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ABSTRACT 

 
Two Lyzimeter experiments were conducted at Sakha Agricultural Research 

Station, Kafr El-Sheikh, Egypt, for two seasons, 2010/2011 and 2011/2012 Lyzimeters 
(100 x 70 x 90 cm) were filled with clayey soil and irrigated with three water 
treatments since twenty three years ago. 
 The present study aimed to investigate the effect of irrigation water quality for 
long-term on productivity of four barely   varieties (Giza123, 124, 126 and Giza129). 
Three irrigation water qualities; Nile water (W1), polluted drainage water (W3) and 
mixed water; W2 ( 50% W1 + 50% W3) used for irrigation to study its effects on barely 
contents from four heavy metals Ni, Cd, Pb and Cu and some soil characteristics. A 
split–plot design with four replicates was used where, water treatments and varieties 
were allocated to main and sub-plots, respectively.  
The obtained results showed that: 

 Using poor water quality for irrigation increased ECe, SAR, soluble cations and 
anions in soil paste extract and DTPA extractable heavy metals in soils (Cu, Ni, Cd 
and Pb) than that of mixed or good water quality. 

 Highly significant differences of yield and yield components among barely varities 
were found due to irrigation water treatments and its contents of heavy metals.       

 Straw heavy metals content were higher than that of grains. 

  The results showed that Giza 123 was more tolerant variety to drainage and mixed 
water and its lower or higher contents of Ni, Pb and Cu. 

 No significant differences were found among Cd content for all studied barley 
varieties.  

 The heavy metals content of barley varieties from can be arranged as follow: 
With Pb: v2< v3 < v1 <v4 
With Cu: v1 < v2 < v3<v4 
With Ni : v2  < v1 < v3<v4 

Keywords: Water quality, productivity, heavy metals, barley varieties, soil 

characteristics. 

 

INTRODUCTION 
 

Pollution is defined as any change in physical, chemical or biological 
conditions of the environment which may harmfully affect the quality of 
human life including effects upon animals and plants. 
 The untreated industrial drainage waters contain little or more 
amount of heavy metals, which may cause enhancement of their level in the 
Nile and/or agricultural drainage water when they mixed.  
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 A recent study showed a remarkable increase in levels of heavy 
metals in some Egyptian soils (especially soils lies in the extreme North 
Delta) in addition appreciable amount of these metals are found in vegetation, 
water bodies and aquatic organisms in western and middle areas of the Nile 
Delta (Zein et al.1998, El-Sanafawy, 2002). 
 Use of low quality water in irrigation could be an important 
consideration when the disposal is being planned in arid and semi arid 
regions. Using drainage water in irrigation caused high increase in EC and 
SAR of saturated soil paste extract (Omar et al., 2001). Meanwhile, using 
drainage water in irrigation significantly increase the total and DTPA 
extractable heavy metals compared with Nile water (Zein et al., 2002). 
 Once the ions have been absorbed through the roots or straw and 
have been transported to the xylem vessels there is the possibility of 
movement throughout the whole plants.  The rate and extent of movement 
within plants depend on the metal concerned, the plant organ and the age of 
plant (Chaney and Giordano, 1977). Mn, Zn, Cd, B, Mo and Cu were 
classified as intermediate and Cr, Pb and Hg were translocated to least 
extent The heavy metal pollution of soils is a current environmental 
problem.A number of factors including climate, atmospheric deposition, the 
nature of soil on which the plant is grown and the maturity degree of plant at 
time of harvesting influence the concentration of heavy metals on and within 
plants (voutsa et al. 1996 and Lake et al.1984). Heavy metal contents of food 
plants can be affected by the anthropogenic factors such as the application of 
fertilizers, sewage sludge or irrigation with waste waters (Devkota and 
Schmidt, 2000 and frost and ketchum 2000). Heavy metal contamination of 
agricultural soils can pose long – term environmental problems and are not 
without health implications (Ferguson 1990). In conclusion, increasing 
industrialization and urbanization have not only degradation but also caused 
the contamination of our precious food resources. During recent years, 
studies on toxic effects of heavy metals especially Cd, on crop plants are 
being received considerable attention (Boussamo et al, 1999). Translocation 
of Cd from root to shoot has been studied in several plant species, showing 
that it is likely to occur via the xylem and to be driven by leaf transpiration 
(Hart et al.1998). The studies on the determination of metal concentration in 
plant species are not important only for their translocation to food chain, but 
also examination of the soil remediation by phytoextraction of toxic metals. 
Throughout all countries, the extent of contamination of irrigation water with 
Cd Pb and Ni were not being able to be determined due to its increasing 
usage as well as production. 
The objectives of the present work are to assess the effect of irrigation water 
quality for long-term on productivity, heavy metals contents of barley varieties 
and some soil characteristics.   

