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Abstract

We investigated the influences of fertilization using fresh and composted sewage sludge with the addi-
tion of calcium oxide, brown coal ash, straw, and sawdust on the yield and nitrogen content in maize biomass,
as well as the values of utilization coefficient. The biomass yields of maize fertilized with only sewage sludge,
as well as sludge with brown coal ash and sawdust, were similar. Lower yields were achieved when sewage
sludge with calcium oxide and straw were used. Amounts of harvested maize biomass from objects fertilized
with fresh and composted sewage sludge were similar. The highest efficiency of 1g nitrogen was recorded
when the mixture of sewage sludge with brown coal ash was applied. The largest nitrogen concentrations were
observed in maize amended with sewage sludge with calcium oxide, while slightly less — after adding the
sewage sludge only and sludge with brown coal ash. The lowest nitrogen content was determined in biomass
harvested from objects fertilized with mixtures of sewage sludge with sawdust and straw. The coefficient val-
ues of nitrogen utilization by maize were similar for all three series of experiments on objects fertilized with
the sewage sludge only as well as sludge with calcium oxide and brown coal ash addition; slightly lower val-
ues were recorded when sewage sludge plus sawdust and straw were added. No significant influence of com-
posting the sewage sludge from Siedlce on nitrogen content and its utilization coefficient for nitrogen was
observed. On the other hand, composted sewage sludge from Lukow enhanced the content and nitrogen uti-
lization by the test plant.
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Introduction

The quantity of sewage sludge used in agriculture in
Poland is increasing [1]. Utilizing these waste organic
materials in an agriculture as fertilizers enables their cheap
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neutralization and returns nutrients into the soil [2].
Applying sewage sludge in agriculture makes it possible to
lower the production costs and to improve profitability [3].
In the European Union, utilization of sewage sludge as
organic fertilizer is recommended due to the content of
organic matter and nutrients for plants, namely nitrogen [4].
Therefore, the necessity of storing the sewage sludge can be
avoided and organic substance introduced into the soil is a
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material for building the complex humus compounds.
Organic matter and nutrient contents in sewage sludge
depend on the type of purified wastewaters and methods
applied for separating and concentrating the sludge [5-7].

Sewage sludge can be used for fertilizing purposes if it
does not contain excessive amounts of heavy metals, nor
disease-forming bacteria and living eggs of parasites [8, 9].
Sewage sludge generated in most wastewater treatment
plants in general contains low levels of hazardous sub-
stances, such as heavy metals [10, 11]. Heavy metal avail-
ability from sewage sludge for plants and their accumula-
tion in soil have been the subject of numerous studies [12-
15]. In order to eliminate or reduce the negative effects of
sewage sludge on the soil environment and plants, it is a
subject of diverse transformations by means of physical,
chemical, or biological processing [8]. Physical methods
lead to a final product with dry matter content over 50%, as
a result of adding the organic materials with low humidity
such as brown coal, peat, straw, bark, sawdust, or leaves.
Water excess can be removed by evaporation, although it is
an energy-consuming and expensive method. Biological
methods for sewage sludge conversion consist in using nat-
ural processes occurring in nature, such as composting or
vermicomposting. Chemical processing, leading among
other issues to sewage sludge sanitation, consists in their
mixing with chemicals, which changes the sludge proper-
ties. Most often, adding calcium oxide is the example of
these methods. Alkalization of sewage sludge may be also
be done by adding hydroxides and calcium carbonate, and
even mineral wastes with high calcium contents, such as
power plant ash [16, 17]. The processing leads both to
quantitative and qualitative changes in chemical composi-
tion of sewage sludge, thus affecting the availability of
nutrients for plants after their introduction to the soil [18-
21].

The aim of our present research was to evaluate the
influence of fertilization using fresh and composted sewage
sludge with the addition of calcium oxide, brown coal ash,
straw, and sawdust on maize biomass yields, as well as
nitrogen content and its utilization coefficient.

