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ABSTRACT

Samples of Nile water, agricultural drainage water and mixed water were taken monthly to study
the spatial and temporal evaluation of El-Salam canal water for irrigation in locations extended from
El-Adlia village at Damietta branch, upstream of Faraskor dam, up to 89 km at EL-Sahara (siphon),
west of Suez Canal. Samples monthly collected from twenty six locations during October 2009 to
September 2010. Electrical conductivity (EC), pH, soluble cations (Ca®", Mgz*, Na', and K*), and
anions (CO;”, HCOjy, CI, and SO4*) and boron were determined. pH values were slightly aikaline and
ranged between 7.71 and 8.0. The EC varied from 0.46 to 2.65 dSm™, the highest occurred in the
drainage water with values up to 2.62 dSm™. Average EC values were 1.51, 1.91, 1.25, and 2.62 dSm’
for water of Faraskor drain, Alatwi drain, Elserw drain and Hadous drain, respectively. El-Salam water
and the associated drains had adjusted SAR values of>10 (10-20). Water is classified as A, according
to Gupta ABC classification which indicates low-sodium water. Ca’* ranged between 1.94 to 4.16
mmol. L, Mg®* ranged between 2.18 to 8.88 mmol.L", K" was between 0.21 and 0.74 mmol.L'and
the CI" ranged between 1.72 and 20.42 mmol.L"'. Water have moderate soluble salts and slight
sodicity (alkalinity) and can be used with care for some crops, particularly, the semi tolerant with proper
management. Seasonal variation of water and inconsistency of the mixing ratio of Nile water with the
drain water may be the main reason for salinity fluctuation throughout the year.
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irrigation of vegetable crops and of alfaalfa
without serious injury.

INTRODUCTION

There is a great need for additional water According to the guidelines presented by

resources to meet the agricultural demands of
the newly reclaimed soils such as the west of
delta and Sinai particularly the rainfall is less
than 100 mm a year (Ashoub et al, 2010).
Drainage water could be a source of water for
irrigation. An intensive expansion program for
the reuse of agricultural drainage water requires
adequate, proper 1easures and precaution due to
salinity and alkalinity problems to avoid
accumulation of salts with long term use of such
water.

Concerning water quality criteria, water that
has an electrical conductivity exceeding 3dSm™,
is considered unsatisfactory (Ayers and Westcot,
1976 and Gupta, 1979), although El-Nahal et al.
(1983) observed many cases in Saudi Arabia in
which water of excessive salinity were used for
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Ayers and Westcot (1976), water having boron
of <0.75, 0.75-2.0, > 2 mgL" are classified as
"no problems”, "increasing problems" and
"severe problems", respectively. Gupta (1990)
suggested that, irrigation water may be classified
under five classes, based and sodic hazard,
boron and the salinity hazard. This classification
has been called ABC classification.

One of the promising projects in Egypt based
on the use of drainage water mixed with Nile
water is El-Salam canal to irrigate Northern
Sinai area. The Canal collects the drainage water
of Eastern Delta mixed with Nile water at a ratio
of 1:1. It crosses the Suez Canal through a
tunnel 1300-m long. It runs 89 km west of the
canal and 175 km east.
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Drainage water constitute about 30% of the
total irrigation water used for agriculture and
most of which is lost in sea or lakes (Abdel-
Hamid et al, 2000). About 9 billion m’ of
drainage water per year could be reused for
irrigation in Egypt (El-Degwi et al., 2003).

According to Ashoub er al (2010), the
quantity of water in El-Salam canal is about 4.45
billion m*/year out of which 2.1 billion m* from
Nile water and 1.9 billion m’ from Hadous drain
(average EC is 2.62 dSm™) plus 0.45 billion m®
from El-Serw drain {average EC is 1.25 dSm™).
El-Salam canal is designed to irrigate 600,000
faddan, out of which 200,000 west of the Suez
canal (Damietta, Dakahlia, El-Sharkia, Esmaelia
and Port-Said governorates) and 400,000 faddan
east of the Suez canal (El-Tena plain, northern
cost, Ser and Kawarer area).

The aim of the present investigation is to
study spatial and temporal variations of El-
Salam canal water for irrigation purposes.

