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ABSTRACT

A greenhouse pot experiment was conducted to evaluate the
influence of water management using diluted sea water and organic
manure application on salinity build up in a calcareous soil (Typic
Cualciorthents) from the area west of the Nile Delta, Southern Tahreer,
El-Beheira Governorate, cultivated with wheat plant (Zriticum
aesitivum L.V. Sakha 92). The modes of saline water application
included irrigation with water having 6720 mgl” (1:5 diluted sea
water), 8768 mgl™ (1:3 diluted sea water) and a tap water as a control
having 256 mgl”. Chicken manure application was done as a soil
amendment (1.5% w/w), while water management practices were
done as the following irrigation frequencies, namely, (a) irrigation
with diluted sea water along the growth period, (b)irrigation with
diluted sea water until pre-flowering stage then with tap water and (c¢)
irrigation with saline water for three times and once with tap water
along the growth season. Certain chemical properties of the studied
soil were evaluated during different growth periods and after
harvesting of wheat plant. Actual evapotranspiration (ETa) ratio and
water use efficiency (WUE) were calculated. The obtained results
indicated that increasing water salinity increased soluble cations and
anions with different rates. For instance, S0;~ concentration in soil
extract showed considerable increases as the time increases, reaching
6 folds of those found for the soils irrigated with tap water. Also, SAR
increases to about 288, 325 and 57% for the vegetative, yield
formation and harvesting stages, respectively. On the other hand,
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increasing salinity level of irrigation water decreased the actual
evapotranspiration (ETa) and water use efficiency (WUE) values of
wheat plant as compared to plants irrigated with tap water. Regarding
the effect of irrigation frequencies on soil salinity, the lowest values
of EC and SAR as well as soluble ions were associated with (c)
frequency while the highest ones were associated with (a) frequency.
In addition, irrigation frequency (c) gave the highest values of Eta and
WUE as compared to the other two irrigation frequencies request
alternation of saline and fresh water at a sequence of 3 to 1 caused
considerable attenuation of salinity build-up as indicated by
increasing its levels in the soil. Such increases reached about 5 folds
comparing to those irrigated with tap water. Chicken manure
application increased soil EC values as well as ETa and WUE, but
lowered SAR values. It can be concluded that addition of organic
manure and water management as (¢) water irrigation frequency had
promotive effect on reducing the salt stress in the plant root zone and
providing the growing plants with adequate amounts of water and
available nutrients as with as avoiding loss caused by extended
periods of water stress under saline conditions.

Key words: Diluted sea water, Calcareous soil, Chicken manure, and

irrigation frequencies, EC, SAR, ETa and WUE.

INTRODUCTION

A rapid increase in the population of Egypt during the past two
decades has significantly increased the countrys need for food and has
put its land and water resources under severe stress. Freshwater
resources of the country, both surface and ground water, has been
over-exploited, often at the expense at deteriorating water and land
quality. With limited room for expanding irrigation agriculture due to
the lack of extra capacity in the countrys freshwater resources, the
possible use of sea water, whose salinity is well below that of the open
seas and oceans, has some appeal (Dordipour, 2000). Saline water was
used to be considered unusable for irrigation but research efforts
during the past two decades have brought into practice some large
irrigation schemes which depend on saline water (Hamdy et al,
1993). The sustainability of irrigated agriculture in arid and semi-arid
areas depends on maintenance of salt balance within the soil profile
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and disposal of shallow groundwater is a necessity. Rhoades ef al.
(1989) further demonstrated a strategy for using saline and non- saline
water in rotation, which caused no reduction in vield providing there
was a good stand. Salinity generally affects the growth of plants by
either ion excess or by water deficits in the expanded leaves
{(Greenway and Munns, 1980). Water uptake is restricted by salinity
due to the high osmotic potential in the soil and high concentrations of
specific ions that may cause physiological disorders in the plant
tissues (Feigin, 1985) and reduce yields (Verma and Neue, 1984).
However «some crops such as wheat and barley can be tolerant of
saline irrigation water and selection and breeding are likely to improve
the performance of these crops under highly saline regimes (Yazdani,
1991).