Experimental Procedures

The experiments dealt with the sewage sludge from
mechanical-biological municipal-industrial sewage treat-
ment plants in the Polish towns of Siedlce and Lukow. At
the final stage of separation and concentration, sludge from
Siedlce was subjected to methane fermentation and partial-
ly de-hydrated on a band press, while that from Lukow was
stabilized under aerobic conditions and water excess was
removed by centrifuging. Dry matter DM contents in
sewage sludge from Siedlce and Lukow were 15.0 and
14.5%, respectively. Fresh sludge was mixed separately
with calcium oxide, brown coal ash, rye straw, and mixed
sawdust at a 2:1 ratio (for dry matter basis). Amounts of
applied additions to 1 kg of both sludge types were 75.0 and
72.5 g, respectively. Mixtures and native sludge were com-
posted in 200 dm’ capacity plastic containers for 3 months

Table 1. Scheme of pot experiment.

Fertilizer objects

Type of component added
to sewage sludge
(or only to soil**)

Applied organic fertilizer

without addition*

with added CaO**

Without organic fertilization

1 sk
(control object) with added ash

with added straw**

with added sawdust**

without additions

CaO
Fresh sewage sludge from Siedlce ash
(after methane fermentation)

straw

sawdust

without addition

CaO
Fresh sewage sludge from Lukow ash
(stabilized in oxygenic conditions)

straw

sawdust

without addition

CaO
Composted sewage sludge from
. ash
Siedlce
Straw
sawdust

without addition

CaO
Composted sewage sludge from ash
Lukow

Straw

sawdust
*only soil

**30i1l with added CaO, ash, straw, or sawdust.

at room temperature. Composted materials were twice
stirred, after 30 and 60 days to ensure optimum conditions
for the composting process. After 3 months, fresh sewage
sludge mixtures from Siedlce and Lukéw were prepared
again (18% DM and 15% DM), adding 90 and 75 g CaO,
brown coal ash, straw, or sawdust into the 1 kg of these
materials to achieve a 2:1 dry matter:components weight
ratio. Then fresh and composted sewage sludge as well as
their mixtures in the amount of 1 kg were placed into pots
containing 9 kg of soil. The capacity of pots was 12 dm’.
The control objects included the soil itself, soil with CaO,
brown coal ash, straw, and sawdust added in the amounts
corresponding to their mean weight introduced with fresh
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Table 2. Some properties of soil used in the experiment.

Parameters Value
Granulometric composition Light dusty loamy sand
pH in 0.01 mol CaCl,"dm? 4.0
Content of:

Corganic 9.08 g'kg’

Nigtal 0.820 gkg'

Pyl 0.371 gkg'

Kiotal 0.321 gkg!

Cayyyy 0.630 g'kg'

Mgl 0.280 g'kg'

Siotal 0.089 g'kg'
P available for plants 2.57 mg-100 g*
K available for plants 5.78 mg-100 g

mixtures of sludge from Siedlce and Lukéw (82.5 g
DM-pot"). A detailed scheme of the pot experiment carried
out in 2005-07 is presented in Table 1. The scheme of
experiment contained two investigated parameters: first —
the kind of sewage sludge, second — the addition of mineral
and organic compounds. The pot experiment layout was
completely randomized. The experiment was carried out in
three replications.

The soil used in the experiment was taken from the
ploughing layer (Ap layer) and sieved through 1 cm mesh.
Some chemical properties of soil used in the pot experiment
are presented in Table 2. Fresh and composted sewage
sludge, as well as their mixtures, were applied once in the
first year (10 days before seed sowing), while the after-
effects were studied in the second and third years — series
(vegetative season). The quantities of nitrogen introduced
in the soil on experimental objects were presented in Table
3. Due to low potassium content in the sludge and its mix-
tures, as well as the possibility of phosphorus retro-grada-
tion in objects with CaO application, the complementary
phosphorus and potassium nutrition were added for all pots
once in the first experimental series (year): 0.45 g P (gran-
ulated triple superphosphate — 20% P) and 1.25g K-pot*
(potassium sulfate — 49.8% K).

Maize (Nimba cv.) was the test plant in each series. Five
seeds were sown into every pot, and only three seedlings
per pot remained after their emergence. The pot experiment
was carried in a greenhouse in which the temperature was
kept in the range 20-25°C and 60% humidity. The above-
ground parts of maize were harvested after 120 vegetation
days.

