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Abstract

Both deficiency and excess of mineral components in cereal grain may impair its bio-
logical value, later interfering with the metabolic processes occurring in animal and hu-
man organisms. Potential accumulation of undesirable components in biomass should be
taken into consideration since such compounds occur in large amounts in waste material.
Therefore, it is necessary to assess the effect of waste-based fertilizers on both the amo-
unt of generated biomass and its chemical composition. The present investigations were
conducted to determine the effect of fertilization with farmyard manure, municipal sewage
sludge and compost from biodegradable materials on the yield and mineral composition of
spring wheat grain. The field investigations ran for three years. Nitrogen in wheat grain
was assessed using Kjeldahl’s method, phosphorus by colorimetry, sulphur, copper, manga-
nese and zinc by the ICP-AES method, and potassium, magnesium and sodium by flame
photogrammetry. In the first year, organic fertilizers were observed to be less stimulating
to yield formation than mineral fertilizers. Although the uptake of N, P and K from the
applied organic fertilizers was impeded, their deficiency in wheat grain was preventable by
balancing doses of these components. Despite different amounts of magnesium, sodium
and sulphur applied to the soil with the fertilizers, the concentrations of these elements in
grain were considerably stable in the years of the investigations. Copper and manganese
concentrations in wheat grain were deficient, which significantly depressed grain fodder
value and might indirectly determine the crop yield.
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WP£YW NAWO¯ENIA OBORNIKIEM, KOMUNALNYM OSADEM ŒCIEKOWYM
I KOMPOSTEM Z BIODEGRADOWALNYCH MATERIA£ÓW NA PLONOWANIE

I SK£AD MINERALNY ZIARNA PSZENICY JAREJ

Abstrakt

Zarówno niedobór, jak i nadmiar sk³adników mineralnych w ziarnie roœlin zbo¿owych
mo¿e obni¿yæ ich wartoœæ biologiczn¹, co mo¿e niekorzystnie wp³ywaæ na procesy metabo-
liczne u zwierz¹t i ludzi. Nale¿y braæ pod uwagê mo¿liwoœæ akumulacji niepo¿¹danych sk³ad-
ników w biomasie, gdy¿ takie zwi¹zki mog¹ wystêpowaæ w du¿ych iloœciach w odpadach
wykorzystywanych do nawo¿enia. St¹d te¿ konieczna jest ocena wp³ywu nawozów wytwa-
rzanych na bazie odpadów zarówno na iloœæ wytworzonej biomasy, jak i na jej sk³ad che-
miczny. Trzyletnie doœwiadczenie polowe wykonano w celu okreœlenia wp³ywu nawo¿enia
obornikiem, komunalnym osadem œciekowym oraz kompostem wyprodukowanych z mate-
ria³ów biodegradowalnych na plonowanie i sk³ad mineralny ziarna pszenicy jarej. Zawar-
toœæ azotu w ziarnie pszenicy oszacowano metod¹ Kjedahla, fosfor kolorymetrycznie, siar-
kê, miedŸ, mangan i cynk za pomoc¹ metody ICP-AES, natomiast potas, magnez i sód
z u¿yciem fotogrametrii p³omieniowej. W pierwszym roku stwierdzono, ¿e nawozy organicz-
ne mia³y s³abszy wp³yw plonotwórczy ni¿ nawozy mineralne. Pomimo ograniczonego pobo-
ru N, P i K z zastosowanych nawozów organicznych, mo¿na by³o zapobiegaæ niedoborom
tych pierwiastków w ziarnie przez bilansowanie dawek tych sk³adników. Mimo zró¿nicowa-
nych iloœci magnezu, sodu i siarki wprowadzonych do gleby wraz z nawozami, zawartoœæ
tych pierwiastków w ziarnie by³a znacz¹co stabilna w ci¹gu kolejnych lat badañ. Zawartoœæ
miedzi i manganu w ziarnie pszenicy by³a niewystarczaj¹ca, co znacz¹co obni¿y³o wartoœæ
paszow¹ ziarna pszenicy i mog³o mieæ poœredni wp³yw na plonowanie.

