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ABSTRACT: A pot experiment was conducted to study the
- effect of irrigation water salinity and sewage sludge application
on the dry matter yield, and uptake of macronutrients (NPK),
micronutrients (Fe, Mn, Zn, Cu) and heavy metals (Ni, Co, Pb,

Cd) by barley plants grown on sandy and calcareous soils.

IncreéSing salinity level of irrigation water significantly :
decreased the dry matter content, macro and micronutrients
uptake for both sandy or calcareous soils. However, the uptake
of heavy metals in plants gave an opposite trend, ie., if was
increased by increasing salinity of irrigation water except for
Cd which decreased with increasing the salinity level of
irrigation water. Addition of sewage sludge increased the dry
matter content, NPK uptake, micr.onutrient (Fe, Mn, Zn, Cu)
uptake. This was found true under all salinity level of irrigation
water. Heavy metal uptake by plant gave a similar trend to that

of macro and micronutrients.



1930

INTRODUCTION

Under North Sinai conditions,
as any arid and semi arid regions,
soil content of organic matter is
generally low. Abdel-Ghaffar
(1982) stated that the common
range of organic matter in
calcareous and sandy soils is
usually than 0.5%.

Application of municipal refuse

- less

to soils under such conditions is
spectal importance to
increase their organic matter
content because of the shortage in
traditional farmyard manure.

of a

Both pot and field experiments
proved the efficiency of sewage
sludge in increasing the yield

crops (El-Shebiny et al, 1995 ;

‘Mehana and Matloub, 1997 ;
El-Fayoumy et al., 2000). Sopper
(1979) reported that the major
factor limiting the long range use
of sewage sludge has proved to
be the potential hazard due to the
presence of heavy metals such as
Zn, Cu, Ni and Cd. On the other
hand, saline water is widely used
in Delta Wadi El-Arish area as
the main source for irrigation.

- that
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The influence of salinity on
t uptake of micronutrients was
invstigated by Abou-Ellil (1992)
and Sajeh (1994). They found
that te yptake of Fe, Mn and Zn
by mize was decreased by
increasiiy salinity level. Helal et
al,, (199t found that irrigation
water salpijty depressed the
uptake of heyvy metals by plant.

Abd-Alla eial. (1993) found
saline wasr caused an
increase in the extrictable Co and
Pb in alluvial and calcareous
soils. On the other hind, they
found that increasing Ca in saline
water caused a decrease in

- extractable Cd in soil.

Crops grown on calcareous
soil were found to accumulate
significantly less Cd than those
grown on more acidic soils. Also,
the high Ca content of calcareous
soil may reduce Cd absorption.
Generally plants grown on clay
soils accumulate higher amounts
of all metals than those grown on
sandy soils.
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The present work aimed to
study the effect of irrigation
water salinity level under
application of different rates -of
sewage sludge on the uptake of
some nutrients and heavy metals
by barley plant under sandy and

calcareous soil conditions.

MATERIALS AND
METHODS
The soils used in this

investigation were sandy and
calcareous soils taken from Delta
Wadi El-Arish area. The sewage
sludge used was obtained from
El-Arish Wast Water Treatment
Station.

The main characteristics of the
investigated soils and sewage
sludge are presented in Tables (1,
2). The soil and sludge materials
were air-dried, ground and passed
through a 2 mm sieve. Thereafter,
the soil samples were uniformly
packed in plastic pots of 30 cm
height and 25 cm diameter at a
rate of 10 kg pot‘l.

The
included 20 treatments which

experimental  design

1937

were the combinations . of ' 5
irrigation water 'salinity levels
viz, contro} (tap water, 480 mg_
I'ly, 2000, 4000, 6000 and 8000
mg I'!, and four Tevels of dried
sewage sludge viz, 0, 10, 20 and
30 g kg’1 of the air-dried soil.
Saline irrigation water samples
were prepared by diluting of sea
water to reach the required
concentrations. Sewage sludge.
was throughly mixed with the top
15 cm of the soil in each pot
before cultivation. The different
treatments were arranged in a
split plot design with 4 repiicates.
Superphosphate (15.5% P,Oxs)
and potassium sulfate (48% K,0)
at the rates of 30 Kg P,O4 and
50 Kg K,0 fed"! were added as
basic treatments to all pots to a
depth of 15 cm. Five barley seeds
were sown on each pot
Ammonium sulfate at a rate of 30
Kg N fed™! was applied after 40
days from sowing. The soil
moisture content in the pots was
maintained at field capacity. At
heading stage (12 weeks after
sowing), the