The yield of dry mass of maize biomass was marked by
drying at 105°C. Nitrogen content in harvested plant mate-
rial was determined by elemental analysis method using the
CHN instrument by Perkin-Elmer. Calculated value of
nitrogen coefficient is expressed in a percentage and shows

what percentage of nitrogen applied in fertilizer is taken up
by plants. The value is calculated by subtracting the amount
of nitrogen taken up by plants, and the amount of nitrogen
taken up by plants harvested from control object and divid-
ed by the amount of this element applied in fertilizer and
expressed as a percentage.

The difference between mean values of examined fea-
tures was verified on the basis of variance analysis in a
completely randomized system (F-Fischer-Snedecor test),
while LSD, s values for mean value comparisons were cal-
culated using Tukey test.

Results

Sewage sludge originating from wastewater treatment
plants in Siedlce and Eukow contained similar nitrogen lev-
els (Table 3). The addition of CaO to the sewage sludge
caused decreasing nitrogen content in mixture, although
slightly higher brown coal ash, straw, and sawdust were
added. The fresh mixtures of sewage sludge with calcium
oxide contained 42.8% less nitrogen in dry matter than
those with no additives. When brown coal ash, straw, and
sawdust were added into the sewage sludge, the decrease on
nitrogen concentration amounted to 35.8%, 31.9%, and
33.3%, respectively.

The decrease of nitrogen content was stated during the
composting process (Table 3) and was more prominent in
the case of sewage sludge stabilized under aerobic condi-
tions (12.7%) than that after methane fermentation (7.5%).
The largest nitrogen losses during composting process were
recorded in sewage sludge with no additives (13.6%),
slightly less in that with brown coal ash addition (11.5%),
while the least were in mixtures of sludge with straw
(9.4%), CaO (8.3%), and sawdust (7.8%).