S³owa kluczowe: nawo¿enie, osad œciekowy, kompost, sk³ad mineralny, pszenica jara.

INTRODUCTION

Apart from the crop yield, another crucial aspect in the assessment of
the value of cereal grain used as animal fodder is its content of macro- and
microelements, which are  an important source of mineral substances for
animals. Concentrations of individual elements in cereal grain are highly
varied depending on a cereal species and its form, soil abundance in nutri-
ents, the weather conditions, plant protection and cultivation measures, in-
cluding fertilization (ŠRAMKOVA et al. 2009, GONDEK, GONDEK 2010). Fertiliza-
tion may have direct or indirect influence on yielding and mineral content
in grain by affecting speciation of elements in soil and the soil properties
(MIJANGOS et al. 2006, G£¥B, GONDEK 2008, RUTKOWSKA et al. 2009). Balanced
application of natural and mineral fertilizers improves crop yields and poses
no threat to the quality of biomass. The risk of adverse changes in yielding
and chemical composition of crops may arise from soil fertilization with
waste organic material whose chemical composition is not stable (GASCO,
LOBO 2007).

Both deficiency and excess of mineral components in cereal grain may
lead to its inferior biological value, thus disturbing the metabolic processes
in an animal fed such grain. Potential accumulation of undesirable compo-
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nents in biomass should be taken into consideration, since they may occur
in large quantities in waste material. Therefore, it is necessary to assess
the effect of these substances not only on the amount of biomass but also
on its chemical composition (KALEMBASA, MALINOWSKA 2009).

With high quantities of plant nutrients in natural and organic fertilizers
and waste organic material, fertilization with these substances on crop yields
and their chemical composition can be expected to produce beneficial effects.
This research was conducted to determine the effect of fertilization with farm-
yard manure, municipal sewage sludge and compost from biodegradable ma-
terials on the yield and mineral composition of spring wheat grain.

MATERIAL AND METHODS

The investigations were conducted as a field experiment set up 10 km
west of Krakow (49o59’ N; 19o41’ E) under moderate climate. The data ob-
tained from a meteorological station are presented in Tables 1 and 2. The
soil under the experimental field was classified as Stagnic Gleysoils (FAO

1998). Table 3 shows selected properties of the soil prior to the experiment.
The experiment was set up according to the randomized block method.

The plot area was 30 m2. The experimental design comprised 5 treatments
in four replications: without fertilization (0), NPK mineral fertilization  (M)
[110 kg N ha–1, 58.6 kg P ha–1 and 120 kg K ha–1]; swine FYM (SF) [14.30 t
ha–1 of fresh mass], municipal sewage sludge from a mechanical-biological
treatment plant (SS) [14.15 t ha–1 of fresh mass] and compost made from
plant and other biodegradable waste (C) [6.46 t ha–1 of fresh mass]. Selected
properties of the manure, municipal sewage sludge and compost are pre-
sented in Table 4.

Before the experiment (autumn 2004), the field was limed according to
half the value of hydrolytic acidity (962.0 kg CaO ha–1).

In the spring of the following year, after basic cultivation measures, the
plots were evenly covered with farmyard manure, sewage sludge or compost
and ploughed. Two weeks later, supplementary mineral fertilization was con-
ducted and the fertilizer was mixed with the soil using a cultivator and
harrow aggregate. The nitrogen dose supplied with the organic materials
was 110.0 kg N ha–1. Phosphorus and potassium were supplemented in min-
eral fertilizers to the equal level introduced with fertilizers in all the treat-
ments (except the control), [phosphorus to 58.6 kg P ha–1 as single super-
phosphate and potassium to 120.0 kg K ha–1 as 60% potassium salt]. In the
second and third year, doses of these elements were identical as in the first
year but were introduced only in the form of mineral fertilizers, applied in
order to supplement nutrients (nitrogen, phosphorus and potassium) removed
with wheat yield.
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The test plant was cv. Jagna spring wheat. In the first year, wheat was
sown on 7 April 2005, then  on 10 April 2006 and finally on 28 March 2007.
The plant density was 485 plants per 1 m2. During vegetation, chemical
preparations were applied to protect wheat from weeds (spraying with 1 dm3

