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ABSTRACT

This investigation was conducted to study the impacts of using sewage sludge at different concentrations (0, 10, 25,
50, 75%) in amendment of desert reclaimed soil properties and some physiological aspects in wheat and jews
mallow plants. Generally adding sewage sludge to desert soil improved the soil texture, raised the organic matter
contents, water holding capacity and lowered pH value. The contents of NPK gradually increased as the ratio of
sewage sludge increased. The fresh and dry weights and biosyntheses of pigment contents of the variously treated
test plants were increased by increasing the sewage sludge levels in the soil. Also, total carbohydrate and protein
contents of sewage sludge-treated test plants were positively affected. With respect to the proline content and total
free amino acids, in most cases, it decreased significantly, expect at 75% sewage sludge, which was higher than that
of other concentrations. Also, the accumulation of metal was generally higher, especially in the root than that in the
shoot systemin the test plant tissues.
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INTRODUCTION properties of the sludge. Also, sewage sludge
primary constituents, e.g., organic matter,
Over the past few decades, urban water suppligdosphorus and nitrogen are agronomically
have improved considerably in developingbeneficial to the crop growth. The addition of
countries and which has also increased thgludge to the soil generally promotes plant growth
problem of waste water disposal. Reuse of effluennore than the commercial fertilizer. Christodoulos
and sludge, resulting from the sewage treatment, and Margarita (1996) showed that plant height
agriculture seems attractive as it offers a satutioincreased in maize individuals by 77% in the
of other problems beside the problem of disposagludge amended treatment compared to 25% in the
such as the scarcity of conventional watecase of the commercial fertilizer.
resources and the poor physical and chemicéls previously mentioned, one of the most
properties of soil. Use of sewage sludge irimportant concerns of using sewage sludge in
manuring the newly reclaimed desert lands iggriculture is the uptake of toxic metals by the
expected to be of special benefit because of th@ants and hence, entrance to food chain and
soil improving effect on physical and chemicaleventually, exposure of human health to danger
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due to stepwise concentration of these metals needed, all the pots received equal volume of

they proceed through food chain stages. Metawater. Plants were supplied with a half strength

such as Pb and Cd are known to be cumulatiHoagland nutrient solution (Hoagland and

toxins that can affect the warm blooded animalArnon 1950) every alternate week. After eight

and mammals (zootoxicity). Concentrations of Plweeks, all wheat and jews mallow plant

and Cd were found to be higher in the liver animaterial were sampled for analysis. All jews

kidneys of the animals (Birley and Lock 2001)mallow plants were cut while, in case of wheat

exposed to the pollutants than those that were niexperiments three plants were left to continue

Dietary intake of heavy metal-contaminated crojthe growth till seed setting.

plants affect human health in the long term b

damaging the nervous, pulmonary and reniéAnalysisof soil (desert and sludge soil)

systems (Aoshima et al., 2003). Physical analysis

The objective of this work was to study theFor mechanical analysis of soil, the pipette

potential impacts of using sewage sludge iimethod described by Richards (1954) was

manuring newly reclaimed desert lands on thfollowed. Water holding capacity was

physical and chemical properties of soil. Anothedetermined using the standard methods outlined

important objective of this study was to exploreby Dewis and Freiteas (1970).

the potential hazards of contamination o

reclaimed soil by heavy metal concentrated iiChemical analysis

sewage sludge and it's probable negativOrganic matter (OM) was determined following

consequences on the crop productivity and geneithe method of Jackson (1967). Soil reaction was

human health. in a 1: 2.5 soil-water suspension using a pH
meter (Jackson 1967). Total soluble salts were
determined in a 1: 2.5 soil-water extract by

MATERIALSAND METHODS measuring the electrical conductivity (EC) of
the solution (Jackson 1958). Available
Plant material potassium was extracted using 1mole neutral

