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ABSTRACT

Field experiment was carriad out in sandy loam soil at EI-Tahrir province to
evaluate the potentiality of ufilization the municipal sewage sludge {applied al rates
zero, 10 and 20 tonffed.} with and without bacterial inoculgation {Baciflus polymyxs) as
a bio-organic fertilizer for com plants unders three levels of mineral N- fertilizer (zero,
60 and 120 Kg M/ fad.). Also, the effects of bio-organic materials as soil canditioner
were congidered.

The results showed significant increases in vegetative growth of corn plants
due to three kinds of fertilizers. Mareover, either nifrogen fertilizer or bacterial
inoculalion had no effects on heavy metals content in com plants. On the other hand,
com  plants accumulated significant concentrations from heavy metals with increasing
the sludge levels from zero to 10 and 20 ton/fed. Cancerning the carn yieid, the
application of sewage siudge at levels 10 and 20 ton / fed increased the grain yield of
corn by 37.3 and 56.3%. respectively over cantrol. The addition of 60 and 120 Kg N/
fed led to increase the grain yield by 805 and 101.7%, respectively over contral.
Moreaver, the highest grain yield of com was obtained in gase of application of 20 ton
sludge and 120 kg N / fed. Data also indicated that sewage sludge enhanced the
some chemical and biological properties of soil namely organic matter, total-N,
dehydrogenase activity and total count of pacteria. Also, addition of sewage sludge
ied 1o increase the DTPA extractable Cd, Pb and Ni in soil afler corn harvesting.
Keywords: Sewage sludge, Bacillus polymyxa, Com plants and reclaimed soil,

INTRODUCTION

Sewage sludge is the sold wastes accumulated during primary,
secandary and tertiary waste water fraatment. Disposal or ulilization of
sewage siudge and municipal refuse is a major problem for most Cities.
Ocean or sea dumping, land fills, and incineration are increasingly viewed as
unsuitable alternalives for these wastes. Application of appropriately treated
materials to agricultural lands. however, has frequently been demonsirated to
be a sale and eMfective means for recovery of beneficial waste constituents
(Page et af, 1983 and Wei ef &/, 1985). The primary factors to be considered
when using sludges or sludge-based arganic maiefials as fenilizer or soil
amendments have concerned in several studies (Chaney, 1983; King, 1986;
Chaney, 1989, Sims, 1990, Gardiner ef &/, 1995; Mench, 1998).

Injurious constiluents in sewage sludge that may hampered their
agriculiural utilization are mainly heavy melals {e. g.| Cd, Cr, Ni, Pb, Cu, Hg
and As) and patentially toxic organic compounds {e. g.| PCBs).
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Heavy metals ions when present at a high levels in the environmaent,
are adsorbed by roots and translocated to different plant parts, thereby
leading to impaired metabolism and reduced growth and yield (Sheoran ef al.
1990, Angle et al. 1993, Abdel-Sabour, 1997, Biomy, 2000 and Al-Kahal o al.
2001). However, the effect of heavy metals on plant growth and metal uptake
in soil is affected by different factors such as soil, pH, cation exchange
capacity, organic matter, redox potential, oxide content and microbial
biomass {Alloway, 1995 and Mensh, 1998).

Any soil protection policy must be aim to protect soil for human health
and as a nalural resource. The need to protect consumers from chronic
toxicity 1s scientific motive ‘or setting guidelines con trace element
concentration in food and feed {Mensh, 1998). The permissible
concentrations of toxic metals in crops or acceptable levels added to soil
have been debated. Chaney (1983) suggested maximum tolerable levels in
forage for cattie to be 0.5 mg kg™ for Cd, 50 for Ni and 500 for Zn. In addition,
the same author (1990} concluded that low rmetal sludges are extremely safe
when used in agriculture as £ fertilizer and soil conditicner source. He
proposed maximum permitted metals in sludge, which called NOAEL {No
Observed Adverse Effect Levell. The mecre common permissible limits of
heavy metals in sludge are reported by USEPA as USEPA-503 regulations
(Alloway, 1895). Many invesligaters found that the soils high in rmetal ions,
particularly, Cd, should be used only for production an non food creps or non
leafy foods such as grains, fruts or nuts, because fruiting parts of plants
usually contain lower metal concentration than vegetative parts (Bingham et
al., 1975; Keefer et al., 1986; Chang et al., 1987 and Jing and Logan, 1992).