ha–1 of Puma Universal herbicide, manufactured by Bayer CropScience,  and
1 dm3 ha–1 of Aminopielik Gold, manufactured by Makhteshim Agan Agro
Poland S.A.) and from fungal diseases (spraying with 1 dm3 ha–1 of Alert
375 S.C. fungicide, manufactured by Du Pont). The duration of the wheat
growth period in each year depended on the weather conditions. Wheat was
harvested at grain full maturity on 13 August 2005, on 3 August 2006 and
on 31 July 2007. In order to determine grain yield, wheat was gathered
from an area of 4 m2, separately from each plot.

Sewage sludge used for the experiment originated from a municipal me-
chanical and biological sewage treatment plant located in Malopolska. Com-
post was produced from plant and other biodegradable waste in a compost-
ing plant located in Krakow, using the MUT-Kyberferm technology. The types
and shares of waste in the composted biomass were:  25% grass, 20% wood
pellets; 20% leaves; 10% market waste; 5% tobacco waste and 20% coffee
production waste. Swine FYM was stored for 6 months on a manure plate.

The following were determined in the fresh samples of sewage sludge,
compost and manure: dry mass by drying at 105oC for 12 hrs, pH by poten-
tiometery, conductivity with a conductometer and total nitrogen content af-
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ter sample mineralization in concentrated sulphuric acid with Kjeldahl’s
method. Dried and ground material samples were used to determine the
content of organic matter through annealing and the content of minerals
after sample mineralization in a chamber furnace (at 450oC for 5 hrs) and
dissolution of the ash in diluted (1:2) v/v nitric acid. The phosphorus concen-
tration was assessed by colorimetry on a Backamn DU 640 spectrophotome-
ter and potassium was determined by flame photometry on a Philips PU
9100X apparatus. Heavy metal concentrations were determined using the
ICP-AES method on a JY 238 Ultrace apparatus. The analyses were con-
ducted according to the methodology described by BARAN and TURSKI (1996)
and KRZYWY (1999) and the results are given in Table 4.

Wheat grain was crushed in a laboratory mill. Afterwards, crushed wheat
grain samples were mineralized in concentrated sulphuric acid and nitrogen
was determined with Kjeldahl’s method. Sulphur was determined after min-
eralization of the material in concentrated nitric acid by with the ICP-AES
method. The remaining elements were determined after sample mineraliza-
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tion in  a chamber furnace (at 450oC for 5 hrs) and dissolving the residue in
diluted (1:2) nitric acid. Phosphorus was determined by colorimetry on
a Backman DU 640 spectrophotometer, whereas the concentrations of potas-
sium, magnesium and sodium were determined by flame photometry on
a Philips PU 9100X apparatus. The concentrations of copper, manganese and
zinc were determined using the ICP-AES method on a JY 238 Ultrace appa-
ratus. The analyses were conducted according to the methodology described
by OSTROWSKA et al. (1991).

Chemical analyses of the plant material were carried out in four repli-
cations, and the initial material (manure, sewage sludge, compost and soil)
was analyzed in two replications. A plant reference sample NCS DC733448
(China National Analysis Center for Iron &Steel) or a soil reference sample
AG-2 (AgroMAT) was assigned to each analyzed series and the result was
regarded reliable if the estimated determination error did not exceed 5%.

The results were verified statistically using two-way ANOVA (factors:
fertilization and years of the experiment) in a totally randomized design
using f-Fisher test. Significance of differences between arithmetic means was
verified on the basis of homogenous groups determined by Duncan’s test at
the significance level α<0.05. All calculations were made using Statistica
software (STANISZ 1998).