Two plant species, namely, wheafriicum CH;COONH4 and measured with Atomic
wulgare cv. Giza 168) and jews mallow Absorption Spectrophotometr (Perkin-Elemer
(Corchorus olitorius) were chosen in this study. 3300). Total nitrogen content of the sewage
sludge was determined after digestion with
Treatment of plants by growth on sewage H.SO-HCLO4 mixture (Jackson 1967).
sludge amended-soil Available phosphorus was extracted with
Air-dried sewage sludge was collected from thNaHCQ; and measured as described by Olsen
sewage treatment station of El-deer, Sohag citand Sommers (1982). The heavy metals (Cd,
In this station, sewage sludge resulting from thPb, Cu and Zn) were extracted with DTPA
sewage treatment is disposed in drying beds a (diethylene triamine penta acetic acid) and
left to dry under the sun. The sewage sludcmeasured with Atomic Absorption
was collected randomly from dry material fromSpectrophotometr (Perkin-Elemer 3300) using
all the drying basins, was further air-dried the methods of Lindsay and Norvell (1978).
crushed to pass a 2 mm sieve, and kept fi
preparation of culture mixture, the dry sludgeAnalysisof the plant materials
was mixed with sand soil to have five sludgeAt the end of the experimental period, samples
soil mixtures with sludge representing 0, 10, 2tsubjected to the mixtures of sand soil and
50, and 75% of the mixtures. The soil mixturesludge three replicatgswere rapidly washed in
with ratio 0% served as the control treatmenthe tap water and dried in an air- oven &t @0
Ten grains of wheat or twenty seeds of jewto determine fresh and dry weights as well as to
mallow were germinated on the soil-sludgecarry out the chemical analysis.The
mixtures in plastic pots (25 cm in diameter aniphotosynthetic ~ pigments  (chlorophyll  a,
30 cm in depth). Each pot contained twcchlorophyll b and carotenoids) of the plants were
kilograms of the mixture. During the determined using the spectrophotometeric method
germination and growth, plants were watererecommended by Metzner et al., (1965). Water-
with tap water every other day. Whenevesoluble sugars were determined using a known
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weight of the powdered tissue which wasmatter and pH in these mixtures depended on
hydrolyzed in the distilled water for two hoursan sewage sludge ratio in the mixture and the highest
boiling water bath. After cooling, the hydrolyte EC value was attained in soil mixture with 75%
was filtered and filtrate was made up to a knowrsewage sludge (1.14 mmho/cm). Sewage sludge
volume,in which the water-soluble saccharidesised in this study compared to desert soil was
were determined by the anthrone sulphuric acifbund to have higher levels of N, P, and K than in
method (Fales 1951). To estimate the solubléhe desert soil (Table 3). The contents of these
proteins, powdered tissue samples were boiled ielements in sewage sludge were greater than those
distilled water for two hours. After cooling, the in desert soil by 60, 300, and 50% respectively.
extract was centrifuged and supernatant waEhe analysis for heavy metal content in sandy soil
decanted and made up to known volume wittand sewage sludge revealed that all the tested
distilled water. The insoluble protein residueheavy metals were several times higher in pure
remaining after the extraction of the water-solublesludge compared to pure sandy soil (Table 3). .In
fraction was treated with NaOH. The plant proteirpure sludge, for example, Cd was four times, Cu
content was determined according to Lowry et alwas 1.8 times, Pb was 2.1 times and Zn was
(1951), using bovine serum albumin as standar@dround 1.4 times higher than their counterparts in
Proline was extracted according to the method afandy soil. The soil content of DTPA-extractable
Bates et al. (1973). Free amino acids wer€d, Cu, and Pb increased as the sludge application
extracted from the plant tissues and determinedates increased. The values of DTPA-extractable
according to the method of Moore and Steimetals (Cd, Cu, Pb, and Zn) at the highest
(1948). A known weight of dry matter samplesapplication rate (75%) compared with the control
(0.5 g) was prepared for Atomic Absorptionsoil were 3.4 fold for Cd, 1.86 fold for Pb, 1.8do
flame Spectrophotometer (Perkin-Elmer 3300).for Cu and 1.3 fold for Zn.

