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INFLUENCE OF NITROGEN DOSES
APPLIED IN SEWAGE SLUDGE ON THE CONTENT

OF MACROELEMENTS IN THE WILLOW (Salix viminalis)

WP£YW DAWEK AZOTU ZASTOSOWANEGO W OSADZIE
ODCIEKOWYM NA ZAWARTOŒÆ MAKROELEMENTÓW

W WIERZBIE (Salix viminalis)

Abstract: The influence of different doses of nitrogen applied in the sewage sludge as well as NPK in mineral
fertilizers in the field experiment carried out during three years on the content of macroelements in the willow
biomass Salix viminalis was the aim of this work. The doses of nitrogen applied in the form of sewage sludge
reached 100, 150 and 200 kg × ha–1. Besides those objects field experiment contained two more objects: NPK
with N-150, P-50, and K 150 kg × ha–1 in which every year 50 kg of N in urea form was applied with P and K
at ratio maintained above and in control. The content of determinated elements P, K, S, Ca, Mg and Na in the
branches of willow was not significantly differentiated upon the influence of different nitrogen doses applied
in the form of sewage sludge. The content of potassium and sulfur was significantly higher in branches of
willow harvested from the object fertilized with doses of nitrogen 200 kg N × kg–1 then from others objects.
The content of potassium, sulfur, calcium, magnesium and sodium in the branches of willow biomass was not
significantly differentiated upon the investigated parameters, but the content of phosphorus was significantly
lower in biomass harvested from objects fertilized with sewage sludge than mineral fertilizers. The highest
amount of determinated elements was taken up by willow cultivated in the second year and the lowest in the
first year of experiment. The uptake of phosphorus increased in each year of experiment from the lowest in
the first year up to highest in the third year of experiment.

Keywords: sewage sludge, nitrogen, biomass of willow, macroelements

Introduction

The share of renewable energy in energetic balance of Poland in the 2020 year
should reached up to 20 %. Solid biomass comes mainly as the waste from forestry,
wood industry, meat and plant processing industry, municipal waste treatment and
agriculture. It is predicate that in the future main source of biomass will be the
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plantation of energetic plants. The willow (Salix viminalis) is recognized especially in
north European (Scandinavian) and North American lands as the very good plant with
quick growth for harvesting of biomass for the energetic purpose [1–4]. Yield of the
willow (Salix viminalis) cultivated and harvested in Poland and in another countries
generally reach up to 15 MG (ton) × ha–1 dry matter [5–8].

The amount of plant nutrients introduce into the soil should be taken under
consideration the fertility of soil as well as the uptake and the yield of those macro- and
microelements. For the fertilization of willow can be used organic and mineral
fertilizers as well as different waste for example sewage sludge, because this plant
shows big possibility for the utilization of plant nutrients from those materials [9, 10]
what allow good growth and high yield of this plant.

The aim of this investigation carried out as field experiment during the years
2002–2005 was the estimation of the influence of different nitrogen doses applied into
the soil in the form of sewage sludge as well as mineral fertilizers on the content of
phosphorus, potassium, calcium, magnesium, sulfur and sodium in the biomass
(branches) of willow (Salix viminalis). The yield of biomass harvested in this
experiment has been published in the other paper [9].

Materials and methods

The field experiment was laid down of spring 2002 year on the soil developed from
loamy light sand (according to Polish Soil Science Society) and was carried out during
three years. The soil had neutral reaction (pH measured in 1 mol × CaCl2 dm–3 reached
6.5 unit) and the high content g × kg–1 (of d.m. soil) of organic carbon 42.5 and total
nitrogen 2.50, respectively. The total content in g × kg–1 of estimated macroelements
was as follows, respectively: P – 0.99, K – 1.71, Ca – 9.87, Mg – 1.69 and Na 0.21. The
scheme of experiment contained follows objects: different doses of nitrogen applied
with sewage sludge (kg × ha–1): 100, 150 and 200; object fertilized with urea applied in
50 kg × ha–1 nitrogen in each year (total amount 150 kg × ha–1) and control in which only
phosphorus and potassium were applied.

Fresh sewage sludge produced on the municipal sewage purification plants at Siedlce
was applied at spring before plantation of willow plant. The used sewage sludge
contained 20.2 % of dry matter in which the following amount of investigated elements
were determinated in g × kg–1 of d.m.: N – 50.6, P – 25.8, K – 3.25, Ca – 41.8, Mg –
8.90, S – 6.51, Na – 1.68 and in mg × kg–1 of d.m.: Fe – 13499, Mn – 253, Zn – 1573,
Cu – 139, Mo – 5.92, Co – 5.10. The content of heavy metals in the sewage sludge was
in the amount accepted for fertilizer use in agriculture [11].

