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APPLICATION OF BIOLOGICAL INDICATORS
FOR ESTIMATION OF REMEDIATION OF SOIL DEGRADED
BY SULPHUR INDUSTRY

WYKORZYSTANIE WSKA ZNIKOW BIOLOGICZNYCH DO OCENY
REKULTYWACJI GLEBY ZDEGRADOWANEJ PRZEZ PRZEMYStE SIA° RKOWY

Abstract: The study was conducted on an experiment establish the area of the former Sulphur Mine
“Jeziorko.” The remediation was applied to a sedld formation with particle size distribution ofakéy loamy
sand, strongly acidified and with bad sorptive @ries (Grg.- 2.0 g kg"; pHkci - 4.3; T - 7.0 cmol(+) kgf). In
the particular treatments of the experiment thiefohg were applied to the soil-less formationtdlioon lime and
NPK; lime and sewage sludge; sewage sludge; minvesal (5 cm 50 crf), lime and NPK; mineral wool
(5 cm 50 cr), lime and sewage sludge; mineral wool (500hat?), lime and NPK; mineral wool (500ha),
lime and sewage sludge. Plots prepared in that eramere then sown with a mix of grasses. The contas the
soil with no amendments. The analyses of the satenal comprised assays of the numbers of paatiqyioups
of bacteria and fungi, and of their biochemical amtymatic activities. The study revealed thatlzsl wastes
applied for the remediation caused an increasénénnumbers of the bacterial groups studied (cappbic,
oligotrophic, cellulolytic, lipolytic), as well ag the respiration activity and rate of mineralisatof cellulose.
That effect was the most pronounced in the cassewhge sludge. In treatments in which sewage sludge
applied, an increase was also observed in the msnaf¢he studied fungi (fungi on Martin medium|laelytic
fungi, lipolytic fungi) and in lipase activity. Wheas, the application of the remaining wastes teduh a slight
decrease in the numbers of the fungal groups uan@lysis. Comparing the mean annual values of nhé/sed
biological, physical, chemical and physicochemjmalperties it was found that the biological pro@srtvere as
sensitive, and in the case of certain tests (nusnioércellulolytic and lipolytic bacteria, rate okltulose
mineralisation) even more sensitive indicatorsasifive changes taking place in the remediated soil

Keywords: degraded soil, microbiological activity, numbefsbacteria and fungi, respiration, mineralisatidn o
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Introduction

The microbiological and biochemical activity of Isois commonly accepted as
a sensitive indicator of their biological statufieTqualitative and quantitative composition
of soil micro-biocenoses plays a highly importaolerin numerous biological processes,
and its changes have a bearing on the correctifumiat) of ecosystems [1]. Therefore, the

1 Faculty of Agricultural Microbiology, University folLife Sciences in Lublin, ul. Leszcagkiego 7,
20-069 Lublin, Poland
" Corresponding author: jolajoniec1@gmail.com



27C Jolanta Joniec, Jadwiga Furczak and Edyta Kwiatkaws

total number of microorganisms and the numbersheir tparticular physiological groups
have been frequently applied for the estimationtr&f status of the soil environment,
including the effects of various kinds of anthropegsure [2-13].

It is commonly known that determination of micrdhi@pulations with the method of
culturing, though it provides valuable information living cells, does not fully reflect the
actual state of populations of soil microorganisifisat is because only a part of them are
capable of growth on artificial substrates [6, 9]. Dther important issues include suitable
choice of substrate and time of incubation, and rttethod of interpretation of results
obtained with that method [13, 14]. The advantages that the plate count method is
relatively rapid and inexpensive and yields weppamted colonies suitable for subsequent
purification and characterisation [15]. For thiasen it is important to apply those methods
in conjunction with other parameters defining theperties of soil,ie biochemical,
enzymatic, or physicochemical, as complementarys.omdany of those properties are
considered to be sensitive indicators of chandgéadeplace in the soil environment. Those
include, among others, the amount of evolved,.Cihe primary producers of GGn soil
are heterotrophic microorganisms [16]. Thereforayn@&searchers adopted the intensity of
its evolution as one of the bioindicators providimformation on the processes of soil
degradation or remediation, taking place underetffiect of various factors [6, 8, 17-21].
That indicator has also been frequently used irestgnation of effects of soil amendment
with sewage sludge [4, 5, 17, 20-22].

Another indicator of the biological activity of $anvironment, related with carbon
transformations, is the rate of mineralisation efldose, measured by the rate of CO
liberation. Similar to respiration, the rate oflakise mineralisation proved to be a sensitive
indicator of microbial activity in soil. That testas applieceg in analyses of the effects of
chemical agents [23] and sewage sludge [4, 5] emiblogical properties of soil.

The study of the biological activity of soils hasabeen based on measurements of
enzymatic activity which is responsible for susiainthe biochemical processes in soail,
significantly determining its fertility [24]. Soimicroorganisms play the main role in the
cycling of C and nutrients, and therefore their yematic activity has a bearing on soil
fertility [25]. The enzymes includeg lipases (EC. 3.1.1.3.) which are a group of
extracellular enzymes capable of hydrolysing tiglydes, with simultaneous liberation of
free fatty acids and glycerols [26]. According toaldezin et al [6], lipase activity is
an indicator that is perfectly suited for the moriitg of processes of bioremediation of
degraded soils.