Cd, Pb, Cu and Zn were determined for all thThe physical and chemical properties of solil
plants material (shoot and root of jews mallov(Tables 1-3) showed the effect of adding sewage
and grain of wheat) using the methods csludge to the desert soilThe water holding

Lindsay and Norvell (1978). capacity of the employed desert soil clearly
increased due to its amendment by sewage sludge.
Data analysis Sandy soil with manylarge particles drains well
Data presented are means T- standard deviation ‘and is rather dry, whereas smaller particles like
three replicates. clay and silt do not drain well and retain water

longer. Many papers have been published on the
beneficial effects of sewage sludge amendment on

RESULTSAND DISCUSSION crop yield and some physical and chemical
properties of soil , such as improved soil strugtur

Soil analysis increased soil moisture and porosity, provision of

Soil physical and chemical properties plant nutrients, increased humus content and

Results of this study, generally, indicateccation exchange capacity (Barzegar et al., 2002,
improvement in desert soil texture due to thiSpeir et al., 2003). The incorporation of organic
addition of sewage sludge (Table 1). The usematerials, such as sewage sludge, into soil also
desert loamy sand soil changed gradually to loarrpromotes its biological activity (Saviozzi et al.,

with continuous addition of the sewage sludgel999). In this study, the chemical analysis of
Loamy soil has lower ratio of sand and higher ratisewage sludge showed that the pH was neutral
of silt and clay than that of loamy sand. The wate(7.1). High organic matter content (15.4 %) helped
holding capacity (Table 2) of soil with 75 % in improving the physical and chemical properties
sewage sludge was 3-4 times higher than that of sandy desert soil (Veeresh et al., 2003; Garcia-
untreated soil. The general properties namely, ptGil et al., 2004). Hence, the lowness observed in
electrical conductivity (EC) and organic matteipH values could be a result of both; dissolution of
(OM) of the sewage sludge, desert soil, and theCaCQ and the effect of organic acids of sewage
mixtures used are presented in Table 3. In genersludge. In this study, the highest EC value was
adding sewage sludge to the desert soil increasattained in soil mixture with 75% sewage sludge
the organic matter contents and lowered pH valtand it was 1.14 mmho/cm. Also, sewage sludge
in the resulting mixtures. The values of organiused in this study compared to desert soil was
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found to have higher levels of N, P, and K than iithat the metal equivalent was much lower than
desert soil, hence, the contents of these elemeithe critical value. The USEPA (1993) proposed
gradually increased as the ratio of sewage sludicriteria for sewage sludge application, and
increased in sewage sludge desert soil mixtureconsequenclly the levels used in this study were
The main problems of an excessive application cbelow the critical limits and therefore there
sewage sludge are plant toxicity due to thwere no hazard due to use of this sludge.
accumulation of heavy metals in soils (McGrath eTietijen (1975) gave the following values of the
al., 2000) but also the increase in its salt cdnte tolerable contents of heavy metals in the soil;
(Hao and Chang, 2003). Sewage sludge metl100 ppm for Pb or Ni, and 5 ppm for Cd.
contents could be arranged in the following ordeComparing these values with the present results
according to their contents; Zn > Cu > Pb > Cc(Table 3) it was found that at the highest
Comparing with metal contents of other municipaapplication rate (75%) of sewage sludge to
sewage sludge compost of different countries isandy soil, the metal values were lower than the
Europe (Cottenie et al.1982), the content of suggested tolerable levelsThe possible
sewage sludge of El-deer statidlmcated five combinations of soil types and plant species are
kilometres west of Sohag city was still withinvery large, thus the variety of both plants andssoi
the normal range or lower. Chaney and Ryamust be considered for the optimum use of sewage
(1993) considered that sludge containing 'sludge as a fertilizer (Schmidt, 1997). For
2000 ppm Zn, > 800 ppm Cu, and 0.5 % Cd/Zexample, some studies indicated that sewage
should not be applied to agricultural land. Thisludge application could be useful for cereal crops
sludge used in this study contained very lowegrown in different soils (Christie et al2001;
amounts than the give toxic levels. This showeBarzegar et a12002).