plants  were
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Table (1): Some chemical and physical properties of the

soils used
( _ Soil variable Sandy soil Calcareous Q
EC* (dS m'1) 0.90 2.80
pH (1 : 2.5 soil : water) 7.70 7.90
Organic C (g kg'l) 0.072 0.101
Total nitrogen (g kg'1) 0.007 0.009
Total carbonate (g kg')) 2.9 29
CEC (¢ mol kg'l) 6.90 16.70
Na HCO3-soluble P (mg kg™} 0.68 2.73
DTPA-extractable elements (mg kg™
" Fe 2.51 2,63
- Mn 1.52 1.62
Zn 041 042
Cu 0.32 0.36
Ni 0.20 023
Co | 0.11 0.14
Ph 0.41 0.46
Cd 0.12 0.10
Paricale size distribution
| Coarse sand % 91.50 65.92
Fine sand % _ 4.82 19.62
Silt % o 221 12.80
Clay % ' 1.47 166
L Texture Saﬁd Loamy sand )

* In soil saturation extract
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Table (2): Main chemical characteristics of the sewage

sludge used
4 N
Variable Value
EC* (dSm'}) 2.9
pH* 7.1
Organic C (g kg‘l) 388
Total nitrogen (g kg'}) 23.7
C/N ratio 16.4
DTPA-extractable elements (ing kg‘l) |
Fe 69.5
Mn 27
Zn 16
Cu 0.25
Ni 3.02
Co 1.25
Pb 52
L Cd 0.11 )

* In sewage sludge water suspension (1 :

10)
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harvested, washed with water,
and dried at 70°C, and the plant
dry weights were recorded, The
dried shoots were ground and
analyzed for N, P and K
according to Page et al., (1982).
Fe, Mn, Zn, Cu, Pb, Co, Ni and
Cd were determined using an
atomic  absorption
photometer. After plant harvest,
DTPA extractable Ni, Co, Pb,

and Cd were measured in the soil

spectro-

by an atomic absorption
spectrophotometer.

RESULTS AND DISCUSSION
Dry matter yield

Dry matter yield of barley
plant, as affected by irigation
water salinity and sewage sludge
application is presented in Table
3.

Regarding main effect of
irrigation water salinity level on
dry matter yield of barley, data
reveal that increasing the salinity
level was acéompanied by a
gradual decrease in the dry matter
yield. This finding is in
_agreement with those obtained by

Hassan and Mostafa

Mostafa (1984). This effect was
true with both studied soils.

Table 3 shows also that the
addition of sewage sludge under
all irrigation water salinity levels
resulted in significant increases
in dry matter yield. This effect
was particularly pronounced at
3% level. The recorded increases
in dry mater yield were 18.4 and
4.44% with sandy and calcareous
soils over the control values
the highest  level of
irrigation water salinity (8000

under

ppm). The promotive effect of
sewage sludge in increasing yield
of crops have been proved by
Mashaly et al. (1993)
El-Shebiny et al. (1995)..

and

On the other hand; it was
found that the interaction effect
between the two studied factors is
significant “under both studied
soils conditions. This  indicate
that the depressive effect of
irrigation water salinity on dry
matter yield can be overcome-to
some extent- by  addition of

sewage sludge.
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Table (3): Effect of irrigation water salinity and sewage
sludge application on the dry weight of barley

plant (gm plant™!) grown in two soils

@ngatwn waler Sewage Sandy soil Calcareous soil
salinity (mg 1) | sludge (g kg'!)
0 1.06 1.00
Control 10 1.37 1.35
20 1.59 1.58
30 1.64 1.67
0 1.01 0.98
2000 10 1.13 0.99
20 1.19 1.00
30 1.21 1.10
0 1.00 095
4000 10 110 0.97
- 20 1.13 0.98
30 1.15 0.99
0 0.93 0.92
6000 10 0.98 0.94
20 1.13 0.95
30 1.17 0.96
0 0.87 ' 0.90
8000 10 0.96 0.92
20 0.99 0.93
30 1.03 0.94
L.8.D. (0.05)
Irrigation water salinity level 0.001 0.001
Sewage sludge rate 0.009 0.002
Interaction 0.010 0.004
\. /
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Macronutrients uptake