 
MATERIALS AND METHODS 

 
 Two lyzimeter experiments were carried out at Sakha Agricultural 
Research Station, Kafr El-Sheikh, Egypt, for two seasons 2010/2011 and 
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2011/2012 to study the effect of irrigation water quality for long –term on the 
productivity of four barley varieties, (Giza123 (v1),Giza124(.v2), Giza126(v3) 
and  Giza129(v4)) and the content of their, , grains and straw of heavy 
metals; Pb, Cd, Ni and Cu.  
 The study was conducted in concrete Lyzimeters (100 x 70 x 90 cm) 
filled with clayey soil since 1987.  
 The four barley varieties were planted on 11 November in two 
seasons at 60kg/fed.Three water treatments were used for irrigation; Nile 
water W1 polluted drainage water W3 and mixed water W2; (50% W1 + 50% 
W3).  Some characteristics of the used irrigation water are presented in Table 
1.   
 The treatments were incorporated in a split –plot design with four 
replicates. Irrigation treatments and varieties were allocated the main and sub 
plots, respectively.  Phosphorus was applied as super phosphate  
(15.5% P2O5) in one dose before sowing at rate of 15.5Kg P2O5 / Fed.  
Nitrogen was applied as urea (46.5 N%) at rate of 60 Kg N/fed. in two dose 
and potassium fertilizer was added in the form of potassium sulphate ( 48% 
K2O) at rate of 24 kg K2O/ fed. after one month of planting.  All other 
agronomic practices were followed as recommended.  Plants were harvested 
in 15 May, and straw and grains yields were weighted in Kg/fed. 
Representative seed and straw, were collected for analysis, weighted 
technique was used for samples digestion as described by Chapman and 
Pratt (1961).  Soil samples were taken from each lyzimeter before planting 
and after harvesting, for chemical analysis; total soluble salts, soluble cations 
& anions in soil paste extract were determined according to Richards (1969). 
Soil samples were DTPA extracted and Pb, Cd, Ni and Cu were determined 
using an Atomic Absorption Spectrophotometer.  Soil chemical analysis 
DTPA exctect before sowing and after harvesting (according to Lindsay and 
Norvell, 1978) are presented in Table (2). Statistical analysis was carried out 
using Irristat- Software, Computer Program. 
 
Table (1): Chemical characteristics of Nile and drainage water used for 

irrigation during the two seasons. 

Water qualities 

EC, 
dS/m 

at 
25

o
c 

pH 

Cation, meq/L Anion, meq/L 

SAR 
Water 
class Ca

++
 Mg

+2
 Na

+
 K

+
 CO3

=
 HCO3

-
 Cl

-
 So4

=
 

Nile water 0.52 7.8 1.8 1.50 1.6 0.3 - 3.1 1.01 1.09 1.25 C2-S1 

Drainage 
water 

1.70 8.20 4.90 .2.6 9.02 .48 - 3.5 8.3 5.20 4.65 C3-S2 

Irrigation water 
Heavy metal content (mg/L) 

Cu Ni Cd Pb 

Nile water 0.019 .0.008 0.007 0.08 

Drainage water 0.290 0.307 0.039 0.800 

Critical limits according FAO (1989) 0.200 0.200 0.010 5.000 
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RESULTS AND DISCUSSION 
 

