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AMPLES of agricultural drainage water were collected monthly

from the drains of Bahr El-Baqar, Bilbies and El-Qalyubia, East
Delta, Egypt for one year from October 2013 to September 2014 to
evaluate water quality and suitability for irrigation purpose. According
to the USDA water was classified as class high salinity low sodicity
(C3S1) which cannot be used on soils with restricted drainage. With
adequate drainage and special management for salinity control and
plants with good tolerance to salinity, the water could be used for
irrigation. According to Gupta classification, water of Bahr El-Bagar
drain is classified as low salinity with no sodicity (C2S0) while water
of Bilbies and El-Qalyubia drains is classified as normal water with
non-sodic (C1S0) and can be used for irrigation to most crops on most
soils. Water of the three drains are suitable for most crops except the
salinity sensitive ones and can be used to irrigate all soils except the
very heavy textured, with impeded drainage. These waters do not have
any problems regarding sodicity.

Keyword : Bahr El-Bagar, Bilbies, EI-Qalyubia, Drains, Water quality,
Egypt .

Water shortages have become increasingly serious problems in Egypt due to the
prevailing arid and semi-arid climate on one side and the high quantities of water
requirement for the agricultural expansion and soil reclamation on the other side.
In Egypt limited water resources necessitates the reuse of agricultural drainage
water in irrigation. However, there are some concerns about the quality of such
waters. Utilization in irrigation of untreated or partially treated waste waters can
give rise to pollution problems in surface and ground waters as well as soils and
plants. Pollution of drainage water and water resources with heavy metals is one
of the most serious problems (UNEP, 1991 and Da Costa et al., 1996).

About 12 billion m® of water are drained yearly, and only about 4.2 billion m*
are reused, particularly in the Nile Delta about 420000 ha were irrigated with
such waters (Abu, 2011). The Reuse of this drainage water without suitable
treatment may cause adverse effects on soil and crop. One of the most polluted
drains in Egypt is Bahr El-Bagar drain (Abdel-Shafy and Aly, 2002). The Bahr
El-Bagar coordinates are 31°7'0" N and 32°6'0" E. Bahr El-Baqar is located in
the eastern part of the Nile Delta and runs for about 170 km from Cairo to Lake
Manzala. Arable lands irrigated by water of this drain and its tributaries are
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about 317,000 ha. The main drain collects water from the two secondary drains
of Bilbeis and Qalyubya, which collect water from the two drains, of Gabal El
Asfar and Shebeen (DRI, 2005). Bahr El-Bagar drain receives untreated waste
water starting from east of Cairo, at EI-Gebel El-Asfar and then joined by the
Belbeis drain, down to Qalubiya drain. The length of the main drain is 170 km
with a depth of 1 to 3 meter and width is about 30 to 70 meter (Taha et al.,
2004). ElI-Manzala Lake receives and carries the greatest part of wastewater
(about 3 million m® per year) into Lake, which passed through Qalubyia,
Sharkia, Ismailia and Port Said regions. Four main sources of pollutants cause
deterioration in Bahr El-Bagar drain. Waste waters of the industrial activities in
region including metal, food processing, detergents and soaps manufacturing,
textile and paper production are discharges into the drain. These soils receive
many pollutants, such as heavy metals including lead, cadmium, nickel, and
mercury (Park and Shin, 2006). Prolonged use of such drain water for irrigation
leads to accumulation of heavy metals in Port-Said soils (Ali et al., 1993). Water
quality, chemical composition, and hazardous effects on Lake Manzala water and
living organisms caused by Bahr El-Bagar drain water were studied by Rashed &
Holmes (1984), Khalil (1985) and Ezzat (1989). The discharge of industrial,
agricultural and municipal wastewaters in Bahr El-Bagar drain led to
contamination of soils, which irrigated by water of this drain. Saad (1997)
concluded that 58% of the total drainage water of Bahr EI-Bagar drain comes from
agricultural drainage, 2% from industrial drainage and 40% from domestic and
commercial drainage. The present study focuses on the quality of Bahr El-Baqar,
Bilbies and El-Qalyubia Drains in Eastern Delta for agricultural irrigation.