RESULTS AND DISCUSSION

The average spring wheat grain yield in the first year of the experi-
ment from the treatments with organic fertilization was lower, between
0.30 t and 1.06 t of dry mass ha–1, than the yield from the treatments where
mineral NPK (M) fertilizers had been applied (Table 5). With respect to or-
ganic fertilization treatments, the lowest grain yield was harvested after the
application of compost (C). In the third year, significantly the lowest yield of
spring wheat grain dry mass was obtained from the treatment where only
mineral fertilizers (M) had been used. An increase in wheat grain yield after
the application of swine FYM (SF), sewage sludge (SS) and compost (C) in
relation to the yield from the treatment where only mineral fertilizers (M)
were used was 25%, 9% and 26%, respectively.

Fertilization with organic material usually has a weaker effect on the
growth and development of plants than application of mineral fertilizers.
The so-called residual effect is frequently missing because a considerable
amount of nutrients from fertilizers is removed with harvest in the first
year. The present study demonstrates a weaker effect of organic fertilizers
than mineral ones in stimulating better yields. However, in the third year,
organic fertilizers proved to be more effective. These results do not com-
pletely coincide with the research by I¯EWSKA (2009), who demonstrated that
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higher doses of municipal sewage sludge significantly increased yields
of spring rapeseed and winter triticale grain in comparison with the yield
from plots receiving mineral fertilizers. Such a result did not occur when
composted sewage sludge had been applied. However, it should be empha-
sized that under controlled conditions (pot experiment) plants have optimal
moisture conditions, which may stimulate biochemical processes accelerat-
ing mineralization of organic matter supplied with the tested materials. Also
JAMIL et al. (2004) and KHAN et al. (2007) reported a beneficial effect of ferti-
lization with sewage sludge on wheat yielding. IBRAHIM et al. (2008), who
investigated compost fertilization on wheat yield, point to the fact that
amounts of nutrients supplied with fertilizers need to be balanced.

Concentrations of macroelements wheat grain dry mass from the treat-
ments where fertilization had been applied were as follows: nitrogen 19.0 g -
- 9.5 g kg–1, phosphorus 4.61 g - 5.01 g kg–1, potassium 3.97-5.32 g kg–1, mag-
nesium 0.83-1.13 g kg–1, sodium 0.02-0.06 g kg–1, sulphur 1.19-1.60 g kg–1

(Tables 6,7). Concentrations of nitrogen, potassium, magnesium and sulphur
were significantly varied between the years of the experiment. Higher con-
centrations of these elements were detected in the grain from the third
year of the research. The phosphorus and sodium concentrations in grain
did not differ significantly between the years.

The nitrogen concentration in the first year was markedly the highest
in wheat grain fertilized with mineral fertilizers, whereas in the third year
much larger quantities of this element were assessed in wheat grain from
the treatments where manure, sewage sludge or compost fertilization had
been applied in the first year (Table 6). However, the statistical analysis of
arithmetic means of the concentrations of this element in grain did not
confirm the significance of differences.

Concentrations of phosphorus in wheat grain were relatively stable, ir-
respective of the year or applied fertilization (Table 6). Despite the lack
of significant differences, there was a tendency towards increasing levels
of this element in grain from the treatment where only mineral NPK ferti-
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lizers (M) were used. The increase in P in wheat grain from this treatment
in the third year was over 7%. In the treatments where manure (SF) and
compost (C) fertilization was applied, the increase in P concentrations in
wheat grain in the third year versus the first one did not exceed 3.5%.
According to the Danish feeding standards for cattle, the phosphorus con-
centrations in grain determined in our study were satisfactory (MØLLER et al.
2000).

