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ABSTRACT

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

Field experiments were conducted to evaluate the effect of using sewage sludge as organic fertilizer on different yield
characters of Zea mays.

Different rates of residual and repeated application of sewage sludge increased heavy metals concentrations in the soil
before sowing and afier harvesting of Zea mays. Leaves and grains contenis of heavy metals were affected by sludge addition
excepted for Cd. The residual one addition of sludge decreased heavy metals contents except for Pb. While, the repeated
applications of sewage sludge increased the concentrations of heavy metals except for Cu.

Sludge treatments did not affect some plant yield parameters of maize. 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 ton/Fed for
residual and 20 and 30 ton/Fed for cumulative two additions. Indeed, affected mature plant height and number of tillers/plant
increased or decreased at different treatments of sludge. The seed index and fresh and dry weights of shoots were increased,
Sludge treatments affected the M; kernel characters of maize, such as inducing yellow kernels, different colored patches in

aleurone layer, non pitted and shrunken kernels,

INTRODUCTION

pplication of sewage sludge to agricultural land

presents an opportunity for recovery of essential
plant nutrients. Many waste products contain
concentrations of plant nutrients elements sufficient to
produce an agriculturally significant growth response,
but recycling waste materials through agriculture
systems requires 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 sludge result in
phytotoxicity. Also, repeated applications of heavy
metal-contaminated sewage sludge can result in an
accumulation in toxic metals in the soil and can cause
potential problems such as phytotoxicity (Richards et
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 leakage of
internal enzymes leading to loss of cell integrity and
thereby cell death (Linder, 2001). Accumulation is at
least occurred partly in the mitochondrial matrix and is
accompanied by dramatic morphological changes
(Goldfischer er 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). Zhang and 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 and Chadwick,
1999).

The aims of the present study were 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
residual and cumulative effect of sludge additions on
the heavy metals content in the soil. II- The assessment
of residual and cumulative effect of sludge additions
on the heavy metals content in leaves and M, grains,
and plant yield.

MATERIALS AND METHODS
1. Si ription and Cultural Practices
Field experiments were conducted at site No. (4)
in the Agricultural College Farm, University of
Alexandria at Abis sector, Alexandria Egypt during
the period 1999 - 2001. Soil samples were collected
(0- 20) cm, air dried, ground, passed through 2-mm
sieve and stored in polyethylene bags for analysis,
The main physical and chemical characteristics of the
soil were determined according to Page et al. (1982)
and are presented in Table (1).
Composted sewage sludge was collected from
Site 9N, Alexandria General Organization of Sanitary
Drainage (AGOSD) of Alexandria city in February,
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1999. A composite sample of sewage sludge was air
dried, ground, passed through 2-mm sieve for
chemical analysis according to the methods outlined
in Page et al. (1982). The chemical properties of
sludge are listed in Table (2).
ASphtplotd&sngnwasusednndmhplothadsm
rows. The experimental plot unit had an area of 20 m®.
On March, 1999 sewage sludge was applied and
mixed within the upper 20 cm soil layer using five

rates: 0, 10, 20, 30, and 40 ton/Fed. Zea mays was
cultivated in this season.

After Zea mays harvest, the plot was divided into
two subplots, the first subplot received second sludge
addition at the rate of 0, 10, 20, 30, 40 ton/Fed while,
the second subplot did not receive any application in
order to compare between the residual and
accumulation effect on Zea mays Var. Hybrid 320
under study which grown on July, 2000.

Table (1): Some chemical characteristics of the experimental soil

Soil charact. AB-DTPA

EC dSm™ 0.68 K mgkg' 114.0
pH 7.60 Fe mgkg' 3.47
Clay gkg" 45500 Zn mgkg' 2.31
Sand gkg’ 41800 Mn mgkg’ 6.20
Silt  gkg” 137.0 Cu mgkg” 1.70
CaCO; gkg' 15200 Pb mgkg" 1.75
OM gkg' 10.70 Cd mgkg' 0.07
TKN  gkg® 1.36 Ni mgkg” 0.39
AB-DTPA-P mgkg™ 33.60 Cr mgkg' 0.15

EC and pH in water extract (1: 2.5 ).

