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Abstract 

 
The present investigation aims at studying the effect of irrigation with sea-fresh mixed water of increased salinity level on some soil chemical properties and plant growth. Therefore, two soils were collected, the first was sandy from Meet-Kenana Village, and the second was clayey from the farm of the Faculty of Agriculture, Moshtohor Qalubiya Governorate.


To fulfill the abovementioned purpose, a pot experiment was carried out in the greenhouse using barley plants (Hordum vulgare cv. Giza 123) as indicator plants. Plastic pots of six kg capacity was packed with 5 kg of the clayey soil and 6 kg of the sandy one and 20 barley grains was sown and irrigated with sea-fresh mixed water at ratios of : 1:10, 1:5, 1:4, 1:3 and 1:2 sea : fresh water; these mixed waters have an EC of 7.35, 12.8, 14.80, 18.10 and 23.50, respectively. After complete germination plants were thinned to 10 plants per pot. Plants were irrigated with the sea –fresh mixed water till maturity then plants were harvested and separated into grains and straw; the dry weight of both was recorded and plant samples were digested and analyzed for their contents of nutrients. At end of the experiments samples of soils were taken from each pot and chemically analyzed. The obtained results indicate that irrigation with sea-fresh mixed water decreased soil pH, whereas increased soil salinity (EC), SAR and ESP; the increase was more pronounced in sandy soil than in the clayey one. Also, results showed that both of straw and grain yields as well as nutrients uptake decreased with decreasing the ratio of sea –fresh water mixing from 1:10 up to 1:2 sea : fresh water i.e with increasing salinity level of the irrigation water. The maximum yield of both straw and grain was obtained at mixing ratio of 1:10 i.e at salinity level (EC) of 7.35 dS/m.

It could be recommended that sea-fresh mixed water may be used, particularly at mixing ratio of 1 : 10 (sea : fresh water), to irrigate plants tolerant to salinity like as barley with a satisfactory benefit where the total relative yield obtained at this ratio of mixing was 62.05 and 85.99 % of that obtained at control (Irrigation with (fresh) tap water) in both of the sandy and the clayey soils, respectively. The use of brackish or low quality water like sea water in irrigation would save the fresh water for the other usages. 
Introduction
The increased use of more water for land reclamation and irrigation has become so pressing that, the use of low quality water supplies such as drainage, well, sewage and sea waters for these purposes has to be explored.

Egyptian economy depends to a greet extent on agriculture, a condition which seems to continue for many years to come. The rapidly growing population and the improvement of the standard of living increase the demand for the agricultural production. Thus, the prominent aim of the Egyptian policy is to increase the land production through better land use; improvement of agricultural techniques and bring new land areas under cultivation. The Egyptian budget of the Nile fresh water is low and was estimated by approximately 55.5 milliard m3. Locking at the future of stressing water demands, it is quite obvious, that a very careful use of available water sources and development of new water resources such as drainage, well, sewage and sea water must be taken in consideration. The use of saline water for irrigation may results in reduction of crops yield, meanwhile sodic waters may cause deterioration in the physical and chemical properties of soils , as well as, consequent reduction in the yield. 

Salinity disrupted the nutrients acquisition by plants in two ways (Grattan and Grieve, 1992). The first way is through the ionic strength of the substrate; and the second is reducing nutrients availability through the competition between ions.

Koszanski and Karczmarczyk (1985) found that irrigation with sea water undiluted or diluted with equal vol. of water, reduced plant growth and grain and straw yields of spring barley and oats. They added that saline irrigation water increased plant contents of N, P, K, Ca, Zn and especially Mg and Na but reduced Fe content, and markedly increased soil K, Mg, nitrate and Na contents.

Hue and McCall (1989) studied the effect of irrigation with diluted sea water on the growth of macadamia seedlings and found that a 50 % growth reduction occurred at an EC of 5 dS/m in the saturated paste extract; he added that (salinization) irrigation with diluted sea water not only increased the sodium concentration in the soil and plant, but also reduced the relative proportion of the other nutrients such as Ca and K; a K:Na ratio of 1.5 corresponding to a 50 % growth reduction.  

Afifi et al. (1998) found that frequent alternation of saline and fresh water at ratio 1 : 1 caused considerable attenuation of salinity build-up, especially in sandy soils. SAR of soil solution and hence the potential sodicity hazard was appreciably high, indicating that the use of diluted sea water for irrigation appears to be limited except in case of adopting practices able to counteract soil sodication.

Amer (1999) found that N, P, K and Ca uptake by barley plants was decreased under irrigation with diluted sea water whereas, Na-uptake was increased and Mg-uptake was insignificantly affected. Kim et. al. (2001) grown Glassworts in a greenhouse with 0, 10, 30 and 90 % seawater with or without nutrient media and found that salinity significantly affected shoot height and Na, K, and Ca concentrations. The shoot height was increased with 10 and 30 % seawater concentrations. At the higher seawater concentrations higher sodium accumulation in the shoot was observed. Application of seawater increased Na, Mg and Fe concentrations and green leaf area and decreased K concentration compared with control; the K/Na ratio of the shoot was decreased at a high seawater concentration. 

