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Abstract: The agricultural activities and practices have an important influence on the
soil biological activities and biodiversity. The growth in global population, increasing
urbanization and specialization led to produce larger quantities of food to cover the
increasing in global population. Conversion of bio-disposal waste materials to bio-
products is the main goal today to meet this increasing in world population and
decreasing in the rate of agricultural land areas because of climatic changes.
Globally, more than 200 billion metric tons of bio-disposal wastewater sludge
(BDWS) is generated every year from agriculture, sewage water treatment plants and
other sources. With the global facing the global climate change, countries are now
looking for alternative sources of energy to minimize greenhouse gases emissions. The
main objective of this research work is to identify and assess environmentally sound
technologies for converting organic waste disposal biomass into raw materials for
promoting the biological activities and biodiversity in the soil. An increase in organic
waste materials has positive influences on soil microbial properties and enzymatic
activities that serve as good indicators of improvement of agricultural soil. Also, it
showed a positive relationship between bio-disposal waste application dose and
microbial activities, such as respiration, mineralization, enzymatic activities and
microbial structure community and biomass. However, the subject of agroecosystem is
very complex and need more research to understand the interaction between the plant,
the rhizospheric environment, and nutrient bioavailability. It is important to
emphasise that moving towards the balance between agricultural, environmental and
economic aspects of BDWS utilization in agro-environment are the most desirable
approach for the future. Globally, “healthy soil for healthy life”, more food
production, protection and enhance the natural environment without damaging the
natural resources are needed.

Keywords: agricultural land, , biological activities, bio-disposal waste, microbial and
enzymatic parameters
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1 Introduction

Despite the substantial amount of crop residues and manure produced in farms, it
is becoming increasingly difficult to recycle nutrients, even within agricultural
systems [1, 2]. Today, about 7 billion humans rely on biodiversity for its goods
and services. The global population doubled since 1950 and the UN forecasts a
population of 9.2 billion for the year 2050. The demands on natural resources are
growing even faster, because the global economy has increased 5 times in the last
50 years. Conversion of organic nitrogen (N), phosphorus (P) and sulphur (S) to
available mineral forms of ammonium, phosphate and sulphate occurs through the
microbial activities and the rate of conversion is influenced by many factors
affecting the microbial activities such as temperature, moisture, nutrient content
and pH in the soil. The maintenance of soil fertility depends on the activity of the
soil microbial biomass. A small fraction of soil OM (1-3%) is a fundamental
importance in the biocycles of all major plant nutrients. Soil microbial biomass is
the living part of soil organic matter (SOM) which acts as soil indicator and is
responsible for the decomposition and mineralization of organic matter (OM) in
the soil. There are two options for improving soil management: direct and indirect
interventions. Direct method can be done by inoculating seeds, roots or soil with
plant growth promoting rhizomicrobiota. Indirect method through managing soil
bioprocesses by manipulating the factors that control biotic activity rather than the
organisms themselves. Sewage sludge (SS) is a by-product generated from various
biological, chemical and physical treatment processes that may create
environmental concerns in its disposal due to the presence of soil contaminants
[9]. Sewage sludge contains useful quantities of organic material of C, N, P, and S
for improving soil quality. It is one of the sustainable practices to convert SS into
useful agricultural product because it is rich in OM, micro- and macronutrients,
which are essential for plants growth and soil organisms to live. Kihanda et al. [3]
found that mineral fertilisers provided the same rates of N and P as in 5t ha™'
manure and initially, gave the same yield as manure, declining after 9 years to
about 80%. Dordas et al. [4] indicated that liquid cattle manure can be used to
replace inorganic fertilizers for maize growth and production. Composts prepared
from biowaste have a positive effect on the biological, physical and chemical
properties of the soil [5, 6]. The results suggested that composting of SS with
optimal proportion of cattle manure and saw dust, especially in C/N 30, can
produce stable compost within 20 days of composting [7]. Also, higher reductions
in CO, evolution and O, uptake rate observed in C/N 30 showed the stability,
resulting in the total biodegradable ingredients to be stabilized [8].