Materials and Methods

Water samples were collected monthly from Bahr El-Bagar, Bilbies and El-
Qalyubia drains, which are located in East Eastern Delta, Egypt for one year
from October 2013 to September 2014 to evaluate water quality for use in
agricultural irrigation. Samples were collected from the beginning, middle and
end of each drain. The size of the sample was about 4 liters. Precaution was
taken to avoid sample contamination. Samples were filtered immediately and
stored in plastic bottles at 4° Celsius until analysis. Samples were analyzed in the
laboratory for the major ions chemistry employing standard method (APHA,
1995). Calcium (Ca*") and magnesium (Mg=") were determined titrimetrically
using standard EDTA, chloride (CI") by standard AgNOs; titration, bicarbonate
(HCO;3) by titration with HCI, sodium (Na®) and potassium (K*) by flame
photometry. EC and pH were measured directly insitu.

Criteria for judging the validity of water were soluble sodium percentage
(SSP), sodium adsorption ratio (SAR), exchangeable sodium percentage (ESP),
sodium to calcium activity ratio (SCAR), residual sodium carbonate (RSC),
residual sodium bicarbonate (RSBC), permeability index (PI), potential salinity
(PS), Kelly ratio (KR) and magnesium adsorption ratio (MAR). Further, the
results of the analyses were interpreted using graphical representations like
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United States Salinity Laboratory (USSL), Wilcox Diagram, Piper Diagram and
Doneen plots.

Soluble sodium percentage (SSP)

High sodium ion concentration in soil can take a toll on internal drainage
patterns in soil as release of calcium and magnesium ions are facilitated due to
absorption of sodium by clay particles. SSP was calculated using the following
equation :

Na*
SSP = __Na 100 (Todd, 1980
Na' + K+ CaZ + Mg? ) ( )

where, concentrations of all ions have been expressed in mmol, / L. Water with
SSP less than 60 is safe with little sodium accumulations that will cause a
breakdown of the soil’s physical properties (Fipps, 1998).

Sodium adsorption ratio (SAR)
Sodium adsorption ratio is a measure of the sodicity of the soil. The SAR was
calculated using the following equation:

SAR = Na'*/ ([Ca®" + Mg®]/2)"? (USDA, 1954)

where, concentrations of all ions have been expressed in mmol./ L. The SAR
classes include, low, S1 (<10); medium, S2 (10-18); high, S3 (18-26); and very
high, S4 (>26).

Sodium to calcium activity ratio (SCAR)
SCAR can be calculated according to the relationships presented by Gupta
(1990) and presented in the following equation where all ions in mmol./ L.

SCAR = Na*/ (Ca*")"?

On the basis of SAR/SCAR, the irrigation waters may be classified in six
classes of sodicity, Non-sodic water, SO (<5); Normal water, S1 (5-10); Low
sodicity water, S2 (10-20); Medium sodicity water, S3 (20-30), High sodicity
water, S4 (30-40) and Very high sodicity water, S5 (>40).

Residual sodium carbonate (RSC)

Excess carbonate and bicarbonate ions over calcium and magnesium ions
lead to presence of sodium carbonate, its ion is higher than calcium ions which is
considered undesirable, because after evaporation leads to sodicity. The equation
is as follows:

RSC = (CO;™ + HCO?) - (Ca?* + Mg?") (USDA, 1954)

where concentrations of all ions have been expressed in mmol. L™. RSC classes
are no-hazard (<1.25), medium hazard (1.25-2.5) and extreme hazard (>2.5).
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Residual sodium bicarbonate (RSBC)

Since carbonate ions do not occur very frequently in appreciable
concentrations and as bicarbonate ions do not precipitate magnesium ions, Gupta
suggested that alkalinity hazard could be determined through this parameter,
which is calculated as follows:

RSBC = HCO - Ca** (ions concentration in mmol, L'l)

Based on RSC/ RSBC ratio there are six alkalinity classes as the follows:
non-alkaline water, A0 (negative value); normal water, Al (0); low alkalinity
water, A2 (2.5); medium alkalinity water, A3 (2.5-5); high alkalinity water, A4
(5-10) and very high alkalinity water, A5 (>10).

