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Abstract: A pot experiment was conducted during 2009 and 2010 seasons in  Horticulture
Research Sation in Alexandria, Egypt to study the effect of imgation with raw and treated
sewage water on the vegetative growth and leaf mineral composition of Balady crange plants
grown in clay and sandy soils, as well as, the effect on soil chemical characteristics. The
obtained data showed that growth rate, fresh and dry weight of top and, root of plants were
increased with raw and treated sewage water treatments. Leaf and root minerals contents (N, P,
K, Na, Fe, Mn, Zn, Cu, Pb, Cd, Ni and Cr) increased by irrigating with raw and treated sewage
water for plants grown in both clay and sandy soils. Also, leaf and rcot proieins contents
showed a marked increase as a result of the different treatments. Values of EC, pH, soluble
jons, total N available P, K, Fe, Zn, Mn, Pb, Ni, Cd, and Cr were increased in both soils type
irrigated with raw and treated sewage water. The clay soil indicated more positively trends than
the sandy one.

Key words: Balady Orange raw- treated sewage water, clay, sandy soil.

Introduction

Recently, the Egyptian government has focused attention on water
conservation issues and the use of alternate irrigation water sources. One of
these sources is using municipal water or reclaimed sewage water. lrrigation
with sewage water may be recommended, as a sheep water source, as well as
nutrients and organic matter provider. 1t could also be a soil characteristics
amendment. However, analysis of such kind of water, its use regularity and the
plant growth stage, especially for fruit tree should be put in consideration before
using that water. Excessive concentrations of heavy metals in plant tissue may
cause phytotoxicity or inhibition of plant growth or toxicity towards man or
animal nourished with these plants (Badawy, 1987). Therefore, using sewage
and treated waste water to irrigate citrus, grapevines, olive , pistachio, and
guava was investigated (Shehata ,1983,; Zaid and Asker, 1987; Tester , 1990;
Khalifa and Hassan, 1993; and Salama and Khalifa, 1993). They confirmed that
applying this water by drip irrigation method was possible without risk to
consumers . Nevertheless, the waste water discharge from Alexandria
governorate was estimated to reach one million m® per day by the year 2000
(Fahmy and EI- Zaher , 1986), which might have reached more than that in this
recent years. Therefore, the present study was carried out to investigate the
impact of using raw and treated sewage water for irrigation of balady orange
seedlings grown in two soil types.

Materials and methods
Plant material and experimental design

A pot experiment was conducted in Horticulture Research Station in
Alexandria, starting at the beginning of July 2009 until the end of December
2009 then from June 2010 until the end of December 2010 on two years
Balady orange plants ( C. sinensis ) budded on sour orange rootstock grown
in 50 x40 cm pots filled with either sandy or clay soil . The clay soil was
obtained from the experimental station of the faculty of agriculture, Alexandria
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University and sandy soil from El-Bostan region, Behera governorate. The
sewage water was taken from the East Alexandria Purification Station,
Alexandria governorate and used before treating (raw sewage water) or after
primary precipitation of the solid contents (treated sewage water). Water and
soll analysis is presented in Table (1). Plants were irrigated twice weekly (two
liters for each pot) and were subjected to the following irrigation treatments:
Control (tap water only).

75 % tap water + 25 % raw water.

25 % tap water + 75 % raw water.

0 % tap water +100 % raw water.

75 % tap water + 25% treated sewage water.

25 % tap water + 75 % sewage water.

0 % tap water + 100 % treated sewage water

NOoOOkwn =

Table (1) Soil and water analysis.