The above review of the literature indicates that biological activity has been often
used for the monitoring of the status of soils satgd to various forms of anthropopressure.
An example of strong anthropopressure exerted by armathe soil environment is soil
contamination with sulphur. The effect of excesdaxels of sulphur in soil is acidification,
leading to radical changes in biological balancestdiction of the sorptive complex,
increased concentration of %Alions in the soil solution, and to retrogradatidnother
elements, which deprives the soil of its utilitylnes [27]. One of the sources of soil
contamination with that element is sulphur minirithe diversity of forms of soil
degradation related with sulphur mining induces #earch for the best method of
remediation of the soils and for suitable paransetdrestimation of the degree of their
regeneration.
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In view of the above, a study was undertaken tosigeoanswers to the question to
what extent various waste materials (sewage sluddgeeral wool, flotation lime) can
improve the relations within the microbiocenosissoifl degraded by sulphur mining and
whether biological tests are more effective indicaitof improvement of its quality than
chemical or physicochemical ones.

The estimation of effectiveness of remediation e soil was made with the use of
microbiological and biochemical parameters relatét the carbon cycle.

Materials and methods

Model of the experiment

The study was realized on the model of a remediatixperiment established by the
Institute of Soil Science and Environmental Engiiteg University of Life Sciences in
Lublin, Poland. The experiment was set up in theaaof the former Sulphur Mine
.Jeziorko” (Poland, Podkarpacie Region), on a sk formation with the particle size
distribution of weakly loamy sand, strongly aciddi with bad sorptive properties and a low
content of G4 and N total (Table 1). Sulphur mining at the Mimas conducted with the
Frasch method. In the particular variants of thpeexnent, various remediation materials
were applied to the soil-less formation: flotatiime, NPK, sewage sludge and mineral
wool.

Scheme of the experiment:

1. Soil without amendments (control)
2. Soil + lime 100 Mg ha + NPK (80; 40; 60)
3. Soil + lime 100 Mg h# + sewage sludge 100 Mgha
4. Soil + sewage sludge 100 Mg ha
5. Soil + wool 5 cm 50 cil + lime 100 Mg ha + NPK (80; 40; 60)
6. Soil + wool 5 cm 50 cil + lime 100 Mg ha + sewage sludge 100 Mgha
7. Soil + wool 500 M ha™ + lime 100 Mg ha + NPK (80; 40; 60)
8. Soil + wool 500 M ha™ + lime 100 Mg ha + sewage sludge 100 Mgha
Table 1
Selected properties of the degraded soil and tistesaised for remediation
Property Unit Deg[)a;lded Flotation lime Sgﬁ:’g;%e M\'Ar,];;?l
Particle size [% 5"%‘”0'] 91 35
distribution [% silt] 3 29 n.d. n.d.
[% fine fract.] 6 36
pH [1 mol KCI] 4.3 6.8 6.4 5.3-6.6
T [cmol(+) kg 7.0 122.9 54.5 60.9
Corg. [0 kg 2.0 2.58 193.8 28.5
N total 0.3 10.4 28.0 5.3

Mineral wool was applied in two varianis,in the form of a 5 cm insert at the depth of
50 cm, and at the dose of 506 na*, distributed within the layer of 0-20 cm. Plots @
30 nf) prepared in that manner were sown with a mixrasges. The control treatment in
the experiment was the soil with no amendments.
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Prior to the analyses, the particle size distrirutand reaction, sorptive capacity,
content of Gy and N total were determined in the degraded groamd in the waste
materials used for the remediation. The assays wenelucted at the Institute of Soil
Science and Environmental Engineering, Universitizife Sciences in Lublin. The results
are presented in Table 1. In addition, the biolagjroperties of the waste materials were
determined (Table 2).

Table 2
Biological properties of wastes used for remedratio
Biqlogical parametgr Flotation lime Sewage sludge Mineral wool
CE'C'?L.?tlrggphk'.‘g’,?déﬁﬁ”.a 0.07 12.34 2.22
C{é?ﬂ,c’fgepﬁ'g‘iﬂﬁ‘]’”a 0.35 5.18 0.91
[cfquéﬁa'II;,'}gi.m.] 3.85 140.09 26.57
Ci'l‘g?'féigﬁff”a 0.00 15.00 2.50
[Sfi";‘:)%'y;gfé‘ﬁi] 6.30 93.66 36.32
['E'fﬁoi{.ﬂckbg"i‘%iﬁ 0.04 2.72 0.63
[ci‘dpf(')%'“l‘(:;ﬂ?r:” 0.35 172.23 96.85
mg C_Egpkirgi‘ﬁii?n a7 18.88 389.28 22.53
[mgeé':'f‘(':‘gek"gqf?d‘f?fisgg%r}] 94.00 1316.34 995.68
[g;_’ifde.lrsrs] 0.08 24.98 0.16

Soil samples

Samples of soil material from the remediation expent were taken from the layer of
0-20 cm, three times during the first year of tkpeximent. The first sampling time was at
the beginning of May (6 May, 2011), next at the beginning of July'@uly, 2011), and
then at the end of September {2eptember, 2011). The microbiological and bioclsaini
analyses were performed in suitable prepared saihptes. Those assays were
complemented with physical, chemical and physicotbal analyses (Table 3) that were
performed at the Institute of Soil Science and Envnental Engineering, University of
Life Sciences in Lublin.