Data presented in Tables (4, 5)
reveal that N, P and K uptake by
barley plant was significantly
decreased as a result of
" increasing  irrigation
- salinity level. This was true under
the two studied soil conditions.
. These results are in agreement
with those obtained by Sameni et
al.,, (1980) who noticed that N
uptake by bean plant generally
decreased with the increase in the
~ salinity level of the irrigation
water. Abdul-Kadir and Panlsen
(1982) reported that the increase
in NaCl salinity
decreased the amount of total N
in all organs of wheat plants,
presumably due to the antigonism
of nitrate by chloride as a major
factor. Aslam et al., (1984) found
that salinity severely inhibited the
absorption of nitrate-N by barley

water

significantly

plants.

The effect of
irfigation water salinity on K

depressive

uptake by plant is in agreement
“with that obtained by El-Sawaby
and Amer (1977). The data also

Hassan and Mostafa

show that the N, P and K uptake
by barley plant was significantly
increased by sludge addition to
the soil.

With respect to the interaction
between irrigation water salinity
level and sewage application,
data reveal that addition of the
the
deleterious effect of irrigation

sludge can  overcome

water salinity.
Micronutrient s uptake

The uptake of Fe, Mn, Zn and
Cu as affected by irrigation water
salinity level and sewage sludge
application is presented in Tables
(6, 7). The Fe, Mn, Zn, and Cu
uptake significantly decreased as
a result of increasing irrigation
water salinity level in both soils.
the
increase are relatively low in

However, magnitudes of

calcareous soil. These results are

- similar to those obtained by

Abou-Ellil (1992} and Saleh
(1994) who found that the
content of Fe, Mn and Zn in
maize shoots was decreased with
increasing salinity levels.



Zagazig J.Agric. Res., Vol . 29 No.(6) 2602

1937

Tabl (4): Effect of irrigation water salinity and sewage
sludge application on macronutrient uptake (img

Plant'!) by barley plant grown in a sandy soil

f Treatment Uptake (mg / pot) )
Irrigation water Sewage .
salinity (mg 11) | sludge (g kgl N P K

0 17.3 3.07 40.2

Control 10 227 4.1 52.5

20 26.6 493 634

30 2779 5.41 371

0 158 2.73 417

2000 10 17.7 3.28 44.2

20 18.9 3.69 45.0

30 19.4 3.87 i5.8

0 14.7 2.50 39.5

4000 10 16.4 2.86 40.9

20 17.2 3.16 41.8

30 17.6 3.36 313

0 12.4 2.14 31.3

6000 10 13.2 2.35 33.2

20 15.5 2.94 385

30 163 3.16 40.1

0 11.1 1.74 27.8

S000 10 i2.4 2.02 31.0

20 12.9 2.28 32.2

30 13.6 2.58 33.6

L.S.D, (8.05)

Irrigation water salinity level 1.3 0.40 2.63

Sewage sludge rate 0.41 0.13 0.92
L Interaction 1.62 0.50 2.86 J
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Table (5): Effect of irrigation water salinity and sewage
sludge application on macronutrient uptake (mg

Plant™!) by bariey plant grown in a calcaresus soil

\

-

Treatment Uptake (mg plant !
Irrigation water Sewage
salinity (mg YV studge (g kgl N P K
0 16.2 2.30 357
Control 10 220 3.24 485
20 26.1 395 57.4
30 27.9 4.51 61.3
0 15.1 1.96 34.4
10 154 2,18 40.0
2000
20 15.7 2.30 354
30 17.4 2,64 39.1
0 134 1.52 325
4000 i0 139 1.65 334
20 14.2 1.86 339
30 14.5 1.98 34.6
0 12.0 1.10 29.6
: i. .
10 12.4 32 30.6
20 12.6 1.43 312
30 i3.0 1.63 316
0 1E.1 0.90 28.4
8000 10 iL.5 1.01 293
20 1.7 1.21 29.7
30 12.0 141 30.1
L.8.D. (0.05)
Irrigation water salinity level 1.01- 0.12 1.30
Sewage sludge rate 0.20 0.01 0.02
Interaction 1.30 0.14 1.36
i,
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Table (6): Effect of irrigation water salinity and sewage
sludge application on micronutrient uptake (ug
Plant]) by barley plant grown in a sandy seil

