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COMPARISON OF QUALITATIVE TRAITS,
BIOLOGICAL VALUE, CHEMICAL

COMPOUNDS  OF SWEET PEPPER FRUIT

Halina Buczkowska1, Zenia Micha³ojæ2

1Chair of Vegetable Crops, Medicinal Plants
2Chair of Cultivation, Fertilization of Horticultural Plants

University of Life Sciences in Lublin

Abstract

Sweet pepper fruits have a high biological value, a rich content of minerals. At pre-
sent, large-fruit cultivars, distinguishable by a thick pericarp wall, high processing efficien-
cy, good growth on fields, under covers, dominate in sweet pepper cultivation.

The present research has been conducted to compare the qualitative traits, chemical
composition of sweet pepper fruits of the Red Knight F1 cultivar grown in a greenhouse,
on open field. The evaluation of qualitative traits, biological value, chemical composition
demonstrated that fruits from the greenhouse cultivation were characterized by significan-
tly larger fruit weight, weight of edible parts as compared to those harvested from a field,
although they did not differ significantly in the pericarp thickness. Fruits produced on a field
had a higher ratio of the technological to total fruit weight, which proves that the cultivar
is an attractive choice for field cultivation of sweet pepper, suitable for processing. Pepper
fruits from a field versus the ones grown in a greenhouse contained significantly less dry
matter, reducing sugars but more vitamin C. The greenhouse-grown fruits contained hi-
gher levels of nitrogen, phosphorus, potassium, calcium, magnesium than those from a field.

Key words: sweet pepper fruit, qualitative traits, biological value, chemical compounds.

PORÓWNANIE CECH JAKOŒCIOWYVCH, WARTOŒCI BIOLOGICZNEJ
ORAZ SK£ADU CHEMICZNEGO OWOCÓW PAPRYKI S£ODKIEJ

Abstrakt

Owoce papryki s³odkiej maj¹ du¿¹ wartoœæ biologiczn¹ i zawieraj¹ wiele sk³adników
mineralnych. Aktualnie w uprawie papryki dominuj¹ odmiany wielkoowocowe o grubej

prof. dr hab. Halina Buczkowska, Chair of Vegetable Crops and Medicinal Plants, University
of Life Sciences, Akademicka Street 13, 20-950 Lublin, Poland, e-mail: halina.buczkow-
ska@up.lublin.pl
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œciance owocni, du¿ej wydajnoœci technologicznej i nadaj¹ce siê do uprawy zarówno w polu,
jak i pod os³onami. Celem pracy by³o porównanie cech jakoœciowych oraz sk³adu chemicz-
nego owoców papryki s³odkiej odmiany Red Knight F1 uprawianej w szklarni oraz w otwar-
tym polu. W badaniach dotycz¹cych oceny cech jakoœciowych owoców oraz wartoœci biolo-
gicznej i sk³adu chemicznego wykazano, ¿e owoce z uprawy w szklarni odznacza³y siê
istotnie wiêksz¹ mas¹ oraz mas¹ czêœci jadalnej w porównaniu z zebranymi z pola, nato-
miast nie ró¿ni³y siê istotnie pod wzglêdem gruboœci perykarpu. W owocach stwierdzono
wiêkszy udzia³ masy technologicznej w ca³kowitej masie owocu z pola, co potwierdza atrak-
cyjnoœæ tej odmiany do uprawy w polu na potrzeby przetwórstwa. Stwierdzono te¿ istotnie
mniej suchej masy i cukrów redukuj¹cych, a wiêcej witaminy C w porównaniu z owocami
ze szklarni. W owocach z uprawy szklarniowej wykazano wiêksz¹ zawartoœæ azotu, fosfo-
ru, potasu, wapnia i magnezu ni¿ z uprawy polowej.

S³owa kluczowe: owoce papryki s³odkiej, cechy jakoœciowe, wartoœæ biologiczna, sk³ad
chemiczny.

INTRODUCTION

Sweet pepper fruits are very tasty, healthy owing to their content
of biologically active chemicals with antioxidant properties. The vegetable is
an abundant source of vitamin C (KMIECIK, LISIEWSKA 1994, LEE, KADER 2000,
BUCZKOWSKA, NAJDA 2002, GAJC-WOLSKA at el. 2005, 2007, PERUCKA, MATERSKA

2004, POKLUDA 2004, JADCZAK et al. 2010, MICHALIK 2010). Physiologically ripe
fruits are abundant in carotenoid pigments (KMIECIK, LISIEWSKA 1994, PERUCKA,
MATERSKA 2004, POKLUDA 2004). Sweet pepper fruits also contain phenolic com-
pounds (PERUCKA, MATERSKA 2004). Moreover, pepper is an important source
of minerals for humans (KMIECIK, LISIEWSKA 1994, BUBICZ et al. 1999, MICHALIK

2000, POKLUDA 2004, GAJC-WOLSKA et al. 2007, JADCZAK et al. 2010).
At present, commercial production of sweet pepper is dominated by het-

erotic, large-fruit cultivars because consumers prefer large peppers with
a thick pericarp. Most of the popular cultivars are well-adapted to growing
under less favorable environmental conditions, they are cultivated both in
greenhouses, on fields (BUCZKOWSKA 2007, GAJC-WOLSKA et al. 2007, KORZENIEWSKA,
NIEMIROWICZ-SZCZYTT 2007, JADCZAK et al. 2010).

The weight of the pericarp, i.e. the edible part of a pepper fruit, which
determines the bio-technological efficiency of a given cultivar, its usefulness
for industrial processing, is an important feature of sweet pepper (KMIECIK,
LISIEWSKA 1994, NOWACZYK, NOWACZYK 2005, BUCZKOWSKA 2007, KORZENIEWSKA,
NIEMIROWICZ-SZCZYTT 2007, JADCZAK et al. 2010).

Numerous studies on the use, biological value of sweet pepper fruits
have demonstrated their dependence on many factors, mainly cultivar-spe-
cific traits  (KMIECIK, LISIEWSKA 1994, GAJC-WOLSKA, SK¥PSKI 2001, BUCZKOWSKA,
NAJDA 2002, POKLUDA 2004, BUCZKOWSKA 2007, KORZENIEWSKA, NIEMIROWICZ-SZC-
ZYTT 2007, JADCZAK et al. 2010), the weather course or microclimate condi-
tions during the growth, ripening of fruits (GAJC-WOLSKA, SK¥PSKI 2002,
BUCZKOWSKA 2007, GAJ-WOLSKA et al. 2007), plant nutrition (GOLCZ 2001, GOLCZ
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et al. 2004a,b, PERUCKA, MATERSKA 2004, MICHA£OJÆ, HORODKO 2006), various
treatments that stimulate the yielding (GAJC-WOLSKA et al. 2007).

The present research aimed at comparing the qualitative traits, chemi-
cal composition of sweet pepper fruits of the Red Knight F1 cultivar grown
in a greenhouse, on open field.

MATERIAL, METHODS

The material comprised sweet pepper fruits of the heterotic cultivar Red
Knight F1 (Seminis Vegetable Polska S.A.). Fruits from agrotechnical exper-
iments carried out in 2009, 2010 in an unheated greenhouse, on field were
used for analytical determinations.

Pepper plants were grown in a greenhouse, in 10 dm3 plastic cylinders,
with 4 plants per m2. They grew on horticultural peat of the initial pH
equal 4.6, later limed with CaCO3 to achieve pH 6.5. There were 20 plants
of the cultivar Red Knight F1, a replication consisted of a pot with a single
plant (an experimental unit). Transplants were planted onto the target loca-
tion at the end of April, the experiment was terminated at the beginning of
October.

The following quantities of nutrients were applied during the whole
growing season (in g plant–1): N – 10 in the form of KNO3, NH4NO3;
P – 6.0 as Ca(H2PO4)2⋅H2O with the content of 20.2% P; K – 15 as KNO3,
37.3% K, 15.5% N; Mg – 7.0 in the form of MgSO4⋅H2O 17.4% Mg. The
microelements were used as EDTA complexes – Fe, CuSO4⋅5H2O, ZnSO4⋅
⋅7H2O, MnSO4⋅H2O, H3BO3, (NH4)2Mo7O24⋅4H2O at amounts as for peat
subsoils. Microelements were introduced into the soil once before planting
to the permanent place. Phosphorus was applied in the middle of plant set-
ting, in the sixth vegetation week. A quarter dose of nitrogen, potassium,,
magnesium was used before plant setting, while the remaining quantities
were applied as post-crop in five doses every 10 days. The post-crop N, K,
Mg nutrition was completed 2 weeks before the end of the experiment.

The field experiment was carried out in Zezulin (£êczna district) on les-
sive soil developed from loess formations, with the organic matter content
of 1.8%. The suitability of Red Knight F1 sweet pepper fruits for food indus-
trial processing was evaluated. The experiment was conducted in four repli-
cations, each replication consisting of 20 plants. The surface area of a repli-
cation plot was 4.8 m2. Wheat was the forecrop for pepper in both years
of the experiment. Manure at the amount of 40 t ha–1 was applied in au-
tumn, while mineral nutrition was performed according to the soil analysis
results. Mineral concentrations in 2009, 2010 were as follows (mg dm–3):
N – 60, 30; P – 160, 180; K – 320, 180; Ca – 3400, 2600; Mg – 80, 40 at
pH 6.8, 6.5. Before planting the seedlings, mineral nitrogen nutrition at the
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level of 30 kg N ha–1 (2009), 50 kg N ha–1 (2010) in the form of nitrogen
nitrate was applied. Foliar nutrition was applied as post-crop: twice with
Florovit (0.5%), twice with calcium nitrate (1.0%). Transplants were prepared
in pots according to the requirements for that species. They were then plant-
ed on a field at 4.2 plants m–2 spacing in the third decade of May. The
experiment was finished at the end of September. Randomly selected, fully
ripe fruits harvested at the beginning of September were chosen for analy-
sis. In both years, the qualitative traits were determined on the basis of 20
fruits harvested from the greenhouse, from the field. The technological
weight of a fruit corresponded to the weight of the pericarp weight after remov-
ing the placenta with seeds, the petiole with sepals (KMIECIK, LISIEWSKA 1994).

The following were determined in fresh fruits: dry matter with the dry-
er method, vitamin C with Tillmann’s method, sugars according to Schoorl-
Rogenbogen’s method. Additionally, dried fruits were analyzed to determine
N-total with Kjeldahl’s method,, after dry combustion, P by colorimetry us-
ing ammonium vanadium molybdate, as well as K, Ca, Mg – by AAS (Per-
kin-Elmer). All determinations were performed in three replicates.

The results were statistically processed by means of variance analysis
according to one-factor experiment in 2009, 2010. Significant differences were
verified with T-Tukey multiple confidence intervals at 5% significance level.

RESULTS AND DISCUSSION

The sweet pepper cultivar Red Knight F1 belongs to large-fruit peppers
with a relatively short vegetation period. Fruits of this cultivar have distinc-
tively high weight, a thick pericarp. For this reason, the cultivar is very
popular in Poland, grown in greenhouses, foil tunnels, on open field (GAJC-
-WOLSKA et al. 2007, KORZENIEWSKA, NIEMIROWICZ-SZCZYTT 2007). Fruits harvest-
ed at the beginning of September in 2009, 2010 achieved high weight: 246 g
in greenhouse, 180 g on field (Table 1). The thermal conditions during the
sweet pepper vegetative growth in 2009, 2010 were suitable for thermophilic
vegetables (Figure 1). The mean daily air temperature from May to Septem-
ber was higher than the multi-year average for the same period. High air
temperatures in July, August favoured the growing, ripening of pepper fruits.
Also, the moisture conditions were adequate, the water deficiency which
occurred on the field in 2009 was compensated for by irrigation.

Fruits of the examined cultivar were characterized by a thick pericarp:
6.3-6.7 mm on average. No significant differences in this the trait were
observed between fruits grown in the greenhouse, on the field, KORZENIEWSKA,
NIEMIROWICZ-SZCZYTT (2007) reported similar results for the same cultivar con-
cerning the mean weight of commercial fruits (176-180 g), the average thick-
ness of the pericarp (5.8-6.0 mm).
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Fig. 1. Average monthly air temperature and sums of rainfalls in 2009-2010 during
pepper vegetation in comparison to average multiannual values

Fruits of the examined pepper cultivar also attained a high pericarp
weight. The average weight of the pericarp of fruits grown in the green-
house was 174 g, whereas that of the fruits grown in the field 154 g. The
results on the ratio of technological weight to the total weight of fruits
appeared to be very interesting. For fruits harvested in the field, the per-
cent ratio was about 85-86%, while for those from the greenhouse it was
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70-72%, which was probably because fruits harvested from the field formed
a lighter placenta but did not differ considerably in the pericarp thickness
from the greenhouse fruits. Considering the technological value of sweet
pepper cultivars, fruits whose technological weight or bio-technological effi-
ciency is above 75% of the total fruit weight are assumed to be valuable
(KMIECIK, LISIEWSKA 1994, NOWACZYK, NOWACZYK 2005, JADCZAK et al. 2010).

The results, the literature references on qualitative traits of stable, het-
erotic  sweet pepper cultivars demonstrate that Red Knight F1 is very use-
ful economically, recommendable for cultivation on fields, indoors, to be con-
sumed fresh or processed (KMIECIK, LISIEWSKA 1994, GAJC-WOLSKA, SK¥PSKI 2002,
B UCZKOWSKA 2007, GAJC-WOLSKA et al. 2007, KORZENIEWSKA, NIEMIROWICZ-SZCZYTT

2007, GAJC-WOLSKA et al. 2007).
Fruits of Red Knight F1 are also attractive because of their quantity,

shape (Table 2). The mean shape coefficient was close to a unit (1.03-1.07),
while the mean diameter, length were 8.8, 9.3 mm, respectively. Significantly
larger fruits were harvested from the greenhouse.

The dry matter of the fruits was highly varied, ranging from 8.97 to
10.70% in dependence on the cultivation localization (Table 3). Less dry mat-
ter was determined in fruits harvested from the field in 2009, when the
rainfall deficiency during the fruit ripening was compensated for by inten-
sive irrigation. The results on the dry matter content in fruits from the
present experiment were higher than reported by other authors for sweet
pepper cultivars (5.24-10.29%) (GAJC-WOLSKA, SK¥PSKI 2001, 2002, GAJC-WOLSKA

et al. 2005, 2007, JADCZAK et al. 2010), but close to the data (10.10-11.59%)
recorded earlier by BUCZKOWSKA, NAJDA (2002) as well as MICHA£OJÆ, HORODKO

(2006).
A higher vitamin C concentration was determined in pepper fruits from

the field cultivation (200.98 mg 100 g–1 f.m.) as compared to the greenhouse
(178.62 mg 100 g–1 f.m., on average). These results confirmed that insola-
tion during fruit ripening had a positive influence on the vitamin C accumu-
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lation (LEE, KADAR, 2000). Comparable content of vitamin C in hybrid sweet
pepper cultivars was reported by other authors, e.g. 168.7-202.5 mg 100 g–1

(BUCZKOWSKA, NAJDA 2002), 176.3-197.3 mg 100 g–1 (GAJC-WOLSKA, SK¥PSKI,
2002), 150.1-242.6 mg 100 g–1 (POKLUDA, 2004). Demonstrably more vitamin
C (200.3-289.3 mg 100 g–1) was determined in pepper fruits tested in 1999-
-2000 by GAJC-WOLSKA, SK¥PSKI (2001). In contrast, less vitamin C was found
in 2005-2006 by GAJC-WOLSKA et al. (2007; 70.39-137.46 mg 100 g–1), in 2006-
-2008 by MICHALIK (2010; 110.46-148.77 mg.100 g–1). These results indicate
that the vitamin C concentration in sweet pepper fruits depends mainly on
the cultivar-specific traits, but is also affected by weather conditions, agro-
technical treatments (GAJC-WOLSKA, SK¥PSKI 2001, GAJC-WOLSKA et al. 2007).

Relatively high levels of total sugars (5.15%), reducing sugars (4.64%, on
average) were recorded in Red Knight F1 fruits. Slightly more sugars were
determined in fruits of Red Knight F1 in 2010. This value is comparable to
that recorded in other heterotic cultivars studied by MICHA£OJÆ, HORODKO

(2006; 5.26-6.05%), GAJC-WOLSKA et al. (2007; 3.80-5.26%) but lower than found
by BUCZKOWSKA, NAJDA (2002; 3.86-4.44%). No unambiguous influence of the
cultivation site on sugar accumulation was observed.

The content of total nitrogen in fruits ranged from 20.80 to 24.87 g
N-tot. kg–1 d.m. (Table 4). Slightly higher concentrations of the element
were recorded in fruits harvested from the greenhouse (24.50 g N-tot. kg–1

d.m.) than from the field (21.65 g N-tot. kg–1 d.m.). Moreover, less nitrogen
was determined in fruits grown outdoors in 2010. During the fruit ripening
(August-September 2010), the rainfall sum was twice as high as the multi-
year average for that period (Figure 1). The nitrogen concentration in fruits
of the examined cultivar is similar to that in cv. Rebeka F1 determined by
MICHA£OJÆ, HORODKO (2006). JADCZAK et al. (2010) also confirmed a similar
N-total content in fruits of several hybrid cultivars originating from Israel.
Comparable quantities of N-total were also found by GOLCZ et al. (2004) in
fruits of some hot pepper cultivars grown in an experiment on various po-
tassium nutrition variants.

The phosphorus content in fruits harvested from the greenhouse (2.18 g
P kg–1 d.m.) was slightly higher than that from the field (2.05 g P kg–1

d.m.). More phosphorus in fruits grown on field was recorded in 2009 (2.20 g
P kg–1 d.m.) than in 2010 (1.90 g P kg–1 d.m.). The results on the phospho-
rus concentration in fruits of Red Knight F1 obtained in the present experi-
ment are comparable to the ones reported by KMIECIK, LISIEWSKA (1994), who
evaluated the usefulness of stable cultivars for processing. Much more phos-
phorus than in sweet pepper fruits of heterotic cultivars was determined by
JADCZAK et al. (2010), in fruits of hot pepper cultivars in experiments per-
formed by GOLCZ et al. (2004) as well as JADCZAK, GRZESZCZUK (2004). GAJC-
-WOLSKA et al. (2005, 2007) observed distinctly less phosphorus in fruits of
heterotic cultivars, including Red Knight F1, i.e. 0.38 g P kg–1 d.m.



374

�
��

�
�

�

�
	



��



�

�
�

�
�

�
�

�
�

�
	

�
�

��
�

�
	�

���
�


	

�

�
�



�

�
�

�
��

�
���

�
�


�
�

�
��

�
�

	



�	



�
�

�
�

�
��	�

��

��
��

�



��	

�
��	�

��
�

�

�
�		

�
�

��
�

 
!"

�

�

�
�	�

#

�
$

$
�

�
�"

�%
 &

�&�

��
�

�
�

'

$
$

�
�"

�%
 &

�
&�

�

��

�
�

��
�

�	
�	

(
$

$
)

$
�

$
)



�

�
�

(
$

$
)

$
�

$
)



�

�
�

(
$

$
)

$
�

$
)



�

�
�

(
$

$
)

$
�

$
)



�

�
�

��
�

�





�

��
*

$
+&

$
�

$
)&

$
�

$
,&

$
�

,
)&

-
+

�
(

(&
$

.
�

)
-&

.
+

�
/

$&
,

/
+&

/
(

.&
/

�
/&

,
)

.&
/

)
�&

,

��
��

�
+

(&
.

)
�&

$
�

,
-&

(
+

/&
(

$
)

$
,&

)
(

�
.

(&
$

$
)

,
+&

/
,

$&
/

$
/&

/
$

,&
,

+
.&

/
.

�&
,



�

�
0

+
.&

(
-

)&
$

�
$

,&
$

�
-

.&
)

(
�

,
+&

-
.

�
$

.&
(

.
�

(
.&

/
(

�&
/

/
-&

/
-

/&
,

/
.&

/
,

�&
,

�
'

1
�

,$&$2
,

,
.&

$
&�&



3

-
)

�&
+

�
,

+
)&

(
3

)
-

$&
$

,
.

$&
$

3
+

/
$&

$
.

�
$&

$
3

�
��
�
�
�

�
	


��


�
�
�
�
�
�
�
�
�
�
	
�
�
��

�
�
	�
���

�

	


�
�	



���	

�


���

�
�
�
�
	


�	



�
�

�
�
�
��	�

��

��
��

�



��	

�
��	�

��
�
�

�
�
��

�	


���	

�


���

�
 

�
!

"#
�#
�

�
�	
�	$

%
�

�
�
�

�
 

&
'
'
(

'
�
'
(



�
�
�

&
'
'
(

'
�
'
(



�
�
�

&
'
'
(

'
�
'
(



�
�
�

&
'
'
(

'
�
'
(



�
�
�

&
'
'
(

'
�
'
(



�
�
�

��
�
�




�
��

)
*
�#
�
(

+
,#
�
(

'
-#
�
(

'
(#
(

+
�#
(

,
�#
(

'
�#
*
(

+
,#
.
(

�
�#
-
(

'
-#
'

�
-#
'

�
-#
'

+
&#
'

+
&#
'

+
&#
'

��
��

�
'
-#
(
(

'
,#
'
(

-
.#
�
(

'
(#
(

'
&#
�

-
'#
(

*
.#
'
(

'
(#
'
(

(
�#
'
(

&
*#
'

,
-#
'

,
�#
'

'
+#
'

'
&#
'

'
,#
'



�
�
 

�
*#
*
(

�
,#
(
(

,
'#
*
(

'
(#
(

�
'#
(

(
�#
(

�
'#
(
(

�
-#
*
(

,
+#
(
(

�
�#
'

�
-#
'

&
�#
'

�
,#
'

�
&#
'

&
,#
'

/
0
1

�
-
'#
'
2

'
-
(#
�

,
(
-#
�

$
#�#



-
-
�#
'

$
(
.
-#
�

-
+
*#
(

$
�
,
'#
'

*
.
'#
'

$
+
,
�#
'

+
-
'#
'

$



375

The mean potassium content was 22.78 g K kg–1 d.m. More potassium
was found in fruits from the greenhouse (mean 25.14 g K kg–1 d.m.), particu-
larly in 2010 (26.87 g K kg–1 d.m.). The concentration of potassium in fruits
harvested from the field was 20.42 g K kg–1 d.m., did not vary between the
years of the experiment. Similar potassium levels were reported by KMIECIK,
LISIEWSKA (1994) in sweet pepper fruits of stable cultivars,, by GAJC-WOLSKA

et al. (2005), GOLCZ et al. (2004) in fruits of heterotic cultivars. Fruits of
stable Czech cultivars grown on field in Moravia contained more potassium
(POKLUDA 2004), same as hybrid cultivars in studies on the influence of Goteo,
BM 86 preparations on the yield, quality of sweet pepper fruits (GAJC-WOLSKA

et. al. 2007). Similarly, more potassium in Delphin F1 cultivar fruits was
reported by GOLCZ (2001), who evaluated the effects of diverse potassium
nutrition on sweet pepper yielding.

The average calcium concentration was 0.49 g Ca kg–1 d.m. Slightly
more calcium was determined in the greenhouse fruits (0.51 g Ca kg–1 d.m.)
than in the field ones (0.48 g Ca kg–1 d.m.). Much higher contents of calci-
um were recorded in fruits cultivated in the field in 2010 (0.58 g Ca kg–1

d.m.) than in 2009 (0.39 g Ca kg–1 d.m.). This could be the result of differ-
ent moisture conditions in 2009, 2010 (Figure 1). GAJC-WOLSKA et al. (2007)
reported comparable, while KMIECIK, LISIEWSKA (1994), MICHALIK (2000), as well
as GAJC-WOLSKA et al. (2005) found lower calcium concentrations in sweet
pepper. Much more calcium (0.90-2.62 g Ca kg–1 d.m.) was found in sweet
pepper fruits by other authors (BUBICZ et al. 1999, GOLCZ 2001, GOLCZ et al.
2004, POKLUDA 2004, JADCZAK et al. 2010).

The  average magnesium content in fruits of the Red Knight F1 cultivar
was 0.89 g Mg kg–1 d.m. Significantly different concentrations of the ele-
ment in fruits from the greenhouse (0.97 g Mg kg–1 d.m.), from the field
(0.80 g Mg kg–1 d.m.) were recorded. The years of the experiment did not
differentiate the content of magnesium in fruits grown in the greenhouse.
However, fruits from the field cultivation contained more magnesium in 2010
(0.90 g Mg kg–1 d.m.) than in 2009 (0.70 g Mg kg–1 d.m.). Comparable mag-
nesium levels in sweet pepper fruits were found by other researchers (BU-
BICZ et al. 1999, MICHA£OJÆ, HORODKO 2006, GAJC-WOLSKA et al. 2007, JADCZAK

et al. 2010), whereas some reported much higher (1.90-3.18 g Mg kg–1 d.m.;
GOLCZ, 2001, GOLCZ et al. 2004, POKLUDA 2004) or much lower content (0.104 g
Mg kg–1 d.m., MICHALIK 2000).

CONCLUSIONS

1. The greenhouse fruits were characterized by substantially higher fruit
weight, weight of edible parts as compared to those harvested from the
field, although they did not differ significantly in the pericarp thickness.
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2. Fruits harvested from the field were distinguished by a higher share
of the technological weight in the total weight, which makes the tested
cultivar suitable for in the field for processing purposes.

3. Significantly less dry matter, reducing sugars, but more vitamin C
were found in fruits from the field than from the greenhouse cultivation.

4. Higher concentrations of nitrogen, phosphorus, potassium, calcium,
magnesium were determined in fruits grown in the greenhouse than in the
field.
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(PHYTOPHTHORA INFESTANS /MONT./

DE BARY) AND EARLY BLIGHT
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CULTIVARS UNDER DIFFERENTIATED
SOIL AND FOLIAR FERTILIZATION

Bo¿ena Cwalina-Ambroziak1, Bo¿ena Bogucka2

1 Chair of Phytopathology and Entomology
2Chair of Agrotechnology and Crop Production Management

University of Warmia and Mazury in Olsztyn

Abstract

Late blight (Phytophthora infestans /Mont./ de Bary) and early blight of potato (Alter-
naria solani Sorauer, A. alternata /Fr./ Keissler) belong to very severe potato diseases,
which are able to decimate potato plantations in Poland and worldwide. In a strict plot
experiment, run from 2008 to 2010, the severity of late blight (Phytophthora infestans)
and early blight (Alternaria spp.) was determined, during the growing season, on three
potato cultivars: medium-early cv. Adam, medium-late cv. Pasja Pomorska and late cv. Œlê-
za, which received NPK soil fertilization (two fertilization levels) and foliar nutrition consi-
sting of complex fertilizers with micronutrients (Basfoliar 12-4-6, ADOB Mn, Solubor DF).
The extent to which the pathogens infected potato plants was evaluated twice during each
growing season, on a 9-degree scale (PIETKIEWICZ 1985), and the results (means from two
observations) expressed as a percentage represented an infestation index. During the first
two seasons, the late blight symptoms were significantly less severe on the late and me-
dium-late rather than on the medium-early cultivar. In the last year, the cultivars Adam
and Œlêza proved to be the least infected by P. infestans. Differences in the intensity of ear-
ly blight of potato on the examined potato cultivars appeared in the third year, when cv.
Adam proved to be the healthiest variety. Some non-significant differences were demon-
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strated in the severity of the diseases depending on the applied foliar fertilization and the
levels of NPK fertilization.

Key words: potato, late blight, early blight, foliar fertilization.

NASILENIE ZARAZY ZIEMNIAKA (PHYTOPHTHORA INFESTANS)
I ALTERNARIOZY (ALTERNARIA  SPP.)  NA TRZECH ODMIANACH ZIEMNIAKA

PRZY ZRÓ¯NICOWANYM NAWO¯ENIU DOGLEBOWYM I DOLISTNYM

Abstract

Zaraza ziemniaka (Phytophthora infestans /Mont./ de Bary) i alternarioza (Alternaria
solani Sorauer, A. alternata /Fr./ Keissler) nale¿¹ do groŸnych chorób ziemniaka, dewastu-
j¹cych uprawy tego gatunku w kraju i na œwiecie. W œcis³ym doœwiadczeniu poletkowym
(2008-2010) w okresie wegetacji okreœlano nasilenie zarazy ziemniaka (Phytophthora infe-
stans)  i alternariozy (Alternaria  spp.)  na trzech odmianach ziemniaka: œrednio wczesnej
Adam, œrednio póŸnej Pasja Pomorska i póŸnej Œlêza nawo¿onych doglebowo NPK (dwa
poziomy nawo¿enia) i dokarmianych wielosk³adnikowych nawozami dolistnymi z mikroele-
mentami (Basfoliar 12-4-6, ADOB Mn, Solubor DF). Pora¿enie przez patogeny oceniano
dwukrotnie w okresie wegetacji wg 9-stopniowej skali (PIETKIEWICZ 1985), a wyniki (œrednie
z dwóch obserwacji) podano w  procentach jako indeks pora¿enia. Zanotowano istotnie
mniejsze nasilenie zarazy na roœlinach póŸnych odmian ni¿ na œrednio wczesnej w pierw-
szych dwóch analizowanych sezonach wegetacyjnych oraz mniejsze nasilenie tej choroby
na roœlinach œrednio wczesnej  i póŸnej odmiany ni¿ œrednio póŸnej w ostatnim roku
badañ. Zró¿nicowanie w nasileniu alternariozy na badanych odmianach ziemniaka stwier-
dzono w ostatnim roku badañ, a najzdrowsza okaza³a siê odmiana Adam. Stwierdzono nie-
istotne zró¿nicowanie w nasileniu chorób w zale¿noœci od stosowanego nawo¿enia
dolistnego i poziomów nawo¿enia mineralnego NPK.

S³owa kluczowe:  ziemniak, zaraza ziemniaka, alternarioza, nawo¿enie dolistne.

INTRODUCTION

The severity of late blight (Phytophthora infestans) and early blight (Al-
ternaria solani, A. alternata) of potato is affected by a variety of factors,
including the weather conditions, the potato cultivar (SADOWSKI 2006) or the
applied plant protection chemicals (KURZAWIÑSKA, GAJDA 2004, SHAILBALA, PUN-
DHIR 2008). Foliar application of multi-component fertilizers is part of a mod-
ern potato cultivation technology, which gains in importance whenever or-
ganic and mineral fertilization treatments are not adequately utilized by
plants. The yield-stimulating effect (including an increased percentage of
large tubers) has been demonstrated to result from foliar application of N,
K, P, Mg and micronutrients (BRAR, NAVDEEP-KAUR 2006) as well as the appli-
cation of elemental sulphur or potassium sulphate (KLIKOCKA et al. 2005).
Foliar fertilization affects the quality of tubers as well (KOZERA  et al. 2006).
The micronutrients such as Zn, Fe, B, Mn, Cu and Mn, found in fertilizers,
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shape the potato’s resistance to pathogens (HABERLAND 2000, MAHMOUD 2007,
MALAHOUTI 2008). The literature contains some reports on the limiting effect
of foliar fertilization on the development of late blight (KAPSA 2002, BASU et
al. 2003) and early blight of potato (OSOWSKI 2005). However, the influence
of complex foliar fertilizers on the health of potato tubers remains debata-
ble. BOLIG£OWA (2003) observed that infection caused by Streptomyces scabies
was more severe under a combined fertilization treatment with Insol 7 and
urea. COOKE and  LITTLE (2002) found weaker symptoms of infection caused
by P. infestans following foliar application of phosphorus.

In the present study, the authors analyzed the severity of late and early
blight on three potato cultivars grown under various systems of soil NPK
mineral fertilization and foliar application of multi-component fertilizers in-
cluding micronutrients.

MATERIAL AND METHODS

Our tests on the health of potatoes of three cultivars: medium-early cv.
Adam, medium-late cv. Pasja Pomorska and late cv. Œlêza, were carried out
in a strict plot experiment (2008-2010) set up by the staff of the Chair
of Agrotechnology and Crop Production Management of the University of
Warmia and Mazury in Olsztyn (with randomly chosen sub-blocks and four
replications), which was located in Ba³cyny, near Olsztyn (53o78'N, 20o48'E),
on grey-brown podzolic soil originating from light silty clay, which belonged
to complex 4 class III in the Polish soils classification system. The preced-
ing crop consisted of cereal plants. Certified tubers were planted in rows at
a 40-cm distance, with spaces between rows equal 62.5 cm. The first factor
of the experiment comprised two levels of mineral fertilization: I – 80 kg
N ha–1, 80 kg P ha–1, 120 K ha–1, II – 120 kg ha–1 P 144 kg ha–1 K 156 kg
ha–1). The second factor included variants with foliar fertilization: A. Basfol-
iar 12-4-6 (8 dm3 ha–1), B. ADOB Mn (4 dm3 ha–1), C. Solubor DF (2 dm3 ha–1),
D. ADOB Mn (2 dm3 ha–1) + Solubor DF (1 dm3 ha–1), E. ADOB Mn (2 dm3

ha–1) + Basfoliar 12-4-6 (4 dm3 ha–1), F. Basfoliar 12-4-6 (4 dm3 ha–1) +
+ Solubor DF (1 dm3 ha–1), G. Basfoliar 12-4-6 (2.7 dm3 ha–1) + ADOB Mn
(1.3 dm3 ha–1) + Solubor DF (0.7 dm3 ha–1), H. control without foliar fertili-
zation. The fertilizers were applied once, at the beginning of flowering
(BBCH 61). Identical agrotechnical (as recommended by the Institute of Soil
Science and Plant Cultivation – National Research Institute, Pu³awy) and
plant protection treatments (as recommended by the Institute of Plant Pro-
tection – National Research Institute, Poznañ) were performed on all the
plots. The content of particular components in % weight was as follows:
Basfoliar 12-4-6 (N – 12, K – 6, P – 4, Mg – 0.2, B – 0,02, Mn – 0.01,
Cu – 0.01, Fe – 0.01, Zn – 0.005, Mo – 0.005), ADOB Mn (N – 6.5, Mg – 2,
Mn – 10), Solubor DF (B – 17.5).