The yield of maize biomass, the efficiency of 1g nitro-
gen introduced in the soil, as well as nitrogen content and
its utilization coefficient significantly depended on the
type of sewage sludge and the additive used, as well as a
series of cultivation (Tables 4-8). The total yield of maize
biomass for 3 series of pot experiments harvested from
objects fertilized with only sewage sludge, as well as its
mixtures with brown coal ash, was not significantly differ-
ent. As compared to these fertilization objects, lowest
yields of the tested plant species were achieved when
sewage sludge was applied along with CaO and straw. The
amount of maize biomass harvested from the objects fer-
tilized with the sewage sludge plus sawdust was similar to
that amended with those waste organic material with no
additives as well as with CaO and straw addition. The
yields of maize fertilized with sewage sludge with sawdust
were lower than after its applying in mixture with brown
coal ash. Yield of maize harvested from objects treated
with fresh sewage sludge stabilized under aerobic condi-
tions was higher than fresh sewage sludge subjected to
methane fermentation. Statistical analysis of achieved
results revealed the lack of significant influences of com-
posting process of the sewage sludge and its mixtures on
test plant yields.
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Table 3. The content of nitrogen in fresh and composted sewage Table 4. The yield of maize [g D.M.-pot'].
sludge and their mixtures with CaO, brown coal ash, straw, and Series of .
sawdust, g N-kg™. . . eries of experiment | g for
Fertilizer objects biect
Nitrogen content Decrease N, I 2 3 objects
I (Nio) contents (%) -
Specification Control object 83.6 | 444 | 34.1 162.1
in fresh | indry |infresh | in dry
matter | matter | matter | matter CaO 112.7 | 60.1 | 27.0 199.8
without 968 | 6453 | - ; Ash 670 | 500 | 316 | 1486
& addition
.'g % with CaO 831 35.97 14.2%* 44 3%* Straw 12.4 62.6 32.6 107.6
g
g UE) with ash 8.64 40.75 | 10.7%* | 36.8** Sawdust 326 | 443 | 288 105.6
el 8
2 & | with straw 9.12 43.85 | 5.8%*% | 32.1%* averages | 61.7 | 52.3 | 30.8 144.7
& :
z with sawdust | 850 | 42.08 | 12.2%* | 34.8** ., |withoutadditions | 236.1 | 149.9 | 82.7 | 4687
o . Qo
&| | withou 1024 | 7062 | - ; B |withcao 1905 | 1304 | 59.6 | 380.5
3 addition %)
ngo é with CaO 9.16 4126 | 10.5%* | 41.6%* § with ash 238.0 | 157.2 | 81.0 476.2
<
2
3 "é with ash 9.33 46.19 | 8.9%* 34.6%* ,5.;0 with straw 202.5 | 141.2 | 62.3 406.0
<= | S - @
2 = | with straw 9.61 | 4829 | 62%* | 31.6%* < | with sawdust 255.1 | 107.0 | 67.0 | 429.1
g8
with sawdust | 9.05 47.63 | 11.6%* | 32.6%* B~ averages | 224.4 | 1372 | 70.5 4321
without
addition 9.53% | 5790 | L.5%* | 10.3%* o |withoutadditions | 2497 | 1486 | 673 | 4656
k)
%‘3 with CaO 8.19% | 3321 | 1.4%%* | 77%k* é with CaO 186.8 | 173.0 | 57.8 417.6
.2
g | Z [withash B.O6* | 3690 | 6.7F%* | 9.4xik § with ash 2603 | 253.8 | 588 | 573.0
kel
S| E [wi
7 | S |withstraw | 887% | 4110 | 2.7%* | 6 3% ;50 with straw 202.7 [ 2000 | 67.3 | 470.1
an =
3 . * ok *okk @
z with sawdust | 845% | 4053 | 06 37 = |withsawdust | 2352 | 1566 | 65.1 | 456.9
- without g
2 addition 9.78% | 58770 | 4.5%¥* | 16.9%** = averages | 227.0 | 186.4 | 63.3 | 476.6
]
o
g é with CaO 8.94% | 37.58 | 2.4%¥* | ROo¥¥* without additions | 235.2 | 202.8 | 86.4 5243
O
”é with ash 8.97% | 3997 | 3.9%F* | 13.5% é with CaO 1959 [ 1293 | 79.0 | 4043
o [
E | i 5D
with straw | 943% | 42.25 | 19" | 12.5% T g | withash 2459 | 1660 | 793 | 49122
with sawdust | 8.98* | 41.96 | 0.8%** | ]]1.9%%* = B i
2 a with straw 231.1 | 123.4 | 599 414.5
without o]
additon | 10127 ] 3622 - - £ |withsawdust | 2790 | 1313 | 542 | 4645
5] O
= ;: with CaO 8.87* | 31.88 | 12.4%* | 43.3%* averages | 237.4 | 150.5 | 71.8 | 459.7
2| g |Vithash 8.98% | 3617 | 1L3** | 35.7% without additions | 230.2 | 1859 | 61.8 | 4780
5] ]
= | & ; * ok ok g
= withstraw | 943% | 3827 | 68 | 319 £ |withcao 189.7 | 183.5 | 463 | 4195
g with sawdust | 8.70* 37.42 | 14.0%*% | 33.4%* S i
=l "S% with ash 247.8 | 2232 | 73.8 544.8
= without " @
%| |addiion | 'O P ] B3 [with staw 2083 | 1274 | 476 | 4033
2|z . o]
2 % with CaO 9.79% | 42775 | 11.2%* | 4]1.9%* g with sawdust 2449 | 160.5 | 56.3 461.6
=
7 | = ; * *% *% ©
£ |7 |vithash | 9927 | 4695 | 0.7 362 averages | 2282 | 1761 | 572 | 4614
= | with straw 10.53* | 50.17 | 4.5%* 31.8%* ) )
Averages in series | 195.7 | 140.5 | 58.7 394.9
with sawdust | 9.98* | 49.75 | 9.5%* 32.3%*
series 11.0 -
*the amount of nitrogen introduced into soil [g-pot’] LSD
** relative to sewage sludge without additives f ?‘05 type of sludge
**kkrelative to fresh sewage sludge and their mixtures with or: — 334 | 373 | 12.8 43.8
CaO0, ash, straw, and sawdust type of addition
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The total yields as the sum of three series of maize dry
matter on particular fertilization objects (Table 4) do not
significantly depend on a nitrogen dose introduced in the
soil (Table 3), and correlation coefficient value for both cal-
culated parameters was r=+0.22 (p<0.05).

Maize dry matter yields significantly decreased in sub-
sequent series of the experiment (Table 4). The yield har-
vested in the second and third series of cultivation were by
28.2 and 70.0% lower in reference to the first series. The
differences in yield among the series of pot experiment
probably was caused by immobilization — the mineraliza-
tion process of organic carbon and nitrogen from organic
material applied in the soil as well as decreasing plant nutri-
ents in the following years.

