranged from 2.06 in the sample No. 2 to 4.88 in the sample No.
6. The nitrate content ranged from 3.5 mg/l in sample No. 14 to 9.8 mg/l in
sample No. 6. Groundwater samples are characterized by low concentration of
total P and ranged from 0.03 mg/I in the sample No. 5 to 0.14 mg /I in the sample
No. 6. The found level of P in the examined water samples was safe and that
means these waters are considered suitable for irrigation purposes (Ayers and
Westcot, 1985). The total potassium contents in the sampling sites ranged from
4.29 to 15.90 mg/l, with a minimum content being observed in sample No. 13
and maximum K content noticed in sample No. 4 (Table 2). Exceeding K
compared with P and N in the examined water samples may be due to the type
and quantities of the applied fertilizers in the study area (Appelo & Postma, 2005
and Deshpande & Aher, 2012). In groundwater systems, NOz supplied either by
infiltrating water or produced through nitrification, also can be removed by
denitrification under anoxic conditions. Organic matter degradation is often the
major source of both groundwater NH4 and PO,. Under oxic conditions, NHj is
effectively removed through nitrification while phosphorus (P) is attenuated
Egypt. J. Soil Sci. 55, No. 1 (2015)
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through sorption onto iron and aluminum oxides (Hem, 1985 and Claudette et al.,
2008).

TABLE 2. Groundwater samples content (mg/l) of some macro and micronutrients.

Sample Macronutrients (mg/l) Micronutrients (mg/l)

No. NHs,-N | NOz-N P K Fe Mn Zn Cu
1 4.03 491 0.07 9.75 0.41 0.06 0.03 0.08
2 2.06 4.18 0.05 12.10 0.27 0.08 0.02 0.15
3 4.60 8.60 0.08 4.90 0.16 0.18 0.06 0.09
4 4.10 5.60 0.08 15.90 0.68 0.10 0.07 0.19
5 2.30 9.05 0.03 13.19 0.35 0.20 0.08 0.16
6 4.88 9.80 0.14 6.90 0.61 0.41 0.05 0.18
7 4.20 8.37 0.12 9.29 0.21 0.02 0.04 0.11
8 4.8 6.02 0.09 9.36 0.74 0.42 0.12 0.21
9 4.02 7.25 0.11 7.41 0.55 0.01 0.05 0.14
10 2.08 4.05 0.10 13.20 0.38 0.32 0.07 0.21
11 2.57 4.81 0.05 9.75 0.42 0.01 0.06 0.25
12 3.20 4.73 0.13 7.02 0.45 0.28 0.04 0.17
13 3.66 4.50 0.08 4.29 0.35 0.11 0.03 0.23
14 3.06 3.50 0.08 8.19 0.39 0.11 0.06 0.13
Max. 4.88 9.80 0.14 15.90 0.74 0.42 0.12 0.25
Min. 2.06 3.50 0.03 4.29 0.16 0.01 0.02 0.08
Average 3.54 6.10 0.09 9.38 0.43 0.17 0.06 0.16

Groundwater content of the examined total micronutrients in the study sites are
recorded in Table 2. Iron was the most abundant micronutrient followed by Mn
and/or Cu, while Zn takes the lowest value. Iron concentration varied from 0.16 to
0.74 mg/l with an average of 0.43 mg/l. High values of Fe compared with the
others may be attributed to the weathering of marcasite and iron oxide coating in
sediments which might have contributed this ion (Anandhan, 2005). Manganese
was found to be in the range of 0.01 to 0.42 mg/l, with a minimum level noticed in
sample No. 11 and maximum value in sample No. 8 (Table 2). Zinc contents were
found to be varying from 0.02 to 0.12 mg/l, the lowest level being recorded in
sample No. 2 and the highest Zn concentration has been observed in sample No. 8.
Copper contents in the water samples varied from 0.08 to 0.25 mg/l, which
accompanied sample No. 1 and sample No. 11, respectively. Generally,
interpretation of macro and micro nutrients data (Table 2) shows that, all water
samples are within the acceptable limit for irrigation purposes according to
Ayers and Westcot (1985).