382

�
��

�
�

�

�
	



	��

�




�


���

��
�

�
���

�
��

��
�
��

�
�

�
���

�


����

�


��

�
�

��
�
�

�
�

�
�

�
��

��
��

�
�

�
�

�
�
�

�

��


�

�

�
�
�
 

!
�
�
 

�
�
�
 

�
�"



�
�

�

#
�
$
!
�

�
!
!
�#

	�
��



�

�



�
�

�
�
	
�
�

�
�

�
�"



�
�

�
	�

��


�

�



�
�

�
�
	
�
�

�
�

�
�"



�
�

�
	�

��


�

�



�
�

�
�
	
�
�

�
�

�
�"



�
�

�

	
�

�
%&

 
�

$&
�
�

�&
 
�

%&
%
�

 &
 
�

'&
�
�

�&
�
�

!&
%
�

�&
 
�

(&
�
�

�&
 
�

 &
%
�

)&
 
�

�



�
*

$&
$
�

�&
�
�

!&
)
�

�&
(
�

(&
)
�

�&
 
�

!&
%
�

 &
�
�

(&
'
�

)&
(
�

�&
)
�

�&
'
�

(&
'
�

	�
�
*

%&
�
�

)&
(
�

)&
�
�

 &
!
�

!&
�
�

$&
�
�

�&
!
�

�&
!
�

�&
�
 

)&
!
�

$&
%
 

'&
!
�

%&
'
�

��
�
�

�
+

�&
(
�

%&
�
�

�&
!
�

 &
$
�

'&
�
�

(&
!
�

�&
(
�

�&
(
�

%&
!
�

 &
�
 

)&
�
 

$&
$
�

!&
(
�

�
�"



�
�

�



��

�
��

�

�

�
��

�
%&

$
�

%&
$
�

�&
$
�

)&
$
�

�&
$
�

'&
'
�

'&
'
�

%&
(
�

�&
(
�

!&
$
�

�&
�
�

�&
$
�

%&
'
�

�
�

��
��

�"

�

�
,

��


�

�
	�

��


�

�

�
��

�
	
�
�

�
�

"
�

�
�"

�
��

	�
��



�

�

�
��

�
	
�
�

�
�

�
�

�
��

	�
��



�

�

�
��

�
	
�
�

�
�

�
�"

�
��

�
�"

�
��

#
�
$
!
�

�
!
!
�#

	
�

�
)&

�
)

�&
�
)

 &
 

)&
)

$&
!
�

'&
�
�

�&
�

%&
$
(

'-
'
�
�

 &
!
�

$&
�
%

(&
(
)

(&
$
'

�



�
*

�&
(
 

�&
�

 &
�
�

$&
$
�

�&
%
%
�

(&
$
'

)&
�
%

�&
$
)

(&
%
(

�&
 
�

�&
!
%

!&
�
 

%&
�
$

	�
�
*

�&
(
)

�&
�
�

�&
%
 

)&
 
�

 &
 
�

�&
�
$

%&
�
�

!&
�
�

�&
(
�

�&
$
�

'&
�
 

'&
!
)

%&
�
�

��
�
�

�
+

�&
%
�
�

�&
%
)

�&
$
 

�&
)
%

(&
'
 

)&
%
�

 &
�
�

%&
!
!

)&
(
�

�&
%
�

�&
�
$

�&
�
(

�

�

�
��

�
�
�"

�
�

�



��

�
��

%&
$
 
 

$&
'
!

 &
%
$

'&
(
$

$&
�
%
%

$&
�
)
�

(&
%
'

%&
'
%
�

%&
$
$
%

)&
'
$

(&
%
�
�

 &
(
�
�

)&
)
�
 



383

During the plants’ growth, 3 and 5 weeks after a foliar fertilization treat-
ment carried out on 30 plants, the severity of late blight and early blight
infection was assessed on a 9-degree scale (PIETKIEWICZ 1985), where 0 stands
for no infection symptoms and 9 means the most severe infection case. The
results (means from two observations) were given in percentage as an infec-
tion index Ii and then processed statistically using analysis of variance for
random blocks (Statistica® 9.0 v. 2009). For comparison of the means, Dun-
can’s test was applied at the level of significance equal 0.05.

The distribution of temperatures from May to August during the ana-
lyzed growing seasons was similar, with the average temperatures in July
and August higher than the multi-year means for the same months (Ta-
ble 1). In contrast, the rainfalls were varied, e.g. they were nearly 50% high-
er in the first than in the second and third season.

RESULTS AND DISCUSSION

The cultivars determined the intensity of late blight and early blight
symptoms on potato plants in the present experiment. The resistance to
potato late blight is a trait that seems to be most frequently tested in pota-
to breeding programmes, which include new cultivars with improved resist-
ance of leaves and tubers to late blight (SADOWSKI  2006). During the first
two seasons, stronger symptoms of an infection by P. infestans appeared on
potato plants belonging to cv. Adam (the infection indices from 50.5% – the
variant with Solubor DF during the 2009 growing season to  68% – the
combination with ADOB Mn and Solubor DF applied together, in 2008) than
on the other two cultivars, at the higher and lower NPK mineral fertiliza-
tion rate respectively (Table 2). When analyzing the severity of late blight
on the later cultivars evaluated at the same time, the infection indices
ranged from 29.1% for cv. Œlêza in the combination consisting of Basfoliar
12-4-6 in 2009 to 44.1% for cv. Pasja Pomorska in the fertilization variant
with ADOB Mn in 2008 (variant II of mineral fertilization).

BASU et al. (2003) prove that foliar fertilization of potatoes with ZnSO4
and CuSO4 alleviated the severity of symptoms of potato late blight on leaves
and tubers. Foliar application of phosphates inhibited the development of P.
infestans on leaves (LOBATO  et al. 2008). JAB£OÑSKI and BERNAT (2001), while
concluding that the efficacy of the applied Mikrosol Zm in combination with
half the recommended dose of fungicides was comparable to the whole rec-
ommended dose of the latter, perceive it as a possible way to reduce the
chemical control of potato late blight. Similar results were obtained by ANN

(2001): combined application of fungicides and foliar fertilizers Nutri-Phite P
Foliar and Guard PK successfully limited the extent of infection caused by
P. infestans. In his latest report, SZEWCZUK (2009) also implies that potato
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plants can be effectively protected against this dangerous pathogen by
a combined application of the foliar fertilizers Rolvit B and Plonvit and the
fungicides Tattoo C 750 and Bravo 500 SC.

During the 2010 growing season, with its highest total rainfall in the
summer months, more severe symptoms of late blight were observed on
plants belonging to cv. Pasja Pomorska than on the other two cultivars.
The infection index observed on plants of this medium-late cultivar treated
with the fertilizer Basfoliar 12-4-6 and ADOB Mn + Solubor DF (in variant I
of NPK fertilization) and with the three fertilizers applied conjunctively
(in variant B) exceeded 64%. The infection indices assigned to potato plants
of cv. Adam and Œlêza did not exceed 50%, and the differences between their
values in particular fertilization treatments at both levels of mineral fertili-
zation were non-significant.

During the whole period covered by this study, significant differences
were found between the average infection indices for all the cultivars in
both mineral fertilization variants. In the first two years, the medium-early
cultivar Adam was the most badly infected one, but in the last year, it was
the medium-late variety Pasja Pomorska that suffered the worst damage.
No significant differences in the severity of infection were observed on the
plots where foliar application of fertilizers was carried out and on the con-
trol plot. The mineral fertilization applied in two rates for particular macro-
nutrients, during the three years of the experiment, did not differentiate
the infection severity, although the symptoms appeared to be somewhat
more severe on plants fertilized with the lower NPK dose. According to
MATKOWSKI et al. (2004), different nitrogen fertilization rates did not influ-
ence the severity of late blight of potato.

The signs of potato early blight on potato plants were weaker than those
of late blight. During the first two years of the experiment, the index for
infection caused by Alternaria spp. ranged from 18% on cv. Œlêza plants
treated with the fertilizer ADOB Mn+Solubor DF (variant I of the mineral
fertilization) and ADOB Mn during the first growing season (variant II of
the mineral fertilization) to around 35% for cv. Adam potato plants without
foliar nutrition and with the application of the fertilizer ADOB Mn+Solubor
DF (variant II of the mineral fertilization), likewise in the first growing
season (Table 3). The differences in the infection index values for the above
cultivars grown on particular plots, at both mineral fertilization levels, were
significant in 2008 and 2009, except the combination including the applica-
tion of Solubor DF and the higher NPK rate (2009). In the last year of the
experiment, significantly less severe infection was observed on the medium-
early cultivar plants treated with foliar fertilizers, at both levels of mineral
fertilization, than on plants of the medium-late and late cultivars. OSOWSKI

(2005) demonstrated the limiting effect of the fertilizer Basfoliar 12-4-6 ap-
plied in conjunction with the fungicide Antracol 70 WG and Unikat 75 WG
on potato being infected by A. alternata during the vegetative season. Analo-
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gously, in our earlier study (CWALINA-AMBROZIAK et al. 2007), less numerous iso-
lates of A. alternata were obtained from aerial parts of potato plants nourished
with Basfoliar 12-4-6 together with the fertilizers ADOB Mn and Solubor DF.

The statistical calculations performed on the results of our present ex-
periment have shown that the intensity of early blight in the three exam-
ined potato cultivars was not significantly differentiated under the influence
of the applied foliar fertilization in any of the analyzed growing seasons.
Some non-significant differences were observed in infection indices between
the two mineral fertilization levels (lower I and higher II variants), but it
was only in the first growing season that more severe symptoms of early
blight were found on plants receiving the higher rate of mineral fertilizers.
MAC DONALD et al. (2007) claimed that high N rates reduced symptoms of
late blight on potato plants. In the present study, the factor that most strong-
ly determined the severity of symptoms of infection caused by Alternaria
spp. was the cultivar, i.e. significant differences appeared between the mean
infection indices within each examined cultivar. The most severely infected
cultivar during the first two seasons was cv. Adam; cultivar Œlêza was the
least infected one. In the final year of the experiment, cv. Adam proved to
be the healthiest.

CONCLUSIONS

1. The cultivars determined the intensity of late blight and early blight
symptoms on potato plants in the present experiment. During the first two
seasons, plants of  the  medium-early  potato  cultivar Adam were the most
severely infected by P. infestans; in the last year, they were the plants of
the medium-late cultivar Pasja Pomorska. Significant differences in the in-
tensity of early blight of potato on the examined potato cultivars appeared
in the third year, when cv. Adam proved to be the healthiest variety.

2.  No significant differences in the intensity of either of the diseases
were found between the plots with the foliar fertilization and between the
two tested NPK fertilization variants in any of the analyzed growing sea-
sons. Only in the first year of study more severe symptoms of early blight
appeared on potato plants receiving the higher rate of NPK than lower rate.
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Abstract

Nitrogen concentration (Nc) in leaves, in each stage of sugar beet development, is the
major factor stimulating the accumulation of dry matter in leaves, which in turn affects
the dry matter concentration in storage roots and, consequently, determines sugar beet
yields. This thesis was verified based on the data obtained from a static field experiment
conducted in 2001-2003, with eight fertilizing variants: without nitrogen (absolute control,
PK), without one of the main nutrients (KN, PN), with a reduced amount of phosphorus
and potassium (N + 25% PK, N + 50% PK) and the recommended amount of all basic
nutrients (NPK, NP*K, P* – P in the form of PAPR). Nitrogen concentrations in leaves
and storage roots of sugar beet tended to decline during the growing season, but the for-
mer tendency adhered to a linear-plateau model while the latter corresponded to an expo-
nential one. This discrepancy, revealed in the second part of the season, can be considered
as an indicator of a high yield of storage roots, especially in years favorable for sugar beet
vegetation. The growth analysis allowed us to determine the time and the maximum rate
of canopy and storage root growth during the season. Irrespective of the fertilizing va-
riant, both organs of sugar beet reached the maximum rate of growth from 92 to 113 day
after sowing (DAS). Plants grown under conditions of ample water and nutrient supply
(2001) reached a three-fold higher rate of leaf growth than in dry years (2002, 2003). The
storage root showed much smaller differences in the absolute rate of growth. However,
the effect of fertilizing variants was stronger, especially from 92 DAS onwards. Trends of
the relative growth rate for each of the two tested plant organs were very similar. The
highest growth rate for both organs occurred in early stages of sugar beet development
and then progressively declined. Nevertheless, only this growth parameter responded si-
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gnificantly during the season to the variability of Nc in both sugar beet organs. The rela-
tionships showed that sugar beet plants could compensate the dry matter growth rate du-
ring early stages of sugar beet development, especially in years favorable for sugar beet
growth. The impact of nitrogen concentrations in leaves on the relative storage root growth
dynamics was curvilinear in 2001 but linear in the other years, i.e., the ones when droughts
were frequent. At the same time, the relationship between Nc and storage root fraction was
always linear. This type of a relationship clearly demonstrates the natural conservatism of
the storage root to its variable nitrogen concentration during the growing season.

Key words: sugar beet, nitrogen concentration, leaves, storage root, absolute and rela-
tive rate of growth.

WP£YW ZMIENNOŒCI KONCENTRACJI AZOTU W CZÊŒCIACH
BURAKA CUKROWEGO W OKRESIE WEGETACJI

NA WZORCE AKUMULACJI SUCHEJ MASY

Abstrakt

Koncentracja azotu w liœciach buraka cukrowego w ka¿dej fazie rozwoju roœliny jest
g³ównym czynnikiem wp³ywaj¹cym na tempo akumulacji suchej masy liœci, tym samym na
koncentracjê sk³adnika w korzeniu spichrzowym, a w konsekwencji kszta³tuj¹cym dynami-
kê jego wzrostu. Tak sformu³owana teza zosta³a zweryfikowana na podstawie danych uzy-
skanych w doœwiadczeniu polowym, statycznym, prowadzonym w latach 2001-2003, z oœmio-
ma wariantami nawozowymi: bez azotu (kontrola absolutna, PK), bez jednego g³ównego
makrosk³adnika (NK, NP), ze zredukowana dawk¹ P i K (N + 25% PK; N + 50% PK) oraz
z zalecan¹ dawk¹ sk³adników (NPK, NP*K, P* – P w nawozie fosforowym, tzw. wzbogaco-
nym). W okresie wegetacji zawartoœæ azotu w liœciach i korzeniu spichrzowym buraka wy-
kazywa³a trendy spadkowe, lecz ujawniaj¹ce siê odmiennie, odpowiednio jako model linio-
wo-plateau i potêgowy. Niezgodnoœæ ta, pojawiaj¹ca siê w drugiej czêœci sezonu, mo¿e byæ
traktowana jako wskaŸnik du¿ego plonu korzeni, zw³aszcza w latach optymalnych dla we-
getacji buraka cukrowego. Zastosowana analiza wzrostowa pozwoli³a okreœliæ termin i war-
toœæ maksymalnej szybkoœci wzrostu liœci i korzeni w okresie wegetacji. Niezale¿nie od wa-
riantu nawozowego, maksymalne wartoœci wzrostu obu organów wyst¹pi³y w okresie od
92. do 113. dnia od siewu. Buraki cukrowe rosn¹ce w warunkach optymalnego zaopatrze-
nia w wodê (2001) osi¹gnê³y 3-krotnie wiêksz¹ szybkoœæ wzrostu liœci ni¿ w latach z susz¹
(2002, 2003). W korzeniach spichrzowych wykazano znacznie mniejsze ró¿nice wskaŸnika,
jakim jest absolutna szybkoœci wzrostu. Jednak¿e ujawni³ siê du¿o wiêkszy wp³yw warian-
tów nawozowych, zw³aszcza w drugiej czêœci sezonu wegetacyjnego. Trendy przyrostu su-
chej masy, rozpatrywane oddzielnie dla obu organów buraka, by³y bardzo podobne. Maksy-
malne wartoœci wyst¹pi³y w pocz¹tkowym okresie wegetacji, podlegaj¹c nastêpnie
stopniowemu spadkowi. Jednak¿e tylko ten wskaŸnik wzrostu wykaza³ istotny zwi¹zek
z koncentracj¹ azotu w obu czêœciach buraka cukrowego. Zale¿noœci korelacyjne wykaza³y,
¿e roœliny by³y w stanie kompensowaæ szybkoœæ wzrostu w pocz¹tkowym okresie wegeta-
cji, zw³aszcza w roku o optymalnym przebiegu pogody (2001). Wp³yw koncentracji azotu
w liœciach na wzglêdn¹ dynamikê wzrostu masy korzenia spichrzowego okaza³ siê krzywo-
liniowy w roku 2001 i prostoliniowy w pozosta³ych latach (z czêstymi suszami). Natomiast
relacje miêdzy koncentracj¹ azotu w korzeniu spichrzowym i jego udzia³em w biomasie ca³-
kowitej buraka by³y zawsze liniowe. Ten model relacji podkreœla naturalny konserwatyzm
korzenia spichrzowego w reakcji na zmienn¹ koncentracjê azotu w tej czêsci roœliny w okre-
sie wegetacji.

S³owa kluczowe: burak cukrowy, koncentracja azotu, liœcie, korzeñ spichrzowy, absolutna
i wzglêdna szybkoœæ wzrostu.
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INTRODUCTION

In Europe, sugar beet (Beta vulgaris L.) is the only crop producing sug-
ar in amounts ensuring the feasibility of technological processing. Over a large
area, from northern France to eastern Poland, potential yields of this crop
determined by climatic conditions are estimated in the range of 80-85 t ha–1

(SUPIT et al. 2010). However, the harvested yields are much lower, ranging
from above 70 t ha–1 in France to below 50 t ha–1 in Poland (FAOSTAT,
2011). There are two main reasons. One is the dominating weather in sum-
mer months, e.g. the impact of the continental climate (JONGMAN et al., 2006),
experienced from the north-western to the eastern parts of the continent.
Shortage of precipitation during summer months, which is responsible for
frequently occurring droughts, is combined with high temperatures, signifi-
cantly reducing yield of many crops, including sugar beets (OLESEN et al.
2011, SUPIT et al. 2010).

The other significant factor shaping harvested yields of sugar beet is
the fertility of soil under this crop. This term combines two soil attributes,
namely the inherent soil fertility and the applied nutrient management. Sug-
ar beet is highly sensitive to soil fertility, especially to the supply of potassi-
um and phosphorus. The highest yields of storage roots are harvested from
soils with a high potassium level. Potassium applied to currently grown crop
during its critical stages of yield formation is generally considered as a fac-
tor alleviating, at least partly, the negative effects of water shortage (CAK-
MAK, KIRKBY 2008, GRZEBISZ et al. 2002, MILFORD et al. 2002).

Effects of both factors on sugar beet growth and yielding deserve much
attention in regions like Central Europe, where sugar beet suffers severely
from summer drought (KENTER et al. 2006). It is well recognized that under
ample water supply sugar beet can fully exploit its yielding potential, pro-
vided that basic nutrients such as phosphorus and potassium do not retard
the plant’s growth (FRECKLETON et al. 1999, HILLS et al. 1990, HERLICHY 1992).
However, the key nutrient affecting both the quantity of harvested yield of
storage roots and their technological quality is nitrogen. It is well known
that neither shortage nor excess of nitrogen at any stage of sugar beet
growth affects negatively dry matter distribution and storage root quality
(HOFFMANN 2005). In Poland, sugar beet is grown on soils of different fertili-
ty, which affects the supply of nitrogen to growing plants. Therefore, nitro-
gen concentration in leaves, a plant organ responsible for CO2 fixation, is
considered as a factor significantly modifying the growth rate of both leaves
and the storage root.

The primary objective of this study, which tested different levels of sup-
plied nutrients such as N, P and K to sugar beet, was to determine pat-
terns of dry matter accumulation in leaves and storage roots during a vege-
tative season. Another aim, in fact the key one, was to describe relationships
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between indices of dry matter accumulation in particular organs of sugar
beet plants and nitrogen concentration in leaves and storage roots.

MATERIAL AND METHODS

A static, field experiment was carried out on a private farm in Wieszczy-
czyn (52o02’N17o05’E) during three consecutive growing seasons 2001, 2002,
2003. The experiment was set up on soil originating from sandy loam un-
derlined by loam, and classified as class IVa, good rye complex according to
Polish soil valuation system, and light soil in the agronomical classification.
The field trials, arranged in a single-factor design with four replications,
consisted of eight treatments:
1. Control (absolute control, i.e. no applied fertilizers), (Control);
2. PK (only phosphorus and potassium), (VPK, Variant PK);
3. NK (only nitrogen and potassium), (VNK);
4. NP (only nitrogen and phosphorus), (VNP);
5. NPK (basic set of nutrients, but P, K rates limited to 25% of adjusted

quantity), (V25);
6. NPK (basic set of nutrients, but P, K rates limited to 50% of adjusted

quantity), (V50);
7. NPK (basic set of nutrients, full rate of adjusted quantity of nutrients),

(V100);
8. NP*K (basic set of nutrients, as in V100 variant, but P was applied as

partially acidulated phosphoric rock), (V100P).
The preceding crop for sugar beet (variety Kassandra) was winter wheat.

The main rates of phosphorus and potassium were calculated annually based
on the expected yield of taproots (60 t ha–1) and current soil P and K fertili-
ty for the NPK treatment. The actually applied rates of both nutrients fol-
lowed the experimental design. The rate of fertilizer nitrogen was also cal-
culated annually taking into account three parameters: (i) content of soil
mineral nitrogen in the layer 0.9 m, (ii) the expected yield, and (iii) unit
nitrogen accumulation of four kg N t–1 (taproots + respective amount of
tops). All basic fertilizers and the first rate of nitrogen equal 80 kg N ha–1

were applied in spring before seedbed preparation. The remaining nitrogen
rate was top-dressed at the stage of 3(5) leaf.

For purposes of this study, eight plants were sampled (1 m2) on eight
days of sugar beet growth after sowing (DAS): 40, 55, 77, 92, 113, 134, 155,
175. On each day, a plant sample was divided into sub-samples of leaves and
a storage root, and then dried (65oC). The results were expressed on a dry
matter (DM) basis. Nitrogen concentration in plant organs was determined
by standard macro-Kjeldahl procedure.
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The growth analysis procedure was applied to determine the Crop
Growth Rate (CGR), but separately for leaves and taproots. For this study,
the applied parameters are called Crop Leaves Growth Rate (CLGR) and
Crop Root Growth Rate and (CRGR). The calculation was based on the for-
mula:

W2 – W1
                                 CGR = —————

 T2 – T1

Another growth parameter was the Relative Growth Rate (RGR), re-
ferred to as the Relative Growth Rate of Leaves (RGRL) and the Relative
Growth Rate of Storage Roots (RGR-SR)for particular organs of sugar beet
plants. It was calculated from the formula:

lnW2 – LnW1
               RGR = ——–––———

 T2 – T1
where,

W2, W1 – yield of dry matter in two consecutive samplings (kg ha–1);
T2, T1 – two consecutive sampling dates, days after sowing (DAS)

All data were subjected to conventional analysis of variance using a com-
puter programme package Statistica 7. Simple regression was applied to es-
timate the strength of relationships between some plant characteristics.

RESULTS AND DISCUSSION

General growth conditions
The experimental field was located on light but productive soil originat-

ing from post- glacial loams. Its high, natural productivity depends on the
loam underlying the topsoil. During each of the growing seasons, soil con-
tent of main available nutrients such as phosphorus, potassium and magne-
sium (soil + applied in fertilizers) was satisfactory for harvesting good yields
of storage roots. Therefore, it was assumed that on plots receiving the full
recommended rate of nutrients, the weather conditions were the key factor
modifying the plants’ growth and final yields of beets.

The evaluation of water management by a sugar beet plantation during
the growing season should take into account four components, such as i)
total water demand by the sugar beet plantation, ii) annual sum of precipi-
tation, iii) soil water reserves, iv) distribution of precipitation over the grow-
ing season, with special emphasis to summer months. The total water re-
quirement, based on sugar beet potential evaporation, in the region where
the experiment was located is calculated at the level of 740 mm. The long-
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term average annual precipitation (1960-2010) is significantly lower, amount-
ing to 600 mm. During the study, it fluctuated from ca 400 mm in 2003 to
650 in 2001. It can therefore be concluded that even in good years, sugar
beet plant growth and yielding is negatively affected by water stress. The
next important parameter of field water management takes into account
soil water reserves, which are related to winter precipitation. For light soil,
they are assessed at 146 to 210 mm for 1 m soil layer (Regulation... 2002).
In the analyzed period, high soil water reserves appeared in 2001 and 2002
but not in 2003. For water management by a sugar beet plantation, precipi-
tation in July and August is important. During the study, the reported
amounts were as follows 100 mm in 2001, 85 mm in 2002 and 88 in 2003.
This is much below the required level (180 mm). In 2002 and especially in
2003, sugar beet plants were exposed to frequent periods of water shortag-
es. In 2003, the first drought lasted from March to the end of June. The
second one, much more severe, occurred in August and September. It can
therefore be concluded that in good years, like 2001, characterized by ample
water supply, the sugar beet plant growth depended on a supply of nutri-
ents, but in other years – on supply of water. This hypothesis was fully
corroborated by the experimental data.

As a result of variable growth conditions for sugar beet, the final yields
of storage roots showed a distinct and year-specific response to the tested
fertilizing variants (detailed data available from the authors). Based on the
conducted analysis of variance, five statistically homogenous groups of ferti-
lizing variants were distinguished:
1) 2001:

a) reduced, comprising three treatments: absolute control, VPK, VKN, (RE),
(the average yield of storage roots for this group was 69.82 t ha–1);

b) limited supply of nutrients: VNP, V25, V50, (LI), (83.12 t ha–1);
c) full supply of nutrients: V100, V100P (FS), (94.35 t ha–1).

2) 2002 and 2003:
a) nitrogen control (absolute control, VPK), (C-N), (42.64 t ha–1);
b) fertilized with nitrogen (all other treatments), (N), (59.74 t ha–1).

The detected differences between the analyzed fertilizing variants are
high, clearly indicating much better growth conditions in 2001 than in the
other years. In 2001, sugar beet achieved the full yielding potential, although
limited by the supply of nutrients, i.e. nitrogen and phosphorus. This level
of sugar beet production is possible only under ample water supply (HILLS et
al. 1990, KENTER et al. 2006). In the other years, yields were reduced by the
limited supply of water, which minimized the importance of nutrients, ex-
cept nitrogen.

Trends of nitrogen concentration in sugar beet organs
As described in the introduction, nitrogen concentration (Nc) in leaves

of sugar beet is the key factor shaping the crop canopy development, which
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in turn is decisive for solar energy fixation (MALNOU at al. 2006). Most inter-
est in total N concentration in the storage root focuses on its technological
quality (HOFFMANN 2005). However, this element can be considered
as a reserve used by the storage root to prolong its further growth.

The present study showed, as expected, generally different trends of
nitrogen concentration in both beet organs (Table 1). The average nitrogen
concentration in leaves was much higher than in storage roots, but showed
less variability with respect to the years and fertilizing variants. In the case
of leaves, the highest in-season variability, as indicated by the value of the
determination coefficient, did not exceed 20%. The general trend, averaged
over years, can be best described by the linear-plateau model. During the
first part of the season, N concentration (Nc) showed a declining trend,
as presented below:

Nc = -0.025DAS + 5.13 for R2 = 0.99

In the second part of the season, from 113 DAS, it was on a constant,
stabilized level of 23 g kg–1 d.m.

In the storage root, the total N concentration was lower and showed
slightly higher in-season variability than in leaves. The highest concentra-
tion occurred at the beginning and in the mid-season, when the lowest Nc
in leaves was reported. The general trend of nitrogen concentration in stor-
age roots, averaged over years, can be described by the exponential func-
tion, as shown below:
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Nc = 26.26DAS–0.72 for R2 = 0.98

The detailed analysis of the developed regression models showed that
the key differences in N concentration trends occurred in the second part of
the season. The constant trend as reported for leaves versus the declining
one for storage roots can be considered as an improved potential of sugar
beet canopy for prolonged production of assimilates (WERKER et al. 1999).
These results indicate that plants demonstrating this type of N manage-
ment should produce higher yields of both storage roots and sugar.

Patterns of dry matter accumulation in leaves
Dry matter yield of sugar beet plants throughout the growing season

significantly depended on the fertilizing variants, whose effect was modified
by the weather course in each year (Table 2). The interaction between the
fertilizing variants and years was significant in three out of eight sampling
dates. At harvest, however, irrespectively of the pattern of dry matter accu-
mulation during the growing season, no significant year-to-year variability
has been found.

The first estimated growth parameter describes the absolute growth rate
of dry matter accumulation. In 2001, the developed curves showed almost
the same shape during the course of the growing season (Figure 1). During
the first period of the season, up to 92 day of vegetation (DAS), the rate
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of the dry matter yield increase followed an exponential model, reaching the
maximum. From 92 DAS on, the rate of dry matter accumulation showed
a dramatic, variant-specific decline,. At this stage of the plant growth, the
order of the variants was as follows:

limited > full supply > reduced.

In 2002 and 2003, patterns of dry matter accumulation by leaves were
only seemingly similar to those found in 2001 (Figure 2). As in 2001, the top
growth rate was reached on 92 DAS. However, on this specific day, the
reported values were three-fold lower.

The second growth parameter, relative growth rate (RGR), generally
confirmed the differences in dry matter accumulation in leaves. In 2001, the
highest values, irrespective of the treatment, appeared at the beginning of
vegetation (Figure 3). However, a secondary, but much smaller peak ap-
peared on 92 DAS. The beginning of this secondary dry matter yield in-
crease took place at BBCH 43 stage, when sugar beet plants reached the
LAI of 3.0. This level of plant canopy is thought to fully exploit available
solar radiation (MALNOU 2006). The secondary increase in sugar beet canopy
can be only explained by an ample supply of soil nitrogen. At that particular
period, the root system of sugar beet plants reaches the final size and ena-
bles plants to penetrate deep soil layers. In the other years, the general
trend was almost identical, but the peaks were much lower, and attributed
only to the Control-N treatments (Figure 4).

The main hypothesis of the study is that the N concentration in leaves
determines their rate of growth. The expected relationships between Nc in

Fig. 1.  Dynamics of the growth of dry matter in leaves against the background of nutrient
system management, 2001 season
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Fig. 2. Dynamics of the growth of dry matter in leaves against the background of nutrient
system management, averaged over 2002 and 2003 seasons

Fig. 3.  The relative rate of dry matter growth in leaves against the background
of nutrient system management, 2001

control N
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leaves throughout the sugar beet growing season were revealed only for the
RGR parameters. Despite the plotted trends of N concentrations during the
the growing season (see Table 1), the calculated relationships were subordi-
nated to dry matter trends:
1) 2001:

a) reduced: RGR = 0.018Nc – 0.032 for n = 8, R2 = 0. 70 and P = 0.01;
b) limited: RGR = 0.020Nc – 0.041 for n = 8, R2 = 0.73 and P = 0.01;
c) full supply: RGR = 0.019Nc – 0.039 for n = 8, R2 = 0.74 and P = 0.001.

2) 2002+2003:
a) control-N: RGR = 0.041Nc – 0.088 for n = 8, R2 = 0.88 and P = 0.001;
b) N: RGR = 0.035Nc – 0.090 for n = 8, R2 = 0.89 and P = 0.001.
As the above equations show, in 2001 the rate of dry matter increase

per unit of nitrogen was twice as low as compared in the other years. How-
ever, at harvest, dry matter yield of leaves was different only because of the
N supply. Therefore, much higher dry matter yield growth per unit N con-
centration, as found in 2002 and 2003, can be considered as an indicator of
the growth rate compensation. This does not agree with the thesis formu-
lated by BOIFFIN et al. (1992), who underlined the effect of the sugar beet
growth rate in the early stages of development on its capability to accumu-
late dry matter in subsequent stages. In the light of the present study,
it can be said that sugar beet plants are able to compensate their rate
of growth during the growing season.

Fig. 4.  The relative rate of dry matter growth in leaves against the background of nutrient
system management, averaged over 2002 and 2003 seasons

control N
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Patterns of dry matter accumulation in storage roots
Accumulation of dry matter in storage roots during the growing season,

except the earliest stages, showed significant dependence on the fertilizing
treatments, i.e. groups of variants (Table 3). However, it showed high year-
to-year variability, in turn modifying the effect of the tested fertilizing vari-
ants during most of the growing season. Generally, a trend of dry matter
accumulation, irrespectively of the treatment, was progressive during the
growing season, but year-specific. Therefore, patterns of dry matter dynam-
ics of the storage root as described by the growth analysis were elaborated
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separately for 2001 and for the other two years. The absolute taproot growth
rate of in 2001, despite some resemblances, was treatment-specific (Figure 5).
Dry matter yield of taproots increased, irrespective of the fertilizing treat-
ment, up to 92 DAS, when it peaked and then rapidly declined. At this
particular stage of the beet growth, the order of fertilizing groups was as
follows:

reduced < full supply < limited.

In the second part of the season, the rate of growth was highly varia-
ble, showing treatment-specific recovery. For the Reduced group, it was de-
tectable in the first decade of September, followed by a subsequent decline.



401

For the Limited group of variants, the secondary increase started at the
same time as reported for the Reduced variants, but it progressed up to the
end of vegetation. A completely different growth pattern was noted to the
FS set of variants. In this case, the rate of storage dry matter yield growth
was much higher during most of August than for the other treatments. The
secondary growth recovery, higher than the first growth, occurred at the
end of the growing season. The resulting patterns can be explained by both
N the soil resource of nitrogen and its availability as guaranteed by an
adequate supply of P and K. The model of the storage root growth as de-
scribed for the FS group of variants, implicitly corroborate the importance
of the growing season duration as the key factor responsible for attaining
the sugar beet yield potential (KENTER et al. 2006).

The above hypothesis is fully confirmed by regression models developed
for the other two years (Figure 6). As in 2001, the dry matter yield of tap-
roots increased exponentially up to 92 DAS. At that particular sugar beet
growth stage, the storage root reached the highest rate of absolute growth,
albeit limited by the nitrogen supply. For plants fertilized with nitrogen, it
was 200 kg ha–1 d–1, whereas for the Control-N group, it reached 120 kg
ha–1 d–1. The value for the N group was at the level determined in 2001 for
the Limited group of variants. In the second part of the season, its dynam-
ics showed high variability, but went to a decline at the end. Quite a differ-
ent pattern was observed for the Control-N variant, where the top rate of
growth was noted on 134 DAS, preceding a decline and a subsequent in-
crease.