Irrigation water Soil type
Treated
Paramete  Tap RawSewage Sewage Parameters Clay Sandy
rs water water
water
pH 7.8 7.34 6.8 pH 7.1 7
ECdSm-1 0.81 2.2 2.01 ECdSm-1 0.68 0.21
(meq /L) 1.13 2.1 1.98 (meq /L) 3.69 .81
HCO— HCO—
Cl {(meqg/L) 4.86 10.89 7.29 Cl (meg/L.) 2.16 0.045
(meq /L) 1.91 7.25 599  (meq/L) 0.68 0.45
80—4 80‘4
( meq/l) 4.05 12.15 9.45 ( meg /M) 342 0.99
Na Na
*(meq/L) 0.081 3.24 1.44 K*(meq/) 027 09
K
Fe (mg/l) 0.429 1.683 0.858 Fe(mg/kg) 1.46 0.729
Mn (mg/l) 0.324 1.17 0.659 Mn (mg/ kg) 8.67 0.702
Zn(mg/1) 0.045 0.292 0.153 Zn(mg/ kg) 293 0.576
Cu{mg/l) 0.062 0.127 0.94 Cu(mg/kg) 252 0.9
Pb (mg/l) 0.031 0.235 0.109 Pb(mgkg) 1.36 1.28
Ni (mg/!) 0.028 0.279 0.113 Ni (mg/ kg) 050 0.162
Cd (mg/l) 0.0027 0.0144 0.005 Cd (mg/ kg) 0.072 0.0621
Cr (mg/l) 0.002 0.11 0.066 Cr(mg/kg) 0.198 0.036

The experiment was designed as a randomized complete block design
with two factors (the water levels {7 levels)} comprised the first factor and soll
types {2 types} is the second one). Treatments were obtained with 3 replicate
for each treatment and 5 plants for each replicate for each soil {210 plants for
the experiment}. At the end of the experiment, a soil sample from the pots of
each treatment was taken to measure the effect of the different irrigation
treatments on soil properties. Also, all plants were taken for obtaining the
following measurements:
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Growth rate _
Growth rate was calculated as the differences between the intial and
final plant as follow:
Growthrate =A-B/B
Where; A=Final plant length and B=Initial plant length (cm).

Plant fresh and dry weight
Weight (g) of shoot and root of each plant was recorded before (fresh weight)
and after drying to a constant weight in air drying oven at 70°C (dry weight).

Leaf and root mineral content

A leaf sample in December 2009 and 2010 and root sample of each dried
replicate in the end of the experiment was taken, grounded and digested with
H20. and H,S0, according to the method of Evenhauis and Dewaard {1980).
Total nitrogen was determined colorimetrically according to Evenhuis (1976).
Phosphorus was determined colorimetrically by ascorbic acid method according
to Murphy and Riley( 1962) . Potassium content was determinec by a flame
photometer. Pb, Cd, Ca, Mg, Fe, Zn, Mn and Cu contents were measured using
an atomic absorption spectrophotometer 302B. The concentrations of N, P, K,
Ca and Mg were expressed as percent, while Pd, Cd, Fe, Mn, Zn, and Cu were
expressed as mi/l on dry weight basis.

Leaf and root carbohydrate and protein content

Total carbohydrate in leaves and root was determined calorimetrically according
to( Mailk and Singh, 1280 ) and proteins were determined by multiplying
nitrogen content by 6.25.

Statistical analysis:

All data were tested for treatments effects on analyzed parameters by
analysis of variance ANOVA according to Snedecor and Cochran(1989) and
using Statistical Analysis System (SAS Institute, 1988).

Results and Discussion
Soil properties

The effect of the different irrigation treatments on the chemical
characteristics of the clay and sandy soil is presented in Table (2). The Data
obtained indicated that irrigation with raw and treated sewage water increased
the pH and EC values of both clay and sandy soils as compared with irrigation
with tap water (control). However, the pH and EC values of clay soil irrigated
with raw and treated sewage water were higher than those of sandy soil. High
concentrations of HCO 3 and SO4 were obtained in both soil types under
irrigation with either raw or treated sewage water as compared to the control.
These results are in agreement with those obtained by Dennis and Fresquez (
1989) and Khalifa and Hassan (1993) With regard to mineral concentration, the
obtained data showed that Na and K content in both soil types increased as a
result of increasing raw and treated sewage water levels in irrigation water as
compared with the control, with the highest values obtained in the clay sail.
These results are in line with those reported by ( Header ,1987 and Hinsely and
Jones,1990). Further, concerning the micronutrients and heavy metals content
in both soil types, the data showed that Fe, Zn, Cu, Mn , pb, Ni , Cr , and Cd
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concentrations were increased by the different irrigation treatments in
comparison with the control (irrigation with tap water only). These results are
similar to those obtained by ( Badawy, 1987 and Abdel —Sabour et al ,1995).
They found that heavy metal amounts in soil increased with utilization of
sewage effluent irrigation water.

