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HIS STUDY aimed to investigate the physiological and biochemical responses of common

bean (Phaseolus vulgaris L. cv. Valentino) plants grown in virgin sandy soil incorporated
with ceramic wastewater sludge (CWWS), at relatively low concentrations (0.5%, 1% and 2%),
for 30 days. Within the different levels used of CWWS, especially at 1%, the enhancement of
plants growth was generally proportional with the increase in leaf area and chlorophyll content,
as well as it associated with higher uptake of P, N and K due to higher content of these metals
in the CWWS- amended soil. Sucrose, proline and malondialdehyde (MDA) showed enhanced
levels with the increase of CWWS application, while, glutathione (GSH) content of common
bean plants showed attenuated levels. These results were in alliance with accumulation of
higher levels of Fe and Cu metals inside the plant tissues. Antioxidant enzymes such as catalase
(CAT), polyphenol oxidase (PPO), showed significantly enhanced activities with increasing the
amended ratio of sludge. This increase was also accompanied with the increase in ascorbic acid
(AsA) and total phenol contents and a decrease in the activities of ascorbate oxidase (ASO) and
ascorbate peroxidase (APX).

Keywords: Ceramic- wastewater sludge, Chlorophylls, Common bean, Heavy metals,

Metabolites.

Introduction

Edible dry bean or common bean (Phaseolus
vulgaris L.) is an annual herb that is considered
as one of the most highly cultivated legumes. It is
a primary source of protein, fiber and vitamins in
developing nations (Chaoui et al., 1997).

Accumulation of heavy metals may adversely
affect soil ecology, agriculture production,
ground water quality and will ultimately harm
living organism due to the probability of food
contamination through the soil root interface.

Ceramic waste-water sludge is referred to as
a precipitate of turbidity and suspended solids of
ceramic industry wastewater. Being rich in organic
and inorganic plant nutrients, ceramic sludge is
usually disposed into sanitary-landfills, causing
serious environmental problems. It also results in
availability of potential toxic heavy metals such
as cadmium, chromium, copper, zinc, iron, boron,
etc., which needs to be considered and often
restricts its uses (Elias et al., 2014). Excessive
accumulation of heavy metals in agricultural soils
through ceramic sludge amendment, may not only

result in soil contamination, but also would lead
to elevated heavy metal uptake by crops, and thus
affects food quality and safety (Muchuweti et al.,
2000).

Reduction of growth has been recorded
in plants growing under heavy metal polluted
soils as a result of changes in physiological and
biochemical processes (Chatterjee & Chatterjee,
2000). Meanwhile, sewage sludge was found
to increase the dry weight and yield of maize,
sunflower and barley plants (Singh & Agrawal,
2008). Antolin et al. (2010) also demonstrated
that the addition of moderate doses of sludge to
soil in alfalfa plants, led to an enhancement of the
net photosynthetic rate and leaf conductance that
resulted in higher dry matter accumulation and
high photosynthetic products. In addition, Kotb
et al. (2012) recommended enhanced growth of
peppermint plant irrigated with ceramic waste-
water. However, these beneficial effects on
vegetation depend on several parameters including
sludge composition, processing and application
mode, as well as soil physical characteristics and
climatic factors (McBride, 2003).
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Heavy metals cause injury at cellular level by
the formation of free radicals. Studies showed that
osmotic regulations in tolerant plants have occurred
through higher accumulation of osmo- protectants
(Hossain & Fujita, 2010; Ranganayakulu et al.,
2013 and Filippou et al., 2014).

Plants have evolved a complex system of both
enzymatic and non-enzymatic defense mechanisms
against deleterious effects of heavy metal-induced
oxidative stress. Non-enzymatic antioxidant
molecules include ascorbic acid (AsA), reduced
glutathione (GSH), carotenoids, and phenolic
compounds (e.g., flavonoids, tannins, lignins) that
act as free radical scavengers (Brown et al., 1998
and Lavid et al.,, 2001). Enzymatic antioxidant
defenses include superoxide dismutase (SOD),
peroxidase (POX) and catalase (CAT), as well
as ascorbate peroxidase (APX) that are designed
to scavenge superoxide radical and hydrogen
peroxide (Hernandez et al., 2001).