TKN= total Kjeldahl nitrogen

Table 2. Some chemical characteristics of the sludge used.

Sludge charact. Value AB-DTPA
EC, dSm™ 5.05 Zn mgkg’ 812.00
pH 7.20 Mn mgkg” 160.00
CaC0;, % 10.20 Cu mgkg’ 475.00
OM, gkg' 435.00 Pb mgkg’ 170.30
TKN-N,Fkg" 21.60 Cd mgkg’ 8.05
TP, gkg 5.40 Ni mgkg" 108.04
TK, gkg’ 1.60 Cr mgkg' 118.06
TFe, g kg 160.80
EC and pH in water extract (1: 2.5 ).

2-Sampling and an Morphological Measurements

A- Soils After 4 weeks of planting, percentage of

Samples from the upper soil layer (0-20cm)were
collected from each plot, just before cultivation and
after harvesting. The collected samples were air-dried,
ground, passed through 2 mm sieve and stored in
polyethylene bags for analyses.

Heavy metals were extracted from soil according
to Soltanpour and Schwab (1977) with AB-DTPA
(Ammoniun Bicarbonate-diethylene triamine-
pentacetic acid) and the concentrations of heavy
metals were measured using Atomic Absorption
Spectrophotometer ( Parken Elmer 3300).

B- Plants

Seven weeks old leaves and mature grains of Zea
mays were collected, washed by tap water, then distilled
water and oven dried at 70°C for 48 hrs and ground
finely for analysis. The oven dried plant was digested
using concentrated sulfuric acid and hydrogen peroxide
(FAO 1980)andthecmmm-anmsofhmvymﬁals

using  Atomic
Specﬂ’ophoﬂnnetu‘(PmkmEhna‘SSOO)

germinated plants from 30 grains and mean height of
9 plants per treatment were determined. At maturity of
sowing, seven characters were recorded using 6
replicates for each treatment: Plant height, ear length,
total grain number, kernel color (white or yellow),
kermnel shape (pitted or non pitted), kernel index
(weight of 100 kemnel), and kemels density. Kemnel
density was calculated according to (Kharkwal and
Chaudhary, 1997).

RESULTS AND DISCUSSION
1-Eff f T n M
Content in Soil

idual effect of one additio:

Data in Table 1 represented the concentrations of
residual heavy metals afier one addition of sewage
sludge. The results indicated that extractable Cu
increased insignificantly with increasing sludge rates.
This may be due to downward movement of residual
Cu with time as reported by Darmody et al. (1983),
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and Darwish and Ahmed, (1997). On the other side,
the amounts of extractable-Zn (Table 3) was increased
significantly with increasing sludge rates to 53.6 and
102 % at sludge rates 30 and 40 ton/Fed, respectively
relative to the control. This may be due to high
concentration of Zn in sewage sludge amended soil
and slowly degraded bound Zn which is released in
available form as concluded by McGrath et al. (2000).

Extractable-Cd (Table 3) increased with sludge
application significantly to 52.9% and 17.6 % at
sludge rates 20 ton/Fed and 40ton/Fed, respectively
relative to the control. This increase may be due to the
decomposition of organic matter, derived from sewage
sludge performed dissolved organic matter (DOM),
which are combined with Cd and form soluble
complexes. Study carried out by Dunnivant et al.
(1992) showed that DOM has the ability to form
stable-soluble complexes with heavy metals (e.g Cd).
However, the concentration of extractable-Cd was
higher at sludge rate 20 ton/Fed than at 40 ton/Fed and
this may be due to downward mobility mobility of Cd
at high sludge rate (40 ton/Fed). After harvesting of
maize, the concentration of Cd could not be detected at
10 and 20 ton/Fed. This could be due to that residual
Cd precipitated with CaCO; or complexed with
organic matter forming organic and carbonate residual
phases as reported by McGrath et al. (2000).

Extractable Pb (Table 3) did not respond
significantly to sludge additions. This may be due to
the high content of organic matter in sewage sludge —
amended soil which strongly chelated Pb and reduced
the extractable fraction. Recent studies indicate that
application of biosolids or biosolids compost can
reduce the bioavailability of soil Pb (Brown et al.,
1999).