Nile and drainage waters evaluation: 
 Chemical characteristics of Nile and drainage water used for 
irrigation of barley varieties are shown in Table (1) According to Richard's 
classification, Nile water( C2-S1)medium salinity low sodicity (Richards, 1969). 
While, data of drainage water revealed that the water was in the class of (C3-

S2) high salinity and medium sodicity which can not be used for soils with 
restricted drainage and crop with good salt tolerance should be selected. It 
can be concluded that Nile water is of good quality and drainage water of 
poor quality for irrigation.  The mixed water will be intermediate between them 
in relation to its chemical composition.  Also data in Table (1) Showed that 
the studied heavy metals Cd, Pb, Ni and Cu content of drainage water were 
greater than of Nile water and higher than the critical limits, according to FAO 
(1989), i.e., 0.01, 5.00, 0.2 and 0.2 for Cd, Pb, Ni and Cu mg/L, respectively. 
The high heavy metal contents in drainage water could be attributed to the 
pollution sources of industrial and municipal wastes discharged to the 
drainage system. These results are in agreement with those obtained by El-
Mowelhi et al., (1995).  
Effect of the studied irrigation water qualities on some chemical  

properties of clay soils: 
A- Soil salinity, SAR and soluble ions: 
 Change in electrical conductivity of soil paste extract (dS/m) soluble 
cations ; Ca

+2
 , Mg 

+2
, Na

+
 and K

+
 (meq/L) and soluble anions; HCo3

-
, Cl

-
 and 

SO4
--
 ; (meq/L) are listed in Table (2). Comparing the mean ECe values of the 

studied soils, before planting and after harvesting.  The data show that EC 
values increased from 2.95, 5.12 and 6.10 dS/m to 3.05, 5.35 and 6.56 dS/m 
as affected by W1, W2 and W3 water quality treatments, respectively. SAR 
mean values increased from 4.46 and 6.77 to 4.79 and 6.85 as affected by 
W2 and W3 water treatment.  The obtained data showed also, that utilization 
of drainage water for irrigation purposes tend to increase soluble cations and 
anions Na

+
, Mg

++
 , So4 

- -
 and  Cl

-
 than before planting.  The data also showed 

that all soluble anions, Cl
-
 and So4

- -
mean values, were higher in soil irrigated 

with poor water quality in harmony with those obtained by Zein et al. (2012).  
B- DTPA- extracted heavy metals from studied soils: 
 Data in Table (3) show that all values of  DTPA extractable heavy 
metals of soils can be discendingly arranged according to the effect of water 
treatments as follow : W3 > W2> W1 before barely planting and after 
harvesting.   
 It seems that soil content of DTPA-extractable studied heavy metals 
has followed the sequence Cu > Pb > Ni > Cd.  This trend was different from 
that found under using drainage water and mixed water Pb > Cu > Ni > Cd. 
This may be due to that some of available Pb changed to these findings. The 
obtained results are in agreement with those of Abou El-Roos et al. (1991) 
who found that the behaviour of Cu and Pb differ from that of Cd, CO and Ni 
in soils irrigated with sewage effluent, they added that in Cd, Cu and Ni 
metals, the percentages held in primary minerals fraction were increased with 
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time on the expense of the percentage of other fractions, especially that 
organically complexed.  Although the studied soils were still beyond the 
critical levels, it could be reached this point upon the continuous using of 
polluted drainage water. 
 
Table (2): Soil chemical analysis before planting and after harvesting 

under three irrigation water quality. 