The irrigation regime, the amount of applied water, the method of
irrigation and soil texture are some of the most important factors
governing soil stalinization (Balba, 1995). The presence of salts in
irrigation water influences most of the chemical soil characteristics
such as soil pH, soil EC, soluble ions and SAR as well as actual
evapotranspiration and water use efficiency. Soil pH values were
inversely proportional to salinity level of irrigation water of more than
4000 mgl™ (Alawi ef al., 1980 and Mostafa et al., 1992). On the other
hand, concentration of soluble Ca**, Mg?*, K™ and Na" were sharply
increased as salinity level of irrigation water increased up to 4000
mgl'1 (Abd El-Nour, 1989). With respect to soluble anions, Abo El-
Defan (1990) found that increasing salinity of irrigation water up to
15.8 dS/m significantly increased the soluble ions in different soils as
compared to the tap water treatment. However, Mostafa et al. (1992)
stated that the use of saline water (4000 mgl'l ) for irrigation led to
slightly and negatively effect on HCO3™ concentration in calcareous
soils, while the concentration of Cl and S04 significantly increased.
The U.S. Salinity Laboratory used the ratio SAR as an index of
sodicity hazard of irrigation water therefore; it is also extremely used
for characterization of soil solution. Some authors suggested the
adjusted SAR but recently Ayers and Westcott (1985) reported that
this adjusted SAR is not longer recommended because it over predicts
the sodium hazard. On the other hand, water use efficiency of wheat
grown on high salty conditions was decreased due to salinity effect
(Holloway and Aiston, 1992).The aim of this work was to study the
effect of water management, salinity stress (irrigation with diluted sea
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water) and organic manure application on some chemical properties of
a calcareous soil cultivated with wheat plant, actual evapotranspiration
and water use efficiency were taken into consideration.

MATERIALS AND METHODS

Cultivation: A greenhouse pot experiment was carried out at
faculty of agriculture, Ain Shams University, Cairo, Egypt, using
plastic pots with a hole in the bottom (24 cm diameter and 30 cm
height) filled with 10 kg calcareous soil (Typic Calciorthents, loamy
mixed, Thermic) collected from Maryout, West Delta, Southern
Tahreer, El-Beheira Governorate. Some physical and chemical
properties of the used soil are shown i Table (la). Half of these pots
were treated, 15 days before cultivation, with 1.5% (w/w) chicken
manure as a dry basis (Table, Ib), while the other ones received no
chicken manure. All pots received the recommended doses of mineral
fertilization as follows: single super phosphate fertilizer (15% P,0s)
was added at a rate of 20 kg P/fed. (200 mg P) mixed thoroughly with
the soil sample, three days before cultivation, urea (45%N) was added
at a rate of 60 kg N/fed. (600 mg N/pot), 10 days after sowing and
potassium sulphate (48%K,0) was added at a rate of 48 K,O/fed.
(480mg K), 10 days after sowing.

Pre-experiment was conducted using three wheat varieties i.e.
Giza 157, Sakha 8 and Sakha 92 to select the most salt tolerant one for
cultivation. Sakha 92 variety was selected as the best one. Fifteen
seeds of wheat (Triticum aesitivum L.V. Sakha 92) were sown in each
pot and thinned to ten seedlings after 10 days from cultivation. The
seedlings were irrigated with tap water equal to soil field capacity for
14 days, then irrigated with different saline waters (1:3, 1:5 diluted sea
water and tap water) having electrical conductivities of 13.7, 10.5 and
0.4 dS/m, respectively).The irrigation water included excess water of
50% added as leaching requirement. Some chemical properties of the
used water are shown in Table (lc). All pots were irrigated with
different diluted sea waters as the following irrigation management (a)
irrigation with diluted sea water along the period of the experiment
(165 days), (b) irrigation with diluted sea water until pre-flowering
(75 days from sowing), then tap water was added to the end of the
experiment (90 days), and (c) irrigation with diluted sea water as three
times and once with tap water. The control treatments were irrigated



Table (1a): Some physical and chemical characteristics of the investigated soil.