Total microbial activity is a good general measure of OM turnover in natural
environment since generally more than 90% of the energy flow passes through the
microbial decomposers. The is an evidence that heavy metals introduced by SS to
soil giving higher metal concentrations several times than the limits provided by
EU. These cause an accumulation of SOM higher than the untreated soil control
[10]. Zinc is required for growth; Ni was required for growth and expression of
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hydrogenase activity. Cu has an essential role in many enzymes and at least 30
Cu-containing enzymes are known all of which function as redox catalyses or O,
carriers. However, above certain concentration and over a narrow concentration
range, their status can change from an essential to a toxic.

Soil enzymes have been suggested as potential indicator or monitoring tools to
assess soil quality and health also can effectively reflect the biostatus of the soil.
Soil enzymes can be used as indicators of soil contamination because of their
bioavailability and specificity. Fluorescein diacetate (FDA) is a substrate for
determining the overall activity of decomposers. Non-specific esterases, proteases,
and lipases, which have been shown to hydrolyse FDA, are involved in the
decomposition of many types of tissue. The ability to hydrolyse FDA thus seems
widespread especially among the major decomposers, bacteria and fungi. A good
correlation was found between FDA hydrolysis and respiration, and the
decomposers activities in different soil environmental conditions, which were
probably, reflect the amounts of SOM. Soil dehydrogenases is a group of
intracellular enzymes present in living soil microbes, regulating the metabolic
reactions involved in oxidative energy transfer [11]. Dehydrogenase activity
depends on the metabolic state of soil microorganisms which can be used as an
indicator of microbial activity in soil amended with SS containing high amounts of
heavy metals, while phosphatase will be unaffected or decreased. B-Glucosidase
activity reflects the state of the OM and the processes occurring therein. Many
reports e.g., Garcia et al. [12] had found that soil enzymatic activities are
enhanced by the addition of organic amendments. de Caire et al. [13] mentioned
that there is evidence that urease activity in soils can be increased by the addition
of OM that promotes microbial activity. Little attention has been paid to S.
Auvailability of organic and inorganic soil S to plants and microbes can both be
controlled through enzyme activities. Aryl-sulphatase is commonly detected S-
transforming enzymes in soil. Aryl-sulphatase catalyses the organic S, which leads
to the release of plant available inorganic S.

The search for bio-alternatives to improve and maintain yields is a high priority
and needs to understand the effect of different practices on soil biota, their
functions, processes, and their influence on plant nutrition and soil stability. The
soil microbial biomass is the living part of SOM, which comprises the total mass
of microorganisms that live in soil. The bioactivity in a soil is usually evaluated by
measuring CO,-release. It was found that addition of SS containing high amount
of Zn to the soil increase the CO, evolution. Microbial parameters appear to be
very useful in monitoring soil pollution by the environmental wastes, but no single
parameter can be used universally. Combining microbial activity and population
counts appears to provide more sensitive indication of soil quality than either
activity or population alone. The following investigations will give some
information about how soil microorganisms are able to convert the waste material
to useful and increase the quality of soil fertility.
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2 Materials and Methods

The soil samples were collected from the top 20 cm of chernozem meadow from
the non-cultivated and untreated area from Szeged, Hungary. The soil samples
were divided into two sub-samples: control soil and soil amended with communal
bio-disposal wastewater sludge (BDWS) originated from the plant of wastewater
treatment in Hodmezdvasarhely, Hungary at 15, 30, 45 and 45% (w/w) rates.
Some physicochemical properties of used soil and BDWS samples are in Table

).

Table 1

The physicochemical properties of used soil and communal wastewater sludge samples
Parameters Chernozem meadow soil Communal BDWS
Clay and slit content (Li), % 51.7 n.d.
pPHkep 6.02 7.8
Dry matter content, % n.d. 42.9
Organic carbon content, % 2.87 204
Humus content, % 3.55 n.d.
Total N, mg/kg 334.7 43311
NO3-N, mg/kg 39 n.d.
NH4-N, mg/kg 4.5 n.d.
Mg, mg/kg 257 11860
Na, mg/kg 53 1441
AL-P,05, mg/kg 378 20104
AL-K,0, mg/kg 428 2908
Zn, mg/kg 1.1 1068
Mn, mg/kg 61 351.2
Fe, mg/kg 1094 13610

n.d.: Not determined, AL: Ammonium lactate soluble P and K

The following evaluations were carried out to study the effects of BDWS on soil
biological activities after 15 weeks incubation in greenhouse at 26+2°C. Because
the soil samples had been stored at 4°C, soil sub-samples were pre-incubated as
previously described to allow the microbial activity to restore and stabilise.