Potassium concentrations in spring wheat grain in the first year of the
experiment were significantly the lowest following the application of miner-
al fertilizers (M) and manure (SF) – Table 6. Wheat grain fertilized with
sewage sludge (SS) and compost (C) contained 8% and 9% more potassium,
respectively, than  the grain from the treatment where mineral fertilizers
(M) were used. In the third year of the experiment, the highest concentra-
tions of potassium were detected in wheat grain gathered from the treat-
ment where mineral NPK fertilizers (M) were applied. Assessment of the
fodder value of the analyzed material shows a deficient potassium concen-
tration in grain from the first year of the research (MØLLER et al. 2000).

Magnesium in grain from both the first and the third year of the inves-
tigations was on a similar level, independently of the applied fertilization
(Table 7). On average, the Mg content from all fertilized treatments in the
first year was 0.86 g kg–1 and in the third year – 1.09 g  kg–1 of grain.
Considering the fodder value, the magnesium concentration in grain from
the first year was deficient, irrespectively of the applied fertilization (MØLLER

et al. 2000).
Our results demonstrate a relatively high increase in the sodium con-

tent in wheat grain harvested in the third year in comparison to the first
year. Despite a considerable increase in this element, it continued to be
deficient in respect the fodder value (MØLLER et al. 2000). The applied fertili-
zation did not differentiate the Na content in grain (Table 7).
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The content of sulphur, like magnesium and sodium, was on a relative-
ly low level (Table 7), independently of the fertilizers used. However, it was
adequate considering the fodder value (MØLLER et al. 2000). Nonetheless, it
should be emphasized that an increased content of this element in wheat
grain (from 7% to 27%) was observed in the third year,  particularly after
the application of sewage sludge (SS) and compost (C).

Beside the crop yield, plant chemical composition is conditioned by many
factor s and their interactions. On the one hand, availability of nutrients is
limited by the soil properties. On the other hand, their uptake is deter-
mined by the plant’s genetic traits. Despite impeded  absorption of nitrogen,
phosphorus or potassium from organic fertilizers, by balancing their doses
introduced to soil it was possible to diminish differences in concentrations of
these components in wheat grain. Also, despite various amounts of magnesi-
um, sodium or sulphur brought to soil with fertilizers, their levels in grain
proved considerably stable in the years of the experiment, which was main-
ly because the wheat plants uptake of these elements was not excessive.
A study by BOWSZYS et al. (2006) shows that concentrations of macronutri-
ents are conditioned by the type of applied organic material and duration of
its activity. As the above authors claimed, nitrogen concentrations in barley
grain from treatments where composts were applied were higher only than
in grain from an unfertilized treatment. Mineral fertilizers affected most
strongly the concentration of this element. Fertilization with composts pro-
duced from municipal waste had no significant effect on concentrations of
phosphorus or magnesium in barley grain. Analogously, in the present ex-
periment (in the first year) the potassium content in spring wheat grain
was higher following the application of sewage sludge and compost than in
grain from the treatment receiving mineral fertilizers.

Zinc is important in plants, mainly because it co-activates many en-
zymes. In the first year of the experiment, the highest zinc concentrations
were found in wheat grain fertilized with mineral fertilizers NPK (M) and
compost (C) – Table 8. These concentrations differed significantly from the
ones in wheat grain fertilized with manure (SF) and sewage sludge (SS). In
the third year, the concentration of zinc content in grain increased marked-
ly after the application of mineral fertilizers (M), manure (SF) and sewage
sludge (SS) (the increases were 12.7%, 42.5% and 28.7%, respectively). With
respect to the fodder value, zinc concentrations were optimal (GORLACH 1991).