Permeability index (PI)
The PI given by the following formula (USDA, 1954 and Doneen, 1964):

Na*+ (HCO3)"?

Pl = Na++ca2++Mg2+

x 100

where, concentrations of all ions have been expressed in mmol, L. The PI
classification is as follows: Excellent (>75%), Good (25-75%) and Unsuitable
(<25%) (Al-Amry, 2008).

Potential salinity (PS)
Potential salinity (PS) was defined as the chloride plus half of the sulfate
concentration (Doneen, 1962 and Gupta, 1990).

PS = CI" + % SO,~ (ion concentration in mmol, L™)

The PS classification is as follows: permissible 5-20, 3-15 and 3-7, for soils of
good, medium and low permeability, respectively (Gupta, 1990).

Kelly’s index (KI)

Kelly’s index is used for the classification of water for irrigation purposes.
Sodium measured against calcium and magnesium is considered for calculating
this parameter. A Kl (>1) indicates an excess level of sodium in waters (Kelly,
1940). Therefore, waters with a Kl (<1) is suitable for irrigation, while those
with greater ratio are unsuitable (Sundaray et al., 2009). Kl is calculated by
using the formula; where all the ions are expressed in mmol,/ L.

K1 =Na*/ (Ca®* + Mg?") (ion concentration in mmol, L™)
Magnesium adsorption ratio (MAR)
Ca®* and Mg®" maintain a state of equilibrium in most waters (Hem, 1985).
High Mg?* in adversely affects soil rendering it alkaline (Kumar et al., 2007).
The magnesium hazard of irrigation water is evaluated using the MAR (Paliwal,
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1972) and is calculated by the following equation. The MAR classification is as
follows: safe (<50) and having Mg®* hazard (>50)

MAR = (Mg x 100) / (Ca** + Mg?")
Results and Discussion

Water pH

The main use of pH in a water analysis is for detecting abnormal waters. The
normal pH range for irrigation water is from 6.5 to 8.4. An abnormal value is a
warning that the water needs further evaluation. Irrigation water with a pH
outside the normal range may cause a nutritional imbalance or may contain a
toxic ion (FAO, 1985). Table 1 shows that pH of water is within the acceptable
range every month, as there was no much variations.

Salinity hazard

Table 1 shows the ionic composition of water. Water of Bahr EI-Bagar drains
was highly saline. The EC ranged from 7.33 to 7.70 mS/cm being of highly
saline category. The highest EC was during the month of February, while the
lowest EC was during the month of January. As for water of Bilbies drain, it was
of low to medium salinity. It ranged from 1.05 to 1.95 mS/cm. The lowest was in
November and the highest was in February. EI-Qalyubia Drain showed values of
1.05 and 1.41 mS/cm during the months of May and January, respectively.

According to USDA (1954), salinity classes range from low to very high. Water
in Bahr El-Bagar, Bilbies and EI-Qalyubia drains is of high salinity (C3), which
should not be used on soils with restricted drainage and if used, special management
for salinity control should be done and salt tolerant plants should be used.

According to Gupta classification (Gupta, 1979a, b) the irrigation waters are of
salinity hazard. Water in Bilbies and El-Qalyubia drains is considered normal
waters (C-1) and can be used for irrigation with most crops on most soils with little
likelihood that soil salinity to develop. Large areas of citrus trees, (salinity sensitive
plants) are irrigated for many years with waters having EC 1.5 dS/m, with small
leaching with relatively high Ca** and low CI", while water of Bahr El-Bagar drain
is considered of low salinity (C-2) and can be used if moderate leaching. Most
crops irrigated by such water are horticultural and mostly leguminous. These
waters do not have high sodicity problem (Gupta, 1990).