Fig. 5.  Dynamics of the growth of dry matter in storage root growth against
the background of nutrient system management, 2001 season

days after sowing, DAS
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The relative rate of growth, as the second indicator of the storage roots
unit growth, despite significant effects of all the factors, showed strong re-
semblance among the treatments throughout the growing season (Figures 7
and 8). In both groups of years, two stages of growth are important.
As presented by the developed models, the order of variants at the stage of

Fig. 6.  Dynamics of the growth of dry matter in storage root growth against
the background of nutrient system management, averaged over 2002 and 2003 seasons

Fig. 7.  The relative rate of storage roots dry matter growth against the background
of nutrient system management, 2001 season

control N
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7th leaf (55 DAS) is opposite to the one at the stage of 4th leaf (40 DAS).
The observed compensation of the RGR of taproots was much more distinct
in 2002 and 2003 than in 2001. However, the level of compensation under
conditions of good water supply, i.e. in 2001, was quantitatively much higher.

The expected relationships between N concentration (Nc) in taproots
throughout the sugar beet growing season were revealed only for the RGR
parameter, as presented below:
1) 2001:

a) reduced: RGR = 0.012Nc – 0.077 for n = 8, R2 = 0. 89 and P = 0.001;
b) limited: RGR = 0.010Nc – 0.073 for n = 8, R2 = 0.86 and P = 0.001;
c) full supply: RGR = 0.012Nc – 0.086 for n = 8, R2 = 0.89 and P = 0.001.

3) 2002+2003:
a) control-N: RGR = 0.010Nc – 0.056 for n = 8, R2 = 0.92 and P = 0.001;
b) N: RGR = 0.007Nc – 0.051 for n = 8, R2 = 0.89 and P = 0.001.
The developed equations clearly indicate higher productivity of a unit

concentrated nitrogen in 2001 than in the other years. The mean values for
the groups of variants underline the ability of sugar beet plant to compen-
sate growth of taproots in response to the supply of nitrogen. In the other
years, the unit productivity of nitrogen was much lower, in turn indicating
some limitation of its supply to growing plants. It can therefore be conclud-
ed that the relative growth rate of storage roots reveals high sensitivity to
the supply of nitrogen. There the thesis formulated by BOIFFIN et al. (1992)
refers fully to this part of sugar beet crop.

Fig. 8.  The relative rate of storage roots dry matter growth against the background
of nutrient system management, averaged over 2002 and 2003 seasons

control N
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Nitrogen concentration and fraction of storage root
One of the most important indices of dry matter partitioning in sugar

beet crop is the storage root’s fraction (SRf). This parameter defines the dry
matter fraction located in the storage root. The trends of SRf can be de-
scribed by the liner regression model (Figure 9). In 2001, its seasonal
progress was highly complicated, achieving a linear trend only in the second
part of the season, from 92 DAS onwards. The linear course of the trend
can be considered as synchronous dry matter partitioning between leaves
and the taproot. For the N group of variants, even in this period, a better
fit of the real data was obtained using the quadrate model. This type of
a model suggests some limitation of the taproot growth due to a prolonged
leaf growth induced by the extra N supply.

Fig. 9. Trends of storage root fraction in the course of the growing season against the
background of nutrient system management

The partitioning of assimilates to leaves and the storage root is strongly
influenced by the soil nitrogen dynamics (WERKER et al. 1999). Hence, the
storage root’s fraction index depends on a nitrogen supply to sugar beet
plants during the plant growth. Thus, a hypothesis was put forth, suggest-
ing that the N concentration in both plant organs significantly affects the
SRf index. The developed equations based on the means for the distinguished
groups of fertilizing variants are as follows:
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1) 2001:
a) reduced:

i. leaves: SRf = -0.082NcL
3 + 0.761NcL

2 – 2.397NcL + 3.076 for R2 = 0.82;
ii. taproots: SRf = -0.349NcTR + 0.908 for R2 = 0.89;

b) limited:
i. leaves: SRf = -0.256NcL

3 + 2.502NcL
2 – 8.029NcL + 8.996 or R2 = 0.94;

ii. taproots: SRf = -0.356NcTR + 0.962 for R2 = 0.93;
c) Full supply:

i. leaves: SRf = -0.280NcL
3 + 2.715NcL

2 – 8.533NcL + 9.305 for R2 = 0.99;
ii. taproots: SRf = -0.366NcTR + 0.989 for R2 = 0.89;

2) 2002 + 2003:
a) control N

i. leaves: SRf = -0.527NcL + 1.898for R2 = 0.92;
ii. taproots: SRf = -0.699NcL + 1.149for R2 = 0.97;

b) N
i. leaves: SRf = -0.430NcL + 1.741for R2 = 0.85;
ii. taproots: SRf = -0.683NcL + 1.188for R2 = 0.91.

The presented sets of equations implicitly allow us to make a simple
evaluation of the weather impact during the growing season on the sugar
beet growth. In 2001, characterized by an ample water supply during the
critical plant growth stages, the weather effect of N concentration in leaves
was highly complicated. As shown in Figure 10, this relationship shows a lag-
decline phase, characterized by a decline in the of storage root fraction with
respect to N concentration, termed as a transition point. The duration of

Fig. 10. Fraction of storage root as a function of nitrogen concentration in leaves,
the full supply variant, 2001, TP – transition point

nitrogen concentration in leaves (g kg–1)
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the phase and the position of the transition point were variant-specific, with
the latter being the low for the FS (TP – 32.3 g N kg–1), slightly higher for
the Limited (TP – 32.6 g N kg–1) and the lowest for the Reduced (TP –
30.9 g N kg–1) group of fertilizing variants. Its occurrence can be explained
by an extra N supply both from soil resources and the applied N fertilizers,
which accelerated the rate of leaf growth. Nitrogen taken up by beet plants
prolongs the period of foliage-dominated growth, but without negative im-
pact on the storage root growth. This conclusion is supported by the linear
dependence of the storage root fraction on the nitrogen concentration in
this beet organ (Figure 9). This pattern of SRf dependence on nitrogen con-
centration in leaves was successful, as corroborated by much higher yields
of storage roots and sugar in 2001 as compared to the other years. In 2002
and 2003, the SRf depended linearly on the N concentration in both leaves
and storage roots. Therefore, the compensatory pattern of the growth sugar
beet organs can be considered as a model, which ensures that sugar beet
attains its full yielding potential. However, it is only possible under an am-
ple supply of both water and nutrients. Under water shortage, sugar beet
plants are not able to convert the accumulated nitrogen, as indicated by its
much higher content in both leaves and storage roots, in productive bio-
mass, observed in 2002 and 2003.

CONCLUSIONS

1. Nitrogen concentration in sugar beet organs declined during the grow-
ing season, according to a linear-plateau regression model in leaves but ex-
ponentially in storage roots.

2. The absolute rates of leaf and storage root growth peaked in the mid-
season, from 92 and 113 day after sowing; the effect of the year was stronger
on leaves than on roots, which responded significantly to a nutrient supply.

3. Nitrogen concentration in both organs of sugar beet significantly af-
fected dry matter growth of leaves and the taproot.

4. Sugar beet plants can compensate their rate of growth; compensation
is more efficient in years favorable to sugar beet growth.

5. Dry matter partitioning to the storage root is significantly related to
nitrogen concentration in both leaves and the target plant organ; the linear
dependence is typical for the storage root, underlying its internal conserva-
tism.

6. The full realization of sugar yield production potential depends on the
relationships between N concentration in leaves and the storage root; when
these relationships follow a linear regression models, it is indicative of some
type of limitation to the crop growth during the growing season.
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Abstract

Increasing amounts of spent mushroom substrate in the Siedlce region and the unso-
lved problem of its disposal has encouraged researchers to study its properties and, subse-
quently, the possibility of its utilisation as fertiliser. Samples of (fresh) substrate after
6-week cultivation of the white mushroom Agaricus bisporus in two modern cultivation
halls were used as the studied material. The determined parameters included its pH and
the content of dry matter, ash, mineral nitrogen as well as total carbon and nitrogen. The
main aim of the study was to determine the speciation of organic carbon and metals in
spent mushroom substrates. To this end, their sequential extraction was carried out by the
method described by HE et al. (1995), recommended for materials with a high organic mat-
ter content. The extraction procedure yielded six operational fractions of carbon and me-
tals and separated the humic substances into fractions of fulvic and humic acids and me-
tals bound with them. Sequential application of extraction reagents of increasing ability to
extract carbon and metal from compounds (H2O → KNO3 → Na4P2O7 → NaOH → HNO3 →
aqua regia) allowed us to assess the potential bioavailability and resistance to biodegrada-
tion, as well as current and potential hazards to the environment (phytoavailability, mobili-
ty). It has been found that spent mushroom substrate could be recommended as fertiliser
because it can enrich soils with organic matter. The largest amounts of carbon (62%) were
found in the stable residual fraction, whereas the bioavailable fractions contained about
10% of carbon. Concentrations of metals (Mg, Ca, Fe, Mn, Ba, Sr, Zn, Cu, Ni, Cr, Pb) in
the material were variable, but most metals were found in the fraction strongly bound
with organic and mineral compounds (30.8-80.6%). Ca, Mg, Mn, Sr, Fe, and Zn were pre-
dominantly bound with mobile fulvic acids, whereas Cu, Ni, Ba, and Pb – with more stable
humic acids.

Key words: spent mushroom substrate, sequential extraction, carbon fractions, metal
fractions.
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SPECJACJA WÊGLA I WYBRANYCH METALI W POD£O¯U
PO UPRAWIE PIECZARKI

Abstract

Zwiêkszaj¹ca siê iloœæ pod³o¿a po uprawie pieczarek w rejonie siedleckim oraz nieroz-
wi¹zany problem jego utylizacji sprowokowa³y do badañ jego w³aœciwoœci, a w perspekty-
wie tak¿e nawozowego wykorzystania. Materia³ badawczy stanowi³y próbki pod³o¿a (œwie-
¿ego)  po 6-tygodniowej uprawie pieczarki bia³ej Agaricus bisporus z dwóch nowoczesnych
hal uprawowych w regionie siedleckim. Oznaczono w nich pH, zawartoœæ suchej masy, po-
pio³u, azotu w formach mineralnych oraz ca³kowit¹ zawartoœæ wêgla i azotu. Celem badañ
by³o okreœlenie specjacji wêgla zwi¹zków organicznych i metali w badanych pod³o¿ach po-
pieczarkowych z zastosowaniem ich sekwencyjnej ekstrakcji, na podstawie metody HE i in.
(1995) – polecanej dla materia³ów o wysokiej zawartoœci materii organicznej. Procedura eks-
trakcyjna umo¿liwi³a wydzielenie 6 frakcji operacyjnych wêgla i metali oraz rozdzielenie
substancji humusowych na frakcjê kwasów fulwowych i huminowych oraz metale z nimi
powi¹zane. Sekwencyjne zastosowanie odczynników ekstrakcyjnych o zwiêkszaj¹cych siê
w³aœciwoœciach wydzielania wêgla i metali w zwi¹zkach (H2O → KNO3 → Na4P2O7 → NaOH
→ HNO3 → woda królewska) pozwoli³o oceniæ potencjaln¹ biodostêpnoœæ i odpornoœæ na
biodegradacjê, a w przypadku metali ciê¿kich tak¿e aktualne i potencjalne zagro¿enie dla
œrodowiska (fitoprzyswajalnoœæ, mobilnoœæ). Stwierdzono, i¿ pod³o¿e po uprawie pieczarki
powinno byæ zalecane do nawozowego stosowania, gdy¿ ma znaczny potencja³ wzbogacania
gleb w zwi¹zki organiczne. Najwiêcej wêgla (62%) by³o zwi¹zane ze stabiln¹ frakcj¹ rezy-
dualn¹, a we frakcjach biodostêpnych – ok. 10%. Zawartoœæ metali (Mg, Ca, Fe, Mn, Ba,
Sr, Zn, Cu, Ni, Cr, Pb) w badanym materiale by³a zró¿nicowana, przy czym wiêkszoœæ z nich
wystêpowa³a we frakcji mocno zwi¹zanej ze zwi¹zkami organicznymi i mineralnymi (30,8-
-80,6%). Z mobilnymi kwasami fulwowymi by³y zwi¹zane w wiêkszych iloœciach Ca, Mg,
Mn, Sr, Fe, i Zn, a z bardziej stabilnymi kwasami huminowymi – Cu, Ni, Ba, i Pb.

S³owa kluczowe: pod³o¿e popieczarkowe, ekstrakcja sekwencyjna, frakcje wêgla, frakcje
metali.

INTRODUCTION

The cultivation of mushrooms in Poland has been developing well in
the recent years and concentrated in the region near Siedlce and £osice,
where latest production technologies are implemented. With the production
output of 250-300 thousand tonnes, Poland is the largest producer in Europe
and the third largest one in the world. Mushroom substrate consists of main-
ly straw and poultry litter (frequently with added urea, gypsum, coconut
fibre, highmoor peat and soybean protein). The surface cover is made of
lowmoor peat with dolomite, defecation lime or meadow chalk. Modern
mushroom farms cultivate mushroom mostly on phase III substrate, i.e.
grown-through with mycellium outside a cultivation hall, during one of the
stages of its production. Spent mushroom substrate (substrate and cover
grown-through with mycelium hyphae) is obtained after 6 weeks of inten-
sive cultivation and two or three harvests of mushrooms. The local aggrega-
tion of mushroom farming, with consequently large amounts of spent sub-
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strate, forces us to look for methods of some rational utilisation of spent
substrate which would be safe to the environment. Uncontrolled dumping in
the neighbourhood of large mushroom farms poses a risk that large amounts
of bioelements will migrate outside prisms so that the surrounding area will
become eutrophic. Rational utilisation of spent mushroom substrate and us-
ing it as fertiliser seems to be the most appropriate form of its disposal, as
it will improve the balance of nutrients, especially in low-humus soils
(a disadvantageous balance of organic matter). The results of scientific re-
search have indicated that this solution is possible, especially because of
relatively high concentrations of nutrients in spent substrate (STEWART et al.
1998, ZMORA-NAHUM et al. 2007, JORDAN et al 2008, KALEMBASA, MAJCHROWSKA-
-SAFARYAN 2009a,b, MEDINA et al. 2009, RUTKOWSKA  et al. 2009). According to
the principles of modern technology, spent mushroom cultivation substrate
is disinfected thermally at 70oC, which restrains infestation of agricultural
ecosystems with weed seeds and pathogens when mushroom substrate is
used as fertiliser. The Polish literature does not contain any thorough re-
ports on properties of organic waste, especially on speciation of metals bound
with carbon compounds. This study is an attempt at rectifying the situation,
particularly because the previous studies on metal speciation have not al-
ways taken into account the main components of substrates, i.e. organic
matter.

The aim of the study was to evaluate selected properties and especially
to determine the speciation of organic carbon and metals in substrate after
6 weeks of cultivation of white mushrooms, with respect to its later use as
fertiliser.

MATERIAL AND METHODS

Samples of spent substrate after 6 weeks of cultivation of the white
mushroom Agaricus bisporus from two modern cultivation halls in the
Siedlce region were used as the studied material. The samples (covers and
substrate, together called substrate) were taken at several points (from
shelves at different height), after steam disinfection and before substrate
with mushrooms was removed. Each averaged sample was analysed in
a laboratory in three replications. Determinations included pH (potentiomet-
rically) and mineral nitrogen (Min-N), by the distillation method, after ex-
traction of samples with 1 mol KCl dm-3. Ash content was determined gravi-
metrically, following mineralisation in a muffle furnace (temp. 450oC). For
other analyses, samples were dried at 40oC and ground in an agate mill
(O < 0.25 mm). Total carbon (TC) and nitrogen (TN) content was determined
with a Series II 2400 autoanalyser, manufactured by Perkin Elmer, with
a thermal conductivity detector and acetanilide as the reference standard
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substance. The results were calculated with reference to absolutely dry
weight of the studied material, which was determined gravimetrically after
drying the substrate at 105oC.

Sequential extraction of organic carbon and metals partially bound with
them was carried out by the method developed by HE et al. (1995), recom-
mended for materials with a high organic content. The extraction procedure
isolates six operational fractions of carbon and metals and separates humic
substances into fractions of fulvic and humic acids (Table 1). The extraction
was conducted in polypropylene centrifuge flasks on a shaker-type agitator
(soil sample weight-to-extraction solution ratio was 1:10) for 24 h. The solu-
tions were clarified by centrifuging for 30 minutes (12,000 rpm) and vacuum
filtering. During the stage of extraction of humic substances, potassium sul-
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phate (VI) was added to the flocculate colloids. Some of the extract from
humic substances (Na4P2O7 and NaOH) was acidified with 3 mol H2SO4 dm–3

to precipitate the humic acid fraction (pH = 1.5); the effectiveness of separa-
tion of fulvic acids from humic acids was enhanced by centrifuging. Organic
carbon content in the extracts was determined by the oxidative-titrimetric
method (KALEMBASA, 1991). Carbon content in the residual fraction was deter-
mined as the difference with respect to the total content of the element;
carbon content as humic acids was calculated as the difference between the
amount in the extract (F3 and F4) and the amount in the fulvic acid frac-
tion. Metal content in the extracts was determined with an inductively cou-
pled plasma atomic emission spectroscope (ICP – AES, Optima 3200 RL manu-
factured by Perkin Elmer), after the solutions were mineralised with nitric (V)
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acid and hydrogen peroxide. Metal content in the humic acid fraction was cal-
culated in the same manner as for carbon. The total metal content was calcu-
lated by adding up the content in all fractions (F1 – F6).

The extraction procedure was modified for carbon content determina-
tion in the solutions by the oxidative-titrimetric method. According to the
original guidelines, large amounts of chlorine are introduced to the extrac-
tion system (KCl solution with exchangeable fraction, HCl solution to pre-
cipitate humic acids and KCl to flocculate colloids). The content of chloride
ions in a material sample elevates the results of the determination of car-
bon or makes it impossible to determine it due to the reduction of Cr6+

ions (by Cl?) in the oxidising solution (with K2Cr2O7) during mineralization
(KALEMBASA 1991).

RESULTS AND DISCUSSION

The analyzed substrates were found to contain more dry matter and
ash than manure; the pH was slightly acidic (Table 2). The total carbon
content confirms a high potential of substrates for enriching soils with or-
ganic matter when used as fertiliser. Nitrogen content (TN) and low values
of C/N ratio indicate good fertilising properties of the waste material. When
added to soil, its narrow C/N ratio will positively affect mineralisation of
organic matter and release of nutrients contained in substrate. Over 96% of
nitrogen in the analyzed substrates was bound in organic compounds. The
reduced ammonium form dominated the mineral nitrogen species (being the
result of the ammonification process, which occurs during mushroom culti-
vation), and oxidised nitric forms were in minority. Other reports (ZMORA-
-NAHUM et al. 2007, JORDAN et al. 2008, KALEMBASA,  MAJCHROWSKA-SAFARYAN 2009a,
RUTKOWSKA  et al. 2009) have indicated certain differentiation of the C and N
content and C/N ratio in  spent mushroom substrates, depending on the
method of preparation and particularly on the components used in its pro-
duction.
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The sequential analysis resulted in the isolation (in fractions F1, F2,
F3, F4, F5) of about 40% of total carbon (Table 3). The remaining part is
bound in the residual fraction. Based on the average carbon content, the
fractions can be arranged by increasing values: F2 < F5 < F1 ≤ F3 < F4 <
F6. It is noteworthy that a large amount of carbon was extracted by water
(F1). Organic carbon extracted with H2O and KNO3 (F1 and F2) is probably
bound in soluble organic compounds. The fractions are represented mainly
by simple, low-molecular organic compounds, loosely bound with mineral
components of the analyzed material, potentially readily mineralized and
mobile in soil, once they are introduced to soil.

Carbon isolated with solutions commonly used in extraction of humic
substances – Na4P2O7 and NaOH, (probably) represents part of the organic
matter transformed in the process of humification (Tables 3, 4); in fraction
F3 – humic substances, free and loosely bound as well as complexed with
metals; in F4 – humic substances strongly bound with mineral components
of organic material. Carbon of humic acids was found to dominate in those
fractions, more markedly in fraction F4, which is indicated by the values of
CHA/CFA ratio. Prevalence of the humic acid fraction in arable land under
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good soil tillage management is a desirable feature of humus, because it
ensures its persistence in soil and a more beneficial effect on soil proper-
ties. Carbon contained in the residual fraction F6 in spent mushroom culti-
vation substrates should be regarded mainly as non-humified organic matter
(rather than humus). It mostly consists of non-degradable organic waste
(mainly cellulose, hemicellulose, lignin), from straw and peat used in the
production of substrate and cover. These substances are highly resistant to
degradation and persist the longest in soil.

The total content of the analyzed metals (Table 5) confirms that soils
fertilised with spent mushroom substrate can be enriched with some nutri-
ents essential for the proper growth and development of plants. As a result,
the balance of nutrients in soil cane be improved to the benefit of a better
profitability of agricultural production. Chemical analysis showed that the
content of selected metals can be listed in the following sequence according
to decreasing content: Ca > Mg > Fe > Mn > Zn > Sr > Ba > Cu > Pb > Cr
> Ni. Compared to manure of different origin (MAÆKOWIAK, ¯EBROWSKI 2000,
MAZUR, MOKRA 2009), (referred to dry weight and the element), spent mush-
room substrates had a much higher content of Ca (about 30-fold more) and
Mg (about 3-fold more) as well as a similar content of Fe, Mn, Zn and Cu.
The heavy metal content did not exceed the permissible values for fertilisers
and plant growth enhancers, which can be used as fertilisers in agriculture
(Regulation... 2008).

Owing to the extraction procedure applied in the study, it was possible
to determine the metal content in potentially bioavailable and mobile (solu-
ble) forms, bound to a different extent with organic matter. Sequential use
of extraction reagents with an increasing ability to separate carbon and metal
compounds (H2O → KNO3 → Na4P2O7 → NaOH → HNO3 → aqua regia),
allows us to list fractions of the elements according to the increasing resist-
ance to biodegradation: F1 > F2 > F3 > F4 > F5 > F6. In heavy metals, it
allows us to evaluate the current and potential hazard to the environment
(phytoavailability, mobility).

Metals contained in the spent mushroom substrates have different prop-
erties and a different status in the biosphere: Mg and Ca – main bioele-
ments; Fe, Mn, Zn, Cu, Ni – trace bioelements, essential to plants, humans
and animals; Cr – a trace bioelement, essential to humans and animals; Pb
– trace element with high toxicity to humans, and Sr and Ba – trace ele-
ments which have not been found to be essential to organisms.

When using spent substrate as fertiliser and for potential migration of
elements and eutrophication of the environment when it is stored, the wa-
ter-soluble fraction F1 (bioavailable and easily leachable), the exchangeable
fraction F2 (where desorption to a solution is possible) and fraction F3 (met-
als in complexes with organic compounds, relatively mobile and potentially
bioavailable) are of special importance (HSU, LO 2000).
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Speciation variability between the analysed metals and similarities in
the presence of metals in fractions have been found between the analyzed
mushroom cultivation substrates (Tables 5, 6). A decreasing content of met-
als in the isolated fractions is shown in sequences for Mg: F5 > F2 > F1 >
F3 > F6 > F4;  Ca: F5 > F2 > F1 > F3 ≥ F4 = F6; Fe: F5 > F6 > F3 > F4 >
F1 ≥ F2;  Mn: F5 > F3 > F4 > F2 > F1 > F6;  Zn: F3 > F5 > F6 > F4 > F2
≥ F1;  Cu: F4 ≥ F5 > F3 > F6 > F2 > F;  Ni: F5 ≥ F6 > F3 > F4 > F1 >
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F2;  Cr: F6 > F5 > F2 ≥ F1 (w F3 and F4 not found);  Pb: F5 > F6 > F3 >
F4 > F2 > F1;  Sr: F5 > F2 > F1 > F6 ≥ F3 ≥ F4;  Ba: F5 > F2 > F6 > F4
≥ F1 ≥ F3.

Most of the metals (Ba > Sr > Ca > Mn > Pb > Fe > Mg > Ni) were
bound strongly with organic and mineral compounds of the mushroom sub-
strates (fraction F5). The fraction dominated especially in the case of Ba, Sr
and Ca, which are similar metals and co-occur in the environment. The
main source of these elements in mushroom substrates are additives, usual-
ly added as carbonates, which raise the pH value at the stage of substrate
and cover production. A characteristic feature of Ca, Sr, Ba and Mg was
their considerably high content in the exchangeable fraction F2. A positive
property of the substrates is that the heavy metals Pb and Cr dominated in
stable fractions F5 and F6 and were present only in small quantities in F1
and F2 (potentially bioavailable fractions). An analogously low content of
heavy metals in extracts (H2O and CaCl2 solution) from manure and com-
posts was found by GONDEK (2007). Unlike other metals, chromium was bound
in the residual fraction F6 to the greatest extent – actually, it was not
found in compounds with humic substances in fractions F3 and F4. More
than half of the amount of Zn and Cu was bound in those fractions (F3, F4),
and Ni, Fe, Pb and Mn were present at 16.7-28.8% (Table 7), mainly in the
fraction complexed with humic substances (F3) or- in the case of Cu – met-
als bound by humic substances (F4).
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The majority of the metals in the humic substance fractions were found
in the fulvic acid fractions (F3FA i F4HA). The significance of humic acids
(a more stable fraction of humic substances) was higher for speciation of Cu
and Ni, and slightly weaker for Ba and Pb (in F4HA).

CONCLUSIONS

1. Spent mushroom substrate should be used as fertiliser because of its
high potential for enriching soil with organic compounds. Moreover, it con-
tains much more Ca and Mg than manure and comparable amounts of mi-
cronutrients.

2. The highest amounts of carbon in the substrates (62%) were bound
with the stable residual fraction, while 10% was present in the bioavailable
fractions.

3. The content of the metals in the fractions varied, with most of them
(Ba > Sr > Ca > Mn > Pb > Fe > Mn > Ni) (80.6-30.8% of the total content)
being strongly bound with organic and mineral compounds (fraction F5).

4. Considerable amounts of Ca, Mg, Mn, Sr, Fe and Zn were bound with
fulvic acids and Cu, Ni, Ba and Pb – with more stable humic acids. The
fractions bound with humic substances (F3 and F4) were of the highest
quantitative importance in speciation of zinc and copper.
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5. It would be advisable to carry out further studies of speciation
of metals bound with organic compounds in waste organic materials with
respect to their environmental hazard and potential use as fertilisers.
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EFFECT OF THE RATE OF NITROGEN
AND ZINC ON THE ZINC AND COPPER
ACCUMULATION IN GRAIN OF SPRING

TRITICALE CULTIVAR KARGO

Tomasz Knapowski, Maria Ralcewicz,
Ewa Spychaj-Fabisiak, Barbara Murawska

Chair of Agriculture Chemistry
University of Technology and Life Sciences in Bydgoszcz

Abstract

Modest stand requirements, high yielding potential and high nutritive value have made
triticale an alternative crop to other cereals in Poland. The grain of that cereal is mostly
used for making animal feed, although it can also be processed by the food industry. Triti-
cale yields and the quality of grain are largely determined by agro-technical factors, inclu-
ding mineral fertilisation. Over the recent years, more attention has been attracted to the
favourable effect of cereal fertilisation with microelements, especially more intensive ni-
trogen nutrition. In 2005–2007, a two-factor field experiment in a split-plot design was set
up at the Agricultural Experimental Station in Minikowo, which belongs to the University
of Technology and Life Sciences in Bydgoszcz. The aim of the paper was to evaluate the
effect of different nitrogen rates and foliar zinc application on the content of zinc and cop-
per in grain of cv. Kargo spring triticale. The plots, 20 m2 each, were treated with two
nitrogen fertilisation rates (factor I, n=2): 80 kg N ha–1 (N80) and 120 kg N ha–1 (N120)
and three zinc fertilisation rates (factor II, n=3): Zn0 (without zinc), Zn1 (0.1 kg ha–1)
and Zn2 (0.3 kg ha–1) against fixed, pre-sowing phosphorus and potassium fertilisation.
It was found that the rate of 120 kg N ha–1 resulted in a significant increase in the zinc
content and a decrease in the copper concentration in grain of the cultivar Kargo spring
triticale, as compared with the treatment which received 80 kg N ha–1. Foliar zinc applica-
tion, in all the rates applied, resulted in a significant increase in the zinc content and a de-
crease in the copper concentration in spring triticale grain.

Key words: spring triticale, nitrogen and zinc fertilisation, microelements.
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ODDZIA£YWANIE DAWKI AZOTU I CYNKU NA AKUMULACJÊ CYNKU I MIEDZI
W ZIARNIE PSZEN¯YTA JAREGO ODMIANY KARGO

Abstrakt

Niewielkie wymagania w stosunku do stanowiska, du¿y potencja³ plonowania i wyso-
ka wartoœæ pokarmowa spowodowa³y, ¿e pszen¿yto stanowi alternatywê dla uprawy innych
zbó¿ w Polsce. Ziarno tego zbo¿a wykorzystywane jest przede wszystkim na cele pastewne,
ale mo¿e byæ równie¿ stosowane w przemyœle spo¿ywczym. Plonowanie i jakoœæ ziarna
pszen¿yta s¹ determinowane w du¿ym stopniu czynnikami agrotechnicznymi, w tym nawo-
¿eniem mineralnym. W ostatnich latach coraz wiêksz¹ uwagê zwraca siê na korzystny
wp³yw nawo¿enia zbó¿ mikroelementami, szczególnie w przypadku intensyfikacji nawo¿e-
nia azotem. W latach 2005-2007 w Rolniczym Zak³adzie Doœwiadczalnym Uniwersytetu
Technologiczno-Przyrodniczego w Minikowie przeprowadzono dwuczynnikowe doœwiadcze-
nie polowe, za³o¿one metod¹ losowanych podbloków. Celem pracy by³a ocena wp³ywu zró¿-
nicowanych dawek azotu i dolistnej aplikacji cynku na zawartoœæ cynku i miedzi w ziarnie
pszen¿yta jarego odmiany Kargo. Na poletkach o powierzchni 20 m2 zastosowano dwa po-
ziomy nawo¿enia azotem (I czynnik, n=2): 80 kg N ha–1 (N80) i 120 kg N ha–1 (N120)
i trzy poziomy nawo¿enia cynkiem (II czynnik, n=3): Zn0 (bez cynku), Zn1 (0,1 kg ha–1)
i  Zn2 (0,3 kg ha–1) na tle sta³ego przedsiewnego nawo¿enia fosforem i potasem. W wyni-
ku badañ stwierdzono, ¿e dawka 120 kg N ha–1 istotnie wp³ynê³a na wzrost zawartoœci
cynku oraz zmniejszenie koncentracji miedzi w ziarnie pszen¿yta jarego odmiany Kargo,
w porównaniu z obiektem, gdzie stosowano 80 kg N ha–1. Dolistna aplikacja cynku, w ca-
³ym zakresie stosowanych dawek, powodowa³a istotny wzrost zawartoœci cynku i zmniej-
szenie koncentracji miedzi w ziarnie pszen¿yta jarego.

S³owa kluczowe: pszen¿yto jare, nawo¿enie azotem i cynkiem, mikroelementy.

INTRODUCTION

For maintaining proper bodily functions, animals need a daily supply of
basic nutrients (carbohydrates, proteins, fats) and the elements, often in
trace amounts, participating in the metabolism (BORKOWSKA 2004). A crucial
role in animal nutrition is played by processed cereal grains, of which triti-
cale grain is gaining in importance. Owing to a big progress in breeding,
triticale has become the fifth cereal species grown in Poland (MAÆKOWIAK

2003). Modest stand requirements, high yielding potential and high nutritive
value have made it an alternative crop to other cereals in Poland. Triticale
grain is used most often for animal feed, although it can also be processed
by the food industry (KARCZMARCZYK et al. 2000, TOHVER et al. 2005, KNAPOWSKI

et al. 2009). Triticale yielding and grain quality are largely determined by
agro-technical factors, including mineral fertilisation, especially with nitro-
gen (PISULEWSKA et al. 1998, BORKOWSKA 2004, MUT et al. 2005, SPYCHAJ-FABI-
SIAK et al. 2005). Over the recent years, more attention has also been paid
to the effect of cereal fertilisation with microelements, especially more in-
tensive nitrogen nutrition (CZUBA 2000, WOJTKOWIAK 2004, KNAPOWSKI et al.
2009). The need for fertilisation of cereals with microelements, including
zinc, is indicated by KORZENIOWSKA (2004), who demonstrated a distinct de-
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crease in the amount of zinc in grain. Microelements regulate enzymatic
processes, participate in carbohydrate and protein transformations and im-
prove the effect of fertilisation with macroelements, which is why they help
to achieve higher yields and better biological yield value (GRZYŒ 2004, BAR-
CZAK et al. 2006, MAJCHERCZAK et al. 2006). Fertilisation with macro- and mi-
croelements affects concentrations of minerals in grain and, consequently,
contributes  to the nutritive value of animal feeds given to farm animals
(PISULEWSKA et al. 1998).

Zinc participates in transformations of proteins, carbohydrates and nu-
cleic acids in human and animal bodies; it also activates enzymes essential
for the immune system. Copper is indispensable for triggering the reserves
of iron needed for the synthesis of haemoglobin and erythrocyte production;
it is also incorporated in many tissue enzymes and participates in the me-
tabolism. Therefore, the content of microelements in rations should meet
animal requirements. Both a deficit and an excess of macro- and microele-
ments in the grain can induce unfavourable changes in an animal’s metabo-
lism (WHITAKER et al. 1997, KOROL et al. 2006, KLEBANIUK, GRELA 2008). Thus,
it is necessary to assess the impact of mineral fertilisation on the chemical
composition of grain.

The aim of the present paper was to evaluate to what extent different
nitrogen and zinc rates determine the accumulation of zinc and copper in
grain of the spring triticale cultivar Kargo.

MATERIAL AND METHODS

The research consisted of a two-factor field experiment in a split-plot
design carried out in 2005–2007 at the Agricultural Experimental Station in
Minikowo (the Kujawy and Pomorze Province), which belongs to the Uni-
versity of Technology and Life Sciences in Bydgoszcz. The spring triticale
cultivar Kargo (C1 certified material) was the tested plant. It was grown
under different nitrogen fertilisation and foliar zinc application. The experi-
ment, with three replications, was performed on proper grey soil (good wheat
complex), classified as Albic Luvisols according to the international FAO-
-UNESCO classification (MARCINEK, KOMISAREK 2011). The soil reaction was
neutral and the content of available phosphorus, potassium and magnesium
was very high or high. The copper content, on the other hand, was moderate
and manganese and zinc appeared in amounts below the lower threshold val-
ues. The detailed physicochemical properties of the soil are given in Table 1.

