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Abstract

In a two-factor pot experiment, which was conducted 2004-2005, the direct and suc-
cessive impact was estimated of mixed application of different doses of municipal sewage
sludge (0.5, 1.0, 1.5 and 2.0% d.m. of sewage sludge relative to 6 kg d.m. soil in pot) and
a constant dose of wheat straw (30 g d.m. per pot), with and without supplemental mine-
ral fertilization with nitrogen and NPK, on the content, uptake and utilization of copper,
manganese and zinc by test plants.

The soil used in the experiment was brown acid incomplete soil (good rye complex)
and the test plant in the first year of research was grass — Festulolium, which was harve-
sted four times, and in the second year — common sunflower and blue phacelia.

In mean object samples of Festulolium, common sunflower and phacelia, content
of copper, manganese and zinc was marked with the ASA method after mineralization
in a mixture of nitric (V) and perchloric acid (VII).

Rising doses of municipal sewage sludge with addition of a fixed dose of wheat straw,
both in direct and successive effect, increased the content of copper, manganese and zinc
in test plants.

The increase in the weighted mean (from four swaths) content of copper in Festulo-
lium, in comparison with the control object, varied from 8.04 to 59.8%, manganese from
21.8 to 68.8% and zinc from 19.4 to 59.1%. In the second year, the mean increase in the
content of copper in common sunflower from objects fertilized with sewage sludge and
straw varied from 8.7 to 30.3% and in phacelia from 6.1 to 12.6%. By analogy, the mean
content of manganese rose from 23.3 to 59.5% and from 5.9 to 33.1% and the content
of zinc from 33.2 to 50.3% and from 15.9 to 37.9%. Mineral fertilization with N and NPK,
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in comparison with the object without that fertilization, in both years of the experiment,
increased the mean content of all microelements in test plants, with the increase being
larger after NPK than N fertilization.

The uptake of microelements by plants from sewage sludge and straw, in most cases,
was increasing along with the increase of the doses of sewage sludge.
In the total uptake of individual microelements, about 2/3 were atken up by Festulolium
and the remaining 1/3 by phacelia. Utilization of individual microelements from sewage
sludge and straw was considerably diverse. IIn the two years, test plants utilized manga-
nese mostly (on average 58.2%), less zinc (on average 5.54%) and to the smallest degree
copper (on average 3.03%).

Key words: sewage sludge, wheat straw, test plants, copper, manganese, zinc.

ZAWARTOSC, POBRANIE I WYKORZYSTANIE PRZEZ ROS’I:INY TESTOWE
MIEDZI, MANGANU I CYNKU Z KOMUNALNEGO OSADU SCIEKOWEGO
I SLOMY PSZENNEJ

Abstrakt

W dwuczynnikowym do$wiadczeniu wazonowym, przeprowadzonym w latach 2004-
-2005, oceniano wplyw bezposredni i nastepczy tgcznego stosowania zréznicowanych dawek
komunalnego osadu $ciekowego (0,5, 1,0, 1,5 i 2,0% s.m. osadu w stosunku do 6 kg s.m.
gleby w wazonie) i statej dawki stomy pszennej (30 g s.m. na wazon), bez i z dodatkowym
nawozeniem mineralnym azotem i NPK, na zawartosé¢, pobranie i wykorzystanie miedzi,
manganu i cynku przez roSliny testowe. Podloze w doswiadczeniu stanowila gleba brunat-
na kwasna, niecatkowita (kompleks zytni dobry), a roSling testowg w pierwszym roku ba-
dan byta trawa — Festulolium, ktora zebrano czterokrotnie, a w drugim roku stonecznik
zwyczajny i facelia biekitna. W $rednich prébkach obiektowych Festulolium, stonecznika
ifacelii oznaczono, po mineralizacji w mieszaninie kwasu azotowego (V) i chlorowego (VII),
zawarto$¢ miedzi, manganu i cynku metodg ASA.