The urea was applied in each year three times during whole duration of experiment in
dose 50 kg N × ha–1 before the starting of vegetation. In the first year of experiment on
all objects fertilized with sewage sludge, urea and control (without nitrogen) additional
fertilization with potassium (potassium salt) in dose to reach the ratio N : K equal 1 : 1
was applied. On the object fertilized with urea additional fertilization with phosphorus
and potassium were applied in the form of mineral fertilizer (triple superphosfate and
potassium salt) in dose to reach the ratio of N : P : K equal 1 : 0.35 : 1. The amount of P
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and K applied in the control object equal to the amount of those elements introduced
into the soil with the middle dose of sewage sludge which contained 150 kg × ha–1 of
nitrogen.

The experiment was laid down in four replicates in which willow (Salix viminalis)
clone 1056 was cultivated in the area plot on 8 m2 and at the density 8 pieces of plant
per 1 m2. The biomass of willow was harvested in each year of experiment. Whole
biomass of the willow branches were harvested in February. These branches were
shreaded, representative samples were separated, dried and finely grounded. So
prepared samples were digested by the “method of dry combustion” in the oven at the
temperature 450 oC. Ash was treated by 6 mol HCl × dm–3 to decompose carbonate. The
excess of HCl from crucible was evaporated to dryness. The chlorides of elements were
transferred by 10 % HCl to volumetric flask. This was the base solution in which
investigated elements were determinated by ICP-AES method on the spectrometer
Optima 3200 manufactured by Perkin-Elmer.

The results were statistically calculated using the analyses of variance for the
experiment with two investigated parameters in completely randomized scheme. The
values of LSD0.05 were calculated by Tukey’s test.

Results and discussion

The cultivation of willow in the every year harvesting system allow the production
of biomass in small and big areas of energetic plants for it using in own farms or for
sale to energetic plants in small towns. The cultivation of willow in this system makes
easy its fertilization and harvesting [12]. Independently from the cycle of biomass
harvesting system(every year or once per 3 years) to obtained high yield of biomass, it
is necessary to applied high doses of plant nutrients, which can be supplied in organic
and mineral fertilizers by mixing their with soil. Utilization of sewage sludge in
fertilization this plant is quite possibility but needs to their cover (mixing) with soil. The
sewage sludge used in this experiment for fertilization of willow, were the main source
of macro- and microelements, beside some quantity of those elements which can be
taken up by plants from soil. Sewage sludge applied in this experiment contained very
low amount of potassium and therefore additional potassium dose was applied in
mineral fertilizer.

The content of calcium and sodium in willow branches was not significantly
differentiated by the doses of sewage sludge (Table 1). The content of Mg, K, P and S
was significantly higher in the branches of willow harvested from the plots fertilized
with the highest doses of sewage sludge (200 kg × ha–1 of nitrogen) and the lowest at
medium doses of nitrogen (150 kg N × ha–1). The willow biomass harvested from plants
fertilized with sewage sludge in dose contained 150 kg × ha–1 of nitrogen contained
lower content of phosphorus, potassium and sulfur than it biomass harvested from
control object (fertilized only with PK). Content of calcium, magnesium and sodium in
willow branches harvested from above described objects were similar. The content of
all determinated elements in willow biomass harvested from the objects fertilized with
urea were not significantly differentiated from the content of these element in biomass
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harvested from control object (only PK). Also the content of all investigated elements in

biomass harvested from the objects fertilized with urea (object with mineral fertilizer)

was slightly higher (most often not significantly differentiated) than in biomass

harvested from objects fertilized with all doses of sewage sludge. Only the content of P,

K, Mg and S was higher in willow biomass harvested from plants fertilized with urea

(mineral fertilizers) than after sewage sludge applied with dose contained 150 kg × ha–1

of nitrogen.

The content of all determinated elements in willow biomass was significantly

differentiated under the influence of the harvesting year. The highest concentration of

phosphorus, potassium and sulfur were determinated in the willow biomass harvested in

the first year of cultivation whereas the content of calcium, magnesium and sodium

were the highest in the biomass harvested in the second year of cultivation. The lowest

content of calcium and magnesium in the willow branches were determinated in first

year of cultivation, but phosphorus and potassium in second year, however sodium and

sulfur in third year.