Efficiency of 1g nitrogen introduced into the soil with-
in fertilizers expressed in grams of maize dry matter, was
not significantly different on objects treated with sewage
sludge only as well as its mixtures with CaO, straw, and
sawdust (Tables 5 and 8). The highest effect of 1 g nitrogen
was observed on objects amended with sewage sludge
along with the brown coal ash addition. Efficiency of 1 g N
was significantly higher on objects fertilized with compost-
ed sewage sludge originating from Siedlce rather than after
raw sewage sludge application. In the case of fresh and
composted sludge from Lukow, a similar effect of 1 g nitro-
gen was recorded.

Efficiency of 1 g N significantly decreased in subse-
quent series of the experiment (Table 5). The effect of 1 g
N observed during the second and third series after the ele-
ment introduction were by 19.9% and 85% lower than in
the first series. If the total efficiency of 1 g N for three
experimental series is assumed to be 100%, it would
amount to 51.4%, 41.1%, and 7.5%, respectively, in all
three series.

The nitrogen contents in dry matter of maize mean val-
ues for three series grown on particular objects were with-
in the range 5.34 to 8.86 g N-kg' (Table 6). Nitrogen con-
centrations in maize biomass fertilized with sewage sludge
only and its mixtures with brown coal ash were similar
(Table 8). Compared to those fertilization objects, maize
fertilizing the mixtures of sewage sludge with CaO addition
contained more, while that amended with sewage sludge
plus the sawdust mixture — less nitrogen. Significantly, the
lowest content of nitrogen was determinated in the maize
biomass fertilized with sewage sludge with straw addition.

The nitrogen content in biomass of maize amended with
fresh and composted sewage sludge from Siedlce was sim-
ilar (Table 8). When fresh sludge from Lukow was applied,
lower nitrogen concentration in the biomass of tested plants
was recorded than after composted sludge introduced in the
soil.

The highest nitrogen content in the biomass of maize
was achieved during the first series of cultivation (Table 6).
The nitrogen quantity determinated in maize harvested in
the second and third series of study was by 24.1% and
23.1% lower than in the first series.

Values of nitrogen utilization coefficients (Tables 7 and
8) were similar on objects fertilized with the sewage sludge

Table 5. Effect of 1 g nitrogen [g D.M. of maize 1 g N"'] intro-
duced into soil.

Series of experiment | g for

18 ond 3 objects

Fertilizer objects

without additions | 15.06 | 9.33 | 2.69 27.09

8

E with CaO 1205 | 9.70 | 1.71 23.46
§ with ash 17.19 | 12.57 | 4.08 | 33.84
% with straw 12.61 | 1027 | 1.90 | 24.78
; with sawdust 19.71 | 720 | 2.60 | 29.51
E averages 15.32 | 9.82 | 2.76 27.74
= without additions | 15.06 | 9.45 | 2.08 | 26.58
% with CaO 10.54 | 13.14 | 137 | 25.05
g with ash 17.81 | 21.12 | 1.46 | 40.38
g" with straw 1131 | 1478 | 2.18 | 28.27
% with sawdust 1519 | 11.24 | 2.07 | 28.51
=

averages | 13.98 | 13.95 | 1.83 29.76

without additions | 15.90 | 16.62 | 4.41 36.93

é with CaO 1371 | 1037 | 423 | 28.32
j; 8 | with ash 20.13 | 15.09 | 433 | 3955
3 E with straw 1663 | 891 | 1.75 | 27.29
% with sawdust 23.12 | 1028 | 1.17 34.57
@)

averages | 17.90 | 12.26 | 3.18 3333

without additions | 14.99 | 1448 | 1.79 31.25

q;:g) with CaO 11.86 | 15.56 | 0.22 | 27.64
j; z with ash 18.30 | 19.94 | 328 | 41.52
I{E é with straw 1534 | 881 | 034 | 2449
% with sawdust 1795 | 1293 | 1.33 3221
O

averages | 15.69 | 14.34 | 1.39 31.42

Averages in series | 15.72 | 12.59 | 2.29 | 30.60

series 1.50 -

LSDy o5

for: type of sludge n.i 4.01 n.i 5.08

type of addition 455 | 478 | ni. 6.06

n.i. — not important

only (31.7%) and its mixtures with CaO (31.6%) and saw-
dust (29.6%). Significantly, the largest value of nitrogen uti-
lization coefficient by maize (36.4%, as average) was calcu-
lated for objects fertilized with sewage sludge with brown
coal ash addition, while the smallest value was found in
objects fertilized with sewage sludge with straw (21.6%).
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Table 6. Nitrogen content in maize, g N-kg' D.M.