Location Practical size Texture | Field O.M. EC pH CaCQ, Soluble ions me.L”
distribution % class capacity % Ds/m 1:2.5 % Cations Anions
Sand | Siit Clay % Ca” [ Mg™ | Na K €O, | HCO; | Cr S0,”
Sandy
Maryout | 69 21 10 clay 26 0.69 3.05 7.4 29 10.5 | 620 132 | 012 - 1.20 204 8.4
loam
Table (1b): Some chemical characteristics of the used srganic manure.
Organic [ pH EC | Moistare | M.O. C:N Total elements
manure 1:2.5 Ds/m content % ratio % mg/kg
Yo N P K Ca Mg Na Fe Mn Zn Cu Cd Ph
Chicken | (4 5.1 17.1 L3 19:1 116 | 010 | 0.14 009 | 005 | 025 223 480 529 228 13 46
manure :
Table (1c): Chemical analysis of the used irrigation water.
Water pH EC SAR | Adj- Soluble ions/L
quality 1:2.5 | Ds/m SAR Cations Anions Microelements
Ca” | Mg~ | Na’ K | co, [HCO, | Cr 80, Fe Mn Zn Cu Cd Pb
i:‘fe': 712 | 04 197 | S5 1.7 0.7 14 0.2 - 2.1 15 04 | <0.01 | <001 | 0.01 [ <001 | <0.01 | <0.01
ConeSea | 89 | 45 | 270 | 136 | 209 { 148 | 256 | 152 { 048 | 90 | 30 | 100 | 19 | 013 | 007 | 0.50 | <001 | <001
D‘S‘wl'_s 7.9 105 | 146 | 7.3 71 | 309 | 636 | 33 - 19 [ 757 | 274 | 01 | 0do | 030 | 030 | <0.01 { <0.01
:
1:3 8.5 137 | 142 | 146 | 117 | 448 | 756 | 48 0.3 2.8 102 | 321 13 | 011 | 001 | 0.03 | <0.01 | <0.01

YOp-L¥v (€)1 ‘900T 10§ uonauy wayD [oid [

1s¥
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~with tap water along the period of the experiment. Treatments were
arranged on greenhouse benches in a randomized design with five
replicates for each.

Soil, organic manure and water analysis:

The surface soil sample (0-30 cm depth) was air dried, ground in
wooden mortar, sieved and chemically analyzed as follows: Calcium
carbonate equivalent (Richards, 1954); the mechanical analysis (Gee
and Bouder, 1986), organic matter, soluble ions, and chemically
available elements (Jackson, 1967). Organic matter, water analysis as
well as determination of elements were done according to Jackson
(1967).

Sampling:

Representative soil samples were taken from each treatment after
75, 135 and 165 days from planting to determine the chemical
properties. PH values were determined in 1:2.5 soil: water suspension
using a glass electrode pH meter, then EC values were determined in
the extract, soluble ions and SAR values were determined according
to Jackson (1967). Actual evapotranspiration (mm) were calculated
for the various plant growth stages using the estimated average soil
moisture contents. Water use efficiency (g.cm) was calculated by
dividing the crop yield by the amount of seasonal evapotranspiration
for wheat plant according to Giriappa (1982)

RESULTS AND DISCUSSION
Soil pH:

Soil pH may be one of the most important parameters which
pinpoint the over all changes in soil chemical properties. Data
presented in Table (2) indicate that soil pH values, during the different
growth stages, decreased as a salinity level of irrigation water
increased, the rate of this decrease was getting smaller with increasing
period of plant growth. This may be due to that H' ions are released
from the exchanger complex by the influence of other soluble cations
in the applied saline waters (Mahrous ef al., 1983) or due to increasing
the solubility of CaSO, and sulfate transformation which led to
decrease in the soil pH values (El Sawaby, 1965).

Regarding the effect of irrigation frequencies on soil pH values,
data show that the highest values were associated with “c” frequency
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Table (2): The main effects of diluted sea water, irrigation frequency and chicken manure on
pH, EC, soluble jons and SAR in soil at different wheat growth stages.