Comparing the concentrations of the AB-DTPA
extractable metals before sowing and after harvesting
of maize, It is clear that extractable-Cu concentration
decreased after harvesting at 0, 10, and 20 ton/Fed
sewage sludge application rates. This decrease may be
due to plant uptake. While at 30 & 40 ton/Fed
application rates, Cu concentration increased. This
may be due to decomposition of sludge and the release
of Cu. While, the amount of the extractable Zn and Pb
decreased, at all treatments after harvesting compared
by before cultivation which may be due to plant
uptake.

Concerning Cd concentration after harvesting, it is
clear that Cd increased at control. This may be due to
P-fertilizers which originally contain relatively high
concentration of Cd. While, at higher sludge rates (30
and 40 ton/Fed) Cd concentration had increased. This
may be due to high content of organic matter at this
rates which is degraded slowly with time and released
Cd and also to decline soil pH (Pales et al., 1996).

Table3: The concentration of AB-DTPA extractable heavy metal (mgkg") in the sludge
amended soil before sowing (16 months from 1" add.) and after harvesting (20

months from 1* addition).

Treat. (ton/Fed) Cont. 10 20 30 40
Before sowing | Cu 9.62a 10.41a 10.77 a 10.19a 1053 a
Zn 3470 5.09 ab 422b 533 ab 7.01a
Cd 0.17¢c nd c 0.36a 0.01 ¢ 020b
Pb 4,12a 424 a 4.40a 434 a 5.03a
After Cu 927a 9.58 a 1049 a 10.38a 10.59 a
harvesting Zn 2.82¢ 379 b 3.07c 487 a 578a
Cd 035b nd ¢ nd c 0.38b 054a
Pb 3.18a 356 a 4.09a 463a 4.09a

Means within a row followed by the same letter are non-significantly different at 5% level
according to Duncan’s multiple range 1" add.: the first addition of sewage sludge.

n.d : not detected

B- Cumulative effect of two additions

The results in Table 4 indicated that sewage
sludge applications increased significantly the
concentration of AB-DTPA extractable Cu at all
sludge rates except that of 10 ton/Fed where the
concentration was decreased from 9.62 to 9.32 fot the
control andl0 ton/Fed sludge treated soil. This
decrease may be due to both the occurrence of high
level of organic matter in soil as a result of the second
sludge addition, the high affinity of Cu to form high
stable Cu-organo complex (Aduayi, 1973).

It is also clear that extractable Zn increased
significantly with increasing sludge application, this
may be due to cumulative sludge load of heavy metals
from sewage sludge. Barbarick er al. (1998) observed
significant accumulations of the trace elements in the
plow layer of the biosolids—amended soils.
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Figure (1): Effect of different rates of sludge treatments, residual one addition and comulative two
addtions on the concentrations of heavy metals (mg/kg) in the soil before sowing of maize
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The concentrations of extractable Cd increased
significantly with increasing sludge addition rates. The
highest increase of Cd was 205.8% recorded at 30
ton/Fed. However, at sludge rate 10 ton/Fed the AB-
DTPA extractable Cd was markedly reduced to
76.47% as compared with control. This may be due Cd
precipitation.

After maize harvesting, Table 4 indicated that the
amount of AB-DTPA extractable heavy metals
increased significantly with increasing sludge rates
except for Cu. The concentration of extractable Zn
increased significantly and represented 1 125.2%
relative to the control at the highest sludge rate
(40 ton/Fed). Also, extractable-Cd and Pb increased
significantly with increasing sludge application and

represented 82% and 70% relative to control at high
sludge rates 40 ton/Fed and 30 ton/Fed respectively.

To compare between the amounts of extractable
metals in soils before sowing and after harvesting
maize, the results indicated that the concentrations of
Cu, Zn, and Pb were decreased after maize harvest
except at sludge rate 30 ton/Fed for Cu where the
concentration increased by 33%. On the other side, the
amounts of Cd were increased in all treatments which
could be due to the oxidation of organic material by
microorganisms (Emmerich et al., 1982).