Abdel-Aziz (2004) found that irrigation with diluted sea water at 5 , 10, 20, 30 and 40 % of its salinity strength increased soluble cations and anions in the soil. She added that the low level of sea water dilution (5 % sea water) enhanced the dry matter yield of barley plants, while increasing irrigation water salinity to 10, 20, 30, and 40 % sea water dilutions significantly decreased it.

D'-Amico et. al. (2004) studied the growth and uptake of mineral nutrients in seedlings of wheat grown in Hogland"s solution added with increasing sea water concentrations (0, 10 and 20 %) and reported that an increase in fresh and dry matter of wheat treated for 14 days with 10 % sea water compared with control was observed, while a reduction was observed in wheat treated for 21 days with 20 % sea water solution. They added that, the moreover sea water application reduced the elongation, affecting more shoots than roots. Also, they found that under sea water irrigation uptake and translocation of mineral nutrients changed drastically. The high presence of Mg2+ in sea water affected the plant nutritional requirement considerably, influencing the uptake of Ca2+, which was restricted for competition, and the accumulation of P and Mn were enhanced.


Therefore, the aim of this work is to study the effect of the increased salinity in artificially irrigation water prepared by mixing sea water with fresh (tap) water at different ratio, and used for irrigation, on some soil chemical properties and plant growth aiming to saving fresh water for other usage.
 3. - Materials and methods

Two soils were collected, the first was from Meet-Kenana Village, and the second was from the farm of the Faculty of Agriculture, Moshtohor Qalubiya Governorate, representing sandy and clayey soils, respectively. Chemical and Physical properties of the soils, which were determined according to the standard methods outlined by Klute (1986) and Page et al. (1982), are shown in Table 1. 

A pot experiment was carried out in the greenhouse to study the effect of irrigation with sea-fresh mixed water, of increased salinity levels, on some soil chemical properties, growth and nutrients uptake by barley plant (Hordum vulgare cv. Giza 123), grown on the sandy and the clayey soil under irrigation with sea – fresh mixed water at different ratios and of different salinity levels to determine the best ratio of sea water mixing with fresh water which could be used for irrigation the growing plants aiming at saving fresh water for other purpose. The design of the experiment was a randomized complete block design, factorial involved two factors in three replicates as follows:
Factor A : Soil,  two soils as mentioned above.

Factor B : Irrigation water: 5 ratios of sea-fresh mixed water of different levels of salinity as follows:

T1:
Sea water mixed by 1 : 10 ratio (EC of 7.35 dS/m)
T2:
Sea water mixed by by 1 : 5 ratio   (EC of 12.80 dS/m)
T3:
Sea water mixed by by 1 : 4 ratio   (EC of 14.80 dS/m)
T4: 
Sea water mixed by by 1 : 3 ratio   (EC of 18.10 dS/m)
T5: 
Sea water mixed by by 1 : 2 ratio  
 (EC of 23.50 dS/m)

As well as control treatment T0:  fresh water (tap water) (EC of 0.90 dS/m)
Thus the total number of treatments for experiment Was: 2 (soils) × 6 (5 sea-fresh mixed water + control "tap water") × 3 (replicates) = 36 treatments. Table 2 show the chemical composition of these mixed waters.
Table (1): Chemical and physical  properties of the soils.

	Soil property
	Soil 1  (Meet Kenana) 
	Soil 2  (Moshtohor)

	Ph sat. Extr.
	7.17
	7.47

	EC dS.m-1 Sat. Extr.
	3.47
	3.07

	Organic matter %
	0.14
	1.98

	CaCO3 %
	0.36
	1.43

	CEC cmolc / Kg soil
	12.01
	47.68

	Exc. Na cmolc  / Kg soil
	0.58
	3.42

	Exc. K   cmolc / Kg soil
	0.94
	2.63

	Exc. Ca cmolc / Kg soil
	6.48
	31.44

	Exc. Mg cmolc / Kg soil
	5.04
	10.08

	Soluble cations mmolc / L (in saturation extract)

	Ca2+
	11.64
	14.04

	Mg2+
	7.8
	4.48

	Na+
	17.69
	17.61

	K+
	3.93
	3.68

	Soluble anions mmolc / L (in saturation extract)

	HCO3
	7.70
	8.58

	CO32-
	0.00
	0.00

	Cl-1
	8.43
	16.86

	SO42-
	24.93
	14.37

	Physical properties

	Saturation Percentage
	21.00
	87.00

	Water holding capacity 
	14.00
	50.33

	Wilting point 
	7.45
	24.75

	Particle size distribution 

	Fine sand  %
	10.35
	24.81

	Coarse sand %
	82.59
	2.27

	Silt %
	2.27
	22.27

	Clay %
	4.79
	50.65

	Textural class
	Sand
	Clay

	Available nutrients (mg Kg-1soil)*

	N (mg Kg-1)
	22.40
	89.23

	P (mg Kg-1)
	4.65
	24.33

	K (mg Kg-1)
	89.00
	825.35


* N : KCl extract ,    P : Na HCO3     K : Ammonium Acetate

Table ( 2 )  Chemical composition of the sea, tap and mixed sea waters.

