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ABSTRACT

Pot experiment was conducted to cxplore extent of concerns regarding agricultural use of scwage sludge for crop
production in the state of Qatar. Extent of hcavy mctal accumulation and its subsequent impact on physiological
performance in Zea mays and Vicia faba plants grown on sludge - amendced soils was explored. Analysis revealed that all
tested heavy metals were scveral times higher in pure sludge compared to pure garden soil. Plants grown in sludge -
mixed soil accumulated large amounts of all the tested heavy metals, except Mn. Tissue content of all metals exhibited
continuous increase as the ratio of sludge in soil mixturcs incrcased. Compared to other metals, Zn and Cd were strongly
accumulated. Magnitude of accumulation was greater in Vicia faba than in Zea mays. Growth, in response to sludge
trcatment, was slightly promoted in Zea mays and strongly reduced in Vicia faba. Toxicity or deficiency symptoms were
noticed only on Vicia faba. Nodulation in Vicia faba was inhibitcd by sludge trcatment. Chlorophyll synthesis was
slightly promoted in Zea mays and rctarded in Vicia faba plants in responsc to growth on sludge mixed soil. Nitrate
reductase activity and content of total soluble proteins in leaves, was generally, promoted in Zea mays and reduced in
Vicia faba. PEP carboxylase aclivity in Zea mays and in Vicia faba was reduced. Results, generally, indicate that
physiological performance was betier in Zea mays than in Vicia faba. Results are discusscd from the point of view of
practicality of using scwage sludge in agriculture in the State of Qatar,
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INTRODUCTION

Over the past few decades, urban water supplics have
improved considerably in developing countrics and with
this advance has come an incrcasing problem of waste
watcr disposal.

In the state of Qatar, recuse of water effluent and
sludge, resulting fom scwage trcatment, in agriculture
scems attractive as it offers a solution of other problems
beside the problem of disposal, such as the scarcity of
conventional water resources and the poor soil physical
and chemical propertics. Application of the scwage
sludge on agricultural land for enhancing crop
productivity and imporving soil physical propertics has
been a common practice for many years [3, 7].

During the wastec waler trcatment process, heavy
mctals arc concentrated in the primary and sccondary
sludges [19, 20]. Since Iess than 1% of the total flow of
scwagc 10 a trcatment works is produced as sludge and
this typically contains between 50 and 80% of the total
quantity of Cd, Cu and Pb entering the works [13], these
and othcr metals arc concentrated in sewage sludge (o a
significant degree. The hcavy metal content of scwage
sludge is about 0.5 - 2% on a dry weight basis. In some
cascs, extremely high concentration (up 10 4% w/w) of
chromium, copper, Icad and zinc have been recorded
[22]. With this in mind, if sewage sludge is to be uscd
for agriculture, both public health and agronomic cffccts
must be considered. The potential health hazards
associated with land disposal of sludge are metal uptake
by plants and the subscquent accumulation of metals in
the food chain [22]. Among the agronomic concerns is
the effects of these heavy clements of sludge on the
yicld of crops as a result of the phytotoxicity they may
induce in plants [5].

The objective of this study was, therelore, to cxplore
the extent of these two concerns, if sludge is decided to
the uscd on agricultural land for crop production in state
of Qatar. In other words, uptake of some hcavy metals,
growth and response of some metabolic parameters was
studicd in corn and faba bean plants as a consequence of
growth on scwage sludge producced by scwage treatment
plant at Abu Hamour, Doha, State of Qatar.
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MATERIALS AND METHODS

A pot cxperiment was conducted, in which corn (Zea
mays L.) and faba been (Vicia faba L.) were grown on
graden soil mixed with dry sewage sludge. Dry scwage
sludge, resulting from scwage trcatment at Abu Hamour
treatment plant, was brought 10 cxpcriment site  at the
green house of the College of Sciences, University of
Qatar, Doha, Qatar. Dry sludge was mixed with garden
soil to give thrce mixtures with sludge representing
0. 50%, and 100% of the mixture.