Fresh and dry weight
The effect of the different irrigation treatments, as well as soil type on fresh
and dry weight is presented in Table (3).

With regard to the irrigation treatments, shoot and rooct fresh weight
was not affected by any treatment . Balady orange piants treated with75% raw
water and 100% treated sewage water had significantly higher shoot dry weight
as compared with the control. In addition, root dry weight in plants irrigated with
100% raw water and 75% treated sewage water increased significantly as
compared with the control.

As for the soil type effect, it was found that plants grown in clay soil
had significantly higher shoot and root dry weight as compared with those
grown in sandy soil. However, shoot and rooct fresh weight did not differ in both
soil types.

Growth rate:
The effect of the different irrigation treatments as well as soil type on plant
growth rate is presented in Table (3).

With regard to the irrigation treatments only, the obtained data indicated
that, plant growth rate increased significantly with 100% raw sewage water
and 100% treated sewage water as compared with the control.

As for the soil type effect, it was found that plants grown in clay soil had
significantly higher growth rate than those grown in sandy soil. The obtained
results are in harmony with those previously reported ( Saavedra et al ,1987;
on olive, Tattini ef a/,1991; on olive and peach , Davies and Maurer ,1993; on
citrus, Salama and khalifa ,1993; working on guava and Salama and Saleh
,1993; on sour orange). They all reported that sewage water and sewage
sludge applications enhanced plant growth.

Carbohydrate and protein contents

The effect of the different irrigation treatments, as well as solil type on leaf
and root protein and carbohydrates content is presented in Table (4).

With regard to the different irrigation treatments, the obtained data
showed that all raw sewage and treated sewage water treatments except 25%
treated sewage water caused a significant increase in leaf protein content as
compared with the control in 2009. Also, all raw sewage and treated sewage
water treatments caused a significant increase in leaf protein content as
compared with the control in 2010 .Whereas, root protein content tended to
increase significantly with 75% and 100% raw sewage water treatments as
compared with the control. In addition leaf carbohydrate did not show any
significant differences by all treatments in 2009 however, plants treated with
25% treated sewage water had significantly higher teaf carbohydrates than all
other treatments.Moreover, plants treated with 25% raw sewage water and
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75% treated sewage water had significantly higher root carbohydrates content
as compared with the control (water tap). '

With regard to the soil type effect, plants grown in clay soil did not had
any significant differences in leaf in 2009 and root protein content when they
compared with those grown in sandy soil whereas, plants grown in clay soil
had significantly higher leaf protein in 2010. Also leaf carbohydrates showed a
significant increase in plants grown sandy soil as compared with those grown in
clay soil However , root carbohydrates content was increased significantly in
plants grown in clay soil as compared with those in sandy soil. Similarly
(Pandya et al. ,1989 and 1991) found that reported an increase in protein
content by sewage sludge application. Also, Gadallah (1994) working on
sunflower plants found that waste water increased root soluble sugars
hydrolysable carbohydrates and root soluble protein content.

Macro and Micro nutrients and heavy metals content

The effect of the different irrigation treatments, as well as soil type on leaf
and root macro and micro nutrients and heavy metals content is presented in
Tables { 5 to 8) .The obtained results showed that plants grown in clay soil had
significantly higher leaf manganese, zinc, copper, lead, chromium and cadmium
content in 2009 and 2010 and leaf nitrogen, phosphorus and iron in 2010 as
compared with those in sandy soil. .Also ,root potassium, manganese, copper,
lead, chromium ,cadmium and nickel content increased in plants grown in clay
soil as compared with those in sandy soil.