Table 3
Selected physical, chemical and physicochemicglgat@s of the soil (means for the year).
. Moisture Corg. N total | Sorptive capacity T pH
Item Experimental treatments > - ~
P [%] kg™ | [gkg] [cmol (+) kg™] range
1. | Soil without amendments (control) 4.26 2.03 0.32 6.97 4.1-4.8
2. Soil + lime + NPK 3.11 2.52 0.44 14.37 7.3-1.6
3. Soil + lime + sewage sludge 10.04 4.2¢ 1.06 as.5 6.6-7.1
4. Soil + sewage sludge 8.09 4.50] 0.53 8.73 6.116.8
5, | Soil +wool S ot +lime | 5 3.98 0.54 14.90 7374
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Moisture Corg. N total | Sorptive capacity T pH

Item Experimental treatments ). _ .
xpert % | [gkgl | [akg™ | [cmol (+)kg] | range

6. | Soil +wool5cm 50ci+lime| o, 4.47 1.37 15.62 6.9-7.p
+ sewage sludge

n 1,
7. | Soil +wool 5%?:? ha“+lime+| 416 3.40 0.35 14.60 7.3-7.8

n =
g. | SOil+wool 500 mha+lime +| g g 5.50 0.67 15.73 6.6-7.
sewage sludge

Microbiological analyses

The populations of the particular groups of baetand fungi in the soil samples and in
the waste materials were assayed with the platatamethod and with the enumeration
method described by Foght and Aislabie [15]. Thiuceis of the microorganisms were
conducted at temperature of 28°C.

The assays were made in three replicates and so#gevere converted to 1 kg of dry
matter of soil or waste, and given in the form ofony forming units (cfu) or the most
probable number (MPN) read from McCrady's TableBe Bcope of the microbiological
analyses included also assays of the numbers @btadiphic bacteria, on a medium with
soil extract or waste extract and,HPO,; copiotrophic bacteria, on the Bunt-Rovira
medium [28]; fungi on Martin medium [29]; celluldig bacteria on liquid medium acc. to
Pochon and Tardieux [30], the most probable nunafehose bacteria being read from
McCrady’'s Tables; cellulolytic fungi on mineral agaith an addition of antibiotics in
amount recommended by Martin [29], covered withirale of Whatman paper; lipolytic
bacteria on agar medium with tributyrate [31] amdtl instead of yeast extract; lipolytic
fungi on above medium with antibiotics in amourdammended by Martin [29].

Biochemical analyses

The following parameters were analysed in the aoil waste samples: respiratory
activity after addition of 1% of glucose, with theethod of Ruhling and Tyler [32]; the
amount of evolved CO was assayed with the titration method and prederas
mg C-CQ kg™ d.m. of soil or waste & rate of cellulose mineralisation in 25-gram
weighed portions enriched with 0.5% of powderedutede, where the amount of evolved
CO, was assayed with the method of Ruhling and Tyl&t,[8nd the results were given as
mg C-CQ kg™ d.m. of soil or waste 20Y lipase activity with the titration method acc. to
Pokorna [33], as modified by Kuhnert-Finkernaged &andeler [34], the results presented
as unit g"d.m. of soil or waste.

Physical, chemical and physicochemical analyses

These analyses included the following (for soil arastes):

» particle size distribution with the method of Pigsski in Casagrande modification

* moisture, with the gravimetric method

*  Cgyg with the method of Tiurin in Simakov modification

* N total with Kjeldahl method, using the KjeltechQRdistillation unit

» sorptive capacity (T) was calculated by summinghephydrolytic acidity and the sum
of base cations

« soil reaction, potentiometrically in 1 motin>KCI.
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All analyses were performed in three parallel egiks. The presented results are
means from the three replicates. The results of nterobiological and biochemical
analyses were processed statistically, determittiegsignificance of differences using the
Tukey test, at significance level of 0.05. Alsorretation coefficients were determined
using the CORE library program for the charactéioseof multi-variable samples.

Results

Microbiological indices

The data relating to the numbers of the bactenialgs studied (Tables 4 and 5)
revealed a stimulating effect of all the wastesduisethe study on those microbiological
parameters. The positive effect was the most pnoced in the degraded soil to which
sewage sludge was applied, whether alone or togetitle the other waste materials. The
least effect on the numbers of the studied grodigsaoteria was noted in the case of lime
with NPK, both when applied separately or in cogfion with the insert of mineral wool
(5 cm 50 cri).

