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ABSTRACT: Sewage sludge may improve soil fertility but there is
concern about effects of sludge metals on soil microorganisms and
their activities, Laboratory studies were conducted to determine the
effect of two levels of sewage sludge (2% and 4% w/w) on the
microbial populations and their activities in two different soils
(sandy clay loam and sandy soil) daring 42 days periods. The
application of sewage sludge with the rate of 2% increased the total
counts of bacteria, fungi, actinomycetes, nitrifiers, aerobic and
anaerobic nitrogen fixers significantly in both kinds of soil than the
unamended and the amended soil with the rate of 4% sewage sludge.
The treatment with the high rate of sewage sludge (4%) caused a
reduction in the total counts of the tested microorganisms and the
activities of some soil enzymes (dehydrogenase, phosphatase, and
urease) than the treatment with 2% sewage sludge. However the
values obtained with 4% sewage sludge was still higher than those
found in the unamended soil (control). Sewage siudge with the rate of
4% caused an increase in total nitrogen reaching 634 and 378 mg kg’
" dry soil after 7 days of incubation jn sandy clay loam and sandy
soils, respectively. Generally, the addition of sewage sludge to both
kinds of soils with the rate of 2% increased the values of ammonia
and nitrate nitrogen than the unamended and amended soil with the
rate of 4% sewage sludge. No harmful effect to microbial population
and their activitics was observed when sandy clay loam and sandy
soils were amended with sewage sludge with the rate of 2%
consequently this rate can be used safely in agricultural soils.

Key words: Sewage sludge, microbial population, dehydrogenase,
phosphatase, urease, ammonia, nitrate, total nitrogen

INTRODUCTION especially those concerning with
heavy metals. Although metals

such as Cu, Ni, and 7Zn are
essential nutrients for living

Many problems are associated
with  environmental  pollution
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organisms (AHloway, 1995) they
inay be toxic at high concentration.
Heavy mctals are being added to
the environment from a varicty of
sources  including  municipal,
industrial, and agricultural wastes
as well as dredge spoils (Huisingh,
1974, Awstin, ¢t al, 1977 and
Timoney et al., 1978)

The addition of sewage sludge
{0 agriculterai  soll  improves
pliysical characteristics and acts as
a vakaabic source of nuirients for
growing crops (Smith, 1996). Also
the addition of sewage sludge to
soil, especially soils of low organic
maiter, significantly increased the
population and the activity of soil
microorganisms  (Pichtel  and
Hayes, 1990, Barakah et al, 1995
and Banerjee et al., 1997) and also
increased so1l  enzymes-actlivities
especially dehydrogenase activity
{Crecchiv et al, 2004) and
promotcd  higher  values  of
phosphaiase and urease activily
(Qiting et al, 2002, Awad and
Fawzy, 2004 and Crecchio et al.,
2004).

However, there 15 concern
over the use of sludge that has
been contaminated with potentially
toxic elements (PTEs) from both

" industrial and domesiic sources.
The concentratton of PTEs in

studge is uvsually considered the
main delerminant in restricting its
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application (o agricultural soils.
Application of sewage sludge to
agricultural land can lead to an
accurmnulation of metals in the
surface  layers with  estimated
residence times of the metal
contamminants in the order of
thousands of years (Mc Grath,
1987). Moreover contamination
with heavy metals arises also
where sewage sludge confaining
pesticides or fertilizers arc used
extensively as amendments since it
can affect the activities of the
beneficial soil  microorganisms,
and consequently affect the cycling
of plant nutrients in the soil (Giller
et al, 1998). Heavy metal
contamination can alse inhibit soil
functions, but it is often difficult 1o
determine the degree of pollution.
Enzymc assays offer potential
indicators of biological functioning
of soil (Belen, et al.,, 2004).

Several siudies have shown

that metals influence
microorganisms by  adversely
affecting their growth,
morphology, and  biochemical
activity, resolting in decreased
biomass, dehydrogenase  and

urease activities by increasing rates
of sewage sludge addition (Reddy

et al., 1987, Fliessbach and Reber,

1990, Chander and Brookes, 1991,
Fliessbach et al, 1994, Kandeler er
al, 1996, Roane and Kellogg,
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1996, Baath et al,
Rodriguez  er  al, 2004
Beiyacva, et al, 2005).

1998,
and

The present work aimed to
siudy the effect of amending two
kinds of soils (sandy clay loam and
sandy) with two levels of sewage
studge (2% and 4% w/w) on the
micrebial populatious and the soil-
enzyme  activities  such  as
{dehydrogenase, phosphatase and
urcase activities) as well as ftotal
nitrogen, ammonia, and nitrate
nitrogen under  conirolled
conditions in the laboratory.

MATERIALS AND
METHODS

In this experiment, the effect
of the treatment of the soil with
differcnt rates of sewage sludge on
the enumeration and activities of
different microbial groups was
studied in two types of soil which
have never received sewage sludge
before. These types were sandy
clay loam and sandy soils (sandy
clay loam seoil has been collected
from  El-  Hosseinia  district,
Sharkia  governorate, and sandy

soil  has been collected from
Fakous distriet, Sharkia
vovernorate).

The iwo soils were air dried,
pulverized to pass through a 4- mm
stainless steel sieve, The soils were
anatyzed for their physical and
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chemical properties (Table 1)
Plastic pots 15c¢m in diameter were
filled with 1.5 kg of sandy clay
loam soil or sandy soil. The two
soils were first treated by mixing
thoroughly with sludge before
putting them in the pots, as
tollows.

1- Soil without sludge.

2- Soil treated with sewage

sludge (2% w/w).
3- Soil treated with sewage
sludge (4% w/w).