Copper also belongs essential elements in plants, as it is a component of
enzymes and proteins participating in many metabolic processes. The average
copper concentration in wheat grain harvested in the first and third year of
the experiment was 4.39 mg kg–1 of grain dry mass (Table 8), irrespectively
of the applied fertilization. A significant increase in this element in wheat
grain between the first and the third year was observed after manure (SF)
application. The lowest copper concentration in the third year was found in
grain from the treatment where only mineral fertilization has been applied
(Table 8). Considering the fodder value, copper content was low (GORLACH 1991).
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Manganese is equally important for good fodder value. Mn content in
the analyzed grain was low (GORLACH 1991). Fertilization with sewage sludge
(SS) and compost (C) favourably affected concentrations of this element. In
the third year, the Mn content decreased in comparison with the first year,
except the treatment where compost (C) had been applied. An average de-
cline in the grain manganese concentrations was 4.43 mg kg–1 of dry mass.

According to GORLACH (1991), both excess and deficiency of micronutri-
ents in fodders is dangerous to animals. The content and bioavailability of
micronutrients in soil are modified by many factors, such as soil pH, organ-
ic matter content, soil sorption capacity. But they also depend on the plant’s
ability for their absorption and on fertilization. A study by  RUSZKOWSKA et al.
(1996) demonstrated that producing long-term production of high yields re-
quires control over the plant supply with micronutrient, a conclusion which
supports the purposefulness of the present experiment.

The concentrations of all the analyzed micronutrients, except zinc, in
wheat grain were deficient, which evidently depresses the grain’s fodder val-
ue and may also indirectly affect the crop yield, especially that manganese
or copper are part of enzymes and proteins which participate in specific
metabolic processes (RÜEGSEGGER et al. 1990, PRASAD 1995, YERUELA 2005). Much
of these elements is arrested in the root system, which strongly inhibits
their transport to biomass, a source of animal feed (GONDEK, FILIPEK-MAZUR

2003). Limited bioavailability of these elements might have resulted from
the soil properties, particularly its sorptive characteristics. Lower copper
content in crop yields from highly productive fields was also pointed out by
CZUBA (1986). Our results demonstrated stronger influence of the applied or-
ganic materials than that of manure on the content of the analyzed micro-
nutrients in wheat grain.

Right proportions of the nutrients are crucial for assessment of biomass
fodder value. In the analyzed wheat grain, the of K : Mg ratio was relative-
ly stable and, independently of the year, ranged from 4.46 to 4.99 (Table 9).

The N:S ratio is important for the proper nitrogen economy in plant. In
the present investigations, values of this parameter in wheat grain harvest-
ed in the first year from the treatments fertilized with manure (SF) and
sewage sludge (SS) were 15.8 and 15.0 respectively (Table 9). A higher value
of this parameter was demonstrated for wheat grain fertilized with mineral
materials (M) and compost (C). In the third year, the value of this ratio
increased significantly in wheat grain from all fertilized treatments, which
resulted from the increase in nitrogen in grain. The highest increase in the
N:S value between the first and third year (by 23%) appeared in wheat
grain fertilized with sewage sludge (SS).

Significant diversification, both in the impact of the applied fertilization
and between the years of the research, was observed for the P:Zn ratio
(Table 9). In the first year, the highest value of this ratio was in wheat
grain fertilized with manure (SF) and compost (C). The lowest value was
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observed in wheat grain receiving mineral fertilizers. In the third year,  the
value of P:Zn ratio declined in grain from all the treatments. Statistically
significant differences were computed for all the treatments except the one
enriched exclusively with mineral NPK fertilizers (M).

CONCLUSIONS

1. In the first year of the experiment, organic materials were less effec-
tive than mineral fertilizers in stimulating higher yields. A superior yield
forming effect of organic materials compared with mineral fertilization was
obtained in the third year.

2. Balancing N, P and K dose, despite worse uptake of these compo-
nents from organic materials, minimizes the differences in their concentra-
tions in wheat grain.

3. Despite various quantities of magnesium, sodium and sulphur in or-
ganic materials, the content of these elements in grain remained considera-
bly stable in the years of the experiment.

4. The content of all micronutrients except zinc in wheat grain was defi-
cient, which evidently depressed the grain fodder value. It may have also
indirectly determined the crop yield.
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