pH | EC | Soluble Tons me. LT
Treatments @S/ | SAR Cations Anions
1:25 1 m) G Mg [TNa” TK* <o, [ HCO, rcr Tsm
At 75 days from planting
Fresh water 790 [ 134 [ 760 [ 170 {151 [ 96 [125] - [ 036 | 84 [ 51
Diluted sea water
1:5 7.59 [ 288 [ 1608 | 1.89 | 176 | 218 [ 341 | - 040 | 2147 66
1:3 734 1 671 | 2950 | 3.22 2.59 47.4 9.30 - 0.73 49.7 | 12.4
Irrigation
frequency
a 7.20 | 5.63 | 23.12 | 2.81 228 | 376 6.46 - .0.62 39.1 8.7
b 746 | 4.78 | 2694 | 2.36 | 214 375 6.47 - 0.64 358 | 11.4 |
c 7.63 ) 396 | 18.26 | 2.80 | 211 28.5 6.14 - 0.54 258 | 8.4
Chicken manure
0.0 7.70 ; 411 § 2222 | 235 1.89 19.0 245 - 0.48 183 | 6.9
1.5 7.66 | 5.47 | 13.22 | 2.19 1.80 251 5.15 - 0.45 25.7 | 1.7
At 135 days from planting
Fresh water 7.62 | 145 | 671 1.80 | 231 9.6 0.81 - 0.26 9.9 2.9
Diluted sea water
1:5 739 | 444 | 1910 | 345 3.78 34.8 233 - 0.40 29.2 | 13.9
1:3 733 | 722 | 2855 (512 |4.84 60.0 2,27 - 0.52 359 | 178
Irrigation '
frequency
a 7.20 | 7.62 | 27.00 |4.44 | 4.66 54.6 2.36 - 0.47 48.9 | 16.8
b 741 | 574 |23.70 | 3.84 |4.15 47.2 2.25 - 0.50 57.6 | 1.80
c 746 | 513 [20.77 | 457 1413 40.3 2.30 - 0.40 732 | 13.6
Chicken manure {
0.0 755 | 642 | 1984 |[2.28 2.68 274 1.95 - 0.42 23.6 9.3
1.5 744 | 524 | 1684 | 463 | 395 29.7 1.52 - 0.30 278 | 95
At 165 days from planting
Fresh water 742 | 120 | 1238 | 0.76 | 0.56 9.9 0.96 - 0.48 9.2 2.2
Diluted sea water
1:5 735 | 3.85 | 1921 3.23 2.34 32.2 0.68 - 0.43 259 | 123
1:3 730 | 6.4 | 19.48 | 645 | 4.80 44,1 0.70 - 0.36 299 | 124
Irrigation
frequency
a 7.22 | 551 | 19.05 | 550 | 4.14 47.3 0.71 - (.41 399 | 12.8
b 7.37 | 484 ) 2052 | 516 | 3.71 28.7 0.70 - 0.40 347 | 34
[ 738 | 3.57 | 1846 | 3.86 | 286 28.5 0.67 - 0.40 24.5 | 107
Chicken manure
0.0 743 | 391 | 18.04 | 2.84 | 1.70 20.7 0.56 - 0.42 182 | 6.6
1.5 732 | 608 | 1600 | 412 | 2.43 274 0.82 - 0.46 240 | 7.9
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and the lowest ones were obtained for “a” frequency. This means that
irrigation with saline water during the whole growth period led to
slight decrease in the soil pH values compared to the other two
trrigation frequencies, i.e. “b” and “c”ones. This effect was more
pronounced at the first growth period compared to the late ones. In
other words, the magnitude of increases relative to “a” frequency
treatment reached 5.9, 3.6 and 2.2% at the three growth stages,
respectively.

Addition of 1.5% chicken manure slightly decreased soil pH value
by about 0.1 units. This effect was expected and held true at different
wheat growth periods due to the formation of CO; and other organic
acids through decomposition of the added organic manure.

In addition data in Table (3) reveal that the soil pH values were
clearly affected by the combined effect between diluted sea water and
irrigation frequency as compared with the corresponding values
obtained by irrtgation with tap water, where the highest values were
associated with the treatment of 1:5 diluted sea water + “c” frequency,
while the lowest ones were achieved with the treatment of 1:3 diluted
sea water +“a” frequency.

In this respect, the combined effect between 1:3 diluted sea water
treatment +1.5% chicken manure gave the highest values , while the
opposite trend was found for the treatment of those irrigated with
fresh water + chicken manure application. Further more the tri-
interaction effect among 1:5 or 1:3 diluted sea water +“a” frequency
+1.5% chicken manure gave the the lowest values , indicating the role
of water management under both saline conditions and organic
manure application.

Seil Electrical conductivity (ECe):

Due to the diversity of water type used for irrigation, it was
necessary to set up particular criteria for evaluating the quality of
irrigation water. In this respect, the most important characteristics that
may be considered here in determining water quality are salinity
(expressed as electrical conductivity values ECw, and sodium
adsorption ratio (SAR). Based on salinity of irrigation water, the
following classification for water quality introduced by the U.S.
Salinity Iab. and published by FAO (1985) it could be mentioned that
EC <0.7 dS/m, no restriction from its use, such as the used tap water
in this experiment (ECw = 0.4 dS/m), 0.7 to 3.0 dS/m is considered
slight to moderate but more than 3.0 dS/m is restricted in its use.
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Table (3): Tri-interaction effect among the studied treatments on pH, EC, Soluble ions and
SAR in soil at different wheat growth stages

