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ABSTRACT

Disposal of sewage sludge by soil application has been practiced
as resource utilization. However, such practice may be benefit to
agricultural land, growing concern has been expressed about the potential
of specific hazard may be associated with sewage sludge application to
agricultural land.

A field experiment was conducted to evaiuate the effect of using
sewage sludge as organic fertilizer on different yield parameters of
maize. Generally, different rates of residual applications of sewage
sludge increased heavy metals concentrations in the soil before sowing
and after harvesting of Zea mays. Leaves and grains contents of heavy
metals were affected by sludge addition except for Cd. In general, the
residual one addition of sludge decreased heavy metals contents except
for Pb. While, the residual two additions increased the concentrations of
heavy metals except for Cu. Sludge treatments did not affect some plant
yield parameters. However, increasing the germination percentage and
number of ears per treatment were recorded. Also, the dry weight of
leaves increased except at 10 and 40 T/F for residual one addition and 20
and 30 T/F for residual two additions. Indeed, affected mature plant
nieight and number of tillers/plant increased or decreased at different
treatments of sludge. The seed index and fresh and dry weights of shoots
and roots were increased. - :

Sludge treatments affected the M, kernel characters of maize,
such as inducing yellow kernelis, different colored patches in aleurone
layer, non pitted and shrunken kernels.
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INTRODUCTION

Application of sewage sludge to agricultural land nresents an
opportunity for recovery of essential plant nutrients. Many waste
products contain concentrations of plant nutrients elements sufficient to
produce an agriculturally sigaificant growth response, but recycling
waste materials through agriculture systems require evaluation of both
the agronomic benefits and broader environmental consequences.

The reuse of nutrients and organic matter in wastewater sludge
via land application is a desirable goal.. However, excessive
concentrations of non-essential metals derived from sewage siudge result
in phytotoxicity. Also, repeated applications of heavy metai-
contaminated sewage sludge can result in an accumulation in toxic
metals in the soil and can cause potential problems such as phytotoxicity
[Richards ef al., (1998)]. ) ’ )

Exposure to excess Cu can damage cells and organs. In addition,
excessive amounts can result in acute damage to the cell membrane and
ieakage of internal enzymes leading to ioss of cell integrity and thereby
cell death [Linder (2001)]. Accumulation is at least partly in the
mitochondrial matrix and is accompanied by dramatic morphological
changes [Goldfischer ef al, (1980)]. Plants have been the material of
choice to study the cytotoxic and mutagenic effects of metals and can
provide a good system for studies related to environmental monitoring
[Fiskesjo (1988) and Zhang & Yang (1994)] found that the frequencies
of chromosomal aberrations increased significantly in plants exposed to
different concentrations of Cd. They reported that in plants exposed to
cadmium for 24 h the Cd penetrated into the cells inducing physiological
and genetically damages. They also mentioned that Cd inhibited cell
division and altered the chromosomes.

According to the general consensus about the importance of
mutaginicity testing of environment sample, the determination of the
genotoxic potential of wastewater sludge could provide important
information about sludge quality and thus contribute to proper decision —
making process for the proper treatment and use of sludge [Show &
Chadwick (1999)]. )

The aims of the present study are to qualify the phytotoxic and
genetic effects of the treated soil with sewage sludge as organic-fertilizer
for Zea mays. This evaluation is based on: I- The assessment of the effect
of residual one and two sludge additions on the heavy metals content in
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the soil. -I- The assessment of the effect of residual one and two sludge
additions on the heavy metals content in leaves and M; grains, and some
plant yieid parameters.