Relative abundance of cations in water of Bahr El-Bagar, Bilbies and El-
Qalyubia Drain was Na* > Ca®* > Mg? > K", respectively. Regarding anion
abundance for Bahr El-Bagar the pattern was CI" > HCO5;” > SO,” > CO;". The
pattern for Bilbies was CI" > HCO3;™ > SO,” > COj3". The pattern for EI-Qalyubia
was SO,” > ClI'>HCO5; > CO5".
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TABLE 1. Chemical analysis of waters of drains at different months (annual average
of the three drains).

EC Cations [mmol L] Anions [mmol.L"]

Month pH 2 2 . + - R . -

msiem | ca” | Mg” | Na* | K | cos | Heos | cr |so;

Bahr_El-Bagar Drain (D1)
Oct 7.43 143 4.23 2.03 5.90 0.43 0.30 4.27 4.03 | 4.00
Nov 7.43 1.67 3.83 3.33 8.67 0.43 0.37 4.83 7.33 | 3.73
Dec 7.40 1.60 5.03 417 543 | 037 0.30 5.67 577 | 3.27
Jan 7.33 157 3.93 3.30 6.10 0.53 0.27 5.13 4.67 | 3.80
Feb 7.70 2.00 4.13 4.17 7.63 0.60 0.37 6.33 5.27 | 457
Mar 7.37 147 4.07 2.83 6.53 0.50 0.50 5.37 4.47 | 3.60
Apr 7.47 1.60 3.80 3.60 8.07 0.40 0.43 4.63 5.87 | 4.93
May 7.47 147 3.87 3.57 5.27 0.47 0.53 4.33 5.00 | 3.30
Jun 7.50 147 6.70 240 5.20 0.43 0.27 4.47 7.27 | 2.73
Jul 7.50 1.60 3.63 2.93 833 | 037 0.30 5.03 570 | 4.23
Aug 7.47 1.33 3.57 2.53 6.40 0.37 0.30 5.53 5.07 | 1.97
Sep 7.43 1.27 4.10 2.20 513 | 047 0.23 5.07 3.97 | 2.63
LSDO0.05 ns ns 1.21 ns ns ns ns ns ns ns
Bilbies Drain (D2)

Oct 7.45 1.40 4.35 2.05 6.05 0.40 1.10 4.00 3.55 | 4.20
Nov 7.55 1.05 3.00 1.55 5.10 0.40 1.30 3.25 3.05 | 2.45
Dec 7.25 1.55 4.75 1.20 4.85 0.28 0.90 3.85 5.25 | 1.08
Jan 7.20 1.36 6.95 1.75 6.25 | 0.65 0.40 6.30 405 | 4.85
Feb 7.45 1.95 8.05 3.05 6.81 | 0.58 0.68 4.70 8.35 | 4.76
Mar 7.60 1.37 3.45 2.05 6.45 0.52 0.70 4.80 340 | 3.57
Apr 8.15 1.46 3.60 2.50 5.10 | 0.50 2.05 3.10 3.40 | 3.15
May 8.15 1.25 3.65 2.50 485 | 033 2.95 2.15 3.35 | 2.88
Jun 7.90 1.15 3.53 1.55 5.05 | 0.35 1.75 2.10 3.80 | 2.83
Jul 7.55 1.35 3.85 1.55 4.05 0.30 1.70 4.20 3.55 | 0.30
Aug 8.05 1.30 3.79 1.35 455 | 0.28 2.55 2.15 3.65 | 1.62
Sep 8.15 1.20 4.05 1.58 4.40 0.23 1.95 2.80 3.40 | 2.10