	Properties
	Water mixing ratio (Sea water : Tap water ) and water salinity “S”

	
	Sea water
	T0 

Tap water
	T1
1 : 10
	T2
1 : 5
	T3
1 : 4
	T4
1 : 3
	T5
1 : 2

	EC (dS/m)
	47.50
	0.90
	7.35
	12.80
	14.80
	18.10
	23.50

	pH 
	7.42
	8.22
	8.93
	8.76
	8.74
	8.53
	7.72

	SAR
	64.90
	1.40
	16.45
	25.40
	29.59
	33.10
	33.58

	Soluble cations    mmolc/L

	Na+
	556.50
	2.51 
	 59.76
	104.57
	126.98
	164.33
	179.94

	K+
	11.60
	0.24
	8.64
	11.69
	12.20
	14.74
	16.26

	C2+
	31.00
	4.30
	5.70
	6.10
	6.70
	6.80
	7.40

	Mg2+
	116.01
	2.10
	22.69
	27.80
	31.3
	42.5
	50.00

	Soluble anions mmolc/L

	CO3=
	 0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	HCO3-
	31.42
	5.00
	8.58
	12.87
	15.73
	17.16
	26.50

	Cl-
	584.58
	2.70
	75.00
	125.00
	156.00
	196.00
	249.00

	SO42-
	99.11
	1.45
	9.22
	12.29
	15.55
	18.11
	22.70


The experimental work:
     Plastic pots of six kilograms capacity were packed with each soil and twenty barley grains (v. Giza 123) were sown in each pot. Nitrogen, phosphorous and potassium fertilizers were added as a basal dose equivalent to the dose recommended by the ministry of Agriculture which is 45 kg N/Fed., 15 kg P/Fed. and 24 kg K/ Fed. Considering 1 mg/kg soil is equivalent to 1 kg/Fed. (considering that the plough layer of 1 feddan weights approximately 1000 mega gram) one mega gram (Mg) = 106 gram. 


The experiment was executed in a randomized bloke design with three replicates. Irrigation was done using the prepared mixed sea - tap water at ratios of 1: 10, 1: 5, 1 : 4, 1 : 3 and 1:2 (sea water : tap water) to maintain the soil moisture content at about the water holding capacity during the growth period. After 15 days from sowing (complete germination) barley seedlings were thinned to 10 seedlings /pot. Thenafter, all plants were irrigated till maturity.


200 ml of Hoglands solution per pot was added twice during the growth period. At maturity plants were harvested (after 106 days for sandy soil and 130 days for the clayey one) and separated into grains and straw, oven dried at 70oC for 24 hours and the dry weight of both grains and straw were recorded. Samples of straw and grains were ground and digested using a mixture of concentrated sulphuric and perchloric acids (3:1V/V). Digests were diluted to a 100 ml volume and analyzed for contents of N, P, K, Na, Ca and Mg.

The obtained data were subjected to the statistical analysis of the factorial experiments assessing the analysis of variance according to Snedicor and Cochran (1980) 

Results and discussion 
Effect of irrigation with sea-fresh mixed water on some chemical properties of the studied soils:

 
Results in Table 3 show that irrigation with sea-fresh mixed water at ratios of 1 : 10 up to 1:2 (sea : tap water) significantly increased soil salinity (EC), ESP and SAR whereas significantly decreased the soil pH values compared with the control treatment (irrigation with fresh "tap water").

A - Soil salinity (EC):


Results in Table 3 show that soil salinity significantly increased, upon irrigation with the abovementioned mixed waters, from 1.43 to 53.67 dS m-1 for the sandy soil and from 1.58 to 64.45 dS m-1 for the clayey one. The lowest increase in soil salinity was obtained at mixing ratio of 1:10 (sea : tap water) whereas the highest one was obtained at mixing ratio of 1 : 2 (sea : tap water); the increase in soil salinity was higher in the clayey soil than in the sandy one; significant difference occurred in soil salinity between the two soils under study. Also results reveal that soil salinity build-up linearly increase with increasing salinity of the irrigation water. This result is in agreement with those obtained by Afifi et al. (1998)  Abdel-Aziz (2004).

b – Soluble cations and anions in the soil: Data presented in Table 3 point out the concentration of the major cations and anions of the soil paste extract of the studied soils gradually increases with increasing salinity level of irrigation water. Results show that using sea-fresh mixed waters from T1 up to T5 (mixing ratios of 1:10, 1:5, 1:4, 1:3 and 1:2, respectively;  sea : tap water) for soil irrigation increased both soluble cations and anions in the soil paste extract of the two soils as follows: as for sandy soil, sodium ions increased from 5.56 ( irrigation with tap water "T0´) to 301.30 mmolc/L (mixing ratio of 1 : 2 sea : tap water "T5") , potassium ions increased from 0.49 to 43.46 mmolc /L , calcium ions increased from 2.80 to 92.00 mmolc/L, magnesium ions from 6.70 to 101.50 mmolc/L, chloride ions increased from 7 to 459.33 mmolc/L, Respect the clayey soil, the increase in soluble cations and anions with decreasing the mixing ratio from tap water (control T0)  up to 1 : 2 (sea : tap water "T5 ") was as follows: from 5.52 to 302.66 , from 1.46 to 38.23, from 6.50 to 110.50, from 3.50 to 196.00, from 12.00 to 593.67 mmolc/L, for sodium, potassium, calcium, magnesium, and chloride, respectively. These results agree with those obtained by Afifi et al. (1998) and Abdel-aziz (2004). The increase in soluble cations and anions in the soil paste extract of the clayey soil was higher than that of the sandy one.