With regard to the irrigation treatments, the obtained data showed that all
sewage and freated sewage water treatments significantly increased leaf
manganese, iron potassium, copper and zinc in 2009 and leaf nitrogen
,phosphorus, manganese, iron potassium, copper and zinc lead , chromium
cadmium and nickel in 2010 and root phosphorous content as compared with
control. In addition, Balady orange plants treated with100% raw sewage water
had significantly greater leaf nitrogen, sodium, potassium, manganese, copper
.zinc and lead in 2010 as compared with all other treatments. Balady orange
plants treated with all treatments except 25% treated sewage water had
significantly higher leaf phosphorus and root copper content as compared with
control .All treatments except 25% raw sewage and 25% treated sewage water
caused a significant increase in root potassium and root zinc content as
compared with control .100% raw sewage water treatment gave significantly
higher leaf sodium , leaf iron , root nitrogen and root sodium content as
compared with control _Also plants treated 75% raw sewage water had
significantly higher root sodium content as compared with control. As for soil
type effect, plants in clay soil had significantly higher leaf zinc, manganese,
copper and root potassium, manganese, and copper as compared with control.
Moreover, Al raw sewage and treated sewage water treatments led to a
significant increase in leaf chromium and cadmium also in root lead , chromium
. cadmium, and nickel content as compared with control. Balady orange plants
treated with all treatments except 25% treated sewage water treatment had a
significant increase in leaf lead content as compared with control .Also 100%
treated sewage water and 75% , 100% raw sewage water treatments gave
significantly increase in leaf nickel content as compared with control. These
results were in similar with those found by (Whitton. and Well,1978; on carrot ;
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Berry et al. ,1979; on vegetables, Kirkhan ,1983; on wheat and grain, ,Shehata
,1983; on orange , olive , guava and grapes ,Furie et al. ,1984; on grapevines
,Basiony ,1986; on peach ,Aboulroos et al. ,1988; on orange, Neilson et al.
,1989; on apple ,Trefz — Malcher et a/ ,1987; on beach, Chakrabarti and
Chakrabarti ,1988; on wheat, Salama and Khalifa ,1993; on guava, Salama and
Saleh ,1993; on sour orange nursling, El- Mardi et al. ,1995; on date paim,
Lepenae et al. ,1995; on oranges ,Agular et al. ,2005; on olive trees and Angin
et al. , 2012; on sour cherry). They found that mineral composition increased by
raw sewage water and sewage sludge applications.

Cottenie and Camerinck (1976) reported that phytotoxic of raygrass
was 60 ppm for lead, >80ppm for nickel,>100ppm for cadmium. Alloway
(1990) indicated that the critical level was 30-300 ppm for lead, 10-100 ppm for
nickel, 5-30ppm for cadmium and chromium. Therefore nonflowering Balady
orange plants grown in sandy soil can be irrigated with 25% treated sewage
water .Such concentration cause the least visual symptoms of toxicity.

Conclusions

Growth rate, fresh and dry weight shoot and root of plants increased with
raw sewage and treated sewage water treatments. Leaf and root minerals
contents (N, P, K, Na, Fe, Mn, Zn, Cu, Pb, Cd, Ni and Cr) increased by irrigating
with raw sewage and treated sewage water applications for plants grown in both
clay and sandy soils. Also, leaf and root proteins contents showed a marked
increase as a result of the different treatments. Values of EC, pH, soluble ions,
total N available P, K, Fe, Zn, Mn, Pb, Ni, Cd, and Cr were increased in clay
and sandy soils treated with raw sewage and treated sewage water as
compared with un- treated ones. The clay soil indicated more positively trends
than the sandy soil. In conclusions, nonflowering Balady orange plants grown in
sandy soil can be irrigated with 25% treated sewage water .Such concentration

~cause the least visual symptoms of toxicity.
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Table {(2) Chemical properties of clay and sandy soil as affected by sewage & treated sewage water applications