Wzrastajace dawki komunalnego osadu Sciekowego z dodatkiem stalej dawki stomy
pszennej zaréwno w dzialaniu bezposrednim, jak i nastepczym, zwiekszyly zawarto§é mie-
dzi, manganu i cynku w roslinach testowych. Wzrost Sredniej wazonej (z czterech poko-
sow) zawartoSci miedzi w Festulolium, w poréwnaniu z obiektem kontrolnym, wahatl sie
od 8,04 do 59,8%, manganu od 21,8 do 68,8%, a cynku od 19,4 do 59,1%. W drugim roku
badan, w stoneczniku zebranym z gleby nawozonej osadem i sloma, Sredni wzrost zawarto-
$ci miedzi wahat sie od 8,7 do 30,3%, a w facelii od 6,1 do 12,6%, manganu odpowiednio od
23,3 do 59,5% i od 5,9 do 33,1%, a cynku od 33,2 do 50,3% i od 15,9 do 37,9%. Nawozenie
mineralne N i NPK, w stosunku do obiektu bez tego nawozenia, w obu latach badan zwiek-
szyto $rednia zawarto§é wszystkich analizowanych mikroelementéow w roslinach testowych,
z tym ze NPK w wigkszym stopniu niz N. Pobranie mikroelementéw przez roliny z osadu
i stomy, w wigkszoSci przypadkow, zwigkszato si¢ wraz ze wzrostem dawek osadu Scieko-
wego. W calkowitym pobraniu poszczegélnych mikroelementéw udziat Festulolium stano-
wil ok. 2/3, a stonecznika i facelii ok. 1/3. Wykorzystanie poszczegélnych mikroelementéw
zosadu i stomy bylo znacznie zréznicowane. W okresie dwoch lat w najwiekszym stopniu-
roSliny testowe wykorzystaly mangan (Srednio 58,2%), w mniejszym cynk (Srednio 5,54%),
a w najmniejszym miedZ (Srednio 3,03%).

Stowa kluczowe: osad $ciekowy, sloma pszenna, rosliny testowe, miedZ, mangan, cynk.
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INTRODUCTION

Environmental utilization, including agricultural use, of sewage sludge
has recently increased but is still arousing many reservations, mainly due
to possible microbiological and chemical contamination of soils, greasy con-
sistency and odour of sewage sludge. Taking into consideration the fertiliz-
ing value of sewage sludge, confirmed by the research on its chemical com-
position (Mac¢kowiak 2001, Spiak, Kurczyckr 2004) and impact on crop yield
and soil fertility (Czexara 2000, Woroszyk et al. 2005, 2006, GrzywNowicz 2007,
Jasiewicz T al. 2007, SULEWSKA, Koziara 2007, Bowszys et al. 2009), it seems
that sewage sludge should be used for soil and plant fertilizing. It gains
more importance as production of natural fertilizers declines and significant-
ly less mineral fertilizers are used due to their rising prices.

About 40% area of soils in Poland is poor in copper and 10% has little
manganese and zinc. This should be treated as a signal for utilization
of alternative sources of these microelements, for example sewage sludge.
With the current production of sewage sludge (about 500 thousand t d.m. in
2006, Rocznik Statystyczny 2007) and mean content of 135 mg Cu-kg! d.m.,
325 mg Mn-kg! d.m. and 1350 mg Zn-kg! d.m. (Mackowiak 2001), about
68 t of copper, 163 t of manganese and 675 t of zinc annually could be re-
ceived.

The aim of the research was to evaluate direct and successive impact
of different doses of sewage sludge and a constant dose of wheat straw with
and without supplemental mineral fertilization with nitrogen and NPK,
on the content, uptake and utilization of copper, manganese and zinc by test
plants.