Table 7. The value of nitrogen utilization coefficient by maize, %.

Fertilizer objects

Series of experiment

Average
for objects

Series of experiment

Fertilizer objects I - p” S()l;)?;;(;r
3 without additions | 16.47 | 7.60 | 4.00 | 28.07
E with CaO 19.78 | 823 | 2.39 | 3040
§ with ash 1672 | 9.99 | 2.83 | 29.54
& | with straw 10.72 | 5.82 | 146 | 18.00
;Z with sawdust 19.40 | 4.80 | 2.77 | 2697
r.::)‘ averages | 16.62 | 729 | 2.99 | 26.60

without additions | 1943 | 7.09 | 1.81 | 2833

S
% with CaO 19.02 | 882 | 1.89 | 29.73
é with ash 1927 [ 1529 | 1.19 | 35.75
é’n with straw 1174 | 859 | 1.70 | 22.03
é’ with sawdust 1521 | 627 | 2.09 | 23.58
E averages | 16.94 | 9.21 1.74 | 27.88

without additions | 19.14 | 12.32 | 3.31 | 34.77

withCaO 2041 | 826 | 297 | 31.64
with ash 1991 | 10.57 | 5.05 | 3553
with straw 13.44 | 6.04 | 1.61 | 21.09

with sawdust 2247 | 6.85 1.64 | 30.96

Composted sludge from
Siedlce

averages | 19.07 | 8.81 | 2.92 | 30.80

without additions | 22.25 | 11.76 | 1.41 3542

‘g with CaO 1938 | 13.59 | 1.55 | 34.51
%ﬁ Z with ash 25.05 | 16.04 | 3.69 | 44.79
é é with straw 1793 | 582 | 1.44 | 25.19
é‘ with sawdust 26.05 | 8.19 | 2.63 | 36.87
3 averages | 22.13 | 11.08 | 2.15 | 35.36
Averages in series | 18.69 | 9.10 | 2.45 | 30.16
series 1.27 -
Lsf(]))r‘?~°5 type of sludge 391 | 286 | 1.17 | 424

type of addition 4.65 | 340 | 1.39 5.05

I 2m 3
Control object 4.53 | 530 | 6.20 5.34
CaO 6.90 | 5.50 | 6.00 6.13
Ash 570 | 535 | 5.70 5.58
Straw 6.60 | 5.50 | 6.15 6.08
Sawdust 547 | 625 | 6.20 5.97
averages | 5.84 | 5.58 | 6.05 5.82
» |Withoutadditions | 8.67 | 6.70 | 7.45 7.61
,33 with CaO 1120 | 740 | 7.10 8.57
§ with ash 790 | 720 | 575 | 695
gﬂ with straw 687 | 555 | 560 | 601
;; with sawdust 8.10 | 6.10 | 6.75 6.98
: averages | 8.55 | 6.59 | 6.53 7.22
5 without additions | 10.10 | 6.85 | 6.10 7.68
% with CaO 12.00 | 635 | 6.85 8.40
§ with ash 8.80 | 6.90 | 5.60 7.10
%’n with straw 797 | 570 | 580 | 649
;2 with sawdust 8.07 | 550 | 645 6.67
= averages | 9.39 | 6.26 | 6.16 7.27
without additions | 9.37 | 6.95 | 6.10 7.47
§ withCaO 1047 | 7.05 | 5.75 7.76
E;oﬁ with ash 8.07 | 6.55 | 7.80 747
-8 [
£ & | with straw 6.80 | 6.25 | 5.90 6.32
% with sawdust 8.17 | 620 | 645 6.94
~ averages | 8.57 | 6.60 | 6.40 7.19
without additions | 11.10 | 7.45 | 5.65 8.07
g with CaO 11.13 | 790 | 7.55 8.86
éﬁ S with ash 10.60 | 7.50 | 7.35 8.48
3 2 [with straw 907 | 615 | 7.30 | 7.51
% with sawdust 11.10 | 6.05 | 7.95 8.37
~ averages | 10.60 | 7.01 | 7.16 8.26
Averages in series | 8.44 | 6.41 | 647 7.10
series 0.08 -
LSD,,
s for: type of sludge
022 | 024 | 0.19 0.12
type of addition

Like nitrogen contents in the test plant species biomass,
values of utilization coefficients on objects fertilized with
fresh and composted sewage sludge from Siedlce also were
not significantly different. Maize fertilized with fresh
sewage sludge originating from Lukoéw utilized consider-
ably smaller quantities of nitrogen as compared to sludge
subjected to the composting process.