Despite the above-mentioned interest on
ceramic sludge, its use as fertilizer is still currently
under debate since it contains high concentrations
of several potentially harmful contaminants that
may result in risks to plants and humans (Adamcova
et al., 2016). Thus, the present study aimed to
examine the physiological and biochemical
responses of common bean (Phaseolus vulgaris
L.) plants to cultivation in sandy soil amended with
industrial ceramic wastewater sludge. The results
would evaluate its possible application and then its
contribution to waste recycling in Egypt.

Materials and Methods

Materials

Seeds of Phaseolus vulgaris L. (cv.
Valentino) were obtained from Vegetable Crops
Seed Production and Technology Department,
Horticulture Research Institute, ~Agriculture
Research Center, Giza, Egypt. The ceramic
wastewater sludge (Table 1) was collected from
a drainage outlet of ceramic industrial factory in
Abou- Zaabal, Egypt. The chemicals used were
pure (AR) purchased from Sigma-Aldrich.

Methods

Seeds were surface sterilized by immersing
in 1% sodium hypochlorite solution for Smin,
then rinsed thoroughly with distilled water. A pot
experiment was conducted in the Botanical Garden
of the Department of Botany, Faculty of Science,
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Ain Shams University. Ceramic wastewater was
incorporated to sandy soil at different levels (2%,
1% and 0.5% sludge).Sandy soil 100% represented
the control. Pots (40x60cm) each containing 15kg
of the respective soil were used. The sterilized
seeds were sown in the pots and then further
irrigated with a constant amount of water until 30
days after planting. This experiment was carried
out in a complete randomized design with three
replicates per treatment. The plants were exposed
to normal day length with natural temperature
(about 22/13+2°C and 11hr photoperiod). Thinning
was carried out after 10 days leaving seedlings
of uniform growth rate. The young plants were
collected after 30 days from sowing. Ten different
samples from each treatment were taken for
measuring of growth parameters. Moreover, three
different samples were collected for analyses of
photosynthetic pigments, soluble sugar, sucrose,
soluble protein, proline, malondialdehyde (MDA),
minerals as well as enzymatic and non-enzymatic
antioxidants.

TABLE 1. Initial analysis of the ceramic sludge (%)
before cultivation.

Mineral ion Concentration (% w/w)

Iron (Fe) 1.77
Zinc (Zn) 0.65
Lead (Pb) 0.04
Calcium (Ca) 1.93
Magnesium (Mg) 0.25
Sodium (Na) 1.59
Potassium (K) 1.01
Aluminum (Al) 8.33
Silicon (Si) 29.47

Extraction and estimation of photosynthetic
pigments

Photosynthetic pigments (chlorophylls ¢ & b
and carotenoids) were extracted in 80% acetone
and determined spectrophotometrically as
mentioned by Metzener et al. (1965).

Extraction and estimation of some osmolytes
Total soluble sugars were determined using
anthrone method (Fairbairn, 1953). Soluble
protein contents were measured using Folin-
Cicalteu reagent according to the procedure
described by Daughaday et al. (1952). Proline
was determined by using acid ninhydrin reagent
according to the method of Bates et al. (1973).

Non enzymatic antioxidants
Water soluble antioxidants such as glutathione,
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ascorbic acid and total phenols were determined
by the methods of Griffith (1980), Kampfenkel et
al. (1995) and Makkar et al. (1993), respectively.

Lipid peroxidation

Indication of membrane damage was estimated
by measuring the amount of malondialdehyde,
using the thiobarbaturic acid reaction, as described
by Minotti & Aust (1987).

Extraction and estimation of antioxidant enzymes

The method adopted for enzyme extraction
was that described by Mukheriee & Choudhuri
(1983). Superoxide dismutase (SOD EC 1.15.1.1)
activity was determined by using the method
described by Marklund & Marklund (1974).
Catalase (CAT EC 1.11.1.6) activity was assayed
according to the method of Chen et al. (2000).
Peroxidase (POX EC 1.11.1.7) and polyphenol
oxidase (PPO EC 1.10.3.1) activities were
assayed following the method of Kar & Mishra
(1976). Asorbate oxidase (ASO EC 1.10.3.3) and
ascorbate peroxidase (APX EC 1.11.1.1) activities
were measured according to the method described
by Diallinas et al. (1997) and Koricheva et al.
(1997), respectively.