The distribution of soluble cations showed that the dominant cation was sodium followed by magnesium then calcium and finally potassium.  The distribution of soluble the cations and anions in the soil paste extract of the two soils under study coincide, to a great extent, with the ionic composition of the sea fresh mixed water (Table 2)  

c- Sodium adsorption ratio (SAR)

Results in Table 3 show that increasing salinity of the irrigation water by using sea–fresh mixed water (from 1 : 10 "T1" up to 1: 2 "T5") under study increased sodium adsorption ratio (SAR) of the two soils under study from 16.92 to 30.62  and from 18.99 to 24.46 for the sandy soil  and clayey one, respectively. On the other hand, tap water treatment (control) resulted in the lowest values of soil SAR as follows : 2.55 for the sandy soil and 3.91 for the clayey one. The values of SAR in the sandy soil was higher than those of the clayey one; significant differences in the SAR values occurred between the two soils. 

From the abovementioned results, it could be concluded that irrigation with sea - fresh mixed water raised SAR values of the soils under study so the soils became sodic  according to U.S Salinity Lab. Staff (1969). The best treatment (sea- fresh water mixing ratio), which gave the lowest SAR value was T1 (mixing ratio of 1 : 10 "sea : tap water). These results agree with those obtained by Afifi et al. (1998) and Abdell – Aziz (2004). 

d- Soil reaction (pH):


Data presented in Table 3 show that using mixing ratios of sea – fresh water corresponding to 1 : 10, 1:5, 1:4, 1:3 and 1:2 for irrigating the studied soils caused their pH values to decrease from 8.33 (control) to 8.10, 8.30, 8.30 8.27 and 7.93 for sandy soil, and from 8.40 to 7.30, 7.90, 8.09, 6.73 and 7.20 for the clayey soil, respectively. There were significant differences in the pH values between the different mixing ratios and between the two soils. An interaction between the soil and the ratio of mixing sea – fresh water occurred on soil pH, where in the sandy soil the pH value decreased from 8.33 at control treatment to 8.10 at mixing ratio of 1:10 then it increased up to mixing ratio of 1: 3 to reach 8.27, but still lower than that of the control. At mixing ratio of 1 : 2 the pH value decreased much more to reach 7.93. In the clayey soil, the interaction between the soil and irrigation water take almost the same pattern except with mixing ratio 1:3 where the pH value decreased compared with mixing ratios of 1:4, 1:5 and 1:10 then it tended to increase other one, but still lower than that of the control (tap water). Sea water results in neutralization of alkalinity through precipitation of Mg and Ca (Menzies et. al., 2004).

e – Exchangeable cations and exchangeable sodium percentage (ESP):


Results in Table 3 show that irrigating the soils under study with the  sea – fresh water mixed water significantly increased the exchangeable Na+, in both of the sandy and the clayey soils, with decreasing the ratio of mixing sea water with fresh water from 1 : 10 up to 1:2. As a result of this, the exchangeable sodium percentage (ESP) of the soils was increased and the soils became sodic. The increase in exchangeable sodium content may be due to the dominance of sodium ions in mixed irrigation water. The increase in exchangeable sodium content was higher in the clayey soil than in the sandy one, this may be due to the high content of colloidal clay and colloidal organic materials in the clayey soil which have much exchangeable sites that held sodium ions and the other cations exist in the soil solution. Significant difference occurred between the two soils under study.

As for the exchangeable calcium, results in Table 3 show that, in the sandy soil exchangeable Ca2+ significantly increased with decreasing the ratio of  mixing sea water with fresh water from 1 : 10 up to 1: 2 (sea : fresh water) as compared with the control (irrigation with tap water). There was an interaction between the soil and irrigation water mixing ratio, where decreasing the ratio of sea water mixing with the fresh water from 1:5 up to 1:2 was associated with a decrease in the exchangeable Ca2+ content, however it still higher than that of the control treatment. In the clayey soil, exchangeable Ca2+ take another pattern where it decreased with decreasing the mixing ratio from 1:10 up to 1:5, as compared with the control treatment, then it tended to increase with decreasing the sea water mixing ratio with the fresh water up to 1:2. 