MATERIAL AND METHODS

In 2004-2005, a pot experiment was conducted under a polyethylene roof
at the Vegetation Hall of Vegetation of University of Agriculture in Szczecin.
The soil used in the experiment was taken from the Ap level of a produc-
tion field at the Experimental Agricultural Station in Lipnik. The soil repre-
sented acid brown incomplete soil of the grain size distribution characteris-
tic of light, very fine sand with 12% of slit and clay (good rye complex).
Potential of hydrogen of the soil before setting up the experiment was acid
(pH in 1 M KCI-dm™ — 5,31); the content of total carbon was 6.03 g-kg'!
and that of total nitrogen was 0.60 g-kg'l; the soil was rich in available
phosphorus and zinc, moderately abudant in potassium, copper and manga-
nese, poor in magnesium.
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The design of the experiment included two factors. The first factor com-
prised 5 variants: control and 4 doses of municipal sewage sludge with addi-
tion of an equal dose of wheat straw, and the second factor consisted
of a variant without mineral fertilization (0), with mineral fertilization (N)
and with NPK. Doses of municipal sewage sludge were 0.5, 1.0, 1.5 and
2.0% d.m. in relation to 6.0 kg d.m. soil in a pot. Wheat straw, cut in chaff,
was applied in a dose of 30 g d.m. per pot. Sewage sludge came from
a mechanical and biological sewage treatment plant in Stargard Szczecinski.
The content of heavy metals was lower than norms set for agricultural uti-
lization of sewage sludge (Rozporzadzenie 2002). Table 1 shows chemical com-
position of sewage sludge and straw.

Table 1
Chemical composition of municipal sewage sludge and wheaten straw
Dry Total content
Specification matter g-kgldm. mg-kgldm.
(g-ke™
N P K Cu Mn Zn
Sewage sludge 175 65.6 21.6 5.01 148 349 825
Wheat straw 900 4.90 1.10 13.2 3.13 40.0 12.8

For the objects fertilized only with mineral nitrogen and NPK, the dose
of nitrogen was 1 g N per pot (urea — 46% N), which was applied as 0.25 g
N per pot before sowing of Festulolium and after harvest of the 15t, 2nd and
3rd swath. Phosphorus (double superphosphate — 20% P) in the objects with
NPK was applied once as 0.164 g P and potassium (potash salt — 50% K)
0.104 g K per pot before sowing and after the 15t and the 2"d swath. The
test plant was an intergenus hybrid, Festulolium (var. Felopa), which was
sown on 28.04.2004 and harvested on 18.06 (I), 19.07 (II) 25.08 (ITI) and
28.09.2004 (IV). During the whole growing season, grass was watered with
distilled water, keeping soil humidity at a 60% level of full water capacity.
After the fourth cut of Festulolium, soil was mixed in pots and the stubble
mulch was covered, which prepared pots to be stored until spring 2005.
On 19th of April 2005 pots were placed under a polyethylene roof and after
loosening the soil in pots, water solutions of mineral fertilizers were ap-
plied. On the objects with mineral fertilization, the dose of nitrogen was
0.25 g N (urea — 46% N), phosphorus — 0.164 g P (double superphosphate —
20% P) and 0.208 g K per pot (potash salt — 50% K). Test plant was common
sunflower (10 seeds per pot, 7 plants were left after thinning), which was
sown on 2274 of April 2005. The second dose of nitrogen (0.25 g N per pot),
on the objects with N and NPK fertilization, was applied on 20! of May
2005. Common sunflower was harvested on 16" of June 2005 and fresh and
dry matter yield wasdetermined. Afterwards, the soil in pots was loosened
and on 215 of June 2005 blue phacelia was sown as a test plant. Twenty
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plants were left after the seedlings. At the same time, on the objects ferti-
lized with N and NPK, 0.25 g N was applied per pot (water solution of urea
— 46% N). Phacelia was harvested on 28" of August and fresh and dry
matter yield wasdetermined. After the harvests of grass swaths, common
sunflower and blue phacelia, mean object samples of individual plants were
mineralized in a mixture (3:1) of nitric (V) and perchloric acid (VII) and total
content of copper, manganese and zinc was determined with the ASA meth-
od. Results of the content of microelements and their uptake by plants were
statistically studied with analysis of variance for a two-factor, no-replication
system according to FR — Analwar — 4.3 packet. Multiple comparison of means
was conducted on the basis of Tukey’s procedure at p=0.01.