Extraction and estimation of mineral elements

The method of extraction adopted in this
investigation was essentially that of Chapman &
Pratt (1961). The mineral elements (phosphorous,
iron, copper, aluminum, silicon) were measured
using multi-parameter bench photometer. Sodium
and potassium were determined according to the
method described by Page et al. (1982). Nitrogen
was measured using Kjeldal Nitrogen Distillation
Assembly.

Statistical analysis
Results were expressed as mean values+

standard error (SE). Statistical significance was
tested between control and treatments using the
one-way analysis of variance (ANOVA) test.
Post hoc testing was performed for intergroup
comparisons using the Least Significant Difference
(LSD) test and a P value <0.05 was considered
significant (Snedecor & Cochran, 1980).

Results

Growth parameters

There was a reduction in shoot and root lengths
of young P. vulgaris plants grown in sandy soil
incorporated with ceramic wastewater sludge
at 0.5% and 2% levels, whereas a significant
increment in both shoot and root lengths was
obtained at 1% level (Table 2). The application
of wastewater sludge at 1% level promoted the
fresh and dry weights of shoots as well as the
leaf area in common bean plants. On the other
hand, wastewater sludge at 0.5% and 2% levels
markedly reduced the fresh and dry weights of
roots in the investigated plants (Table 2).

Changes in photosynthetic pigments

Data presented in Table 3 indicate that
chlorophylls a, b and carotenoids in the leaves
of P. vulgaris were significantly increased at all
levels of sludge amendments, as compared with
corresponding control plants grown in ceramic
sludge-free soil. Highest content of carotenoids
was obtained at 2% sludge.

Changes in osmolytes and protein content

The industrial ceramic wastewater sludge
induced reduction of soluble sugar and soluble
protein contents in P. vulgaris plants, whereas
sucrose and proline contents were markedly
increased (Table 4).

TABLE 2. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on growth parameters of
Phaseolus vulgaris L. (cv. Valentino) plants (30-day-old) grown in sandy soil.

Growth )
parameters Lengths (cm) Fresh weight (g) Dry weight (g) Leaf area
(cm?)
CWWS(%) Shoot Root Shoot Root Shoot Root
0.0 16.6+0.82  5.8+0.31 4.7+£0.08  1.38+£0.03  0.45+0.02 0.20+0.03 0.21+0.005
0.5 13.2+0.50  4.7+0.23 3.0+0.13  1.72+£0.11  0.24+0.008  0.33+0.02 0.32+0.02
1.0 18.0+0.28  6.8+0.31 3.6+0.17  2.30+£0.10  0.32+0.03 0.46+0.04 0.33+0.02
2.0 13.0+0.33  5.0+0.14 1.5£0.15  1.82+0.06  0.19+0.01 0.28+0.03 0.25+0.02
LSD at 0.05% 0.789 0.362 0.200 0.115 0.279 0.470 0.261

Results are means of ten replicates+ SE.
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TABLE 3. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on photosynthetic pigment
contents (ug/g FW) of Phaseolus vulgaris L. (cv. Valentino) plants (30-day-old) grown in sandy soil.

Parameters
Chlorophyll a Chlorophyll 5 Carotenoids

CWWS (%)

0.0 307.7+7.67 79.2+4.21 114.1+£0.03
0.5 448.3+34.06 145.9+16.68 126.843.25
1.0 506.5£21.15 187.3+9.93 125.3+1.38
2.0 411.9+14.89 193.6+12.84 163.1+8.68
LSD at 0.05% 30.73 16.70 6.63

Results are means of three replicates+ SE.

TABLE 4. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on soluble sugars, sucrose, total
soluble protein, proline and malondialdehyde (MDA) contents of Phaseolus vulgaris L. (cv. Valentino)

plants (30-day-old) grown in sandy soil.

Parameters Soluble sugars Sucrose TOta:Ost(:il:]ble Proline MDA
CWWS (%) (mg/g FW) (mg/g FW) (nrl)g 1g FW) (ng/g FW) (nmol/g FW)
0.0 3.28+0.07 2.71+£0.21 13.1£0.32 172.5+7.99 0.007+0.0003
0.5 1.43£0.12 4.65+0.09 10.9+£0.17 209.3+18.56 0.010+0.0003
1.0 1.59+0.06 3.35+0.15 10.5+£0.20 292.1+28.25 0.016+0.002
2.0 1.91£0.12 3.79+0.008 9.2+0.10 205.3+1.51 0.018+0.002
LSD at 0.05% 0.146 0.235 0.308 24.58 0.0021

Results are means of three replicates+ SE.