Table 4
Numbers of oligotrophic and copiotrophic bactendhie soil
Oligotrophic bacteria Copiotrophic bacteria
ltem | Experimental treatments [cfu 10° kg™ d.m. soil] [cfu 10° kg~ d.m. soil]
spring [summer]autumn]| mean | spring [summer{autumn] mean
1. | Sollwithoutamendments o, |\ 004 | 045| 020 045 02§ 056 041
(control)
2. Soil + lime + NPK 1.59 0.30 0.81 0.90 1.99 0.221.12 1.11
3. Soil + lime + sewage sludge 3.48 0.52 1.49 1.83 2.95 1.1 1.63 1.90
4, Soil + sewage sludge 2.21 0.8 0.70 1.p4 1{81 87 0. 1.02 1.23
5. |Sol+woolsem50cm+| 4 oo | 13| 097| 078] 021 o021 o088 o041
lime + NPK
6. |SoilrwoolsSem50cmi+l 4o | o[ 150l 115 144 080 160 18
lime + sewage sludge
; =
7. | Soil+wool500mha™+ |4 oo | o7 | 18] 107 114 o052 182 16
lime + NPK
; =
g, | Sol+wool500mha™+ [ )00l o0 [ 5141 oedl 36d 206 210 288
lime + sewage sludge
Mean 2.04 0.42 1.17 1.7( 0.75 1.33
LSD* date 0.07 0.10
LSD treatment 0.15 0.21
LSD date x treatment 0.30 0.44

* L SD - Least significant difference

For most of the bacterial groups studied the metbibdpplication of mineral wool
proved to be significant. Generally a stronger fpgsieffect was noted when the wool was
mixed with the degraded soil (500° ima®). Among all the bacterial groups under analysis,
the strongest response to the wastes applied tesdiewas observed in the case of
oligotrophic and cellulolytic bacteria. The stimiig effect of the wastes on those bacterial
groups persisted throughout the period of the st®twgtistical analysis shows that the
numbers of bacteria from the particular groups veeigiect to periodic fluctuations (Tables
4 and 5). The largest populations of oligotrophid &opiotrophic bacteria were noted in
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spring, and the smallest in summer. Contrary t@ehoacteria, lipolytic bacteria displayed
the most intensive growth in summer, and the weakespring. The numbers of cellulolytic
bacteria were similar in spring and summer, bat abtably lower level than in autumn.

Table 5
Numbers of cellulolytic and lipolytic bacteria inet soil
Cellulolytic bacteria Lipolytic bacteria
ltem | Experimental treatments 10° kg d.m. soil [cfu 10° kg™t d.m. soil]
spring summerfautumn| mean Spring summerfautumn| mean
1, | Sollwithoutamendments , oo | 100 200/ 100 004 012 025 0.14
(control)
2. Soil + lime + NPK 3.00] 3.00] 1000 500 0415 030048 | 031
3. | Soil + lime + sewage slud§el1.00 | 12.00] 147.0p57.00| 0.94| 0.93| 087 091
4. Soil + sewage sludge 11.00  48.00 47/00 3800 248111 | 020]| 071
5, |Sol+woolsemB0cm+| 500 | 500 | 2600 1100 030 050 034 041
lime + NPK
6. |Soil+wool5ems0cnt+| 000 1500] 1180046.00| 1.46| 147| 123  1.28
lime + sewage sludge
- 1
7. | Soit+wool500mha®+ | o0 | o0 4700 1000 048 056 o0do 064
lime + NPK
; =
g, | Sol+wools00mha’+ [ oo | oo | 4800 1000 o064 148 140  1.06
lime + sewage sludge
Mean 6.10 | 10.90 556 057 08L 047
LSD* date 0.05
LSD treatment 0.10
LSD date x treatment 0.21

* LSD - least significant difference

Analysis of the data relating to the studied grooffingi revealed that all of the waste
materials applied significantly modified their nuenb (Table 6), and that effect was related
to the kind of remediation treatment applied. Apaged to bacteria, the fungal populations
generally increased only in those treatments irclvisewage sludge was applied, whether
separately or in combination with the other wasfarong the fungal groups studied, the
strongest stimulation was noted in the case otildjitic fungi. Moreover, it was observed
that in the soil remediated with wool the leveltbét effect was related to the method of
application of the waste. Stronger growth of cellic fungi and fungi on Martin medium
was noted where wool was applied in the form o&ings cm 50 cit), while in the case of
lipolytic fungi - in the treatment with wool mixesiith the soil (500 r ha™).

As opposed to sewage sludge, remediation of thewsthi lime and NPK, applied
separately or in combination with mineral wool,ulésd in a tendency towards a reduction
of the numbers of the fungal groups studied. Thgatiee effect of those wastes was the
most pronounced in the case of fungi grown on Martedium. Noteworthy is the fact that
the negative effect was not related to the metHi@pplication of mineral wool.

The effect of the wastes applied for the remediatia the populations of the fungal
groups under study was observed in all periodstudysand it was subject to seasonal
fluctuations (Table 6). The greatest numbers dtim@ytic and lipolytic fungi were noted in
spring, and the smallest in summer and autumn. ¥éseithe numbers of fungi on Martin
medium were the highest in autumn and the smafesgiring.
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Comparing the annual mean values it was noted d@haing the microbiological
indicators the most pronounced response to theiy@shanges taking place in the soil was
that of cellulolytic bacteria, followed by lipolytibacteria.