Treatment Uptake (ug plant 1, \
Irrigation water Sewage
salinity (mg ') § susge kg | ¥C Mn Zn Cu
0 49 55.2 31.5 7.21
Control 10 237 72.8 41.2 10.00
20 280 88.4 49.83 1224
30 300 94.0 56.4 13.45
0 159 50.1 26.0 6.16
2000 10 188 52.1 26.1 7.23,
20 205 52.6 26.5 8.09
30 217 52.2 26.3 8.71
0 152 45.% 227" 54
1000 10 171 41.5 227 . 6.27
20 180 47.0 218 6.67
30 189 46.2 21.5 7.24
0 136 393 18.7 4.65
1 14 . . .
6000 0 7 40.1 18.9 5.19
20 172 442 20.5 6.33
30 184 453 20.5 6.79
0 120 353 15.1 374
8000 10 134 37.5 15.0 4.42
20 145 37.7 141 475
30 154 384 13.83 - 5.25
L.S.D, (0.05)
Irrigation water salinity level 12.12 3.12 1.80 1.03
Sewage sludge rate 2.6 0.20 0.01 0.02
k Interaction 203 3.32 . 1.90 .06
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Table (7); Effect of irrigation water salinity' and sewage sludge

application on micronutrient uptake (ug Plant'!) by
barley plant grown in a calcareous soil

a4 Treatment Uptake (ug plant™) )
Irrigation water Sewage - )
salinity (mg ') | studge (g kg)) Fe Mu 4 Zn Cu
0 238 396 22.1 13.30
10 210 537 332 18.76
Control
20 174 64.0 41.6 22.59
30 123 688 | 476 24.55
0 151 37.3 18.3 11.89
1 37.7 18.7 2,03
000 0 120 8 12.0
. 20 116 351 19.6 12.26
30 115 433 - 219 13.52
0 127 ¢ 34.4 164 10.14
4000 10 119 35.5 i7.4 10.39
20 115 36.2 17.6 10.71
30 107 . 36.8 179 10.88
0 112 3.5 14.1 8.89
I . . .
6000 0 107 32.5 145 9.14
20 103 32.2 14.8 9.39
30 96.6 33.1 15.1 6.32
0 106 29.0 10.9 7.84
8000 10 101 30.1 11.6 3.09
20 97.5 31.0 11.9 8.21
30 88.2 32.1 12.2 8.38
L.S.D. (0.05)
Irrigation water salinity level 3.21 0.700 2.30 0.21
Sewage sludge rate 1.1i 0.001 0.01 0.01
Interaction 4.33 0.702 2.40 0.23
. i,
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The uptake of of Fe, Mn, Zn
and Cu by barley plant as
affected by sludge
application is presented in Tables

6, 7).

sewage

Data indicate that in sandy
the uptake of the
micronutrients by plant

soil,

significantly increased as a result
of sewage sludge application.
This was generally true except
for Zn uptake under high salinity
levels of 4000 and 8000 mgl .
Similar promotive effect was
obtained in the calcareous soil
except for Fe uptake under ali
salinity levels. This clarifies the
role of soil organic ligands,
produced by decomposition of
added sludge, in maintaining high
levels of micronutrients in soil
solution by forming soluble
complex, available to ‘growing
plants (Hue, 1988 ; Dahdoh et al.,
1999). In general, the sandy soil
manitested the highest values of
micronutrient uptake and this was
true under all levels of irrigation
water salinity and sewage sludge.