MATERIALS AND METHODS

This investigation was carried out at the field station of the
Faculty of Agriculture, Alexandria University at Abis area during the
period (1999 - 2001). Composted sewage siudge was collected from
Alexandria General Organization of Sanitary Drainage (AGOSD) of
Alexandria city in [February {1999)]. The chemical composition of
siudge and physical: and chemical characteristics of the soil were
determined according to [Page ef al, (1982)] and are presented in |Amin
& Sherif (2001)]

On March 1999 sewage sludge was amended to the soil at the
rates of 0, 10, 20, 30, and 40 T/F and was planted with corn. After
harvesting, the piot was divided into two subplots; one received a second
sludge addition at the previous rates while the other was left without
further addition and were planted with beans. On July 2000, Zea mays
{(var. H320), of the present study, was planted after harvesting beans
without any further addition of siudge to compare the effect of one and
two residual additions.

Surface soil samples were collected and analyzed for heavy
metals using Atomic Absorption Spectrophotometer [Soltanpour &
Schwab (1977)]. Seven weeks leaves and mature grains of Zea mays
were collected and analyzed for heavy metals. After 4 weeks of planting,
percentage of germinated plants and mean of plant height per treatment
were determined. At maturity, seven characters were recorded; height,
ear length, total grain number, kemnei color (white or yellow), kemel
shape (pitted or non pitted) and kernel index {(weight of 100 kernel). Seed
density was calculated by dividing the weight of 10 seeds by its volume
[(Kharkwal & Chaudhary (1997)].

RESULTS AND DISCUSSIONS

i-Effect of slndge treatments on heavy metals content in soil

Using residual one and two additions, soil heavy metals increased
significantly with increasing sludge application rates before cultivation
and after harvesting (Table 1). Before sowing the increase of Cu after
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residual one addition may be due to downward movement of residual Cu
with time [Darwish & Ahmed (1997)]. While, the second sludge
addition raised the percent of organic matter in the soil beside the high
affinity of Cu to form Cu-organo complex. The increase of Zn may be
due to its high concentration in sewage sludge amended soil which
degraded slowly with time and releasing it in available form [McGrath
et al., (2000)]. Also, the significantly increase of Cd to high percent at
sludge rates 20 T/F and 40T/F using residual one addition may be due to
composing soluble complexes with organic matter [Dunnivant ef ai.,
{1992)]. At sludge rate 10 T/F of the second addition, the concentrations
of Cd was reduced- in comparison with control because of mising the
percent of CaCO; in the soil and consequently precipitate the Cd
[{McGrath ef al., (2000)].

Table (1): Heavy metal concentrations in the sludge amended soil before
sowing and after harvesting using residual one and two additions.

I Treatment (T/F) | Control 10 2 | 30 [ . 40 i
< Residual one addition
Cu 962a t04la 10.77a 10.19a 10.53 a
e Zn 3470 5.09 ab 422b 533 ab 7.01a i
R €4 0.17¢ 0.00 ¢ D36a 0.0] ¢ 0.20b
2 ¥ Pb 4.12a - 424 3 440 a 434 a 503a |
o B - — 4
£E Residual two additions !
T Cu 9.62ab 9.32 ab 11352 7.57b 10.582 |
= Zn  347b 4.02b 9612 11392 10742 |
Cd  0.17c¢ 0.04c 0320 0.52a 0.42ab |
L Pb 412a 4.26a 5.60 a 4.80 a 423a |
{ Residual one addition 1
Cu 927a .58 a 10.49 a 10.38a 10.59a |
o Zn 282¢ 3.79 b 3.07¢ - 487a 578a |
£ Cd  035b 0.00 ¢ 0.00 ¢ 0.38b 0.54a
i é’ 5 Pb 3.18a 3.56 a 409 a 4.63 a 409 a
% Residual two additions
E S Cu 927a 921la 10.04 a 10.11a 10.23 a
< Zn  2.82¢ 2.02¢ 3.07¢ 411b 635a
Cd 035b 040b 0.56a 0.62a 0.64a
Pb  3.18bc 168 bc 5.01 ab 5432 437ab

Means within a row followed by the same letter are non-significantly different at 5%
‘{evel according to Duncan s multiple range test.
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After harvesting heavy metals increased significantly with
increasing sludge rates the concentration of Cd could not be detected at
10 and 20 T/F using residual one addition. This could be due to that
residual Cd precipitated with CaCO; or complexed with organic matter
forming organic and carbonate residual phases [McGrath ef al., (2000)].
Pb did not respond significantly to sludge additions in some applications.
This may be due to the high content of organic matter in sewage sludge
amended soil which chelated the metals and reduced the available form
[Brown et al., (1999)].