Sceds of test plants used in this study were purchased
from the local market. Ten sceds were germinated on the
soil mixturcs in plastic pots and only 4 healthy scedlings
were chosen to continue growth. For cither comn or faba,
3 treatments (0%, 50%, and 100%), and 3 replica for
cach treatment were used. The soil mixture with ratio 0%
scrved as the control trcatment. Each pot contained two
kilograms of that soil. During germination and growth,
plants were being watcred with tap water. Whenever
nceded, all pots were receiving equal volume of water.
Plants were being supplicd with a half strength Hoagland
nutricnt solution once cvery 4 days. Plants were left 1o
grow under green house conditions (temperature, 25°C £
2; rclative humidity, 65+ 5%; light intensity~1300 p
Em?2 s'l; and 12 hours light period) and alter 4 wecks,
plants were harvested for analysis.

For hcavy metal analysis in plant meterial, one whole
plant was harvested from cach pot, and fresh weight was
determined. Plants were then washed thoroughly with
distilled deionized water and oven dried at 80°C for 72
hours and dry weight was dctermined for each plant. The
dricd plants were then finely ground and 1 gm powder of
this matcrial, was preparcd for atomic absorption flame
spectrophotometric analysis of Cu, Zn, Pb, Cd and Hg
following the mecthod employed by Heckman et al. [10].
Chlorophll content in fresh lcaves was estimated
esscntially according to the method described by Arnon
[2]. Total soluble protcins were determined by the
Bradford procedure [4]. Leaf nitrate reductase activity
was assaycd according to Jaworski [12], where leaf
scgment of 0.1 cm? incubated in 5 ml of reaction mixture
containing 0.1 M phosphatc buffer PH 7.5, 1 M KNO3
and 1% (v/v) n-propanol for 60 minutcs at room
temperature (25°C) in the dark. The recaction was
terminated and the color was devcloped by adding 1%
sulphanilamide in 3 N HC1 and 0.02% N-1-naphthyl
ethylenc diamine dihydrochloride. The enzyme activity
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is expressed as pmol NO2 formed per gram [resh weight
per hour. Leaf PEP carboxylase was assaycd following
the mcthod previously employed by Foster ct al. [8].
Sludge or graden soil analysis for hcavy mctal was
carricd out according the analytical methods taken from

Standard Methods [1].

RESULTS

Analysis for hcavy mctal content in graden soil and
sludge rcvealed that all tested heavy metals were scveral
times higher in purc sludge compared to pure garden soit
(Table 1). In pure sludge, for example, Cu was 2.7 times,
Zn was 3.3 times, Pb was at Icast 12 times, Cd was at
lcast 5 times, Ni was around 2 times and Mn was around

5.2 times higher than their counterparts in garden soil.

Plants of both Zea and Vicia grown on sludge-
amended soils accumulated large amounts of all the
tested heavy mclals, cxcept Mn especially in case of
Vicia faba (Tablc 1). The rate of sludge application
strongly influenced the metal content of the two plants.
Plant tissuc concentrations of all metals exhibited
continuous incrcasc as the ratio of sludge in soil
mixtures incrcased, cxcept for Mn, where its contents
were lower in plants grown on sludgc-amended soils,
cspecially in Vicia faba. Compared to other micro
elements, Zn and Cd were strongly accumulated by the
two plants. Zn content increased from 30 mg Kg'1 to 134
mg Kg'1 in Zea mays and from 26 mg Kg 110 169 mg
Kg Lin Vicia faba, while Cd content rised from 0.05 mg
Kg 1 10 0.22 mg Kg'! and from 0.04 mg Kg'1 to 0.26
mg Kg‘l in Zea mays and Vicia faba, respectively.
Generally, the magnitude of accumulation of heavy

melals was greater in Vicia faba compared to Zea mays.