Water 
quality 

Cation, meq/L Anion, meq/L ECe 
dS/
m 

pH 
1:2.5 

SAR 
SP 
% 

N 
ppm 

P 
ppm 

K 
ppm Ca

++
 Mg

++
 Na

+
 K

+
 CO3

--
 HCo3- Cl

-
 So4-- 

Before Planting 

W1 
W2 
W3 

11.11 
16.25 
20.82 

8.66 
16.8 
13.65 

9.40 
18.14 
26.0 

0.32 
0.32 
0.44 

- 
- 
- 

4.38 
5.16 
4.44 

11.36 
16.10 
16.68 

13.75 
31.64 
39.79 

2.95 
5.15 
6.10 

8.10 
8.18 
8.22 

2.99 
4.46 
6.77 

75.90 
76.80 
78.10 

22 
25 
29 

12 
15 
17 

396 
422 
445 

After harvesting 

W1 
W2 
W3 

11.80 
16.70 
16.5 

8.40 
16.90 
19.60 

8.47 
19.62 
29.1 

0.3 
0.31 
0..41 

- 
- 
- 

4.70 
5.60 
4.60 

10.2 
16.2 
16.8 

13.6 
31.73 
44.21 

3.05 
5.35 
6.56 

8.05 
818 
8.22 

2.61 
4.79 
6.85 

76.40 
77.00 
77.30 

25 
27 
31 

13 
16 
18 

420 
490 
510 

 
Table (3): DTPA extractable heavy metal concentrations (mg/kg) before 

planting (2010) and after harvesting (2012) barley as affected 
by water quality. 

Irrigation water quality 

Heavy metal content ( mg/kg soil) 

Cd Ni Pb Cu 

Before planting (2010 ) 

W1 
W2 
W3 

0.100 
0.170 
0.180 

1.82 
2.02 
2.72 

4.01 
9.10 
11.10 

6.20 
6.80 
7.80 

 After harvesting (2012 ) 

W1 
W2 
W3 

0.110 
0.172 
0.185 

1.85 
2.20 
2.50 

4.90 
9.20 
11.90 

6.90 
6.90 
8.45 

 
Effect of water Quality on yield and yield components:  
 Data in Table (4) show that the seed yield ardb/fed of barley were 
significantly affected with barley varieties.  The higher mean seed yields 
(18.66, 18.16), (17.52, 17.24) and (, 17.80, 17.14) ardb/fed were obtained 
with   W1 , W2 and W3 in the two seasons, respectively. In same Table data 
show that the straw yield kg/fed of barely were significantly affected by barley 
varieties, the higher mean of straw yield of Giza 126 of two seasons under 
three of water qualities.  In same Table data show that the  weight of spike 
(gm)of barely were significantly affected by barley varieties, the higher mean 
of weight of spike of Giza 124 of two seasons under the Nile  water  but Giza 
126 under mixed and drainage water of tow seasons.  
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Table (4): Effect of irrigation water treatments on yield and yield 
components of the tested barley varieties in two seasons. 

Varieties 

Irrigation water treatments 

First season Second season 

W1 W2 W3 W1 W2 W3 

Seed yield (ardb/fed) 

Giza123 
Giza124 
Giza126 
Giza129 

17.03 ab 
18.47 a 
16.41 b 
16.70 b 

16.63 b 
15.83 b 
22.60 a 
15.43 b 

19.60 b 
16.22 c 
22.47 a 
12.92 d 

16.33 b 
18.51 a 
15.55 b 
16.25 b 

16.12 b 
15.34 b 
21.74 a 
15.75 b 

19.11 b 
15.77 c 
21.41 a 
12.28 d 

Means 18.66 17.92 17.80 18.16 17.24 17.14 

Straw (kg/fed) 

Giza123 
Giza124 
Giza126 
Giza129 

3465b 
3553.3b 
3803.3a 
3078c 

3503.3b 
3390c 

3903.3a 
3080d 

3833.3b 
2950d 
4233a 
3142c 

3560.3b 
3637.8b 
3924a 
3263c 

3660.4b 
3540.4c 
4.084.4a 
3211.8d 

4063.2b 
3127d 
4487a 
3330c 

Means 3987.25 3614.15 3539.58 3483.58 3824.25 3751.75 

Weight of spike (gm) 