3-Effect of sludge treatments on heavy metals content in plant

Table (2) showed that Cu concentrations in leaves and grains
were reduced by sludge treatments either before sowing or after
harvesting. This confirms that the increase of Cu concentration in soil in
the presence of organic matter does not translate to higher Cu uptake by
plants [Labrecque ef al., (1995) and Tiffany ef al., (2000)]. However,
the significant increase of Zn concentrations in leaves and grains by
many applications of sludge rates was agree with [Martinez ef al
(2003)]. This may be due to cumulative sludge load of Zn which
complexes with dissolved organic matter {Antoinadis & Alloway
(2002)]. Pb concentration in leaves and grains was influenced by
increasing sewage sludge additions rates. {Chaney (1988)] found that
concentration of Pb from sludge does not raise plant concentration unless
it is very high. However, the concentration of Pb was declined to 100% at
|0 T/F in leaves in comparison with controi value. This may be due to
iransiocation of Pb from ieaves to grains
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Table (2): Heavy metals concentrations in leaves and grains of untreated
and treated Zea mays plants using residual one and two additions.

reatment (T/F) | Centrol | 10 [ 20 | 39 {40
Residual one addition
Cu | 618a  387b 6342 290b 322
Zn 21.72ab  2108zb 23.10a 2028 ab 17.18 b
cd 0.00b 0.00b 0.00b 1310a 0.00b
25 |[Pb 2506 0.00¢ 5.00a - 600a 3.00b
Y Residual two additions
SE [Ca 7102 S07a 45%a 3596 s07a
Za 21.72¢ 22.13¢ 2091 ¢ 25.00 b 31.058
cd od od nd ad ad
Pb 250b 3.00b 5.002 4.00 2 i00c
Residual one addition
Cu 1202 1006 060c 2.00d 0.004d
Zn 17.54a 13.92b [7.48a 924 c 1360b
——— cd nd nd od nd nd J
£& [m 4.00d 11.00a 9.00b 2.00 ¢ 600c_ |
S E Residual two additions "1
T [Ca 120a 000c 140a . 0406 000c |
Za 17354b 21142 1026¢ 17.03 b 15096 |
Cd nd od nd nd nd i.
Pt 4.00a 200b 1006 5.00a 4.00a i ¢

Mcans within a row followed by the same lefter are noa-signilicantly different at i % tevel
according 10 Duncan’s multiple rarfge et _nd : not detecied

4- The Effect of sludge addition on germination, morphological characters
and M; productivity.

Table (3) represented that germination percentage after 20 days oid
increased by sludge treatment. However, the mean effect of residuai one
treatments (55.09%) was more than the two additions treatments (51.59%). The
total number of ears per treatment, the dry weight of leaves and kernel index
were affected by the increase or decrease either by one or two residual
treatments.

Howell (1998) recorded that abscisic acid (ABA) appears to play a
major role in controlling kernel germination. Therefore, sewage sludge
treatments may affect the action of vp5S and vp7 genes, followed by the
stimulation of ABA synthesis except the residual treatment of 40 T/F which
inhibit its synthesis and so, reduced germination percentage. However, yield
products are controlled by gibberellic acid (GA). Gibberellic- deficient mutants
are expressed from germination to maturity, by inducing changes in the
expression of a subset of gene products within the plants. This may be due to
changes in transcription rate, mRNA stability, or increased efficiency of
translation of certain mRNAs. Thus, it seems likely that increased and
decreased transcription of certain genes will be one of the mechanisms involved
in GA action during stem elongation. So, it was concluded that gibberellic-
deficient mutants were expressed only by genes responsible for number of ears/
plant, dry weight of leaves, number of kernels per ear, kernel vohune and kernel