Table 1 - Effect of addition of various ratios of sewagedgje to desert soil on some physical propertiebhaff $oil
(particle size distribution and texture gradeshef studied soils).

Soil composition Coarse sand Fine sand " Silt Clay Texture
Desert soif? 36.7 435 11.9 4.9 Loamy sand
10% SS? 34.7 41.4 12.7 6.3 Loamy sand
25% SS 315 38.3 14.1 8.4 Sandy loam
50% SS 26.8 33.2 16.1 11.8 Sandy loam
75% SS 21.8 28.1 18.1 15.4 Loam
100% SS 16.9 22.9 20.2 18.7 Loam

(1) Control treatment (0% SSY SS — Sewage sludge.

Table 2 - Effect of addition of various ratios of sewagedgje to desert soil on water holding capacity cantén
that soil. Each value is the means of three rejgica Standard Deviation (SD) of three replicates.

Treatment 1% day 3% day 5" day

Desert soif? 16.327+0.760 14.133+0.439 11.167+0.907
10% SS? 25.277+1.662 21.987+1.053 19.597+1.426
25% SS 33.523+4.503 30.360+1.566 27.230+0.661
50% SS 42.247+2.323 35.720+1.882 31.833+0.470
75% SS 51.827+1.850 45.433+2.645 40.367+2.161

(1)0% SS? SS — Sewage sludge.
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Table 3 - Effect of addition of various ratios of sewagadge to desert soil on some chemical propertiethaitf
soail.

General chemical

Soil or operties Available NPK Heavy matels
composition OM EC pH N P K Cd Pb Cu Zn  Fe Mn
%  mmho/cm (H,0) mg kg™ ppm

Desert soll 0.2 0.61 7.9 53 3 77 05 70 11 32 403 2

10% SS 1.7 0.68 7.8 56 4 80 0.6 8.0 12 34 43 24

25% SS 3.9 0.79 7.7 60 5 85 08 90 14 36 46 26

50% SS 7.7 0.97 7.5 69 7 93 1.2 110 16 39 52 30

75% SS 114 1.14 7.3 77 9 102 1.7 13.0 18 42 57 33
Plant tissue analysis were enhanced in response to the presence of
Growth represented in fresh and dry weights sewage sludge. The enhancement in pigment

Results of the effects of cultivation of the plaots content continued to slightly rise in parallel to
desert soil amended with sewage sludge on tliraising the sludge content in soil up to 50%, when
growth of the plants are summarized in Figure 1the total pigment content of the leaves of wheat
Both the plants showed significant effects as thand jews mallow plants increased by 1.5 and 1.23-
ratio of sewage sludge increased in mixture untfold compared with controls, respectively. After
50% (Fig. 1a-d). Beyond this point, there was nthat no further effect was observed for higher
obvious effect for further addition of sludge tdlso sludge in soil.

mixture. This result was very clear in case ofNo toxicity or deficiency symptoms were observed
shoots of test plants compared to those of roots. in sewage sludge amended plants but contrary to
Previous studies have indicated that thée expectations, the cultivation of test plants on
application of sewage sludge produced variedewage sludge amended desert soil generally
growth responses in different plants withshowed higher chlorophyll content. This was
positive growth responses in order cropsimost identical to that seen iorchorus,
(Zasoski et a).1983). According to Chanest  Daucus, Eruca, Lactuca, Raphanus and Spinacia

al, (1978), the crops may suffer yield reductiongMazen, 2003) and idea mays (Mazen, 1995).