RESULTS AND DISCUSSION

Direct and successive impact of rising doses of municipal sewage sludge
and a constant dose of wheat straw with and without mineral N and NPK
fertilizing on yield was shown in previous paper (Woroszyk et al. 2006).
In direct impact all of the doses of sewage sludge (from 0.5 to 2.0% d.m.
of sewage sludge in relation to 6 kg d.m. soil per pot) with addition of an
equal dose of wheat straw (30 g d.m. per pot) significantly increased sum
of yield of Festulolium from four swaths in comparison with the control ob-
ject. Mean increases of dry matter yield varied from 98% to 259%. Fertiliz-
ing with mineral nitrogen, applied alongside sewage sludge and straw,
in relation to objects without mineral fertilization, increased yield of Festu-
lolium by about 27.4% and fertilizing with NPK — by about 38.4%. on aver-
age In successive impact of sewage sludge and straw, mean increases of sum
of dry matter of sunflower and phacelia varied from 17.9% to 44.2%. Howev-
er, supplemental fertilization with nitrogen increased yield of sunflower and
phacelia by about 15.7% and with NPK by about 35.5%.

Total fertilization with rising doses of municipal sewage sludge and an
equal dose of wheat straw increased content of copper, manganese and zinc
in Festulolium as well as in sunflower and phacelia (Table 2). It should be
mentioned that the main source of the analyzed microelements was sewage
sludge, because the contribution of straw to the amount of incorporated
components, with rising doses of sewage sludge, was from 2.12 to 0.53%
for copper, from 11.5% to 2.86% for manganese and from 1.55% to 0.39%
for zinc.

The mean weighted (from four swaths) content of copper in Festulo-
lium, in most cases, was increasing along with the increase of doses
of sewage sludge (Table 2). Mean increases of content of copper varied from
8.04 to 59.8%, in comparison with the control object (without sewage sludge
and straw). Favourable influence of mineral fertilization on the copper con-
tent in grass was also noticed. On objects with mineral nitrogen fertiliza-
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tion, in comparison with an object without fertilization, mean content
of copper was 14.2% higher and on objects with NPK fertilization it was
41.4% higher. Content of manganese in Festulolium was increasing along
with rising doses of sewage sludge on objects without mineral fertilization
as well as with nitrogen fertilization and NPK (tab. 2). Mean increases of that
element on objects with sewage sludge and straw, in relation to the control,
varied from 21.8 to 68.8%. The highest mean content of manganese, simi-
larly to that of copper, was determined in grass harvested from soil ferti-
lized with NPK (274 mg Mn-kg! d.m.), lower from soil with nitrogen (230
mg Mn-kg!l dm.) and the lowest from objects with soil without mineral
fertilization (188 mg Mn-kg! d.m.). All of the doses of sewage sludge and
straw, in comparison with the control, considerably increased the mean con-
tent of zinc in Festulolium (from 19.4 to 59.1%). In grass from objects with
1.5% d.m. and 2.0% d.m. doses of sewage sludge, in relation to soil mass in
a pot, the content of zinc was almost identical (53.3 and 53.2 mg Zn-kg!
d.m.) and significantly higher in relation to the control. Supplemental min-
eral fertilization with nitrogen and NPK, as in the case of copper and man-
ganese, increased the content of zinc in grass suitably about 11.2 and 17.7%,
but these differences were not statistically confirmed (Table 2).