Control 100%raw sewage 7T5%raw sewage 25%raw 100% treated 75% treated 25% treated
(tap water) . water water sewage water sewape water  sewage water  sewage water
clay sandy clay sandy clay Sandy clay sandy  clay sandy  clay sandy clay sandy
pH 7.02 5G4 732 721 739 7.31 737 734 738 7.00 738 722 73 722
EC dSm-1 075 023 086 023 12 031 252 032 .. 080 G232 108 025 117 0261
ClimegiL) 406 n8g 468 108 b 94 126 945 135 3178 0.81 477 1.08 5449 t 26
SO-4imeqi) 238 0055 206 (.18 803 081 1508 086 261 014 333 036 45 068
HC O3 imeay 073 040 09 068 203 113 2.25 203 D8 068 1.13 1143 225 18
Na-imea/L) 574 1.09 44 1.2 567 153 134 1862 378 108 5.04 1.26 522 t 26
K {meag/L) 0.297 0949 081 0.09 108 018 113 027 045 0.09 689 018 1.08 018
Fe (mgrkg) 161 (803 508 137 567 162 612 162 . 471 122 52 14 5564 146
Mn mg/kg) 954 07 1222 3585 1496 380 t733 486 1042 261 1316 355 1408 376
Zn mgkg) 322 0.99 355 0252 380 (085 4 86 {68 2.61 026 355 032 378 058
cu markg) 217 058 299 074 394 1.39 526 1.40 2.59 067 346  G76 374 079
Fb mg/kg) 125 018 2568 0373 2.65 047 268 063 175 025 248 043 2.5 043
Ni { mg/kg} 0.50 0.16 072 00g 0.81 0N 281 0.38 067 0.18 072 020 (.78 0.2¢9
Cd mglkg) 0ov poz 021 04 0.3714 025 0425 0308 0124 0082 0333 0167 0269 0185
Cr( mg/kg) 02 004 038 022 045 G.27 047 032 034 022 0396 0234 (414 (125
486
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Table (3) Effect of raw and treated sewage water on shoot and root fresh and dry weight and growth rate of Balady orange

plants
Fresh weight(g) Dry weight(q)
wi 2]

Treatments Shoot Root Shoot Root Growth Rat

Clay Sandy Means Clay Sarly Means Clay Sandy Means Clay Sandy Means Clay  Sandy Means
Control {tap water) 56.35 522 b4 28 401 3658 3833 3425 2023 2724 3263 2328 276 0.188 0.205 0.196
100%
Raw sewage wate 62 77 097 66 .87 6497 4953 5725 337 2800 335 422 372 3969 0327 0.227 0277
75% i
Raw sewage wate 60.3 ( 581 59.2 6093 6315 06204t 3808 3425 36.04_ 3383 293 M46 0314 0233 0274
25% '
Raw sewage waste 5097 46.55 4876  06B93 5585 6240 3760 2348 3054 3080 2628 3008 0238 0217 0227
100% Treated
sewage waler 5803 43 .46 5244 6763 6659 6711 4140 3640 3890 2960 2825 2893 0325 023 0278
75% Treated
sewage water 5236 56.75 54 55 8557 7280 6918 3070 3803 3436 3685 - 3458 3572 0309 {236 0272
28% Treated
sewage water 4853 51.25 4589 6300 5285 5708 3438 2398 2918 2958 2563 276 0210 0216 0213
Means * 55 61 54 61 6160 56.76 3573 283 3363 2064 0.273 0224
L.S.0 Treatments 13.82 14 83 6.27 486 0078
L.S.0 Soil types 7.39 779 335 2.60 0.042
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Table (4) Effect of raw and treated sewage water on leaf and root protein and carbohydrate content (%on dry weight basis)
of Balady orange plants

Treatments Protein(%) Carbohydrate (%)
Leaf (2009) Leaf (2010} Root (2010} Leaf (2009} Leaf {2010} Root {2010}
LY