even when metal phytotoxicity is not visually

indicated. In this study, the performance of thdissue carbohydrate content

studied physiological parameters in the testeligure 3 shows the carbohydrate contents (soluble,
plants was generally improved or at least wa#soluble, as well as total) of the shoots andgoot
unaffected. The physiological performance waef wheat andjews mallow plantstreated and
reflected in enhancing the dry matter yield inuntreated with sewage sludge. The test plants
these plants, which was almost identical to thegrown under different concentrations of sewage
seen inZea mays, Corchorus, Eruca, Raphanus  sludge induced considerable variations in their
and Spinacia (Mazen, 1995 and 2003)r in carbohydrate contents. The variations depended on
Hordeum wvulgare L. (Antolin et al, 2005). The the sewage sludge level applied in the soil. The
higher yields in sludge treated crops are usuallfype and extent of effect of growing plants on
attributed to an improvement in the soilsewage sludge-amended soil on carbohydrate
conditions, by the supply of additional carbonmetabolism depended on the plant species and the

from the sludge (Christie et a2001). plant organ. In wheat plants, for example, content
of both the fractions of carbohydrate in shoot
Photosynthetic pigment content system was meagerly reduced in response to

The responses of tissue content of photosynthet@yowth on sewage sludge containing soil (Fig. 3a).
pigments fractionschlorophyll a, chlorophyll b, These fractions however, were slightly enhanced
carotenoids) in wheat and jews mallow growing in root system of this plant (Fig. 3b). In jews
on desert soils with sewage sludge are presentedntallow, the levels of soluble and insoluble
Figure 2. The content of photosynthetic pigment&actions of carbohydrate increased in the sludge-
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supplemented soil. The effect was weaker in rog1993).
system compared to shoot system (Fig. 3ceoncentration of reducing and non-reducing and
d).Bearing in mind that leaf total soluble sugardotal sugars as a result of heavy metal supply in
amounts depended primarily on photosynthesigifferent plant species. This could be attributed t

reduced activity of net photosynthetic rates due to
high metal concentration.

the percentage of sugar iPhyllanthus amarus
plants decreased by Cd (Rai et, &005). This

Mazen, A. et al.

They

finding was also supported by Narwal and Singh

Fresh weight (g/ plant)

55

have

35

5.0-
454
4.0-
3.5-
3.0
2.5
2.0-
1.5
1.01

0.5+

=

1

3.0

25

2.0

15

10

0.5

6.6 -
5.0-
454
4.0-
3.5-
3.0
2.5-
2.0-
1.5
1.01

0.5

—— ———
—

ap

4.0

3.5

3.0

25

2.0

15

10

0.5

0.0

0.0

T T T T T T T T T
control (0) 10% 25% 50% 75%

T T T T T T
control (0)  10% 25% 50% 75%

Sludge treatment

—&— Shoot —@— Root —A— Total

on each data point equal + Standard Deviation &) that mean.

Braz. Arch. Biol. Technol. v.53 n.4: pp. 917-930lyJAug 2010

reported

Dry weight (g/ plant)
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Figure 2 - Effect of addition of various ratios of sewagedgje to desert soil on which wheat and
jews mallow were growing on their pigment conteffit @ wheat plants; b) jews
mallow plants. Each data point is a mean of thegdicates and error bar on each data
point equal + Standard Deviation (SD) from the mean
Tissue protein content sewage sludge-treated jews mallow plant

In order to test the interactive effects of thesignificantly increased with increasing sewage
application of sewage sludge to sandy soil osludge concentrations (Fig. 4d). For example, root
shoot and root protein content, resulted are showsoluble protein content increased by 1.2-fold when
in Figure 4. Sewage sludge-treated shoot of whe#ateated with 75% sewage sludge compared with
plant revealed a significant increase in the s@ublthe control. But it was noteworthy that in both
protein content, while insoluble one, more or lesshoot and root, the total protein content at 75%
was unaffected in respect to the control. The totadewage sludge was less than that of 50% sewage
protein content of sewage sludge—treated shoot sfudge (Fig. 4d).