The uptake of determinated elements (kg × ha–1) by harvested part of willow

(branches) was depended up their content in biomass (Table 1) and yield [9]. The

amount of macroelements taken up by harvested biomass significantly depended upon

investigated parameters; it is year of cultivation and different kind and dose of fertilizers

(Table 2). The highest amount of P, K were taken up by willow biomass harvested in

the third and the lowest in the first year of cultivation, whereas Ca, Mg, S and Na the

highest in the second and the lowest in the first year of cultivation. It is also very

interesting that the amounts of P and K taken up by willow biomass increased in each

year of cultivation from the lowest in the first up to the highest in the third year of

cultivation. The highest amount of investigated elements were harvested most often

with biomass from plots fertilized with the highest dose of sewage sludge in which

200 kg × ha–1 of and the lowest with the dose 150 kg × ha–1 nitrogen introduces into the

soil. The contents of P, K, Mg and S in biomass harvested from plants fertilized with

urea (mineral fertilization) were not significantly differentiated from the amount of de-

terminated elements harvested from control plots. The amount of determinated elements

harvested with willow biomass from plots fertilized with sewage sludge in dose

100 kg × ha–1 and 200 kg × ha–1 of nitrogen generally was higher than from control plot.

The relation of chemical elements one- to bivalent ([K + Na]/[Ca + Mg] counted as

their the gram-equivalents) in first year of the willow cultivation ranged from 0.99 in

object fertilized with urea to 1.24 on control once (Table 3). The willow sprouts

fertilized with sewage sludge had in first year the lowest relation of chemical elements

one- to bivalent on object with dose 150 kg N × ha–1 (1.01), and the highest after applied

dose 200 kg N × h–1 (1.22). Willow sprouts harvested in second and third year had the

similar relation of chemical elements one- to bivalent (average value for all studied

objects had value 0.32 and 0.33, respectively). It means that in the first year of

cultivation willow plant have taken mainly potassium and sodium and much less

calcium and magnesium. It is explained by physiology of this plant connected with the

amount of woody materials which in the first year of cultivation is very low in whole

biomass of willow branches.
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Table 3

The ratio of chemical elements one- to bivalent (K + Na)/(Ca + Mg) calculated as gramequivalent

Doses

of nitrogen

(K + Na) / (Ca + Mg)

Years of cultivation
Mean

I II III

Control object 1.24 0.26 0.32 0.61

100kg N (sludge) 1.06 0.37 0.35 0.59

150kg N (sludge) 1.01 0.32 0.27 0.53

200kg N (sludge) 1.22 0.30 0.37 0.63

150kg N (urea) 0.99 0.36 0.30 0.55

Mean 1.10 0.32 0.33 0.58

The content of investigated elements determinated in willow biomass in own

research was contained in a range of papers published by others authors [13, 14].

Results presented in this paper related to phosphorus indicated on the lower degree of

phosphorus availability for willow from sewage sludge that from mineral fertilizer

mainly in the second and third year of cultivation. The lower content of sulfur

determinated in willow biomass harvested from plots fertilized with lower doses of

sewage sludge than that from object with mineral fertilizer as well as in comparison

with the sulfur content in others energetic materials [12] indicates that the pollution of

environment should be lower when biomass of willow harvested from plots fertilized

with sewage sludge will be used as energetic materials.

Conclusions

In the field experiment carried out during three years with the fertilization of willow

(Salix viminalis) in which biomass was harvested every year by different doses of

sewage sludge on the loamy light sandy soil the following conclusions were drawn out:

1. The content of all determinated P, K, S, Ca, Mg and Na elements were

significantly differentiated upon the year of harvesting. The highest content of P, K and

S were determinated in willow biomass harvested in the first, whereas Ca, Mg and Na in

the second year of cultivation.

2. The highest content of all determinated elements was stated in biomass harvested

from plots fertilized with mineral fertilizers (urea).

3. The highest content of all determinated elements contained the biomass harvested

from plots fertilized with the highest dose from plots fertilized with the highest dose of

sewage sludge (200 kg × ha–1 of N) and the lowest with plots fertilized with sewage

sludge in the middle dose (150 kg × ha–1 of N).

4. Uptake by willow biomass of Ca, Mg, S and Na was the highest in the second

year, whereas the P and K increase in the following years of cultivation.

5. The value of relation of chemical elements one- to bivalent (K + Na)/(Ca + Mg) in

small degree were diverse in dependence from applied fertilization, however they were

clearly larger in first year of the willow cultivation than in second and third.

Influence of Nitrogen Doses Applied in Sewage Sludge... 375



Reference

[1] Perttu KL. Environmental and hygienic aspects of willow coppice in Sweden. Biomass & Bioenergy.

1999;16:291-297.

[2] McCracken AR, Dawson WM, Bowden G. Yield responses of willow (Salix) grown in mixtures in short

rotation coppice (SRC). Biomass & Bioenergy. 2001;21:311-319.

[3] Tharakan PJ, Volk T., Nowak CA, Abrahamson LP. Morphological traits of 30 willow clones and their

relationship to biomass production. Can J For Res. 2005;35:421-431.