Figurel represenis a comparison between residual
and cumulative effects of the two additions of sewage
sludge before sowing of maize. It is clear that the
extractable Zn increased to high percent 127 % at
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20ton/Fed cumulative compared with 20 ton/Fed
residual, then the percent declined to 21% at 10
ton/Fed cumulative compared with 10 ton/Fed
residual. This may be due to mobility of excess Zn in
the soil profile with DOM. Also, it is clear that
extractable Cd increased from 0.01 mgkg at 30
ton/Fed residual to 0.52 mgkg at 30 ton/Fed
cumulative. Also, extractable Pb increased at all
sludge rates except at 40 ton/Fed cumulative where the
percent declined to 15% in comparison with 40
ton/Fed residual. This may be due to the second sludge

addition with high sludge rate had increased the
content of O.M that chelated Pb and consequently
decreased the available form. The same trend was also
found with Cu where its concentration lined
at 10 and 30 ton/Fed cumulative to 10.47 and 25%
respectively, in comparison with 10 and 30 ton/Fed
residual one addition. However, the concentration
increased to low level 7 at 20 ton/Fed cumulative
compared by 20 ton/Fed residual. These results were
in accordance with Granto et al. (2004).

Table 4: The concentration of AB-DTPA extractable heavy metal (mgkg’ ") in the :ludge
amended soil before sowing (16 months from 1* add.+8 months from 2* add.)
and after harvesting (20 months from 1* add.+ 12 months from 2 ).

Treat. (ton/Fed) Cont. 10 20 30 40

Beforesowing | Cu 9.62ab 9.32ab 11.35a 7.57b 1058 a
Zn 3470 4.02b 96la 11.39a 10.74 a

Cd 01%7¢c 0.04¢c 032b 052a 0.42 ab

Pb  4.12a 426a 5.60 a 4.80a 423a

Afterharvesting | Cu 9.27a 921a 10.04 a 10.11a 1023 a
Zn 282¢ 202¢c 3.07¢ 4.11b 6.35a

Cd 035b 0.40b 0.56a 062a 0.64a

Pb 3.18bc  3.68bc 5.01 ab 543 a 4.37 ab

Means within a row followed by the same letter are non-significantly different at 5%

level according to Duncan’s multiple range
1% add.: the first addition of sludge.

2-Effect of sl

content in plant
A- al eff
Data in Table (5) showed that Cu concentrations

in leaves and grains of maize were decreased with all

¢ treatments on

Table (5): The concentration of extractable heavy

2™ add.: the second addition of sludge.

sludge treatments compared with the control. This
confirms that Cu in soil, in the presence of sewage
sludge did not take up in high amounts by plants
(Aduyia, 1973, and Tiffany et al., 2000).

metal (mgkg™) (19 months from 1* add.) and

grains (20 months from 1* add.) of untreated and treated Zea mays plants .

Treat. (ton/Fed) Cont. 10 20 30 40

Leaves Cu 6.18a 3.87b 634a 290b 3220
Zn 21.72 ab 21.08 ab 23.10a 20.28 ab 17.18b
Cd ndb ndb nd b 3.10a ndb
Pb 2.50b ndc 5.00a 6.00a 3.00b

Grains Cu 120a 1.00b 0.60 c 0.00d 0.00d
Zn 17.54a 13.92b 1748 a 924c¢ 13.60 b
Cd nd nd nd nd nd
Pb 4.00d 11.00a 9.00b 2.00e 6.00c

Means within a row followed by the same letter are non-significantly different at 5% level according to

Duncan’s multiple range
1* add.: The first addition of sewage sludge.

Zn concentrations in leaves of maize were
increased significantly by the application of sludge.
The highest Zn content was recorded in leaves of
plants grown in 20 ton/Fed sludge treated soils. This
level represented 6.3 % increase relative to the control.
This may be due to complexation of Zn with dissolved
organic matter, and consequently increased mobility
and uptake by plants (Antoinadis and Alloway, 2002).

nd.: Not detected

Cd concentration in leaves and grains of maize
were not influenced significantly by all sludge
application rates exceptat 30 ton/Fed, where the
concentration of Cd in leaves was increased
significantly to 3.1 mg/ kg in comparison with control
value. This may be due to complexation of Cd by
dissolved organic matter, as reported by Hyun et al.
(1998).