20 m2 plots were treated with two nitrogen fertilisation rates (factor I,
n=2): 80 kg N ha–1 (N80) and 120 kg N ha–1 (N120) and three zinc fertili-
sation rates (factor II, n=3): Zn0 (with no zinc), Zn1 (0.1 kg ha–1) and Zn2
(0.3 kg ha–1) against fixed, pre-sowing phosphorus fertilisation at
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60 kg P2O5 ha–1 as triple superphosphate (46% P2O5) and potassium at
120 kg K2O ha–1 as potassium salt (57% K2O). Nitrogen fertilisation was
applied in the form of urea (46% N) according to the following schedule:
– the rate of  80 kg N ha–1 (N80) was divided into 40 kg applied pre-sowing to

soil and 40 kg as foliar fertilisation (10% urea solution) at the full stem
elongation stage (stage 34 on the Zadoks scale);

– the rate of  120 kg N ha–1 (N120) was divided into 40 kg applied pre-sowing
into soil, 40 kg as foliar fertilisation (10% urea solution) at the full stem
elongation stage (stage 34 on the Zadoks scale) and 40 kg as a foliar
fertiliser (5% urea solution) at early inflorescence emergence (stage 50-51 on
the Zadoks scale).

The foliar application of zinc consisted of ZnCl2 sprays applied to triti-
cale plants at the full stem elongation phase (stage 34 on the Zadoks scale).
The preceding crop was oat harvested for grain. Spring triticale cv. Kargo
was sown as ORIUS 060 FS-seed-dressed grain (60 g of the active substance
per 1 dm3) at the density of 5.5 mln ha–1. All the soil tillage treatments,
sowing and the cereal harvest were performed compliant with the agro-
technical guidelines for this species. The content of zinc and copper in the
grain was determined by atomic absorption spectroscopy (AAS), having min-
eralized the plant material in a mixture of chloric and nitric(V) acids. The
research results were statistically verified with the analysis of variance and
using Tukey’s test to determine the significance of differences.

The weather conditions throughout the experiment (2005-2007) are pre-
sented according to Sielianinov’s hydrothermal coefficient (Table 2). The val-
ues of this coefficient confirm the changeability of the weather conditions in
the subsequent years. The highest temperature and precipitation fluctua-
tions occurred in the 2006 growing season, which had the biggest water
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deficits (Sielianinov’s hydrothermal coefficient reached an average value
of 0.44 in June, and 0.70 in July). In the April of that year, the coefficient
reached the highest mean value (K=2.86), which proved the occurrence
of very moist conditions. The year 2005 was more stable in terms of tem-
perature and precipitation than the other years. Besides, it had little rain-
fall from June to August.

RESULTS AND DISCUSSION

The relevant literature suggests that, among all agro-technical factors,
mineral fertilisation plays a special role and significantly determines cereal
yields and grain quality (NIERÓBCA 2004, MUT et al. 2005, SPYCHAJ-FABISIAK et
al. 2005, BARCZAK et al. 2006, MAJCHERCZAK et al. 2006, KNAPOWSKI et al. 2009,
WARECHOWSKA 2009).

The zinc requirements in most animal groups can be defined as 30 mg
kg–1 d.m. (SMULIKOWSKA, RUTKOWSKI 2005, JAMROZ 2009). In the present experi-
ment, the annual average content of zinc in triticale grain was 28.01 mg
kg–1 (Table 3). A relatively low zinc content in cereal grain was also report-
ed by KULCZYCKI and GROCHOLSKI (2004) as well as MEDYÑSKA et al. (2009):
20.8-29.0 and 19.4-25.1 mg kg–1, respectively. In contrast, a content higher
than reported by those authors or found in the present experiment is claimed
by KARCZMARCZYK et al. (2000) – 34.50-37.80 mg kg–1, JACKOWSKA and BORKOWSKA

(2002) – 33.43 mg kg–1, WARECHOWSKA (2009) – 28.47-31.05 mg kg–1 and MAKARSKA

et al. (2010) – 47.5-72.3 mg kg–1.
In the present experiment, analogously to the reports by DZIAMBA and

JACKOWSKA (2001), JACKOWSKA and BORKOWSKA (2002) and BORKOWSKA (2004), most
zinc (the mean for the whole equal 29.85 mg kg–1 d.m.) was reported in
grain after the application of the  higher nitrogen rate (Table 3). The use of
120 kg N ha–1 resulted in a significant increase in the zinc content (by
3.68 mg kg–1 d.m.), as compared with the value reported for the treatment
with 80 kg N ha–1. Interestingly, similar relationships were recorded for all
the research years, although the increase in the concentration of that
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microelement in cv. Kargo spring triticale grain ranged from 2.04 to 5.74 mg
kg–1 d.m., which agrees with the results reported by WARECHOWSKA (2004)
who, having applied 120 kg N ha–1, noted a significant increase in the zinc
content in spring triticale grain, as compared with the fertilisation treat-
ments of 80 kg N ha–1. KARCZMARCZYK et al. (2000), on the other hand, not-
ed an increase in the Zn concentration in spring triticale grain as a result
of increasing the nitrogen rate to 150 kg ha–1.

Similarly, the increasing zinc fertilisation modified the content of this
nutrient in grain (Table 3). The highest (mean for the three years) zinc
content in spring triticale grain (30.87 mg kg–1 d.m.) was noted after foliar
application of Zn at the rate of 0.3 kg ha–1. The value was significantly high-
er than that of the control and than the treatment where 0.1 kg Zn ha–1

was applied (5.51 and 3.07 mg kg–1 d.m., respectively). On the other hand,
WARECHOWSKA (2009) recorded a lower concentration of this nutrient in wheat
grain after the foliar application of 0.2 kg Zn ha–1 than in the control.

The average copper content in triticale grain was 4.62 mg kg–1 d.m.
(Table 4) and it was higher than in the grain of the cereals investigated by
JACKOWSKA and BORKOWSKA (2002) – 2.05-2.58 mg kg–1, KULCZYCKI and GROCHOL-
SKI (2004) – 2.8-3.3 mg kg–1, MEDYÑSKA et al. (2009) – 3.1-3.9 mg kg–1 and
RACHOÑ and SZUMI£O (2009) – 2.84-3.86 mg kg–1. BORKOWSKA (2004) reported
a higher content of this nutrient in the grain of all the tested spring wheat
cultivars (6.07-7.75 mg kg–1) than in the present research.
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The results given in Table 4 point to a relatively high variation across
the years. The average copper content in the grain in 2007 was higher than
in 2005 and in 2006 (22.5% and 28.1% more, respectively). Similar relation-
ships, showing variation in the content of copper in spring wheat grain over
years, were noted by BORKOWSKA (2004). For example, an average content of
this nutrient was almost 50% higher in 1998 than in 1999.

The analysis of variance, both throughout the research period and in
particular years, confirmed a significant effect of the different nitrogen ferti-
lisation rates on the copper content in spring triticale grain (Table 4). The
increase in the nitrogen fertilisation level from 80 to 120 kg ha–1 resulted
ina 6.7% decrease (an average for the three years) in the copper concentra-
tion in grain. The increase in the Cu content in spring wheat grain as a
result of the increasing nitrogen fertilisation level was recorded by DZIAMBA

and JACKOWSKA (2001). BORKOWSKA (2004), on the other hand, recorded a low-
er copper content in grain following the application of 150 kg N ha–1, as
compared with the fertilisation treatment which involved 50 kg N ha–1.

The copper content in the grain was also determined by the increasing
zinc fertilisation (Table 4). As an average for the three years, the highest
Cu content in spring triticale grain (4.69 mg kg–1 d.m.) was reported for the
treatment with no zinc fertilisation. It was significantly higher than the
values recorded for the treatments treated with 0.1 kg Zn ha–1 and 0.3 kg
Zn ha–1, by 0.08 and 0.13 mg kg–1 d.m., respectively.
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On average, a significant effect of the interaction between the nitrogen
and zinc fertilisation on the copper concentration in grain was noted. The
highest Cu content was found for the triticale grain harvested from the
N80Zn0 treatments, where it equalled  5.05 mg kg–1 d.m. (Table 4).

CONCLUSIONS

1. The rate of 120 kg N ha–1 significantly increased the zinc content
and decreased the copper concentration in the Kargo cultivar spring triti-
cale grain, as compared with the treatment where 80 kg N ha–1 was ap-
plied.

2. The foliar zinc application resulted in a significant increase in the
zinc content and a decrease in the copper concentration in spring triticale
grain.
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EFFECT OF THE GWDA COMPOST
AND PRP SOL FERTILISATION
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MANGANESE AND LEAD

AND THEIR SOLUBLE FORMS IN SOIL
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Abstract

A field experiment was carried out at the Agricultural Experimental Station in Lipnik
near Stargard Szczeciñski in 2008-2009. It was set up on soil classified as soil quality class
IVa and good rye complex (5). In the study, the GWDA compost produced at the Municipal
Sewage Treatment Plant in Stargard Szczeciñski was used. This compost was characteri-
sed by neutral reaction (pHH2O 7.15). The total content of heavy metals, which limits its
possible use as fertiliser, did not exceed the standards given in the Regulation of the Mini-
ster of Agriculture and Rural Development (Official Journal of Law No. 119, item 765
of 2008). Compost doses were determined based on the total nitrogen content. It was assu-
med that 100 kg N ha–1 was added to soil with the 1st dose, 200 kg N with the 2nd dose,
and 300 kg N with the 3rd dose. The experiment was carried out in two series: with and
without addition of the active substance PRP SOL. In autumn 2007, respective compost
doses were introduced into soil on established plots according to the experimental design.
The active substance PRP SOL was applied at a 150 kg ha–1 dose before sowing or se-
eding test plants. The whole experimental area was fertilised with multicomponent fertili-
ser Polifoska 6 in a 200 kg ha–1 dose in 2008 and 2009. Due to a small content of nitrogen
in Polifoska 6 (6% N), top-dressing nitrogen fertilisation was applied in the form of urea
(46% N) at a 100 kg N ha–1 dose. The test plants were winter wheat cultivar Korweta in
2008 and spring rape cultivar Bosman in 2009.

The results indicate that the total average manganese, lead and nickel content in soil
increased by 15.1%, 5.0% and 3.0%, respectively, under organic fertilisation with and wi-
thout the active substance compared to the initial content. In the course of time, manga-
nese, nickel and lead content decreased to a different extent. This resulted from these
microelements being taken up by the cultivated crop or their leaching outside the rhizo-
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sphere. With respect to the soil abundance, it can be stated that it is characterised by
medium abundance in manganese soluble forms.

Key words : municipal sewage sludge, compost, active substance PRP SOL, soil, nickel,
manganese, lead.

WP£YW NAWO¯ENIA KOMPOSTEM GWDA I PRP SOL NA ZAWARTOŒÆ OGÓLN¥
ORAZ FORM ROZPUSZCZALNYCH NIKLU, MANGANU I O£OWIU W GLEBIE

Abstrakt

Doœwiadczenie polowe przeprowadzono w Rolniczej Stacji Doœwiadczalnej w Lipniku
k. Stargardu Szczeciñskiego w latach 2008-2009, na glebie zaliczanej do klasy bonitacyjnej
IVa, kompleksu przydatnoœci rolniczej ¿ytniego dobrego (5). Do badañ u¿yto kompostu
GWDA wyprodukowanego w Komunalnej Oczyszczalni Œcieków w Stargardzie Szczeciñ-
skim. Kompost ten mia³ odczyn obojêtny (pHH2O 7,15). Zawartoœæ ogólna metali ciê¿kich,
która limituje mo¿liwoœæ wykorzystania go do celów nawozowych, nie przekracza³a norm
podanych w Rozporz¹dzeniu Ministra Rolnictwa i Rozwoju Wsi (Dz.U. 08.119.765). Dawki
kompostu ustalono na podstawie zawartoœci azotu ogólnego. Przyjêto, ¿e z I dawk¹ wnie-
siono 100 kg N, z II – 200 kg N, a z III – 300 kg N ha–1. Doœwiadczenie prowadzono
w dwóch seriach: bez dodatku i z dodatkiem substancji czynnej PRP Sol. Jesieni¹ 2007 r.
zgodnie ze schematem badañ na wyznaczonych poletkach wprowadzono do gleby odpowied-
nie dawki kompostu. Substancjê czynn¹ PRP Sol w dawce 150 kg ha–1 stosowano przed
siewem lub sadzeniem roœlin testowych.

Ca³¹ powierzchniê doœwiadczenia w 2008 i 2009 r. nawo¿ono Polifosk¹ 6 w dawce
200 kg ha–1. Ze wzglêdu na niewielk¹ zawartoœæ azotu w Polifosce 6 (6% N), zastosowano
pog³ównie nawo¿enie tym pierwiastkiem w formie mocznika (46% N) w dawce 100 kg N ha–1.
Roœlinami testowymi by³y w 2008 r. pszenica ozima odmiany Korweta, a 2009 rzepak jary
odmiany Bosman.

 Wykazano, ¿e œrednia zawartoœæ form ogólnych manganu, o³owiu i niklu w glebie pod
wp³ywem nawo¿enia organicznego bez dodatku i z dodatkiem substancji czynnej PRP Sol
zwiêkszy³a siê odpowiednio o 15,1%, 5,0% i 3,0% w porównaniu z zawartoœci¹ wyjœciow¹.
W miarê up³ywu czasu zawartoœæ manganu, niklu i o³owiu zmniejsza³a siê w ró¿nym stop-
niu. By³o to wynikiem pobrania tych mikrosk³adników przez uprawiane roœliny, a tak¿e
wyp³ukania ich poza strefê korzeniow¹ roœlin. Oceniaj¹c zasobnoœæ analizowanej gleby mo¿-
na stwierdziæ, ¿e zasobnoœæ formy rozpuszczalnej manganu jest œrednia.

S³owa kluczowe: komunalny osad œciekowy, kompost, substancja PRP Sol, gleba, nikiel,
mangan, o³ów.

INTRODUCTION

The livestock populations in Poland have been diminished drastically
over the last years.  Consequently, the production of natural fertilisers has
declined as well. At the same time, prices of mineral fertilisers have risen
very high, while prices paid for manufactured farm produce have increased
only a little. This has reduced amounts of organic matter introduced to soils
and the supply of nutrients for plants. New and less expensive sources
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of organic matter and nutrients for plants have been searched for. Different
organic and mixed organic and mineral waste and substances have been
tested in order to determine their effect on soil fertility indices, crop yield
volume and quality as well as the environmental impact.

In the present experiment, attention has been paid to the use of com-
post produced from municipal sewage sludge originating from the Municipal
Sewage Treatment Plant in Stargard Szczeciñski. Many authors, including
BOWSZYS et al. (2009), JAKUBUS (2006), JASIEWICZ et al. (2007), GRZYWNOWICZ

(2007), KRZYWY et al. (2007), WIECZOREK and GAMBUŒ (2006), WO£OSZYK et al.
(2009), suggest that composts produced with addition of sewage sludge may
be a rich source of organic matter for soils and nutrients for plants. Howe-
ver, such  composts may contain excessive concentrations of heavy metals,
which have a toxic effect on plants, animals and humans. Therefore, munic-
ipal sewage sludge, prior to its introduction into soil, should contain permis-
sible amounts of heavy metals specified in the Regulation of the Minister of
Agriculture and Rural Development (Official Journal Of  Law No 119, item
765 of 2008).

Trials conducted in France have demonstrated that PRP SOL mineral
solution pellet contains 30% CaO, 8% MgO, 3.5% Na and 3-5% premixes,
together with which 48 microelements are introduced into soil (e.g. manga-
nese, lead, iron, boron and molybdenum). The content of PRP SOL compo-
nents contributes to the improvement of soil physical properties, inducing
the conversion of hardly assimilable forms of phosphorus, potassium and
magnesium into compounds which can be available to plants; it also enhanc-
es soil enzymatic activity and enriches it with microelements necessary for
the development of plants (KRZYWY-GAWROÑSKA 2009).

Nickel, manganese and lead belong to chemical elements whose quanti-
ties  in sewage sludge differ greatly depending on its origin (KALEMBASA et al.
2008). On the other hand, large quantities of organic matter found in this
waste and soil liming eliminate the toxicity of the above chemical elements
after their application into soil (BOWSZYS et. al. 2005, SCHUFER, SEIFERT 2006).
Some chemical elements, including manganese, lead and nickel, are essen-
tial in precisely determined doses for the normal growth and development
of plants. Excessive quantities of these chemical elements in fertilisers and
then in soil lead to  their excessive uptake by plants, and decrease crop
yields and yield quality.

The present study aimed at determination of the effect of fertilisation
with increasing doses of organic fertiliser with and without addition of the
active substance PRP SOL on the total content of nickel, manganese and
lead and their forms soluble in 1 mol dm–3 HCl in soil during a two-year
study period.
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MATERIAL AND METHODS

A field experiment was set up and carried out at the Agricultural Exper-
imental Station in Lipnik. It was established on brown, incomplete soil de-
veloped from light loamy silty sand with a medium-deep underlying layer of
light loam. The soil belongs to soil quality class IVa and good rye complex.
Fields of the Agricultural Experimental Station in Lipnik lie on brown, acid,
complete (soil quality class V) and incomplete (soil quality classes IVa and
IVb) soils. The examinations of the topmost soil (0-25 cm) show that its
reaction was close to neutral (pHKCl 6.65). The abundance of assimilable
phosphorus forms in soil was high (78.2 mg kg–1d.m.), whereas that of po-
tassium and magnesium (113.9 and 38.6 mg kg–1d.m., respectively) was me-
dium (Table 1).
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The GDWA compost from municipal sewage sludge used in our exami-
nations was produced at the Municipal Sewage Treatment Plant in Stargard
Szczeciñski. This compost was characterised by neutral reaction (pHH2O
7.15) and contained more nitrogen (28.6 g kg–1d.m.) and phosphorus (12.0 g
kg–1d.m.) when compared to potassium (6.70 g kg–1d.m.). The total content
of heavy metals, which restrains its use for fertilisation purposes, did not
exceed standards given in the Regulation of the Minister of Agriculture and
Rural Development (Regulation... 2008) – see Table 2.

In our field experiment, two factors were taken into account: factor A –
increasing doses of compost, and factor B – increasing doses of compost +
PRP SOL. The control consisted of plots without fertilisation (control I) and
with addition of the active substances PRP SOL (control II). In the experi-
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mental design, three doses of compost produced from municipal sewage
sludge were applied, so as to supply 100, 200 and 300 kg N ha–1. The tested
plants were winter wheat cultivar Korweta in 2008 and spring rape cultivar
Bosman in 2009.

In autumn 2007, respective doses of compost produced by the GWDA
method were introduced into soil on established plots according to the ex-
perimental design. In March 2008 and 2009, the whole experimental area
was fertilised with the complex fertiliser Polifoska 6 at a 200 kg ha–1 dose.
Due to the low content of nitrogen in Polifoska 6 (6% N), top-dressing nitro-
gen fertilisation was applied in the form of urea (46% N) at a dose of 100 kg
N ha–1. The total dose of nitrogen under spring rape and winter wheat was
divided into two equal parts, applied in two time periods (in spring – 50% of
the dose before sowing spring rape and 50% before inter-row closing, while
for winter wheat 50% at the beginning of the vegetative growth and 50% at
the stem elongation stage). PRP SOL was introduced into soil at a 150 kg
N ha–1 dose before sowing the test plants. In autumn 2008 and in 2009, the
same measures were carried out in the field experiment.

Total manganese, nickel and lead were determined by the method of
atomic absorption spectrometry using a Perkin Elmer AAS 300 spectropho-
tometer. Stock solution was obtained following wet mineralisation of soil
material according to the Polish standards PN–ISO 11466 and PN-ISO 11047.
The content of soluble manganese, nickel and lead forms was determined
with the method commonly used at Chemical and Agricultural Stations.
These determinations were made in 1 mol dm–3 HCl under a fume cup-
board with the AAS method for fertilisation consulting purposes. The results
were processed with the analysis of variance using a Statistica 8.0 computer
software package. Tukey’s test at the significance level α ≤ 0.05 was used to
check significance of differences.

RESULTS AND DISCUSSION

The results obtained in this study are presented in Tables 3, 4 and 5.
Mean total manganese, nickel and lead contents in soil following the appli-
cation of increasing doses of compost without and with addition of active
substance PRP SOL are compared in Table 3. In control objects (control I
without compost and control II with PRP SOL), total manganese, nickel and
lead contents in soil decreased when compared to the initial data (Table 3).
This phenomenon is induced by uptake of the examined microelements by
test plants during the experiment.

 The total content of manganese, nickel and lead and their 1 mol dm–3

HCl soluble forms in soil was higher in 2008 than in 2009, which was due
to partial leaching of these chemical elements deep into the soil profile and
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their uptake by the test plants as well as the reaction of the soil. During
the experiment, the pHKCl value increased as affected by organic fertilisa-
tion with and without PRP SOL addition. Higher soil reaction induces
a decrease occurred in the total content of manganese, nickel and other
heavy metals and the content of their soluble forms in 1 mol dm–3 HCl.
Such a phenomenon occurred in the field experiment. ANDRZEJEWSKI and
DERÊGOWSKA (1986) report a decrease in the content of heavy metals in soil
fertilised with raw or composted sewage sludge. On the other hand, MERCIK

and KUBIAK (1995) state that formation of chelate complexes with trace ele-
ments, including heavy metals, induces soil detoxication, which may decrease
their availability for plants (Tables 3 and 4). The increasing doses of organic
fertiliser (compost) as a rule caused an increase in the total content of cad-
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mium, copper and zinc and their soluble forms in soil. This is related to the
introduction of compost with sewage sludge – which was the main source of
the analysed chemical elements – into soil. PRP SOL in the control treat-
ment and in treatments with increasing compost doses contributed to a high-
er total content of manganese, nickel and lead and their soluble forms in soil.

The highest manganese, nickel and lead concentrations were character-
istic of the soil fertilised with a triple dose of compost with PRP SOL addi-
tion (Table 3). The largest mean increase in the total manganese, nickel
and lead content, by 24.2%, 8.60% and 3.91% respectively versus the con-
trol, during this two-year experiment (2008-2009) was found in the treat-
ments fertilised with a triple dose of compost with PRP SOL (Table 3). On the
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other hand, the smallest mean increase in manganese, lead and nickel (by
16.2%, 3.31% and 0.61%, respectively) was found in the treatments fertilised
with a single compost dose (Table 3).

Differences in the effect of the increasing compost doses significantly
affected the accumulation of manganese, lead and nickel contents in soil.
Significant differences in the manganese and lead content were found in the
treatments fertilised with increasing doses of compost and PRP SOL, where-
as differences in the nickel content under the same fertilisation were non-
significant. The results show that fertilisation may be a source of manga-
nese, nickel and lead in soil for cultivated plants.

The concentration of chemical elements analysed in soil was within nat-
ural content limits and considerably lower when compared to the total con-
tent of examined chemical elements given by the State Research Institute
of Soil Science and Plant Cultivation (1995).

Most of the soluble manganese, lead and nickel forms was contained in
the soil fertilised with a triple dose of compost with a PRP SOL addition.
The biggest decrease in the manganese content between 2008 and 2009 (by
3.97%) was found in the treatment fertilised with a single dose of compost
with PRP SOL; in the lead (3.54%) and nickel content (1.57%) – in the
treatment fertilised with a triple dose of compost.

The biggest mean increase in the content of manganese, lead and nick-
el soluble forms (by 16.1%, 13.0% and 8.47%, respectively) was obtained in
the treatments fertilised with increasing doses of compost with PRP SOL
addition when compared to the control (Table 4).

Differences in the effect of the fertilisation variants on the content of
soluble manganese, nickel and lead forms in soil were significant. Introduc-
tion of increasing doses of compost with and without addition of PRP SOL
had a significant effect of the content of soluble forms of chemical elements
analysed in soil. On the other hand, CZEKA£A (2004) shows that sewage sludge
or composts made from sewage sludge or composted sewage sludge applied in
different doses did not significantly affect the content of soluble manganese in
soil. When evaluating the abundance of the examined soil in 1 mol dm–3 HCl
soluble forms, it can be stated that the manganese content was moderate.

The average percentage of manganese, nickel and lead forms soluble in
1 mol dm–3 HCl in their total content in the soil differed slightly between
the fertilisation treatments (Table 5). Out of the analysed chemical elements,
the highest percentage of their soluble forms in the total content was found
for manganese (86.0%) in the treatment fertilised with a triple dose of com-
post with PRP SOL, while the lowest one was determined for nickel (56.1%)
in the treatments fertilised with a single dose of compost without addition
of PRP SOL. Based on the average percentage of soluble forms of these
chemical elements in their total contents after two years, heavy metals can
be arranged in the following decreasing value order: Mn > Pb > Ni.  Similar
results were obtained by I¯EWSKA et. al. (2009).



439

CONCLUSIONS

1. The biggest average increase in the total manganese, lead and nickel
content during this two-year study was found in the treatments fertilised
with a triple dose of compost with PRP SOL when compared to the control.

2. The direct effect of increasing compost doses on the total content of
manganese, lead and nickel and their 1 mol dm–3 HCl soluble forms in soil
was higher than the residual effect of fertilisation.

3. The biggest average increase in the content of soluble manganese,
lead and nickel forms was obtained in the treatments fertilised with in-
creasing doses of compost with PRP SOL when compared to the control.

4. The applied organic fertilisation with and without addition of PRP
SOL induced an increase in the total content of manganese, lead and nickel
and their soluble forms in the first year of our study. Organic fertilisation
did not induce excessive concentrations of the examined chemical elements,
irrespective of the size of a compost dose.

5. The highest percentage of soluble forms in total content was found
for manganese (86.0%) in the treatment fertilised with a triple dose of com-
post with PRP SOL addition, while the lowest one was observed for nickel
(56.1%) in the treatment fertilised with a single dose of compost without
addition of PRP SOL.

 �����

�.�	���	�������
������ )� 
�������	
����	
�
	����,�	
��#-

���.
	���
������
������	�
�'
�����
���������	���	
���	�
������

/B1�	���
����
��.������	�


���C�	�	���
����
�? �� �� ��

� �
 :$3����,	���<�
	��	��	�
	. !��! ���! ��& 

" .� :$3����,	���<�
	��	��	�
	. ���� )��! %�& 

) .
 :$3����,	���<�
	��	��	�
	. ��)� %��! ��& 

���� "���  ��! %�& 

� �
 :$3������<�
	��	��	�
	. ���� "��! )�! 

" .� :$3������<�
	��	��	�
	. ��)� ���! !�! 

) .
 :$3������<�
	��	��	�
	. ��&� %��! )�! 

���� &�)� "��! %�! 



440

REFERENCES

ANDRZEJEWSKI M., DERÊGOWSKA M. 1986. Humus complexes with heavy metals as  protection
against contamination of the soil. Rocz. Glebozn., 37 (2/3): 323-332. (in Polish).

BOWSZYS T., RUSZKOWSKI K., BOBRZECKA D., WIERZBOWSKA J. 2005. Effect of liming and multicom-
ponent fertilizers on reaction and content of some heavy metals in soil. J. Elementol.,
10(1): 33-40.

BOWSZYS T., WIERZBOWSKA J., BOWSZYS J. 2009. Content and removal of Cu and Zn with harve-
sted crops grown on soil fertilized with composted municipal sewage sludge. J. Ele-
mentol., 14(1): 23-32.

CZEKA£A J. 2004. Effect of sewage sludge on selected soil chemical properties. Zesz. Probl.
Post. Nauk Rol., 499: 39-46. (in Polish)

GRZYWNOWICZ I. 2007. Dynamics of mineral nitrogen form content in soil after application of
sewage sludge as fertilizer. Ecol. Chem. Eng., 14(3-4): 303-308.

I¯EWSKA A., KRZYWY E., WO£OSZYK C. 2009. Evaluation of impact of fertilization with manure,
municipal, sewage sludge and compost prepared from sewage sludge on content of Mn,
Zn, Cu and Pb and Cd in light soil. J. Elementol., 14(3): 457-466.

JAKUBUS M. 2006. Effect of long-term application of sewage sludge on changes of chosen soil
chemical properties. Zesz. Probl. Post. Nauk. Rol., 512: 209-219. (in Polish)

JASIEWICZ C., ANTONKIEWICZ J., MAZUR Z., KRAJEWSKI W. 2007. Agrochemical properaties of soil
fertilized with sewage sludge from sewage treatment plant at Olecko. Ecol. Chem. Eng.,
14(5-6): 457-463.

KALEMBASA S., SYMANOWICZ B., WYSOKIÑSKI A. 2008. Effect of composted sewage sludge with bark
and sawdust, and their interaction with the NPK content of selected trace elements in
soil and plant. Zesz. Probl. Post. Nauk Rol., 526: 343-353. (in Polish)

KRZYWY E., KRZYWY-GAWROÑSKA E., KRZYWY J., WO£OSZYK C. 2007. Impact of composts with partici-
pation of municipal sewage sludge on content of available forms of phosphorus for
plants and on quantity of spring rape seed yield. Pol. J. Chem. Technol., 9(4): 98-101. 

KRZYWY-GAWROÑSKA E. 2009. The study on the influence of compost from municipal sewage
sludge and active substance PRP Sol on the fertility and productivity of soil. Wyd. ZUT
w Szczecinie, ss. 96. (in Polish)

MERCIK S., KUBIK I. 1995. Chelation of heavy metals by humic acids and the effect of peat to
download Zn, Pb and Cd by plants. Zesz. Probl. Post. Nauk Rol., 422: 19-30. (in Polish)

Regulation of the Minister for Agriculture and Rural Deevlopment of 18 June 2008 on
execution of some regulations contained in the Act on Fertilisers and Fertilisation,
Official Journal of Law No. 119, item 765 of 2008. (in Polish)

SCHUFER U., SEIFERT M. 2006. Trace elements electrolytes. J. Agric. Food Chem., 23(3): 150-161.

WIECZOREK J., GAMBUŒ F. 2006. Comparison of manure and sewage sludge residual effects on
yielding and chemical composition of the white mustard in a lysimenter experiment.
Zesz. Prob. Post. Nauk Rol., 512: 627-636. (in Polish)

WO£OSZYK C., I¯EWSKA A., KRZYWY-GAWROÑSKA E. 2009. Content, uptake and utilization by plants
of copper, manganese and zinc from municipal sewage sludge and wheat straw. J. Ele-
mentol., 14(3): 593-604.



441
J. Elem. s. 441–451 DOI: 10.5601/jelem.2012.17.3.07

Agnieszka Medyñska-Juraszek, Ph.D., Institute of  Soil Sciences and Environmental Pro-
tection, Wroclaw University of Environmental and Life Sciences, Grunwaldzka 53, 50-357
Wroc³aw,  Poland, e-mail: agnieszka.medynskajuraszek@up.wroc.pl

HEAVY METAL POLLUTION
OF FOREST SOILS AFFECTED
BY THE COPPER INDUSTRY

Agnieszka Medyñska-Juraszek, Cezary Kaba³a
Institute of Soil Sciences and Environmental Protection,
Wroclaw University of Environmental and Life Sciences

Abstract

The study was carried out on forest soils in the vicinity of a copper ore tailings facility
and a copper smelter in Lower Silesia, Poland. Soil and litter samples were collected in the
surroundings of the tailings facility under pine stands different in age (50, 18 and 11 years
old) and under poplar stands (same age as the pine stands) located at an increasing distan-
ce from the copper smelter (0.5 km, 1.5 km and 2.1 km). The purpose of the study was to
describe the effect of copper mining and smelting on forest soils. The following were de-
termined in the collected soil and litter samples: pH in distilled water electrometrically with
a pH meter and total concentrations of Cu, Zn and Pb after digestion with  perchloric acid
(1:10) using the ICP-ES technique. Very high pH values were found in all organic hori-
zons, which can evidence the alkalizing effect of dusts from the objects. In all the forest
soils, the highest total concentrations of all the analyzed elements were found in humus
layers, decreasing in deeper horizons of the soil profile. The  total concentration of Cu, Pb
and Zn was much higher in forest soils under poplar stands in the vicinity of the copper
smelter. The concentration of all the elements decreased rapidly with the distance from
the smelter. The concentration of Cu, Pb and Zn was higher than found in the vicinity of
the objects on the arable soils. This can indicate a secondary rise in heavy metal concen-
tration in the topsoil caused by the presence of  a tree stand.

Key words:  forest soils, litter, copper smelter, heavy metals.
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ZANIECZYSZCZENIE METALAMI CIÊ¯KIMI GLEB LEŒNYCH
W REJONIE ODDZIA£YWANIA PRZEMYS£U MIEDZIOWEGO

Abstrakt

Badania prowadzono na obszarach leœnych stanowi¹cych dawn¹ strefê ochronn¹ sk³a-
dowiska odpadów flotacji rud miedzi oraz huty miedzi. Powierzchnie badawcze w rejonie
sk³adowiska odpadów zlokalizowano pod ró¿nowiekowymi drzewostanami sosnowym (50,
18 i 11 lat). W rejonie huty miedzi powierzchnie zlokalizowano w funkcji odleg³oœci od Ÿró-
d³a emisji (0,5 km, 1,5 km i 2,1 km od huty) w równowiekowych drzewostanach topolo-
wych. Celem pracy by³o okreœlenie wp³ywu przemys³u miedziowego na gleby leœne w rejo-
nach objêtych znacznym oddzia³ywaniem ww. obiektów. Na ka¿dej powierzchni badawczej
pobrano próbki gleb i ektopróchnic, w których analizowano pH w wodzie destylowanej i ca³-
kowit¹ zawartoœæ Cu, Pb i Zn po mineralizacji w kwasie nadchlorowym (1:10) z u¿yciem
metody ICP-ES.  Bardzo wysokie wartoœci pH stwierdzone w ektopróchnicach œwiadcz¹ o al-
kalizuj¹cym wp³ywie emisji pochodz¹cych z obu obiektów. W ektopróchnicach wszystkich
badanych gleb stwierdzono najwy¿sz¹ ca³kowit¹ zawartoœæ Cu, Zn i Pb, a zawartoœæ pier-
wiastków mala³a w g³¹b profilu glebowego. Ca³kowita zawartoœæ badanych pierwiastków
by³a zdecydowanie wy¿sza w glebach w rejonie huty miedzi i wyraŸnie mala³a wraz ze wzro-
stem odleg³oœci od Ÿród³a emisji. Zawartoœæ Cu, Zn i Pb by³a zdecydowanie wy¿sza ni¿ stwier-
dzona w tym rejonie zawartoœæ pierwiastków w glebach uprawnych. Mo¿e to œwiadczyæ
o wtórnym nagromadzeniu Cu, Zn i Pb w glebach obszarów zadrzewionych.