Treatments pH EC Soluble ions me. L
(ds/ SAR Cations Anions
Irrigation | 125 | m) — = - — — . —
frequency Ca I Me 1 Na l K | cos | HCO, [ o | S04
At 75 days from planting ( without chicken manure addition )
Fresh water 793 [ 122 | 608 | L&D _]_ 160 [ 660 [22 ] - T 036 | 769 | 488
Diluted sea water: )
A 7.20 2.50 14.06 1.38 L.68 18.70 | 1.8 - 0.73 15.40 8.8
1: 5 b 7,70 2.15 12.42 1.60 1.70 1590 | 2.6 - 0.66 12.90 7.8
c 7.77 1.5% 7.81 1.90 1.40 10.00 | 2.6 - 0.68 9.84 53
] T.20 27 17.43 .60 3.40 32.60 5.2 - 0.43 38.60 7.5
1:3 b 7.24 6.45 3115 2.86 2.08 5170 8.1 - .81 51.20 12.9¢
c 7.35 4.70 15.83 4.62 388 | 3220 | &3 0.63 38.50 8.0

At 75 days from planting ( with chicken manure addition )
Fresh water 78 | 15¢ | %1 ] re0 | Llaz Juw o3l . T ess 8.89 53

Diluted sea water:

a 7.20 3.99 23.25 2.05 332, | 3160 | 39 - 0.44 28.40 5.6
1: 5 b 7.61 3.57 17.27 2.04 246 | 2640 | 4.8 - 0.51 28.40 6.7
c 7.70 3.45 21.37 1.88 162 [ 2790 | 37 - 0.63 30,60 5.5
a 7.24 8.77 37.70 3.70 270 | 67.50 [ 139 - 0.53 74.10 12.9
1: 3 b 7.27 6.95 44.88 1.80 132 | 5610 { 104 - 0.43 50.70 18.3
¢ 735 6.08 28.01 2.80 2.41 43.50 | 119 - 0.63 45.40 14.6
At 135 days from planting { without chicken manure addition )
Fresh water 770 [ 140 [ 607 ] 198 | 222 | 88 [too ] - T o020 | 95 | 15
Diluted sea water:
A 7.20 4.70 28.00 1.64 238 | 39.70 [ 3.30 - 0.48 3430 [ 12.13
1: 5 b 7.50 4.50 20.20 2.54 394 | 3620 | 2.1 - 0.44 29.8¢ | 14.70
c 7.55 3.20 15.10 2,64 2.52 | 2430 | 2.60 - 0.42 23.10 5.40
a 7.20 7.06 33.40 3.08 374 | 61.50 | 2.30 - 0,72 54.50 | 1530
1:3 b 7.83 6.51 30.60 3,20 3.50 | s590 [ 2.60 - 0.63 44.10 | 20.50
c 7.44 5.46 33.20 2.60 162 | 4820 | 2.30 - 0.38 3610 | 18.00
At 135 days from planting ( with chicken manure addition )
Fresh water 75 ] 150 [ 734 [ 162 | 240 [ wa 061 | -] 031 10.70 435
Diluted sea water
” 7.80 5.36 21,50 4.02 428 [ 43.80 | 150 - 0.38 3640 | 1630
1:5 b 7.41 4,45 16.90 [ 4.00 4.18 | 3420 | 2.10 - 032 22,50 | 2110
c 7.40 4.40 13.00 5.80 538 | 3070 | 2.15 - 0.32 28.90 | 14.70
a .72 6.36 25.20 9.04 824 | 73.90 | 233 - 0.36 7040 | 23.00
1:3 b 1.31 7.50 27.20 5,60 496 | 6250 | 1.95 - 0.50 5780 | 16.60
c .59 7.45 21.50 7.22 699 | ssz0 | 212 - 0.46 60.80 | 13.10
At 165 days from planting ( without chicken manure addition )
Fresh water 751 | 112 [ 1316 | 033 1 0s¢ o6l Jos2 | - [ oat 9,38 144
Difuted sea water:
a 7.13 4.12 19.21 3.70 2.64 | 3420 | 0.67 - 0.46 26.80 | 13.80
1:5 b 7.43 311 28.78 1.00 095 | 2850 | 0.73 - 0.49 2080 | 10.10
c 7.44 2.97 23.25 160 102 | 2650 | 0.57 - 0.47 20,80 8.38
a 7.20 6.14 20.04 6.58 496 | 4890 | 058 - 0.39 50.10_ | 10.80
1:3 b 7.40 5.02 15.54 6.96 492 | 3790 | 0.42 - 0.36 31,80 | 18.00
c 7.40 2.1 16.07 3.72 262 | 1450 | 0.59 - 0.37 11.20 .50
At 165 days from planting { with chicken manure addition )
Fresh water 733 [ 127 [ 1.59F] o058 [ os8 [ o2 Joss | - [ 055 | sq0 | 29
Diluted sea water :
a 7.23 4.70 10,71 4.22 3.06 | 3500 | 0.68 - 0.33 34.00 1 1480
1: 5 b 7.35 4.22 16,50 4.86 316 | 33.00 | 0.76 - 0.41 1750 | 1430
[ 7.37 3.97 16,79 4.10 3% 31.90 | 0.63 - 0.38 25.50 13.40
a 7.20 7.06 26.24 7.10 588 | 5090 | 0.87 - 0.34 47.80 | 1270
1: 3 b 7.30 7.00 21.26 7.82 577 5550 | 0.85 - 0.31 58.60 11.10
c 7.32 5.22 17.71 6.10 460 | 4090 | 0.86 - 0.40 40.40 | 1150
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Consequently 10.5 dS/m of 1:5 diluted sea water or 13.7 dS/m of 1:3
diluted sea water are very high saline water for irrigation. So, as
expected irrigation with high water salinity increased ECe values over
the control treatment, where irrigation with 1:3 diluted sea water gave
the highest values (Table, 2). It is obvious that the obtained values
were highly significant at all plant growth stages and reached about 5
foids of those irrigated with tap water. Similar results were obtained
by Abd El Nour (1989). It is worth to mention that soil ECe value at
the beginning of the experiment was 3.05 dS/m, then at all growth
stages, ECe of the soils irrigated with tap water decreased to values
less than 1.5 dS/m due to the uptake of wheat plants the minerals
occurred in the root zone. However, wheat plants can tolerate salinity
of soil reaching 6.0 dS/m and salinity water having ECe 4.0 dS/m for
irrigation produce 100% yield potential but soils of ECe 7.4 dS/m and
irrigation water of ECe 4.0 dS/m produce only 75% yield of wheat
compared to those irrigated with non-saline water ( Maas,1984).