The chemical properties and
the heavy metals content of the
sludge used in this experiment arc
shown in (Table 2) by plasma

optical emission mass
spectrometer (POEMS 3)

Three replicates for each
treatment  were  used.  The

experiment was designed and the
pots were placed in the incubator
under controlled conditions (in the
dark at 28+ 2°C. WHC 60%). The
microbiological and  chemical
measurements bhave been carried
out at intervals zero, 7, 14, 28, 42
days of incubation.
Microbiological Analysis

Determination of the total
counts and some specific groups of
microorganisms in soils during the
time course of this study were
carried out as follows:

An amount of 10 g of soil
sample was accurately weighed
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Table 1,Physical and chemical properties of the soils under

investigation,
Soil
Typeof soil  p.o 1o dies — —
analysis P Hossenia Fakous
Physical pH 7.6 8.7
analysis ' '
EC dsm™ 253 3.17
Mechanical Sand % 55.89 93.16
analysis N o
Silt % 16.80 590
Clay % 27.31 1.64
Type of Sandy clay
ql()nI logm Sandy
Chemical Cation
analysis Ca™ 2.5 1.8
Me * 15 0.9
(meq/100g & 0.8 2.85
soil) K* 0.06 0.12
Ani
HC&R 0.63 2.8
- 13 048]
504 Traces Traces
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Table 2. Heavy metals content of sewage sludge and the soils
under investigation (mg/L)

Sewage sludge Sandy clay soil Sandy seil

Total Available Total Available Total Available

parameter

Aluminum 2801 0.559 5013 1.9660 1883 0.820
Baoron 54.83 1.510 214.2 0.765  26.54  0.082
Calcinm 14070 165.2 17410 113.7 2012 305.0
Cadmium 0.435 0.033 1260 <0.001 0333 <0001

o

{obalt 26.92 0.559 2418 {.261 1.745 0.035
Chromium 49.46 0.292 19.80 0.166 9.011  <0.007
Copper 52.99 26.28 38.8% 6.629 15.38 0.330
fron 38010 345.0 16910 84.67 2254 14.57

Magnestum 878.9 80.97 13580 9160 5693 55.39
Manganese 133.8 37.25 739.0 82.14 42.37 5511
Molybdenum 1398 0.700 9.798 0.391 5.975 (.064
Nickel 55.27 5.929 25.50 0.888 7.661 0.057
iead 26.46 12.99 <0.01 <(1.01 2.303 (0.255
Strontium 171.5 3.193 71.41 2.011 18.93 2.648
Vanadiom 143.1 7.305 12.40 0.375 7546  0.258
Zine 189.1 92.27 98.16 1.076 30.85 1.033
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and  transferred to a Dot
containing ) ml of sterile
phosphate saline solution (pH 7.3)
according to Page (1982). The
bottles were vigorously shaken for
10 minutes on a mechanical
shaker. From each bottle, serial
dilutions were made, and onc ml
from each destred dilution was
used according to platc count
techingue  and  the  difution
frequency method.

Plate count technique:

It was used to count bacteria,
fungi and actinomycetes in soil
samples  using the following
media:

I-Soil extract agar medium
tor counting the bacteria (Baruah
and Barthakur, 1997).

2-  Martin’s  rose  bengal
medium for counting the fungi
{Baruah and Barthakur, 1997).

3-Dextrose-  nitrate
medium  for  counting
actinomycetes (Black, 1965).

agar
the

The media were sterilized at
121°C for 20 minutes. In all cases.
triplicate plates were prepared and
imoculated with 1 ml of each
desired soil solution under ascptic
condition, and  plates  wcre
incubated at 30 °C. tThe counting
was carried out after 5, 7, and 14
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days of incubation for plates of
bacteria, fungi, and actinomyceltes,
respectively. The counts were then
calculated to obtain a number of
organisms per gram dry soil.

Most probable number (MPN)
methods:

This techniquc was used
according to Cochron Tables,
{(Alexander, 1982).10 determine the
densities of nilrifiers
(Nitrosomonas and Nitrobacier),
aerobic Nz~ fixing Azotobacter and
spore formers clostridia. In this
connection, the following mcdia
were used:

1-Ammonium- calcium
carbonate medium (Black, 1965).

2-Nitrite-  calcium  carbonate
medium (Black, 1965).

3-Modified Ashby’s medium
for Azotobacter (Abdel- Malek &
Ishac, 1968).

4-Modified Winogradsky’s
medium for anaerobic sporc former

nitrogen fixer Clostridium (Allen,
1959).

Ammoniem oxidizers:

Ammonium oxidizers
counting tubes were incubated at
30 °C for 30 days. After incubation
period, spot ftest for nitrite was
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carried out using Griess- Ilosvay
reagent according to Black (1965).

Nitrite oxidizer:

Nitrite oxidizer counting tubes
were incubated at 30 °C for 30
days. After this time. nitrate spot
test was carried out using Griess-
flosvay reagent according to Black
{(1965).

Azotobacter:

After 3 weeks of incubation at
30 °C. cultures were considered
positive  when  furbidity  and
presence of characteristic pellicle
were observed, and detection of

the organism in the stained
preparations.
Spore formers clostridia:

After  subjecting the soil
sotution to pasteurization to get rid
of the wvegelative cells, the

anaerobic spore former nitrogen
fixer Clostridium, using the above
mentioned selective liquid media,
was determined. After inoculation,
the tubes were covered with a
sierile  layer of wvaspar and
incubated at 30 °C for 3 weeks.
The presence of clostridia was
detected by the accumulation of
gases and by observation of non
mistakable pleciridial sporangia
microscopically.
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Chemical Analysis of the Soil

Chemical analysis including
ammonium, nitrate, total nitrogen,
and the activities of some soil
important  enzymes, such  as
dehydrogenase, phosphatase and
urease, were also determined
periodically in the soil according
to Page (1982).