wheat plant was positively affected (Fig. 4a). AlsoProtein synthesis is essential for normal cell
the soluble and insoluble protein content ofproliferation, differentiation and growth. A varyet
sewage sludge-treated wheat plant roots increasetl environmental factors have been reported to
with increasing the sewage sludge concentratioriefluence the synthesis of plant proteins (William,
(Fig. 4b). Sewage sludge-treated shoot of jew$989). In support to sewage sludge results, Mazen
mallow plant revealed a significant increase in th€2003) reported that the cultivation of plants
soluble and insoluble protein contents, while(Corchorus, Eruca, Raphanus, Daucus, Lactuca
insoluble protein, was less affected than thend Spinacia) on sewage sludge amended soil
soluble one in respect to the controls. The totalas generally enhanced the total soluble proteins.
protein content of sewage sludge-treated shoot &f Zea mays, total soluble proteins also increased
jews mallow plant was positively affected (Fig.(Mazen, 1995). This was expected, because the
4c). The root insoluble protein content fractionsused sewage sludge was fresh and, hence, rich in
(soluble, insoluble as well as total) in the roots nitrogen.
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Tissue content of amino acids acids of shoot were less than their control, but in
Total free amino acids root, total free amino acids were the same as of
The changes in the contents of free amino acid#heir control. In contrast, total free amino acids
other than proline were also followed in shootdoth shoot and root of wheat plant treated by 75%
and roots of wheat and jews mallow plants (Figsewage sludge were higher than that of their
5). It was seen that in wheat plant, the contehts @ontrols (Fig. 5a-b). In jews mallow plant, the
total free amino acids (including only traces ofcontents of total free amino acids in shoots and
proline and hydroxyl proline) of shoots and rootgoots decreased when treated with 10, 25 and 50 %
decreased when treated with 10 and 25% sewagewage sludge in comparison with their controls.
sludge in comparison with their controls. Inin the roots of jews mallow plant treated with 10,
respect to 50% sewage sludge, total free amin2b and 50 % sewage sludge, the total free amino
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acids were the same values, but in the shootd, totahich proline reduces the heavy metal stress. Free
free amino acids were less in the plant treateld witproline has been proposed to act as an osmoprote-
25% sewage sludge than that of 10 and 50%tant (Taylor, 1996), a protein stabilizer (Shall an
sewage sludge. In contrast, total free amino acid3ubey, 1998b), an inhibitor of lipid peroxidation
of shoot and root of jews mallow plant treated byMehta and Gaur, 1999), a hydroxyl radical
75% sewage sludge were higher than that of thestavenger (Smirnoff and Cumbes, 1989), and a
controls (Fig. 5c-d). singlet oxygen scavenger (Alia et,&001). It is
Total free amino acids especially prolineevident that there is no clear consensus regarding
accumulate in plants, due to heavy metal stressds mechanism(s) by which proline reduces the
(Lesko et al. 2002; Siripornadulsil et al2002; heavy metal stress.

Faheed 2005). Cd stress could lead to protein

degradation via amino acid catabolism resultind issue heavy metal content

from a general reduction ofplant development. Inmrables 4 and 5 show the metals content in the
this aspect, osmotic adjustment may be associatstioots, roots and grains of wheat plant in the
with the increase in proline and polyamineshoots and roots of jews mallow plant
contents of plant cells (Yancey et,all982). respectively. In the test plants tissues, the
Proteins are hydrolyzed into a mixture of freeconcentrations of all metals increased with the
amino acids and small peptides by a concerteiticreased ratio of sludge in soil mixtures, showing
action of proteases and peptidases (Ranki et athe rate of sludge application strongly influenced
1990). However, on being subjected tothe metal content of these plants. The
environmental stresses altered behaviour diccumulation of elements was generally higher in
proteolytic enzymes and modulation in the level othe root than in the shoot system, except for Zn-
proteins and free amino acids is observed (Shaheated wheat which was nearly equal in both. It is

and Dubey, 1998a). noteworthy that in wheat plant, Cd and Cu levels
increased by 1.84 and 2.11 times in the shoots and
Proline content by 8.15 and 3.03 times in the roots, respectively.