Table 6
Numbers of selected groups of fungi in the soil
Fungi (Martin medium) Cellulolytic fungi Lipolytic fungi
tem| EXPerimental [cfu 10° kg™t d.m. soil] | [cfu10° kgtd.m.soil] | [cfu 10° kg*d.m. soil]

treatments spring sum-| au- | oo spring sum-| au- | oo spring sum-| au- | oo

mer_| tumn mer_| tumn mer_| tumn

Soil without
1. amendments | 30.7| 52.2| 50.2 444 260 46{0 299 340 295 31.39p28.6
(control)

2. | Soil + lime + NPK| 15.4| 22.7] 405 26 22p 22|3 342 265 181 17.3.0p 209
3. SO"*';'I‘;ZJ:EW“ 47.1| 34.7| 621 482 216,126.3| 46.4| 96.3 271 214 36|4 283
4. |Soil + sewage sludg85.7 | 60.3] 86.8 67.6 231.859.9] 58.6] 119.9058.2| 60.4] 35.6 514
Soil + wool
5. [5cm50 crit+ lime 26.1| 33.8| 354 31.8 235 23|8 278 250 23.0 26.2.9p24.0
+ NPK
Soil + wool
6. [5cm50 cmt+ lime 68.5| 70.5| 858 74.9 102lw3.5| 50.4| 653 425 37p 453 418
+ sewage sludge
Soil + wool
7. 500 nfhatl+lime4 11.9| 21.8| 48.8 275 262 28/6 26.8 272 17.1 16.60B216
NPK
Soil + wool
8. [500 nihal+ lime + 44.2| 38.5| 92.4 585 558 36|8 424 450 73.0 54.8.6p52.0
sewage sludge

Mean 37.4641.81|62.88 87.9| 37.1] 39.3 36.083.20| 31.46
LSD* date
LSD treatment 1.96 3.70 1.86
LSD date x 4.21 7.90 3.98
8.65 16.2 8.18
treatment

* LSD - least significant difference

Biochemical indices

The data relating to the rate of respiration anel téte of cellulose mineralisation
indicate that all of the wastes applied causednarease of those biochemical parameters
(Table 7). The positive effect was more pronounitethe case of the rate of cellulose
mineralisation. As in the case of the populatiohshe particular groups of bacteria, the
strongest effect on both processes was causedebgetivage sludge, both when applied
separately and in combination with the other wadtame and NPK, applied separately or
together with mineral wool, also stimulated thosgchemical parameters, but notably less
strongly than the sewage sludge. The method ofiGgtjgn of mineral wool had a certain
effect on the level of the stimulation, but thdatinship was not a clearly oriented one.

Lipase activity analysed in the study was stimdabaly in treatments with sewage
sludge, applied both separately and in combinatidgthh the other wastes (Table 7).
Application of that waste separately or togetheghwime proved to be the most beneficial.
Whereas, a weaker effect was noted after the ajglic of sewage sludge in combination
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with lime and mineral wool, and especially when Wwaeas in the form of insert
(5 cm 50 cr). In the remaining treatments lipase activity vaasa level similar to that
observed in the control treatment.

Table 7
Biochemical activity in the soil
Respiration Cellulose mineralisation Lipase activit
. [mg C-CO. kgtd.m. soil | [mg C-CO, kg*d.m. soil pa 'ty
Experimental i 2. [g™ d.m. sail]
Item d-] (20d)7]
treatments
spring| SY™"| 3% | mean|spring| SY™ | 24" | meanispring| SY™" | 3Y" | mean
mer_|tumn mer | tumn mer_[tumn
Soil without
1. amendments |86.82/66.03|64.21|72.36{497.09238.03.72.0(802.38 0.42| 0.25| 0.0§ 0.2%
(control)

2. | Soil + lime + NPK| 76.9567.43|102.2/82.20[498.04451.9950.4%33.44 0.16 | 0.12| 0.0 0.12
soil+ "Smgesewag 200.9)169.2|137.5 169.2]1821.§1415.5511.041249.3 4.81 | 1.67| 029 2.24
4. Soil + sewage slud}92.6164.7| 120.8[ 159.3[1625.11285.0793.41234.52 4.95 | 3.44| 0.5 2.99
Soil + wool
5. |5 cm 50 criit + lime| 87.03| 55.31| 110.4| 84.24i333.8§457.23613.84468.3] 0.23| 0.17| 0.04 0.15
+ NPK
Soil + wool
6. |5 cm 50 et + lime| 151.8/ 152.0| 195.8| 166.6{1376.41101.71357.11278.5 0.15 | 1.19| 0.33 0.56
+ sewage sludge
Soil + wool
7. {500 nf ha* + lime + 71.37| 78.94| 96.97| 82.43(325.6(465.84460.82417.43 0.04 | 0.20 0.1 0.14
NPK
Soil + wool
8. |500 nPha+ lime +|161.3/185.7|122.4/156.52170.31232.$651.44§1351.6 1.70 | 1.21| 0.34 1.08
sewage sludge

Mean 128.6117.4/118.8 1081.1830.971651.217 1.56| 1.03] 0.24
LSD* date 2.22 17.71 0.08
LSD treatment 4.77 3.00 0.17
LSD date x treatment 9.80 78.06 0.35

* LSD - least significant difference

The biochemical parameters under study were stiediia all the periods of study, but
with varied intensity (Table 7). The rate of cedis® mineralisation and lipase activity most
often attained the highest values in spring. Whereathe case of respiration this kind of
regularity was noted only for three treatments.