Groundwater quality parameters
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Hydrochemical facies (Piper Diagram)

To know the hydrochemical regime of the study area, the analytical values
obtained from the water samples are plotted on Piper (1953) trilinear diagram
(Fig. 2 & 3). This diagram consists of two lower triangles that show the
percentage distribution, on the milliequivalent basis, of the major cations (Mg*?,
Ca*? and Na* plus K*) and the major anions (CI°, SO, > and CO3? plus HCO3)
and a diamond shaped part above that summarizes the dominant cation and anion
to indicate the final water type. This classification system shows the anion and
cation facies in terms of major-ion percentages. Hydrochemical facies are
distinct zones that possess cation and anion concentration categories and this
concept helps to understand and identify the water composition in different
classes. The water types are designated according to the area in which they occur
on the diagram segments (Fig. 2 & 3).

Chemical data of representative samples from the study area are presented by
plotting them on a Piper diagram (Fig. 3). The cation distribution indicates that
the samples range in composition form predominantly mixed cations to
sodium/potassium type. In the anions triangle (triangle on the right), 13 samples
plotted towards the HCOj3™ corner indicating bicarbonate type water, while one
sample plotted toward mixed anion. The diamond diagram shows that majority
of the groundwater samples fall in the field of mixed Ca* - Mg*® - HCO; type
and just one sample (7.14% of the samples) belong to Na*-CI'-SO, type of
water (Fig. 3). It is also observed from the piper plot that groundwater in the
region is alkaline earths (Ca* and Mg*?) significantly exceeds the alkalis (Na*
and K*) and the weak acids (HCO3) exceed the strong acids (SO, and CI). The
analytical results of hydrochemical facies are in harmony with those obtained by
Aghazadeh & Mogaddam (2010) and Vikas et al. (2012).

Ammonium and nitrate

Nitrogen in water occurs predominantly as either the anion nitrate (NO3)
under oxidizing conditions or the cation ammonium (NH,) under reducing
conditions. Ammonium is unstable in oxidizing environments such as aerated
groundwater (Hem, 1985). For this reason, high concentration of NH, in shallow
groundwater is indicator of likely contamination by sewage or other forms of
organic waste. Nitrate is commonly used as fertilizer; high nitrate concentrations
generally indicate contamination by fertilizer or by either human or animal
organic waste. The analytical data in Table 2 and its classification categories
recorded in Table 4 show that, all water samples having less than 5 mg/l of NH,
value. Thus, groundwater is suitable for irrigation without danger of ammonium
on either soil or plant (Ayers and Westcot, 1985). However and based on NOs,
50% of water samples are suitable and 50% of water samples having marginally
quality for irrigation (Table 4).

Chloride (CI)

Chloride originates from sodium chloride which gets dissolved in water from
rocks and soil. It is good indicator of groundwater quality and its concentration
in groundwater will increase if mixed with sewage or sea water. The minimum
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and maximum contents of CI" were 1.2 and 3.9 meq/I , respectively (Table 1). As
per the classification based on all of water samples (100%) belong to suitable
group, which all samples having less than 4 meq/l of CI" value (Table 4). Thus,
groundwater is suitable for irrigation without danger of chloride on either soil or
plant (Ayers and Westcot, 1985).

A: Ca-type 1: Mixed Ca Mg HCO;
B: Mixedzone 2: Mixed Na,Cl,50,

C: Mg-type 3:NaHCO;

D:Na & K- type of \@ 4 MixedCaMg,50,Cl
E: HCOO-Lype N

F: S04-type

G Cl- type

S YRVERYA _
0 20 Cl 80100 M08 Ca 200 0 2 ¢ 8 100
Anions

Left: Trilinear diagram showing water type, right: Piper diagram reflecting studied water type.

Fig . 2 and 3. Chemical facies of groundwater samples plotted in Piper diagram.

Electrical conductivity (EC)

The most significant water quality guideline on crop productivity is the
salinity hazard as measured by electrical conductivity (EC). Classification of
groundwater based on salinity hazard was done according to the
recommendation of Wilcox (1955). Based on EC data presented in Table 1 and
its classification groups recorded in Table 4, 14.28 % of the selected wells have
good quality, 85.72% have doubtful quality and no wells come under unsuitable
for irrigation. Also, the presented data in Table 4 indicate two water samples can
be used for irrigation without EC problem and high attention could be taken
when adding the other water samples to the soil (Wilcox, 1955). The primary
effect of high EC water on crop productivity is the inability of the plant to
compete with ions in the soil solution for water. Higher the EC, less water is