LLSDO0.05 0.19 0.04 0.13 0.12 0.12 0.05 0.44 0.21 0.33 | 0.40
El-Qalyubia drain (D3)

Oct 7.35 1.40 5.55 4.60 435 | 0.25 0.95 4.50 6.10 | 3.20
Nov 7.65 1.28 3.95 3.20 540 | 0.30 1.45 4.35 450 | 2.55
Dec 7.80 1.24 3.70 1.75 6.40 | 0.30 1.70 2.80 3.45 | 4.20
Jan 7.30 1.34 3.70 2.15 495 | 044 1.35 245 3.65 | 3.79
Feb 7.45 1.37 4.25 2.65 580 | 0.35 0.70 2.80 3.95 | 5.60
Mar 7.50 131 3.35 3.00 575 | 0.30 0.50 3.05 3.95 | 4.90
Apr 7.45 1.10 3.60 1.30 3.75 | 0.40 0.65 2.95 3.70 | 1.75
May 7.35 1.05 3.95 1.20 470 | 0.35 0.70 3.95 3.00 | 2.55
Jun 7.40 1.41 2.75 2.45 6.50 | 0.50 0.90 3.75 3.95 | 3.60
Jul 7.30 1.26 3.05 2.50 555 | 0.30 1.10 3.40 3.25 | 3.65
Aug 7.50 1.30 3.00 4.35 520 | 0.40 0.55 3.05 350 | 5.85
Sep 7.85 1.13 2.50 2.55 225 | 0.40 0.75 2.50 2.65 | 1.80
LSDO0.05 0.35 ns 0.65 0.93 1.34 ns ns ns 107 | 245
D1 7.46 1.54 4.24 3.09 6.56 | 0.45 0.35 5.06 5.37 | 3.56
D2 7.70 1.37 4.42 1.89 529 | 0.40 1.50 3.62 407 | 2.82
D3 7.49 1.27 3.61 2.64 5.05 | 0.36 0.94 3.30 3.80 | 3.62

LSD0.05 | 0.12 0.12 0.28 | 0.36 1.03 ns 0.32 0.41 ns | 0.46
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Fig. 1. Study Area (Bahr El-Baqgar, Bilbies and El-Qalyubia drains in Eastern Delta).

Piper (1944) has developed a form of trilinear diagram, which is an effective tool
in segregating analysis data with respect to sources of the dissolved constituents in
water, modifications in the character of water as it passes through an area and related
geochemical problems. A Piper trilinear diagram is a graphical representation
classifying water based on the dominant presence of cations and anions (Fig. 2).
According to such diagram waters can be assessed in 3 types: Fresh type, sulfate type
and saline type. Piper diagram classified all water samples into “Mixed Ca®*-Mg2"-

CI' Type” (Fig. 2). No change in waters was recorded suggesting ionic stability with
respect to Na*, K*, Ca?*, Mg**, HCO5’, Cl'and SO,*.

Muw‘-‘hmmm‘uwnnmml

(SR "F LRI CATIONS  %neql  ANIONS
CATIONS ~ snegt  ANIONS
Bahr El-Bagar Drain Bilbies Drain

El-Qalyubia drain

Fig. 2. Classification of waters during a year on the diagram of Piper (1944).
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Sodicity hazard

Table 2 shows soluble sodium percentage (SSP), sodium adsorption ratio
(SAR), sodium to calcium activity ratio (SCAR), residual sodium carbonate
(RSC), residual sodium bicarbonate (RSBC), permeability index (PI), potential
salinity (PS), Kelly ratio (KR) and magnesium adsorption ratio (MAR).

TABLE 2. Quality parameters of Bahr El-Baqgar, Bilbies and El-Qalyubia Drains.