MATERIALS AND METHODS

Sampling of Water

Twenty six water samples (i.e. 26 locations)
were taken. They represent Nile water (location
1), four main drains from Faraskor drain
(location 3), El-Atwi drain (location 4), El-Serw
drain (location 7), Hadous drain (location 16),
and El-Salam canal (locations 2, 5, 6, 8, 9, 10,
11, 12, 13, 14, 15, 17,18, 19, 20, 21, 22, 23, 24,
25 and 26). The first three drains dispose their
water into El-Salam canal. Water samples were
taken monthly during Oct. 2009 to Sep.2010
from Damietta branch, drains and El-Salam
canal. Table 1 and Fig. 1 show the locations of
samples of the drains and El-Salam canal. The
water samples were filtered and subjected to
chemical analysis.

Water Analyses

EC, pH, soluble cations (Ca’’, Mg®", Na®,
and K*) and anions (CO,*, HCO;, Cl) were
determined adopting the methods of USDA
(1954) with the sulphate being estimated by
difference. Boron was determined by the
curcumin method according to Jackson (1958).

RESULTS AND DISCUSSION

Table 2 shows the chemical analyses of
samples taken from El-Salam canal and the
drains during the period from Oct. 2009 to Sep.
2010. Suitability of water for irrigation purposes
is based on it's total salt contents and status of
sodium to other cations and also the status of
chlorides, bicarbonate and boron.

pH

The pH values as shown in Table 2 and Fig.
2 are slightly alkaline in all the studied drain
water and El-Salam canal water and ranged
between 7.71 to 8.03, indicating possible
alkalization upon their use, although these
values are in the normal range according to
Ayers and Westcot (1976). The high pH values
may be due to a slight increasing in HCOy™ ions.
Gupta (1984) recommended using the alkalinity
hazard parameter of "Residual Sodium
Bicarbonate (RSBC)" as the difference between
bicarbonates and calcium ions, i.e. RSBC=
HCO;-Ca, (expressed in mmol.L").

Salinity Status

The EC values ranged between 0.46 and 2.62
dSm™. Table 2 and Fig. 3 show that, water at
locations 16, 17, 18 had the greatest salinity
with EC of 2.54 to 2.62 dSm™ throughout the
year. The greatest value was recorded in the
sample of location 16 of Hadous drain. The
salinity of drain water is lower in the summer
than in the winter. These results are in
agreement with Soliman (1983); El-Sherbieny et
al. (1998); Mohammed et al (1999); Abdel-
Hamid et al. (2000) and Solimian (2000). One of
the contributing causes for high salinity at some
locations is the passage of the streams through
large areas of recently reclaimed soils like Sahil-
Hosaneia.

According to USDA (1954), the studied
water of the drains and El-Salam canal are
classified as class C; (mediwn salinity) and C,
(high salinity). However, according to Ayers
and Westcot (1976), the water of the drains (EC
< 25 dSm"), is of "ircreasing salinity
problems". Water of locations 16, 17 and 18 (EC
> 2.5 dSm™) are of "severe salinity problems".
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Table 1. Position and locations of sampling sites on El-Salam canal and contributing drains

Location Location marks Position, DMS Dis‘tance .from
No. (GPS reading) starting point, km
1 Damietta Branch (El-Adlia village) PR 0.00
2 Front of El-Adlia bridge élliﬁgggg 0.15
3 Faraskoi- drain pump station gi:ig;i ?)g:g 1.9
4  Atwai drain 331;3&?393?;:? 7.50
5 First bridge afier Atawi drain Eiptrvet 10.40
6  Taftesh EL Serw bridge glligiggg 18.28
7 EL-Serw drain pump station e 18.35
8  Izbet Ali EL-Sherbiny bridge g}ig:‘g:gg:g 23.00
9  Small bridge ot 51;35%3:3 27.43
10  El-Salam bridge 311: 5‘;?1' 17881“]‘5 32.28
11 Izbet Al-Nasaymah bridge RSN 38.42
12 Izbet Al-Jamamlah bridge élzllgﬂ_'gff.'g 45.00
13 El-Assafta Bridge ;’21 50292‘;%2 46.60
14  Izbet Awlad Banah bridge g; %gﬁg 49.87
15  Before Hadous bridge ?,,12: ggz%',‘,g 53.56
16  Hadous drain bridge SENREO 53.67
17 Hadous drain S gi;ggg 54.00
18  El-Salam Pumping station No. 3 e 33}5;88’; 54.95
19  Next to EL-Rwad Village SANEEgAR 59.33
20 Khaled Tbn El-Waleed oo 63.54
21 Next to EL-Azhr village bridge o gjg‘,‘j:g 69.00
22 Next to Izbet Ashalatiyat 331;00;;_ ;g:}? 74.35
23 EL-Shader Bridge gé ]025&82882 79.44
24 1.24 km East of EL-Shader ey 80.68
35 4.45 km west of EL-Sahara st 84.14
26  El-Sahara, west of Sucz Canal 31° 17.62'N £9.12