Table 1 . Micro clemental content in purc sludge, purc graden soil, and in Zea mays and Vicia fabaplants grown on

sludge-mixed soil .

Sample Sludge Ratio (%) Cu Zn Pb Cd Ni Mn
(in Soil mixture ) mg Kg !

Sludge 187 707 12 53 59 350

Gardcn soil 69 218 ND ND 33 67

Zea 0% 6.8 30 ND 0.05 32 49
50" 7.7 80 " 0.12 43 89
100" 8.4 134 " 0.22 54 44

Vicia 0" 6.2 26 " 0.04 2.6 52
50" 8.1 94 " 0.11 3.8 34
100" 7.9 169 " 0.26 6.2 32

Values arc the mean of three replicaics.

Growth of plants was differently influcnced by
scwage sludge where it was slightly promoted in Zea
mays and significantly rcduced in Vicia faba (Table 2).
With regard 10 external appcarance, Zea mays plants
grown on sludge werce not different from those grown on

garden soil. No toxicity or defliciency symploms wcre
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obscrved. On the other hand, Vicia plants grown on
sludge looked chlorotic and stunted compared to those
grown on garden soil. Nodulation in Vicia plants, grown
on sludge-containing soils was inhibited compared to
those grown on garden soil (Table 2). Inhibition in

nodulation was dependent on the rate of sludge in soil.
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Table 2 . Influence of sludge application to soil on growth of Zea mays and on growth and nodulation in Vicia faba

plants grown on sludge-mixcd soil

Plant Sludge Ratio (%) Frcsh Biomass Dry Biomass Nodulation
(in Soil mixture ) Gram / plant
Zea 0% 29.6 54 --
50" 29.1 7.8 --
100" 31.7 74 --
Vicia 0" 22.7 47 0.17
50" 20.3 4.1 0.07
100" 17.5 2.8 0.00

Values are the mean of three replicates.

Figurce 1 shows the response of chlorophyll contents
in Zea and Vicia plants to growth on sludge. Sludge
application to growth soil influenced chlorophyll content
in lcaves of the test plants and the extent of effect was
dependent on the ratio of sludge in soil. Chlorophyll
synthesis in Zea plants grown on sludge was very
slightly promoted or at Icast unaffccted (Fig. 1). In Vicia
plants, on the other hand, it was slightly rctarded.
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Figure 1 : Chlorophyll content in Zea mays and Vicia
Jaba in response to growth on sludge-mixed soil.

In response to growth on sludge-containing soil,
nitrate reductasc activity in Icaves, was gencrally
promoted in Zea mays and reduced in Vicia faba (Fig.

2). In Zea mays, the highest activity was recorded for
plants grown on soil with 50% sludge and not in case of
purc sludge. In Vicia faba, in contrary to Zea, the
depression incrcased with increase of sludge content in

soil.

Phosphocnol pyruvic acid carboxylase (PEPCasc)
activity in Zea mays and Vicia faba was reduced by
growth on sludge-amended soils or on purc sludge
(Fig. 2). Activity reduction was the highest in plants
grown on pure sludge soil.
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Figure 2 : Response of PEP carboxylase activity, nitrate
reductase activity, and total soluble protein contents to
growth of Zea mays and Vicia faba on sludge-mixed soil.




A. M. A. MAZEN

Pattecrn of response of total soluble proteins in the
two test plants exactly followed that of nitrate reductase,
where their content increased in Zea mays , with the
highest content was rcached by plants grown on soil
with 50% sludge (Fig. 2). Content of 1otal soluble
proteins in Vicia faba plants, on the other hand,
decrcascd continuously as sludge content increased in
soil.