113



Residual And Accumulation Effect Of Sewage ...

Sherif, F.K., ef al

Pb concentrations in leaves and grains of maize
were significantly influenced by increasing sewage
sludge additions rates. The greatest increase in Pb
concentrations in leaves was 2.5 fold higher relative to
control at 30 ton/Fed. Chaney, (1988) found that
concentration of Pb from sludge does not rise plant
concentration unless it is very high. However, the
concentration of Pb was undetected at 10 ton/Fed in
leaves in comparison with control. This may be due to
translocation of Pb from leaves to grains which
contained the highest concentration of Pb.

- iv f iti

Copper concentrations in leaves and grains of

maize were affected significantly by sludge application

rates. The concentrations of Cu in leaves decreased in
all sludge treatments in comparison with control
except at 20 ton/Fed cumulative two additions where
the concentration of Cu in the grains was increased
byl6 % relative to the control but this increase was
insignificant. The decrease in the concentration of Cu
in leaves and grains of maize may be due to high
percent of organic matter derived from the second
addition of sludge which held Cu and consequently
reduced the available form. Labrecque et al. (1995)
reporied that Cu concentration in the biomass was less
dependent on their concentration in the soil.

Table (6): Heavy metals concentrations (mg/kg) in leaves (19 months from 1*
add. +11 months from 2™ add.) and grains (20 months from 1%+12

months from 2™ add.) of Zea mays plants,

Treat. ( ton/Fed) Cont. 10 20 30 40
Leaves Cu 7.10a 5.07a 499a 3.59b 507a
Zn 21.72¢ 22.13¢ 2091 ¢ 25.00b 3i.05a
Cd nd nd nd nd nd
Pb 2.50b 3.00b 5.00a 4.00a 1.00 ¢
Grains Cu 1.20a ndc 140 a 0.40b ndc
Zn 17.54b 21.14a 10.26 ¢ 17.03 b 18.09b
Cd nd nd nd nd nd
Pb 4.00a 2.00b 1.00b 5.00a 4.00a

Means within a row followed by the same letter are non-significantly different at 5%
level according to Duncan’s multiple range 1% add.: the first addition of sludge.

2" add.: the second addition of sludge.
nd : not detected

The concentration of Zn in leaves increased
significantly (15.1% and 42.96%) relative to the
controlat rates 30ton/Fed and 40 ton/Fed, of sludge
respectively compared with control. This may be due
to cumulative sludge load of Zn with the second
addition. Antoniadis and Alloway (2002) found that
Zn concentration was greater in plants at the higher
rate of sewage sludge application. The concentration
of Zn in grains of maize was increased to 20% at rate

‘of 10 ton/Fed of sludge relative to the control.
Whereas the concentration decline to 41% at sludge
rate 20 ton/Fed in comparison with control. Meyer et
al., (2004) found that Zn concentrations of seeded
grasses generally increased with increasing biosolids
applications.

" As shown in Table 4, Cd concentration was not
‘detected in both leaves and grains with all sludge
treatments. Martinez et al. (2003) found that tissue Cd
levels did not increase with biowaste application.

The highest increase in Pb concentration in the
leaves and grains was 100% and 25% at sludge rate 20
“ton/Fed and30 ton/Fed respectively, relative to control.
However, the concentration of Pb declined to 60% in
leaves at sludge rate 40 ton/Fed and declined to 50 and
75% in the grains at sludge rate 10 and 20 ton/Fed in
comparison with control. This may be due to high O.M

content which decreased the availability and uptake of
Pb by plant (Darwish and Ahmed, 1997).