32°18'18.60"E
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Fig. 1. Locations of water samples of El-Salam canal and it's associated drains (26 locations)
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Table 2. Mean Values of pH, EC, and ion contents for water samples collected from different
locations along El-Salm canal

Location PH EC Cations, mmoch" Anions, mlnoch'1 Boron,
No. (@Sm’) Na' K 2 ca' Mg o HCOy soZ mgL!
1 786 046 1.76 0.21 194 226 1.72 3.08 1.37  0.010
2 791 048 2.1 0.25 2.11 2.18 1.85 3.21 1.58 0014
3 7.83 151 7.48 0.41 3.48 438 11.26 43 0.57 0.016
4 794 187 1028 055 3.13 6.76 1508 443 120 0019
5 791 0.81 4.17 0.30 247 249 4.76 346 090 0.017
6 8.0 065 293 0.30 2.23 2.48 3.63 3.35 0.81 0.016
7 797 1.25 6.28 0.45 2.51 421 8.52 4.20 1.12 0016
8 798 084 374 0.34 235 311 4.88 3.46 1.22  0.013
9 8.02 0.81 3.48 0.28 228 3.1 458 3.58 098 0.012
10 8.02 0.8l 3.59 0.28 2.28 3.06 4.54 3.56 1.10  0.013
11 8.00 0.81 3.67 032 2.27 3.06 457 3.63 1.12  0.013
12 800 0.79 3.73 0.28 221 294 4.52 3.64 1.01 0012
13 799 079 405 0.35 232 3.12 4.85 3.72 1.28  0.020
14 803 0.80 3.82 0.28 223 298 4.59 3.63 1.07 0.014
15 794 084 400 037 2.14 3.33 4.73 3.66 1.45  0.019
16 793 262  9.82 0.74 3.98 888 21.13 595 0.78  0.020
17 797 255 9.47 0.73 413 854 2013 5383 .02 0.021
18 798 254 931 0.74 4.16 863 2042 590 096 0.022
19 794 141 6.29 0.43 2.86 5.44 9.98 459 1.11  0.016
20 794 122 5.63 0.37 2.78 4.36 7.72 4.39 095 0.013
21 794 121 5.51 0.38 2.78 435 7.7 437 086 0.013
22 793 121 523 0.37 2.77 441 7.62 4.41 0.78 0.013
23 791 120 533 0.39 27 4.35 7.37 4.38 093 0.013
24 7.80  1.18 5.28 0.39 2.72 4.44 7.53 4.36 085 0.013
25 776  1.19 5.18 0.37 2.78 4.50 7.51 438 0.85 0.013
26 771 1.15 5.13 0.37 2.76 4.6 7.58 428 091 0.013
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Fig. 2. pH values for water samples collected from different locations along El-Salam canal course
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Fig. 3. Total dissolved solids (TDS) for water samples collected from the 26 different locations along El-
Salam canal course
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Sodicity Status

The data show that, the studied drainage
water contains balanced concentrations of
calcium, magnesium and sodium. Several
methods have been proposed to express sodium
hazards, SAR is the widely used one by USDA
(1954), which classified irrigation water into
four classes (S:<10, S;10-18, S, 18-26, S4>26)
taking water salinity (S;, S;, S;and S; being
low, medium, high, and very high sodium
respectively). The present data indicated that
SAR is well below 10 throughout the year in all
studied water and classified between S, and S;.
On basis of adjusted SAR, Gupta (1979)
classified irrigation water into five classes
expressed by the letter (A). According to such
classification, the water of El-Salam canal is A,
i.e. good water, whereas the water of location 4
is classified as A;, which indicates "low sodium
water”.

Gupta (1979, 1984 and 1990) suggested a
classification taking in consideration the ratio
between SAR and SCAR (sodium to calcium
activity ratio), since the SCAR= "Na/Ca in
mmol,.L'". According to such classification,
values of SAR/SCAR of water in the current
study are below $ (ranged between 0.81 to 1.15
throughout the year). Therefore, the water would
be classified as "S-0" i.e. non-sodic water; and
may be used for irrigation on almost all soils and
for all crops even those sensitive to sodium such
as stone-fruit trees or wood trees.