As a result of the successive impact of sewage sludge and straw, the
content of copper, manganese and zinc in common sunflower and blue phace-
lia increased (Table 2). The mean content of the analyzed microelements in
sunflower was similar to the content in Festulolium and lower in phacelia.
In turn, rising doses of sewage sludge, versus the control, increased the
mean content of copper in sunflower from 8.69 to 30.3% and in phacelia
from 6.07 to 12.6%, that of manganese, respectively, from 23.3 to 50.5 and
from 5.92 to 33.1%, zinc — from 33.2 to 50.3% and from 15.9 to 37.9%.
However, significant increase in the content of copper in sunflower and
phacelia was obtained under the influence of the highest dose of sewage
sludge and that of manganese as a result of 1.5% and 2.0% d.m. of sewage
sludge application. However, the content of zinc in sunflower did not signifi-
cantly differ. In phacelia, there was more zinc than in the control from the
second dose of sewage sludge on. Mineral fertilizing with nitrogen and NPK
did not cause such a considerable increase in the content of microelements
in sunflower and phacelia as in the case of Festulolium. It was only the
content of zinc in sunflower from the objects with supplemental nitrogen
and NPK fertilization that increased quite considerably (on average about
16.4 and 21.1%).

Statistical analysis showed significant differences in the uptake of cop-
per and manganese by Festulolium between the control and the highest
dose of sewage sludge, while the uptake of zinc was significantly different
after application of 1.5 and 2.0% d.m. of sewage sludge. However, the differ-
ences in the uptake of the analyzed microelements by sunflower and phace-
lia were not statistically confirmed (Table 3). Yet, when analyzing the mean
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uptake of microelements in relative numbers, there was a considerable de-
pendence on the dose of ewage sludge and mineral fertilization was noticed.

The mean uptake of all the microelements by Festulolium, even at the
lowest dose of sewage sludge, was over two-fold higher than in the control
and from the soil with the highest dose of sewage sludge the uptake
of copper and manganese was about 5-fold and zinc about 6-fold higher. From
the soil fertilized with nitrogen, grass took up about 40% more microele-
ments and from the soil with NPK — about 89.4 more copper, 84.4 more
manganese and 57.6% more zinc. The total uptake of microelements by yield
of sunflower and phacelia was increasing as doses of sewage sludge in-
creased, but the increments were considerably lower than of Festulolium.
The uptake of copper from soil with the lowest dose of sewage sludge, in
comparison with the control, was about 27.4% higher, manganese about
37.9% higher and zinc about 50.6%, while from the soil with the highest
dose — about 78.3, 114.7 and 108.6% higher, respectively. In the objects ferti-
lized with nitrogen, the uptake of copper and manganese was about 19%
and with NPK about 45% higher in relation to objects without fertilization,
while the uptake of zinc was 27.6 and 54.3% higher.. The lowest uptake by
test plants in the two years of the experiment was that of copper (on aver-
age 0.476 mg per pot), the uptake of zinc was higher (on average 4.27 mg
per pot) and the highest uptake was that of manganese (on average 21.07 mg
per pot; Table 3).

On the basis of the mean uptake of microelements by yield of test plants
from sewage sludge and straw as well as the amount of components incor-
porated with those fertilizers, utilization of copper, manganese and zinc by
Festulolium, sunflower, phacelia and total utilization by three plants was
estimated (Table 4). The mean utilization of copper, manganese and zinc
by test plants from individual doses of sewage sludge and the constant dose
of straw was hardly diverse. The mean utilization of copper by Festulolium
varied from 2.38 to 2.59%, manganese from 44.44 to 50.99% and zinc from
3.77 to 4.79%. Utilization of microelements by sunflower and phacelia was
several-fold lower and in the case of copper varied from 0.43 to 0.64%, man-
ganese from 9.94 to 12.34% and zinc from 0.88 to 1.63%. Lower utilization
of microelements from sewage sludge and straw by sunflower and phacelia
was connected with lower dry matter yield of those plants, in comparison
with Festulolium, because the content of individual components did not dif-
fer considerably. Utilization of copper (3.03%) and zinc (5.54%) from sewage
sludge over the two years should be consider as low and manganese (58.18%)
as high.