Summing up the results obtained one should conchateamong the biochemical tests
studied the rate of cellulose mineralisation wasrtiost sensitive indicator of improvement
in the properties of the degraded soil.

Correlations

The data presented in Table 8 indicate the existehpositive correlations both within
and among almost all of the microbiological andchiemical parameters analysed in this
study. Almost all of the correlations were at sfigaince level ofp < 0.01. The lowest
number of significant correlations was noted in ttzse of the numbers of cellulolytic
bacteria that correlated only with the number gfolytic bacteria, total fungi, and
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respiration. Whereas, almost all of the microbitday and biochemical parameters
correlated positively with the content of£ (except cellulolytic fungi) and with moisture
(except cellulolytic bacteria). Most of the paraemstunder analyses were also correlated
with the content of N total (except total numberbafcteria, number of cellulolytic and
lipolytic fungi, and lipase activity). Whereas, céan was correlated only with the numbers
of oligotrophic and lipolytic bacteria, and sorgticapacity only with total number of
oligotrophic and macrotrophic bacteria, and with ttumber of lipolytic bacteria.

Table 8
Coefficients of correlation
Copio- Cellulo- : . . . .
trophic ;I'ota! lytic | Ct:.eI:(ulo . Eggg?lg ngj)rllytim Respiration
bacteria ungt bacteria ytic tungi 9
O'E;étrgﬁg'c 0.8914* - - 0.5278* | 0.2432* | 0.4574"  0.5179*
Coé’:;tt;"rf:'c - - 0.4455* | 0.4032* | 0.5060**|  0.6171*
Total fungi 0.5634*| 0.2634*| 04868 | 044127 8829
ng‘é‘f’;ﬁc ; 0.3360* - 0.3317*
Cellulolytic fungi 0.2717* | 0.3816*|  0.6129*
Lipolytic bacteria| 0.4764** 0.7370**
Lipolytic fungi 0.6563**
Respiration
Mineralisation of
cellulose
Lipase
Cellulose
minerali- Lipase pH Moisture T Corg. N total
sation
O'Lg;étrgﬁg'c 0.6598* | 0.4621* | 0.2383* | 0.6824* | 0.2821% 0.5009* -
Cog’;‘éi'gf’:'c 0.6936* | 0.4330* - 0.6752* | 0.3362*| 0.5412%| 0.85*
Total fungi 0.3061** ; ; 0.2353* ; 0.5857* 0.5719*
ng‘(‘:'t‘;?’lt; - - - - - 0.4177* | 0.5881%
Cellulolytic fungi| 0.6178" | 0.8486* 0.8232% ; - -
Lipolytic bacteria| 0.5732** | 0.3460** | 0.3694* | 0.4677** | 0.4873"| 0.6298 |0.6542**
Lipolytic fungi | 0.7086* | 0.4891* ; 0.4850* ; 0.504™ ;
Respiration 0.8816* | 0.6877™ - 0.7960* - 0.6732*} 0.6034*
M'”ire"’l‘l':ﬁ?gg” of 0.7112% - 0.7979* - 0.5965* | 0.4375%
Lipase 0.8341% ; 0.2492* ;

- no correlation; ** significance lev@ = 0.01; * significance leved = 0.05
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Discussion