Giza123 
Giza124 
Giza126 
Giza129 

1.012b 
1.227a 
1.011c 
1.013b 

1.077b 
1.050b 
1.453a 
1.060b 

1.237b 
1.030c 
2.160a 
1.230b 

1.011b 
1.220a 
1010c 
1.013b 

1.070b 
1.050b 
1.323a 
1.070b 

1.241b 
1.04c 

2.150a 
1.220b 

Means 1.066 1.160 1.410 1.064 1.128 1.413 

 
Heavy metals contents: 
   Data in Table (5) show that the studied heavy metals Cd, Pb, Ni and 
Cu content of barley plant under drainage water were greatest than that of 
Nile water and mixed water.  This could be attributed to the pollution sources 
of industrial (oil and soap factory) and municipal wastes discharged to the 
drainage system.  These results are in agreement with those obtained by 
Zein et al. (2002) and El-Mowelhi et al. (1995). 
 Table, 5 illustrate that the influence of water quality on the studied heavy 
metals means concentration in straw and grains. On barley varieties especially 
with irrigated by drainage water (W3) were as the following order: 
In both grains and straw were Cu> Pb > Ni > Cd. 
   Table (5) reveals also that the highly significant effects of water 
quality (W1, W2 and W3) especially with Ni and Pb. 
 The distribution of Cu within plants is highly variable within roots Cu 
is associated mainly with cell wall and its largely mobile.  

 Dunman et al. (1991) found that the concentration of Ni in plants, 
generally, reflects the concentration of the element in the soil, although the 
relationship is clearly more directly related to the concentration of soluble ions 
of Ni and rate replenishment of this mobile pool.  As Ni is easily mobile in 
plant, berries and seeds are reported to contain elevated Ni concentration 
(Kabata-Pendias, 2000). 
 Cadmium values (Table, 5) of seeds indicated that Cd has the lowest 
values in all studied heavy metals.  This conclusion are in agreement with 
Alloway (1995) who found that the uptake of Cd decreased when pH was 
increased, barely   showed a similar response.   
          Page et al. (1981) found that relative excess of Cu, Ni and Mn can 
reduce uptake of Cd by plants.  The Cd in plants is relatively very mobilize, 
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although the translocation of Cd through the plant tissues may be restricted 
because Cd is easily held mainly in exchange sites of active compounds 
located in the cell walls (Cunningham et al., 1975). 
 
Table (5): Effect of water treatments on heavy metals content (mg/kg) of 

grains and straw barley varieties (Mean of two seasons) and 
translocation coefficient (TC%) 

V
a
ri

e
ti

e
s
 

Heavy metals content (mg/kg dry Wight) 

Cu Ni Cd pb 

W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 

Grains 

V1 
V2 
V3 
V4 

17 a 
12 b 
9 c 
6 d 

18 a 
19 a 
11 c 
14 b 

20 b 
24 a 
21 b 
18 c 

0.14bc 
0.12 c 
0.29 a 
0.15 b 

0.41 c 
0.66 a 
0.46 b 
0.25 d 

0.61 c 
0.78 b 
0.93 a 
0.95 a 

0.01b 
0.03a 
0.02ab 
0.01b 

0.03ab 
0.04a 
0.03ab 
0.02b 

0.05ab 
0.06a 
0.05ab 
0.04b 

6.7 c 
8.2 a 
7.4 b 
6.2 d 

8.0 b 
8.5 a 
7.8 b 
6.3 c 

7.9b 
9.0a 
7.6b 
6.4c 

 Straw 

V1 
V2 
V3 
V4 

10 c 
40 a 
10 c 
15 b 

52 c 
75 a 
62b 
42 d 

55  c 
82 b 
97 a 
52d 

0.21 c 
0.93 b 
1.58 a 
0.08 d 

1.63 a 
1.35 c 
1.60 b 
0.35 d 

1.70 a 
1.40 b 
1.70 a 
1.20 c 

0.02 c 
0.05 a 
0.03 bc 
0.04ab 

0.04b 
0.06a 
0.05ab 
0.04b 

0.07a 
0.08a 
0.07a 
0.05b 

8.2 c 
9.1 a 
8.5 b 
7.1 d 

8.7 b 
9.4 a 
8.6 b 
7.1 c 

8.1 c 
9.7 a 
8.6 b 
7.3 d 

 Translocation from straw to grains (%) 