Soil pH was measured in 1 M KCI suspensions (1:2.5 w/v) with a glass electrode.
Soil moisture was measured gravimetrically according to Mishra [14].
Determination of Na*, K*, Ca*" and Mg®* in soil was carried out according to the
Hungarian Standard MSZ 20135/1999 [15]. Determination of Fe?*, Mn®** and Zn?*
content in soil was detected according to the Hungarian Standard MSZ 21470-
50/1998 [16]. Total organic carbon (TOC) content was determined by oxidation
with potassium dichromate (K,Cr,O;) in a concentrated sulphuric (H,SO,)
medium and excess dichromate evaluated using Mohr’s salt [(NH4),Fe(SOy),]
according to Walkley & Black [17]. Total N content (TNC) in soil was determined
by Kjeldahl digestion—distillation procedure [18]. Phosphorus mineralization:
were determined according to Olsen & Sommers [19]. Soil samples were extracted
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in dilute NH,F-HCI at the beginning and end of incubation period and the
extracted P was estimated colorimetrically using the ammonium molybdate-
stannous chloride (blue colour method). Mineralized inorganic P was extracted
with 0.5 M NaHCO; and was analysed by the ammonium molybdate—ascorbic
acid method described in biomass P measurement. Available extractable S was
measured after the extraction with 0.01 M CaCl, and analysed according to Subba
Rao [20]. The SO,-S extracts were measured by converting them to barium sulfate
by the addition BaCl,.2H,0 crystals; and the turbidity was measured at 340 nm on
a UV-VIS spectrophotometer. Available S in soil sub-sample is expressed as SO,-
S in mg/kg. To determine the soil respiration rates, CO,-released was measured
according to Stotzky [21] and expressed by mg CO,-C/kg dry soil.