index.
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Table (3): Effect of different rates of sludge treatments on Zea mays
germination and plant height after 30 days and plant productivity

at maturity
™ After 30 }
E - Tays \ At maturity
i 8;-' Q Ger .
é = E - Plant |Plant Ears/ | Ear D.Wof | Rows/ | Kerncl/ | Kernel | Kernel
| * nati | height |height | treat. | fength [leaves ear ear index density
E = n | (em) [(m) | (o) | (em) |(gm) | (no) | (no) | (gm) | gmiem’
(%

g Cont;i43.9ab 340 a 1622 333c 178a 107c 12.7a 4480 a 268ab 1.03a
Z Residual one addition
§ i0 1689 a 357a 1374a 333c 16.0a 7.8d 123a 469.7a 223 ¢ 1.02a
f 20 |367a 403a 162.7a 389bc 163a 1.9 128a 4670 a 218 ¢ 0.93a
f 30 B89%ab 363a 1532a 433ab i67a 143a 115a 407.52 10.9 d 1.10a
;iL 40 [35.5b_ 37.Ja 147.7a 444ab 1683 104c 123 a 430.7a 208¢c 0.97a
§ Cumulative two additions

. ﬂ ~ 10 F56ab 332a 153.8a 338c 159a 13.0ab l13a 354a 293 a 100 a
? 20 Bl.lab 339a 1462a 500a 164a 58e 123z 451.0a 228be 1.00 a
; 30 - - 1352 2224 175z 74d 1272 435.0a 24.8 be 0.92 a
i 40 ¥8%ab 326 a 1442 478a i76a 13.8a 12.0a 4530a 215¢ 0.93 a

Means within a column followed b'y the same letter are non-significantly different at 5% level according
¥o Duncan’s multiple range test. - missed date

M, kernel characters were found to be yellow color instead of
white after sludge treatments Table (4). Sludge treatments induced a
significant decrease in the percentage of yellow colored kernels except
that of 20 and 30 T/F two applications treatments, which recorded about
2 and 1.5 times respectively that of the control. The kernel- color genes
inciudes aleurone, pericarp, scutellum and endosperm colors. By
iongitudinal sectioning, it was found that the endosperm color leads to
vellow kernel coloration, while the purple, red, brown colors over
demonstrated in aleurone layer. Sludge treatments caused appearance of
different colored patches in aleurone layer represented as purple, brown,
and red unique or combined in the same kernel. In case of the residual
treatment, 10 T/F caused 7.33% of blotches kernels while 40 T/F
increased this percentage to about three times (23%). However, the
different rates of two residual additions treatment induced presence of
one type of blotched kernels, with the highest values occurred by the two
lowest rates.

In addition, kernel shape differs according to presence of pitted
and non pitted kermels Table (4). Non pitted kerneis were increased
significantly by sludge treatments of both 10 and 30 T/F of one residual
treatments and 10 and 20 T/F of the other treatment.
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Table (4): Effect of different rates of sludge treatments on M, Kernel
characters of Zea mays grown in sludge amended soil.

Kernel cotor (%) Kernel shape (%) i
Treatimait Endosperm Blotches A[ellxrone o Non ]
()| \White | Yeltow | Purple | Brown | Red | BR“’ &% | Pitteg | Shrunken
rown
Brown
Control  [95.15a 4.50¢ 0.00 0.00 0.00 0.00 0.00 | 24.10ab | 0.35
Residual ane addition
10 98.47a 1.20de 3.60 7.48 0.16  [.09 0.00 | 39,30ab | 0.00
20 98.10a 1.90d 0.00 0.00 0.00 0.00 0.00 | 22.30ab | €.0C
30 96.40a 3.60c 0.00 0.00 0.00 0.00 0.00 | 26.40ab | 0.00
40 99.30a 0.60de 2i.43 0.24 0,18 0.00 0.00 13.70 b 1.56
Cumulative two additions