The present research confirms favourable influence of municipal sewage
sludge, noticed by other authors (Jasiewicz et al. 2006, AiLINAcAI et al. 2007),
on shaping the content of microelements in plants. It was also stated that
mineral fertilization with nitrogen and NPK modified the content of microe-
lements in plants. Positive impact of mineral fertilization with nitrogen, ap-
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Table 4

Amount of microelements brought into soil, taken up and utilized by test plants

Utilization
of micro-elements from
sewage sludge and

Amount of microelements | Amount of microelements
brought into soil with taken up by plants from

Object sewage (srl:llgdiitz_ilr)ld straw | sewage (S}Itlgii:l?d straw straw by test plants
(%)
Cu|Mn|Zn Cu|Mn|Zn Cu|Mn|Zn
Festulolium

Sludge 0.5%+straw 4.53 11.67 | 25.13 | 0.108 5.52 1.10 2.38 | 4730 | 4.38
Sludge 1.0%+straw 8.97 22.14 | 49.88 | 0.231 9.84 2.39 258 | 44.44 | 4.79
Sludge 1.5%+straw | 13.41 | 32.61 | 74.63 | 0.347 16.63 3.36 2.59 | 50.99 | 4.50
Sludge 2.0%+straw | 17.85 | 43.08 | 99.38 | 0.447 | 20.07 3.75 250 | 46.59 | 3.77

Sunflower and phacelia

Sludge 0.5%+straw 4.53 11.67 | 25.13 | 0.029 1.44 041 064 | 1234 | 1.63
Sludge 1.0%+straw 8.97 22.14 | 49.88 | 0.048 2.44 0.61 0.53 11.02 1.22
Sludge 1.5%+straw | 1341 | 32.61 | 74.63 | 0.058 3.24 0.73 0.43 9.94 0.98
Sludge 2.0%+straw | 17.85 | 43.08 | 99.38 | 0.083 4.36 0.88 0.47 10.12 | 0.88

Sum

Sludge 0.5%+straw 4.53 11.67 | 25.13 | 0.137 6.96 1.51 3.02 | 59.64 | 6.01
Sludge 1.0%+straw 8.97 22.14 | 49.88 | 0.279 12.28 3.00 3.11 | 55.46 | 6.01
Sludge 1.5%+straw | 13.41 | 3261 | 74.63 | 0.405 19.87 4.09 3.02 | 6093 | 548
Sludge 2.0%+straw | 17.85 | 43.08 | 99.38 | 0.530 | 24.43 4.63 297 | 56.71 | 4.65

plied against the background of manure, on the content of copper, manga-
nese and zinc in different stages of development of spring barley was con-
firmed by Rabikowska et al. (2000).

Low utilization of copper and zinc from municipal sewage sludge by plants
in a period of three years has been proved in an earlier field study
by Woroszyk et al. (2004). High utilization of manganese from sewage sludge,
especially by Festulolium, could be a result of high absorption of these ele-
ment by plants from the soil characterized by acid reaction.

CONCLUSIONS

1. Total fertilization with rising doses of municipal sewage sludge and
an equal dose of wheat straw, in comparison with the control objects, re-
sulted in an increase in the content of copper, manganese and zinc
in Festulolium (direct impact) as well as in sunflower and phacelia (succes-
sive impact).

2. Mineral fertilization with nitrogen and NPK, applied against the back-
ground of sewage sludge with straw, increased the content of microelements
in test plants, especially in the first year of research.
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3. The uptake of the analyzed microelements by test plants was increas-
ing along with rise of the doses of sewage sludge and under the influence
of mineral fertilizing. In the total uptake of individual microelements, 2/3
were taken up by Festulolium and 1/3 by sunflower and phacelia.

4. Utilization of individual microelements from sewage sludge and straw
was quite diverse. Over the two years, manganese was utilized to the high-
est degree (on average 58.2%), followed by zinc (on average 5.54%) and cop-
per (on average 3.03%).
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