Concerning the effect of irrigation frequencies, the obtained data
show that the highest values of soil electrical conductivity were
associated with “a” frequency due to the irrigation with saline water
along the plant growth periods and this is expected, while the lowest
values were associated with “c” frequency treatment due to the
alternative irrigation with saline or non-saline water.

Addition of 1.5% chicken manure gave higher soil EC values
compared to those received no organic manure. This effect of chicken
manure rendered to the nature of these materials that already contain
high saline substances as indicated by its EC, 5.1 dS/m. Similar results
were obtained by Valdares et al. (1983).

With respect to the combined effect between diluted sea water
and irrigation frequency, data in Table (3) show that the lowest EC
values were attained for the treatment of 1:5 diluted sea water + “c”
frequency compared to the other irrigation treatments, indicating the
role of irrigation frequency particularly “c” one in decreasing soil EC
values compared to the corresponding ones attained for the individual
effect of saline irrigation water. Regarding the irrigation with different
saline irrigation waters combined with chicken manure, the obtained
data showed an increase in soil EC values compared to the other
combined treatments. On the other hand, the combined effect of
chicken manure +“c” frequency had a positive effect on decreasing
EC values under saline conditions. At the same time, the tri-
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interaction effect among the investigated treatments confirmed the
aforementioned results.
Soluble ions:

To substantiate the influence of salt level in irrigation water on the
soluble cations and anions in the soil under cultivation, the obtained
results reveal that increasing salinity level of irrigation water
increased all the studied cations and anions in soil with different rates,
exception being the concentration of HCO;™ ions in soil. These
increases are proportional to the increase in salts introduced through
irrigation water. Irrigation with 1:3 diluted sea water resulted
differences values reached 89, 184 and 749% for Ca®* at the three
growth stages, respectively, while being 72, 110 and 757% for Mg®*,
396, 525 and 345% for Na' and 644, 180 and 1% for K* comparing
with those irrigated with tap water. The complementary additions of
salts through irrigation water, beside those of the soil extract under the
practiced irrigation frequencies resulted different levels of soluble ions
and SAR values. For monovalent ions, Na‘ as well as K*
concentrations in soil irrigated with saline water were more affected
by the salinity level of irrigation water rather than the divalent cations,
Ca™ and Mg™ . However, data reveal that Ca™ and Mg™® were
decreased to the lowest levels and this may be due to the selective -
uptake of these ions by wheat plants rather than Na®. The increase in
CI" concentration due to irrigation with 1:5 or 1:3 diluted sea water
was 3 times or 5 times higher than those irrigated with tap water. The
concentration of SO, in soil extract showed considerable increases as
the time increase due to its accumulation in the soil and reached 6
folds of that of soil irrigated with tap water.