10 91.04a 130de 766 0.00 000 0.00 0.00 | 33.30ab | 2.51
20 84882 960a 552 0.00 0.00 0.00 000 | 48702 0.00
30 93.00a 660b 0.00 0.00 0.40 0.00 0.00 |22.10ab | 0.00
40 99.69a 0.04¢ 0.00 0.27 0.00 _0.00 0.00 | 23.10ab | 027

Means within a column followed by the same letter are non-significantly different at 5% level
according to Duncan’s multiple range test.

M; shrunken kernels occurred as endosperm collapses during
drying stage at maturity, giving a smooth indentation at the crown. They
increased by 40 T/F of the residual one addition and 10 T/F of residual
two additions. The effect of residual two additions treatments was higher
than the other (31.80 and 25.38, respectively).

Point mutations that are expressed in the kernel characters have
been used successfully to evaluate the mutagenic properties of various
components. [Brigges (1966)] stated that there are several mutants which
appear after the development of caretenoid pigment in Zea endosperm.
[Prasanna & Sarkar (1995)] listed 13 independent recessive mutants
that were responsible for yellow (Y gene) or white (y gene) endosperm,

In the present study, if one mutation event of the recessive “y”
gene is reverted to the dominant “Y” gene either spontaneously- incase of
the control- or induced by sludge treatment, the triploid endosperm will
be yellow (Yyy). Accordingly, the rate of reversion of the “y” gene was
lower or higher than the control after sludge treatment.

Many genes in maize are involved in the production of pigment in
the aleurone, Pr gene gives purple and pr gives red color in genotypes
capable of pigmentation. Either Bn; or bn; control formation of brown
color. Four basic pigment genes A, Ay, C and R are necessary to develop
the pigment with A and R genes, C produces aleurone ¢olor. C’ allele
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inhibits expression different alleles of R are responsible for alurone color,
inhibition is not always complete. Different alleles of R are responsible
for color patterns [Brigges (1966)]. In the genotype A, ¢, R, pigment
develops patches of color in the presence of dominate blotched (Bh).
This may be due to Bh- induced mutations of ¢ to C. According to [Coe
- {1962)], the C locus aileles in the triploid aleurone tissue of maize Ccc
cause color less kernel very infrequent small patches of color. Therefore,
it can be concluded that the sludge treatments, which induced colored
patched kernels, may mutate the dominant C allele to the recessive one
(c) by occurring the Bh gene. In addition, these treatments caused
mutation to produce the Pr gene to give purple color, pr gene to red and
Bn, or bn; for brown.

Owing to kemel shape, the kernel of the present study was pitted with
genotype pt {Sheridan & Neuffer (1982)]. The increase or decrease rates
of non-pitted kemels from the spontaneous rate found in the control
means that siudge treatments enhanced the reversion of the “pt” gene to
the dominant Pt gene with different rates. In the meantime, the increase
of the percentage of shrunken endosperm after some sludge treatments
indicates the occurrence of gene mutation form Sh to sh [Neuffer &
Sheridan (1980) and Sheridan & Neuffer (1982)], which has an effect
on endosperm deveiopment, leading to starch deficiency mutation in
kernels inhibiting ADP- glucose phosphorylase required for starch
biosynthesis iBhave ef al., (1990)]. _

In conclusion, sewage siudge treatments may affect the genes
responsibie for some yield products (germination, plant stature, ear
length, aumber of ears/ plant, number of kernels per ear, kernel volume
and kernel index and dry weight of leaves). In addition, point mutations
appeared that are expressed in the kemel characters (color, endosperm,
aleurone, and shape either pitted and non pitted; shrunken or full).
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