available to plants (Tatawat and Chandel, 2008).
TABLE 3. Groundwater values of SAR, % Na, RSC and KR parameters in the
studied area.
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Sample No. SAR % Na RSC (meqg/l) KR
1 2.61 435 1.70 0.81
2 1.60 37.9 1.60 0.65
3 1.26 34.9 0.80 0.55
4 2.58 43.3 1.20 0.83
5 4.10 51.6 -0.50 1.10
6 2.34 48.8 0.00 0.98
7 2.18 324 1.38 0.49
8 2.26 45.6 1.82 0.88
9 2.43 375 0.00 0.61
10 2.63 36.1 -1.30 0.58
11 1.87 37.2 0.80 0.61
12 1.63 275 1.10 0.39
13 2.32 39.6 1.50 0.67
14 1.96 34.8 1.70 0.55
Max 4.10 51.60 1.82 1.10
Min. 1.26 27.50 -1.30 0.39
Average 2.27 39.34 0.84 0.69

TABLE 4. Classification of groundwater on the basis of NO3;, NH,, Cl, EC, SAR,
SSP, KR and RSC parameters.

Parameter Range Water class No. of sample | % of samples
<5 Suitable 7 50.0
NOs-N (mg/1) 5-30 Marginally 7 50.0
(Ayers and Westcot, 1985) 30 Unsuitable - -
NH.-N (mg/1) 51?0 Msal:'giar?;ﬁy A-” 1C_)0
(Ayers and Westcot, 1985) 30 Unsuitable - -
<4 Suitable All 100
CI' (meq/l) 4-10 Marginally - -
(Ayers and Westcot, 1985) 10 Unsuitable - -
< 250 Excellent - -
EC (micromhos/cm) 250-750 Good 2 14.28
(USSL, 1954) 750-2250 Doubtful 12 85.72
> 2250 Unsuitable - -
<10 Excellent All 100
SAR 10-18 Good - -
(USSL, 1954) 18-26 Doubtful - -
> 26 Unsuitable - -
<1.25 Good 8 57.15
?Eifogmfggg) 125 250 Doubtful 6 42.85
' > 2.50 Unsuitable - -
<20 Excellent - -
0 20-40 Good 9 64.29
% Na —
(Wilcox, 1955) 40-60 Permissible 5 35.71
60-80 Doubtful - -
>80 Unsuitable - -
KR <1 Good 13 92.86
(Kelley, 1940) >1 Unsuitable 1 7.14

Sodium adsorption ratio (SAR)
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The sodium adsorption ration (SAR) indicates the effect of relative cation
concentration on sodium accumulation in the soil; thus, SAR is a more reliable
method for determining this effect than sodium percentage (USSL, 1954).
Sodium adsorption ration (SAR) is calculated using the following formula (1),
where all ionic concentrations are expressed in meg/I.

SAR = Na/[(Ca + Mg) /2] )

Sodium adsorption ratio (SAR) is considered one of the important parameters
used to define and determine water quality and its suitability for irrigation
(USSL, 1954). The calculated values of SAR were recorded in Table 3 and its
classification groups recorded in Table 4. The maximum and minimum values of
SAR were 4.10 and 1.26 , respectively. As per the classification based on all of
water samples (100%) belong to excellent group, that all samples having less
than 10 of SAR value. Thus, groundwater is suitable for irrigation without
danger of exchangeable sodium on either soil or plant (USSL, 1954).

Sodium percent (% Na)

Sodium concentration plays an important role in evaluating irrigational
quality of groundwater. A high concentration of sodium is undesirable as sodium
is adsorbed on the exchange sites causing soil aggregates to disperse, reducing its
permeability (Arshid et al., 2011). The sodium in irrigation waters is also
expressed as percent sodium or soluble sodium percentage (%Na) and it was
calculated by using formula (2) proposed by Wilcox (1955), where all ionic
concentrations are expressed in meg/I.

% Na = [Na/(Ca+ Mg+ K + Na)] = 100 @

The calculated results in Table 3 and its classification categories presented in
Table 4 show that, the highest value (51.6) of % Na recorded to sample number 5,
while the lowest value (27.5%) associated water sample number 12. The
classification of groundwater samples with respect to percent sodium is shown in
Table 4. Out of selected wells, 64.29% (9 samples) have good irrigation water quality
and 35.71% (5 samples) have permissible irrigation water quality (Tables 3 & 4).
When the concentration of sodium ion is high in irrigation water, Na+ tends to be
absorbed by clay particles, displacing magnesium and calcium ions. This exchange
process of sodium in water for Ca™ and Mg'? in soil reduces the permeability and
eventually results in soil with poor internal drainage (Tatawat and Chandel, 2008).