RESULTS AND
DISCUSSION

In this study two kinds of soil
textures were used for studying
the ctlect of amending the soil
with sludge as a source of heavy
mefals on the microbial densitics,
soil enzyme activitics and the
changes in the chemical properties
of the soil represented as total N,
ammonia and nitrate nitrogen.
Sewage sludge was used as an
organic amcndment (2% and 4%)
besides an unamended soil as a
control,

Effect of Application of Different
Rates of Sewage Sludge to the
Soil on the Microbial Counts.

Total bacterial counts:

Data in Table 3 show the
effect of adding two different rates
of sewage sludge io sandy clay
loam and sandy soils on the total
bacterial counts during 42 days of
incubation. In both soils the
treatment with 2% of sewage
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Table 3. Total counts of bacteria, fungi, and actinomycetes in sandy clay loam and sandy soils as
affected by applications of two rates of sewage studge (2% and 4%)

Sandy clay loam soil Sandy soil
Days 0 7 i4 28 42 0 7 14 28 47
Treat. Bacteria (x 167 CFU g~ dry soil)

Control 82.02a 122.94b 110.67¢c 96.62b 75.27c 39.97b 51.95b 57.80a 43.90b 31.46b
2% 82.59a 140.27a 176.35a 128.37a 116.62a 43.293 56.24a 53.90b 51.46a 51.29a
4% 83.78a 98.37c 153.51b 125.67a 85.81b 40.97b 49.39¢ 51.46¢c 49.63a 49.63a

LSD  3.280 LSD 1.928
Fungi (x 10* fungal propagule g dry soil)

Control 119.31b 205.13c 208.64c 200.16b 198.41b 52.43b 71.09b 57.56b 49.75¢c 46.21c
2% 120.67b 239.45b 244.59a 245.13a 229.72a 53.04b 82.07a 72.43a 89.63a 62.56a
4% 123.64a 270.27a 215.13b 178.24c 167.97c 57.19a 60.24c 56.46b 72.19b 55.48b

LSD 1.998 LSD 1.621
Actinomycetes (x 10° CFU g™ dry soil)

Control 83.41a 92.43c 95.43c 132.43c 128.10b 53.04a 53.29b 59.39¢ 62.80b 60.60c
2% 84.45a 111.62a 128.78a 145.13a 147.16a 50.60b 52.19b 73.78a 77.32a 80.24a
4% 81.48b 98.24b 115.81b 141.21b 120.81¢c 49.14b 58.90a 69.39b 77.07a 75.97b

LSD 1.107 LSD 1.564
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siudge  caused  a
increase
bacteria comparing with either of
the unamended soil or treatment
received 4% sewage sludge. These
results were in agreement with
those obtained by Mikanova et al.,
(2001) and Speir ef al., (2004) who
found that significantly higher
numbers of total counlable bacteria
were found at the least-polluted
sttes.  Numbers decreased  with
proximately to the pollution site
{with increasing concentration of
pollutants). Data also show that the

significant

highest  bacterial  count  was
obtained after - 14 days of

mcubation in sandy clay loam soil
(1.7 10" CFU ¢ dry soil). On
the other hand, sandy soil gave the
highest bacterial counts (5.6 x 10°
CFU g dry soil) after incubation
ttime of 7 days, when treated with
2% sewage sludge. Generally, the
total counts of bacteria in sandy
clay loam soil increased faster
after 7 days of incubation reaching
about 1530%, 1719 and 120% over
the total counts of bacteria
obtained at zero time as influenced
by the application of 0, 2 and 4%
sewage sludge, respectively. The
same trend was obtained in sandy
soil after 7 days of incubation time
reaching 130%, 141% and 124%
over the control when @, 2 and 4%
of sewage sludge were used,
respectively. Regardless  the

in the total counts of
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incubation time, the data in Table
3 show also that the amended
sandy clay loam and sandy soils
with 2% of sewage sludge
enhanced the rate of the bacterial
counts. Thesc results were In a
harmony with those obtained by
Barakah ef al, (1995) and Stoven
et al. (2005) who mentioned that
amendment of loamy soil with
sludge at the common ratc (29%)
enhanced the microbial flora with
no harmful effects to plant growth
or soil fertility and can be used
safely in  agricultural  land.
However, Kelly et al, (2003);
Smejkalova ef al, (2003) and
Rajapaksha ef al, (2004) found
that heavy metals caused a
decrease in CFU in the case of
oligotrophic bacteria.

Our results show also that the
application rate of 4% sewage
sludge to the soil caused higher
counts of bacteria on both kinds of
sotls than the unamcnded soils
(control), since the higher total
counis obtained were 1.5 x 10’
CFU g dry soil and 5.1 = 10°
CFU g dry soil in the 14" day of
incubalion time in the sandy clay
loam and sandy soils, respectively.
This indicates that there was no
harmful effect on the total bacterial
counis in both soils, under the use
of sewage sludge (4%) to the soils,
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Total fungal counts

Data in Table 3 show the
density of the total fungal counts in
the sandy clay loam and sandy
soils as affected by sewage sludge
apphication. From this Table we
can realize that sandy clay loam
sotl which was amended with 4%
sewdge sludge gave the highest
value of fungal counts reaching 2.7
< 10" fungal propagule g dry soil
after 7 days of incubation time.
Although the highest value of the
tolal counts of fungi was observed
atier 7 days of incubation when the
soil was amended with 4% sewage
studge, the counts were
significantly decrcased gradually
from the second sampling time of
tncubation until the end of the
experiment reaching 1.7 < 10*
fungal propagule g~ dry soil. On
the other hand, the amended sandy
clay loam soil with 2% sewage
studge gave a significant higher
values of fungal covnts through the
42" day of incubation compating
with the unamended sandy clay
loam soil,

Concerning the sandy soll, the
data in Table 3 show that the
fungal counts were significantly
higher in the soil amended with
2% sewage sludge than either the
unamended or the amended with
4% sewage sludge.

