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Abstract

The aim of the present study was to evaluate the effect of chemical crop protection
on the content of N, P, K, Mg, Zn, Cu, Mn, and Fe in grain of 8 spelt wheat cultivars
(Franckenkorn, Badengold, Schwabenspelz, Oberkulmer Rotkorn, Ostro, Ceralio, Schwa-
benkorn, and Spelt I.N.Z.). Chemical protection involved application of a fungicide, two her-
bicides and a retardant. No plant protection agents were used in the control treatment.
The above spelt cultivars were grown in a monoculture on medium heavy mixed rendzina
soil. The study was carried out in 2009-2011, at the Bezek Experimental Farm, which be-
longs to the University of Life Sciences in Lublin.

Among the spelt wheat cultivars compared, grain of cv. Ostro was characterized by
the highest content of nitrogen, phosphorus and manganese, whereas grain of cv. Franc-
kenkorn contained the largest amounts of potassium and magnesium. The highest amo-
unt of zinc was found in grain of cv. Oberkulmer Rotkorn and that of copper – in grain of
cv. Spelt I.N.Z., while grain of cv. Schwabenkorn was found to be the richest in iron. Irre-
spective of the cultivar, chemical plant protection significantly increased the copper content
in spelt grain and simultaneously decreased the magnesium content. The content of N,
Mg, Zn, Cu, and Mn in grain decreased in the successive years of the study.

Key words: spelt wheat, cultivars, chemical protection, grain chemical composition.
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WP£YW CHEMICZNEJ OCHRONY £ANU NA ZAWARTOŒÆ
WYBRANYCH PIERWIASTKÓW W ZIARNIE PSZENICY ORKISZ

(TRITICUM AESTIVUM SSP. SPELTA)

Abstrakt

Celem badañ by³a ocena wp³ywu chemicznej ochrony ³anu na zawartoœci N, P, K, Mg,
Zn, Cu, Mn i Fe w ziarnie 8 odmian pszenicy orkisz (Franckenkorn, Badengold, Schwa-
benspelz, Oberkulmer Rotkorn, Ostro, Ceralio, Schwabenkorn, Spelt I.N.Z.). Ochrona che-
miczna polega³a na zastosowaniu fungicydu, dwóch herbicydów oraz retardanta. W obiek-
cie kontrolnym nie stosowano ¿adnych œrodków ochrony roœlin. Wymienione odmiany
orkiszu uprawiano po sobie na œrednio ciê¿kiej rêdzinie mieszanej. Badania przeprowadzo-
no w latach 2009-2011 w Gospodarstwie Doœwiadczalnym Bezek nale¿¹cym do Uniwersyte-
tu Przyrodniczego w Lublinie.

Spoœród porównywanych odmian pszenicy orkisz najwiêksz¹ zawartoœæ azotu, fosforu
i manganu stwierdzono w ziarnie odmiany Ostro, natomiast najwiêcej potasu i magnezu
zawiera³o ziarno odmiany Franckenkorn. Najwiêksz¹ zawartoœæ cynku stwierdzono w ziar-
nie odmiany Oberkulmer Rotkorn, miedzi – w ziarnie odmiany Spelt I.N.Z., zaœ ¿elaza
w ziarnie odmiany Schwabenkorn. Niezale¿nie od odmiany, chemiczna ochrona roœlin istot-
nie wp³ynê³a na zwiêkszenie zawartoœci miedzi w ziarnie orkiszu i jednoczeœnie zmniejsze-
nie zawartoœci magnezu. Zawartoœæ N, Mg, Zn, Cu oraz Mn w ziarnie zmniejsza³a siê w ko-
lejnych latach badañ.

S³owa kluczowe: pszenica orkisz, odmiany, ochrona chemiczna, sk³ad chemiczny ziarna.