Regarding the effect of irrigation frequencies on reducing salinity
effect due to irrigation with very high saline water, data reveal that “c”
frequencies resulted lower salt concentrations in the soil compared to
“a” frequencies. Differences reached 42% at the 31 growth stage for
Ca®, 45% for Mg®*, 66% for Na*, 6% for K, 1% for HCO5’, 62% for
CI" and 8% for SO4* ions, respectively.

Although chicken manure application improved some physical,
chemical and biological characteristics, it caused some increases in
salt content of the soil amended with 1.5% chicken manure. These
increases reached 45% at the 3" stage for CaZ*, 43% for Mg, 32%
for Na*, 46% for K*, 10% for HCO5, 32%for Cl" and 20% for S0,*
compared to untreated soil, respectively. These findings may be due to
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the high content of these ions in irrigation water or in the used chicken
manure. Similar results were obtained by Abd El Nour (1989).
Sodium adsorption ratio (SAR):

Sodiurn hazard, expressed as sodium adsorption ratio (SAR) is
considered one of the major factors governing water quality. If the
proportion of sodium in irrigation water is high, the alkali hazard is
high, too. In the classification of water according to SAR values and
the electrical conductivity Ew,, thereby salt concentrations, were also
taken in account. Accordingly as suggested here, tap water of EC 0.4
dS/m and SAR <10 is considered low, 1:5 diluted sea water of ECe
10.5 dS/m and SAR 14.6 is medium and 1:3 diluted sea water of EC
13.7 dS/m and SAR 14.2 is high to very high ( Ayers and Westcott
,1985). Data show that the highest SAR values were associated with
irrigation with 1:3 diluted sea water. The magnitude of increases
reached 288, 325 and 57% relative to the control treatment (tap water)
at all the studied growth stages, respectively. This may be due to the
high sodium values existed at the first growth stage and so alkali
hazard is high but it decreased with increasing the plant age. Similar
results were obtained by Kenneth (1990).

Concerning the EC, values of soil extract, changing SAR values
are attributed to the effect of diluted sea water on the activity of Na’,
Ca’* and Mg”" ions. In other words, the increase in SAR values led to
decrease in the activity of the monovalent ions particularly (Na") with
a relative increase in the activities of both Ca** and Mg®", this may be
due to the nature of SAR equation. The numerator (Na') is reduced as
a result of dilution at a greater rate than the dominator (Ca**+Mg®")
because the denominator is reduced the squire root of the dilution as
discussed by Ayers and Westcott (1985).

“C” frequencies resulted the lowest SAR values in the soils
irrigated with saline water compared to “b” frequencies with
differences reached 48, 30 and 11%, respectively. This may be due to
the high level of Na* ions associated with “b” irrigation frequency
treatment which added more salts to soils through irrigation along the
growth period until the flowering stage. In this respect, addition of
chicken manure to soil decreased SAR values compared to the
untreated soil. This finding held true at the three growth stages. This
may be due to the release of organic acids and CO, through
decomposition of organic manure that reduces the Na concentration in
soil and consequently SAR values.
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It is worth to mention that the combined effect between diluted
sea water and irrigation frequency, data in Table (3) showed a
discrepancy between positive and negative depending on the stage of
growth where no definite trends were obtained. On the other hand, the
combined effect between diluted sea water (1:3) and chicken manure
(1.5%) gave a positive effect on increasing SAR values. Also the tri-
interaction effect among the investigated treatments confirmed the
role of irrigation frequencies in reducing soil SAR values than that of
chicken manure application.

Actual evapotranspiration (ETa):

Data in Table (4) show that increasing salinity level of irrigation
water decreased the actual evapotranspiration by wheat plant to about
6 and 10%due to irrigation with diluted sea water 1:5 and 1:3,
respectively compared to irrigation with tap water at the vegetative
stage (75 days after planting). While these decreases reached 6 and
18% at the yield formation stage (135 days after planting) and 8 and
10% at the harvest stage (after 165 days from planting), at the same
order. This may be interpreted that increasing salinity of irrigation
water increased tensions which water is held by soil and a relative
slow rate of water conductivity through the soil compared to the great
evaporative power of the atmosphere. Similar findings were obtained
by Kanemasu et al. (1976).

The lowest ETa values were obtained as a result of using “a”
frequency treatment and this could be explained. that continuous
irrigation with high saline water along the growth period induced ETa
depression compared to “c” frequency, besides decreasing the
vegetative growth and subsequently the evapotranspiration and water
consumptive use during the growing season of plant. Similar results
were obtained by Bhatnager and Kunder (1990).