Salem, ¢t gl

In conclusion, the application
of sewage sludge with the rate of
2% to sandy clay loam and sandy
soils was uscful concerning the
density of fungi. These results
were  in harmony  with those
obtained by  Kacprzak and
Stanczyk (2003), Awad and Fawzy
(2004), Pisarck and Moliszewska,
(2004) and Rajapaksha er al,
(2004) who found that fungi
activity initially increased with the
fevel of metal contamination,
being up to 3 and 7 times higher
than that in the control samples
during the first week at the highest
tevel of Zn and Cu addition,
respectively, The positive effect of
metal addition on fungal activity
was observed then decreased, but
fungal activity was still higher in
contaminated soil than in control
soil after 35 days. Also Banerjee et
al., (1967) found that single and
repetitive applications of dilferent
amount of sludge significantly
increased the amount of soil
microbial biomass but reduce the
tunctional diversity of microbial
community at the highest rate of
application. On the other hand,
these results were in disagreement
with those obtained by Ropek and
Para (2002), Kelly er al., (2003),
Gharieb ef al, (2004) and Stoven
et al., (2005) who lound that heavy
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metals  ions  inhibited

growih.

fungal

Total actinomycetal counts

Data in Table 3 show the
effect of the addition of differcnt
rates of sewage sludge to sandy
clay loam and sandy soils on the
actinomycetal counts.

Generally, the amended soil
with 2% sewage sludge increased
the counts of actinomycetes
significanily  than  both  of
unamended soil (control) or the
amended soil with 4% sewage
sludge in sandy clay loam as wcli
as in sandy soil. Data also show
that the highest numbers of
actinomycetes were obtained after
the 42" day of incubation time in
hoth sandy clay Joam and sandy
soils treated with 2% scewage
sludge reaching 1.47 x 10" and
802 = 10° CFU g' dry soil,
respectively. These results were in
harmony with those obtained by
Awad and Fawzy (2004) and
Stoven ¢f al, (2005) who found
that the addition of sewage sludge
with low heavy metal content as
well as the addition of heavy metal
polluted sludge showed increase
counts of actinomycetes compared
to the control. On the other hand,
these results were  disagreement
with those obtained by Kelly er al.,
(200:3) who stated that soils with
higher levels of nietals
contamination showed decrcase in
actinomyceles,

1165
Aerobic nitrogen fixers
(Azotobacter spp)

Trcatment of sandy clay loam
and sandy soils with cither 2% or
4% sewage sludge amendments
incrcased the populations of
aerobic nitrogen fixers
(Azotobacter spp.) significantly as
compared with the control
(unamended soil) through the
experimental periods (Table 4).
Data also show that in sandy clay
loam soil, the highest counts of
acrobic  nitrogen  fixer  were
obtained in the 14" day of
incubation period with the two
levels used from the sewage sludge
(2% and 4%) rcaching 4.72 x 10°
celts ¢! dry soil. Comparing the
counts of Azoiobacter spp in sandy
clay loam and sandy sotls, it was
clear that these counts were lower
in the latter soil.

Concerning the sandy soil, the
highest counts of Azotobacter spp
was found at the 7" day of

incubation period when 4%
scwage  sludge  was apPlied
reaching 1.45 x 107 cells g dry

soil. This count, decreased sharply
in the 14" day since the counts
reached approximately half of the
value obtained at the 7" day.

The data show also that there is

a some stimulation in Azorobacer
spp counts after 14 days of
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Table 4.Counts of aerebic and anaerobic N; fixers (Azotobacter spp and Clostridium spp)
in sandy clay loam and sandy soils as affected by applications of two rates of
sewage sludge (2% and 4%

Sandy clay loam soil Sandy soil
Days O 7 14 28 42 0 7 14 28 42

Treat. Azotobacter spp (x10° cells g™’ dry soil)

Control 2.78a 3.09b 3.09 232c 1.45¢ 0.5la 0.56¢c 0.46c 046¢  0.36b
2% 232b 4.24a 4.72a 3.64a 247a 0.52a 0.71b 1.13a 1.08a 0.93a
4% | 2.63a 4.18a 4.72a 291b 196b 0.56a 145 0.7tb 0.50b 0.35b

LSD 0.214 LSD 0.072
Clostridium spp (x10° cells g dry soil)

Control 3.72a 4.18a 3.64b 3.25b 291b 0.782 0.91c 0.89b 0.59b 0.58a
2% 378a 4.24a 6.16a 3.64a 331la 0.80a 1.96a 2.08a 1.03a 0.52a
4% 325b 291b 231c 2.16c 1.89¢c 0.63b 1.40b 0.71c 0.52b 0.46a

‘1L.SD 0.125 LSD 0.137
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incubation period even though in
control treatrent. This increase in
Azotobacter spp counts decreased
sharply after 28 days of incubation
time 11} the end of the expenment
reaching 1.45 x 107 cells ¢ dry
soil in sandy clay loam soit when
no sfudge was added. On the other
hand, the counts of Azotebacier
spp reaching 2.47 x 10" and 1.96 x
107 at the end of the experimental
periods when the sludge was added
with the lovels of 2% and 4%,
respectively.

Although  the counts of
Azotobacter spp were lower in
sandy soil, the application of
sewage sludge with the level of 2%
gave a significantly higher values
comparing with an unamended
one. These results were in
agreement with those obtained by
Badran, (1983) who rcported that
the sludge may also cnhance
growth of aerobic N2 fixers. And
these resuits  also  were in
agreement with those obtained by
Barakah ¢f al, (1995) who found
that the amended of the soil with
sewage sludge (2%) significantly
enhanced Na{ixers.