Clay  Sandy  Mean  Clay  Sandy Mean  Clay Sandy Mean Clay Sandy Mean Clay? Sandy Mean  Clay  Sandy  Mean
Control (tap water) 14.80 13.57 14.39 1702 1607 1655 1421 1351 1391 537 2754 1846 1027 3029 20.28 10.94 9.77 10.35
ol 089 1983 2036 2402 2247 2240 1740 1663 1491 1094 953 1025 1203 1048 126 1120 1113 1117

aw sewage water

5%
Raw sewage water 19,43 18.72 19.07 22.34 2153 2194 15.63 15.56 16,10 1146 10.16 1081 1261 11.18 11.9 12,50 10.55 11,52
5% 1673 1615 1644 1924 1857 1891 1526 1456 1702 1069 990 1029 1173 1089 1130 1276 1R 124
Raw sewage water
100%Treated 1913 1838 1875 2167 2144 2140 1616 1514 1565 1146 1055 1100 1261 1161 1211 1094 1042 1237
sewage water
T5%Treated

1819 1773 1796 2002 2038 2066 1547 1475 1511 1250 1146 1198 1375 1263 1318 1250 1224 1.3
sewage water .
25% Treated

1535 1457 1496 1765 1676 1721 1465 1428 1447 1001 85 930 1101 945 1023 1250 1084 1172
Sewage water
Means 1779 17.07 2041 1056 1570  14.98 1092 1253 13.79 12 1190 1097
L.5.D Treatments 175 0.713 232 10.61 0.81 158
L S.D Soil types 0.149 0381 0.240 0.014 0.430 0.842
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Table (5) Effect of raw and treated sewage water on leaf and root nitrogen and phosphorous contents (%on dry weight
basis} of Balady orange plants

Treatments . Nitrogen {%) . Phosphorous (%)

Leaf {2009) Leaf {2010) Root (2010) “Leaf (2009) Leaf (2010) Root {2010)

Clay  3ancdy  Mean Clay ~ Sandy Mean Clay Sandy Mean Clay Sandv  Mean

=1
Fa
)

Controlitap water: 23 224 230 273 2.58 2.66 223 216 223 0.113 0106 0163 0136 0.126 0,131 0.083 0.069 I

1003 o ; ; . , ‘
Rawsowagevater 33 317326 384 385 375 278 266 272 0476 00172 0174 0211 0206 0200 0463 0459 06

T
el

Raw sewage water

Cad
(=]}
o0
[~
=]
n

Iin 2.30 305 312 2.66 255 2.61 0.1 0.188 0189 0.223 0.226 0228 0.180 154 0172

25% ‘ . 4 )
Faw sewage water 2 GG 258 243 308 2.97 3.03 2.44 233 2.3% 0.145 0.137 .0‘141 0.174 0164 0169 0.136 0.136 0.136
100, Treated
sewane water

[ XX
=
=
ro
w
4=

300 232 338 345 2.59 242 250 0.168 0.164 0166 0.203 0197 0.200 0.162 0.147 0154

78t Treated

senage water 29 284 287 33F 327 331 247 23 242 0155 0M0 (M8 0185 0188 0177 0148 0139 046

AR 246 233 239 283 268 276 234 229 232 0437 0124 043 0464 0145 0157 D133 0120 0127
Means 285 273 328 203 251 240 0155 0147 0.186 0177 0.145 0134
L.S.D Treatments 0.280 0.106 0.372 0.026 0.007 0027
L5D Sail . .
’ 0.149 0 057 0.129 0.014 0.004 0.015
types
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Table (6) Effect of raw and treated sewage water on leaf and root sodium and potassium content (% on dry weight basis)
of Balady orange plants

Treatments Sodium (%)} Potassium (%)

Leaf (2009} Leat {2010} Reot (2010} Leaf (2003} teasf {2010} Root (2010}

Clav S Lie . Cl Sand Mea
Clay andy fean Clay Sandy  Mean ay ndy ean

Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean

Contral itap water 0.413 0392 0402 0437 0412 0.425 0491 0407 0428 12 132 1.26 1.32 1.55 1.44 1268 128 1.27