Changes in lipid peroxidation product (MAD)
The MAD content increased in P. vulgaris
plants grown under the differently applied levels
of ceramic wastewater sludge (Table 4). The
highest value of MAD was recorded in the plants
at 2% level, where its value was double that in the
control plants (0.0% ceramic wastewater sludge).

Changes in antioxidant enzymes

As shown in Table 5, ceramic wastewater
sludge resulted in a significant increase in the
activities of catalase (CAT) and polyphenol
oxidase (PPO) and significantly decreased

the activities of superoxide dismutase (SOD),
peroxidase (POX), ascorbate oxidase (ASO) as
well as ascorbate peroxidase (APX) of P. vulgaris
plants.

Changes in antioxidant compounds

The results presented in Table 6 show that the
application of ceramic wastewater sludge to soil,
significantly stimulated the accumulation of both
ascorbic acid (ASA) and total phenol contents
of P vulgaris plants. However, the glutathione
(GSH) levels were lower than those of the control
plants.

TABLE 5. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on the activities of some
antioxidant enzymes of Phaseolus vulgaris L. (cv. Valentino) plants (30-day-old) grown in sandy soil.

Parameters CAT SOD PPO POX ASO APX
(mM of HO,/ (unit/m (amount of (amount of (mM ascorbate (mM ascorbate
CWWA (3 FWimi)” g o tein)g quinon/g FW/ quinon/g FW/ oxidized/g FW/ oxidized/g FW/
(% P min) min) min) min)
0.0 0.14+0.02 5.13+0.25 2.41£0.15 5.85+0.008 11.3+£0.20 8.67+0.32
0.5 0.24+0.008 1.87+0.05 4.31+0.29 5.05+0.17 10.3+0.17 6.47+0.11
1.0 0.27+0.02 3.18+0.16 4.87+0.22 5.08+0.02 10.5+0.12 6.91£0.12
2.0 0.28+0.012 3.03+0.24 5.98+0.33 5.04+0.05 10.3+0.29 6.55+0.22
LSD at 0.05% 0.221 0.272 0.367 0.408 0.292 0.307

Results are means of three replicates+ SE.

Egypt. J. Bot. 59, No. 2 (2019)



RESPONSES OF COMMON BEAN (PHASEOLUS VULGARIS L.) PLANTS TO...

379

TABLE 6. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on ascorbic acid, glutathione and
total phenol contents of Phaseolus vulgaris L. (cv. Valentino) plants (30-day-old) grown in sandy soil.

Parameters

Ascorbic acid Glutathione Total phenols
CWWA (%) (ng/g FW) (ng/g FW) (mg/g FW)
0.0 2.80+0.13 71.4+2.38 0.83+0.21
0.5 3.79+0.11 67.6+0.24 2.334+0.09
1.0 3.39+0.23 68.2+0.29 2.08+0.15
2.0 4.00+0.02 66.8+0.80 2.06+0.008
LSD at 0.05% 0.208 1.800 0.125

Results are means of three replicates+ SE.

TABLE 7. Effect of different levels (w/w) of ceramic wastewater sludge (CWWS) on the contents of iron (Fe),

Changes in some element contents

The levels of NPK were generally increased
with the application of different levels of ceramic
sludge of P. vulgaris plants as well as sodium
(Na) ions (Table 7). Iron (Fe), was significantly
increased as compared with those of the control
plants. On the other hand, inconsistent results
were obvious in cases of copper (Cu), aluminum
(Al), as well as silicon (Si).

Discussion

Heavy metal accumulation in soils is of
significant concern in agriculture due to its adverse
effects on food safety and marketability, crop
growth due to phytotoxicity, and environmental
health of soil organisms (Nagajyotietal.,2010). In
this respect, reviews are available on heavy metal
occurrence and toxicity in plants (e.g. Nagajyoti
et al., 2010 and Yadav, 2010). Assessment of soil
heavy metals for eco-environment and human
health have been also extensively discussed (e.g.

Tian et al., 2017 and Zia et al., 2017).