By contrast the higher level of
sewage sindge (4%) gave lower
counts of Azotobacter spp reached
about half of the counts obtained
when the Jow level (29%) was used.
These results werc in harmony
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with those obtained by Balzer and
Ahrens (1991), Athar and Masood
(2002) and Vasundhara et al,
(2002) who reported that numbers
of Azotobacter in  soils of
trealments receiving 2.5 t ha” of
sewage sludge regularly at Giessen
were tenfold preater than in soil
recelving NPK; by contrast, they
were only onc-tenth of the
numbers in the NPK control in a
1ree%tmem receiving sludge at 5 t
ha.

Anaerobic nitrogen fixers

{Clostridium spp)

Data in Table 4 show that the
bighest number of anacrobic spore
formers bactleria was obtained at
the 14" day of incubation period
reaching 6.16 x 107 cells g dry
soil when sandy clay loam soil was
treated with 2% of sewage sludge.
Concerning the sandy soil, the
highest number of anaerobic spore
formers bacteria was obtained al
the 14" day of incubation period
reaching 2.08 x 10° cells g dry
soil. Data also show that at the end
of the experiment, the counts of
anacrobic spore formers bacteria in
the treatment of 4% of sewage
sludge were lower than those
obtained with the control in both
sandy clay loam and sandy soils,
this decrcase was significant in
sandy clay loam and was non
significant  in  sandy  soil.
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Gencrally, data show that in sandy
ciay loam soil the counts of
anaerobic spore formers bacieria
with the freatment of 2% sewage
sludge were increased significantly
in the 14" day and then decreased
until the end of the experiment.
These results were in agreement
with those obtained by Barakah et
al, (1995} who found that the
amended soil with sewage sludge
{29) signilicantly enhanced N,
fixers. On the other hand,
application of sewage sludge (4%)
in sandy clay loam soil caused a
reduction in the counts of the
anaerobic spore formers bacteria
reaching about 50% of the counts
abtained in unamended one. This
reduction was observed in the 7"
day and continucd until the end of
the experiment. Qur results were in
agreement with those obtained by
Smejkalova et al., (2003), Xu et al.
(2003) and Heras er al, (2005)
who found that supplementing of
the Cu (IN-exchanged wmontmo-
rillonite in the diet of broilers
decreased  the  numbers  of
Clostridium. By contrast in sundy
soil, the treatments with un-
amended as well as the addition of
4% sewage sludge caused an
increase m the counts of anaerobic
spore formers bacleria in the 7"
day of incubation period and then
decreased graduvally until the end
of the experimental periods.

Salem, et al.

Nitrifiers bacteria

Data in Table 5 show the
effect of application of sewage
studge on  Nitrosomonas  spp
counts in sandy clay loam and
sandy sotls. The data show that the
highest counts of Nitrosomonay
spp was observed in the 14" day in
the amended sandy clay loam soil
with 2% sewage sludge reaching
2.35 x 10° cells g dry soil. Data
also show that the counts at the
rate of 2% sewage sludge were
bigher than thosc unamended or
44% sewage sludge. Also, in sandy
soil higher counts of Nitrosomonas
spp was found with the treatment
of 2% sewage sludge comparcd
with unamended or 4% scwage
shudge.

Data also show that the
highest number of Nifrosomonas
spp in sandy soil was obtained at
the 7" day of incubation period
reaching 1.40 x 107 cells g dry
soil when the soil was amended
with 2% sewage sludge. Generally

in sandy soil, the counts of
Nitrosomonas ~ spp  increased
significanfly in the 7" day

comparing with the control and
then decreased until the end of the
experimental periods.

However, a great increasc was
obscrved in sandy soil at the 7"
day ol incubation time when it was
treated with 2% sewage sludge



‘Table 5, Counts of nitrifying bacteria (Nitrosomonas spp and Nifrobacter spp) in sandy
clay loam and sandy soils as affected by applications of two rates of sewage
sludge (2% and 4%)

Sandy clay loam soil Sandy seil
Days 0 7 14 28 42 0o 7 14 28 42

Treat. Nitrosomonas spp (x10° cells g dry soil)

Control 0.89a 1.21b 1.32b 0.94c 0.72b 040a 0.52c¢c 048b 042b 0.35b
2% 0.94a 1.4la 235a 1.85a 1.08a 042a 140a 094a G.60a 0.50a
49 0.94a 1.32. 1.17¢ 1.08b 1.06a 0.39a 055 042c 0.39¢ 0.31b

LSD 0.136 LSD 3.065
Nitrobacter spp (x10° cells g™ dry soil)

Control 054. 0.84b 0.93¢ 0.66c 0.66c 0.17a 0.31b 0.37b 0.29a 0.26a
2% 0.64a 1.63a 1.85a 1.41a 1.13a 0.20a 0.87a 0.60a 0352 03la
4%  0.52b 1.56b 1.32b 093b 084b 0.23a 035b 0.32b 0.32a 0.24a

LSD 0.109

LSD 0.076

9007 (9) "ON €5 104 “$3Yy "o1dy *f S1zvdng
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reaching 3.5 folds of the counts
obtained at the beginning of the
experiment.