Microbiological indices

The increase noted in the numbers of all bactesiad fungal groups studied,
observable especially in treatments with sewagdgsluwas surely caused by supplying,
together with that waste, nutrients necessary fog growth and development of
heterotrophic microorganisms. The analysis of tbetent of G4 and N total in the
remediated soil indicates that the values of thoseameters increased notably after the
application of sewage sludge (Table 3). The datsqnted in Table 8 indicate that the
numbers of almost all of the microbial groups unskeidy were positively correlated with
the content of ¢, and most of them also with the content of N total increase in the
numbers of analogous microbial groups as a reswdhnchment of soils with nutrients is
also reported by other authors [4, 6, 9-11, 35].rd&dwer, Whitelaw-Wecker et al [10]
demonstrated significant positive correlations leemwthe content of £ and the numbers
of oligotrophic and copiotrophic bacteria, fungndacellulolytic bacteria and fungi. Also
Czaban et al [3] observed a positive correlatioamvben soil organic matter and the number
of oligotrophic bacteria. Noteworthy is the factathalso bacteria with low nutrient
requirements responded to the increase in the morik nutrients for heterotrophic
microorganisms. Such a phenomenon was observedrdayl numerous authors [4, 9, 10,
35]. Fierer et al [35] suggest that there may beadditional factor that determines the
growth of those microorganisms. Under the condgion this experiment, it could have
been the reaction of the soil, for which a positieerelation was found with the number of
oligotrophic bacteria. A positive correlation betmethe total number of bacteria and soil
reaction was noted also by other authors [3, 7]e Ticrease of the reaction of the
remediated soil could have also had an additioffi@etteon the number of lipolytic bacteria
which was positively correlated with that physicectfical parameter. Moreover, the
positive effect of the waste materials on the numsited the microbial groups under study
could have been related with improvement of otledrgoperties, such as sorptive capacity
or moisture, as an improvement of those paramétetse soil amended with the waste
materials was demonstrated (Table 3). The datangivelable 8 prove the existence of
positive correlations between moisture and nedrlgfahe microorganisms analysed in this
study (except cellulolytic bacteria). In additianpositive correlation was shown between
the total numbers of oligotrophic and macrotropbécteria and lipolytic bacteria, and the
sorptive capacity (Table 8). A positive correlatiafi moisture with the number of
oligotrophic bacteria and with the number of tdtadgi was also noted by Czaban et al [3].

The periodic increase in the numbers of microorgasiin soil remediated with the
wastes, and especially with the sewage sludge,dcbale been contributed to by the
introduction of a certain number of microorganistogether with the wastes (Table 2).
However, studies by Joniec and Furczak [5] indi¢hts microorganisms of sludge origin
do not tend to inhabit a soil environment.

The application of wool and lime alone could be dumive to a stimulation of
competition between bacteria and fungi, with consedq slight decrease in the numbers of
fungi, though the relationships observed betweennibmbers of the fungal and bacterial
groups under study had either a positive charactewere totally absent. A lack of
correlations between the numbers of oligotrophictérda and the numbers of fungi on
Martin medium was also noted by Czaban et al [3].
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Biochemical indices

The introduction of nutrients for microorganismgether with the waste materials
(Table 1), and the improvement of other conditifimsmicrobial life in the remediated soil,
ie moisture, sorptive capacity, reaction (Table 3used not only an increase in the
numbers of the microorganisms but also a stimuilatib their biochemical activity. The
above statement is supported by numerous positiveelations between the microbial
populations and respiration, rate of cellulose madhsation, and lipase activity (Table 8).
The stimulating effect was the most pronouncedréatments where sewage sludge was
applied for soil remediation. That phenomenon wa®mpanied by the greatest increase in
the content of ¢, and N total (Table 3). This indicates that the maause of the
stimulation of the rate of respiration, cellulosinenalisation and lipase activity was the
introduction of nutrients together with that wagtet intensified the growth and activity of
microorganisms responsible for those processesaarigpase production. This is supported
by the results given in Table 8 which show thatbédichemical parameters under analysis
were positively correlated with the content of4C and in addition almost all of them
(except lipase) were also correlated with the aanté N total. Similar conclusions were
reached also by other authors who noted an incrizasee values of the biochemical
parameters in question after the introduction of aaditional source of nutrients for
heterotrophic microorganisms into soil [4-6, 16-1&, 26]. Most of those authors
demonstrated also a higher stimulation of resgiratir of lipase activity under the effect of
organic fertilisation relative to mineral. Likewisi this study a stronger stimulation of
respiration, cellulose mineralisation and lipaséividg was noted in soil amended with
sewage sludge relative to soils in which wastewsiotral character were applied.

The increase of biochemical activity in the remeatiasoil enriched with waste organic
matter was probably helped also by its protectivecfion towards extracellular enzymes,
which was also noted by other authors [22].

Under the conditions of this experiment soil maistalso had a significant effect on
the biochemical and enzymatic activities. Significaorrelations were observed between
that parameter and respiration, rate of celluloseralisation, and lipase activity (Table 8).
No such correlations were shown with reaction, ¢fiowther authors noted a positive
correlation between lipase and soil reaction [6].

The improvement of living conditions for the micrganisms under the effect of the
wastes applied, noted in the form of increase optse properties (Table 3), could also
have an effect on the stimulation of respirationgesses, rate of cellulose mineralisation
and lipase activity. However, the data relatinghi correlations (Table 8) did not show any
relationships between those parameters.

It is also possible that in the initial period ate role in increasing the level of those
parameters could have been played by microorganiamd extracellular enzymes
introduced in the soil together with sewage sludfable 2). Similar conclusions were
reached also by other authors [4, 5, 36, 37].

In the analysed soil positive correlations wereedobetween respiration, cellulose
mineralisation and lipase activity (Table 8). A pige correlation between respiration and
lipase activity was noted also by Margesin et &l [6

Under the conditions of this experiment, the exiséeof positive correlation (Table 8)
between the rate of cellulose mineralisation amrdnilimber of cellulolytic fungi, and a lack
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of such correlation with the number of cellulolybacteria, suggests that fungi were more
active in the processes of cellulose mineralisatiahe soil under analysis.