1005
Faw sewage water 0553 0567 0.578 0618 0618 0.618 0637 0.613 0.625 212 1.76 1 94 233 1594 214 1983 168 1.680

Foe sonngevater U451 0433 0489 0516 0508 0512 055 0541 0545 193 169 181 212 185 199 188 150 173

28% ‘ is ) . 47 .
Ronseagewaer 0470 0433 0452 0434 0455 0475 0491 0475 0483 156 57 166 172 173 173 157 133 148
100% Treated
SEVWADE Waler

0484 0.469 0477 0308 0432 0500 0518 0495 05307 169 1564 1.66 1.86 180 183 178 181 169

Sgﬁq&tgialer 0.502 0.486 0494 03527 0510 051% 0502 0487 0494 183 161 162 1.79 177 178 186 148 157

20% Treated
sewage water

Ly
]
[ R

0446 0.420 0433 0462 B4 0455 0479 0462 0470 1.58 155 1.57 1.74 1.71 173 145 1

Means 0433 0.454 0310 04N 0519  0.497 1.67 159 1.84 77 165 151
L5 D Treatments 0 DY46 2.037 0.142 024 0122 el
L 5D Soil tvpes 0 051 002 0.05% 0.127 0.07 0.133
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Table (7) Effect of raw and treated sewage water on leaf and root manganese and iron{(mg/l} on dry weight basis } of
Balady orange plants

Manganese {(mg/l) lron (mg/)
Leaf (2009} Leaf {2010} Root {2010} Leaf (2009) Leaf {2010} Root (2010}

Treatments

Clay  Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay  Sandy Mean
Controlitapwater: 7202 5341 8272 7922 588 6889 9167 7955 8561 249 3104 3294 3463 3255 3359 5451 5285 5368

100% 1573 1315 1444 1727 1447 1587 1871 1503 1687 697 5806 6387 7319 609 6704 6495 6849 723 1

Faw sewage water
7ot

1278 1145 1211 1406 1259 1333 1333 1233 1283 627 54894 5883 65834 5768 6176 6106 6306 6468

Raw sewage water

2o% 113 95 1040 1243 1045 1144 1242 1178 1210 558 5004 5330 5850 5400 5634 5675 5583 5604

Faw sewage water

100% Treated
sevwage water

1254 1056 1155 137¢ 1165 1272 1721 1455 1588 594 5387 5662 6237 5656 5047 7612 B0895 6205

w1233 100 1107 1356 110 1228 1747 150.1 1624 563 5478 5555 5012 5752 5832 6631 597 6039
25% Treated
sewage water

107.2 88984 9852 1170 988 109.4 2038 112 1678 523 5027 5127 5482 5308 540 5806 5501 5588

Means 118 9854 128.8 1084 1556.3 1255 559 5056 5838 5319 6203 5942

L.5 D Treatments 16.44 5.03 27.39 12.27 21.23 1522
LsD

Sol types 10.39 2.69 14.64 65.55 11.25 g1 38
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Table (8) Effect of raw and treated sewage water on leaf and root copper and zinc content ((mg/l} on dry weight basis) of

Balady orange plants

Treatments Copper (mg/l) Zinc {(mg/)
Leaf (2009) Leaf (2010) Root (2010} Leaf (2009) Leaf (2010} Root {2010]

Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay  Sandy  Mean
Conrdifapwater. 275 20 268 315 230 273 573 4667 5201 4278 3815 4047 459 430 440 7534 6233 A0Ad
o wmewaer 645 5835 614 742 631 686 222 1847 2033 1167 1137 1152 1342 1308 1325 1634 1462 1548
o ewagewaer 55 5167 533 633 584 613 205 1742 1895 104 1032 1032 1196 1187 1194 1522 140 1461
o wegewater 417 3668 302 479 422 451 185 1508 7033 7689 6667 7178 897 767 832 0768 0858 0361
100%Treated - - - -
oo mater 489 4611 475 562 5303 546 432 4057 419 9767 9147 9457 1123 1052 1088 1378 1242 1311
[ el 467 3945 431 537 4537 495 202 1687 1852 6834 6545 6689 786 753 769 118 110 114
e 372 23 951 428 379 404 84 587 1679 7167 635 6759 824 730 777 9334 8866 9
Heans 459 4075 5281 46,29 198 160.6 82.58 77.44 9468 89 07 1197 108.7
LS D Treaiments 818 422 23.99 8.07 666 2514
LS D Soll types 437 2.26 12.83 4.31 356 1345
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Table {9) Effect of raw and treated sewage water on leaf and root lead and chromium content ((mg/l} on dry weight basis)
of Balady orange plants