The objectives of this study, therefor were to evaluate the potentiality
utilizing the municipal treated sewage sludge and bacterial incculation as bio-
organic ferllizer and soil conditioner for corn plants cultivated in newly
reclaimed soil.

MATERILAS AND METHODS

Field experiment:

Field experiment was conducted in summer season (May 2001) at Al-
Nagah valley in El-Tahrir Province Seclor that represented the oldest
reclaimed region in Egypt.

The experiment was designed as spiit-split design with four
replicates. The main plots were untreated and treated with sewage sludge at
three levels (zero, 10 and 20 ton/fed}. The sub plots were uninoculated and
ingculated with Bacilus polymyxa and the sub plots were received three
levels of N-fertilizer, ammanium sulfate (zero, 60 and 120 kg/fed). Phosphate
and potassium fertilizers were added as a recommended doses for corn.
Corn  seeds (Zga mays, cv. Hybrid single 10) were cultivated as
recommended practice in such employed soil. [rrigation was done using
sprinkle system. Corn plants were harvested afler 60 and 120 days of
cultivation to evaluate the vegeta.ive growth and yield components, as well as
their contents from N, Cd, Pb, and Ny,
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Soil sampling:

Representative soil samples were collegcted from experiment site
before cultivation, then will mixed and prepared forlanalysis the main physical
and chemical properties {Table 1). In addition, i:nil samples were collected
from each treatment after corn harvesting, then ak dried and ground to pass
through 2mm sieve and stored for analysis.

Table {1): Some physical and chemical propertias of soil.

Properties Values
Sand % 67.96
Sitt % 26.80 |
Clay % 5.24 ]
exture class Sandy loam |
CaC0o3 4.2
5P % 44
H 7.6
EC (dS/m) 0.33
Soluble cations and anions (meg/l}
1.70
0.98
0.7
0.20
0.00
0.67
079
504 211
Total-N % 0.033
Organic-C % 0.35
Total-solubfe-N (ppm) 37
DTFA- extractable-Fe (ppm) 4.1

DTPA- extractable-Mn (ppm) [ 3.4
DTPA- extractable-Zn (ppm 1.2
DTPA- extractable-Cu {ppm) 0.37

Sewage sludge:

Sewage sludge used in this experiment provided from Municipal
Sewage Water Treatment Plant (El-Gabai El-Asfar, Qalubia governorate).
Five representive samples of sludge were collected, air dried and ground to
pass through 2 mm sieve and prepared for analysis. The main characteristics
of sludge used and some world permissible limits of heavy metals are given
in Table (2).

Bacteriai inoculant:

Culture of Bacillus pofymyxa (1x10° cells/mi), iocal isclated was
added to soiid carrier (vermiculite + peat moss; to grepare the inoculant.
Seed inoculation was done before sowing using arabic gum solution as
adhesive material. Inoculant was applied at rate of 800 g per 12 kg corn
seeds.
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Tahle {(2) :Some chemical and microbiological characteristics of used
sewage siudge and max permitted concentrations.