Month ‘SSP ‘SAR ISCAR ISAR’ USDA [ICAR

SCAR ‘RSC IRSBCI Pl ‘ PS ‘KR ‘MAR‘CIass Class
ahr_El-Bagar Drain (D1

Oct [46.89 |3.35 | 2.87 1.17 |-1.70 | 0.03 |65.52 | 6.03 [0.95 |32.11 | C3S1 | C1SO
Nov [50.18 | 450 | 4.51 1.00 (-1.97 | 1.00 |66.32 | 9.20 |1.17 |45.89 | C3S1 | C2S0
Dec (36.19 | 253 | 252 1.00 |-3.23 | 0.63 |53.34 | 7.40 |0.59 |45.38 | C3S1 | C2S0
Jan |44.01|3.21 | 3.07 1.04 |-1.83 | 1.20 |62.88 | 6.57 |0.85 |44.78 | C3S1 | C2S0
Feb 146.21 |3.76 | 3.76 1.00 |-1.60 | 2.20 |63.83 | 7.55 |0.93 |50.07 | C3S1 | C2S0
Mar |46.94 | 352 | 3.24 | 1.09 |-1.03 | 1.30 |65.98 | 6.27 |0.95 [40.96 | C3S1 | C1SO
Apr |49.51 | 416 | 4.09 1.02 |-2.33 | 0.83 |64.91 | 8.33 |1.07 |48.47 | C3S1 | C2S0
May |40.66 | 2.77 | 2.68 1.03 [-2.57 | 0.47 |58.76 | 6.65 |0.74 |45.25 | C3S1 | C1S0
Jun (3521|244 | 2.01 1.21 |-4.37 |-2.23 |51.08 | 8.63 |0.57 |26.00 | C3S1 | C1SO
Jul  |53.41 |4.58 | 4.35 1.05 (-1.23 | 1.40 |70.13 | 7.82 |1.26 |44.31 | C3S1 | C2S0
Aug |49.56 | 3.68 | 3.45 1.07 |-0.27 | 1.97 |69.93 | 6.05 |1.06 |41.85 | C3S1 | C1SO
Sep [43.16 [2.91 | 254 | 114 |-1.00 | 0.97 [64.59 | 5.28 |0.82 [34.78 | C3S1 | C1S0

LSDO0.05 9.15 | ns ns 213 | 1.90 |9.18 ns ns ns

Bilbies Drain (D2)
Oct |47.09 |3.38 | 2.90 1.17 |-1.30 | -0.35 |64.67 | 5.65 |0.95 |32.04 | C3S1 | C1S0O
Nov |50.74 | 3.38 | 2.94 1.15 | 0.00 | 0.25 |71.53 | 4.28 |1.12 |34.08 | C3S1 | C1S0
Dec |[43.79 281 | 2.23 1.26 |-1.20 |-0.90 |63.08 | 5.79 |0.82 |20.18 | C3S1 | C2S0
Jan |40.06 | 3.00 | 2.37 1.26 |-2.00 |-0.65 |58.59 | 6.48 |0.72 |20.11 | C3S1 | C1S0
Feb |36.82 | 2.89 2.40 1.20 |[-5.73 |-3.35 |50.11 {10.73 |0.61 |27.48 | C3S1 | C2S0O
Mar |51.72 | 3.89 | 3.47 1.12 |0.00 | 1.35 |72.30 | 5.19 |1.17 |37.27 | C3S1 | C1S0
Apr 4359 [ 292 | 2.69 1.09 |-0.95 |-0.50 |61.25 | 4.98 |0.84 |40.97 | C3S1 | C1SO
May [42.81 | 2.77 2.54 1.09 |[-1.05 |-1.50 |57.42 | 4.79 |0.79 |40.65 | C3S1 | C1SO
Jun [48.21 | 3.17 2.69 118 |[-1.23 |-1.43 |64.19 | 5.21 |1.00 |30.54 | C3S1 | C1SO
Jul  |41.54 | 2.46 | 2.06 1.19 | 050 | 0.35 |64.55|3.70 |0.75 |28.68 | C3S1 | C1S0
Aug |45.66 | 2.84 2.34 121 |-0.44 |-1.64 |62.09 | 4.46 |0.89 |26.26 | C3S1 | C1SO
Sep [42.92 | 2.62 | 2.19 1.20 |-0.88 | -1.25 |60.58 | 4.45 |0.78 |28.00 | C3S1 | C1S0