Concerning the exchangeable Mg2+ content, data in Table 3 show that ,in the sandy soil, it significantly decreased, as compared with the control treatment, with decreasing the mixing ratio of sea water from 1:10 up to 1 :2. However, there was an interaction with the soil where exchangeable Mg2+ tended to increase at mixing ratio of 1:2, but still lower than that of the control treatment. In the clayey soil, exchangeable Mg2+ take another pattern where it significantly increased with decreasing the mixing ratio of sea water with the fresh water from 1:0 up to 1:2. Significant differences occurred between the two soil where the exchangeable cations contents i.e exchangeable Na+, Ca2+ and Mg2+ contents in the clayey soil at any mixing ratio were higher than those in the sandy one. This may be due to the high content of mineral and organic colloids in the clayey soil which play an important role in the ionic exchange reactions and hence the retention of the soluble cations in exchangeable form.

Table (3): Chemical analysis of the studied soils as affected by the increased irrigation water salinity of the sea fresh mixed waters.
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	Irrigation treatments


	*pH
	*EC    dSm-1 
	SAR
	Soluble ions mmolc L-1
	Exchangeable cations cmolc kg-1
	

	
	
	
	
	Na+
	K+
	Ca2+
	Mg2+
	Cl-1
	Na+
	Ca2+  
	Mg2+
	ESP

	
	Sandy soil

	T0
	8.33
	1.43
	2.55
	5.56
	0.49
	2.80
	6.70
	7.00
	0.82
	6.62
	5.20
	6.83

	T1
	8.10
	21.16
	16.92
	110.49
	18.84
	49.50
	35.70
	173.00
	3.08
	10.09
	1.65
	25.64

	T2
	8.30
	30.80
	26.25
	190.31
	22.62
	52.80
	52.40
	146.67
	3.19
	10.21
	1.50
	26.56

	T3
	8.30
	38.57
	27.02
	226.13
	23.69
	65.70
	74.40
	100.33
	3.68
	9.58
	1.23
	30.64

	T4
	8.27
	46.50
	30.14
	271.30
	33.80
	78.50 
	83.60
	138.00
	4.23
	8.77
	1.44
	35.22

	T5
	7.93
	53.67
	30.62
	301.30
	43.46
	92.00
	101.50
	459.33
	5.89
	8.00
	2.13
	49.02

	
	Clay soil

	T0
	8.40
	1.58
	3.91
	5.52
	1.46
	6.50
	3.50
	12.00
	4.08
	31.90
	7.20
	8.55

	T1
	7.30
	25.20
	18.99
	136.96
	14.54
	28.00
	76.00                                                                                                                                                                                                                                 
	125.00
	7.25
	29.96
	10.00
	15.21

	T2
	7.90
	38.82
	22.46
	205.53
	20.46
	36.50
	131.00
	202.33
	7.73
	29.82
	10.20
	16.21

	T3
	8.40
	43.12
	24.40
	231.51
	23.15
	47.66
	132.33
	328.67
	9.87
	32.25
	10.40
	20.70

	T4
	6.73
	54.87
	24.42
	273.81
	29.62
	94.55
	156.98
	369.07
	10.57
	33.17
	11.60
	22.16

	T5
	7.20
	64.45
	24.46
	302.66
	38.23
	110.50
	196.00
	593.67
	11.04
	33.19
	12.40
	23.15

	LSD at 5 %
	
	 
	

	A
	0.20
	4.64
	n.s
	   n.s        n.s        n.s        n.s             n.s
	0.82       2.20      2.03      5.97

	B
	0.35
	8.33
	2.08
	   n.s       7.68      n.s      38.79           n.s  
	1.42       3.81      3.52     10.33

	Ax B
	0.50
	n.s
	n.s
	  n.s         n.s        n.s       54.86       50.81
	2.01       5.39      4.98     14.61


T0 = Control treatment (Tap water); T1, T2, T3, T4, and T5 are mixing ratio of 1:10, 1:5, 1:4, 1:3 and 1:2 sea water : fresh, respectively and of total salinity equivalent to 0.90, 7.35, 12.80, 14.80, 18.10 and 23. 50 dS/m.
Effect of salinity of sea-fresh mixing irrigation water on barley plant growth and nutrients uptake:

A – Plant growth:


 Plate 1 and 2 show that barley growth parameters; plant length, number of spikes and tillers were significantly affected by increasing salinity levels in irrigation water. Plant length, number of tillers and spikes and consequently straw and grain yields, in the two soils under study significantly decreased due to the 
increased salinity of the sea-fresh mixed irrigation water. The decrease was progressive with increasing irrigation water salinity and significant; the decrease was more pronounced in the sandy soil than in the clayey one. The decrease in plant growth could be attributed to salinity built-up in the soils due to the increased salinity of the irrigation water (Table 3).

Concerning the sandy soil, plants which irrigated with sea fresh mixed water at mixing ratio of 1 : 2 and of an EC equal to 23.50 dead after 60 days from sowing, whereas the other plants which irrigated with the water of high mixing ratio and low salinity level survived till maturity but they were dwarfed with lower tillering and number of spikes  (Plate 1).

As for the clayey soil, all plant irrigated with the sea fresh mixed water survived till maturity, but the rate of growth decrease with increasing salinity level in irrigation water; plants were dwarfed with low number of tillers and spikes comparing with the control treatment (plate 2). Significant differences occurred between the two soils under study. The decrease in plant growth would be reflected on the straw and grains yields. 