Max permitted concentration
FParameters Used sludge from heavy metals *

FH 6.67 —
EC dS/m 4.40 -
Total - N % 2.31 -
Organic —C % 30.98 —
C/N ratio 13.41 -
Total — P % 1.05 —_
N- NH*" (ppm) 1522.5 _

N-NO*" (ppm) 56.7 ~
Available — P (ppm} 250 —
DTPA- extradable-Fe {ppm) 279 —
DTPA- extractable-Mn {ppm} 412 ,‘ _
DTPA- extractable-Zn {ppm) 188.5 —
OTPA- extradable-Cu {pprm)} 353 _
Total — Fe (%) 0.43 —
ITotal — Mn (opm) 2325 -
Total — Zn {ppm) 7356 2800
Total — Cu (pom) 1 2897 1500
Tolal — Pb {ppm) 430 300
Total — Cd (ppm) 1.46 39
[Total — Ni (pps) 68 420
|Total -~ Co (ppm) 63 —
Totai coliforms 13x10°
Fecal coliforms 3x10°

Salmonedla and Shigella gx10°

* According to US Environmental Protection Agency Part 503 regulation for sewage
sludge applied to land {G.F. Alloway, 19495}.

Analysis:
Soil:

Physica! and chemical enalysis of experiment soil before sowing
were measured according to Black el al (1965). Soil samples from different
treatments after corn harvesting were analyzed for pH, total-N, organic
matter, dehydrogenase activity, total count of bacteria and DTPA extractable
Cd, Ph and Mi according to Page et aj. {1982).
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Sewage sludge;

The main chemical characteristics of sewgge sludge was determined
according to Page et al (1983) while the pathggens test was conducted
according to American Public Health Association (APHA) (1989).

Plant materials;

The oven dried plant materals were wet digested using mixture from
pure HCIO, and H,50, at ratio 1:1 accordifg to Jackson (1973). N-
concentration in digested solution was determined by Microkjeldahl method
(Page et al, 1982} while Cd, Pb and Ni were measured by Atomic Absorption
Spectrophotometer System. Crude protein content in grains and stalks of
corn was calculation by multipiied of N-concentration by 6.25.

Statistical analysis:

The data of plant parameters were sialisticalty analyzed according to

Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Vegetative growth of corn plant:

Data presented in Table (3) show the main effect of sewage sludge,
N-fertilizer or bacierial inoculation (B. polfymyxa) en vegetative growth and
element contents of com planis after 60 days of planting. #t is apparent that
the increases in the growth parameters for plant height dry matter and total
N-content, This flourish growin and height N-accumulation in plant tissues
resuited in sludge application is expected and reflect the prominent rale of
organic matter from used sludge (O.C, 30.98 and C/N ratio, 13.41) in
establishment of suitable growth media for com plants via improving the
physical, chemical and biological properties of sandy soil, as well as,
supplying the grown plants with essential nutrients {Lawson el ai,1995;
Abdel-Sabour, 1997; Abdel-Wahab,1999; Biomy, 2000 and Al-Kahal ef al.,
2001).

On the other hand, corn plants exhibited great response to applied N-
fertiizer. This means that the applied rates of sludge can not compensate the
N-requirements which supplied mineral N-fertilizers, in despite of suitable C/N
ratio and high N-content of employed sludge (13.41 and 2.31, respectively).
In this concern, Sims (1990) found that wheatl plants which received
composted sludge at rate 44 ton/ha and supplemented with 100 kg N
exhibited N deficiency symptorns, reduced dry matter production and lower
plant N-concentrations.