The results of the present study showed that
ceramic waste water sludge (CWWS) induced
significant reductions in root length, fresh and
dry weights of roots of 30- day-old common bean
(Phaseolus vulgaris L. cv. Valentino) plants in
treatment with 2% ceramic sludge. On the other
hand, 1% ceramic sludge generally resulted in
significantly increased growth parameter than
corresponding criteria of the control plant.
However, the responses to the differently applied
doses of CWWS, in the present work, would be
assumed to be related to the used common bean
cultivar (Phaseolus vulgaris L., cv. Valentino)
on one hand, and the used virgin sandy soil, on
the other hand. In this respect, authors stated
that different responses of plants to heavy metals
exposure mainly depend on the species tolerance
potential in a certain soil (Goland-Goldhirsh,
2006 and Rahman et al., 2017).

copper (Cu), silicon (Si), aluminum (Al), phosphorous (P), nitrogen (N), potassium (K) and sodium
(Na) of Phaseolus vulgaris L. (cv. Valentino) plants (30-day-old) grown in sandy soil.

Parameters

Fe Cu Si Al P N K Na
CWWA (%)
0.0 96.8+2.38 3.90+0.57  79.4+1.15  0.11+0.28  132+0.57  38.7+0.57 72.3£0.57 21.1+0.17
0.5 110.6+0.57 2.85+1.15 75.940.17  0.11+0.03  117+0.58  44.0+0.28  105.0£0.57  23.840.05
1.0 153.741.15 3.60+£0.57  51.5+1.15 0.11+0.02  138+2.88  51.7+0.11  443.4+1.15  27.4+0.01
2.0 97.1 £5.77 4.05£0.28  36.6+5.77  0.01+£0.14  150+0.57  43.6+0.12  305.1+0.58  25.1+0.11
LSD at 0.05% 4.65 1.02 4.24 0.23 2.16 0.47 1.08 0.15

Results are means of three replicates+ SE.
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In plants, the  physiological and
metabolic processes are always influenced
by the accumulation of heavy metals and the
photosynthetic apparatus seems to be the most
sensitive for heavy metal stress among various
parameters (MacFarlane & Burchett, 2001 and
Zhang et al., 2007). The photosynthetic activity
is often inhibited when the plants are exposed
to heavy metals (Huang & Wang, 2010). In the
present study, the application of CWWS sludge
positively affected the photosynthetic pigment
contents (chlorophylls a, b and carotenoids) in
leaves of the plants under study. The stimulatory
effects of CWWS on chlorophylls a and b contents
might be attributed to their enhanced biosynthesis.
Moreover, this might be also due to that CWWS
application increased the number of green leaves
and leaf area per plant and enhanced macro- and
micro-nutrient elements in soil, where both are
essential for plant growth and photosynthetic
pigments (Kalaji et al., 2018). A deficiency in
nutrients strongly influences the photosynthetic
apparatus, mainly by disrupted synthesis of
key photosynthetic components (Kalaji et al.,
2014 and Jin et al., 2015). In this connection,
chlorophyll a fluorescence is considered as a
reliable technique for the assessment of electron
transport and related photosynthetic processes
(Goltsev et al., 2016 and Kalaji et al., 2017).
The changes in carotenoids were significantly
higher than that of the control in the plants grown
the soil amended with the different levels of
ceramic sludge. These results also agreed to a
wide extent with those of other authors showing
enhancement of carotenoids under the influence
of different stresses (Sacca et al., 2003 and El-
Araby, 2006). Increased contents of carotenoids
under cadmium stress have been also reported in
Zea mays (Drazkiewicz & Baszynski, 2005). On
the other hand, elevated carotenoid contents under
stress are mainly due to their higher tolerance and
protective role for chlorophylls (Orcutt & Nilsen,
2000).

In the present work, the level of lipid
peroxidation product malondialdehyde (MDA)
was significantly increased on application of
ceramic sludge (Table 4). Increased levels of MDA
under heavy metal stress have been reported in
previous studies, such as in Eichhornia crassipes
(Hu et al., 2007) and Spartina alterniflora (Chai
et al.,, 2014) under Cu stress, and in Kandelia
obovata under Zn stress (Zhao & Zheng, 2015).
The increase in MDA content might be due to an
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increase in some reactive oxygen species (ROS)
that are continuously formed as by-products of
normal metabolic processes in plant tissues and
are enhanced under stress conditions.