The results relating to the seasonal changes shothatl almost all of the
microbiological and biochemical parameters studitdined their highest values in spring.
That was probably related with high availability wfitrients brought in several months
earlier with the wastes, and with temperature aseeafter the winter period. Only the
numbers of cellulolytic bacteria and total fungires¢he highest only in autumn.

The existence of numerous positive correlationsiwiand among the microbiological
and biochemical activities under study suggests ttiea processes of remediation involve
participation of various mutually related groupsnaitroorganisms. The existence of such
relationships was demonstrated earlier also by Zakreand Joniec [4]. Moreover, the
occurrence of positive correlations between altlistl microbiological and biochemical
parameters and respiration, accepted as a sendiidieator of activity of soil
microorganisms [16], suggests that those paramateralso sensitive indicators of changes
taking place in remediated soil.

Conclusions

The study demonstrated that the wastes applied stk remediation purposes
significantly and most often positively modifiedettstudied microbiological (numbers of
oligotrophic, copiotrophic, cellulolytic, lipolytidoacteria; numbers of fungi on Martin
medium, cellulolytic and lipolytic fungi) and bioemical (respiration, rate of cellulose
mineralisation, lipase activity) parameters of dod. The strongest stimulation was caused
by the application of sewage sludge, both separarad in combination with other wastes.
That waste caused a notable stimulation of theobiohl properties of the degraded soil.
Moreover, the level of that stimulation in treatreewhere mineral wool was additionally
applied depended to a degree on the method ofcapipl of that waste. For most of the
parameters analysed, mixing the wool with the gmibved to be more beneficial
(500 nt ha™). Only in treatments where lime, mineral wool &K were applied a slight
decrease was noted in the numbers of the analysmapgy of fungi. The biological
parameters used in the experiment proved to b#hein majority, sensitive indicators of
positive changes taking place in the analysed afidr the application of the waste
materials. Noteworthy is the fact that the respafssome of them (numbers of cellulolytic
and lipolytic bacteria, cellulose mineralisation) the remediation measures was stronger
than that of the chemical and physicochemical pittgse The above observations indicate
their high applicability for the estimation of thdfectiveness of undertaken remediation
operations, and for the monitoring of the statuthefsoil environment.
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WYKORZYSTANIE WSKA ZNIKOW BIOLOGICZNYCH DO OCENY
REKULTYWACJI GLEBY ZDEGRADOWANEJ PRZEZ PRZEMYStE SIA.  RKOWY

Wydziat Agrobioireynierii, Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Badania wykonano na #eiadczeniu, zaleonym na terenie bylej Kopalni Siarki ,Jeziorko”.
Rekultywacji poddano utwor bezglebowy o skfadzieangiometrycznym piasku stabogliniastego, silnie
zakwaszony i o ztych wiaiwosciach sorpcyjnych (6g. - 2.0 g kg% pHkcl - 4.3; T - 7.0 cmol(+) kd).

W poszczegoélnych kombinacjach stdadczenia do rekultywowanego utworu bezglebowegmwowadzono:
wapno poflotacyjne i NPK; wapno i osadiekowy; osadiciekowy; wete mineralm (5 cm 50 crmt), wapno

i NPK; welre mineralry (5 cm 50 criit), wapno i osadciekowy; welre mineraln, (500 n? ha'l), wapno i NPK;
welne mineralry (500 nt ha®), wapno i osadciekowy. Tak przygotowane poletka obsiano gsie mieszank
traw. Kontrok dawiadczenia stanowita gleba niepoddana zabiegonsm#geym. W ramach analiz w materiale
glebowym okrélano liczebné¢ poszczegdlnych grup bakterii i grzyboéw oraz ichtyakos¢ biochemiczn

i enzymatyczn. Przeprowadzone badania wykazalbe wszystkie zastosowane do rekultywacji odpady
spowodowaty wzrost liczby badanych grup bakteropiotroficzne, oligotroficzne, celulolityczne, lifyczne)
aktywnaici oddechowej i tempa mineralizacji celulozy. Oddigivanie to najsilniej uwidocznito spod wpltywem
osadu sciekowego. W obiektach, gdzie wprowadzono osattkowy, odnotowano réwniewzrost liczby
badanych grup grzybéw (grzyby nazpeice Martina, celulolityczne, lipolityczne) i aktyeici lipazy. Natomiast
dodatek pozostatych odpadéw skutkowat niewielkiradipem liczby analizowanych grup grzybéw. Porévaouj
srednie roczne wartci badanych wiciwosci biologicznych, fizycznych, chemicznych i fizykwemicznych,
stwierdzono,ze wiaciwosci biologiczne okazaly siréwnie czulymi, a nawet w przypadku niektérychtdes
(liczba bakterii celulolitycznych i lipolitycznychtempo mineralizacji celulozy) czulszymi wsgkékami
pozytywnych zmian zachogeych w rekultywowanym gruncie.

Stowa kluczowe:gleba zdegradowana, aktywédanikrobiologiczna, liczebrig bakterii i grzyboéw, oddychanie,
mineralizacja celulozy, aktywsé lipazy