INTRODUCTION

The interest in spelt cultivation is growing continually. It is stimulated
by the introduction of eco-friendly technologies and by consumers’ growing
interest in new products (SULEWSKA 2004ab, TYBURSKI, ¯UK-GO£ASZEWSKA 2005,
SULEWSKA et al. 2008). Spelt is more resistant to diseases and environmental
stresses than common wheat (BAUMGÄRTEL-BLASCHKE 1992). On the other hand,
it has traits typical of wild wheat varieties, such as a brittle rachis, poor
threshing and a significant height, which makes it more vulnerable to lodg-
ing. As a result, it is difficult to grow spelt wheat on a large scale (CAMPBEL

1997). Owing to the enclosing glumes, spelt grain does not need to be
dressed before sowing (WINZELER, RÜEGGER 1990). Hence, it can be successful-
ly grown at both conventional and ecological farms (PA£YS, KURASZKIEWICZ,
2003, ANDRUSZCZAK et al. 2011, KWIECIÑSKA-POPPE et al. 2011).

For consumers and with respect to the nutritional value of raw materi-
al, the content of elements in quality wheat grain is an important trait
(STANIS£AWSKA-GLUBIAK et al. 1996, CZUBA, 2000, GEMBARZEWSKI 2000, KOCOÑ 2005,
STANIS£AWSKA-GLUBIAK, KORZENIOWSKA 2007, KORZENIOWSKA 2008). Spelt wheat is
characterized by better biochemical composition of grain compared to com-
mon wheat cultivars (CAMPBELL 1997, SULEWSKA et al. 2008). Generally, it con-
tains more gluten-rich protein and also has more zinc, copper and selenium
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(BAUMGÄRTEL-BLASCHKE 1992, GRELA 1996, RACHOÑ, SZUMI£O 2009). The linoleic
acid is predominant in the composition of fatty acids in spelt grain. This
grain contains more vitamins from the groups A, E and D. The largest
amount of gamma- and alpha-tocopherols is found in the composition of vi-
tamin E and their content is higher than in wheat grain (TYBURSKI, ¯UK-
-GO£ASZEWSKA 2005). Moreover, spelt bread is often tolerated by people who
have been found to be allergic to wheat products (CAMPBELL 1997). Spelt grain
gives a guarantee that grain of high vigour and high nutritional value is
obtained (TYBURSKI, ¯UK-GO£ASZEWSKA 2005).

The application of chemical plant protection agents, in particular herbi-
cides, in cereal growing technology has become an indispensable element in
modern agriculture. At the same time, this creates a need to control their
effects on yield quality, since these compounds may affect plant metabolic
processes and cause changes in grain quality (NARKIEWICZ-JODKO et al. 2002,
MULARCZYK et al. 2010).

The aim of the present study was to evaluate the effect of chemical
crop protection on the content of some macro- and micronutrients in grain
of eight spelt wheat cultivars.

MATERIAL AND METHODS

In 2009-2011, a field study was conducted at the Bezek Experimental
Farm near Che³m (N: 51o 19; E: 23o 25), which belongs to the Department
of Agricultural Ecology of the University of Life Sciences in Lublin. The
experiment was established on medium heavy mixed rendzina soil originat-
ing from chalk rock, with the grain-size distribution of medium silty loam.
This soil is classified as soil quality class IIIb and defective wheat complex.
It was characterized by alkaline pH (pH in 1mol KCl – 7.35), a high content
of phosphorus (117.8 mg kg–1 of soil) and potassium (242.4 mg kg–1 of soil)
as well as a very low magnesium content (19.0 mg kg–1 of soil). The organic
carbon content was 24.7 g kg–1. The total rainfall from April to August in
2009, 2010, and 2011 was higher than the long-term average. In particular,
the year 2010 was characterized by high rainfall during this period. Worth
noticing is very high total rainfall in June 2009, July and August 2010 as
well as in July 2011. The mean air temperatures in all the years were
higher than the long-term average (Table 1).

The experiment evaluated the effect of chemical crop protection on the
content of some macro- and micronutrients in grain of eight spelt wheat
cultivars (Franckenkorn, Badengold, Schwabenspelz, Oberkulmer Rotkorn,
Ostro, Ceralio, Schwabenkorn, and Spelt I.N.Z.) grown in the same plots
year after year. Common wheat was the forecrop for the experiment, while
spelt wheat was grown in a monoculture. Tillage was done in accordance
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with the generally accepted agronomic recommendations. After the harvest
of the forecrop, skimming and harrowing were done. Pre-sowing ploughing
with harrowing was performed about 3 weeks before spelt sowing. Harrow-
ing was also carried out immediately before sowing. Spelt spikelets were
sown in the middle of October at a rate of 350 kg per hectare.