V1 
V2 
V3 
V4 

58.82b 
20.00d 
90.00a 
40.00c 

34.61a 
25.33b 
17.74c 
33.33a 

36.36a 
29.26c 
21.64d 
34.61b 

66.66a 
12.90d 
18.35c 
62.50b 

25.15d 
84.88a 
28.75c 
71.42b 

35.88d 
55.71b 
54.70c 
79.16a 

50.00c 
60.00b 
66.66a 
25.00d 

75.00a 
66.66b 
66.66b 
50.00c 

71.42c 
75.00b 
71.42c 
80.00a 

81.20d 
90.10a 
87.05c 
87.32b 

91.95a 
90.42c 
90.69b 
88.73d 

97.53a 
92.78b 
88.37c 
87.67d 

  
Data in Table (5) indicate that the barley varieties generally had the 

lowest content of studied heavy metals under all water treatments.  No 
significant in Cd for all treatments of water quality and barley varieties.  V2 
variety had the lowest content of Pb, Ni and Cu under all water treatments.  
The order of barley varieties to concentration of heavy metals decreased as 
follow: 
With Cd : v1 < v2< v3 <v4 
With Pb : v4 < v1 <v3 <v2  
With Cu :  v1  < v2 < v3<v4 
With Ni : v2  < v1 < v3 <v4 
       These results very important for classified the common barley varieties to 
various heavy metals polluted soils.  From these sequences we can favor one 
variety in every soil polluted with one element.  
 These results are in partial agreement with those obtained by Zein et 
al. (1996) in their study on soybean cultivars.  These results may be due to 
the differences in genetic constitution of the studied genotypes and / or the 
dilution effect phenomenon.  This conclusion is in partial agreement with that 
of Shalaby et al. (1996) who concluded that increasing of heavy metals 
concentration in plants may attributed either to the higher amounts of these 
heavy metals added into the used soil through the applied wastes. 
Translocation coefficient from straw to grains: 

Once the ions have been absorbed through the grains and have been 
transferred to the xylem vessels, there is possibility of movement throughout 
the whole plant, the rate and extent of movement within plants  
was studied by, Alloway (1995).  The data of heavy metal concentration in 
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seeds, straw, of studied barely varieties and coefficient of their translocation 
(TC%) from straw  to seed are presented in Table 5 and seed TC was 
calculated as follows. 
              Content of heavy metal in grains (mg/kg) 
Grains TC % =    ----------------------------------------------------------ــــــــــــ        x 100 
            Content of the same heavy metal in straw (mg/kg) 

Data in Table (5) illustrate that the studied heavy metals translocation 
from sraw to grains can be arranged according to mean values of 
translocation coefficient in the following decreasing order:  
Cd > Cu > Ni > Pb 
 It shows that Cd was the largest values of TC % while Pb was the 
least in translocation from sraw to grains in all types of water treatments  
(W1, W2 and W3).  The results are in good agreement with those of Zein et al. 
(2002) and Chaney and Giordano (1977) who classified Pb as one of the 
least translocated elements with plant. They added that, under conditions of 
optimal growth, pb precipitates on root cell wall in the insoluble amorphous 
form.  Zhen – Guo Shen et al., (2009).  found that application of EDTA ( as an 
organic conditioner ) to the soil significantly increased the concentrations of 
Pb and enhancing Pb accumulation in the plants while the Cu, Cd and Ni 
concentration and translocation coefficient indicate that Ni values increased 
due to drainage water treatment than other treatment due to its higher 
content of polluted drainage water from oil and soap factory ( used Ni as a 
catalyst in one processes of manufacturing).  The obtained results are in 
good agreement with that of ( Zein et al., 2012) and Chancy and Giordano 
(1977) for heavy metal translocation 
 