S³owa kluczowe: gleby leœne, œció³ka, huta miedzi, metale ciê¿kie.

INTRODUCTION

Mining and smelting can be a significant source of metal contamination
of the environment due to mineral excavation, ore transportation, ore flota-
tion, smelting and refining and disposal of tailings and wastewater around
mines and smelters. Heavy metal pollution of soils in the Legnica-G³ogów
copper mining area has been the subject of several investigations in recent
years (ANDRUSZCZAK et al. 1986, SZERSZEÑ et al. 1999, ANGE£OW et al. 2000,
SZERSZEÑ et al. 2004, KABA£A et al. 2008, MEDYÑSKA et al. 2009, KARCZEWSKA et.
al. 2010). Many of these studies focused on arable soils and the effect on
crop productivity. These days, most of the lands in the nearest surroundings
of copper mining and smelting objects are afforested, but our knowledge on
heavy metal pollution of forest soils is very modest. Forest ecosystems effi-
ciently filter pollutant particles from the air (UKONOMAANAHO et al. 2001). The
presence of humus layers in forest soils has often been found to effectively
retain heavy metals, particularly Pb and Cu (BERGKVIST et al. 1989, DEROME,
NIEMINEN 1998). Therefore, forest ecosystems and forest soils can accumu-
late considerable amounts of trace elements. In this paper, we are describ-
ing the effect of copper mining and smelting on forest soils.
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MATERIALS AND METHODS

The study was carried out on forest soils affected by dusts from two
emission sources: a copper ore tailings facility and a copper smelter. The
tailings facility (impoundment) has been exploited since 1977. Over 368 mln
m3 of tailings from copper ore flotation have been deposited over an area of
1 390 ha. Because of their physical properties and the storage technology,
tailings are the most significant source of the local soil pollution. The main
problem is the emission of dust from dry beaches surrounding the pond.
Dust containing excessive amounts of heavy metals such as Cu, Pb, Zn, Cd,
Ni and As becomes a potential source of soil and plant contamination. Since
1996, sixty-four sites (mostly arable soils) in the environs of the facility have
been monitored. The results show long-term changes in the heavy metal
contamination of the soils affected by the facility.

The copper smelter belongs to a mining and smelting complex founded
in 1951, which currently includes 4 mines, 3 ore enrichment plants and
3 smelters. The complex produces approximately 500 000 tons of copper an-
nually, a quarter of which is produced in the Legnica Smelter. The copper
smelting plant in Legnica opened in 1953 and in the past was indicated as
a source of high metal-containing dust emission, which was considerably re-
duced in the 1980s and 1990s in all the facilities of the complex (Monograph
of KGHM 2007). However, the long-term pollution caused by the Legnica
Copper Smelter has led to extensive soil contamination with many trace
elements. In the early 1980s, the most severely contaminated soils within the
so-called impact areas were planted with black poplar (Populus nigra L.) and
black Italian poplar (Populus euroamericana f. serotina Hartig).

Soil and litter samples were collected from six forest sites. Three study
sites were located in pine forests, in the surroundings of the Zelazny Most
tailings facility (ZM), about the same distance from the smelter (approxi-
mately 400 m),  east and north-east of the object (Figure 1). The coniferous
stands were of different age: 50 (1 ZM), 18 years old (2 ZM) and 11 years old
(3 ZM).  Three other sites were located in the former impact area of the
Legnica Copper Smelter (HML), in poplar plantings 0.5 km, 1.5 km and
2.1 km from the emitter (Figure 1). Litter samples were collected with a steel
cylinder (d=23 cm), in four replicates. Soil profiles were made in May 2009
and samples were collected from each horizon for further analysis. The soil
and litter samples were submitted to the following determinations: pH in
distilled water electrometrically with a pH meter (CARTER, GREGORICH 2008),
the total concentration of Cu, Zn and Pb after mineralization with perchlo-
ric acid (1:10) in an open column system (HOSSNER 1996) using the ICP-ES
technique. All analysis were made in two replications.
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RESULTS AND DISCUSSION

Forest soils in the  surroundings of the copper ore tailings facility were
Brunic Arenosols (Fao-Wrb 2007) developed from poor, loose sands with
(proto)moder humus in different stages of development. Forest soils in the
surroundings of the copper smelter were Cutanic Luvisols (FAO-WRB 2007)
developed from loess-like sediments, having the texture of silt loam, mostly
with mull humus. In all the forest soils, the pH values in the 0-30 cm
topsoil and organic layers were higher than found in natural, unpolluted
forest ecosystems (ŒWIERCZ 2003, MERTENS et al. 2007). Under coniferous tree
stands (ZM) in the vicinity of the copper ore tailings facility, the pH reached
6.6 in O horizon (Table 1). The high soil pH was caused by two factors 1)
high input of airborne calcium and magnesium from dusts from the copper
tailings facility 2) high calcium content in parent rock of these soils. Previ-
ous studies demonstrated a high calcium and magnesium content in dust
from the copper ore tailings facility as well as a high calcium carbonate
content in C horizons. Soil under coniferous stands differed in the pH val-
ues between the sites. The pH of organic horizons increased with the age of
a tree stand and was the highest under the 50-year-old tree stand  ZM
(Table 1). More acidic O horizons were found under the youngest tree stand,
which could have been caused by the accumulation of non-decomposed or-
ganic matter, consisting mainly of fresh pine needles. Among the mineral
horizons of the profiles, the highest pH – up to 7.1 – was determined under
the 18-year old stand 2 ZM, and the lowest one – under the 50-year old

Fig. 1. Location of the study sites a) in the vicinity of the copper ore tailings facility
in Zelazny Most,  b) in the vicinity of the copper smelter in Legnica
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stand 1 ZM (Table 1), which could imply stable humification processes in
O horizons under the oldest pine stands (Table 1). Decomposition of organic
matter from coniferous trees cause acidification of the underlying mineral
horizons (FINZI et al. 1998, BERGER et al. 2008).

Soils under coniferous tree stands in the surroundings of the copper ore
tailings facility had lower pH than soils under poplar stands in the vicinity
of the copper smelter, where the highest, sometimes even alkaline reaction
in distilled water was found at site 3 HML (Table 2). The pH values of soils
in the former impact zone of the copper smelter increased with the distance
from the emitter, which could confirm the spatial distribution of airborne
dust from the smelter. Dust speciation studies were not performed during
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this project but the increasing concentration of calcium and magnesium in
O horizons at sites more distant from the smelter can prove these process-
es. Similar dependence was observed by DEROME and NIEMINEN (1998) near
the Harjavalta smelter in Finland. Under the poplar standings (HML) near
the copper smelter, higher pH values were found in topsoil (0-30 cm) than
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in organic layers. This can suggest strong decomposition processes causing
acidification of the material or the acidifying effect of SO4

– emission from
the smelter on forest litter. In all the examined soil profiles in the sur-
roundings of the copper smelter, the pH increased with the depth (Table 2),
reaching the highest values in the C horizon. High pH values in deeper
horizons are typical for Cutanic Luvisols, but can also be the effect of previ-
ous calcium and magnesium fertilization used while planting poplar trees.

The total concentrations of Cu, Pb and Cd varied between the sites and
within the soil profiles. The total Cu, Pb and Zn concentrations were much
higher in forest soils under poplar stands in the vicinity of the copper smelt-
er than in soils impacted by the copper ore tailings facility (Tables 1, 2).
This can be the evidence that the copper smelter is a bigger source of heavy
metal pollution for soils than the copper ore tailings facility. The average
heavy metal concentration in soils in the surroundings of the copper ore tail-
ings facility reached 678 mg Cu kg–1, 213 mg Pb kg–1 and 72 mg Zn kg–1 in
O horizon and was much lower than found by KRZAKLEWSKI et al. (2004) for
soils impacted by dusting from the zinc-lead ore tailings facility in southern
Poland, but much higher than found in soils under natural boreal ecosys-
tems of Poland (GWOREK, DEGÓRSKI 1997). No significant differences were
found in the Cu and Zn concentration in the topsoil of the ZM sites. Signifi-
cant differences were only found for the Pb concentration between site 3 ZM
and 1 and 2 ZM.

In all the examined forest soils, the highest total concentration of all
the analyzed elements was found in humus layers (Tables 1, 2). Under the
coniferous forest 1 ZM, the Cu concentration was even thirty-fold higher in
ectohumus than in the mineral Ap horizon. Such relations were also found
for Pb and Zn at all the forest sites. There were significant differences* in
heavy metal contamination in forest ectohumus horizons between the sites
in the surroundings of the copper tailings facility. The highest concentra-
tions of all the heavy metals in ectohumus were found under the oldest
pine stand 1 ZM (678 mg Cu kg–1, 213 mg Pb kg–1 and 72 mg Zn kg–1 in
O horizon) and the lowest – under the youngest pine stand 3 ZM (115 mg
Cu kg–1, 62 mg Pb kg–1, 50 mg Zn kg–1 in O horizon). Surprisingly high
concentrations of Cu and Pb in O horizon under the oldest tree stand did
not correspond with a higher content of the elements in the 0-30 cm miner-
al topsoil, what can prove that a well-developed, (proto)moder ectohumus
horizon was an effective Cu and Pb filter (Table 1).

With respect to vertical concentrations of the elements downwards the
soil profiles, the Cu content decreased and there was a significant difference
between the 0-30 cm depth and deeper horizons. The Zn concentration also
decreased with the depth into the soil profile but the differences were small-
er. Changes in the Pb concentration were very irregular and there were no

*Tested with Tukey’s test
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significant differences between horizons. Higher Cu and Pb concentrations
in the topsoil were found under younger tree stands (18 and 11 years old),
which can suggest poorer retention abilities of ectohumus horizons in the
early stage of development. Unlike Zn, Cu and Pb are strongly bound to
organic matter and are not readily leached from the organic horizon (BERG

1986, BERGKVIST 1987). The total Zn concentration in the soil profiles under
the pine stands depended more strongly on the level of contamination in
ectohumus horizons than on the development stage, which can be also a proof
of higher zinc leaching from O horizons. The concentrations of Cu, Pb and
Cd in soils in the vicinity of copper smelter decreased rapidly with the dis-
tance from the smelter and at 2.1 km (3 HML) the concentration of Cu in O
horizons was 15-fold lower than at 0.5 km from the emitter (1 HML). The
differences between the sites were statistically significant*. Extremely high
concentrations of heavy metals, reaching 13 143 mg Cu kg–1, 9 181 mg Pb
kg–1 and 3 363 mg Zn kg–1 in O horizon, were found at the site 0.5 km
(1 HML) from the smelter (Table 2). The concentrations of all the analyzed
heavy metals decreased rapidly with depth in the soil profile, being even
1460-fold lower in the C horizon (for Cu at site1 HML). The concentration
of copper in the Ap soil horizon of at 1 HML was six-fold lower than in
O horizon, which verifies the role of ectohumus horizons in heavy metal
retention.  The highest accumulation rate was found for Cu and Pb, whose
concentrations in O horizon were six- and twelve-fold higher, respectively,
than in the 0-30 cm topsoil (at site 1 HML).

At sites 2 and 3 HML, the difference was smaller (Table 2). Surprising-
ly, at site 1 HML zinc was mostly accumulated in O horizon, but also very
high zinc amounts (only two-fold lower) were found at the 0-10 cm depth. At
the depth of 10-20 cm the concentration was ten-fold lower and at 20-30 cm
– it was twenty-five-fold lower (Table 2). This stratification pattern was only
found for forest soil at site 1 HML, highly contaminated with Zn. At site
1 HML, the differences in the Cu and Pb content in deeper soil layers were
also significant.  No such regularities were found for the other sites (2 and
3 HML), where elemental concentrations decreased with the depth, but there
were no significant differences between the sites. In all the forest soils un-
der poplar stands, concentration of the elements in the mineral horizon
depended more strongly on the distance from the smelter and different heavy
metal content in ectohumus horizons, whereas the stage of development
played a secondary role in Cu, Pb or Zn retention.

These observations indicate the importance of afforestation in the cap-
ture of pollutants but also point to significant changes in the circulation
of trace elements due to introduction of trees, as well as very specific forest
soils. The most characteristic element of forest soils is the occurrence of
organic layer, highly capable of metal sorption, which on the one hand hin-

*Tested with Tukey’s test
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ders leaching of metals from the soil, but on the other hand causes major
disturbances in processes of decomposition and humification of organic mat-
ter. O horizons of forest and afforested soils are often compared to a natural
sink for heavy metals (TYLER 1973, BREYMEYER et al. 1997, WILCKE et al. 1998,
BERG 2000, LOMANDER, JOHANSSON 2000). Reviews of filtration and accumula-
tion abilities of forest soil organic horizons are usually based only on analy-
sis of the total accumulation of metals in humus. Meanwhile, its sorption
capacity depends on the type of forest humus, the dynamics of its distribu-
tion and chemical forms of elements reaching the horizon. The mechanisms
of these processes and their actual impact on the cycling of elements in
forest ecosystems are not yet well understood, although several important
publications identified some aspects of them (BERGKVIST et al. 1987, DZIADOWIEC

1990, BERG et al. 1991, DEROME, NIEMINEN 1998, ANDERSEN et al. 2004, MERTENS

et al. 2007). The concentration of Cu, Pb and Zn was higher than found in
the vicinity of the objects on arable soils (Bulletin... 2009). This can be the
evidence of a secondary rise in heavy metal concentration in the topsoil
caused by the presence of tree stands and O horizons. Similar dependence
was found by KABA£A et al. (2008) in forest soils in the vicinity of a copper
smelter in G³ogów, SW Poland. Forest ecosystems are mainly closed sys-
tems, where all elements are cycled along internal pathways, so losses of
trace elements, e.g. heavy metals, are very low. In contrast to arable land,
the biomass (with a given content of metals) produced in a forest through-
out a year is not removed from the ecosystem. This gradually leads toele-
vated  concentration of heavy metals in the topsoil (KABA£A et al. 2008).

 CONCLUSIONS

1. Forest ectohumus horizons, its stage of development and type, play
a significant role in Cu, Pb and Zn accumulation from airborne copper min-
ing and smelting emissions.

2. In highly polluted soils with heavy metals, the total concentration of
the elements in ectohumus reflects the amounts in mineral horizons.

3. The wealth of tree stands can lead to bioaccumulation of heavy met-
als in forest soils.
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Abstract

The study has been based on a three-factor field experiment (two rootstocks – Myro-
balan and Stanley seedlings, two cultivars – Èacanska lepotica and Èacanska najbolja, three
years – 2006, 2007 and 2008) set up according to the method of randomized blocks with
four replications. The aim of this work was to evaluate the mineral composition of plums
in Serbia. The results indicated that levels of fruit ash and minerals, except nitrogen, si-
gnificantly differed between the treatments. The average content of ash in plum fruits
reached 4.54%, nitrogen – 0.78%, phosphorus – 0.06%, potassium – 1.45%, calcium – 0.07%,
magnesium – 0.16%, iron – 19.37 µg g–1, manganese – 10.21 µg g–1, copper – 3.21 µg g–1,
zinc – 19.29 µg g–1 and boron – 22.83 µg g–1 of dry matter. A strong rootstock/cultivar/year
interaction was found for most of the minerals. Between ash and manganese or zinc, and
between manganese and zinc in plums, significant correlations were observed. On the ba-
sis of the analysis of major components, we concluded that Stanley rootstock had better
ability to accumulate ash and most of the minerals in fruits of both cultivars than Myroba-
lan rootstock.

Key words: cultivar, fruits, minerals, Myrobalan, Prunus domestica L., Stanley.

CZYNNIKI WP£YWAJ¥CE NA SK£AD MINERALNY OWOCÓW ŒLIW

Abstrakt

Badania wykonano na podstawie trójczynnikowego doœwiadczenia polowego (dwa pod-
k³ady z sadzonek odmian Myrobalan i Stanley, dwie domiany Èacanska lepotica i Èacanska
najbolja oraz trzy lata: 2006, 2007 i 2008), za³o¿onego zgodnie z metod¹ losowych bloków
w czterech powtórzeniach. Celem pracy by³o ocenienie zawartoœci sk³adników mineralnych
w owocach œliw rosn¹cych w Serbii. Wykazano, ¿e zawartoœæ popio³u oraz sk³adników mi-
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neralnych w owocach œliw, z wyj¹tkiem azotu, ró¿ni³a siê istotnie w poszczególnych obiek-
tach doœwiadczenia. Œrednia zawartoœæ popio³u w œliwkach wynosi³a 4,54%, azotu – 0,78%,
fosforu – 0,06%, potasu – 1,45%, wapnia – 0,07%, magnezu – 0,16%, ¿elaza – 19,37 µg g–1,
manganu – 10,21 µg g–1, miedzi – 3,21 µg g–1, cynku – 19,29 µg g–1, boru – 22,83 µg g–1

suchej masy. W przypadku wiêkszoœci sk³adników mineralnych stwierdzono siln¹ interak-
cjê miêdzy podk³adem, odmian¹ i rokiem badañ. Zauwa¿ono istotne korelacje miêdzy po-
pio³em a manganem oraz cynkiem, a tak¿e miêdzy manganem i cynkiem w œliwkach. Na
podstawie analizy g³ównych komponentów doœwiadczenia stwierdzono, i¿ podk³ad z odmia-
ny Stanley w wiêkszym stopniu pozwala³ obu odmianom akumulowaæ popió³ i wiêkszoœæ
analizowanych sk³adników mineralnych ni¿ podk³ad Myrobalan.

S³owa kluczowe: odmiana, owoce, minera³y, Myrobalan, Prunus domestica L., Stanley.

INTRODUCTION

Prunus domestica L. is one of the most important Prunus species,  wide-
ly grown across the world. In Serbia, this crop, known as the Domestic or
European plum, is a very old, traditional fruit tree, so plums are one the
most popular fruits in local diet, playing an important role in the economy
and social development of the country (MILOŠEVIÆ, MILOŠEVIÆ 2011). Plum trees
are grown throughout Serbia, except cold mountainous area. The total area
of plum orchards in Serbia reached over 130,000 ha in 2010 and the produc-
tion output was 426,826 tons, which makes this country the fourth largest
world producer after China, Romania and USA (FAO 2012). The most impor-
tant plum tree growing area is Western Serbia. Cacak, a location in this
region, is the most important plum production center. Plums are eaten fresh
or dried. Other main processed products made from plums include pekmez
(special old Serbian jam without sugar), slatko (old Serbian specialty for
guests, with added sugar), jams, compotes, mousse, pulp, candied fruit, fro-
zen fruit, jelly products and traditional Serbian plum brandy Rakija or
Šljivovica (MILOŠEVIÆ, MILOŠEVIÆ 2011).

Generally, plum fruits are suitable for human nutrition (JAROSZEWSKA 2011)
owing to their high energy, nutritive, dietary and health values (WALKOWIAK-
-TOMCZAK 2008). The high dietary value of plums results from their considerable
content of organic and inorganic phytochemical constituents, such as carbo-
hydrates (mono- and disaccharides, pectin, dietary fiber) (STECEWICZ-SAPUNTZA-
KIS et al. 2001), antioxidant compounds, phenolic acids, flavonoids, vitamins,
proteins, fat, etc. (AUGER et al. 2004). Also, plums are raw material rich
in ash and minerals (NERGIZ, YÝLDÝZ 1997) such as potassium, sodium, calci-
um and magnesium (BHUTANI, JOSHI 1995, KUNACHOWICZ et al. 2005, ÇALIªR et
al. 2005). Additionally, plums also contain microelements, especially boron
and iron (YAGMUR, TASKIN 2011, JAROSZEWSKA 2011).

Many authors reported that concentrations of minerals in plums depend
on the cultivar, pedo-climatic conditions, harvest date (NERGIZ, YÝLDÝZ 1997),
water and fertilization regimes (JAROSZEWSKA 2011), and especially on root-
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stocks. Beside its effect on the vigor of a fruit tree, a rootstock can modify
fruit quality (RATO et al. 2008, DAZA et al. 2008). Myrobalan (P. cerasifera
Ehrh.) seedlings are the most popular and traditional rootstock for Europe-
an plum trees in Serbia (MILOŠEVIÆ, MILOŠEVIÆ 2011). However, this type of
rootstock has some negative traits, such as inadequate compatibility with
some cultivars, high vigor, only average winter-hardiness, etc. (LORETI et al.
1990). Thus, alternative rootstocks for intensively grown orchards are need-
ed. Rootstocks of cv. Stanley seedlings have not been examined from that
point of view until now. Thus, the objectives of our research were: a) to
evaluate the influence of two rootstocks on the fruit quality of an individual
plum cultivar with special reference to the macro- and microelements of the
fruit; b) to estimate the most favorable rootstock for producing fruits from
the cultivars Èacanska lepotica and Èacanska najbolja with the best mineral
content.

MATERIAL AND METHODS

The present study was carried out in three successive years (2006, 2007,
2008) in a private orchard located at the village Viljusa (43°50’ N, 20°24’,
290 m above sea level) near Cacak, Western Serbia. Two cultivars (Èacanska
lepotica and Èacanska najbolja) were grafted on two rootstocks (Myrobalan
and Stanley seedlings). The orchard was established in 1992 at 6 m × 4 m
planting distance. Trees were trained as Open vase, under non-irrigated,
standard horticultural practice. A randomized complete blocks design was
adopted in this trial, with five trees of each rootstock/cultivar/year combina-
tion in four replicates.
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Orchard soil was Cambisol (Serbian Soil Taxonomy). The average soil
chemical composition from the 0-20 cm soil depth is presented in Table 1.
The data showed that the soil was highly acid, low in organic matter and in
total nitrogen. The content of available P2O5 and K2O was low and moder-
ate, respectively. The content of CaO, MgO and Na2O was low, and did not
reach the standard levels for Cambisol soil of a sandy-loam texture in Ser-
bia (PROTIC et al. 2003). Electrical conductivity (EC) of the soil samples was
0.74 dS m–1. The soil showed broad variation in the content of available
micronutrients, ranging from very high for Fe, high for Cu and B, low for
Mn to very low for Zn (ANKERMAN, LARGE 1977).

The climate is maritime temperate, with moderate to strong winters
and hot and semi to dry summers, characterized by the average annual
temperature of 11.3oC and total annual rainfall of 690.2 mm.

Fruit samples for analysis were collected at commercial maturity, care-
fully rinsed with deionized water and, after recording their surface area,
oven dried, weighed, ground to pass a 0.5 mm mesh and analyzed for ma-
cronutrient content according to the guidelines of the Association of Official
Analytical Chemists (AOAC 1995). Nitrogen was determined by Kjeldahl ana-
lysis; phosphorus was analyzed spectrophotometrically by the phospho-vana-
date colorimetric method (Hewlett Packard 8452A, Ontario, Canada); K was
determined by flame photometry (Corning 405, Halstead, UK), and Ca, Mg,
Fe, Mn, Cu and Zn  by atomic absorption spectroscopy (Pye Unicam SP 191,
Cambridge, UK); B was determined colorimetrically using quinalizarin, in
a colorimeter Zeiss MK 6/6 (Carl Zeiss, Jena, Germany). The data are given
as % and µg g–1 of dry matter for each macro- and microelement studied,
respectively. The ash content was estimated after burning at 550oC and ex-
pressed as %. The values are presented as means ± standard error (SE)
of triplicate analyses for each treatment per year.

A 2´2´3 factorial design was employed. The data from determinations
of the minerals were analyzed by analysis of variance (ANOVA), using an
MSTAT-C statistical package (Michigan State University, East Lansing, MI,
USA), and mean values were grouped using an LSD test at p≤0.05 as a post-
-hoc analysis. Relationships between the minerals were evaluated by Pear-
son’s product-moment correlation at p≤0.05. A principal component analysis
(PCA) was performed to determine the relationships among rootstock/culti-
var combinations and among variables using the PRINCOMP procedure of the
SAS statistical package (SAS Institute Inc., North Carolina, USA).

RESULTS AND DISCUSSION

Ash and content of macroelements
Amounts of ash, P and K in plums varied significantly between the root-

stocks, cultivars and years, whereas Ca and Mg significantly differed only
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among years (Table 2). Also, strong rootstock/cultivar/year interaction was
observed for the ash, P and K content in plums. On the other hand, there
were no significant differences among rootstocks, cultivars and years in the
N and Mg content. The highest ash and P content were found in plums of
the cultivars grafted on Stanley rootstock, whereas the K content was the
highest in the cultivars grafted on Myrobalan. Fruits of Èacanska lepotica
were richer in ash and K, whereas plums of Èacanska najbolja had a higher
P content. Regarding the years, significantly higher ash content was deter-
mined in the first season; in the second year, the P and K content was the
highest, while in the third season, the Ca and Mg content was higher. The
total quantities of the macroelements accumulated in fully ripe plums fol-
lowed a decreasing order: K > N > Mg > Ca > P.

Wide variations in the mineral composition of plums have been previ-
ously reported in the literature, for example NERGIZ, YÝLDÝZ (1997) claimed
that the ash content was significantly affected by cultivars and geographical
regions, and varied between 3.7 and 9.0 g kg–1. ÇALIªIR et al. (2005) reported
that wild plum contained close to 3% ash. Our arrangement of the microele-
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ments in plums in the decreasing concentration order was in agreement
with BHUTANI, JOSHI (1995), KUNACHOWICZ et al. (2005) and ÇALIªIR et al. (2005),
who all reported that K was a dominant mineral, followed by Ca and Mg.
JAROSZEWSKA (2011) reported that under different water and fertilization re-
gimes, macronutrient amounts in plums of Èacanska rana followed a de-
creasing order: K > N > P > Ca > Mg. Differences between the present
results for some macroelements and those obtained by JAROSZEWSKA (2011)
are probably due to diferent cultivars and environmental conditions. Name-
ly, in our unpulished work, fruit of Èacanska rana had a higher water con-
tent when compared with Èacanska lepotica and Èacanska najbolja. This
was connected with the solubility of minerals in water, due to which some
amounts of the minerals were transferred to water (CLYDESDALE et al. 1991).
On the other hand, RATO et al. (2008) reported that the content of some
phytochemicals may be affected by a soil type and plum rootstock. In addi-
tion, plums of both cultivars on both rootstocks contained considerable
amounts of Ca and Mg, which is in agreement with some previous studies
carried out on plum (WALKOWIAK-TOMCZAK 2008, JAROSZEWSKA 2011). Finally,
significant interactions between rootstocks, cultivars and years verified for
some macroelements suggested that their content under the same condi-
tions does not depend on a particular parameter alone (rootstock, cultivar
or year) but on their combination, as observed previously (NERGIZ, YÝLDÝZ

1997).

Concentrations of microelements
Concentrations of microelements in two plum cultivars are shown in

Table 3. Regarding rootstocks, Myrobalan induced a higher Fe concentration
in plums, while plums growing from the Stanley rootstock had more B.
Differences between the rootstocks in Mn, Cu and Zn concentrations were
not significant. In this context, THORP et al. (2007) reported that rootstocks
led to differences in the vigor of trees and had an important role in deter-
mining nutrient concentrations in fruits and leaves. According to the above
authors, some rootstocks were evidently able to absorb nutrients from soil
better than others, irrespective of their effect on the tree vigour. A similrar
observation was previously reported by DAZA et al. (2008).

In respect of the cultivars, Èacanska lepotica had significantly higher
amounts of Mn, Cu and Zn; plums of Èacanska najbolja had a higher Fe
concentration, whereas no differences between the cultivars in the B con-
tent were observed. The Fe, Cu, Zn and Mn concentrations in fresh plums
of P. domestica determined in the present study were much higher than
found by YAGMUR, TASKIN (2011). L. NERGIZ, YÝLDÝZ (1997) also reported much
less Fe in plums than observed in our study, whereas JAROSZEWSKA (2011)
observed more Fe and less Zn in fruits of Èacanska rana than in our study.
This may be due to differences in the tested cultivars. In general, our find-
ings were similar to the data obtained by KATÝYAR et al. (1990), who reported
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that plums of P. domestica L. contained 4-360 mg kg–1 Fe. The total amounts
of microelements in plums followed a decreasing order: B > Fe > Zn > Mn
> Cu (Table 3). These results are in good agreement with the orders report-
ed by STACEWICZ-SAPUNTZAKIS et al. (2001) and WALKOWIAK-TOMCZAK (2008), who
all emphasized that plums are an important source of B. In contrast, ÇALIªIR

et al. (2005) reported that wild plums conatined more Fe than B, and their
decreasing order for five microelements was: Fe > B > Cu > Mn > Zn.

Year-by-year variations in levels of the microelements were observed;
Zn and B concentrations were higher in 2006, Fe – in 2007, and Cu – in
2008. Differences between the years in Mn concentrations were not observed.
Annual variations in the content of Fe, Cu, Zn and B could be due to the
environmental conditions as well as the nutritional status of the plantation
(NERGIZ, YÝLDÝZ 1997, STACEWICZ-SAPUNTZAKIS et al. 2001).

Finally, strong interactions between the cultivar and year with respect
to Fe, and among the rootstock, cultivar and year in the case of the other
microelements indicated a very complex nature of the accumulation
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of microelements in fruits of plum trees and the importance of a good choice
of rootstocks to maximize the potential performance of a cultivar grown in
an orchard for several years,  both observations claimed previously by THORP

et al. (2007).

Relationship among fruit minerals and principal component analysis
The data given in Table 4 showed some significant relations between

the set of variables evaluated. The Mn and Zn amounts significantly corre-
lated with the ash content. These relationships indicated that a higher ash
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content contained more Mn and Zn. Additionally, Zn and Mn significantly
correlated with each other. Correlations between the other variables were
not significant. JAROSZEWSKA (2011) noticed a strong relationship between sug-
ars and K or Ca, which proves that the content of macro- and microelement
in plums is a complex phenomenon, determined by numerous characteris-
tics, e.g. the soil type and texture, content of soil nutrients and their ratio,
amounts of rainfall, field water capacity, air temperature and horticultural
practice  (BERNSTEIN et al. 1956).

More than 80% of the variability obtained in this study was explained
by the first two variables (Table 5). PC1 and PC2 accounted for 47.01% and
33.93% of the variability, respectively. Figure 1 represents PC1 and PC2
plotted on a two-dimensional plane. Table 6 shows correlations between the
original variables and the first two principal components: PC1 represents
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the amounts of ash, N, Ca, Mn, Cu and Zn; PC2 represents the amounts of
P, K, Mg, Fe and B. The positive PC1 values indicate that Èacanska lepotica
on Stanley gives a higher amount of ash, N, Ca, Mn, Cu and Zn, as shown
in Figure 1. The positive values for PC2 show that Èacanska lepotica on
Myrobalan had a higher amount of K, Mg and Fe, while the negative PC2
values indicate a higher content of P and B in Èacanska najbolja on Stanley.
In general, higher positive values for PC1 and PC2 indicate that Èacanska
lepotica on both rootstocks had a higher content of ash, N, K, Ca, Mg, Fe,
Mn, Cu and Zn, while Èacanska najbolja on Stanley rootstocks had a higher
P and B content.
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CONCLUSIONS

1. The results showed that rootstocks, cultivars, years and their mutual
interaction induced a wide variation in amounts of macro- and microele-
ments, except nitrogen, in fruit of plum trees. Stanley seedlings as a root-
stock resulted in a higher content of ash, phosphorus and boron, while My-
robalan rootstock stimulated higher levels of potassium and iron in plums;
fruits of Èacanska lepotica had more ash, potassium, manganese, copper

Fig. 1. Biplot based on principal component analysis (PCA) for ash, macro- (N, P, K, Ca
and Mg) and microelement (Fe, Mn, Cu, Zn and B) contents

in four plum cultivar/rootstock combinations

¡
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and zinc, and Èacanska najbolja fruits had more phosphorus and iron; more
ash, zinc and boron was found in the 1st season; more phosphorus and po-
tassium in the 2nd year and more calcium, magnesium and copper in the
3rd season.

2. Strong positive relationships were observed between ash and manga-
nese or zinc, and between zinc and manganese.

3. The Principal component analysis suggested that Stanley rootstock
may be better at achieving higher amounts of minerals in fruits than Miro-
balan for Èacanska lepotica and Èacanska najbolja grown on Cambisol with
low soil pH and deficiency of most soil nutrients.
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Abstract

This experiment, carried out in a greenhouse from February to May in 2008-2010,
was designed to determine the effect of an increased rate of nitrogen and potassium on
the content of phosphorus, calcium, magnesium, chlorine and sulphur in basil herbage as
well as to trace relationships between a basil cultivar and changes in the mineral composi-
tion of the herbage as influenced by the applied rates of nutrients. The mineral composi-
tion of basil herbage was determined on the basis of an analysis of the growing substrate
conducted after the harvest of the experimental plants. Two Polish cultivars of basil, called
Kasia and Wala, as well as a green-leaved form popular on the domestic horticultural mar-
ket, were grown from seedlings in pots (4 dm3) filled with sphagnum peat of the pH be-
tween 5.5-6.0. The following amounts of nutrients were applied, expressed in g per 1 dm3

of the growing substrate: 0.2, 0.4, 0.6, 0.9 N in the form of ammonium nitrate; 0.4, 0.8 K
in the form of potassium sulphate; 0.4 P as 20% P superphosphate; 0.3 Mg in the form of
magnesium sulphate monohydrate, as well as the following micronutrients (in g per 1 dm3

of the growing substrate): 8.0 Fe (EDTA), 5.1 Mn (MnSO4⋅H2O), 13.3 Cu (CuSO4⋅5H2O),
0.74 Zn (ZNSO4⋅7H2O), 1.6 B (H3BO3) and 3.7 Mo ((NH4)6Mo7)24⋅4H2O).

The plants were harvested at the beginning of flowering (29 May 2008, 25 May 2009
and 27 May 2010) by cutting off the aerial part of the stem above its lignified parts. The
herbage was dried at 70oC, ground and used for chemical analysis. The analysed basil her-
bage proved to be a good source of phosphorus, calcium, chlorine and sulphur. The increasing
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rate of nitrogen resulted in an increased concentration of the mineral nutrients determined in
the basil herbage. The magnesium concentration in the basil herbage dry matter was not de-
pendent on a cultivar and nitrogen rate, but increased under the influence of the higher amo-
unt of potassium applied. On the other hand, the raised amounts of potassium did not modify
the concentrations of phosphorus and sulphur in the examined plant material.