Also data m Table 5 show the
inflience of two levels of sewage
studge applied to sandy clay loam
and sandy soils on Nitrobacter Spp
counts. Data show that the highest
value of Nirobacter spp counts
was found at the 14" day in sandy
clay loam soil which was amended
with 2% of sewage sludge
reaching 1.85 x 10 cells g dry
s01. On the other hand, in sandy
soil, the highest number was found
al the 7" day with the application
of 2% scwage sludge reaching 8.7
x 107 cells ¢! dry soil. Data also
show that, the amended soil with
2% causcd a significant increase ia
the number. of Nitrobacter spp
comparing with either the control
or the application of 4% of sewage
shudge in both sandy clay loam and
sandy soils. These resulls and the
results  obtained  with  the
Nirrasomionas  spp were  in
agreement with those obtained by
Yang et al., {2005) who found that
the addition of cadmium at low
levels stimulated the nitritying
activity in soil, while inhibitory
influence were shown at  high
levels.  Nitrifying  bacteria  was
proved fo be the mosi sensilive
one.

Salem, et al.

In conclusion, the application
of sewage sludge with the rate of
2% caused a significant increase in
Nitrobacter spp counts in sandy
clay loant soil as well as in sandy
soil reaching 1.85 x 107 and 8.7 x
107 cells ¢ dry soil, respectively.
Our results concerning nitritiers
bacieria were n agreement with
those obtained by Barakah er al,
(1995), Furczak and Joniec (2002)
and Jezierska and Frac (2005) who
found that the amended soil with
sewage sludge (2%) significantly
enhanced nitrifying bacteria. On
the other hand, the measurement of
the potential ammonia oxidation
indicated that ammonia oxidizing
bacteria were completely inhibited
in the contaminated soil with
heavy metals.

Assay of the

Activities

Soil-Enzyme

Dehydrogenase activity:

Data in Tabic 6 show the
effect of addition of sewage sludge
io the soil on the dehydrogenase
activity in sandy clay loam and
sandy soils. The data show that
dehydrogenase activity was higher
in the soil amended with 2% of
scwage sludge than those of the
unamended and amended with 4%



Table 6, Dehydrogenase and urease activities in sandy clay loam and sandy soils as
affected by applications of two rates of sewage sludge (2% and 4%)

Sandy clay loam soil Sandy soil
Days O 7 14 28 42 0 7 14 28 42
Treat. Dehydrogenase activity ( micro mole H, / g dry soil / day)

Control 3.83 4729 5.63 4.46 3.70 1.39 1.63 1.86 090  0.77
2% 407 5.57 5.86 5.06 4,72 1.41 1.99 2.60 1.91 1.62
4% 3.83 446 5.35 4.59 3.76 1.40 1.94 1.97 1.0 0.94

| Urease activities { ppm utilized urea / g dry soil / day)

Control 60.05 6232 57.76 4794 4366 1447 18,69 2010 2091 19.63
2% 61.11 6551 6651 5732 4747 1602 3284 2698 2491 23.72
4% 59.06 6540 6198 5136 4378 16.80 2740 2215 17.83 15.62

900Z (9) "ON €€ ‘1oA “say 018y “f SrvSpy
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results
lower

of sewage sludge. These
might be due to the
concentrations of heavy metals
which could be reflected on the
total counts of bacteria as well as
detiydrogenase activity. In addition

ihe data show that the highest
viJues of dchydrogenase activity
were observed in the 14" day in
amendment with 2% of scwage
studge in both kind of seils
reaching 5.86 and 2.60 micro mole
H> g dry soil/day in sandy clay
Jloam and sandy soils, respectively.
It was obvious that dehydrogenase
activity increased sharply in the
4™ day then decreased gradually.
These phenomena appeated in both
sandy clay loam and sandy soils in
all the trcatments used. These
results were in harmony with those
obtained by Furczak and Joniec
(2002),Csecchio ef af., (2004) and
Stoven et al, (2005}  who found
that the addition of municipal solid
waste to cropped plois increased
dehydrogenase activity by 9.6%.

Concerning the application of
sewage sludge with the level of
2%, 1t was obvious that this
trcalment increased the
dehydrogenase activity in both
kinds of soils. On the other hand,
the application of sewage sludge
with 4% to sandy clay loam and
sandy soils caused a reductton in
the dehydrogenase activity

Salem, ef al.

comparing with the unamended
soif (with mno sludge). This
reduction  in  dehydrogenase
activity with the application of 4%
sewage sludge might be due to the
higher concentrations of heavy
metals (Table 2). Similar resuls
were obtained by Chander and
Brookes, (1991), Mikanova er al,
(2001), Lee et al,, (2002) and Ying

et al., (2002) who mentioned that

the  lowest  activity ol
dehydrogenase  was  found in
contaminated soil  with  heavy

metals, Also Reddy er al, (1987)
and Fliessbach and Reber, (1990)
found that dehydrogenase was
more sensitive Lo sewage sludge.

As a conclusion, dchydrogen-
ase activity at 42" day of
incubation time was still higher
when the soil was amended with
2% scwage sludge than either of
the trcatment with 4% sewage
studge or unamended one.

Urease activity:

Data in Tabic 6 show the
cffect of  addition of sewage
sludge to the soil on the urease
activity in sandy clay loam and
sandy soils. Data also show that
the highest valuc of urcase activity
was observed in sandy clay loam
soil at the 14" day in the treated
soil with 2% of sewage sludge
reaching 66.51 ppm utilized urca g~
! dry soil/day. On the other hand,
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in sandy soil, the highest value of
urcase aclivity was observed at the
7" day in amendment with 29 of
sewage sludge reaching 32.84 ppm
utilized urea g dry soil/day. These
results were in hanmony with those
obtained by Qiling et al, (2002)
who found that the activity of
urease  in soil increased  with
increasing rates of sewage sludge.
At the same time, Stuczynski ef al.
(2003} demonstrated that Cd has
stimulatory  effect  on  urease
activity in soil.