The experiment was set up in a split-plot design with 3 replications and
the harvest plot area was 8 m2. Mineral fertilization was as follows (in kg of
nutrient per hectare): N 60 (20+40); P 26.2; K 83. Phosphorus fertilizers in
the form of granulated triple superphosphate, potassium fertilizers in the
form of 60% potassium salt, and 20 kg N ha–1 in the form of ammonium
nitrate were applied before spelt sowing. A dose of 40 kg N ha–1 was incor-
porated in the spring at the stem elongation stage (BBCH 32-34).

Chemical plant protection included the application of the following agents:
Alert 375 SC (the content of active substances: flusilazole 125 g l–1, a com-
pound from the triazole group; carbendazim 250 g l–1, a compound from the
benzimidazole group) applied against diseases at the stem elongation stage
(BBCH 32-34) at a rate of 1 l ha–1; Mustang 306 SE (the content of active
substances: florasulam 6.25 g l–1, a compound from the triazolopyrimidine
group; 2,4-D EHE 300 g l–1, a compound from the phenoxy acid group) used
to control dicotyledonous weeds, as well as Attribut 70 WG (the content of
active substances: propoxycarbazone 70%, a compound from the sulfonyl-
amino-carbonyl-triazolinone group; methyl ester of 2-benzoic acid sodium salt)
against monocotyledonous weeds applied at the tillering stage (BBCH 24-29)
at rates of 0.4 l ha–1 and 60 g ha–1, respectively; Stabilan 750 SL (the active
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substance chlormequat chloride 750 g l–1) applied at the stem elongation
stage (BBCH 32-34) at a rate of 2 l ha–1. Plots where no chemical plant
protection agents were used served as the control treatment.

The elements were determined based on collective samples from three
replications using the following methods: total N by Kjeldahl method; P by
colorimetry; K by flame photometry; Mg, Cu, Zn, Mn, Fe by atomic absorp-
tion spectrometry (AAS). The results were statistically analysed by analysis
of variance for three-way classification and least significant differences were
calculated using Tukey’s confidence half-intervals with a 5% error risk. The
calculations were performed using ARStat software developed by the Com-
puting Centre of the University of Life Sciences in Lublin.

RESULTS AND DISCUSSION

The nitrogen content in grain of cv. Badengold was significantly lower
than in grain of the cultivars Schwabenspelz, Franckenkorn, Ceralio,
Oberkulmer Rotkorn, Schwabenkorn, and Ostro. At the same time, grain of
the cultivars Schwabenkorn and Ostro was distinguished by a higher con-
tent of nitrogen compared to cv. Spelt I.N.Z. (Table 2). In the study of PA£YS

and £ABUDA (1997), the lowest N content was found in grain of the spelt
wheat cultivar Bauländer Spelz (16.52 g kg–1), whereas this content was the
highest in grain of cv. Loge (22.75 g kg–1). STANIS£AWSKA-G£UBIAK and KORZE-
NIOWSKA (2011) determined the N content in grain of winter wheat cultivars
at a level ranging from 18.5 to 21.1 g kg–1, thus being slightly lower than
in the case of the spelt cultivars under evaluation.

Grain of the spelt cultivars Franckenkorn and Ostro was found to have
a significantly higher P content in comparison to the cultivars Badengold,
Schwabenspelz, and Spelt I.N.Z (Table 2). PA£YS and £ABUDA (1997) found a
higher phosphorus content (from 7.36 to 8.79 g kg–1) in spelt grain. On the
other hand, the content of this element in spelt grain determined by GRELA

(1996), i.e. from 4.16 to 4.39 g kg–1, and by RACHOÑ and SZUMI£O (2009), i.e.
from 4.20 to 4.60 g kg–1, was similar to the results obtained in the present
experiment. GEMBARZEWSKI et al. (1995) determined the average P content in
winter wheat grain at a level of 3.8 to 4.3 g kg–1. In turn, KRASKA (2011)
found the P content in grain to be from 3.69 to 5.88 g kg–1.