Residual sodium carbonate (RSC)

Residual sodium carbonate (RSC) has been calculated to determine the
hazardous effect of carbonate and bicarbonate on the quality of water for
agricultural purpose and has been determined by the equation (3) as described by
Eaton (1950), where all ionic concentrations are expressed in meg/I.

RSC = (HCDE + COq ] — [CEI + Mg] 3)
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In water having high concentration of bicarbonate there is tendency for
calcium and magnesium to precipitate as carbonates. The classification of water
quality for irrigation on the basis of RSC was proposed by Eaton (1950) and is
shown in Table 4. The values of RSC range from —1.30 to 1.82 meg/l with an
average value 0.84 meq/l (Table 3). Based on RSC values, 8 samples of study
area having values less than 1.25 meg/l and were safe for irrigation while 6
samples are with range 1.25-2.5 meqg/l and indicate doubtful category for
irrigation purposes.

Kelly’s ratio (KR)

Sodium measured against Ca*? and Mg*? is used to calculate Kelley’s ratio
(Kelly, 1940). The formula used in the estimation of Kelley’s ratio is expressed
in equation (4).

KR = Na®/(Ca™® + Mg*?%) @)

A Kelley’s ratio (KR) of more than one indicates an excess level of sodium in
waters. Hence, waters with a Kelley’s ratio less than one are suitable for irrigation,
while those with a ratio more than one are unsuitable for irrigation. 92.86%
Kelley’s ratio (KR) values for the groundwater of study area are less than 1 and
indicate good quality water for irrigation purpose while remaining 7.14% is more
than 1 indicates the unsuitable water quality for irrigation (Table 4). Based on this
classification, all of groundwater samples belong to the good category except
one sample which falls in unsuitable category (Table 4).

Classification of groundwater

The combination of EC and SAR had also been used to determine the
suitability of water for irrigation. The US salinity diagram (U.S. Salinity
Laboratory Staff, 1954) was used to classify the groundwater samples for
irrigation (Fig. 4, left side). In US salinity diagram, EC is taken as salinity hazard
and SAR as alkalinity hazard. Out of 12 ground water samples tested, 85.72%
fall under C3S1, indicating high salinity and low alkali hazard. 14.28% of wells
(2 samples) fall in C2S1 quality with medium salinity hazard and low sodium
hazard. Moreover, the classification of groundwater samples from the study area
with respect to salinity hazard (EC) and sodium percentage (%Na) is represented
in Fig. 4, (right side) according to Wilcox (1955). The Wilcox diagram relating
sodium percentage and electrical conductivity shows that, 85.72% of the
groundwater samples fall in the field of good to permissible and 14.28% of the
groundwater samples fall in the field of excellent to good for irrigation. Base on
the US salinity and Wilcox diagrams (Fig. 4), it can conclude that the examined
groundwater sources can be used to irrigate all types of soils with little danger of
exchangeable sodium. Also, this water can be used on soils with considerable
drainage like in the case of the study area. However, even with adequate
drainage, special measures for salinity control may be required. Salt tolerant
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plants like asparagus, beet, sorghum, and cauliflower could be selected to grow
in these soils (Sutharsiny et al., 2012).
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Left: after USSL (1954), right: after Wilcox (1955) .

Fig. 4. Rating of groundwater samples in relation to salinity, sodium hazard and
percent sodium.

Conclusion

1. The type of water that predominates in the study area is Ca-Mg-HCO; type
during the year 2009, based on hydrochemical facies.

2. Though the suitability of water for irrigation is determined based on SAR,
SSP, RSC, KR and salinity hazard, it is only an empirical conclusion. In
addition to water quality, other factors like soil type, crop type, crop pattern,
frequency and recharge (rainfall), climate, ... etc. have an important role to
play in determining the suitability of water.

3. Water that is not suitable based on the above classification may be suitable
in well-drained soils.

4. The suitability of water for irrigation is evaluated based on SAR, %Na, RSC
and salinity hazards. Most of the samples in Minufiya Governorate fall in the
suitable range for irrigation purpose either from SAR, SSP, RSC or KR
values.

5. About 86% of the samples are grouped within C3S1 classes and about 14%
of the samples are located in C2S1 classes (Fig. 4).
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6. Most of the samples in Minufiya Governorate fall in the suitable range for
irrigation purpose from USSL and Wilcox diagrams.
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