The data in Table 6 show also
that the treatment of sandy soil
with 4% sewage sludge stimulates
the activity of urease at the
beginning of the experiment at the
7" day then caused an inhibition
etfeci reaching 15.6 ppm utilized
urea g dry soit / day at the end of
the experimental period. This
value was lower than those
obtained with the unamended or
the amended soil with 2% scwage
studge which reaching 19.63 and
23.72 ppm utilized urea g'! dry
soil/day |, respectively. From this
data we can conclude that higher
pereenfage  of  sewage  sludge
application caused an inhibitory
effect than the lower percentage of
sewage sindge. The latter caused a
stimulatory effect. These results
wese in agreement with  those
obtained by  Giridhara  and

1173

Siddaramappa, (2002),Wen et al,
(2002), Liu-Chung et al., (2002),
Liv-Xia. ¢t al, (2003) and
Belvaeva, ef al., (2005) who found
that urease activity in the soil
treated with bheavy metals was
decrcased compared with the
control. On the other hand, Renelia
ef al, (2003) found that ureasc
activity was not affected by sludge
amendment.

Phosphatase activity:

Data in Table 7 show the
cffect of the addition of different
concentrations of sewage sludge to
sandy clay loam and sandy soils on
the phosphatase activity.
Generally, it could be observed
that alkaline phosphatase gave
lower values than those of acidic
phosphatase activity in sandy clay
loam soil. By conirast. no clear
different values were obitained
between the two kinds of
phosphatase activity in sandy soil.
On the other hand, alkaline
phosphatase measurements gave
the higher values in sandy soil
comparing with those obtained in
sandy clay loam soil. Data also
show that, in sandy clay loam soil
the highest wvalues of acidic
phosphatase were observed at the
14" day in either of unamended or
an amended soil with 4% of
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Table 7. Phosphatase activity (ug P/ g dry soil / day) in sandy clay loam and sandy soils

as affected by applications of two rates of sewage sludge (2% and 4%)

Days 0

14

Contro! 40.21
2% 40.03
4% 39.32

Control 6.66
2% 7.41
4% 6.35

2.39
2.68
2.31

8.36
8.21
§.96

41.94
41.34
42.24

7.03
6.49
5.44

Sandy clay loam soil

336 4328 351 4031

3.21 4225 326 40.09

352 4326 391 4121
sandy soil

1020 6.83 1033 6.72

1051 695 1050 6.34

1131 8.08 1042 7.03

1036  5.93
10.41  6.41
10.32  6.52

2.13
2.58
2.35

9.63
10.11
10.23
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sewage sludge reaching 43.28 and
4326 ug P ¢! diy soil/day.
respectively. Also, in sandy soil
the highest value of the acidic
phosphatase was obtained at 14"
dav when 4% of sewage sludge

was applied reaching 8.08 g P g“l
dry soil/day. From these results it
could be concluded that in both
soils  no  harmful effect  was
observed when sewage sludge was
applied even though at the high
level of application.

Data also show that the
highest  value ol  alkaline
phosphatase was observed al the
7" day in an amended soil with 4%
of sewage sludge in sandy soil
reaching 11.31 pg P g" dry soil
/day. On the other hand, in sandy
clay loam soil the highest value
was found in the 14" day in an
amended soil with 4% of sewage
studge reaching 3.91 pg P g"i dry
soll /day. These results were in
agrecment with those obtained by
Awad and  Fawzy, (2004),
Crecchio ef al., (2004) and Speir et
al, . (2004) who found that ihe
tnereasing tates of sewage sludge
promoted  higher  values  of
phosphatase activily. By contrast,
Lee et al, (2002), Wang et al,
{2002) and Stuczynski et al,
(2003) found that the pollution
with heavy metals (Cu and 7n)
caused an inhibitory influcnce on

incrcase in  the
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phosphatase  activity. However
Brookes et al, (1984), Reddy er
al, (1987) and Gzik er al., (2003)
stated that phosphatasc aclivity
was not aifccted with increasing
metals.

Effect of Ditferent
Concentrations  of  Sewage
Sludge on Total Niirogen,

Ammonia and Nitrate of the Soil.
Total nitrogen

Data in Table 8 show the
influence of the addition of two
rates of sewage sludge to sandy
clay toam and sandy soils on total
soil  nitrogen content.  Toial
nitrogen in two kinds of soils
increased with the addition of
sewage sludge to both soils.

Concerning the application of
2% sewage sludge, it was clear
that this treatment caused an
tota] nitrogen
comparing with the  control
trcatment. These values reaching
131, 136, 137, and 135% over the
values obtained with the control
after 7, 14, 28, and 42 days of
incubation time. Data also show
that in sandy clay loam soil, the
highest value of total nitrogen was
obtained after 7 days of incubation
time in the soil which was treated
with 4% sewage sludge rcaching
634 mg kg dry soil. On the other
hand, the wvalues of the total



. Table 8. Total'nitrogen (mg kg') in sandy clay loam and
sandy soils as affected by applications of two
rates of sewage sludge (2% and 4%)

Salem, ez gl,

Treatments Da{ q -
0 7 14 28 42
Sandy clay loam soil
Control 435 438 448 420 407
2% 510 572 609 577 550
4% 547 634 630 612 580
Sandy soil
Control 286 249 261 - 236 199
2% 320 332 340 323 273
4% 361 378 368 336 311

1176
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nitrogen decreased gradually with
increasing  the incubation time,
which reaching 580 mg kg" dry
soil at the end of the experimental
period In sandy soil, total nitrogen
was increased with the addition of
296 as well as 4% sewage sludge.
Although the highest value was
obtained when sewage sludge was
used al the rate of 4% reaching 378
mg kg dry soil after 7 days only,
but when 2% sewage sludge was
added, the highest value was
obtained afier 14 davs rcaching
346G mg kg dry soil. Thesce values
with the two rates were decreased
gradually until the end of the
experimental time rcaching 273
and 311 mg kg'l dry soil when 2%
and 4% sewage sludge were used,
respectively.