Conclusion 
 Considering the previous discussions and conclusions, it seems that 
there is an obvious need for more research work to be carried out on the risk 
assessment of heavy metals contaminated soils.  As mentioned by Eissa and 
El-Kassas (1999) the danger of distribution wastes by such factories 
containing high concentration of heavy metals affects the survival in the 
suffering areas.  The safest policy would appear to minimize inputs of heavy 
metals to soil wherever to save our life and economy and restrict heavy 
metals bioavailability in the soil – plant animal pathway. Abo El-Naga et al. 
(1999) and Zien et al.(1998 and 2009) recommended that attention must be 
earnestly given to protect the environment and commitments and the latest 
law issued 1994 in Egypt, must be obligatory under taken for these factories 
to prevent them from polluting agricultural soil by wastes. They added that 
apart from the roles played by pollution control and soil chemistry, plant 
breading can make a vital contribution through the selection and utilization of 
crop genotypes which accumulate the least heavy metals  
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تأثيرنوعية مياه الرى على أصناف الشعيرو خواص التربة ومحتواهما من  العناصنر 
 الثقيلة

 عنننناحم احمننننحابراهيو عصننننوهه وناصننننر ابننننراهيو  صلحنننن ه وعيننننح  ننننليما  ال ينننن اوىه و
 خيرى عبحالع ي  عامرهه

 مصر – ي ة  –مرك  البحوث ال راعية  –همعهح بحوث الأراضى والمياه والبيئة 
 مصر – ي ة  –مرك  البحوث ال راعية  -معهح المحاصيم الحقلية –ير ههق و بحوث الشع

 

ج0202مصتتنجامع تتم ج–كفتتنج اختتي جج–أقيمتتتجربتتن ريحج مالتتوج ا اتتعيج اسن  يتتوج  تت  ج          
رهدفجإا جدن  وجرأثينجنع يتوجميت اج اتنلجاىمتدلج ا عيتدج ىت جإنر بيتوج ن عتوججج0200/0200عج0200/

ع تع  ج ارن و اكيم ييتوج001عبيتس ج001عبيتس جج001عبيتس ج003أصن فجمحج اخعينججهت جبيتس ج
عكذاكج ى جمارعلج ارن وجع بس ءج ان  تججمحج اعن صنج اثقيىوجعه ج انا سجج انص  جع اكت دميع، ج

 ،(جعضعتج ه جرن وجلينيتوجج12×جج02×جج022عقدجأبنيتج ادن  وجف جأاع ضجأ منريوج)جج انيكلج.
عهتذاج انع يت تجهت جميت اج انيتلج)جميت اججج0190ميت اجمنتذج ت ،جعرنعلج لأاع ضج ثلاثتوجنع يت تجمتحج ا

ج(جعجميتتتت اجصتتتتنفج)جذ تجنع يتتتتوجندييتتتتوجW1ذ تجنع يتتتتوجبيتتتتداجج       ج   W3ج(ججعميتتتت اجم ىعلتتتتوج
عس تتتج امعتت ملاتجفتت جقلتتفجمنختتقوجفتت جأن تتفجمكتتنن تجايتتيججW2(ججW3%ج02+ججW1%جج02)ج

 عضفج انلجف ج اقلفج انيي يوجع لأصن فجف ج اقلفج اخقيو.
 حت النتائج مايلى :وأوض

 س دجإ تتر د ،جميتت اج اصتتنفجفتت ج اتتنلجمتتحجقتتي،ج ارعصتتيلج اكهن تت جECeجج SARع اك ريعنتت تجج
ع لأنيعنتت تج اذ ي تتوجفتت جم تتر ى ج بينتتوج ارن تتوج امختت عوجعكتتذاكجمارتتعلج ارن تتوج ام تتر ى ج ج

DTPAلج.محج اعن صنج اثقيىوج حجرىكج ام ر د،جفيه ج امي اج ام ىعلوجأعجمي اج انيلجف ج انج 

 عبدجأحجهن كجرأثينج  ا ج امعنعيوجانع يوج اميت اج ام تر دموجفت ج اتنلج ىت ج اماصتعلجعمكعنت تج
ج اماصعلجعكذاكجمارعلج عضجأصن فج اخعينججمحج اعن صنج اثقيىوج امدنع و.ج