Quantitative enumerations of mesophilic culturable populations of aerobic
heterotrophs bacteria, filamentous fungi and actinobacteria were expressed by
colony forming units (CFU) per gram dry soil. The populations were measured in
10 g of sieved soil was added to 90 ml of sterile saline solution (0.85% NacCl) in a
250-ml flask, and the suspension was shaken at 150 rpm for 30 min. Ten-fold
serial dilutions were made and 1 ml of 10, 10, 10 and 107 dilution was used to
inoculate Petri dishes of different cultural media. Plates were incubated at 28°C
for 2 and 7 days for bacterial and fungal cultivation, respectively. Bacteria were
determined on nutrient agar medium supplemented by filter-sterilized
cycloheximide (100 pg/ml final concentrations) after autoclaving to prevent fungal
growth. Fungal population was estimated on Rose Bengal-Streptomycin Agar [22]
and modified potato dextrose agar (MPDA) supplemented with streptomycin (30
pg/ml) to inhibit bacterial growth according to Alef & Nannipieri [23].
Actinobacteria were counted on Starch Casein Agar medium of Kiister &
Williams [24] supplemented by cycloheximide (100 pg/ml) and modified by
addition of nystatin and nalidixic acid which were used as antifungal and
antimicrobial agent respectively in plates [25]. The plates were inverted and
incubated for 7 days at 28°C. The results are reported as log10 of bacterial, fungal
or actinobacteria CFU/g of dry soil. Detection of phosphate-solubilizing
microorganisms: One ml of homogenous soil sub-sample suspension of low
dilution (10°, 10° and 107) was plated on the surface of the agar plate containing a
medium described by Pikovskaya [26] and according to the procedure of
Goldstein [27]. After incubation for 5 days at 28°C, colonies surrounding with
clear zones were counted. Colonies showing solubilisation zones over 0.5 mm in
diameter were counted. Detection of cellulose-decomposing microorganisms:
Microbial populations utilize cellulose were detected on carboxymethylcellulose
(CMC) medium according to Hendricks et al. [28]. The CMC plates were flooded
with Gram’s iodine which formed a bluish-black complex with cellulose but not
with hydrolysed cellulose, giving a sharp and distinct zone around the cellulase-
producing microbial colonies within 3 to 5 minutes. According to Kasana et al.
[29] this is more rapid and efficient method than Congo red. The clear zone
formed by isolates is used as indicator for cellulase activity.
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Determination of soil microbial biomass: The most common technique used to
estimate microbial biomass C, N, P and S were measured by the chloroform
fumigation-extraction method. The MBC (Cyic), MBN (Npic), MBP (Pnic) and
MBS (Snic) were measured by ethanol-free chloroform fumigation—extraction
method. Briefly, 30 g of control and treated soil for each sample was fumigated
with ethanol-free chloroform for 24 h at 28°C after one week incubation at 45%
WHC. Simultaneously, another unfumigated set was prepared and incubated under
the similar conditions. After complete removal of CHCI;, OC and N from
fumigated and non-fumigated soil sub-samples were extracted with 0.5 M K,SO,
with a soil: extractant ratio of 1:5 (w/v), inorganic P was extracted with 0.5 M
NaHCO; (pH 8.5) with a soil:extractant ratio of 1:20 (w/v). Phosphate was
measured by photospectrometry at 882 nm as described by Joergenson et al. [30].
Also, S was extracted with 0.01 M CaCl, for 30 min on a rotating shaker [20].
MBC was calculated as: MBC = Ec/kgc, where Ec = (OC extracted from
fumigated soils) — (OC extracted from non-fumigated soils) and kgc = 0.38 [31].
MBN was calculated as: MBN = Ey/kgy, where Ey = (total N extracted from
fumigated soils) — (total N extracted from non-fumigated soils) and kgy = 0.54
[32]. MBP was calculated as: MBP = Ep/kgp, Where Ep = (total P extracted from
fumigated soils) — (total P extracted from non-fumigated soils) and kgp = 0.40
[33]. MBS was calculated as: MBS = Eg/kes, where Eg = (total S extracted from
fumigated soils) — (total S extracted from non-fumigated soils) and kgs = 0.35
[34].

Determination of enzymatic potential activities: Hydrolysis of FDA (3°, 6’-
diacetyl-fluorescein) was evaluated according to the methods of Schniirer &
Rosswall [35]. Dehydrogenase was determined by the reduction of 2-p-iodo-3-
nitrophenyl-5-phenyl-tetrazolium chloride to iodonitrophenyl-formazan according
to Garcia et al. [36]. Urease and N-a-benzoyl-I-argininamide hydrolysing protease
were determined following the method of Nannipieri et al. [37]. Urease and
protease activities are expressed as mg NH4/kg dry soil/h. Acid phosphatase was
determined by spectrophotometry at 398 nm [38]. The enzyme activity is
expressed as mg PNP/kg dry soil/h. B-glucosidase was determined using p-
nitrophenyl-p-D-glucopyranoside as substrate. The amount of PNP was
determined in a spectrophotometer at 398 nm [38]. Aryl-sulphatase activity was
measured colorimetrically according to at 420 nm [39] and is expressed as mg
PNP/kg dry soil/h.

3 Results and Discussion

Healthy and productive soils are central to achieving a number of the 17
sustainable development goals adopted by the UN General Assembly this year.
After two years of intensive work, 2015 has been declared the International Year
of Soils (1YS) by the 68"™ UN General Assembly (A/RES/68/232). The 1YS aims
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to be a platform for raising awareness of the importance of soils for food security
and essential eco-system functions. The UN General Assembly has declared 5th of
December 2015 the International Year of Soils to raise awareness of the life-
supporting functions of soil. Therefore, the application of BDWS to soil can
increase OM, pH of acidic soils [40], and soil microbial and enzymatic activities
[10] in the soil. The present investigations confirm the recent results mentioned
above. The importance of the reuse of SS in agriculture is derived from its high
nutrient content that can improve the soil characteristics crop production. Table 2
shows that the application of BDWS to the control chernozem meadow soil
provided a good environmental medium for not only plant growth but also for
investigated soil micoorganisms by increasing the pH and moisture content over
the controls. The increases in soil moisture content will reduce the amount of
water used in irrigation and the pH ranged between 6.19 and 6.71 creating a
favourable medium for promoting plant growth.