[4] Stolarski MJ, Szczukowski S, Tworkowski J, Wróblewska H, Krzy¿aniak M. Short rotation willow
coppice biomass as an industrial and energy feedstock. Industrial Crops Prod. 2011;33:217-223.

[5] Kopp RF, Abrahamson LP, White EH, Volk TA, Nowak CA, Fillhart RC. Willow biomass production
during ten successive annual harvests. Biomass & Bioenergy. 2001;20:1-7.

[6] Stolarski M. Wszystko o wierzbie. Czysta Energia. 2003;10:32-33.
[7] Hoffmann D, Weih M. Limitations and improvement of the potential utilization of woody biomass for

energy derived from short rotation woody crops in Sweden and Germany. Biomass & Bioenergy.
2005;28:267-279.

[8] Szczukowski S, Tworkowski J, Stolarski M, Grzelczyk M. Produktywnoœæ wierzb krzewiastych
pozyskiwanych w jednorocznych cyklach zbioru. Acta Sci Polon Agric. 2005;4:141-151.

[9] Kalembasa D, Szczukowski S, Cichuta R, Wysokiñski A. Plon biomasy i zawartoœæ azotu w wierzbie
(Salix viminalis) przy zró¿nicowanym nawo¿eniu azotowym. Pamiêt Pu³aw. 2006;142:171-178.

[10] Kalembasa D, Malinowska E. Content of macroelements in the willow biomass harvested in
two-year-cycle of cultivation. Ecol Chem Eng. A. 2007; 14:319-324.

[11] Rozporz¹dzenie Ministra Œrodowiska w sprawie komunalnych osadów œciekowych z dnia 13 lipca 2010
roku. Dz U nr 137, poz. 924

[12] Szczukowski S, Tworkowski J, Stolarski M, Grzelczyk M. Produktywnoœæ roœlin wierzby (Salix spp.)
i charakterystyka pozyskiwanej biomasy jako paliwa. Zesz Probl Post Nauk Rol. 2005;507:495-503.

[13] Micha³owski M, Go³aœ J. Zawartoœæ wybranych metali ciê¿kich w organach wierzby jako wskaŸnik
wykorzystania jej w utylizacji osadów œciekowych. Zesz Probl Post Nauk Rol. 2001;477:411-419.

[14] Borkowska H, Lipiñski W. Zawartoœæ wybranych pierwiastków w biomasie kilku gatunków roœlin
energetycznych. Acta Agrophys. 2007;10:287-292.

WP£YW DAWEK AZOTU ZASTOSOWANEGO W OSADZIE ODCIEKOWYM
NA ZAWARTOŒÆ MAKROELEMENTÓW W WIERZBIE (Salix viminalis)

Katedra Gleboznawstwa i Chemii Rolniczej
Uniwersytet Humanistyczno-Przyrodniczy w Siedlcach

Abstrakt: Okreœlono wp³yw zró¿nicowanych dawek azotu wprowadzonych do gleby w osadach œciekowych
oraz nawo¿enia mineralnego na zawartoœæ i pobranie fosforu, potasu, siarki, wapnia, magnezu i sodu przez
wierzbê krzewiast¹ (Salix viminalis). W doœwiadczeniu polowym uprawiano wierzbê na obiektach nawo-
¿onych osadami œciekowymi w dawkach odpowiadaj¹cych wprowadzeniu do gleby 100, 150, i 200 kg
N × ha–1. Ponadto wydzielono obiekt nawo¿ony corocznie przez 3 lata mocznikiem w dawce 50 kg N × ha–1, co
w sumie stanowi³o 150 kg N. Zawartoœæ badanych pierwiastków w pêdach wierzby na ogó³ nie by³a istotnie
uzale¿niona od dawki osadu œciekowego. Tylko zawartoœæ potasu i siarki w uzyskanej biomasie by³a istotnie
najwiêksza po zastosowaniu najwiêkszej dawki osadu. Zawartoœæ potasu, siarki, wapnia, magnezu i sodu
w pêdach wierzby nawo¿onej osadami œciekowymi i NPK w postaci mineralnej najczêœciej nie ró¿ni³a siê
istotnie, natomiast zawartoœæ fosforu by³a istotnie mniejsza po zastosowaniu osadów ni¿ nawo¿enia
mineralnego. Najwiêcej badanych pierwiastków (potasu, siarki, wapnia i magnezu) roœliny wierzby pobra³y
w II roku uprawy, a najmniej w I roku po za³o¿eniu plantacji. Pobranie fosforu zwiêksza³o siê w kolejnych
latach uprawy wierzby.

S³owa kluczowe: osady œciekowe, azot, wierzba, makroelementy
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