1941

Similar results were obtained by
El-Desouky (1999) who found
that organic matter application
has a great influence on Mn and
Cu uptake by both maize and
wheat plants irrigated by saline
water. The obtained results may
be due to the high pH values of
soil comparing to
sandy one (Table 1). These
findings are in good agreement
with those obtained by King et
al., (1974) who found that levels
of Cu and Zn in the corn tissues
were increased by. additions of
sludge though, their
concentrations were below toxic

calcareous

sewage

levels to crops or animals. Soon
et al., (1980) indicated that the
sewage  sludge
increased Zn concentration in

application

com stovers. It is interesting to
mention that Fe uptake was
significantly decreased as a result.
of sewage sludge addition to
calcareous soil. This was true
under all irrigation water salinity
levels. Similar results were found
by Ismail et al, (1996) who
found that the availability of Fe
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decreases upon the application of
sewage sludge. This effect may
be due to -fixation
precipitation of iron, particularly
in the case of pH over neutral
conditions.

On . the other hand, many
researchers attributed this effect
to  antagonistic  relationship.
between Fe and one or more of
the other elements such as Mn

and Zn (Dahdoh et al., 1994).

Concerning the interaction
between irrigation water salinity
levels and sewage sludge rates,
data in Tables (6, 7) show that
the addition of sludge under all
irrigation water salinity levels
resulted in increases in the
micronutrient uptake and Cu by
barley plant except for Zn in the
and Fe in the

calcareous soil.

sandy  soil

Heavy metals uptake

Tables (8, 9) show that the
uptake of Pb, Co, Ni and Cd
decreased significantly in barley
plants as irrigation water salinity

and

Hassan and Mostafa

level increased under both scils
conditions. However, the decrease
was different among the metals.

This not in
agreement with that obtained by
Abd-Alla et al, (1993) who

found that increasing salinity of

finding s

irrigation water increased both of
Co and Pb in the soil. Sewage
sludge application rate
significantly increased uptake of
the heavy metals by barley plant.
However, the uptake of these
metals by barely plants grown on
calcareous soil was lower than

that for sandy one.

The effect of
irrigation water salinity on the Cd

inhibitory

uptake by barley plant under
calcareous soil conditions may be
due to the abundance of Ca ion
under such conditions. Abd-Alla
et al. (1993) found that increasing
calcium leads to a decrease in the
extractable amounts of cadmium
amd this effect
pfonounced with a calcareous

was  more

soil irrigated with high salinity
water.
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Table (8): Effect of irrigation water salinity and sewage
sludge application on heavy metal uptake (ug
Plant'!) by bariey plant grown in a sandy soil

( Treatment Uptake (ug plant™)
Irrigation water Sewage .
salinity (mg ) | siudge (g kg1 Ni Co Pb Cd
0 5.22 4 80 5.89 1.97
Control 10 7.01 6.33 8.1 294
20 8.49 7.44 10.78 315
30 9.12 772 11.35 349
0 4.20 4.16 5.37 175
H 4, 4. X 02
2000 0 94 7 6.05 202
20 5.41 503 6.45 217
30 5.1 5.19 6.64 2.29
0 3.87 4.05 5127 1.65
4000 10 4,38 454 571 . 1.89
20 4.69 472 591 201
30 5.03 4.84 6.13 2.30
0 3.32 3.65 4.67 1.41
i . . R
0 3.69 3.90 5.02 1.56
20 4.44 4.54 5.83 1.90
30 4.88 475 6.12 2.02
0 2.75 3.18 4.32 1.29
8000 10 3.31 3.57 479 1.50
20 3.58 3.75 5.06 1.61
30 4.10 3.98 531 174
L.S.D. (0.05)
Irrigation water salinity level 0.03 0.02 0.21 0.02
Sewage sludge rate 0.01 0.01 0.01 0.0t
L Interaction 0.05 0.04 - 0.23 0.03 J
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| Table (9): Effect of ii'rigation water salinity and sewage sludge

application on heavy metal uptake (ug Plant'l) by
barley plant grown in a calcareous soil