Key words: Ocimum basilicum L., cultivar, nitrogen and potassium fertilization.

ZMIANY ZAWARTOŒCI NIEKTÓRYCH MAKROELEMENTÓW
W ZIELU BAZYLII POD WP£YWEM ZRÓ¯NICOWANEGO

¯YWIENIA ROŒLIN AZOTEM I POTASEM

Abstrakt

Celem doœwiadczenia przeprowadzonego w okresie od lutego do maja 2008-2010
w szklarni by³o okreœlenie wp³ywu zwiêkszonej dawki azotu oraz potasu na zawartoœæ fos-
foru, wapnia, magnezu, chloru i siarki w zielu bazylii oraz przeœledzenie zale¿noœci miêdzy
odmian¹ bazylii a zmianami sk³adu mineralnego ziela pod wp³ywem zastosowanych dawek
sk³adników pokarmowych. Analizê sk³adu mineralnego ziela bazylii oparto na analizie pod-
³o¿a po zbiorze roœlin doœwiadczalnych. Bazyliê dwóch polskich odmian Kasia i Wala oraz
formy zielonolistnej, popularnej na krajowym rynku ogrodniczym, uprawiano z rozsady
w doniczkach (4 dm3), wype³nionych torfem sfagnowym o pH 5,5-6,0. Zastosowano nastê-
puj¹ce iloœci sk³adników pokarmowych (g dm–3 pod³o¿a): 0,2; 0,4; 0,6; 0,9 N w formie sale-
try amonowej; 0,4; 0,8 K w postaci siarczanu potasu; 0,4 P w postaci superfosfatu 20% P;
0,3 Mg w formie jednowodnego siarczanu magnezu oraz mikroelementy (mg 1 dm–3 pod³o-
¿a) 8,0 Fe (EDTA); 5,1 Mn (MnSO4⋅H20]; 13,3 Cu (CuSO4⋅5H2O); 0,74 Zn (ZNSO4⋅7H2O);
1,6 B (H3BO3) i 3,7 Mo ((NH4)6Mo7)24⋅4H2O).

Zbiór roœlin przeprowadzono na pocz¹tku kwitnienia (29 maja 2008, 25 maja 2009 i 27
maja 2010), œcinaj¹c nadziemn¹ czêœæ pêdu powy¿ej jej zdrewnia³ych fragmentów. Ziele wy-
suszono w temp. 70oC, zmielono i przeznaczono do analiz chemicznych. Badane ziele bazy-
lii okaza³o siê dobrym Ÿród³em fosforu, wapnia, chloru i siarki. Wzrastaj¹ca dawka azotu
powodowa³a zwiêkszenie koncentracji badanych sk³adników mineralnych w roœlinie. Kon-
centracja magnezu w suchej masie ziela bazylii nie by³a uzale¿niona od odmiany oraz daw-
ki azotu, natomiast zwiêksza³a siê pod wp³ywem wzrastaj¹cej iloœci potasu. Zwiêkszona iloœæ
potasu nie modyfikowa³a udzia³u fosforu i siarki w badanym materiale roœlinnym.

S³owa kluczowe: Ocimum basilicum L., odmiana, nawo¿enie azotem i potasem.

INTRODUCTION

The nutritional status of plants affects yield amount and quality as well
as plant resistance to stress factors. An optimal supply of macro- and micro-
nutrients to cultivated plants, provided that light, thermal and moisture con-
ditions are adequate, ensures high quality yield, reduces production costs
and restrains the risk of environmental contamination. Herbal plants con-
stitute valuable raw material, whose biological activity depends on the con-
tent of the major biologically active substances and accompanying macro-
and micronutrients, enzymes, and vitamins. Nitrogen and potassium belong
to the most important nutrients taken up by plants in the largest quanti-
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ties. Nitrogen, which is called a yield-stimulating nutrient, affects both vol-
umes of yields and the chemical composition of yield components (CHEN et
al. 2004, NURZYÑSKA-WIERDAK 2006, BIESIADA, KO£OTA 2010, BIESIADA, KUŒ 2010).
The primary function of nitrogen is to participate in the formation of amino
acids, which are structural elements of proteins as well as pyrimidine and
purine bases, nucleotides and nucleic acids (BAHMANYAR, SOODAEE-MASHAEE 2010).
As a component of these and other compounds, nitrogen participates in al-
most all biochemical reactions occurring in living organisms. Nitrogen up-
take by plants is associated with the presence of other important mineral
nutrients in the nutritional environment, including potassium. Disturbances
in nitrogen metabolism, arising from potassium deficiency, manifest them-
selves in changes in the proportions between nitrogen fractions as well as
in the accumulation of harmful amino substances in plants, such as agma-
tine, N-carbamoyl putrescine, putrescine or ammonium ions (NOWACKI 1980).
The application of increased potassium fertilization has a clear effect on the
decrease in the concentration of nitrates (HANAFY-AHMED et al. 2000, MICHA£OJÆ

2000, NURZYÑSKA-WIERDAK 2006).
Basil responds very well to fertilization, especially organic one, and can

thoroughly use up nutrients (SIFOLA, BARBIERI 2006, ZHELJAZKOV et al. 2008,
SEIDLER-£O¯YKOWSKA et al. 2009, NURZYÑSKA-WIERDAK et al. 2011). Increased rates
of nitrogen, potassium, phosphorus, sulphur and calcium modify the mineral
composition of basil herbage (YAMAMOTO, TAKANO 1996, RAO et al. 2007, GEETHA

et al. 2009, BIESIADA, KUŒ 2010, DZIDA 2010). Furthermore, foliar feeding stim-
ulates the height and weight of basil plants and raises the concentration of
potassium and calcium in basil herbage (NURZYÑSKA-WIERDAK, BOROWSKI 2011,
NURZYÑSKA-WIERDAK et al. 2011). Calcium, phosphorus, magnesium, and sul-
phur, i.e. the minerals that are the major building material for bones, teeth,
skin and hair, play an important physiological function in the human organ-
ism; in addition to dairy products, raw plants are a source of these mineral
components (FRIEDRICH 2002). In turn, chlorine is important for the water
and electrolyte management as well as for the acidic and alkaline balance.
Magnesium, a poorly absorbable ion, seems to be particularly important; its
deficiency raises our sensitivity to stress, which is an underlying cause of
many civilization diseases (K£OSIEWICZ-LATOSZEK 1993). The factors inhibiting
magnesium bioavailability in the alimentary canal include, inter alia, high-
-protein and high-fat diet as well as foreign substances in food and addictive
substances (FRIEDRICH 2002). Herbal raw materials, which are used as sea-
soning, therapeutic and aromatic agents, can be a valuable, although still
underappreciated, source of macro- and micronutrients. The aim of the
present study was to determine the effect of an increased rate of nitrogen
and potassium on the content of phosphorus, calcium, magnesium, chlorine
and sulphur in basil herbage as well as to trace relationships between a basil
cultivar and changes in the mineral composition of the herb as influenced
by the applied rates of nutrients. The mineral composition of basil herbage
was determined on the basis of an analysis of the growing substrate con-
ducted after the harvest of the experimental plants.
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MATERIAL AND METHODS

The present experiment was conducted in a detached greenhouse, with
the north-south orientation of the major axis. The greenhouse belonged to
the Department of Vegetable Crops and Medicinal Plants, University of Life
Sciences in Lublin. The experiment was conducted  from February to May
in 2008-2010. The temperature in the greenhouse was at 18-25oC during the
day and 12-15oC at night. Two Polish cultivars of basil, Kasia and Wala
(breeder and distributor: Institute of Natural Fibres and Medicinal Plants in
Poznañ) as well as a green-leaved form popular on the domestic horticultur-
al market (distributor: a seed production company called PNOS O¿arów Ma-
zowiecki), were grown from seedlings. The plants were grown in pots (4 dm3)
filled with sphagnum peat of the pH between 5.5-6.0. The experiment was
conducted using a completely randomized design with 8 replicates. A single
basil plant, i.e. an experimental unit, grew in each pot. Basil seeds were
sown on the following dates: 28 February (2008), 12 March (2009), and
3 March (2010). Before sowing, seeds were dressed with the fungicide Dith-
ane Neo Tec 75 WG. Emergence occurred after about 8 days. After 18-20
days from sowing, the plants were transferred into multi-cell trays filled
with peat substrate. The present study was carried out under strictly con-
trolled conditions. No presence of diseases or pests was found on the plants
during the growing period, therefore no chemical protection was used. The
plants were transplanted to pots about 25 days after sowing, at the 4 true-
leaf stage.

The following amounts of nutrients (in g per 1 dm3 of growing sub-
strate) were applied in the experiment: 0.2, 0.4, 0.6, 0.9 N in the form of
ammonium nitrate; 0.4, 0.8 K in the form of potassium sulphate; 0.4 P as
20% P superphosphate; 0.3 Mg in the form of magnesium sulphate monohy-
drate, and the following micronutrients (in g per 1 dm3 of growing sub-
strate): 8.0 Fe (EDTA), 5.1 Mn (MnSO4⋅H2O), 13.3 Cu (CuSO4⋅5H2O), 0.74 Zn
(ZNSO4⋅7H2O), 1.6 B (H3BO3), and 3.7 Mo [(NH4)6Mo7)24⋅4H2O]. During
the experiment, the plants were watered with the same amount of water
(250-300 ml) every 1-2 days. The plants were harvested at the beginning of
flowering (29 May 2008, 25 May 2009, and 27 May 2010) by cutting off the
aerial portion of the stem above its lignified parts. The herbage was dried
at 70oC, ground and the following were determined in 2% CH3COOH ex-
tract: chlorine (colourimetrically with AgNO3) and sulphates with BaCL2.
After dry combustion at 550oC, phosphorus was determined colourimetrical-
ly with ammonium vanadium and molybdate, while potassium, calcium, and
magnesium were determined with the atomic absorption method using
a Perkin-Elmer Analyst 300 spectrometer.

Immediately after plant harvest, samples of the growing substrate were
taken for chemical analysis and the following were determined in the sub-
strate: in 0.03 M acetic acid extract, the content of phosphorus, calcium,
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magnesium, chlorine and sulphates using the same method as applied for
the plant material, substrate’s pH – potentiometrically in H2O, and ion con-
centration (EC) – conductometrically. The results of chemical assays were
statistically described using analysis of variance for three-way cross-classifi-
cation, evaluating the significance of differences with Tukey’s confidence in-
tervals and performing LSD calculations at the level of significance α=0.05.

RESULTS AND DISCUSSION

The herbage of the basil cultivars differed significantly in the content
of the macronutrients, except for magnesium (Table 1). The cultivar Kasia
was characterized by the highest concentration of phosphorus and calcium,
while the green-leaved form accumulated the highest amount of chlorine
and sulphur. These results are in agreement with those obtained by DZIDA

(2010), who confirms cultivar-specific differences in this respect. The miner-
al composition of the investigated herbal material was generally comparable
to the literature data (KHALID 2006, RAO et al. 2007, SEIDLER-£O¯YKOWSKA et al.
2009, BIESIADA, KUŒ 2010, DZIDA 2010). The biggest differences appeared in
the proportion of phosphorus (RAO et al. 2007, DZIDA 2010), calcium and mag-
nesium (SEIDLER-£O¯YKOWSKA et al. 2009, DZIDA, 2010), and were probably in-
duced by different amounts of mineral nutrients in the nutritional environ-
ment of the cultivated plants as well as cultivar-specific differences. The
growth dynamics of basil plants, like their morphological characteristics, is
highly varied (LABRA et al. 2004, NURZYÑSKA-WIERDAK 2007, ABDUELRAHMAN et al.
2009, SVECOVA, NEUGEBAUEROVA 2010). The leaf/stem ratio (LS) and the leaf
area index (LAI) in basil are significantly affected by both a nitrogen rate
(LAI) and a cultivar (LS and LAI) (SIFOLA, BARBIERI 2006), which should also
be attributable to the plant’s mineral balance.

The applied nitrogen rate significantly modified the concentrations
of phosphorus, magnesium, chlorine and sulphur in the basil plants (Table 1).
The study showed that the concentrations of the these macronutrients in
the basil herbage increased with the increasing rate of nitrogen; phosphorus
was an exception, since it increased only in the series from the lowest to
the second highest rate of nitrogen. The level of macronutrients in the basil
herbage depends on the rate of nitrogen and irrigation (BIESIADA, KUŒ 2010).
These relationships partly arise from the yield-stimulating role of nitrogen
and from the interactions between macronutrients. It should be noted here
that the analysis of the growing substrate after plant harvest did not con-
firm the significant effect of the nitrogen rate on its chemical composition,
which should be attributable to the uptake of minerals by the plants during
their growth (Table 2). The concentration of phosphorus, which is always
taken up by plants against its concentration gradient, was the highest in
the analyzed basil herbage under the substrate rate of nitrogen, but de-
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creased under a higher dose of nitrogen; at the same time, this mineral
remained in the substrate in a larger amount. Given the fact that only
some of phosphates introduced into the nutritional environment are used by
plants during the same growing season, the above relationship is a logical
consequence of mineral nutrition of plants. The phosphorus content deter-
mined in the basil herbage was comparable to the results reported by other
authors (ÖZCAN 2004, ÖZCAN et al. 2005, 2007). The calcium content in the
investigated herbage averaged 1.52% of dry weight (DW) and it was lower
than in some other described basil plants (ÖZCAN 2004, SEIDLER-£O¯YKOWSKA et
al. 2009, BIESIADA, KUŒ 2010, DZIDA 2010), which could have resulted from
cultivar-specific differences and from the level of nutrients in soil, in partic-
ular under increased calcium fertilization (DZIDA 2010). The concentration of
the above nutrient increased under the influence of the increasing rate of
nitrogen, but the differences in the calcium content in plants fertilized with
the substrate rates of nitrogen were not statistically significant. The magne-
sium concentration in the investigated plant material was on average 0.25%
DW, being much lower than determined by ÖZCAN (2004), but was higher
under the increasing rate of nitrogen. Similar relationships were shown by
BIESIADA and KUŒ (2010) in the cultivation of a red-leaved form of basil. Ex-
cessively high levels of NH4

+ and K+ ions in the nutritional environment
reduce magnesium uptake by plants. Good supply of magnesium to the ana-
lyzed basil plants can be explained by the adequate concentration of ions in
the substrate and its optimal pH. The concentrations of chlorine and sul-
phur in the investigated basil herbage increased with the increasing rate of
nitrogen (Table 1). These relationships should be attributable to the increase
in the basil plant biomass under the increasing rate of nitrogen (NURZYÑSKA-
-WIERDAK et al. 2012) rather than to the correlation between the ions.

The mineral composition of the investigated basil herb was affected by
the potassium rate, but significant differences were shown only for the con-
centration of calcium and chlorine (Table 1). The increased concentration of
potassium in the nutritional environment of the plants caused a decrease in
calcium in the basil herbage dry matter, most probably due to the antago-
nism between these two mineral nutrients. In turn, the chlorine concentra-
tion significantly increased under the influence of the increasing rate of
potassium. Different concentrations of elements in the plant, as compared
to their concentration in the nutritional environment, indicate selective, ac-
tive uptake of elements, frequently against their concentration gradient in
the plant. Moreover, the accumulation of macronutrients by the plant under
the increased mineral fertilization occurred at different intensity in particu-
lar plant organs (ALI et al. 2003, DZIDA 2010, SHEHU et al. 2010, MARKIEWICZ et
al. 2011).

The growing substrate after the harvest of the basil plants was charac-
terized by a pH in the range of 4.50-6.10 and an ion concentration (EC) of
1.3-2.3 mS cm–1, depending on the rate of nitrogen and potassium (Table 2).
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The substrate on which the basil cultivars were grown differed in terms of
the value of both pH and EC, which could indicate different nutritional re-
quirements of the cultivars, associated even with a different growth dynam-
ics (NURZYÑSKA-WIERDAK et al. 2011). On the other hand, the analysis of the
nutrient content in the substrate does not confirm this hypothesis (Table 3).
Residues of the macronutrients in the substrate show that the basil plants
took up nutrients in a similar way and that nutrient availability was ade-
quate. It was only in the case of calcium that significantly more of this
element remained in the substrate used for growing the green-leaved basil
form than in the other substrates, which could suggest its more intensive
uptake. These differences have also been shown for other basil cultivars
(DZIDA 2010), but these relationships could have also been caused by the
increased rate of calcium carbonate applied in the nutrition of plants. The
increased level of nitrogen and potassium caused an increase in the value of
the substrate’s  EC (Table 2). Similar correlations have been shown in other
papers (DZIDA 2004, DZIDA, PITURA 2008, GOLCZ et al. 2008, NURZYÑSKA-WIERDAK

2006, 2009), but more importance in this respect is generally attached to
nitrate ions than to potassium ions. The applied rates of nitrogen and potas-
sium did not have a significant effect on the content of phosphorus, calcium,
magnesium and chlorine in the substrate after plant harvest. However, it
was shown that the quantity of sulphates in the substrate increased with
the increasing rate of potassium. SO4

2– ion uptake is not inhibited by ni-
trates, phosphates or chlorides, but only by selenate anions, hence the above
relationships should not be linked to the competition between ions, in par-
ticular given that the plants receiving more potassium also accumulated
more sulphur in the herbage, but this was not statistically confirmed (Ta-
ble 1). Similar correlations have been shown in our earlier papers (NURZYÑSKA-
-WIERDAK 2006, 2009) and they should be attributable to the type of fertilizer
applied, which was potassium sulphate. When comparing the mineral com-
position of the plants and of the substrate on which they were grown to the
concentration of salts in the substrate, the present study demonstrated that
the uptake and absorption of phosphorus, calcium, magnesium, chlorine and
sulphur by basil plants were not reduced at the increasing value of EC.
Excessive salt concentration in the substrate results in a reduction in N, P,
Ca and Mg uptake and increased concentration of Na and Cl in plant tissues
(ESMAILI et al. 2008). On the other hand, however, differences in nutrient
uptake by plants also arise from their cultivation on different substrates.
Furthermore, nitrogen fertilization increases plant tolerance to excessive
salinity through an improvement in their nutritional status (ESMAILI et al.
2008). The results obtained in this study indicate that basil plants received
adequate nitrogen and potassium fertilization, which enabled their proper
nutrient uptake and absorption, also under the increasing concentration of
salts in the growing substrate.
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CONCLUSIONS

The analyzed basil herbage proved to be a good source of phosphorus,
calcium, chlorine and sulphur; the content was generally significantly affect-
ed by a cultivar, nitrogen rate and potassium rate, but a greater effect should
be attributed to the cultivar-specific traits seemed to have produced a strong-
er effect than the nitrogen rate or potassium rate. The increasing rate of
nitrogen caused an increase in the concentration of the mineral nutrients
in the basil herbage. The concentration of magnesium in the basil herbage
dry matter was not dependent on a cultivar and nitrogen rate, but it in-
creased under the influence of the increasing amount of potassium applied.
On the other hand, the increased amounts of potassium did not modify the
share of phosphorus and sulphur in the investigated plant material. Thus,
by using adequate amounts of nitrogen and potassium in the nutrition of
basil plants, the content of phosphorus, calcium, magnesium, chlorine and
sulphur in the herbage can be effectively increased, thereby enriching the
chemical composition of raw material.
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Abstract

Yield amount, maturity stage, morphological as well as biological properties of carrot
roots are cultivar-dependent. In 2007-2009, field experiments involving foliar fertilization
of carrot with magnesium sulphate (acrid salts) on yield and selected yield constituents
(dry matter, monosaccharides and total sugars) of carrot storage roots were conducted.
Magnesium was applied in doses of 0, 45 and 90 kg MgO ha–1 in the form of 3% sprays
during  the intensive growth of carrot. The tested carrot belonged to five cultivars: me-
dium-late Berjo and late Flacoro, Karotan, Koral and Perfekcja, all characterized by good
shelf life.

The yields of carrot storage roots depended on a cultivar and foliar fertilization with
magnesium. The cultivar Flacoro gave the highest yield of 60.82 t ha–1 and cv. Karotan –
lowest (51.40 t ha–1). The application of foliar magnesium fertilization during cultivation
in the doses of 45 and 90 kg MgO ha–1 caused a significant increase of root yield of about
4.2 and 8.7%, respectively.

The content of dry matter, reducing sugars and total sugars was determined in carrot
roots immediately after harvest and after six months of storage. Regardless of the experi-
mental factors, storage roots of cv. Karotan contained the highest amount of dry matter
(138.7 g kg–1), reducing sugars (25.2 g kg–1) and of total sugars (76.8 g kg–1) based on
fresh matter. Increasing fertilization with magnesium led to a significant increase in the
content of all the analyzed constituents in carrot storage roots. The most successful was
the dose of 45 kg MgO ha–1, which caused the highest significant increment in dry matter,
reducing and total sugars.
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The six-month storage of carrot roots caused a 2.6% increase in dry matter and an
11.2% rise in total sugars, but decreased reducing sugars by 11.1% (mean results for all
cultivars and fertilization variants).

Key words: carrot, cultivar, foliar fertilization with magnesium, field, chemical content,
storage.

PLONOWANIE I SK£AD CHEMICZNY KORZENI SPICHRZOWYCH MARCHWI
W ZALE¯NOŒCI OD NAWO¯ENIA DOLISTEGO MAGNEZEM

I CZASU PRZECHOWYWANIA

Abstrakt

Wielkoœæ plonu, termin dojrzewania, cechy morfologiczne oraz biologiczne korzeni mar-
chwi s¹ zró¿nicowane u poszczególnych odmian. W latach 2007-2009 przeprowadzono do-
œwiadczenie polowe dotycz¹ce wp³ywu dolistnego dokarmiania siarczanem magnezu (sól
gorzka) na wielkoœæ plonu i wybrane sk³adniki (sucha masa, cukry proste i ogó³em) korze-
ni spichrzowych marchwi. Magnez zastosowano w dawkach: 0, 45 i 90 kg MgO ha–1 w for-
mie 3% oprysku, w okresie intensywnego wzrostu marchwi. Obiektem badañ by³o 5 od-
mian marchwi: œrednio póŸna Berjo oraz póŸne: Flacoro, Karotan, Koral i Perfekcja,
o dobrej trwa³oœci przechowalniczej.

Plon korzeni spichrzowych marchwi zale¿a³ od odmiany i nawo¿enia dolistnego ma-
gnezem. Najwiêkszy plon korzeni da³a odmiana Flacoro – 60,82 t ha–1, natomiast najmniej-
szy Karotan – 51,40 t ha–1. Stosuj¹c podczas uprawy dolistne nawo¿enie magnezem w ilo-
œci 45 i 90 kg MgO ha–1, uzyskano istotny wzrost plonu korzeni o 4,2 i 8,7%.

Zawartoœæ suchej masy, cukrów redukuj¹cych i cukrów ogó³em oznaczono w korze-
niach marchwi bezpoœrednio po zbiorze i po 6 miesi¹cach przechowywania. Niezale¿nie od
czynników doœwiadczenia, korzenie spichrzowe marchwi odmiany Karotan zawiera³y naj-
wiêcej suchej masy – 138,7 g kg–1, cukrów redukuj¹cych – 25,2 g kg–1 i cukrów ogó³em –
76,8 g kg–1 w œwie¿ej masie. Wzrastaj¹ce nawo¿enie magnezem wp³ynê³o istotnie na wzrost
zawartoœci wszystkich badanych sk³adników w korzeniach spichrzowych marchwi. Najko-
rzystniejsza okaza³a siê dawka 45 kg MgO ha–1, która spowodowa³a najwy¿szy istotny
wzrost zawartoœci suchej masy, cukrów redukuj¹cych i ogó³em.

Okres 6 miesiêcy przechowywania korzeni marchwi spowodowa³ wzrost suchej masy
o 2,6%, wzrost cukrów ogó³em o 11,2% i spadek cukrów redukuj¹cych o 11,1% (œrednio dla
odmian i nawo¿enia).

S³owa kluczowe: marchew, odmiany, nawo¿enie dolistne magnezem, plon, sk³ad chemi-
czny, przechowywanie.

INTRODUCTION

Vegetables are rich in nutrients, which stimulates a continuous rise in
their production. Application of more intensive mineral fertilization certain-
ly raises yields. But fertilization also has a significant influence on the bio-
logical value of vegetables. Excessive or deficient doses of fertilizers com-
pared to the optimum, crop-specific requirements may cause physiological
disorders and adversely influence the yield quality. One of the basic vegeta-
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bles produced and consumed in Poland is carrot. The impact of basic NPK
fertilization on yield and chemical content of carrot roots is thoroughly in-
vestigated (KO£OTA, BIESIADA 2000, NAWIRSKA, KRÓL 2004, WIERZBICKA et al. 2004,
SMOLEÑ et al. 2005, DYŒKO, KANISZEWSKI 2007, GAJEWSKI et al. 2007, KARKLE-
LIENE et al. 2008, GAJEWSKI et al. 2009, SMOLEÑ, SADY 2009a,b, GAJEWSKI et al.
2010, MAJKOWSKA-GADOMSKA, WIERZBICKA 2010). It is also a well-known fact that
carrot needs soils rich in magnesium, because a yield of 100 tons of fresh
matter contains 21 kg of magnesium, of which about 15 kg falls on the
marketable yield of roots. However, less is known about the influence of
magnesium on changes occurring in carrot roots, and investigations in this
area are rare (SMOLEÑ, SADY 2009a,b).

Magnesium participates in the metabolism of carbohydrates, activates
enzymatic changes and improves the resistance of plants to diseases, hence
the present experiment was undertaken to evaluate the influence of foliar
magnesium fertilization applied to chosen carrot cultivars on yield of stor-
age roots and on their content on dry matter and sugars. Because most of
the carrot yield is stored over autumn and winter, another aim of this study
was to determine the yield quality over a prolonged storage period.

MATERIAL AND METHODS

The material was obtained from field experiments carried out at the
Experimental Station in Moche³ek (2007-2009), which belongs to the Faculty
of Agriculture and Biotechnology at the University of Life Sciences in Byd-
goszcz (the Province of Kuyavia and Pomerania). Field experiments were
performed on light, slightly acid soil, poor in available P and K forms and
very low in Mg (Table 1). Data about the temperature and precipitation
during the vegetation time are presented in Figure 1. The year 2007 was
most suitable for carrot cultivation. Less favourable for the growth and de-
velopment of carrot was 2009, with much atmospheric precipitation and rel-
atively low air temperatures. Furthermore, the worst was 2008, with pro-
longed droughts from April to June.

The experiments were set up in a split-plot design with three replications.
The Experimental design comprised:
I. Date of evaluation (after harvest, after storage)
II. Cultivars (medium-late Berjo, late: Flacoro, Karotan, Koral and Perfekcja)
III. Magnesium doses (0, 45, 90 kg MgO ha–1) as magnesium sulphate (16%)

under identical fertilization with nitrogen (70 kg N ha–1), phosphorus
(80 kg P2O5 ha–1) and potassium (100 kg K2O ha–1). Foliar fertilization with
magnesium was applied twice during the intensive growth of plants (July,
August) as an aqueous solution of magnesium sulphate (3%) in the amount
of  300 dm3 ha–1.
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Agro-technical treatments against plant diseases and pests were per-
formed as required for carrot, i.e. in each year, seeds were treated with the
seed dressing preparation Funaben T and the herbicide Stomp 330 EC was
applied at the pre-emergence stage. During the growing season, carrot fields
were manually weeded. Storage roots of carrots were harvested when fully
ripe (the 1st decade of October). In order to evaluate the total yield in t ha–1,
the mass of roots after harvest was weighed and samples of roots from each
plot were taken for analytical and storage investigations. Samples were
stored in a traditional earthen mound for 6 months. Chemical content
of carrot was determined with the following methods:
1. Dry matter content – oven method after Pijanowski,
2. Content of monosaccharides and total sugars – after PN-90/A-75101/07.

The results of the 3-year-long experiment were statistically verified us-
ing the method of variance analysis. The significance of differences was eval-
uated with the Tukey’s multiple confidence intervals at the significance lev-
el of α=0.05. Coefficients of linear correlation were calculated between the
evaluated quality parameters of carrot yields.

������

�		
��		

���
��������������������������
��
����������

�������� ��
�

����������������

 
������!

��
��
��� 

�		
 "		
 �		


##� 
$ � %&% '&% �&% ����(���)���

������*#� � 	&% �&' �&%


�������
�)�$ )+), �- . '%&� 	"&� ''&� �


�)����
����� )+), �- . 
�&	 �%&	 '�&	 �

�������������������������/ )+)�, �- . 	&0
 	&1
 	&'

2��

��
��
���

������������������������/ )+)�, �- . 	&
0 	&10 	&'0
2��

��
��
���

�����
)�����������������/ )+)�, �- . '&"� 	&	
 	&��
2��(���

��
��
���



483

RESULTS AND DISCUSSION

The main factors determining the yield and chemical composition of stor-
age roots of carrot are the genotype, meteorological conditions and cultiva-
tion method (KO£OTA, BIESIADA 2000, ALASALVAR et al. 2001, WIERZBICKA et al.
2004, DYŒKO, KANISZEWSKI 2007, MAJKOWSKA-GADOMSKA et al. 2007, KANISZEWSKI,
DYŒKO 2008, SMOLEÑ, SADY 2009a,b, KARKLELIENE et al. 2009, MAJKOWSKA-GADOM-
SKA, WIERZBICKA 2010). Our results confirm the above because high signifi-
cant differences were observed not only between the cultivars but also be-
tween years (Table 2). In 2007 and 2009, which were characterized by good
climatic conditions for carrot cultivation (Figure 1), the yields were the high-

Fig. 1. Meteorological conditions according to Walter

air temperature (oC)
atmospheric precipitation (mm)

air temperature (oC)
atmospheric precipitation (mm)

air temperature (oC)
atmospheric precipitation (mm)

month                                                                    month

(10oC=30 mm)

month
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est: 67.42 and 55.36 t ha–1, respectively These results confirm the findings
by DOBRZAÑSKI et al. (2008), who verified the influence of weather conditions
on carrot yield volumes. These authors obtained the mean total carrot yield
of 85.0 t ha–1 in 2007, favorable for carrot cultivation, and just  45.0 t ha–1

in less favourable 2006. Similar results were observed  by MAJKOWSKA-GADOM-
SKA et al. (2007) in experiments with other cultivars in 2003-2004.

Irrespective of the year and magnesium fertilization level, out of the
five cultivars,  Flacoro and Berjo produced the highest yield of carrot stor-
age roots: 60.82 t ha–1 and 58.22 t ha–1, respectively. The lowest yield were
produced by Karotan (51.40 t ha–1). MAJKOWSKA-GADOMSKA et al. (2007), in
their two-year-long experiments on yields of nine cultivars additionally ferti-
lized with the multinutrient fertilizer Ekosol U during thegrowing season,
found the highest mean yield for cv. Florida F1 (77.2 t ha–1) and the lowest
one, same as in our research, for cv. Karotan (63.5 t ha–1). SMOLEÑ, SADY

(2009a), who conducted  an experiment in 2006-2007 on the cultivar
Kazan F1, determined the mean yield value at the level of 78.0 t ha–1

regardless of the applied factors. In another experiment, completed by of
MAJKOWSKA-GADOMSKA et al. (2007), the cultivar Kazan F1 yielded comparably
high, that is 72.8 t ha–1.

The applied foliar fertilization with magnesium caused a significant in-
crease of yields of carrot storage roots from all the cultivars (Table 2). The
increase was observed in each year. The highest yield was reached by the
carrot cultivars Flacoro, Berjo and Perfekcja: 63.22, 60.99 and 60.95 t ha–1

(magnesium dose 90 kg MgO ha–1), respectively. MAJKOWSKA-GADOMSKA,
WIERZBICKA (2010) observed a 6.2% increase in the total root yield and a high,
39.6% increase in the marketable yield of three carrot cultivars owing to
the soil application of nutrients in the in form of the fertilizer Crop Care
containing magnesium. Moreover, SMOLEÑ et al. (2005), who used the com-
plex fertilizer Supervit-R, also containing magnesium, demonstrated a posi-
tive influence of foliar nutrition on the total and marketable yield of carrot
roots. There are also exists reports which indicate that foliar fertilization
of some vegetables with multi-component fertilizers, in some combinations,
decrease yields, which has been shown in the case of potato, parsley and
cucumber by JASKULSKI (2005).

The results of our analyses of the chemical composition of carrot roots
showed some significant differences between the cultivars in the content
of dry matter and total sugars (Tables 3, 4). However, no significant differ-
ences were found in the content of monosaccharides (Table 5). After HOLDEN

et al. (1999), carrot roots contain about 120.0 g kg–1 of dry matter and
45.0 g kg–1 of total sugars. In the present investigations, the highest con-
tent of dry matter and total sugars was determined in storage roots of the
cultivar Karotan (137.2 and 82.0 g kg–1) and the lowest one was in cv. Berjo
(121.4 and 72.4 g kg–1). GAJEWSKI et al. (2007) investigated six cultivars of
carrots, other than in the present experiment, but also found significant
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differences between the cultivars in the content of dry matter and total
sugars. The mean content of dry matter and total sugars in the experi-
ments of the aforementioned authors ranged from 95.0 g kg–1 to 150.0 g
kg–1 of dry matter and from 40.0 g kg–1 to 70.0 g kg–1 of total sugars.
Furthermore, the experiments showed that the cultivars containing most of
dry matter were also characterized by the highest concentration of total
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sugars and this is in accordance with the results of our investigations. Simi-
lar dependencies were found by GAJEWSKI et al. (2010). PRÊDKA, GRONOWSKA-
-SENGER (2009), who examined carrot roots of the cultivar Nantejska grown
in organic and conventional farming, found the content of dry matter 128.4
and 110.8 g kg–1 for raw and 121.8 and 112.3 g kg–1 for cooked carrot,
respectively. RUTKOWSKA (2005) completed similar investigations with three
cultivars Perfekcja, Koral and Regulska and obtained an average 137.2 g
kg–1 of dry matter under organic farming and 127.8 g kg–1 in conventional
cultivation. In her experiments, storage roots of cv. Perfekcja and Koral had
less dry matter and total sugars than in our investigations, which can be
the result of the positive response of carrot to foliar fertilization with mag-
nesium, owing to the its role in the synthesis of sugars. However, DOBRZA-
ÑSKI et al. (2008), who tested different growth stimulators on the carrot
cultivar Nerac F1, obtained an average of 123.0 g kg–1 of dry matter, 59.0 g
kg–1 of total sugars and 18.2 g kg–1 of monosaccharides, irrespective of the
experimental factors.