Proline content of sewage sludge treated anBEb and Zn levels increased by 1.15 and 1.19 times
untreated shoot and root of wheat and jews malloin the shoots and 1.37 and 1.13 times in the roots
plants are shown in Figure 6. All the butonly when treated by 75% sewage sludge. The
concentrations of sewage sludge caused significaatcumulation magnitude of the elements in the
decrease in proline content except at 75% whichrains (Table 4) was generally less than thateén th
was higher than that of other concentrations (1Ghoots and roots of wheat plant. At 75% sewage
25 and 50%).0ne mechanism by which mangludge treated-wheat plant, the content of Cd and
plants and algae respond to detoxify the toxi€u increased by 3. and 1.53 times in the grains,
heavy metals is the production of proline (Shalespectively, but Pb and Zn increased by 1.12 only
and Dubey, 1998b; Mehta and Gaur, 1999; Verman comparison with their controls. It was
1999). The accumulation of proline in stressedhoteworthy that in jews mallow plant, Cd and Cu
plants is associated with the reduced damage to thevels increased by 3.85 and 1.88 times in the
membranes and proteins (Shah and Dubey, 1998thoots and by 3.64 and 1.91 times in the roots,
Verma, 1999). Proline synthesis has beenespectively. Also, Pb and Zn levels increased by
implicated in the alleviation of cytoplasmic 1.18 and 1.19 times in the shoots, but by 1.23 and
acidosis and may maintain NADP/NADPH ratios1.1 times in the roots when treated by 75% sewage
at values compatible with metabolism (Hare andludge.

Cress, 1997). Rapid catabolism of proline upoit is deceptive to assess the application of sludge
relief of stress also may provide reducingfor crop production on the basis of physiological
equivalents that support mitochondrial oxidativeperformance in a plant irrespective of the extdnt o
phosphorylation and the generation of ATP forthe ability of this plant to accumulate the heavy
recovery from stress-induced damage (Hare anuetals. A plant may be able to accumulate high
Cress, 1997). However, there has been mudbvels of toxic metals and its physiology may
disagreement regarding the mechanism(s) biplerate these levels and end up with a good vyield.
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Figure 4 - Effect of addition of various ratios of sewage gledo desert soil on which wheat and
jews mallow were growing on their soluble, insokilaind total protein content of: a)
shoot of wheat plants; b) root of wheat plantshx)ot of jews mallow plants; d) root of
jews mallow plants. Each data point is a mean feheplicates and error bar on each
data point equal + Standard Deviation (SD) front thaan.

The uptake and concentration of heavy metals by alleviate rather than to totally prevent theeeff

the plants due to cultivation on sludge amende®f the factors that strongly influence the metal
soils seems to be an inevitable process. Previouptake from the soil is soil pH (Lester et al., 3P8
studies have reported the accumulation of toxitow soil pH increase metal ion uptake and
metals in different plants and tissues after theiaccording to Heckman et al, (1987), raising it by
growth on sludge-amended soils (Heckman et alsoil liming leads to significant uptake reduction.
1987; Mazen, 1995). In the present study (Tables Bhe recommended levels are for Cd 0.05-0.2 ppm
and 5), the test plants tissues exhibited contisuowand Pb 0.5-10 ppm, while the toxic levels of these
increase in the concentrations of all metals as thedements are 5-30 ppm and 10-100 ppm,
ratio of sludge in soil mixtures increased, and theespectively (Davis et al., 1978). The
rate of sludge application strongly influenced theconcentration of Cd, Pb, Cu and Zn in the edible
metal content of these plants. Sewage sludge hparts of the test plants treated by sewage sludge
been used in forest lands (Davis, 1987), or/and (fTables 4 and 5) were generally near the normal
could be incorporated as an amendment to saihnge and less than the toxic levels as mentioned
growing ornamental plantings. Other strategiebefore.

could also be considered. One possible strategy is
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Figure 5 - Effect of addition of various ratios of sewage gjedo desert soil on which wheat and
jews mallow were growing on their total free amawds content of: a) shoot of wheat
plants; b) root of wheat plants; c) shoot of jewalow plants; d) root of jews mallow
plants. Each data point is a mean of three replécand error bar on each data point
equal £ Standard Deviation (SD) from that mean.