Treatments Lead (mg/l) Chromium (mg/l)
teaf {2009; Leaf {2010} Root (2010} Leaf (2009) Leaf (2010 Root (2010}

Clay  Sandy Mean Clay Sandy Mean  Clay Sandy Mean Clay Sandy Mean Clay Sandy Mean Clay Sandy MAean
Cortoltmeater 303 3260 38 244 203 396 40 3448 272 2867 244 2655 017 724 318 325 2a;  30d]
I w896 8205 858 8RO 7.3 945 1039 9526 046 7167 6445 6805 391 83 817 775 sz 75
o eiie  §53 7372 795 106 750 908 8518 738 795 63 625 6542 367 3124 905 7167 R T
o ewagewnsr %6 G187 053 089 576 734 6496 6218 636 5743 4 5305 260 2288 633 G157 50 558
e §46 7084 778 780 659 855 7173 6853 702 65 5499 5999 339 2061 719 6844 GRT1 677
ishns 724 6217 673 €50 640 7402 6731 658 666 5417 533 5626 280 263 645 415 SHAT 63
oo el 49 3075 423 629 48 486 5294 4102 47 5338 40 4557 178 1714 559 525 4367 48109
Heans 603 6043 782 678 6944 6306 5767 498 718 596 5183 555
L 50 Treatments g4 102 8.25 7.96 8.6 §27
LSC Solltypes 44 544 4 38 4.256 512 4.4
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Table (10} Effect of raw and treated sewage water on leaf and root cadmium and nickel content ({(mg/l)on dry weight basis)
of Balady orange plants

Treatments Cadmium (mg/) Nickel (mg/)

teaf (2009) Leaf {2010} Root (2010} Leaf (2009) Leaf (2010} Root {2010}

Clay Sandy  Mean Clay  Sandy Mean Clay  Sandy Mean Clay  Sandy Mean Clay Sandy Mean  Clay  Sandy  Mean

Caontrol itap water: 834 6.67 7.3 917 734 8.3 6.12 5 586 1167 2979 2073 131t 2063 163 1553 1354 1469

100% = - . :
Raw sewage Nater .35:)8 31.66 3362 3314 3483 369 3501 30 3251 4545 4259 4402 499 4683 48B4 47331 4186 4459

6%

Raw sewage Water 334 254 308 3674 324 339 3331 2754 3042 4167 3714 3949 4584 4085 434 45 3%1F 4208

255 = o . :
Raw sewage Water 2273 2062 2168 250 2268 238 2007 1687 1847 30 2584 2792 3300 2842 307 3334 2889 311
100% Treated
sewagewater 3034 271 28.97 3352  29.31 3t.9 30 2879 2938 3917 33.84 36,5 43.00 37.22 40,2 4179 3459 3819
;:ia-;?:?;iir 26.34° 2391 2913 28.97 26.3 276 2284 1947 2145 3529 29.91 324 3882 32 46 356 3884 3084 3486
26 Treated - 5 - . o
C o ‘ 16.16 15.598 15.87 1778 1744 179 15 13233 W17 22.9 075 2063 2475 2277 238 2333 2111 2222
Sewage waler
Means . 2477 21.99 2725 2419 2319 20147 32.25 31.06 3551 3274 35.07 29.89
L5, [0 Treatmerits 3.22 423 458 11.75 623 256
L.5.D Soillypes 1.72 220 2.45 6.28 3.33 297
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