B- Dry matter yield:

As for sandy soil, results in Table 4 show that straw yield decreased from 8.01 g/pot (tap water EC = 0.90 dS/m) to 0.00 g/pot at irrigation water salinity of 23.50 dS/m (sea-fresh mixed water at ratio of 1:2). The lowest decrease 33.33 % occurred at mixing ratio of 1:10 sea-fresh water (EC = 7.35 dS/m) followed by mixing ratios of 1: 5 (EC = 12.80 dS/m), 1 : 4 (EC = 14.80 dS/m), 1: 3 (EC = 18.10 dS/m) and 1:2 (EC = 23.50 dS/m) where the decreases were 43.32, 61.17, 91.26 and 100 %, respectively. Grain yield take the same pattern where it decreased by 43.92, 72.15, 100, 100 and 100 % in the same respective order. These decreases were an outcome of the salinity built up in the soil which occurred upon irrigation with the high saline irrigation water (sea Table 3). The decrease in grain yield was more pronounced than that of the straw yield; this indicate that the high salinity of irrigation water has a more depressive effect on the grain yield than on the straw yield. The total relative yield (straw + grain yields obtained at the different salinity levels respect to control) of barley obtained under irrigation with the abovementioned salinity levels were 62.05, 39.69, 20.81, 4.69 and 0.00 % with the same respective order, respectively.

From the abovementioned discussion, it could be concluded that sea-fresh mixed water at ratio of 1:10 and of total salinity in terms of EC equivalent to 7.35 dS/m could be used for irrigating barley plants grown under conditions of the sandy soil with a satisfactory decrease in the total yield of 37.35 % i.e the obtained total yield will be 62.05 % of that obtained with irrigation with fresh water. 

Respect the clayey soil, results in Table 4 show that straw yield decreased from 22.99 g/pot (tap water EC = 0.90 dS/m) to 0.56 g/pot at irrigation water salinity of 23.50 dS/m (sea-fresh mixed water at ratio of 1:2). The lowest decrease 17.83 % occurred at mixing ratio of 1:10 sea-fresh water (EC = 7.35 dS/m) followed by mixing ratios of 1:5 (EC = 12.80 dS/m), 1 : 4(EC = 14.80 dS/m), 1: 3 (EC = 18.10 dS/m) and 1:2 (EC = 23.50 dS/m) where the decreases were 35.75, 86.08, 89.26 and 97.56 %, respectively. The decreases in grain yield take the same pattern where they were 10.43, 42.90, 93.52, 93.92 and 100 % in the same respective order. These decreases were an outcome of the salinity built up in the soil which occurred upon irrigation with the high saline irrigation water (sea Table 3). The decrease in grain yield was more pronounced than that of the straw yield; this indicate that the high salinity of irrigation water has a depressive effect on grain yield than on the straw yield. The total relative yield (straw + grain yields obtained at the different salinity levels respect to control) of barley obtained under irrigation with the abovementioned salinity levels were 85.99, 60.55, 10.08, 8.33 and 1.18 % in the same respective order, respectively.

From the abovementioned discussion, it could be concluded that  sea-fresh mixed water at ratios of 1:10 and 1:5 and of total salinity in terms of EC equivalent to 7.35 dS/m and 12.80 dS/m, respectively, could be used for irrigating barley plants grown under conditions of the clayey soil with a satisfactory relative decrease in the total yield of 14.01 and 39.45 % i.e the obtained total yield will be 85.99, 60.55 % of that obtained with irrigation with fresh water.
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Plate (1): Effect of increased salinity level of sea-fresh mixed irrigation water on the growth of barley plants grown on the sandy soil under study.


 Plate (2): Effect of increased salinity level of sea-fresh mixed irrigation water on the growth of  barley plants grown on the clayey soil under study.

Note: T0 = Control treatment (Tap water); T1, T2, T3, T4, and T5 are mixing ratio of 1:10, 1:5, 1:4, 1:3 and 1:2 sea water : fresh, respectively and of total salinity equivalent to 0.90, 7.35, 12.80, 14.80, 18.10 and 23. 50 dS/m.

Table (4): Effect of irrigation with increasing water salinity levels using sea-fresh mixed water on barley plant  yield.

	Irrigation

treatments

(B)


	Soil
( A)

	
	Sandy soil
	Clay soil
	Mean
	Sandy soil
	Clay soil
	Mean
	Sandy soil
	Clay soil

	
	Straw yield (g pot-1) 
	Grain yield  (g pot-1)
	Total yield (g pot-1)
	Relative yield (%)
	Total yield   (g pot-1)
	Relative yield (%)

	T0
	8.01
	22.99
	15.50
	6.93
	24.54
	15.74
	14.94
	100
	47.53
	100

	T1
	5.34
	18.89
	12.12
	3.93
	21.98
	12.96
	9.27
	62.05
	40.87
	85.99

	T2
	4.54
	14.77
	9.66
	1.39
	14.01
	7.70
	5.93
	39.69
	28.78
	60.55

	T3
	3.11
	3.20
	3.16
	0.00
	1.59
	0.80
	3.11
	20.81
	4.79
	10.08

	T4
	0.70
	2.47
	1.59
	0.00
	1.49
	0.75
	0.70
	4.69
	3.96
	8.33

	T5
	0.00
	0.56
	0.28
	0.00
	0.00
	
	0.00
	0.00
	0.56
	1.18

	Mean
	3.61
	8.81
	
	 2.04
	8.77
	
	
	