Concerning the main effect of bacterial inoculation, results showed
that addition of Eaciflus polymyxa to corn seeds led (o significant increase of
plant height, dry matter and total N-contentin conjparison to uninoculated
treatments. In fact, plant growth promoting rhiZobacleria such as B.
polymyxa can benefit the growth piants through several mechanisms
including production of phytohormones, which reflepted by enhancing the
plant growth and nitrogen fixation which reflected by superiority of inoculated
corn plants as compared to uningculated ones for agcumulation higher N in
their tissue (Alvarez et al., 1995, Gutierrez et al., 1996'and James, 2000).
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in respect of heavy metals content, dafa revealed that either N-
fertilizer or bacterial inoculation had no effects|on heavy metals content in
corn plants. These finding are in accordance with Oliver et al. (1993) and
Mench {1998). On the other hand, results displayed that corn plants grown on
sludge treated plots accumulated significant concentrations from Cd, Pb and
Ni in their tissues. It is clear that the maximum concentration of heavy metals
in piant parts were obtained with application of sludge at rate of 20 ton/fed ,
but no visual symptoms of metal toxicity were observed. This means that the
obtained extents of these metals are still lesser than critical levels which
leading to incidence phytotoxicity (Alloway, 1995). However, the effects of
these accumulated heavy metals on corn product consumers either human or
animal should be taken in consideration. In addition, corn may cuitivate in
intensive wise as green forage in wide regions in Egypt, hence presence
such as metals may be caused chronic toxicity for grazing animals.

It is worth to mention that corn plants grown on untreated plots
accumulated heavy metals in their tissues. Phosphate fertilizers that contain
appreciable content of heavy metals, particularly, Cd may be responsible for
pollution with such metals (Alloway, 19856 and Mench, 1998). In addition,
traditional manures such as farmyard manure which appiied in great
quantities to soil used may be the other reason for occurrence of potlution
with heavy metals in untreated plots (Jones et &/, 1991; Johnston and
Jomes, 1992 and Alloway, 1995).

Interactions between sludge, N-fertilizer and bacterial inoculation and
their effects on vegetative growth and elements content are given in
Table (4). Data showed that the joint application of 20 ton of sewage sludge,
120kg N/fed and bacterial inoculation recorded the highest values of
vegetative growth parameters. Conceming the heavy metais content, resulls
displayed that their contents of Cd, Pb and Niin plant parts were gradually
increased with increasing applied rate of sewage sludge irrespective of N-
level or bacterial inoculation. In addition, the values of heavy metals
concentrations in plant parts have non-significant differences among the
same sludge rate, while the significant value was recorded between the
treatments in any sludge level and those in other level.

Yield components of corn:

Influence of sewage sludge, N-fertilizer or bacterial inoculation on
corn yield components and their content from heavy metais are presented in
Table (5). It is clear that increasing of applied sludge rate led to significant
increase the grain and stalk yield, as well as, their protein content. The
maximum Yyield of corn was obtained with the level of 20 ton/fed. For
instance, the addition of sewage sludge at levels 10 and 20 ton/fed led to
increase the grain yield of corn by 37.3 and 56.3 %, respectively over the
untreated treatment

The highest corn yield component resulted jn sludge application is
clear reflection to suitable niche and heaithy growth plants at vegetative
stage. Similar findings were reported by several investigators for many plants
manured with sewage sludge at suitable rates, 20 to 40 ton/fed (Gradiner et
al, 1995; Abdel-Sabour, 1997, El-Sokkary and Abdal Salam, 1898; Biomy,
2000 and Al-Kahal et a/., 2001).
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Regarding the main effect of N-fertilizer on yield component and
protein content, results clearly displayed the high response of grain and stalk
yields and their protein contents to N-fertilizer application. Addition of 60 and
120 kg Nffed tended 1o increase the grain yield to 66.5 and 101.7 %,
respectively over control. These finding confirmed those obtained with
vegetative stage. Moreover, the bacterial inoculation with 8. polymiyxa did not
affect any component of corn yield else stalk yield. The non-significant effect
of bactenal inoculation on yietd components may be elucidated by increasing
the available-N from N-fertilizer and sludge to the limit, which may, reduced
the microbial efficiency.