Table 2
Application of communal bio-disposal wastewater sludge changes the pH and moisture content of
chernozem meadow control soil samples.

Soil system Various BDWS rates (%) PHkcen Moisture content (%)
Control soil 0 6.02 100
. 15 6.19 118.1
Soil amended 30 6.37 132.76
rates 45 6.50 152.5
60 6.71 165.4

Figure 1a and 1b illustrate the there is a positive effect of different application
rates of the BDWS on the availability of Na, K, Mg and Ca in the investigated
soil. These results are in an agreement with Prasanna et al. [45] who pointed out
those organic amendments are benefit for plant growth by increasing soil moisture
WHC, improving soil texture, and providing plant nutrients such as N and P. The
addition of BDWS to soil acts as nutrient reservoir.
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Figure la

Application of communal bio-disposal wastewater sludge affects the sodium and potassium
concentrations in chernozem meadow soil
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Application of communal bio-disposal wastewater sludge affects the calcium and magnesium
concentrations in chernozem meadow soil

These nutrients released to the soil medium throughout the mineralization. The
results showed higher contents of essential elements (Fe, Mn and Zn) in BDWS
treated soil in comparison with untreated control soil (Figure 2a and 2b). Our
results indicated that the significantly higher of Fe, Mn and Zn, in the investigated
soil samples may also due to the higher content and type of BDWS use.

Our results clarified that BDWS enhanced the OM and biological characteristics
e.g., the OC content and soil respiration were found to be higher in the BDWS
treated soil in comparison with the biodynamically properties of the control soil.
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Figure 2a

Application of communal bio-disposal wastewater sludge affects the iron concentration in chernozem
meadow soil

-100-



Obuda University e-Bulletin Vol. 5, No. 1, 2015

300 @0

=Mn “{_

—-Zn -
250 -~

200 -

jon (kg dry soil)y
\

N\
Zn concentration (mg/kg dry soily

Control 15 30 45 60

Figure 2b

Application of communal bio-disposal wastewater sludge affects the zinc and manganese
concentrations in chernozem meadow soil

The higher content of C, N, P and S indicates that OM can maintain the nutrients
supplied by BDWS in amended soil better than the control soil. In general, soil
treated with BDWS had better soil properties than untreated control soil. The
BDWS amended soil had TOC, TNC, available P and S content higher
concentration than in the control soil sample. Organic fertilizer is also known as a
slow release nutrient source, so the nutrients can be effectively used for plant
uptake, preventing nutrient losses from soil. Soil pH, OC, total N, available P and
exchangeable Na, K and Ca increased in soil amended with SS in comparison to
control soil. Sewage sludge amendment led significantly to increase in Pb, Cr, Cd,
Cu, Zn and Ni concentrations of soil [46]. Due to our experimental work, we
agreed with these results, but we found soil samples received BDWS had
increased their pH values from 6.02 in control sample to 6.19 (15%), and the
highest was in soil samples treated with 60% BDWS (Table 2).