~ In this respect, chicken manure addition increased ETa values
compared to the untreated soil and this may be attributed to the high
capacity of organic manure which keep a lot of water and provide high
moisture content for a long time subsequently allow to increase actual
evapotranspiration and water consumptive use. Similar results were
obtained by Ahmed et al. (1990).

In addition, the combined effect between trrigation with tap water
under 1.5% chicken manure addition achieved the highest actual
evapotranspiration values, whereas the lowest ones were associated

with no organic manure addition under irrigation with 1:3 diluted sea
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Table (4): The main effect of the studied treatments on the actual evapotranspiration
(mm.) for wheat plant.

Treatments Date from planting, days
75 135 165
Fresh water(control) 146.4 201.40 199.10
Diluted sea water :
1:5 137.35 190.04 109.43
1:3 131.14 165.99 106.00
Irrigation frequency
a 109.15 168.95 100.20
b 132.65 180.13 110.51
c 139.92 184.95 112.43
Chicken manure application rate (%):
0.0 117.29 177.87 101.24
1.5 159.30 193.75 121.78
Table (5a): The main effect of the studied treatments on the water use efficiency
_(Ke.m™) for wheat plant.
Treatments ' Date from planting, days
75 135 165
Fresh water(control) 40 100 170
Diluted sea water :
1:5 30 %0 120
1:3 30 L 119
Irrigation frequency )
a 30 30 110
b 30 - 80 110
c 40 %0 126
Chicken manure application rate (%)
0.0
20 &0 100
15 40 110 170

Table (5b): The tri-interaction effect among the studied treatments on the water use
efficiency (Kg.m”) for wheat plant.

Treatments Irrigation Date from wheat planting, days
frequency
75 1 135 T 165
Without chicken manure
Fresh water 30 60 130
Diluted sea water: a 20 60 90
1:5 b 20 . 50 90
c 30 60 100
1:3 a 20 50 60
b 20 50 60
c 30 50 70
With chicken manure
Fresh water 40 130 200
Diluted sea water: a 30 90 140
1:5 b 40 110 140
e 40 130 160
1:3 a 20 90 150
b 30 80 130
[ 30 10 140
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water. Differences reached 51, 34 and 36% at three growth stages,
respectively, relative to irrigation with 1:3 diluted sea water only. In
addition, the treatment of "¢" frequency combined with 1:5 diluted sea
water gave the highest ETa values, relative to "a" frequency and 1:3
diluted sea water.

It is important to mention that under all the studied treatments,
data in Table (4) show that the highest values of calculated actual
evzt})otranspiration were obtained at the yield formation stage
(2™growth stage) followed b(?f the vegetative stage (1% growth stage)
while at the harvest stage (3™ growth stage), resulted the lowest ones,
indicating the metabolic process reached its maximum value at the
yield formation, while at harvest stage the growing plants didn't need
more water. Therefore the late growth stage shows the lowest value of
actual evapotranspiration.

Water Use Efficiency (WUE):

Data presented in Table (5a) show that increasing salinity level of
irrigation water progressively decreased water use efficiency. The
percentages of decrease reached 25, 25%; 10, 30% and 29, 35% for
1:5 and 1:3 diluted sea water at the three growth stages, respectively
compared to irrigation with tap water. This may be due to the decrease
of dry matter yield with increasing salinity level of irrigation water
which increases the energy that plant must expend to acquire water
from the soil and make the biochemical adjustments necessary to
survive as reported by Kenneth (1990).

Use of (¢) frequency treatment for irrigation as well as chicken
manure application increased WUE by wheat plants due to improving
soil characteristics which gave suitable conditions for giving higher
yields and growth.

As shown in Table (5b) the highest water use efficiency was
associated with the combined treatment of 1:5 diluted sea water + "c¢"
frequency, while the lowest one was associated with 1:3 diluted sea
water + "a" frequency.

At the same time, irrigation with fresh water during the whole
growth period + 1.5% organic manure achieved the highest water use
efficiency. The opposite trend was true when irrigation with 1:3
diluted sea water was only used. It is worth to mention that irrigation
with tap water + 1.5% organic manure + "c" frequency gave the
highest value of water use efficiency, Whereas the lowest one was
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attained with 1:3 diluted sea water + "a" frequency + no organic
manure addition.

Conclusion
irrigation with diluted sea water as three times and once with tap
water (c) accompanied with organic manure addition under saline
conditions have a positive role in reducing the hazardous effect of
salinity in plant root zone and subsequently the investigated soil
chemical properties as well as the water use efficiency of wheat plants
were improved.
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