Concerning the concentrations of heavy metals in grains and stalks
of carn, results show that N-fertilizer or bacterial inoculation not affected
heavy metal concentrations in yield corn components. Moreover, the
concentrations of Cd, Pb and Ni in yield components of corn displayed
significant increase with increasing sewage sludge rate applied.

interactions between siudge, N-fertilizer and bacterial inocufation and
their effects on yield components of corn are presented in Table (6). Data
clarified that joint application of N-fertilizer with sewage siudge tended to
significantly increase the yield components in comparison with control or
individual application in both. The highest values of grain yieid and protein
conlent were recorded in case of addition of 120 kg N/fed and 20 ton sewage
sludge. Regarding the heavy metals content, obtained results behaved the
same trend obtained with vegetative growth parameters.

In fact, corn is one of the main important crops in all world regions,
which represented the nutriential and technological crop for human and
animal. Hence the presence of any pollutants such as heavy metals in corn
grains should be take in consideration, particularly that corn common 10 be
more tolerant of phytotoxic metals than most dicotyledonous plants (Mc
Bride, 1995). This means that the corn plant may accumulate great amounts
from heavy metals that may exceeded toxic levels for human and animal. The
sludge used in this study considered low in metal contents according to
USEPA 503 regulations (Alloway, 1895) with exception leag content (430
ppm, while permissible limit is 300 ppm). However, the concentration values
obtained in corn grains reached to 0.57,28.6 and 21.5 ppm for Cd, Pb and
Ni, respectively. These values exceeds the permissibte values for consumers
and may led to chronic toxicity for hurran and animal, particularly when they
consumed the grain products, where such metals tended to be more affinity
with protein rather than other legends in plant such as starch and lipid
{Kabata-Pendias and Pendias, 1982)

Effects on some soil chemical and biclogical properties:

The changes occurring in some soil characteristics after corn
harvesting as affected by application of sewage sludge, bacterial inoculation
and N-fertilizer are presented in Table (7}. in general, there are ng any effects
on investigated parameters due to bacterial inoculation. N-fertiizer
application led to slight increases in some soil properties (total-N, lotal count
of bacteria and dehydrogenase activity), while, it has not clear effecton
another’s (pH, organic matter and OTPA extractable heavy metals).
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Regarding the sewage sludge all studied sqil parameters displayed
high response to sewage sludge addition. The lotai count of bacteria
increased by more one exponent than control due tp applicalion of sewage
siudge al rates 10 and 20 ton/fed, indicating to inhante the biological activity
in soil. This emphasized by marked increasing of dehydrogenase enzyme
activity, which is considered the good indicator to biological activity in soil.
Similar findings were obtained by Serra-Wittiing et &/ (1995}, Pascual e{ a/.
{1997) and Goyal ef al. (1999).

Data in Table (7)revealed a great increase in the DTPA-extractable
Cd, Pb and Ni with increasing the level of sewage sludge applied. These
findings are in agreement with those obtained by McBride (1995), Abdel-
Sabour (1997}, EL-Sokkary and Abdel-Salam (1998). Ramachandron and
Souze (1998) and Al-Kahal et /. (2001}.

The accumulation of available Cd, Pb and N resulted in sewage
sludge application indicating to rapped decomposition of applied sludge (C/N
ratio = 13.4) in despite of the pH values still more than 7 and organic matter
of soil increased by about two to three folds than controf. However, the
USEFA 503 regulations recommended that pH should maintained at 8.5 or
higher for apphed sludge and soil tc achieved the sludge protection
hypothesis introduced by Ryan and Chaney (1953) which assumed that
sludge decomposition can perpetually heavy metals solubility at very low
levels by long time application.

Inh fact, the sludge used in this study has narrow C/N ratio and the
Egyptian soils have climate completely different from template regions. In
addition, Egyptian soils are vefy poor in organic mater, as well as, the
oxidation rate of any apptied organic materials is very rapid until these have
wide G/N ratio (Abdel-Malek, 1871 and Ishac et ai.,, 1984).

Therefore, the climate condition, complete analysis of soil and siudge
and suitable plant for cultivation are very important items and they merit to
take in consideration, when any policy is planned lo use such polluted
materials far agriculture.
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