hara and M A
Data in Table (7)showed that Germination
percentage after 30 days was increased by sludge
treatment. However, the mean effect of residual
treatments was more than the two additions treatments.
Plant height was not significantly affected by sludge
treatment after 30 days and at maturity. Also, the ear
length and number of rows per ear among all
treatments and the control did not differ significantly.
The total number of ears per treatment recorded the
highest values with 40 ton/Fed for residual and 20
ton/Fed for cumulative two additions treatments, while
the lowest value was recorded with 30 ton/Fed two
additions. The mean value of both treatments was
approximately 40 ears,
- The dry weight of leaves was increased with 20
and 30 ton/Fed of residual treatments besides 10 and
40 ton/Fed by two additions treatments. While 20

ton/Fed of two additions treatments reduced the value

to 50% of control and 10 and 30 ton/Fed of residual

.and two applications treatments respectively reduced

the value to 0.71% of its control.
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The number of kernels per ear and Kernel density
(Table 7) did not affected by sludge rate. Contrarily,
the mean kemel index decreased significantly by
sludge treatments. The mean kernel index, induced by
residual treatment, was lower than that of the two
applications treatments (18.95 and 24.59,respectively).

Howell (1998) reported that Abscisic acid (ABA)
appears to play a major role in controlling kernel
germination. This indicates that sewage sludge
treatments may affect the action of vpS and vp7 genes,
followed by the stimulation of ABA synthesis except
the residual treatment of 40 ton/Fed which inhibited its
synthesis and so, reduced germination percentage.
Contrarely, yield products are controlled by Gibberilic
acid (GA). Gibberilic- 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 gibberilic- deficient mutants were expressed only
by genes responsible for number of ears/ plant, dry
weight of leaves, number of kernels per ear, kernel
volume and kernel index.

In case of M; kemel characters, during the
determination of Zea maize plant productivity, it was
found that kernel characters were different from those
of control kernels (Table 8). The majority of M, color
kernels of the control were white, resembling the
parental kernel color, while the yellow color produced
formed 4.50% from the total scored kernels. Sludge
treatments induced a significant decrease in the
percentage of yellow colored kernels except that of 20
and 30 ton/Fed two applications treatments, which
recorded about 2 and 1.5 times respectively that of the
control. The kernel- color genes includes aleurone,
pericarp, scutellum and endosperm colors. By
longitudinal sectioning, it was found that the
endosperm color leads to yellow 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 ton/Fed caused 7.33% of blotches
kernels while 40 ton/Fed increased this percentage to
about three times (23%). However, the different rates
of the two addition treatment induced the presence of
one type of blotched kernels, with the highest values
occurred by the two lowest rates.

In addition, kernel shape differed according to
presence of pitted and non pitted kernels (Table8).
Non pitted kemnels appeared in the control treatment
and increased significantly by sludge treatments of
both 10 and 30 ton/Fed of residual treatments and 10
and 20 ton/Fed of two applications treatments. Also, it

was noticed that the values of percentage of yellow
and non pitted kernels with 20 ton/Fed of two
additions were twice than that of the control.

M; shrunken kernels occurred as endosperm
collapses during drying stage at maturity, giving a
smooth indentation at the crown. They appeared with
low percent in the control treatment and increased by
the residual treatment of 40 ton/Fed and by the
cumulative two additions treatments of 10 ton/Fed.
The effect of two additions treatments was higher than
that of the residual treatments (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 and Sarkar (1995) listed 13
independent recessive mutants that were responsible
for yellow or white endosperm, that is recessive gene
“y”, found on chromosome number 6, produced white
endosperm; while its dominant allele “Y” produced
yellow 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, the outer most
layer of the endosperm. 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;, A;, C and R) are
necessary to develop the pigment with A and R genes,
C produces aleurone color. C' allele inhibits
expression different alleles of R which are responsible
for alurone color. The inhibition is not eiways
complete. Different alleles of R are responsible for
color patterns (Brigges, 1966). In the genotype A, c, R,
pigment develops patches of color in the presence of
dominate blotched (Bh). This may be due to that Bh-
induced mutations of ¢ to C. According to Coe (1962),
the C locus alleles in the triploid aleurone tissue of
maize Ccc cause colorless kernel with small patches of
color. Therefore, it can be concluded that the sludge
treatments, which induced colored patched kerels,
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 the Bn, or bn, for
brown.