Microorganisms play a major role on decomposition of several organic
compounds frequently used in agriculture, which directly affect the synthesis and
decomposition of SOM [47]. The results indicated that the increasing rate of
application of BDWS increased the population dynamics of aerobic bacterial
counts, filamentous fungi and actinobacteria as well as the phosphate-solubilising
and cellulose-decomposing microorganisms as it is shown in Figure 3a, 3b and 3c,
respectively. These results indicated that the effects on the content and activity of
soil microorganisms was significantly positive, and indirectly increased nutrient
recycling in the agroecosystem. The main microbial enzymes involved in the
mineralization of SOM are cellulase, protease, urease and phosphatase [48].
Cellulase decomposers hydrolysed cellulose compounds present in fresh plant
residues that are continuously deposited above soil [49].
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Application of communal bio-disposal wastewater sludge influence the population of aerobic and
heterotrophic bacteria in chernozem meadow soil

12 6
0 Fungal population
—i= Actinebacterial population ,E
10 e s
e
e
¥

£ 8 s 4
! - -
H e - ]
H b1
Z 6 3 B
5 H
H =
b H
2 4 :
% £
E £
z =

] 1

] 0

Control &0

Hlndnpml]ulsftm(zrsllld!zﬂnws('i] applied to soil

Figure 3b
Application of communal bio-disposal wastewater sludge influence the population of actinobacteria
and filamentous fungi in chernozem meadow soil
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Application of communal bio-disposal wastewater sludge influences the population of cellulose-
decomposers and phosphate-solubilisers in chernozem meadow soil
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Figure 4 shows an increases in the potential activities of FDA and dehydrogenase
occurred with the application of BDWS. Our results are agreed with Shentu et al.
[50] that soil biota is a significant component of soil quality as microorganisms
play a vital role in soil ecosystem functioning related to soil fertility and primary
production through OM decomposition and nutrient recycling. Dehydrogenase
activity is directly linked with living cells associated with microbial oxido-
reduction processes [51], which are important for OM degradation and
transformation. Since, dehydrogenase activity is not active as extracellular
enzymes in soil, it is considered to be a good indicator of overall microbial
activity [36, 52].
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Figure 4

Application of communal bio-disposal wastewater sludge influences the potential activity of
fluorescein and dehydrogenase in chernozem meadow soil

Usually, larger differences were observed in the soil of higher BDWS rate, for soil
MBC, TOC and enzyme activities. Higher microbial activity was observed in the
treated soil systems (Figure 5) than control soil samples. Figure 5 demonstrates
that the quantities of MBC and TOC are depending on the amounts of OM in the
soil. The estimation of microbial biomass can provide useful information on the
changes in soil biological properties [53]. The strongest and most widely used
calibration equations for quantifying microbial biomass are based on soil samples
with a very wide range of biomass values [27, 54]. Figure 6 indicates the amount
of CO,-released and potential activity of B-glucosidase in BDWS treated soil were
higher (as the rate of OM increased) than the control soil. Moeskops et al. [55]
reported significant correlation of B-glucosidase activity and SOC content with
significantly higher B-glucosidase activity in organically managed soils. It has
been shown that microbial activity and biomass is higher in fields with organic
amendments than fields with conventional fertilizers [56]. Furthermore, the
microbial biomass reflects the contribution of soil microorganisms as both a
source and a sink of C in soil ecosystem [57]. Soil microbial biomass, both source
and sink of available nutrients plays a critical role in nutrient transformation. As a
consequence, our results are agreed that the microbiological properties and the soil
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enzymatic activities have been suggested as potential indicators of soil quality
because of their essential role in soil biology, ease of measurement and rapid
response to changes in soil management [58].
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Figure 5

Application of communal bio-disposal wastewater sludge influences the microbial biomass carbon and
total organic carbon in chernozem meadow soil
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Figure 6

Application of communal bio-disposal wastewater sludge influences the carbon dioxide production and
the potential activity of B-glucosidase in chernozem meadow soil

Our results showed that the application of BDWS increased the quantities of
MBN, TNC and the potential activities of urease and protease, and these
stimulation effects were increased by increasing the application rates of BDWS
(Figures 7 and 8, respectively) in comparison with control soil samples.