The adj *Na obtained is used in place of the
SAR to evaluate the potential of the water to
cause an infiltration problem if used for
irrigation. Data in Table 3 show adjusted sodium
adsorption ratio (adj *Na) values for El-Salam
canal water. The values were around 1.3 for Nile
fresh water and ranged between 2.16 and 3.6 for
water after blending with the drainage water.
High values were noticed for drainage water and
ranged between 4.1 and 6.7.

Ionic Composition of the Water

Calcium values ranged between 1.94 to 4.16
mmol,L" (Table 2). The losses of soil calcium
by leaching depend on the drainage water
discharge and the strategy of fertilization and
gypsum application, which increase the calcium

losses in light textured soils with good quality
water (Mostafa et al,, 2002, El-Degwi ef al,
2003 and Othman et af,, 2011).

Magnesium ranged between 2.18 to 8.88
mmol,L" (Table 2). The highest was found at
location 2. Potassium was between 0.21 and
0.74 mmol.L". Potassium may be subject to
fixation by clay colloides in clayey soils and the
losses by leaching are in most cases
considerable only in heavily fertilized sandy
soils (Wiktander, 1977).

Chlorides and bicarbonates are the common
anions in natural water, including the present
studied water. Sulphates anions in the current
water are present in relatively low
concentrations. The chloride content ranged
between 1.72 to 21.13 mmolL"' (Table 2).
According to the classification of Ayers and
Westcot (1976), the chloride content in the
current water indicates either "no problem" class
or "increasing problem" class. Bicarbonate
ranged between 3.08 to 6.3 mmol.L"' which
indicates a "no problem" class or "increasing
problem"” class. The bicarbonate values of water
show their ability to precipitate Ca** in the soil
based on pH¢ values. In general, water may be
recommended for use for irrigation purposes
with proper soil and water management.

The Permeability Index (PI)

The PI index is estimated as follows
according to Doneen (1964):

N*+\/H B
Pr=—2 €O 100

"~ Na* +Ca® +Mg™

Where: concentrations are mmol.L ™.

The Pl index is an important parameter
which influences the quality of irrigation water,
in relation to soil for development in agriculture.
Based on this index, Doneen (1964) classified
water for irrigation into 3 classes as class, class,
and classs, and established a relation between it
and the total salinity. In the present study, the PI
values ranged from 40 to 80 with general
average of 62. Most of water samples fall within
Class I and Class II and can be categorized as
good irrigation water for soils of medium
permeability.
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Table 3. Mean values of soluble sodium percent(SSP), sodium adsorption ratio (SAR), residual
sodium carbonate (RSC), residual sodium bicarbonate (RSBC), exchangeable sodium
percent(ESP) expected in soil irrigated with the water, pH,, Adj SAR, Ca,, SAR/SCAR,
Adj.*Na, ICAR for water samples collected from different locations along El-Salam
canal course*