Owing to kemel shape, ihe kernel of the present
study was pitted with genotype pt pt pt (pitted gene—pt
is located on chromosome number 4, Brigges, 1966;
and Sheridan and Neuffer, 1982). The increase or
decrease rates of non-pitted kemels from the
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at maturity
After 30 days At maturity
Fvoet Germination Pl-ant Pl-am Ears/treat. | Ear length Yy Rows/ear | Kernel/ear Kernel Kerrfel
(ton/Fed) % height height 00.) (cm) leaves (o) (no) index (gm) densn};
(cm) (cm) ' (gm) : : gm/cm
Residual one addition
Cont. 4390 ab 3400a 16195a 3333 c¢ 1783 a 10.67 ¢ 12,66 a 44800 a 26.80ab 1.03 a
10 68.90 a 3566 a 13735a 3333c¢ 1600 a 783d 1233 a 469.67a 2230 c 1.02 a
20 56.67 a 4033 a 16272 a 3888 bc 1625 a 1190 ¢ 1283 a 46700 a 21.77 c 093 a
30 5890 ab 3633 a 153.19a 4333 ab 16.66 a 1434 a 1150 a 407.50 a 1093 d 1.10 a
40 3553 b 3711 a 14766 a 4444 ab 16.75 a 1043 ¢ 1233 a 43070 a  20.78¢ 097 a
Cumulative two additions
10 5555ab 3322 a 18378a.; 337l c 159 a 1292 ab 1130 a 35430 a 2930 a 1.00 a
20 5111 ab 3388a 14622a 50.00a 1642 a 581 e 1233 a 45100 a 2280 bc 1.00a
30 - - 13572a 2222 d 1746a 735 d 12,66 a 485.00 a 2480 bc 092 a
40 4889 ab 3255a 1445 a 4777 a 1758 a 13.83 a 12.00 a 45300 a 2146 c 093 a
Means within a column followed by the same letter are non-significantly different at 5% level according to Duncan’s multiple range test.
Table 8: Effect of different rates of sludge treatments on M, Kernel characters of Zea mays grown in sludge amended soil.
Kemel color (%) Kernel shape (%)
Treatment Endos Blotches Aleurone
(ton/Fed) . Red& | Purple & | Pited | NonPited | Full | Shrunken
White Yellow Purple | Brown | Red Bréwn iy
Residual one addition
Cont. 95.15 a 450c 0.00 - 0.00 0.00 0.00 0.00 74602 24.10ab 99.65 0.35
10 9847 a 1.20de  3.60 248 0.16 1.09 0.00 6060a 3930ab 10000 0.00
20 98.10 a 1.90d 0.00 0.00 0.00 0.00 0.00 77.70a 2230ab 10000 0.00
30 96.40 a 3.60c 0.00 0.00 0.00 0.00 0.00 73.30a 2640ab 100.00 0.00
40 99.30 a 0.60de 2143 0.24 0.18 0.00 0.00 86.50a 13.70b 9835 1.56
Cumulative two additions
10 91.04 a 1.30de  7.66 0.00 0.00 0.00 0.00 77.10a  33.30ab 749 251
20 84.88 a 9.60a 5.52 0.00 0.00 0.00 0.00 51.30a 48.70a 100.00 0.00
30 93.00 a 6.60 b 0.00 0.00 0.40 0.00 0.00 79.60a 22.10ab 100.00 0.00
40 99.69 a 0.04¢ 0.00 0.27 0.00 0.00 0.00 75.80a  23.10ab 99.73 0.27

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

116



Alex. J. Agric. Res. 52 (1), 2007

spontaneous ratc found in the control means that
sludge 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 (located on chromosome number 3 and 9, Brigges,
1966; and Sheridan and Neuffer, 1982), which has an
effect on endosperm development, leading to starch
deficiency mutation in kernels and inhibiting ADP-
glucose phosphorylate required for starch biosynthesis
(Bhave et al., 1990).

Finally, it could be concluded that, sewage sludge
treatments may affect the genes responsible for some
yield products (germination, plant stature, ear length,
number 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 kernel characters (color, endosperm
and aleurone, and shape either pitted and no pitted;
shrunken or full).
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