The value of nitrogen utilization coefficient by maize
increased in subsequent series of the experiment and can be
listed in the following sequence: 1* series > 2™ series > 3
series (Table 7).
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Table 8. Average of nitrogen content [g N-kg™'], total yield [g-pot'], total effect of 1g N [g D.M. 1 g N'], and total value of utilization

coefficient [%] by maize with three series for investigated factors.

Studied factor Yield Effect of g N Nitrogen content | Ultilization coefficient of N
without additions 419.7 be 3046 a 723 ¢ 31.65 be
CaO 3643 a 26.12 a 7.94d 31.57 be
Type of addition to. 4467 ¢ 38.82 b 712 ¢ 3640 ¢
the sewage sludge
straw 3603 a 2621 a 6.48 a 21.58 a
sawdust 383.5ab 31.20 a 6.99 b 29.59 b
LSD, s for type of additives 438 6.06 0.12 5.05

a, b, ¢, d — average appointed with different letters

Discussion of Results

Sewage sludge introduced into the soil enhances the
natural resources of nutrients. At the same time, it affects
the physical and biological soil properties and, in conse-
quence, influences plant growth and development.
Determining the physical and chemical features of a
sewage sludge as well as quantitative and qualitative traits
of achieved biomass enables us to draw conclusions about
the usefulness of these organic wastes for plant production.
In order to additionally increase the dry matter content in
sewage sludge that is subject to dehydration on press or
centrifuge, mineral or organic substances with low water
concentration are added. Calcium oxide added to sewage
sludge makes dry matter increase in achieved mixtures pro-
portionally to its amounts introduced, thus ensuring the
product with advantageous physical properties from trans-
port, storage, and field surface spreading points of view.
Moreover, sludge is alkalized, ammonia is emitted, and
nitrogen content is decreased, which leads to lower fertil-
ization value of such a prepared mixture [18, 19]. In the pre-
sented experiment, lower changes in nitrogen quantities
were observed after adding the brown coal ash, straw, and
sawdust, rather than CaO, into the sewage sludge. Lower
nitrogen contents after adding straw or sawdust to the
sludge should mainly be attributed to the “dilution” effect
due to introducing material with very low levels of the ele-
ment. Slightly higher losses of nitrogen quantities after
brown coal ash, and the largest — due to the CaO addition,
probably resulted from sewage sludge alkalization.
Furthermore, CaO was added into the sludge-bound water
during the hydration process. In theory, 1 kg CaO could
react with 0.32 kg water, producing 1.32 kg Ca(OH)..
During composting the sewage sludge only, as well as its
mixtures and nitrogen content, decreased a bit, which could
be an effect of organic substance mineralization [22].
Slightly larger nitrogen losses occurred while composting
the sewage sludge stabilized under aerobic conditions
rather than after methane fermentation. This indicates bet-
ter susceptibility toward mineralization of organic matter
contained in the sludge stabilized under aerobic conditions
than methane fermentation, in which the part of organic

compounds susceptible to decomposition had just been sta-
bilized [21]. Moreover, lower nitrogen content (when recal-
culated onto dry matter) during sewage sludge mixture
composting, namely containing CaO and sawdust, were
less considerable than in sewage sludge only. Weaker
microbiological activity due to sewage sludge alkalization
(with CaO) and biological sorption processes (organic mat-
ter in a form of sawdust or straw) could be reasons for such
a situation.

Results achieved in the present study confirm yield-
forming properties of sewage sludge, which are described
in literature [14, 23-25]. Studies performed upon the fertil-
izing value of sewage sludge with brown coal addition
applied for acidic soils, indicated the possibility of reaching
higher crop yields and higher efficiencies of 1 g nitrogen,
when sewage sludge only was used [18, 19]. The addition
of CaO into the sewage sludge affected the lack of signifi-
cant influence of such sanitation on fertilized crops yields
[26], or achieving lower yields and worse 1 g nitrogen
effects as compared to sewage sludge only [18, 19].
Performed research confirmed a positive impact of brown
coal ash addition into the sewage sludge, as well as the neg-
ative influence of CaO, straw, and sawdust on test plant
yields.