Location

Adj. Adj. SAR/

No. SSP SAR RSC RSBC ESP pH. ¢( Ca, R\ USDA /LT ICAR PI
1 3022 129 1.1 1.1 07 740 249 141 138 (.5 0098 C.S; 5898
2 3308 150 1.1 1.1 10 740 296 146 160 CS, 100 C;S, 61.01
3 4844 393 36 08 46 720 870 177 445 CS, 094 C;S, 6225
4 5122 623 60 24 75 1000 138 216 677 (S 115 C,8, 61.43
5 4266 281 15 1.0 29 740 557 163 308 (S 101 CS, 66.04
6 3809 198 14 11 17 740 390 146 216 C,S; 099 C,S, 6227
7 4805 371 25 17 43 720 800 152 410 CS 090 C,S; 6521
8 4034 238 20 11 23 740 480 158 258 (S, 095 C;S, 60.88
9 3899 223 18 1.3 20 730 451 149 243 CS1 094 CS, 60.63
10 4006 231 1.8 13 22 740 463 150 251 C3S1 095 C,S, 6138
11 4034 236 17 14 22 740 474 150 257 CS; 095 CS, 6195
12 4187 246 15 14 24 740 494 150 267 CS; 095 CS, 63.51
13 4198 261 17 14 26 730 533 150 287 CiS, 095 C;S, 63.64
14 4226 250 1.6 14 24 740 5.10 144 272 CS;, 095 C;S, 63.47
15 4161 253 1.8 1.5 25 730 S5.10 140 271 CsS; 089 CS, 62.40
16 4957 433 69 20 52 688 1070 1.72 478 C4SI 081 C,S, 61.60
17 4907 416 68 17 49 688 1030 1.79 463 CS, 083 GC,S; 60.95
18 4854 406 69 1.7 48 688 10.10 1.78 455 CS, 084 C,S, 60.98
19 4590 337 37 17 37 690 831 151 365 CiS; 083 CS, 59.63
20 4449 324 28 1.6 36 710 720 155 355 CiS, 089 C;S, 60.66
21 4366 3.18 28 16 35 720 696 155 350 C:S, 089 C;S; 60.26
22 4259 302 28 1.6 32 720 653 155 331 CiS; 088 C,S, 59.48
23 4302 306 27 17 33 720 669 154 334 CS; 088 CS, 59.93
24 4276 299 28 16 32 720 654 154 326 CS, 088 C;S 59.22
25 4193 290 29 16 30 720 637 154 316 CS, 088 C;S, 5837
26 4107 287 31 1.5 30 720 635 156 313 CS, 087 C;S 57.62
14 4226 25 16 14 24 740 510 144 272 CS; 095 C;Sp 63.47
15 4161 253 1.8 15 25 730 510 140 271 CsS; 089 CSy 6240
16 4957 433 69 20 52 688 1070 1.72 478 C4S1 081 C,S; 61.60
17 4907 416 68 17 49 688 1030 1.79 463 CS; 083 C,S, 60.95
18 4854 406 69 17 48 6.88 10.10 1.78 455 C,S; 084 C,S, 60.98
19 4590 337 37 17 37 690 831 1.51 365 C;S; 083 CS; 59.63
20 4449 324 28 16 36 7.0 720 155 355 CsS, 0.89 C,S; 60.66
21 4366 318 28 16 35 720 696 155 350 CS;, 089 C;So 6026
22 4259 302 28 16 32 720 653 155 331 CS, 0.88 C;S, 59.48
23 4302 306 27 17 33 720 669 154 334 C8; 088 C;S, 59.93
24 4276 299 28 16 32 720 654 154 326 C;S, 0.88 C,S, 59.22
25 4193 290 29 16 30 720 637 154 316 C:S, 0.88 C;S, 5837
26 4107 287 31 15 30 720 635 156 313 CS, 087 C;S, 57.62

Na*

Ca’t + Mg ™
2
Water quality class according to USDA (1954); C,, C;, G, C, are low, medium, high and very high salinity; S;, S,, 83, S, are

low, medium, high and very high sodicity, respectively.

SCAR: sodium/calcium activity ratio Na/¥Ca in mmol,L! (Gupta 1984).

HCAR water quality class according to Gupta (1979 );C-0,C-1,C-2,C-;,C-4,C-5 are non, normal, low, medium, high and very
high salinity; S-y, S-1, Sz, S-3, S-4, 5-5 are non, normal, low, medium, high, and very high sodicity respectively.

* Adj " No = (Suarez, 1981 and Rhoades, 1982)
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Boron

Since values of boron of all studied water
reveal a low concentration (from 0.01 to 0.02
mg B L) and according to the limits reported
by the Branson et al (1975). Water may not
have hazard regarding boron since contents do
not exceed 1 mg L. The current results are
similar to those reported by Soliman (1983 and
2000), Mohammed et al. {1999) and Abdel-
Hamid et el (2000). Gupta (1979) classified
irrigation water into five classes on the basis of
boron contents and according to such
classification all water of the current study
would be classified as B,, i.e. "normal".
Therefore water can be used for most crops on
most soil.

Conclusion

The monthly water samples collected from
26 locations along EL-Salam canal course and
its associated drains for one year period were
classified as C, (medium salinity) and C; class
(high salinity), except the Hadous drain water
which was clagsified as C, class (very high
salinity} according to the USDA (1954). El-
Salam samples were classified as C, class (good
water), whereas water collected from drains may
be classified as C; class (low salinity water)
according to Gupta (1979).

The obtained data showed that the studied
water were classified between C,S,"low salinity,
low sodium" and C,S; "high salinity, low
sodium" according to the USDA (1954). These
results indicated that water have from low to
moderate concentration of soluble salts and
slight alkalinity and can be used with care for
non salinity-tolerant crops. In addition, these
water may be less hazardous when used for light
textured soils.

It is recommended that, water of El-Salam canal
is either blended with Nile fresh water or mixed
with drainage water from neighbouring drains to
be used for irrigating most salinity-tolerant and
semi-tolerant crops. Good results could be
achieved if these water were used for light and/or
medium textured soils without problems in the
short run, but not recommended for heavy
textured soils unless proper management
practices are adapted which may be costly.
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