	
	

	LSD at 5%
	A=0.64 B=1.10,AxB= 1.56   
	A= 0.69,B=1.19,AxB = 1.68 
	    


T0 = Control treatment (Tap water); T1, T2, T3, T4, and T5 are mixing ratio of 1:10, 1:5, 1:4, 1:3 and 1:2 sea water : fresh, respectively and of total salinity equivalent to 0.90, 7.35, 12.80, 14.80, 18.10 and 23. 50 dS/m.
C – Effect on nutrients uptake:

Results in Table 5 show that, in general, nutrients uptake (K, Ca, Mg) in straw and grains of barely plants grown on both of the sandy and clayey soils significantly decreased with increasing salinity level of the used irrigation water i.e with increasing the ratio of mixing sea : fresh water from 1 :10 up to 1 : 2; the decrease was more pronounced in the sandy soil than in the clayey one. The decrease in nutrients uptake may be due to the decrease in plant growth owing to the increased salinity of irrigation water which leads to increasing  the soil salinity (Table 3) and hence the raise of the osmotic pressure of the soil solution and nutrients imbalance which affect the type and the quantity of nutrients uptake. On the other hand, Na-uptake take an opposite trend where in the sandy soil it increased respect to irrigation with fresh water "T0 treatment", up to mixing ratio of 1 : 10 sea : fresh water then it tended to decrease with increasing the mixing ratio up to 1:4 sea : fresh water, but still higher than that of the fresh water. At mixing ratio of 1:3 sea: fresh water Na- uptake in barley straw was lower than that of the fresh water; this may be due to the low growth of barley and the low dry matter yield. In the clayey soil, Na-uptake in barley straw increase with increasing the salinity of irrigation water up to EC = 12.80 dS/m then it tended to decrease with increasing irrigation water salinity up to 23.50, whereas, in barley grains it take an opposite trend. Na-uptake in barley straw was higher than that in barley grains; this indicate that Na ions tends to accumulate more in straw than in grains.      


As for N-uptake results in Table 5 show that in sandy soil,  N-uptake in barley straw increased with increasing irrigation water salinity up to EC = 14.80 then it tended to decrease with increasing water salinity up to 18.10 dS/m, whereas N-uptake in barley grains decreased with increasing water salinity. In the clayey soil, N-uptake in both straw and grains decreased with increasing irrigation water salinity.

Concerning P-uptake, results in Table 5 show that P- uptake in the straw of barley plants grown on the sandy soil increased with increasing irrigation water salinity up to14.80 dS/m then decreased with increasing irrigation water salinity more than 14.80 dS/m. In the clayey soil, P-uptake in barley straw increased with increasing irrigation water salinity up to 7.35 dS/m then it decreased with increasing irrigation water salinity more than 7.35 dS/m. P-uptake in the grains of barley plants grown on both of the sandy and the clayey soils decreased with increasing salinity of irrigation water. These results were in agreement with those obtained by Abdel-Aziz (2004).

All the results obtained suggest the possibility of using sea water for alternative irrigation, adopting adequate dilutions for tolerant plants. This prospect could therefore have a fundamental role in the economy of natural basins in numerous Mediterranean regions, where the dry weather problem has a particular importance.

Table (5): Effect of irrigation with increasing water salinity levels using sea-fresh mixed water on nutrients uptake by barley plants grown on the sandy and the clayey soil under study. 
	Irrigation

 treatments

(B)
	 Soil

(A)   

	
	Sandy soil
	Clay soil
	Sandy soil
	Clay soil
	Sandy soil
	Clay soil
	Sandy soil
	Clay soil
	Sandy soil
	Clay soil
	Sandy soil
	Clay soil

 