When studying the fertilizing value of sewage sludge
from Siedlce and Lukoéw, Kalembasa and Symanowicz [27,
28] recorded higher yields of Italian ryegrass-treated sludge
from Lukow rather than from Siedlce. Also, our own study
revealed higher fertilizing value of raw sewage sludge from
Lukow — measured by the quantity of produced biomass of
the test plant — than from Siedlce. Other studies upon fertil-
izing value of sewage sludge from Siedlce and Lukow did
not confirm significant differences in the amount of pro-
duced biomass of test plants fertilized using that sludge
[19].

Our experiment along with literature data indicate the
lack of significant influence of composting the sewage
sludge on their yield-forming value [29].

Presented results, like those from literature references, on
nitrogen content and utilization by maize give the basis for
concluding that sewage sludge is a good nitrogen source for
plants and thus is even a better fertilizer than manure [14, 29].
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Moreover, research made by Kalembasa et al. [30] showed
that the coefficient of nitrogen utilization from the sewage
sludge may be greater than that for manure. The above
authors achieved nitrogen utilization from sewage sludge
from Siedlce and Lukdéw after two experimental years as
74.4% and 60.9%, respectively, whereas the utilization coef-
ficient for manure is 50.9%. Nitrogen utilization from
sludge at such a high level can be achieved by introducing a
small portion of the element into the soil [31]. Our own
study revealed that introducing from 8.06 to 11.03 g N-pot’
into the soil with sewage sludge and its mixtures, nitrogen
utilization during the first series reached 18.7% (for sludge
with no additives and after adding CaO, brown coal ash,
straw, and sawdust). Compared with the literature data that
indicate about 20% nitrogen utilization from sewage sludge
a year after its introduction, here the achieved value can be
counted as similar [32, 33]. Furthermore, 25% nitrogen
from the sludge was utilized in the following series [32].
Average nitrogen utilization (for 3 experimental series) in
the current study, amounted to 30.2% (when sewage sludge
with no additives and in mixtures with CaO, brown coal
ash, straw, and sawdust was applied). A considerable
decrease of nitrogen utilization was observed after straw
added into the sewage sludge, while brown coal ash slight-
ly increased the coefficient value. Literature reports the
increasing influence of brown coal ash addition as well as
decreasing effects of CaO and sawdust added into the
sewage sludge in the amount of uptaken nitrogen and the
coefficient of its utilization by plants [19, 34].

Conclusions

1. The addition of calcium oxide and straw into the
sewage sludge decreased, while brown coal ash
increased the maize biomass yields. Composting the
sludge and its mixtures had no significant effects on test
plant yield.

2. The efficiency of 1 g N (expressed as grams of maize
biomass dry matter) was similar on objects treated with
sewage sludge only as well as its mixtures with CaO,
straw, and sawdust. As compared to these fertilization
objects, significantly better effects of 1 g N were
achieved after adding the brown coal ash into the
sewage sludge.

3. Maize treated with sewage sludge with no additives and
with brown coal ash added contained less nitrogen than
when the sludge with calcium oxide was applied. The
addition of straw and sawdust into the sludge decreased
the nitrogen content in test plants.

4. Applying calcium oxide, brown coal ash, and sawdust
into the sewage sludge had no significant effects on the
coefficient of nitrogen utilization, while the straw addi-
tion decreased macronutrient utilization from the
sludge.

5. Composting the sewage sludge from Siedlce did not
significantly affect the content and coefficient of nitro-
gen utilization by maize. More nitrogen in maize and
higher nitrogen utilization coefficient were recorded for

10.

11

12.

13.

14.

composted sludge from Lukow, rather than it being
applied in raw form.

The fertilizing value (measured as the amount of
achieved maize biomass as well as efficiency of 1g
nitrogen introduced into the soil along with raw and
composted sewage sludge and its mixtures with calcium
oxide, brown coal ash, straw, and sawdust) decreased in
subsequent series of test plant growth.
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