According to PRÊDKA, GRONOWSKA-SENGER (2009), the content of dry matter
and sugars in vegetables depends not only on the cultivar, soil properties or
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weather conditions during the growing season, but also on the type and
amount of mineral nutrition. Our own investigations confirm it, because the
applied foliar fertilization caused changes in the content of the analyzed
compounds. Each of the applied magnesium doses caused a significant in-
crease in the content of dry matter and total sugars, which are its main
component. Similar results were obtained in a trial by MAJKOWSKA-GADOMSKA,
WIERZBICKA (2010), where carrots were soil fertilized with the multi-compo-
nent fertilizer Crop Care. In the experiments of these authors, this increase
was 5.4% for dry matter and 5.3% for total sugars. However, RUTKOWSKA

(2005) claims that the chemical composition of vegetables is first and fore-
most determined genetically, and then by the method and conditions of cul-
tivation. Although the author observed different content of dry matter and
sugars in vegetables (potato, carrot) grown with different methods (organi-
cally and conventionally), the differences were not statistically proven.

Most of the carrot produced in Poland is stored before consumption, for
up to 6 to 8 months, depending on a cultivar and the quality of carrot yield
(GAJEWSKI et al. 2010). After KARKLELIENE et al. (2008), the lack of stable mois-
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ture conditions during the intensive growth of carrot roots may impair the
quality and resistance of these roots to decay during their storage. In turn,
SUOJALA (2000), SELJASEN et al. (2001), GAJEWSKI et al. (2009, 2010) state that
the storage conditions are among the most important factors affecting the
quality of carrot roots. ZIMOCH-GUZOWSKA, FLIS (2006), BOMBIK et al. (2007),
WSZELACZYÑSKA et al. (2007), POBERE¯NY, WSZELACZYÑSKA (2011) report that the
scale of changes in dry matter and sugar content in vegetables depends first
of all on a cultivar, fertilization during the vegetative growth, and on the
duration and temperature of storage. In the present experiments, after six
months of storage, the increase in the dry matter content was 2.2% for cv.
Koral and Perfekcja to 3.4% for Flacoro (Figure 2). GAJEWSKI et al. (2010), in
their storage experiment on eight carrot cultivars with different coloration
(white, orange and purple), after 6 months of storage, obtained similar to
our results with respect to the increase in the dry matter content (an aver-
age for all the cultivars 1.5%), but the results were not statistically proven.
Such a small difference is probably the result of different storage conditions,
because the water transpiration rate is higher in a mound than in a con-
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trolled environment. In the research by NAWIRSKA, KRÓL (2004), who ana-
lyzed the chemical content of roots of four carrot cultivars (Nantejska, Per-
fekcja, Dolanka, Flacoro) stored in a cool room for 60 days, detected a much
lower mean value of the content of dry matter (21.9%) as well as the total
sugars (20.7%) but a higher content of reducing sugars (8%) than in our
experiment (Tables 3-5). In turn, the differences for the cultivars Perfekcja
and Flacoro in dry matter and total sugars were 16.5 and 25.4 % as well as
0.6 and 34.9%, respectively. It can be presumed that such differences are
caused by the cultivation method, mainly fertilization, which in our experi-
ments was higher and more complex (additional fertilization with magnesi-
um). It can be also concluded the above authors probably detected a lower
content of dry matter and sugars in carrot roots immediately after harvest
than in our research, although no such information is given in the cited
articles.

The dry matter content in storage roots of the tested carrot cultivars
after six-month storage in relation to the applied fertilization with magnesi-
um was modestly different than after harvest. In this respect, 45 kg MgO
ha–1 was most successful in raising the dry matter content after storage
(Figure 2). However, it should be underlined that the presented dry matter
losses are the calculated and not the real ones, which should also reflect
the fresh mass losses of roots (POBERE¯NY, WSZELACZYÑSKA 2011).

Fig. 2. Changes in percentages of dry matter content in carrot roots depending
on a cultivar, fertilization and storage duration – mean value for 2007-2009

(kg ha–1)

Bejro       Flacoro       Karotan         Koral       Perfekcja
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The results on total sugars are contrary (Figure 3). After the long-term
storage, a significant loss of total sugar was determined, which is in accord-
ance with the results of SUOJALA (2000). In contrast, GAJEWSKI et al. (2010)
obtained a significant increase in these compounds. This discrepancy could
have been caused by higher temperature during the storage in a mound,
which accelerates degradation of oligosaccharides

Fig. 3. Losses as percentage of total sugar content in carrot roots depending on a cultivar,
fertilization and storage duration – mean value for 2007–2009

Bejro       Flacoro       Karotan         Koral      Perfekcja

It is known that during storage decomposition exceeds synthesis. In con-
trast to the decrease in total sugars in all the investigated cultivars, the
content of reducing sugars went up (Figure 4). This coincides with the opin-
ion of SUOJALA (2000), who noticed that during storage the following changes
in saccharides occur: there are less oligosaccharides but more monosaccha-
rides. The increase in monosaccharides could be affected not only by a high
and unstable temperature in a mound, accelerating respiration processes,
but also by the intensive growth of leaves and forking at the end of storage.

The results of linear correlation are given in Tables 6 and 7. As seen in
Table 6, the quantities of yield were negatively correlated with the content

fertilization MgO (kg ha–1)
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of dry matter (r=-0.498) and positively with the content of monosaccharides
(r=0.614). This means that the increase in the total yield of carrot storage
roots resulted in lower dry matter but higher content of monosaccharides.

The total sugar content was positively correlated with the content of
dry matter (r=0.773) and with reducing sugars (r=0.502). A similar albeit
stronger dependency was also observed after storage (Table 7), i.e. r=0.767
for dry matter and r=0.659 for monosaccharides. This result is obvious be-
cause sugars are the main component of dry matter.

CONCLUSIONS

1. Irrespective of the years and magnesium fertilization level, the high-
est yield of storage roots of carrot was obtained from the cultivars Flacoro
and Berjo; the lowest one was produced by cv. Karotan.

2. Each of the applied doses of magnesium resulted in a significant in-
crease in the yield of carrot storage roots. The most successful was the
dose of 45 kg MgO ha–1, where the highest increase of yield was achieved.

3. Storage roots of carrot of cv. Karotan contained most of the dry mat-
ter and total sugars; the cultivar Berjo had the lowest content of dry matter
and sugars.

4. Increasing fertilization with magnesium caused a significant increase
in the dry matter content, reducing and total sugars in carrot storage roots,
and the dependencies remained detectable after storage. The dose of 45 kg
MgO ha–1 proved to be the most effective.

5. Six-month storage time caused an increase in dry matter and total
sugars content and a decrease in reducing sugars in carrot roots.
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Abstract

The concentrations of available forms of trace elements in the soil are mostly deter-
mined by their total content and soil processes. Soil organic matter and pH are the key
factors affecting the content and mobility of heavy metals in soil. According to many au-
thors, the toxicity of heavy metals and their availability to plants increase due to soil acidi-
fication caused by sulfur deposition. The direct and residual effect of sulfur fertilization on
changes in the heavy metal content of soil has to be taken into account in environmental
analyses in agricultural areas, including environmental impact assessments and predictions.
The objective of this study was to determine the effect of increasing doses of sulfate and
elemental sulfur on changes in the concentrations of available zinc and copper in soil sam-
ples collected at a depth of 0-40 and 40-80 cm. A three-year field experiment was conduc-
ted on Dystric Cambisols (FAO), of the granulometric composition of heavy loamy sand.
Soil samples were collected from each plot, prior to the establishment of the trials, after
each harvest and before sowing the consecutive crop. The soil samples were used to de-
termine the concentrations: Zn and Cu in soil (extractions with 1 mol HCl dm–3, the ratio
between soil and extraction – 1:10) was determined by the AAS method using a Schima-
dzu AA apparatus. The results of the yields and chemical analysis of soil were processed
statistically with the analysis of variance. The application of sulfate and elemental sulfur
decreased the zinc content of 0-40 and 40-80 cm soil layers, as compared with soil sampled
before the experiment. Sulfur fertilization had no effect on changes in copper concentra-
tions in both soil horizons. The sulfur doses applied in the experiment did not affect the
natural content of zinc and copper in the soil, and had no negative agricultural or environ-
mental impacts.
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Key words: fertilizer, sulfate sulfur, elemental sulfur, available forms, zinc, copper, inter-
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ZMIANY ZAWARTOŒCI PRZYSWAJALNYCH FORM CYNKU I MIEDZI
W GLEBIE NAWO¯ONEJ SIARK¥

Abstrakt

Procesy glebowe oraz ogólna zawartoœæ metali ciê¿kich w glebie wp³ywaj¹ na zawar-
toœæ ich form przyswajalnych. Materia organiczna wraz z pH gleby s¹ najwa¿niejszymi czyn-
nikami kszta³tuj¹cymi zawartoœæ i mobilnoœæ metali ciê¿kich w glebie. Nawo¿enie gleb siar-
k¹ przez zakwaszenie mo¿e wp³ywaæ na zwiêkszenie toksycznoœci i biodostêpnoœci metali
ciê¿kich dla roœlin. Zbadanie bezpoœrednich i nastêpczych efektów nawo¿enia siark¹ na
zmiany zawartoœci metali ciê¿kich w glebie ma znaczenie w ocenie skutków oraz monitoro-
wania zmian przyrodniczych warunków na obszarach rolniczych. Celem pracy by³a ocena
wp³ywu nawo¿enia wzrastaj¹cymi dawkami siarki siarczanowej i elementarnej na zmiany
zawartoœci przyswajalnych form cynku i miedzi w dwóch poziomach gleby: 0-40 i 40-80 cm.
Trzyletnie doœwiadczenie polowe za³o¿ono na glebie brunatnej, kwaœnej o sk³adzie granulo-
metrycznym piasku gliniastego mocnego. Glebê do analiz chemicznych pobierano wiosn¹
i jesieni¹. W próbkach glebowych oznaczono zawartoœæ przyswajalnych form cynku i  mie-
dzi w wyci¹gu 1 mol HCl (stosunek gleby do roztworu ekstrakcyjnego wynosi³ 1:10) meto-
d¹ absorpcyjnej spektrometrii atomowej. Wyniki analiz chemicznych gleby opracowano sta-
tystycznie metod¹ analizy wariancji. Po zastosowaniu siarki siarczanowej i elementarnej
nast¹pi³o zmniejszenie zawartoœci Zn w glebie w poziomach 0-40 i 40-80 cm w porównaniu
z gleb¹ przed za³o¿eniem doœwiadczenia. Nawo¿enie siark¹ nie mia³o wp³ywu na zmiany
koncentracji przyswajalnej formy miedzi w obu poziomach gleby. Wniesione dawki siarki
nie zaburzy³y naturalnej zawartoœci badanych mikroelementów w glebie w aspekcie rolni-
czo-przyrodniczym.

S³owa kluczowe : nawo¿enie, siarka siarczanowa, siarka elementarna, formy przyswa-
jalne, cynk, miedŸ, interakcja.

INTRODUCTION

Concentrations of available forms of trace elements in soil are mostly
determined by their total content and soil processes. Soil organic matter
and pH are the key factors affecting the content and mobility of heavy met-
als in soil (SOLIMAN et al. 1992, MARTINEZ, MOTTO 2000, BORÙVKA, DRÁBEK 2004,
ŠICHOROVÁ et al. 2004, TERELAK et al. 2001). Another important consideration
is human activity, which contributes to soil contamination in some regions
of Poland, thus leading to changes in the natural microelement content. As
demonstrated by ¯ARCZYÑSKI et al. (2011), also land management has a signif-
icant effect on the zinc and copper content of soil.

In the Province of Warmia and Mazury, average zinc and copper concen-
trations in agricultural soils are considerably lower than the average levels
determined in other regions of Poland. The above soils have a natural (0o)
heavy metal content (TERELAK et al. 2001).
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According to many authors (NEDERLOF, RIEMSOLIJK 1995, TEMMINGHOFF et
al. 1997, MOTOWICKA-TERELAK et al. 1998), the toxicity of heavy metals and
their availability to plants increase due to soil acidification caused by sulfur
deposition. However, some elements – including zinc and copper – precipi-
tate as sulfides and sulfates, to produce forms that are relatively immobile
in the soil profile (KABATA-PENDIAS, PENDIAS 1992).

The objective of this study was to determine the effect of increasing
doses of sulfate and elemental sulfur on changes in the concentrations
of available zinc and copper in soil samples collected at a depth of 0-40 and
40-80 cm.

MATERIAL AND METHODS

A three-year field experiment was conducted from 2000 to 2002, in
a village in north-eastern Poland. The village is distant from larger industri-
al plants which emit sulfur compounds and lies far from any big cities. The
concentration of sulfur in the soil were not caused by human activity.

The trial was set up on Dystric Cambisols (FAO), of the granulometric
composition of heavy loamy sand. The initial soil had the following proper-
ties: pH(KCl) = 5.30, mineral nitrogen 24.0, sulphate sulfur 4.10, available
phosphorus 34.5 and potassium 110.0 mg kg–1 of soil. The annual rates of
sulphate sulfur (SO4

2–-S) and elemental sulfur (S-0-S) were: S1 – 40, S2 – 80
and S3 – 120 kg ha–1. Air-dry soil was passed through a 1 mm mesh sieve.

The permanent experiment was established in a random block design
and consisted of eight fertilization treatments with four replications:
1) unfertilized control, 2) NPK, 3) NPK + S1-SO4, 4) NPK + S2-SO4, 5) NPK
+S3-SO4, 6) NPK +S1-S

0, 7) NPK +S2-S0, 8) NPK +S3-S0.
Nitrogen in the form of ammonium nitrate or ammonium sulphate,

phosphorus in the form of triple superphosphate, potassium in the form
of potassium salt of 60% or in the form of potassium sulphate, sulfur in the
form of potassium sulphate and ammonium sulphate supplementation as well
as in the form of elemental sulfur. The NPK rates (Table 1) depended on
the crop species and soil fertility. The experiment did not apply the soil
fertilization  microelements.

Soil samples were collected from each plot, at 0-40 and 40-80 cm depths,
prior to the establishment of the trials, after each harvest and before sow-
ing the consecutive crop. Air-dry soil was passed through a 1 mm mesh
sieve. The soil samples were used to determine the concentrations: Zn and
Cu in soil (extractions with 1 mol HCl dm–3, the ratio between soil and
extraction – 1:10) was determined by the AAS method using a Schimadzu
AA apparatus.
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The results of the yields and chemical analysis of soil were processed
statistically with the analysis of variance for a two-factor experiment in
a random block design, using the form of sulfur as factor a and rate of
sulfur as factor b. Additional statistical analyses were performed with the
software package Statistica 6.0 PL, to carry out analysis of regression with
Duncan’s tests with an aim of determining statistical differences between
sets of data.

RESULTS AND DISCUSSION

A three-year field experiment was carried out to determine the effect
of fertilization with sulfate or elemental sulfur at a dose of 40, 80 and 120 kg
ha–1 on the zinc and copper content of the 0-40 cm and 40-80 cm soil hori-
zons. Before the experiment, zinc concentrations ranged from 15.65 to
17.00 mg kg–1 in the 0-40 cm soil layer, and from 5.80 to 7.60 mg kg–1 in
the 40-80 cm soil layer.

In the autumn, after cabbage harvest, considerable changes were noted
in the zinc content of the 0-40 cm horizon, which reached 3.82-16.18 mg kg–1

(Table 2). The application of both sulfur forms led to a substantial decrease
in zinc levels, compared with the NPK treatment. Sulfate and elemental
sulfur applied at 80 kg contributed to a higher increase in the zinc content
of soil, in comparison with other sulfur treatments. After cabbage harvest,
zinc concentrations at the depth of 40-80 cm (Table 3) were significantly
affected by sulfur form and dose. Increasing sulfur doses (in particular 120 kg
ha–1 S-S-0) led to an increase in the zinc content of soil.

In the spring, before sowing onion seeds, zinc concentrations in the
0-40 cm horizon (Table 2) decreased substantially, relative to the correspond-
ing treatments before the experiment. The sulfur form had no significant
influence on changes in the zinc content of soil. The sulfur doses applied in
the experiment contributed to an increase in soil zinc concentrations, com-
pared with the NPK treatment. The only exception was the treatment ferti-
lized with 80 kg ha–1 S-S0.
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In the autumn, after onion harvest (Table 2), the zinc content of the
0-40 soil layer was significantly affected by the sulfur form and dose. Zinc
levels increased considerably in treatments fertilized with 40 and 80 kg ha–1

S-SO4
2–

. Sulfate exerted a stronger effect than elemental sulfur.
In the 40-80 cm soil layer (Table 3), zinc concentrations increased con-

siderably compared with the initial levels and the corresponding treatments
in previous years. This trend was particularly noticeable after the applica-
tion of 120 kg sulfate and elemental sulfur.

In the spring, before spring barley sowing, zinc levels tended to increase
in the 0-40 cm horizon (Table 2) as a result of soil fertilization with increas-
ing elemental sulfur doses. Neither the sulfur form nor its dose had a sig-
nificant effect on the zinc content of soil. A similar trend was observed in
the 40-80 cm soil layer (Table 3).

At the end of the study, zinc concentrations in the 0-40 cm soil layer
ranged from 2.92 to 3.99 mg kg–1, irrespective of sulfur doses, and they
were generally considerably lower than in the corresponding treatments in
the first and second year of the study. This could be due to increased bioa-
vailability of zinc. KAYSER et al. (2001) demonstrated that the application of
elemental sulfur increased zinc solubility in the soil and utilization by plants.
KAYA et al. (2009) found that the application of elemental sulfur and sulfur-
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containing waste resulted in a decrease in soil pH, but it also increased the
concentrations of nutrients available to plants, such as Zn, Cu and Mn. Dif-
ferent results were reported by MODAISHSH et al. (1989) and ABDOU et al. (2011)
who did not observe an increase in zinc availability to plants as a result of
elemental sulfur fertilization.

Zinc concentrations in soil samples collected at the depth of 40-80 cm
were significantly affected only by a sulfur dose. Sulfate (in particular at
40 kg ha–1) exerted a stronger effect than elemental sulfur on the soluble
zinc content of soil. Zinc depletion was noted in comparison with soil sam-
ples collected before the experiment and after the first and second year
of the study.

Before the experiment, the copper content of the 0-40 cm soil layer was
similar in all treatments and tended to increase in the treatment with
a single dose of elemental sulfur. In the 40-80 cm horizon, copper levels
ranged from 1.00 to 1.26 mg kg–1. In the autumn, after cabbage harvest,
the copper content of the 0-40 cm soil layer remained at a stable level in all
treatments (Table 4). Neither the sulfur form nor its dose had a significant
effect on changes in copper concentrations, which tended to increase in the
treatment with a single dose of elemental sulfur. The experimental factors
had no significant influence on changes in copper concentrations in the
40-80 cm horizon (Table 5).
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In the spring, before sowing onion seeds, only the sulfur form had a
significant effect on changes in the copper content of the 0-40 cm soil layer.
Sulfate, compared with elemental sulfur, caused a significant increase in
copper concentrations. This could have resulted from changes in soil pH.
Sulfur decreases soil pH and increases the solubility, availability and mobili-
ty of heavy metals (TICHÝ et al. 1997, SEIDEL et al. 1998, KAYSER et al. 2000,
CUI et al. 2004, MARTINEZ et al. 2000). The effect of soil pH on heavy metal
mobility can be expressed as a solubility product – a decrease in soil pH by
one unit causes a 100-fold increase in the potential solubility of heavy met-
als. In soils contaminated by several heavy metals, the so-called salt effect
is observed – the presence of one ion enhances the activities of the remain-
ing ions, thus increasing the bioavailability of heavy metals (MOTOWICKA-
-TERELAK, TERELAK 1998).

In the autumn, after onion harvest, sulfur fertilization increased the
copper content of the 0-40 cm soil layer, compared with the NPK treatment.
S-SO4

2– applied at 40 and 80 kg ha–1 led to an increase in copper concentra-
tions, in comparison with the remaining sulfur doses. Sulfur form had no
significant influence on copper levels. Increasing doses of sulfate and ele-
mental sulfur had no significant effect on the copper content of soil samples
collected at a depth of 40-80 cm (Table 5).

In the spring of the third year of the study, copper concentrations in
the 0-40 cm horizon ranged from 1.61 to 1.87 mg kg–1, regardless of sulfur
forms (Table 4). The copper content of soil fertilized with 40 and 80 kg ha–1

S-SO4
2– increased, similarly as in the first year of the experiment. The

application of different forms and doses of sulfur had no significant impact
on copper concentrations in the 40-80 cm soil layer (Table 5), which in-
creased slightly relative to the corresponding treatments in the fall of 2001.

At the end of the experiment, copper concentrations in the 0-40 cm soil
layer were comparable, irrespective of sulfur forms and doses. A minor de-
crease in the copper content was noted compared with soil samples collect-
ed before the experiment. A similar trend was observed in the 40-80 cm
horizon, which could have been due to the copper uptake by plants. (SKWIERA-
WSKA et al. 2008b). KAYA et al. (2009) reported that increased application of
elemental sulfur led to a significant increase in the average copper content
of plants. In our study, sulfur fertilization had no significant effect on chang-
es in the copper content of soil at the depths of 0-40 and 40-80 cm through-
out the experiment.
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CONCLUSIONS

1. The application of sulfate and elemental sulfur decreased the zinc con-
tent of  the 0-40 and 40-80 cm soil layers, as compared with soil sampled
before the experiment.

2. Sulfur fertilization had no effect on changes in copper concentrations
in both soil horizons.

3. The sulfur doses applied in the experiment did not affect the natural
content of zinc and copper in the soil, and had no negative agricultural or
environmental impacts.
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Abstract

This study covered soils containing sulphides (Potential Acid Sulphate Soils - PASS),
located on Karsiborska Kêpa Island (NW Poland). The aim was to analyse changes in
some soil properties caused by the oxidation of sulphides to sulphates for developing a new
methodology. Soil samples taken from one representative pedon were oxidized under labo-
ratory conditions for 8 weeks (incubation method). During this period the concentra-
tion of sulphates and pH in the soil extract  was measured at multi-day intervals. Soil
organic horizons characterized by a relatively high content of total sulphur (> 0.75%) sho-
wed no decrease in pH below 4 due to the oxidation. The opposite was observed in the
case of sandy horizons, poor in sulphur.  The rate of pH decline during incubation was
the highest in the initial period of oxidation, which justifies the need to perform some
soil analyses in samples of fresh /wet soil within 48 hours of sampling. The results ena-
bled us to propose a  procedure for soils containing sulphides, which included both field
and laboratory tests, with special care taken to preserve as much as possible the natural
reducing environment.

Key words: potential acid sulphate soils, iron sulphides, oxidation, soil acidification.

WP£YW UTLENIANIA SIARCZKÓW NA WYBRANE W£AŒCIWOŒCI GLEB

Abstrakt

Badania dotyczy³y gleb zawieraj¹cych siarczki (ang. Potential Acid Sulphate Soils -
PASS), zlokalizowanych na wyspie Karsiborska Kêpa (wsteczna delta Œwiny). Celem badañ
by³o okreœlenie zmian, jakie zachodz¹ w glebach przy przejœciu od œrodowiska redukcyjne-
go do utleniaj¹cego, pod k¹tem opracowania propozycji nowej procedury badawczej. Prace
takie w odniesieniu do PASS wystêpuj¹cych w Polsce nie by³y dotychczas prowadzone.
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Zgodnie ze standardami miêdzynarodowymi pobrane próbki glebowe poddano
8-tygodniowej inkubacji (utlenianiu) w warunkach laboratoryjnych. W trakcie tego okresu
wykonywano w kilkudniowych odstêpach oznaczenia stê¿enia siarczanów, a tak¿e pomiar
pH gleby.

Poziomy organiczne charakteryzuj¹ce siê relatywnie wysok¹ zawartoœci¹ siarki ca³ko-
witej (> 0,75) po utlenieniu nie wykazywa³y spadku pH poni¿ej 4. Odwrotny efekt obser-
wowano natomiast w przypadku poziomów piaszczystych ubogich w siarkê. Dynamika spad-
ków wartoœci pH by³a najwiêksza w pocz¹tkowym okresie inkubacji, co uzasadnia
koniecznoœæ wykonania pewnych analiz glebowych w próbkach œwie¿ych/wilgotnych mak-
symalnie w ci¹gu 48 h od momentu ich pobrania.

W przedstawionej propozycji metodyki badañ PASS, obejmuj¹cej zarówno prace tere-
nowe, jak i laboratoryjne, zwrócono szczególn¹ uwagê na mo¿liwie maksymalny stopieñ
zachowywania naturalnie wystêpuj¹cego œrodowisko redukcyjnego.

S³owa kluczowe: gleby zawieraj¹ce siarczki, siarczki ¿elaza, utlenianie, kwasowoœæ gleby.

INTRODUCTION

 Sulphur is a very important element in soil, because its presence is re-
quired for proper physiological functioning of plants (KLIKOCKA 2005). An ex-
cess of certain sulphur forms (sulphides, sulphates) in soils alongside some
other unfavorable environmental conditions may cause significant losses of
agricultural areas. Therefore, sulphurization is a major global problem, which
concerns mainly alluvial soils covering a total area of about 17.1 million hec-
tares in the world (ANDRIESSE, MENSVOORT 2006). There are two types of acid
sulphate soils. In anaerobic conditions, formation of reduced forms of sulphur
(sulphides, mainly pyrite) occurs. Soils which will be potentially oxidized if
drained are called potential acid sulphate soils (PASS). When these soils are
exposed to air due to drainage or some disturbance, sulphuric acid is pro-
duced, often releasing toxic quantities of iron, aluminium and heavy metals.
Such soils is defined as AASS – Actual Acid Sulphate Soils (DENT, PONS 1995).

In Poland, there are more than 20 sites with PASS and AASS. Most lie
in the Polish Baltic coastal zone (PRACZ 1989, PRACZ, KWASOWSKI 2001, NIEDŽW-
IECKI et al. 2002). Several stands have also been found in central and south-
ern Poland (CZERWINSKI 1996, HULISZ 2007). However, all previous
studies mostly focused on the basic recognition of Polish PASS and AASS.
A proposal for the classification of these soils was given by PRACZ (1989), but
unfortunately it has not been included either in the old or the new version
of the Taxonomy of Polish Soils (1989, 2011). Therefore, further studies aim-
ing at more detailed knowledge of PASS and AASS properties are needed. In
the future, it will also be necessary to add a description of these soils to the
next version of the Taxonomy of Polish soils.

The aim of this study was to determine changes that occur in different
soil samples during the transition from a reducing to an oxidizing environ-
ment, and to propose a procedure including both field and laboratory work.
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MATERIAL AND METHODS

The field work was carried out in September 2010 in the western part
of Karsiborska Kêpa Island (NW Poland; 53o51’41½N, 14o19’8½E). The study
area is subject to salinization due to backwater effects and seasonal flooding
from the Baltic Sea. There are soils formed both under the influence of the
Stara Œwina river water and seawater (thin peat or muck layers on alluvial
subsoils). According to the WRB classification (IUSS Working Group WRB
2007), they can be classified as Histic Fluvisols. It was previously stated
that the sulphide oxidation which occurred in these soils could lead to strong
acidification. The pH (in H2O) values determined in oxidized soil samples
can be lower than 3.5 (NIEDZWIECKI et al. 2000, 2002).

In this study, the standard methods for indirect determination of sul-
phides in soils were used. Thus, it was possible to identify the features
typical for PASS (DENT 1980). As the first criterion, which indicated the pres-
ence of strongly reducing conditions, voltage (Eh) below 30 mV was adopted
(Guidelines for Soil Description 2006). In a field study, potential redox (Eh)
was measured (potentiometric method) to obtain representative soil sam-
ples. The electrical conductivity of bulk soil (ECa) was also determined by
Time Domain Reflectrometry (TDR). The measurements were made at sev-
eral points (in shallow soil pits). Afterwards, one representative pedon was
selected and sampled for further analysis. The soil material (each sample
about 500 g), taken from five different horizons, was put in plastic bags to
avoid changes in the oxidation-reduction conditions. After the removal of
air, the plastic bags are tightly closed. The samples were immediately re-
frigerated. The first measurements in fresh/wet samples referred to the ac-
tual field conditions. Soil extracts were prepared by using ultrapure water
saturated with N2. The following properties were determined: reaction (pHa
in H2O) by the potentiometric method, SO4

2– ion concentration by the turbi-
dimetric method (the precipitation of sulphates from acidified solution with
BaCl2 and photometric measurement of the turbidity of the samples). More-
over, the actual soil moisture was determined by oven drying method. It was
necessary to express ion concentrations in relation to absolutely dry soil. 

According to the commonly used procedure (DENT 1980, IUSS Working
Group WRB 2007, SULLIVAN et al. 2009), soil samples were placed on plastic
trays, creating a layer of about 1 cm thickness, and then incubated at room
temperature for a period of 8 weeks (56 days). During this period, the mate-
rial was sampled in triplicate from each of the horizons for the laboratory
analysis (pH in H2O, SO4

2– concentration and actual moisture). All these
analyses were performed on 3, 6, 10, 14, 21, 28 and 56 day of the incuba-
tion.

Next, the following properties were determined in air-dry samples (after
incubation):

´
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– soil reaction (pHpox) after oxidation with 30% H2O2 by the potentiometric
method,

– organic carbon (Corg), total nitrogen (Ntot) and total sulphur (Stot) content
using a CNS Variomax analyser.

Based on the results obtained during incubation, the ratio of the con-
centration of sulphate ions on the different days of analysis (SO4x

2–
 ) to

their concentration in the soil sample before incubation (SO4a
2–

 ) was calcu-
lated according to the formula:

SO4x
2–

SO4a
2–

For interpretation of oxidation-reduction conditions in the soil, the re-
sults were transformed to rH values using the formula (IUSS Working Group
WRB 2007):

rH = 2pH + 2Eh/59

The rH values over 35 indicate strongly aerated environment, between
13 and 19 – formation of Fe2+/Fe3+ oxides and below 13 – sulphide forma-
tion.

The description of the soil horizons was made according to the WRB
(Guidelines for Soil Description 2006).

RESULTS AND DISCUSSION

Basic soil properties
Potential acid sulphate soils are formed when seawater or sulphate-rich

water mixes with waterlogged land sediments containing iron oxides and
organic matter in the absence of oxygen (PRACZ 1989, FITZPATRICK et al. 1998).
In freshwater environments, soil material oxidation does not usually result
in soil acidification because the content of sulphates is too low (LEONARD

et al. 1993).
The results of the basic soil analysis are presented in Table 1. The soil

was characterized by distinct stratification. Its morphology and properties
were formed by both the peat-forming and alluvial processes. The impact of
the seawater intrusion was evident. The salinity of the bulk soil (ECa) ranged
from 1.43 to 2.08 dS m–1.

The organic carbon content in the profile (Corg 0.33-34.5%) was related
to the presence of mineral (sandy) and organic (mucky, peaty and muddy)
horizons. The C:N ratio from 14 to 16 indicated progressive mineralization
of organic matter and silting.

, where x – the day of analysis.
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The total sulphur content in organic horizons (Ha, Her and Har) varied
between 0.78% and 1.93%. It was significantly higher comparing to the av-
erage values (0.05-0.67%) found in Polish mineral-organic and organic soils
(MOTOWICKA-TERELAK, TERELAK 1998). However, the mineral horizons were char-
acterized by a low St content, from 0.03% (Ahr) to 0.19% (Cr).

In the analysed profile, the C:S ratio decreased with depth. Lower C:S
ratios in deeper soil horizons (Har  – 7 and Cr  – 2) suggested some accu-
mulation of sulphides (BLOOMFIELD 1972, PRACZ 1989). This was also confirmed
by the occurrence of strong reducing conditions (Eh up to -70 mV, rH 12-14).
Moreover, there were no carbonates in the whole soil profile.

In the World Reference Base for Soil Resources classification (IUSS
Working Group WRB 2007) sulphide material is distinguished, which should
fulfill the following criteria: pH of 4.0 or more and 0.75 percent or more S
(dry mass) and less than three times as much of calcium carbonate equiva-
lent as S. According to these criteria, only the organic horizons character-
ized by neutral reaction (pHa), lack of carbonates and rich in sulfur can be
described as sulphidic material (Table 1). The criteria related to Stot and
CaCO3 content are not taken into account if the material is incubated (layer
1 cm thick) under field conditions and at room temperature. Then, pH should
drop by  0.5 or more units to 4.0 or less within 8 weeks.
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Changes in selected soil properties by oxidation
Soil pH measurements were made before (pHa, Table 1) and after sam-

ple oxidation, which was achieved by two ways. The first oxidizing agent
was a 30% hydrogen peroxide solution (pHpox). This method is commonly
used in the WRB classification (IUSS Working Group WRB 2007) for diag-
nostic recognition of sulphidic material under the field conditions. Forced
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oxidation with 30% H2O2 should lower pH values to 2.5 or less. It should be
noted that oxidation can also be influenced by the presence of organic mat-
ter or  manganese compounds. Therefore, the threshold pH value is much
lower than that adopted in the incubation method.

The pHa values ranged between 6.9 to 7.6 (Figure 1). The application of
H2O2 resulted in a significant decrease in pH values. The difference be-
tween pHa and pHpox increased with depth (from 2.5 to 6.2 pH units). In
the deeper horizons, pHa values ??below 2.5 were recorded: Her (1.1), Har
(1.4) and Cr (1.6). It allowed us to identify sulphidic material.

The second method was the incubation of soil samples in the laboratory.
During the incubation soil material is exposed to ambient conditions to sim-
ulate natural acidification behavior (SULLIVAN et al. 2009).

The pH measured on the last day of the incubation (pHox) decreased
from 0.4 (Ha) to 3.1 units (Cr) compared to pHa – Figure 1. The response to
change in the soil oxidation-reduction conditions was different at individual
horizons, depending on the type of material.  It should be noted that in the
whole profile there was no calcium carbonate, which would have buffered
pH declines.