LSDO0.05 0.72 | 0.08 | 0.06 0.36 | 0.23 ]0.93 ]0.30 ]0.03 |1.79

El-Qalyubia Drain (D3)
Oct |29.60 194 | 1.85 1.05 |-4.70 [-1.05 |44.71 | 7.70 |0.43 [45.28 | C3S1 | C1S0
Nov (4212 |2.87 | 2.72 1.06 [-1.35 | 0.40 [59.84 |5.78 |0.76 |44.28 | C3S1 | C1SO
Dec |[52.62 [3.88 | 3.33 1.17 |-0.95 [-0.90 |68.07 | 5.55 |1.18 [31.94 | C3S1 | C1S0
Jan [44.08 [ 2.90 | 2.59 1.12 |-2.05 [-1.25 |60.26 | 5.54 |0.85 (36.94 | C3S1 | C1SO
Feb |44.38 |3.12 | 2.86 1.09 |-3.40 |-1.45 |58.89 | 6.75 |0.84 (37.46 | C3S1 | C1SO
Mar (46.44 |3.23 | 3.14 1.03 |-2.80 {-0.30 |61.91 | 6.40 |0.91 [47.06 | C3S1 | C1SO
Apr |40.40 | 2.37 | 1.96 1.21 |-1.30 [-0.65 |63.26 | 4.58 |0.75 [26.29 | C3S1 | C1SO
May [44.79 |2.89 | 2.34 1.24 |-0.50 | 0.00 |67.35 | 4.28 |0.89 [23.34 | C3S1 | C1SO
Jun |53.25 [4.03 | 3.92 1.03 |-0.55 | 1.00 |72.15|5.75 |1.25 [47.11 | C3S1 | C1SO
Jul (4871 (3.33 | 3.19 1.05 |-1.05 | 0.35 |66.61 | 5.08 |1.00 [45.16 | C3S1 | C1SO
Aug |40.16 | 2.71 | 3.00 0.90 |-3.75 | 0.05 [55.20 | 6.43 |0.71 |59.15 | C3S1 | C1S0
Sep [29.11 (141 | 142 0.99 |-1.80 | 0.00 [52.54 | 3.55 |0.44 |50.35 | C3S1 | C1S0

LSD0.05 5.87 | 0.71 | 0.67 218 | ns |6.80 [1.85 [0.20 |10.48

D1 |4516 |3.45 | 3.26 1.06 (-1.93 | 0.81 |63.11 |7.15 |0.91 |41.65 | C3S1 | C2S0
D2 |4458 | 3.01 | 257 117 |-1.19 |-0.80 |62.53 | 5.48 |0.87 |30.52 | C3S1 | C1SO
D3 4297 [2.89 | 2.69 1.17 |-2.02 |-0.32 |60.90 | 5.62 |0.83 |41.20 | C3S1 | C1S0

LSDO0.05 ns ns 0.54 0.37 | 0.42 ns [125 | ns [2.82

SSP = Soluble sodium percentage, SAR = Sodium Adsorption Ratio, SCAR = Sodium to Calcium Activity Ratio,
RSC = Residual Sodium Carbonate, RSBC = Residual Sodium Bicarbonate, PI = Permeability Index, PS = Potential
Salinity, KR = Kelly Ratio and MAR = Magnesium Adsorption Ratio.
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Soluble sodium percentage (SSP)

There were differences between months of year in all studied cases (i.e. Bahr El-
Bagar, Bilbies and El-Qalyubia Drains). The highest SSP was in Bahr El-Bagar drain
(45.16%) followed by Bilbies (44.58%) and El-Qalyubia Drains (42.97%). The
highest and the lowest SSP were in July (53.41%) & Jun (35.21%) in Bahr El-Baqar,
Mar (51.72%) & Feb (36.82%) in Bilbies and Jun (53.25%) & Sep (29.11%) in El-
Qalyubia. this indicates moderate degree of restriction in using these waters. The SSP
values and the EC values have been plotted on the Wilcox diagram (Wilcox, 1955).
The results indicate that the waters could be used for irrigation (Fig. 3).