 . ك حجمارعلجأبس ءج ان  تجمحج اعن صنج اثقيىوجر فج انر وج اقش<ج اا ع 

 كتت حجأكثتتنج لأصتتن فجرامتلاج  تتر د ،ج اميتت اج ام ىعلتتو جج003أعضتاتج انرتت ينجأحجصتتنفجبيتس جج
عميتت اج اصتتنفجعكتت حج  قتتلجفتتنجمارتتع اجمتتحج انصتت  ج ج انيكل  اناتت سججع يعبتتدجهنتت كجفتتنع ج

 معنعيوجمفج نصنج اك دميع،جاكلج لأصن فجراتج ادن  وج.

  اثقيىوجأ ذج ارنري ج ار ا ج:ججأظهنتج انر ينجأحجقىوجمارعلج لأصن فجمحج اعن صنج 
ج001<جبـ001<جبـ003<جبـ001مفج انص  جج:جبـ
ج001<بـج001<جبـ003<جبـ001عمفج انيكلججج:جبـ
ج003اـ<001<بـ001<بـ001عمفج انا سج:جبـ

 أعضتتاتج انرتت ينجأحج اتتنلج ميتت اج انيتتلجأ لتتتجأ ىتت جإنر بيتتوجفتت جأصتتن فج اختتعينججعمكعنتت تج
ن ث ج) اصتنف(جمعنعيت ج ىت جبميتفج اصتف تج ارت جرت،جدن  تره ج اماصعلجعك حجار ثين ارنكيت ج اتع
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 ىتت جج تت ق ج  صتتن فجفتت جمعظتت،ج اصتتف تجج ارتت جرتت،ج001 تتلالجمع تتم ج اسن  يتتوجعرفتتع جبيتتس ج
 دن  ره .

 ك حجر ثينجنع يوجمي اج انلجمعنعي ج ى ج اصف تج ار جر،جدن  ره جفقدجأعضاتج انر ينجأحجمع ملاتج
ر ينجيىيه ج امي اج ام ىعلوجث،جمي اج اصنفج ار ج  لتجأقتلج اقتي،ج انلج مي اج انيلج بىتجأفضلج ان

 اىصف تج امدنع وج.

 ك حجر ثينج ارف  لج يحج ارنكي ج اعن ث جعنع يوجمي اج انلجمعنعي ج ىت ج اصتف تج ارت جرت،جدن  تره ج
ع دن  وجر ثينجنع ي تج امي اج ى جكلجصنفجأعضاتج انر ينجأحج  صن فج ار جرت،جدن  تره جرت ثنج

منه جمعنعي ج نع يوجمي اج انلجف جصف تج اماصعلجعمكعن رهجايتيجك نتتجأفضتلج انرت ينج نتدجكلج
  انلج مي اج انيلجعأقىه ج ند انلج  امي اج ام ىعلوج عمي اج اصنف.

 بىتجكلج لأصن فج ار جر،جدن  ره جدنبوجمق عموجامىعاتوجميت اج اتنلج ام ىعلتوجفت ج اماصتعلج 
  تتوجألجمنهتت ج  امنتت ل ج ارتت جر تتر د،ج اميتت اج ام ىعلتتوجفتت جعمكعن رتتهججع ىيتتوجيمكتتحج ارعصتتيوج سن

 انل.جأرضحجأحج اعن صنج اثقيىوج امدنع وجعه ج انيكلجع انص  جع اكت دميع،جع انات سججررتن ك،ج
ف جن  تج اخعينجج كمي تجك ين جعهذ جيبعىوجأحجيكعحجدايلجمفيدجاىد اوج ى جمدلجب هسيوج اعن صنج

ثقيىوجعيمكحجأ ر د موجف ج  ر لا جهذاج اعن صتنمحج لأن ضت جف ج لأن ض ج امىعثوج  اعن صنج ا
  امىعثوج ه ج.
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