The results of the present work also showed
trends of significantly enhanced contents of
sucrose and proline, in response to CWWS, as
compared with corresponding controls. The
increased sucrose and proline levels were allied
with concomitantly decreased contents of soluble
sugars and soluble proteins. These results might
propose that the signaling strategy in the common
bean cultivar under investigation, for soil
amendment with CWWS, would be mainly related
to elevation of sucrose and proline. However,
increased production of compatible solutes is
a key aspect of the cell osmotic regulation to
balance water potential and stabilize the structure
of biological macromolecules on being exposed
to oxidative stress (Li et al., 2010 and Chai et
al., 2014). The increased proline level under the
influence of CWWS agreed with the results of
Huang & Wang (2010) who reported high proline
accumulation in the leaves of Kandelia obovata
exposed to various heavy metals. In the present
work, the decreased soluble protein contents of
common bean, that have resulted with CWWS
application (Table 4), agreed to a certain extent
with the results of Guo et al. (2007), and Sun et
al. (2009) who recorded decreased leaf soluble
protein contents with increasing Cd levels.

Excessive heavy metals in plants can impair
important physiological/ biochemical processes
by inducing generation of ROS, and disturbing
the anti-oxidative systems and electron transport
chains (Anjum et al., 2013). In order to relieve
the stress, plants develop antioxidant enzymes
for eliminating ROS (Wang & Zhou, 2006). In
the present study, antioxidant enzymes responded
differently under the application of CWWS.
Thus, catalase (CAT) and polyphenol oxidase
(PPO), showed significantly enhanced activities
with increasing the amended ratio of the sludge,
whereas superoxide dismutase (SOD), ascorbate
oxidase (ASO) and ascorbate peroxidase (APX)
activities exhibited generally opposite trends
(Table 5).

In addition to oxidative enzymes, we have
also assessed the contents of non-enzymatic
antioxidants (Table 6). Ascorbic acid (AsA) and
total phenol contents were significantly increased,
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as compared with those of corresponding controls,
in response to soil amendment with CWWS.
The increase in AsA contents might be partially
attributed to the corresponding decreases in the
activity of ascorbate oxidase (ASO) and ascorbate
peroxidase (APX) enzymes (Table4). Inthisrespect,
AsA is known to act for detoxification of radicals
via one electron reduction with formation of the
unreactive and “harmless” monodehydroascorbate
(MDHA) radical, for removal of H,O, and for
photoprotection of photosynthesis by violaxanthin
de-epoxidase (VDE) enzyme. This enzyme uses
ascorbate as a reductant, as well as for reduction
of Fe** to facilitate Fe uptake and with glutathione
it acts to maintain the cellular redox status
(Smirnoff, 2011 and Badu-Boateng et al., 2017).
Phenolic compounds also exhibit antioxidant
activities through inactivating lipid free radicals or
preventing decomposition of hydroperoxides into
free radicals in addition to decreasing membrane
fluidity (Pokorny et al., 2001 and Gaballah et al.,
2007).

In the present study, glutathione (GSH) contents
of these plants were significantly below the control
level and its decrease would be simply predicted
to result from either a decreased biosynthesis and/
or enhanced degradation (Noctor & Foyer, 1998).
meanwhile, our results that showed attenuated
levels of GHS, on CWWS application, might be
assumed to result from over consumption in the
synthesis of phytochelatins (PCs), thus leading to
heavy metal detoxification as well as maintenance
of ionic homeostasis (Hirata et al., 2005 and Yadav,
2010). This mechanism of heavy metal tolerance
in plants has strongly suggested that GSH should
not be limiting and perhaps is not sufficient alone
to support the complex mechanism under heavy
metal induced stress (Yadav, 2010 and Namdjoyan
et al., 2016). In addition, Xiang et al. (2001) stated
that elevation of GSH did not always correlate with
enhanced tolerance to heavy metals.

In the present study, the contents of P, N and K
were higher in the plants grown in the soil amended
with ceramic sludge of P. vulgaris and it is likely
due to the higher content of these metals in the
ceramic amended soil. Tron (Fe) and copper (Cu)
nearly increased at all levels of sludge used. Fe is
essential for the survival and proliferation of all
plants. The increase in micronutrients as Fe may
be a defense mechanism employed by plants to
cope with heavy metal stress in contaminated soil.
On the other hand, Iron (Fe), zinc (Zn) and copper

(Cu) are associated with photosynthesis (Porra,
2002). Generally, the results of this study provides
evidence for a beneficial effect of ceramic sludge
application at 1% level for common bean plants
cultivated in virgin sandy soil.
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