Sodium adsorption ratio (SAR)

Table 2 shows differences between months. The highest SAR was in Bahr EI-
Bagar drain (3.45) followed by Bilbies (3.01) and El-Qalyubia Drains (2.89). The
highest and the lowest SAR were in Jul (4.58) & Jun (2.44) for Bahr El-Bagar, Mar
(3.89) & Jul (2.46) for Bilbies and Sep (1.41) & Jun (4.03) for El-Qalyubia Drains,
respectively. Therefore, since such values are < 10, this indicates little restriction
on the use of this water in irrigation (USDA, 1954). The classification of
waters indicates that all drains have waters of high salinity-low sodicity (C3S1)
according to USDA (1954) classification (Fig. 4). Thus with adequate drainage and
special management for salinity control such as waters could be used for irrigation.

Sodium to calcium activity ratio (SCAR)

According to Gupta (1990) waters in the three drains were classified non-
sodic water (SO) therefore they can be used for irrigation on almost all soils for
all crops even those sensitive to sodium such as stone-fruit tree or wood trees.
Based on the EC and the value of SAR/SCAR Bahr El-Bagar drain can be
classified as C2S0 while Bilbies and El-Qalyubia drains considered C1S0 (Table
2).

Residual sodium carbonate (RSC)
According to USDA (1954) waters of three drains could be used safely for
irrigation purposes since RSC values are less than 1.25.

Residual sodium bicarbonate (RSBC)

According to classification of Gupta (1990), water in three drains is
considered non-alkaline water, AO and could be used on almost all soils for all
crops for indefinitely long periods without any problem.

Permeability index (PI)

Waters in three drains are of good quality for irrigation purposes since Pl
values are lower than 75. The analytical data is plotted on the Doneen’s chart
(Fig. 5). The PI ranges from 60.9% to 63.11%, which comes under class-I of
Doneen’s chart.

Potential salinity (PS)

The PS values of the drainage water samples in the study area were 7.15,
5.48 and 5.62 mmol/ L for Bahr El-Bagar, Bilbies and El-Qalyubia drains,
respectively. Therefore, the tested drainage water falls under recommended
permissible.
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Kelly’s index (KI)
According to the classification of KI, waters in three drains have Kl of < 1.0;
therefore, they could be used for irrigation.

Magnesium adsorption ratio (MAR)

MAR values were 41.65, 30.52 and 41.20 for Bahr El-Baqar, Bilbies and EI-
Qalyubia drains, respectively. Therefore, the water is suitable for use in
irrigation since the values are <50 in waters of the three drains.

Conclusion

Drainage waters of Bahr El-Bagar Drain, Bilbies and El-Qalyubia Drains are
classified as class high salinity low sodicity hazard (C3S1) according to USDA
(1954) and could be used on soils with some precautions. Even with adequate
drainage, special management for salinity control may be required and plants
with good tolerance should be selected. According to Gupta classification, Bahr
El-Bagar water is classified of low salinity with non-sodic hazard (C2S0) while
waters of Bilbies and El-Qalyubia Drains are normal water with non-sodic
hazard (C1S0) and can be used for irrigation with most crops on most soils. Most
of the crops except sensitive ones comprising some horticultural and leguminous
plants can be grown on all soils except very heavy textured, with impeded
drainage. Waters of the three drains do not have any sodicity hazard problem.
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