DISUSSION

The present study has shown accumulation of hecavy
metals in tissucs of plants grown on sludge-amended
soils. The bioaccumulation ability has been shown to be
specics dependent. Previous studies have shown the
accumulation of mctals by diffcrent plants and tissucs
after their growth on sludge-amended  soils {10, 15])
Bascd on results from this and previous studics, using
sludge in soil amendment seems to result in unavoidable
uptake of hcavy metals by plants growing on those soils.
Other strategics should then be considered to deal with
the concern of hecavy metal introduction and
concentration in the food chain through using sludge in
agriculturc. One possible strategy is to alleviale rather
than to totally prevent the cffect. Of the factors that
strongly influence metal uptake from soil is soil pH [13].
Heckmen et al. [10] found that low pH increascd uptake
and that raising pH by liming dccreased uptake
significantly. Other strategics are:

1) Incorporating sludge on the land which is used for
the production of non-food chain crops. Scwage
sludge, for example, had been used in forest
lands [6].

2 ) following sludge treatment technologics (o remove or
reduce heavy metals in scwage sludge.

3 ) Considering the Long term  effects of  sludge
applications on crops. In this context, it was found by
Hinscly et al. [11] that uptake by Zea mays dropped
strongly strongly after four years of sludge
application to soil. Study of the different conditions
for optimization is necessary, if it is decided to use
sewage sludge in agriculture in state of Qatar.

With respect to phylotoxicity, results of the present
study have shown visual signs of phytotoxicily on Vicia
faba but not on Zea mays. Obscrved phytotoxicity in
Vicia faba may bc duc to additive toxic cllccts from
diffcrent metals. According to Chaney ¢t al. [S] crops
may suffer yicld reductions ecven when metal
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phytotoxicity is not visually indicatcd. This may not
apply to Zea mays plants in this case. Performance of
studicd physiological paramclers in Zea mays was
generally promoted or at lcast ncgatively unaffected
contrary to the casc in Vicia faba under the same soil
conditions of sludge trcatment. The physiological
performance was reflected into enhanced dry matter
yicld in Zea mays and retarded one in Vicia faba.
Previous stuudics indicated that the application of
sewage sludge has produced varicd growth responscs in
diffcrent plants with positive growth responscs to older
crops [23].

It is deceptive to cvaluate application of sludge for
crop production on the basis of physiological
performance in a plant irrespective of extent of ability of
this plant to accumulatc hcavy metals. A plant may be
able to accumulate high levels of toxic metals and its
physiology is endurant to these levels of metals and ends
up with good yicld. Under such conditions of sludge use
for crop production, plants with Icast metal accumulation
ability and good growth and yicld should be the ones to
be cultivated.

Heavy metal accumulation, due to growth on
sludgc-amended soil, caused reduction of chlorophyil
synthesis in Vicia faba. This may be explained by the
heavy metal interference with  protochlorophyllide
reductasce complex responsible for chlorophyll formation
[17], by their damaging cllect on chloroplast structure
[16], or by inhibition of photosynthetic enzyme activity
[21]. The mctabolic systems in Zca mays scem to be less
sensitiive than those in Vicia faba, under these
conditions.

Nodulation in Vicia faba was inhibited by growth on
sludge-amended soil. Nodulation reduction in this case
may be attributed to the rcasoncs mentioned in similar
studics, namcly mineralization of sludge N. [9] and
reduction in rhizobial population in sludge-amended soil,
duc to metal toxicity, [18].

In Zea mays, nitrale reductase activity and total
soluble proteins incrcased. This is expected, because
uscd sludge was fresh and hence rich in nitrogen. This
has not been the case with Vicia faba. The reduced
activity of nitrate reductase and hence total soluble
proteins in Vicia faba may be attributed to metal toxicity
of that enzyme. Another possibility may be the inhibition
through  toxification of photosynthctic machinery,
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Photosynthetic NAD (P) H can be a limiting factor for
nitratc rcductasc activity . In support of the latter
possibility, is the reduction in chlorophyll content and
PEP carboxylase activity in responsc to accumulation of
hcavy mctals.
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