(_ Treatment Uptake (lig plant 1 )
Irrigation water Sewage .
salinity (mg I'Y) | studge (g kg™!) Ni Co Pb Cd
0 4.30 3.93 4.36 1.45
10 6.08 5.33 8.01 1.98
Control
20 743 6.27 9.82 235
30 8.02 6.65 10.77 2.56
0 3.82 3.58 4.04 1.39
3. X . 1.43
2000 10 95 3.65 4.33
20 4.10 3.72 496 1.49
30 4.62 4.15 5.63 1.66
0 3.66 3.35 3.76 1.30
4600 10 3.7 345 3.99 1.31
20 3.83 3.52 424 1.39
30 393 3.58 4.64 1.43
0 3.36 3.18 3.29 1.24
6000 10 3.47 3.26 3.50 1.29
20 3.55 3.32 3.75 1.32
30 364 3.36 3.96 1.36
0 2.82 3.03 3.08 117
8000 10 2,93 3.12 3.28 1.22
20 299 3.18 3.45 126
30 3.09 3.23 3.73 1.30
L.S.D. (0.0%)
Irrigation water salinity level 0.02 0.01 0.21 0.09
Sewage sludge rate 0.01 0.01 0.12 0.01
k Interaction 0.032 0.03 0.33 0.11 D
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found that the
interaction between irrigation

It  was

water salinity level and sewage
sludge application was significant
in both studied soils.

DTPA-extractable heavy metals

Data presented in Table 10
show the interactive effect of
irrigation water salinity level and
sewage sludge application rate on
DTPA-extractable heavy metals

from the two soils after
harvesting. Data reveal that
irrigation water salinity
significantly  increased  the

DTPA-extractable Pb, Co and Ni
for both studied soils. However,
the opposite was found to be
Cd. The
promotive effect of water salinity

generally true for

may be due to increasing the
solubility of these metals under
salinity conditions. In this
concern, Abd-Alla et al., (1993)

1945

found that DTPA-extractable Co
and beﬁveré .‘_ncgéased as a result
of in'creasiﬁg  irrigation water
salinity level.

On the other hand, sewage
sludge application significantly
increased the DTPA-extractable
heavy metals. This may be due to
the decrease in soil pH along
with the release of metals from
decomposed  sludge material
(Shaver et al., 1980). However,
the levels of the investigated
metals were within the ranges
previously soils
treated with sewage sludge
(Bin-Shiha, 1990).. '

reported in.

Table 10 also indicates that the
interactions between irrigation
water salinity level and sewage
sludge application were
significant on the
DTPA-extractable heavy metals

in both studied soils.
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Table (10): DTPA-extractable heavy metals (mg Kg-1) in the
two studied soils after plant harvesting, as
affected by irrigation water salinity and sewage

sludge application
4 - Treatment Sandy soil Calcareous soil )
Irrigation water Sewage . )
salinity (g 1Dy | shudge (g k- | C° | N [ Pb [C2 | Co | Ni | Pb |cCd
0 0.21 [0.15] 0.33{0.230.16{0.10| 0.26{0.16
10 0.28 (0.19]10.3910.2510.17}10.1110.2910.17
Control
20 03010261046102770.1910.13]0.33]0.19
30 0.34}0.29{ 0.5710.29]0.20])0.14| 0.36]0.22
0 02910.18]1.2110.21§0.17}0.11}0.3210.12
2000 10 0.35(0.20] 1.29|0.22§0.19(0.13] 0.37{0.13
20 0390261 1.36{0.233022{0.15]042]0.14
30 0421036} 14210.2710.2410.171 047]0.16
0 0.35$0.2311.3910.1810.2310.141 0.39]0.10
4000 10 0.3910.29] 1.4510.26]10.2510.17[0.42]0.11
20 0.42[0.35] 1.56{0.23§0.2950.19] 04910.12
30 0.4610.3911.7310.2510.3671022| 0.5610.13
0 0.3930.297 1.56]0.1540.2710.17] 043 ] 0.08
10 (.42 10.33] 1.56§0.1930.3210.1910.59] 0.09
20 0,46 [0.39§ 1.6210.21 ]0.37[0.23|0.5710.10
30 048 10461 1.7910.2231039102710.67;0.11
0 043 10.36] 1.68)0.11 §0.320.21| 0.49] 0.06
8000 10 0470391 1.7210.13§0371026} 0.56]0.07
20 0.521049{1.79]0.151042}0.291 0.63 ] 0.08
30 0.56 [0.56] 1.86]10.174047103710.7310.09
L.8.D. (0.05)
Irrigation water salinity ievei G.01 0.01 0.01 0.001
Sewage sludge rate 0.01 0.001 0.01 0.001
k Interaction 0.03 0.011 0.03 0.003)
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