Our results are in an agreement with the recent studies [59, 60], that soil is a
highly complex biological system which is subject to dynamic changes under the
effect of biotic and abiotic factors. The use of microbiological and biochemical
properties of soil for the estimation of changes taking place in soil environment as
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a result of e.g., application BDWS is fully justified. Nitrogen fertilization is the
most important management strategy for the improvement of agricultural crops.
Urea is the most widely used source of organic N fertilizer in the world, which is
easily hydrolysed to NH," and CO, by urease [61]. Organic N also affects directly
the distribution and action of proteolytic enzymes in soils [62].
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Figure 7

Application of communal bio-disposal wastewater sludge influences the microbial biomass nitrogen
and total nitrogen content in chernozem meadow soil

Figures 9 and 10 illustrate the effects of BDWS on the MBP, TIP, PO,4-P and
potential activity of phosphatase under different treatments. It is clears that the
addition of BDWS increases the P content in treated soil more the control soil.
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Figure 8

Application of communal bio-disposal wastewater sludge influences the potential activity of urease and
protease in chernozem meadow soil
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Application of communal bio-disposal wastewater sludge influences the microbial biomass
phosphorous and total phosphorous content in chernozem meadow soil

The stimulation of the P content was influenced by the increasing the application
rate. Figure 11 represents the gradually increases in the dynamics of soil microbes
in the term of MBS and the amount of TOS.
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Figure 10

Application of communal bio-disposal wastewater sludge influences the total phosphate-phosphorus
and potential activity of phosphatase in chernozem meadow soil
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Application of communal bio-disposal wastewater sludge influences the microbial biomass sulphur and
total sulphur content in chernozem meadow soil

Figure 12 shows the relationship between the application rate of the BDWS and
the SO,4-S as well as the potential activity of aryl-sulphatase

80 160
C=sulphate-sulphur )
™ —— Arvl Sulphatase potental activiry ue £
IS
B 120 £
r - z
£ -~ £
2 z
‘E‘so w0 Z
E - £
E -~ - =
& E
= 80 =
£ =
S :
4 k|
in L
] E
E 2
0 40 é
E]
£
10 0 7
T
H

o o
Contral 15 30 45 0
Biodisposal wastewater slndge doses (%) applied to soil
Figure 12

Application of communal bio-disposal wastewater sludge influences the total sulphate-sulphur and
potential activity of aryl-sulphatase in chernozem meadow soil

Microbial S values showed direct relationships with both microbial C and with
total soil organic S. This result is in agreed with Banerjee & Chapman [30]. The
results indicated that the enzymatic activities tended to be higher in soil treated
with composted BDWS than in control samples. Although, our conclusion is in
agreement with Vepsildinen [63] in which soil enzyme activities are commonly
correlated with each other, it is advisable in soil quality studies to measure a
pattern of several enzyme activities simultaneously. Also, we are agreed with
Roldan et al. [64] that soil enzyme activity can be used as an indicator of soil
quality for assessing the sustainability of agricultural ecosystems.
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4 Conclusion

A greenhouse pot experiment is described for studying the changes in soil
biodynamics after the application of BDWS. A substantial increase in the
quantities of soil microbial biomasses and enzymatic activities take place in the
mineralization of OM present in the BDWS applied to the soil samples. The
biochemical indices in the present research can provide a reliable and useful
indication of soil biological quality of soil fertility after application of BDWS.

The result demonstrated that BDWS have a great potential to enhance soil OM,
nutrient availability, microbial activity, MB and enzyme production. Soil
biochemical and microbiological indicators of soil quality were generally higher in
BDWS systems compared to control soil. High of soil enzymatic activities and
MBC as affected by OM input in BDWS systems emphasize the important role of
element recycling processes supported by an abundant and active soil biological
community. The result demonstrated that the biological activities in different soil
treated with different rates of BDWS were directly proportional with the amounts
of fluorescein produced and CO, release. Therefore, the significant correlation
between the CO,-release, FDA hydrolytic activities and dehydrogenase activity is
occurred. Combining microbial activity and population measurements appears to
provide more sensitive indications of soil quality by adding communal BDWS.

In most cases, the research study highlights that a portion of C, N, P and S were
increased in soil amended with higher rates of BDWS. Microbial interactions in
the BDWS treated soil are the determinants of soil fertility and environmental
health, our understanding of these interactions has implications for sustainable soil
management. Soil host a lot of the world’s biodiversity and these are the main key
inthe C, N, P and S cycles and help us to mitigate and adapt to climate change.
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