	
	Nutrients uptake by straw

	
	N
	P
	K
	Na
	Ca
	Mg

	T0
	54.50
	142.02
	8.01
	17.49
	198.00
	571.50
	76.00
	220.50
	50.00
	281.50
	59.60
	47.45

	T1
	68.35
	108.65
	10.80
	38.62
	120.00
	265.00
	390.00
	354.00
	46.00
	113.00
	51.64
	94.05

	T2
	78.10
	42.00
	15.35
	6.06
	117.00
	189.00
	359.00
	226.00
	35.00
	87.00
	43.25
	34.20

	T3
	62.20
	26.90
	11.07
	3.42
	91.00
	83.00
	250.00
	187.00
	29.00
	49.00
	37.66
	41.50

	T4
	11.76
	18.77
	2.51
	2.37
	18.00
	68.00
	67.00
	141.00
	10.00
	53.00
	15.03
	39.05

	T5
	--
	7.62
	--
	0.97
	--
	10.00
	--
	43.00
	--
	8.00
	--
	13.80

	 
	Nutrients uptake by grains

	T0
	110.96
	393.00
	35.90
	120.81
	89.33
	199.00
	23.00
	27.00
	60.85
	194.3
	13.01
	96.85

	T1
	78.60
	122.85
	13.83
	33.78
	69.67
	84.00
	119.50
	21.33
	18.00
	87.30
	8.35
	36.30

	T2
	27.24
	56.60
	6.73
	10.60
	37.67
	33.67
	97.33
	17.33
	4.90
	22.00
	1.85
	13.20

	T3
	--
	36.25
	--
	6.57
	--
	29.00
	--
	59.00
	--
	15.00
	--
	4.60

	T4
	--
	27.42
	--
	7.51
	--
	23.00
	--
	60.00
	--
	14.30
	--
	4.50

	T5
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--


T0 = Control treatment (Tap water); T1, T2, T3, T4, and T5 are mixing ratio of 1:10, 1:5, 1:4, 1:3 and 1:2 sea water : fresh, respectively and of total salinity equivalent to 0.90, 7.35, 12.80, 14.80, 18.10 and 23. 50 dS/m.
-- = plant dead
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تأثير الرى بمياه ذات مستويات ملوحة متزايدة بإستعمال مياه البحر المخلوطة يالمياه العذبة على بعض الخواص الكيميائية للتربة وعلى نمو النبات.

عصمت حسن عطية نوفل و عمر حسينى محمد الحسينى و إيهاب محمد فريد عبد السميع

كلية الزراعة بمشتهر – قسم الأراضى – جامعة بنها – مصر.

يهدف البحث الحالى إلى دراسة تأثير الرى بمياة البحر المخلوطة بالمياه العذبة بنسب مختلفة ،وذات التركيز المتزايد من الأملاح ، على الخواص الكيميائية للتربة وعلى نمو النبات بهدف ترشيد إستهلاك المياه العذبة وتوفيرها للاستعمالات الأخرى. لذلك أحضرت عينتين تربة الأولى رملية من قرية ميت كنانة والثانية طينية من قرية مشتهر بمحافظة القليوبية.


أقيمت تجربة أصص بالصوبة بإستعمال أصص سعة 6 كيلوجرام، عُبئت الأصص بالتربتين وزرعت حبوب الشعير صنف جيزة 123 بمعدل 20 حبة/أصيص. رويت الأصص بمياه البحر المخلوطة بالمياه العذبة بالنسب 1: 10 ، 1 : 5 ، 1 : 4 ، 1 : 3 و 1 : 2 وذات درجة توصيل كهربى 7.35 ، 12.80 ، 14.80 ، 18.10 و 23.50 dS/m على التوالى، بالإضافة إلى مياه الصنبور (المياه العذبة) ذات درجة توصيل كهربى 0.90 dS/m. كُررت كل معاملة ثلاث مرات وبعد تمام الإنبات خُفت النباتات إلى 10 نباتات بكل أصيص. إستمر رى النباتات بالمياه السابقة الذكر حتى تمام النضج حيث حُصدت النباتات وفصلت الحبوب عن القش وقدر الوزن الجاف لهما وكذلك قدر فيهما الكمية الممتصة من N, P, K Na, Ca and Mg . بعد حصاد النباتات أخذت عينة من التربة الموجودة بالأصص وحللت لمعرفة محتواها من الأملاح الذائبة والكاتيونات المتبادلة. وقد أوضحت النتائج المتحصل عليها أن الرى بمياه البحر المخلوطة بالمياه العذبة وذات الملوحة المتزايدة أدى إلى خفض رقم pH التربة بينما إزداد كل من ملوحة التربة والنسبة الإدمصاصية للصوديوم SAR ونسبة الصوديوم المدمص ESP وكانت الزيادة ملحوظة بدرجة أكبر فى الأرض الرملية عنها فى الأرض الطينية. كما أوضحت النتائج أيضاً أن كل من محصول المادة الجافة (القش) والحبوب وكذلك الكمية الممتصة من العناصر الغذائية قد إنخفضت بإنخفاض نسبة خلط مياه البحر بالمياه العذبة من 1: 10 إلى 1 : 2 أى بزيادة تركيز الأملاح فى مياه الرى من 7.35 إلى 23.50dS/m  ؛ أعلى محصول لكل من القش والحبوب تم الحصل عليه من كل من الأرضين كان عند رى الشعير بمياه البحر المخلوطة بالمياة العذبة بنسبة 1 : 10 أى عند مستوى ملوحة 7.35 dS/m.


من النتائج السابقة يمكن التوصية بأنه يمكن إستخدام مياه البحر المخلوطة بالمياه العذبة بنسبة 1 : 10 (ماء بحر : مياه عذبة) لرى المحاصيل المتحملة للملوحة مثل الشعير مع الحصول على محصول بعائد مرضى قدره 62.05 و 85.99 % من المحصول المتحصل عليه عند الرى بالمياه العذبة فقط تحت ظروف الأرض الرملية والطينية على الترتيب. إستعمال مياه البحر أو المياه المالحة المخلوطة بالمياه العذبة قد يؤدى إلى توفير المياه العذبة للإستعمالات الأخرى.  
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