Fig. 1. Variability of soil pH in selected profile:  I – before incubation (pHa), II – after
incubation (pHox), III – after oxidation by peroxide (pHpox)
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Figure 2 presents the dynamics of soil sample oxidation. The rate of pH
decline was expressed as a function of the time (∆pH/∆t). During the incu-
bation, certain minimum fluctuations (decrease/increase of the pH values)
were noted. Namely, the variable ∆pH/∆t was greater than 0 at some points
on the diagram. It can be explained by the lack of homogenization of the
soil material. The fastest pH decline (already during the first three days of
incubation) was recorded in sandy Cr horizon, characterized by the lowest
carbon content and a relatively high content of total sulphur (C:S = 2). The
value of pHox was 3.8, which allowed us to distinguish sulphidic material.
Despite having similar texture to Cr, the oxidation test of Ahr sample gave
clearly different results (pHox = 6.0). This can be linked to a higher content
of Corg and lower Stot (C: S = 54). In the case of organic horizons, the
maximum rate of pH decline occurred after 5 days from the start of incuba-
tion. The pHox values exceeded 4.0 and thus these horizons did not fulfill
the criteria for sulphidic material.

Finally, the biggest pH declines in the entire soil profile occurred within
the first 10 days. Over the next 10 days, the fluctuations were small. How-
ever, after 20 days of analysis, relative stabilization of pH levels was record-
ed. Therefore, it can be concluded that almost complete oxidation of sam-
ples took place after a 4-week period of the incubation, which is shorter
than recommended in the WRB classification, i.e. 8 weeks.

Fig. 2. Rate of pH decline caused by the soil sample incubation as a function of time

soil horizons:
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Beside the above changes in soil pH, the oxidation of sulphides causes
simultaneous increase of oxidized form of sulphur, namely sulphates (VI).
Comparing the results of SO4

2– determinations before and after incubation,
the highest increase in sulphate concentrations was observed in samples
taken from organic horizons: Her (from 38.2 to 279 mg 100 g–1 of absolutely
dry soil) and Har (from 19.7 to 131 mg 100 g-1 of absolutely dry soil). In Ha
horizon, characterized by a relative high Stot content (0.78%, Table 1), only
a slight increase in SO4

2– ions was noted (from 39.3 to 58.4 mg 100 g–1 of
absolutely dry soil). The smallest changes in SO4

2– concentrations appeared
in mineral, poor in sulphur (Stot < 0.2%) Ahr and Cr horizons (from 17.6 to
28.8 and from 10.8 do 48.3 mg 100 g-1 of absolutely dry soil, respectively).

Dynamics of the changes in SO4
2- ion concentrations in time is shown

in Figure 3. The SO4x
2–/SO4a

2– ratio specifies how many times the content
of sulphates over consecutive days of oxidation was higher than their con-
tent in the unoxidized sample. The ratio equal to 1 means that the amount
of sulphates was constant during the experiment, and the soil material did
not contain sulphides. The SO4x

2-/SO4a
2- ratio for Ha and Ahr horizons

ranged from 1 to about 2, while the deeper horizons (Her, Har, and Cr)
were significantly richer in sulphides (4-10).

Fig. 3. Changes in  the SO4x
2–/SO4a

2–  ratio as a result of sample incubation in 8 weeks

soil horizons

a
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Figures 2 and 3 shows a similar dynamic changes in pH and sulphate
content in the analysed soil horizons. This is understandable, given the fact
that the final product of sulphide oxidation is sulphuric acid. The results
suggest that the analysed soils are very sensitive to changes in redox condi-
tions. Therefore, inadequate regulation of the groundwater level could lead
to the soil degradation. This is particularly important because the studied
area belongs to habitats protected under the Nature 2000 network.

However, the results of other authors indicate that soil oxidation in
a laboratory gives a stronger acidification effect than oxidation caused by
natural soil drainage and exposure to atmospheric oxygen (van BREEMEN 1973,
DENT 1980, PRACZ 1989). Under field conditions, the total oxidation of sul-
phides does not occur as quickly as in a laboratory and sulphuric acid is
removed from soil by leaching (BLOOMFIELD, COULTER 1973).

Fig. 4. Proposed methodical procedure in studies of AASS

rH
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Methodical remarks
Soils containing reduced forms of sulphur (mainly iron sulphides), due

to their specific characteristics, require a special methodological approach.
It should particularly take into account the unique sensitivity of these soils
to changes in redox conditions (groundwater level), resulting in relatively
rapid acidification.

 The methodical procedure for PASS, which includes both field and labo-
ratory work, is proposed below (Figure 4). Such a methodical approach has
not yet been presented in Poland.

CONCLUSIONS

1. During the incubation of soil organic horizons, characterized by
a relatively high content of total sulphur (> 0.75%), pH did not decrease
below 4 as a result of oxidation. The opposite effect was observed in the
case of sandy horizons, poor in sulphur.  

2. The rate of pH decline and the increase in sulphate concentrations
during ther incubation were the highest in the initial period of the sample
oxidation, which justifies the need to perform some analysis in
samples of fresh /wet within 48 hours of sampling.

3. According to the WRB classification (2007), both types of the ana-
lysed soil horizons, despite the different characteristics, fulfilled
the diagnostic criteria for sulphidic material.

4. Soils containing reduced forms of sulphur (mainly iron sulphides),
due to their specific characteristics, require a special methodical approach.
A possible solutions could be the proposed procedure involving both field and
laboratory work.
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Abstract

A study has been undertaken to determine the effect of different cultivation condi-
tions for spring wheat cv. Koksa on the total ash, P, K, Mg, Ca, Fe, Zn, Mn, and Cu in
wheat grain. The study was conducted at Uhursk Experimental Farm (51o18’12½N,
23o36’50½E) of the University of Life Sciences in Lublin, in 2008-2010. The experimental
factors were: 1) systems of soil tillage: ploughing and ploughless, 2) doses of nitrogen: 90
and 150 kg ha–1, and 3) preceding crop: pea and soy. The objective was to evaluate the
impact of different soil tillage systems, doses of nitrogen fertilizers and preceding crops on
the content of mineral components in the grain of spring wheat cv. Koksa.

The study demonstrated that ploughless tillage increased the content of total ash, Zn
and Cu, while ploughing tillage raised the content of K, Mg and Mn in the grain. A stan-
dard dose of nitrogen (90 kg ha–1) facilitated the accumulation of K, Fe, Zn and Cu, whe-
reas a higher nitrogen dose (150 kg N ha–1) elevated the content of total ash and Mn in
grain of spring wheat. The grain of wheat cultivated after pea was characterized by a hi-
gher content of Ca, Fe and Zn, whereas that cultivated after soy contained more total ash,
K and Mn.

Key words: grain of spring wheat, mineral components, soil tillage, nitrogen dose, pre-
ceding crop.
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ZAWARTOŒÆ SK£ADNIKÓW MINERALNYCH W ZIARNIE PSZENICY JAREJ
ODMIANY KOKSA W ZALE¯NOŒCI OD WARUNKÓW UPRAWY

Abstrakt

Badano wp³yw zró¿nicowanych warunków uprawy pszenicy jarej odmiany Koksa na
zawartoœæ w ziarnie popio³u ca³kowitego oraz P, K, Mg, Ca, Fe, Zn, Mn i Cu. Badania pro-
wadzono w latach 2008-2010 w Gospodarstwie Doœwiadczalnym Uhrusk (51o18’12½N,
23o36’50½E) nale¿¹cym do Uniwersytetu Przyrodniczego w Lublinie. Czynnikami doœwiad-
czenia by³y: 1) systemy uprawy roli: p³u¿ny i bezp³u¿ny, 2) dawki azotu: 90 i 150 kg ha–1,
3) przedplony: groch i soja. Celem badañ by³a ocena wp³ywu zró¿nicowanych systemów
uprawy roli, wielkoœci dawek nawozów azotowych i przedplonów na zawartoœæ sk³adników
mineralnych w ziarnie pszenicy jarej.

Wykazano, ¿e bezp³u¿na uprawa roli wp³ynê³a na zwiêkszenie w ziarnie zawartoœci
popio³u ca³kowitego, Zn i Cu, natomiast p³u¿na uprawa – K, Mg i Mn. Standardowa dawka
azotu (90 kg ha–1) sprzyja³a gromadzeniu w ziarnie K, Fe, Zn i Cu, natomiast wysoka daw-
ka (150 kg N ha–1) zwiêksza³a udzia³ popio³u ca³kowitego i Mn. W ziarnie pszenicy upra-
wianej po grochu stwierdzono wiêksz¹ zawartoœæ Ca oraz Fe i Zn, natomiast uprawianej
po soi – wiêcej popio³u oraz K i Mn.

S³owa kluczowe: ziarno pszenicy jarej, sk³adniki mineralne, uprawa roli, dawka azotu,
przedplon.

INTRODUCTION

Wheat is a cereal of key significance in human nutrition. Wheat flour is
mainly used for bread making and pasta production. The quality of this
flour is determined by the functional value of grain (raw material), which in
turn is affected by the methods and conditions it is achieved with (PELTONEN,
VIRTANEN 1994, WOODING et al. 2000).

The content of mineral components in wheat grain depends on cultivar-
specific characteristics as well as soil-climatic and agritechnical conditions.
Among the latter, the content of ash is affected by mineral fertilization,
chemical plant protection against agrophages and soil tillage system (PARIS,
GAVAZZI 1972, WOZNIAK 2010). Mineral content of grain is additionally affected
by the class and composition of soil as well as a cultivation site (CUBADDA et
al. 1969). As claimed by MORRIS et al. (2009), the content of ash in wheat
grain is correlated more strongly with the weather course before harvest
and crop localization than with the genotype. Also BUDZYÑSKI et al. (2008)
demonstrated stronger dependence of ash content of grain on weather con-
ditions than on cultivar-specific traits. The mineral composition of grain is
also influenced by the species and cultivar of wheat, and by the weather
during grain maturation (RANHORT et al. 1995, RUIBAL-MENDIETA et al. 2005,
GONTARZ 2006). The content of ash additionally depends on cultivation condi-
tions. Grain of wheat cultivated in a monoculture was reported to contain
more minerals than wheat from crop rotation, which results from a high

´
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contribution of grain with low plumpness (WOZNIAK 2007). For similar rea-
sons, also ploughless soil tillage and low nitrogen fertilization are reported
to increase the content of minerals in grain (WOZNIAK 2010).

In view of the above, the objective of the study has been to evaluate
the impact of different soil tillage systems, doses of nitrogen fertilizers and
preceding crops on the content of mineral components in grain of spring
wheat cv. Koksa.

MATERIAL AND METHODS

The experimental material was grain of spring wheat of cultivar Koksa,
obtained from a field experiment conducted in 2008-2010 at the Experimen-
tal Farm in Uhrusk (51o18’12"N, 23o36’50"E) of the University of Life Sci-
ences in Lublin. The above cultivar belongs to the class of high quality
wheat (A) with good milling quality and very good flour strength as well as
with high resistance to sprouting.

The experiment was conducted on limestone soil formed from light clay
rich in available forms of phosphorus and potassium, of a slightly alkaline
pH (pH=7.2). The experimental factors were: 1) systems of soil tillage:
ploughing and ploughless, 2) doses of nitrogen: 90 and 150  kg ha–1, and
3) preceding crop: pea and soy. Soil tillage in the ploughing system consist-
ed in cultivation skimming after preceding crop harvest and deep fall plough-
ing. In the springtime, the soil cultivation included harrowing, pre-sowing
nitrogen fertilization and ploughing pre-sowing preparation with a cultiva-
tion kit. For comparison, soil tillage in the ploughless system involved the
substitution of skimming and fall ploughing by spraying Roundup 360 SL
herbicide (active subtsance glifosat) in a dose of 4 dm3 ha–1, whereas culti-
vating measures applied in the springtime were the same as in the plough-
ing system. Fertilization with nitrogen was applied in two doses, i.e. 90 and
150 kg ha–1, and on 4 dates. The standard dose (90 kg) was divided as
follows: 1 – before sowing 40 kg ha–1, 2 – propagation stage (23/24 in the
BBCH scale) 20 kg ha–1, 3 – shooting stage (32/33 in the BBCH scale) 20 kg
ha–1, 4 – ear formation stage (52/53 in the BBCH scale) 10 kg ha–1. The
higher dose of nitrogen (150 kg ha–1) was applied at the same stages, with
the broadcasting doses of 60, 40, 30 and 20 kg ha–1.

Plant protection measures were identical on all plots and consisted in
the eradication of fungal diseases with Alert 375 SC fungicide (flusilazole +
+ carbendazim) applied in a dose of 1.0 dm3 ha–1 at the shooting stage (32/33
BBCH) and Tilt Plus 400 EC (propiconazol + fenpropidin) – 1.0 kg ha–1 at the
ear formation stage (53/54 BBCH). Weed eradication in the wheat fields was
performed with Aminopielik D 450 SL herbicide (2,4-D + dicamba) applied in
a dose of 3.0 dm3 ha–1 at the propagation stage of wheat (23/24 BBCH).

´
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Determinations of the content of mineral components in wheat grain
were conducted after dry mineralization of the samples at a temperature of
600oC. The resultant ash was dissolved in 5 mL of 6M HCl, then filled up to
the volume of 50 ml with redistilled water. Measurements were carried out
with Atomic Absorption Spectrometry, with excitation in acetylene-air flame
in a UNICAM 939 apparatus.

The results were elaborated statistically with the analysis of variances,
whereas differences were estimated with Tukey’s test at a significance level
of p=0.05.

RESULTS AND DISCUSSION

The content of mineral components in grain of spring wheat was found
to be differentiated by the applied soil tillage systems (Table 1). The grain
originating from ploughless tillage was characterized by a significantly high-
er content of total ash (1.85%) than that from plots cultivated in the plough-
ing system (1.77%). Likewise, KRASKA (2011) demonstrated a higher content
of ash in wheat grain originating from fields subjected to conservation
(ploughless) rather than to intensive (ploughing) tillage. It may thus be spec-
ulated that the ash content of the grain of wheat cultivated in the plough-
less system is determined by a poorer development of the kernel endosperm
compared to the grain from plots with the ploughing tillage. Also our previ-
ous study (WOŽNIAK 2010) demonstrated that wheat grain from plots with
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ploughless tillage was characterized by lower density and poorer uniformity
than grain from ploughing tillage.

The ploughless soil tillage caused a significant increase in the content
of Zn and Cu in grain, as compared to the ploughing system. The reason
was that the availability of microelements in well-aerated soils is lower than
in less-aerated soils, hence it may be presumed that multiple aeration of
ground in the ploughing system depressed the availability of Zn and Cu,
unlike in the ploughless tillage. In turn, in the ploughing system the grain
was characterized by higher content of K, Mg and Mn. The higher concen-
tration of K and Mg in the grain may be explained by their higher availabil-
ity to plants for they more easily migrate into deeper soil layers, especially
of the intensively pulverized soil in the ploughing system. The availability
of manganese (Mn) was diminished in both cases due to the alkaline pH of
soil. The differentiated content of Mn in grain may be attributed to a differ-
ent moisture content of soil in both tillage systems.

Furthermore, the content of mineral components in wheat grain were
observed to be differentiated by nitrogen fertilization (Table 2). Grain from
the plots fertilized with the higher dose of nitrogen (150 kg ha–1) was chara-
cterized by a significantly higher content of ash and Mn than grain from
plots fertilized with the standard nitrogen dose (90 kg ha–1). Similar depen-
dencies were observed by JACKOWSKA and BORKOWSKA (2002). In turn, the stan-
dard dose of nitrogen led to a significant increase in the content of K, Fe,
Zn and Cu in grain compared to the higher nitrogen dose. As indicated by
the literature data, low content of nitrogen in soil restricts the availability
of some microelements, and thereby decreases their content in grain
(JACKOWSKA and BORKOWSKA 2002).
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The content of ash as well as macro- and microelements in the grain
examined was also significantly affected by the preceding crops (Table 3). On
the plots with soy grown before wheat, the wheat grain was characterized
by significantly higher content of total ash, K and Mn than on the plots
with pea as the preceding crop. In contrast, grain of wheat cultivated after
pea was characterized by considerably higher content of Ca, Fe and Zn. In
a study by GONTARZ (2006), the highest content of ash was reported in grain
of spring wheat harvested from a plot after 3 consecutive self-forecrops,
whereas a significantly lower one – after pea followed by potato and single
self-forecrop. The content of ash and minerals was also differentiated by the
year of study and advanced agricultural technology. The intensive level of
agricultural measures (increased fertilization with nitrogen and chemical pro-
tection against macrophages) resulted in an increased ash content of the
grain, compared to the minimal level.
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CONCLUSIONS

1. The content of mineral compounds in the grain of spring wheat cv.
Koksa was found to be differentiated by soil tillage systems. Ploughless till-
age facilitated the accumulation of total ash, Zn and Cu, whereas ploughing
tillage encouraged the accumulation of K, Mg and Mn in the grain.
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2. The standard dose of nitrogen (90 kg ha–1) raised the content of K,
Fe, Zn and Cu in the grain of spring wheat, whereas the higher dose of
nitrogen (150 kg N ha–1) elevated the content of total ash and Mn.

3. The content of minerals in the grain of spring wheat significantly
depended on a preceding crop. On the plot with pea grown before wheat,
the wheat grain was characterized by significantly higher content of Ca, Fe
and Zn, whereas on the plot with soy as a forecrop, the content of total ash,
K and Mn was higher.
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Abstract

The paper presents the diversity of herbaceous vegetation developing in a complex of
soda waste dumps in Krakow, which were reclaimed with a topsoil over 15 years ago
(1995) and left without further treatment. A total of 132 plots were selected using the
systematic method to determine some physical (texture composition, depth) and chemical
parameters (pH, electrolytic conductivity, content of N, C, P, K, Mg, Ca, and C:N) of the
topsoil. Plant species composition in each plot was determined using the Braun-Blanquet
method. In total 133 plant species, predominantly ruderal and meadow ones, were found
in the soda waste dumps. The areas dominated by ruderal species were characterized by
greater depth of the topsoil and abundance in nitrogen and phosphorus, which increased
the average plant height and plant cover. It was concluded that the reclamation method
used for the soda waste dumps gave rise to communities with the predominance of rude-
ral species and halted the succession at this stage. Development of vegetation into me-
adow communities would require the use of a topsoil of low fertility and small depth. The
species composition of the seed mixture intended for sowing on the reclaimed site should
be ecologically matched to local conditions. For satisfactory reclamation effects, it is neces-
sary to define the target characteristics of a plant community when determining the me-
thod of reclamation and land management.

Key words: soda waste dumps, reclamation, topsoil, vegetation.
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ROZWÓJ ROŒLINNOŒCI NA ZREKULTYWOWANYCH OSADNIKACH
POSODOWYCH: WP£YW W£AŒCIWOŒCI WARSTWY GLEBOWEJ

Abstrakt

W pracy przedstawiono zró¿nicowanie roœlinnoœci zielnej rozwijaj¹cej siê na komplek-
sie osadników posodowych w Krakowie zrekultywowanych przez pokrycie osadu warstw¹
nadk³adu glebowego przed 15 laty (w 1995 r.), i pozostawionych bez dalszych zabiegów pie-
lêgnacyjnych. W wyznaczonych metod¹ systematyczn¹ 132 powierzchniach badawczych
okreœlono wybrane parametry fizyczne (sk³ad granulometryczny, mi¹¿szoœæ) i chemiczne
(pH, przewodnictwo elektrolityczne, zawartoœæ N, C, P, K, Mg, Ca i C:N) nadk³adu glebo-
wego. Sk³ad gatunkowy roœlinnoœci na ka¿dym poletku okreœlono metod¹ Braun-Blanquet-
ta. Na osadnikach stwierdzono wystêpowanie 133 gatunków roœlin, wœród których domino-
wa³y gatunki ruderalne i ³¹kowe. Powierzchnie z dominacj¹ gatunków ruderalnych mia³y
wiêksz¹ mi¹¿szoœæ nadk³adu glebowego i zawiera³y wiecej azotu i fosforu, co wp³ynê³o na
wiêksz¹ œredni¹ wysokoœæ roœlin i wiêksze pokrycie powierzchni. Stwierdzono, ¿e metoda
rekultywacji zastosowana na osadnikach posodowych spowodowa³a wykszta³canie siê zbio-
rowisk roœlinnych z przewag¹ gatunków ruderalnych i zatrzymanie siê sukcesji na tym
etapie. Ukierunkowanie rozwoju roœlinnoœci na zbiorowiska ³¹kowe wymaga³oby zastoso-
wania nadk³adu glebowego o niskiej ¿yznoœci oraz niewielkiej mi¹¿szoœci. Sk³ad gatunkowy
mieszanki nasion przeznaczonej do wysiewu na rekultywowanym obiekcie powinien byæ
ekologicznie dostosowany do lokalnych warunków. Aby uzyskaæ zadowalaj¹cy efekt rekul-
tywacji, konieczne jest okreœlenie docelowych zbiorowisk roœlinnych na etapie ustalania me-
tody rekultywacji i zagospodarowania terenu.

S³owa kluczowe: osadniki posodowe, rekultywacja, nadk³ad glebowy, roœlinnoœæ.

INTRODUCTION

One of the problems in many urban and industrial agglomerations is
the reclamation and management of waste dumps of different origin e.g.
industrial. In the past, they were located outside the city boundaries, but as
the cities were growing, they were gradually incorporated into the urban
structure. The soda waste dump in Krakow (Poland) occupies a large area,
which is surrounded by developing housing estates. This should be prefera-
bly managed as an urban green area with recreational infrastructure, con-
sidering the shortage of such objects in the city. However, post-soda wastes
represent extreme conditions for vegetation development. A very high CaCO3
content and strongly alkaline reaction are not found in natural habitats.
Other problems are high salinity, deficit of nitrogen and potassium as well
as solidity of soda waste after sedimentation (TRZCIÑSKA-TACIK 1966, BOROÑ,
NAGAWIECKA 1995, SIUTA 2007). Such harsh conditions induce low floristic di-
versity and morfological deformations of spontaneously occurring plants
(TRZCIÑSKA-TACIK 1966). Application of some reclamation measures to improve
the habitat seems to be indispensable, e.g. the biological reclamation meth-
od worked out for soda waste dumps in Janików using sewage sludge (SIUTA

2007).
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The nature of derelict land determines the method of technical and bio-
logical reclamation, thus entailing further processes that occur in the devel-
oping ecosystem (BRADSHOW 2000). One of the reclamation procedures is to
cover derelict land with a topsoil. This method enables the land to turn
green rapidly by sowing conventional meadow grass seed mixtures (MARTÍNEZ-
-RUIZ, FERNÁNDEZ-SANTOS 2005, MARTÍNEZ-RUIZ, MARRS 2007). In such a situation,
it is necessary to predetermine the target characteristics of the ecosystem
and to adapt the reclamation process as well as  possible cultivation meas-
ures (BLOOMFIELD et al. 1982) needed to form and maintain desired ecosys-
tem types. Most sites can accommodate a variety of plant communities if
provided sufficient topsoil (CARNELL, INSLEY 1982, BRADSHAW 1984 after ROBIN-
SON, HANDEL 1995). However, the sites reclaimed by means of topsoil cover-
ing may create conditions that hinder the development of stable plant com-
munities (ATHY et al. 2006). In the case of capped landfills soil degradation
problems include compaction, decreased permeability, lack of organic mate-
rial, diminished soil fauna, inappropriate soil texture (EWING 2002) and also
shallow soil, water-logging and drought (DOBSON, MOFFAT 1993). The correla-
tion between biomass and soil cover depth is confirmed by research con-
ducted on different sites, e.g. a reclaimed waste dump (BOWEN et al. 2005).

After years, the reclamation of the soda waste dumps with the use of
topsoil gave rise to a mosaic of vegetation patches with different species
composition, plant cover and main biomass height. The technical reclama-
tion combined with seed sowing initially produced a plant cover composed
mainly of the meadow species commonly used in the reclamation of derelict
land, but the abandonment of management measures caused changes in the
species composition, i.e. spontaneous succession. In the case of depositional
soils, it may be either primary succession, because it develops on a substra-
tum that is not typical soil, or secondary succession, because it may contain
plant propagules (REBELE 1992). That is why vegetation development on re-
claimed soda waste dumps differs from succession in natural areas but also
from succession taking place directly on the waste substratum, e.g. on an
unreclaimed soda waste dump (ZARZYCKI, ZAJ¥C 2001) or post-coal mining heaps
(ROSTAÑSKI 2006).

The aim of this study was to evaluate the plant establishment pattern
on soda waste dumps reclaimed by the topsoil method and to determine the
effect of some physical and chemical properties of the soil cover used in the
reclamation on species composition.

MATERIALS AND METHODS

The Krakow Soda Plant Solvay was in operation during 1901-1994. The
basic products were raw soda, soda ash, and caustic soda, the manufacture
of which generated huge amounts of waste deposited into sedimentation la-
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goons, called “white seas” (N 50°00´30½; E 19°56´26½). This waste consisted
mainly of water, compounds of calcium, chloride and silicon dioxide (PA£KA,
SANECKI 1992) and was characterized by high alkalinity and salinity (BOROÑ

et. al. 2000).
At the time of the plant’s liquidation, the area of soda waste dumps in

need of reclamation totalled 84.65 ha (MA£ECKI 1997). Reclamation work was
carried out in the largest complex of soda waste dumps (17.43 ha). It in-
volved levelling of the embankments, strengthening the scarps and covering
with topsoil. Fertilizing and a grass and legume seed mixture were also
applied, but no detailed information is available. The reclamation ended in
1995 and since then the soda waste dumps have been left untreated. At
present, the area is overgrown with herbaceous plants and small clusters of
trees. The only source of water for the vegetation is precipitation. In Kra-
kow, the total annual precipitation usually varies between 650-700 mm. The
sum of average monthly precipitation from May to September reaches
406 mm, with the maximum amount in July. The mean annual air tempera-
ture is 8.7oC. The coldest period of the year is between the second decade
of January and the beginning of February, while the warmest period from
the second half of July to the first decade of August. During the year, west-
ern winds prevail (about 25%), but also a very high frequency of calms
(25.1%) is noted (MATUSZKO 2007).

The investigations were conducted in 2007-2009. A total of 132 plots,
with an area of 25 m2 each, were designated for characterizing the proper-
ties of the topsoil used for reclamation and the plant cover. The plots were
laid out in a 30 by 30 m grid.

All plant species on each plot were recorded and the plant cover was
estimated according to the Braun-Blanquet scale. Species were classified into
meadow and ruderal ones according to ELLENBERG et al. (1992). Species con-
stancy, i.e. the percentage of plots in which a species occurred, and cover
coefficient (Cc), which describes the proportion of a species in plant cover,
were calculated for each species. The cover coefficient was calculated ac-
cording to Braun-Blanquet (1964), where Cc = 100 Σ cover of the species in
all plots divided by number of plots.

Each of the 132 designated plots was measured for depth of the topsoil
and soil samples (mixed from three sub-samples) were collected for laborato-
ry analysis and tested for:
– grain-size distribution – Bouyoucos-Casagrande method modified by Pró-

szyñski;
– pH in H2O and KCl (soil: water ratio 1:2,5);
– electrical conductivity (EC);
– organic carbon – Tiurin method;
– total nitrogen – Kjeldahl method;
– available phosphorus and potassium – Egner-Riehm method;
– total calcium and magnesium – ICP–AES method (samples were subjected to

wet mineralization, then vaporized to dryness and dissolved in acid (ZAJ¥C 2009).
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Diversity of species composition and the effect of topsoil parameters were
analysed by multivariate analysis. Detrended Correspondence Analysis (DCA)
was performed in CANOCO ver. 4.5 (TER BRAAK, SMILAUER 2002) to order spe-
cies, plots and topsoil parameters along the axis. Significance (percentage of
explained variation) of each axis is expressed through eigenvalues. The gra-
dient length, expressed in standard deviation units, is calculated by nonline-
ar scaling of each axis and expresses the exchange of species relative to the
axis. Correlations between topsoil parameters,  parameters of community
structure and individual DCA axes were computed based on Pearson’s corre-
lation coefficient. For statistical analysis, the Braun-Blanquet scale was trans-
formed into percentage scale. Square root transformation and downweight-
ing of rare species were used. To meet the normal distribution assumption,
the data were in some cases log-transformed prior to statistical analysis.

RESULTS AND DISCUSSION

The basic chemical properties of the topsoil used to reclaim the soda
waste dumps (Table 1) are not significantly different from those found in
natural habitats. During the reclamation process, the soda waste dumps were
covered with a topsoil (average depth 0.25 m) which was composed predomi-
nantly of the clay fraction. The soil cover has a low phosphorus content. On
the other hand, the content of potassium and magnesium is very high, which
may be associated with the dominant soil type and the fertilization carried
out as part of the reclamation operations. Noteworthy is a very high total
calcium content (an average of 18 251.4 mg kg–1 soil), which probably re-
sults from some components of the soda waste permeating into the soil
cover, also with the participation of the soil fauna (POŒPIECH, SKALSKI 2006).
This probably influences the pH, which is close to alkaline. For most sam-
ples, the C:N ratio ranges between 8:1 and 12:1, i.e. within the most com-
mon range found in the mineral soils of Poland (LITYÑSKI et al. 1976). The
topsoil used in the reclamation of depositional sites is usually of low quality,
often comes from deep building excavations (ROBINSON, HANDEL 1995), and
sometimes contains contaminants of different origin. Also in the area of the
investigated soda waste dumps, especially near the embankments, the recla-
mation material cover contained waste components (especially construction
debris, building felt, etc.), which may influence both ecosystem development
and the application of management measures  (ZAJ¥C 2009).

The development of vegetation in the analysed soda waste dumps
showed considerable variation. Over 70% of the plots was characterized by
an incomplete plant cover. The height of the main plant mass ranged from
10 cm to 130 cm. In total133 plant species were found in the investigated
plots, including 47 meadow and 40 ruderal ones (Table 2). The other 46
were species of diverse habitat requirements.
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Although soils with a high content of clay fraction make a good insula-
tion layer, they generally have unfavourable physical properties with poor
aeration and permeability. Water-logging may occur in wet periods and ex-
cessive drying out of the topsoil in dry periods (EWING 2002). The species
composition in the dumps reflected the varying degrees of soil moisture.
Some areas were colonized by species typical of dry habitats (e.g. Campanu-
la rapunculoides, Poa compressa, Filipendula vulgaris) and others by species
typical of wet habitats (e.g. Lysimachia vulgaris, Phragmites australis).

Over the past 15 years, the vegetation dominated by species that ap-
pear spontaneously has developed on the investigated area. Urban and in-
dustrial areas are often characterized by the occurrence of a relatively large
number of species in a small area (ANGOLD et al. 2006). Ruderal and meadow
species predominate, but species from very diverse habitats are found. Oc-
currence of both ruderal and meadow species in the course of succession is
typical of many areas of anthropogenic origin (KUTYNA et al. 2007).

On the soda waste dumps the group of meadow species included many
species of high constancy (16 species with constancy above 30%). However,
their cover coefficients were low (770 at most). Ruderal species occurred
with much lower constancy (10 species with constancy above 30%), but of-
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ten dominated in individual plots. The species widely distributed and often
showing a high degree of plant cover was Calamagrostis epigejos. Except
Trifolium medium, the other species occurred sporadically and were charac-
terized by a low degree of plant cover.

Similarities in species composition between individual plots were rela-
tively small, as confirmed by the results of Detrended Correspondence Anal-
ysis (DCA) – Table 3. The gradient length of the first three axes was similar
(about 3 SD). The first two axes account for 13.6% of the total variation and
the first four for 22.5%.

The main gradient in species composition, illustrated by the first DCA
axis, is associated with an increasing depth of the topsoil, nitrogen and phos-
phorus content. This axis correlates positively with the proportion of the
sand fraction and negatively with the proportion of clay fraction. The first
axis also correlates with the proportion of the area covered by ruderal spe-
cies and negatively with the area covered by meadow species. None of the
analysed factors was significantly correlated with the second DCA axis. The
first axis also shows a strong positive correlation with height of the main
plant mass and plant cover (Table 4).

The statistical analysis showed that the proportion of the meadow and
ruderal species in plant cover was related to differences in topsoil proper-
ties. The share of ruderal species increases with growing depth of topsoil
and abundance of nitrogen and phosphorus (Figure 1a). According to PRACH

(2003), the most important factors that influence succession towards ruderal
communities are fertile substratum with high pH and location in urbanized
areas, which is the case in the investigated soda waste dumps. Ruderal spe-
cies (characteristic for class Artemisietea, Agropyretea, Stellarietea) grew
more vigorously, showed higher plant cover and achieved greater biomass.
Clonal species that reproduce by means of stolons, such as Agropyron re-
pens and Calamagrostis epigejos developed particularly strongly. Especially
the latter species show good tolerance to low soil depth and strong expan-
sion on anthropogenic land (KIRNER, MACHN 2001, PRACH, PYSEK 2001).

Meadow species are relatively strongly represented in the soda waste
dumps. Rather than forming typical plant communities, they occur in as-
semblages with ruderal and other species. The occurrence of meadow spe-
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cies was associated with lower fertility and lower depth of the topsoil and
higher content of clay fraction (Figure 1b). Increasing soil fertility causes
high biomass production, which in turn reduces the number of species. That
dependence is commonly observed in grasslands (JANSSENS et al. 1998, MARRS

1993). Another reason why they developed less well in the investigated
dumps, if no mowing is done, is the strong competition from ruderal spe-
cies. This is reflected in a lower plant cover and main biomass height on
the plots dominated by meadow species. Unlike ruderal communities, mead-
ow communities usually show greater biocenotic diversity and have better
aesthetic value (PRACH, HOBBS 2008), which is important in the case of sites
located in urbanized areas.
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Fig. 1. DCA ordination diagram of plots displaying the major variation in species composi-
tion. The share of a – meadow species and b – ruderal species is visualised by the size

of circles. The topsoil parameters were used as passive ones

CONCLUSIONS

1. The topsoil reclamation method applied in the soda waste dumps re-
sulted in their revegetation, but due to the lack of further maintenance,
communities with predominance of ruderal species have developed.

2. For satisfactory reclamation effects, it is necessary to define the tar-
get characteristics of a plant community when determining the method of
reclamation and land management. This makes it possible to adapt techni-
cal reclamation procedures, topsoil conditioning, and plan possible manage-
ment measures.

3. Development of vegetation into meadow communities, which are con-
sidered naturally and aesthetically more valuable, would require the use of
a topsoil of low fertility and small depth. The species composition of the
seed mixture intended for sowing on the reclaimed site should be ecological-
ly matched to local conditions. Species typical of dry meadows (Festuco-Brome-
tea) should be considered in the seed mixture for sites reliant on precipita-
tion water and species typical of wet meadows (Mollinietalia) in constantly
or periodically water-logged areas. Mowing is a necessary practice to hinder
the development of highly competitive ruderal species.
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