The increase in total nitrogen
as influence of application of 2%
and 4% sewage sludge might be
due to the increasing numbers of
acrobic and anaerobic nitrogen
fixers  (Azotobacter  spp  and
Clostridium spp) (Table 4). Our
resulls were in agreement with
those obiamed by Balzer and
Abrens (1991) who found that
nrirogen increased with increasing
application of sewage sludge. Also
Barakah ef al, (1995) found that
total nitrogen in rhizosphere and
nonrhizosphere  of alfalfa  and
whcat significantly increased with
application of organic amendment.
Also  they added that the
amendment of the soil with sewage

1177

sludge (2%) significantly enhanced
nitrogen fixers.

Our results also were In
harmony with those obtained by
Brofas e¢f al, (2000} who found
that the addition of scwage sludge
at seven rates (0, 10, 20, 40, 60,
80, and 120 tonnes ha") in 4 field
experiment increased lotal
nitrogen. Also, they found thal the
total  nitrogen concentration
decreased  with time after
sewage sludge application.
Generally, our resulls show that
the total counts of bacteria, fungi
and actinomycetes in sandy clay
loam soil (Table 3) were higher
when sewage sludge was applicd
comparing with the control. This
increase might be due to the higher
production in sugar and organic
acid which were neccessary for
growing Azotobacter spp and
hence stimulate the nitrogen
fixation in the soil (Table 8). These
results were in agreement with
those obtained by Barakah (1995);
Crecchio ef al.,(2004), Speir ¢t al,
(2004}, Stoven et al, (2005) and
Heras er al, (2005) who
mentioned that the amendment of
the soil with sewage sludge 2%
significantly enhanced nitrogen
fixers.

the

Ammonia and nitrate nitrogen

Pata in Table 9 show the
effect of the addition of two levels
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Table 9. Ammonia and nitrate nitrogen (mg kg') in sandy clay loam and sandy soils as
affected by applications of two rates of sewage shudge (2% and 4%)

Days O 7 14 28 42

NH, NO, NH; NO; NH, NO; NH, NO; NH, NO,

Treat.

Sandy clay leam soil
Control 187 30.7 188 32.7 170  30.1 149 256 12,0 200
2% 18.6 205 192 42.0 21,6 443 168 403 153 368
4% 19.1 305 205 39.2 168 364 151 356 142 342
sandy soil
Control 100 153 10.6 13.2 1.2 11.2 102 96 84 8.6
2% 102 166 149 20.0 142 280 131 223 102 186
4% 103 169 140 26.1 131 226 112 201 93 152
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of scwage sludge (2% and 4%) on
ammonia and nitrate nitrogen in
sandy clay loam and sandy soils.
The data show also that in sandy
clay loam sotl the highest values of
ammonia pitrogen were found at
the 14™ day of incubation periods
when the rate of sewage sludge
dpplu,almn was 2% reaching 21.6
mg kg, This value deued*;ed
gradually until the cnd of the
experiment reaching 15.3 mg kg™
Concerning sandy soil, the peak ot
ammonia was obtamed during 7- 14
days being 14.9 and 14.2 mg kg™,
respectively  when 2% SEdet:
sludge was applied. Generally the
addition of sewage sludge to the
two soils with the raie of 2%
increased the values of ammonia
nitrogen than the upamended and
the amended soil with the rate of
4% sewage sludge. Although, the
application with 4% scewage sludge
increased the values of ammonia
nitrogen than the control, but these
valees were lower than those
obtained with the application of
2% sewage sludge in both kinds of
soils.  The highest wvalues of
ammonia nitrogen were observed
at the 7" day in sandy clay loam
and sandy soils when the soils
were amended with 4% scwage
Siudge reaching 20.5 and 14 mg
kg respectively, These values
lecreased gradually until the end
of the experimental periods
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reaching 14.2 and 9.3 mg kg"l in
sandy clay loam and sandy soils,
respectively. These results were in
agreement with those obtained by
Furczak and Joniec (2002} and
Yang et al., (2005) who found that
the addition of cadmium at low
levels stimulated the ammonifying
activity in soil, while inhibitory
influence were shown at high
levels. Also Jezierska and Frac
(2005) found that fertilizer
application to the soil with diary

sewage sludge resulted In the
stimulation of the number of
ammonifying bacteria and

ammonium nilrogen concentration.

The data also show that the
highest value of nitrate nitrogen
was found at the 14" day of
incubation period with the rate of
2% sewage sludge in sandy clcw
loam soil reaching 44.3 mg kg
The same trend was obtained in
sandy soil which gave the hlghu;t
value reaching 28 mg kg, It’s
obvious that the incubation more
than 14 days caused almost plateau
line until the end of the experiment
in both kinds of soils. The data
also show that the addition of
sewage sludge (o the sandy clay
loam and sandy soils with the rate
of 2% increased the values of
nitrate nitrogen. These results were
true in both Kinds of soil. These
results were in agreement with
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those obtained by Furczak and
Jonicc - (2002) who stated that

strongly crumbled sludge
sitmulated  most  biochemical
activitics of the soil

(ammonification and nitrification).
By contrast, these results were in
disagreement with those obtained
by Kelly et al., (2004), Gremion et
al., (2004) and Wilke et al., (2005)
who found that ammonia oxidizing
bacteria were completely inhibited
in the contaminated soil with
heavy melals.

The results of this
investigation clearly showed that,
no harmtul effect (o0 microbial
population and their activitics was
observed when sandy clay loam
and sandy soils were amended
with sewage sludge with the ratc of
2% consequently this rale can be
used safely in agricultural soils.
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