Table 4 - Effect of addition of various ratios of sewage gleado desert soil on which wheat was growing ttn i

shoot,root and grains heavy metals content. Each valwerigan of three replicates + Standard Deviatidd) (S

from that mean.

Plant part Treatment Cd Cu Pb Zn
mg/kg
Control (0% SS) 0.200+0.100 4.367+1.097 5.633+0.208 19.607+0.140
10% SS 0.267+0.115 4.200+0.721 5.753+0.234 20.95360
Shoot 25% SS 0.267+0.058 5.500+0.700 5.873+0.130 20.933€60
50% SS 0.333+0.058 6.933+2.572 6.033+0.252 22.28780
75% SS 0.367+0.058 9.233+2.173 6.493+0.332 23.560.2
Control (0% SS) 0.233+0.115 5.467+0.551 5.627+0.230 20.233+0.704
10% SS 0.267+0.115 9.333+0.252 6.127+0.333 21.0Z2@80
Root 25% SS 0.700+0.100 13.533%2.250 6.427+0.050 2108268
50% SS 1.000+0.100 15.167+2.401 6.747+0.090 21 833t
75% SS 1.900+0.608 16.567+1.401 7.687+0.110 2205838
Control (0% SS) 0.050+0.000 5.450+0.328 4.290+0.117 14.424+0.125
10% SS 0.067+0.029 6.476+0.437 4.319+0.076 15.84440
Grains 25% SS 0.100+0.050 8.450+1.106 4,547+0.241 16.08240
50% SS 0.150+0.050 8.483+0.902 4,543+0.095 16.13240
75% SS 0.150+0.050 8.333+0.775 4,800+0.087 16.23880
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Table 5 - Effect of addition of various ratios of sewage gedo desert soil on which Jews mallow was grovaing
it's shoot and root heavy metals content. Each val@enean of three replicates + Standard Devia&i) from
that mean.

Plant part Treatment Cd Cu Pb Zn
mg/kg
Control (0% SS) 0.433+0.153 7.333+1.358 5.800+0.200 20.573+0.331
10% SS 0.600+0.100 7.767+2.139 6.180+0.109 20.95380
Shoot 25% SS 1.167+0.153 10.300+1.217 6.393+0.122 230366
50% SS 1.500+0.361 10.033+1.305 6.573+0.050 24065
75% SS 1.667+0.257 13.767+3.755 6.853+0.343 24.507+0.349
Control (0% SS) 0.733+0.153 9.500+2.689 6.253+0.232 23.247+0.190
10% SS 1.233+0.153 12.600+1.637 6.320+0.156 238266
Root 25% SS 1.633+0.252 15.533+1.858 6.886+0.121 242219
50% SS 2.133+0.306 17.333+1.150 7.380+0.322 240154
75% SS 2.667+0.208 18.100+1.153 7.700+0.050 25 6.36¥
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Figure 6 - Effect of addition of various ratios of sewage gjedo desert soil on which wheat and
jews mallow were growing on their proline contefita) shoot of wheat plants; b) root
of wheat plants; c) shoot of jews mallow plants;radt of jews mallow plants. Each
data point is a mean of three replicates and dresron each data point equal +
Standard Deviation (SD) from that mean.

CONCLUSIONS The contents of NPK elements gradually increased
as the ratio of sewage sludge increased in the
The amendment of desert soil with sewage sludg®ixtures. Also, there was an improvement in
showed improvement in the physical and chemicaihysiological performance of these plants,
properties of the soil as soil texture, increases iexpressed as general growth, content of
water holding capacity and organic mattephotosynthetic pigments, proteins and
contents, and lower pH value in resulting mixturescarbohydrates. There was no accumulation of
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