Grain of the cultivar Franckenkorn was characterized by a significantly
higher K content in comparison with cv. Oberkulmer Rotkorn and, at the
same time, by a higher Mg content than cv. Badengold. In the studies of
GRELA (1996) and of RACHOÑ and SZUMI£O (2009), the K content in spelt grain
was higher (4.39-5.52 g kg–1 and 4.30-4.40 g kg–1, respectively,), while the
magnesium content was similar to that obtained in the present experiment.
KRASKA (2007) as well as KRASKA and PA£YS (2008, 2009) found a distinctly
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lower content of N, P, and Mg in wheat and winter triticale grain than that
determined in the spelt cultivars under evaluation. In another study (KRASKA

2011), the K content in spring wheat grain (4.02-4.16 g kg–1) was higher,
while the magnesium content was lower (1.03-1.18 g kg–1) than in grain of
the spelt cultivars compared in our experiment.

The cultivar Oberkulmer Rotkorn was distinguished by a significantly
higher zinc content in grain in comparison with the cultivars Badengold,
Franckenkorn, Ceralio, and Schwabenspelz (Table 3). In the study of PA£YS

and £ABUDA (1997), the Zn content in grain of the evaluated spelt wheat
cultivars was much lower and ranged from 16.0 to 25.0 mg kg–1. In the
present study, the zinc content in grain was in the range from 38.07 to
47.58 mg kg–1, while in the study of RACHOÑ and SZUMI£O (2009) it ranged
from 31.5 to 37.0 mg kg–1. GRELA (1996) found a distinctly higher content of
zinc only in grain of cv. Bauländer Spelz (51.30 mg kg–1).

The Cu content in grain of the cultivars Oberkulmer Rotkorn, Franck-
enkorn and Spelt I.N.Z was significantly higher than in grain of cv. Baden-
gold (Table 3). GRELA (1996) as well as PA£YS and £ABUDA (1997) showed
a higher Cu content in spelt grain (10.97 mg kg–1 and 8.0 mg kg–1, respec-
tively), whereas RACHOÑ and SZUMI£O (2009) found markedly less Cu (2.85-
-2.99 mg kg–1). KORZENIOWSKA and STANIS£AWSKA-GLUBIAK (2011) determined the
average Cu content in 10 winter wheat cultivars at a level of 2.42-2.59 mg
kg–1. GEMBARZEWSKI et al. (1995) report that Polish wheats contain on aver-
age 3.1-3.4 mg of copper in 1 kg of grain, thus much less than in the present
study. In turn, in the research of KRASKA (2011) the Cu content in spring
wheat grain was from 3.06 mg kg–1 to 5.68 mg kg–1, depending on the
conditions in a particular year.

The highest Mn content was found in grain of the cultivar Ostro, where-
as the lowest one in grain of cv. Badengold (Table 3). The Mn content deter-
mined in spelt grain by GRELA (1996) ranging from 38.30 mg kg–1 (cv. Rou-
quin) to 64.20 mg kg–1 (cv. Bauländer Spelz) was higher, while that obtained
by PA£YS and £ABUDA (1997) was clearly lower than estimated in the present
study. In turn, RACHOÑ and SZUMI£O (2009) determined the Mn content in
grain of the tested spelt wheat lines at a level ranging from 37.0 to 41.6 mg
kg–1. The manganese content in grain was similar to that given by GEM-
BARZEWSKI et al. (1995) for winter wheat grain (35-47 mg kg–1) and markedly
higher, except for cv. Badengold, than the one obtained on the same soil by
KRASKA (2011) in spring wheat grain (18.38-28.20 mg kg–1).

The genetic factor did not differentiate significantly the Fe content in
spelt grain. A trend was only observed towards a lower Fe content in grain
of cv. Badengold compared to grain of the other cultivars (Table 3). RACHOÑ

and SZUMI£O (2009) estimated the Fe content in spelt grain at 32.2-33.9 mg
kg–1, thus at a similar level to that obtained for cv. Badengold. The highest
Fe content determined by PA£YS and £ABUDA (1997) in grain of cv. Bauländer
Spelz (32 mg kg–1) was lower than the one found in the spelt cultivars
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compared. In turn, KRASKA (2011) assessed the Fe content in spring wheat
grain at a level ranging from 23.12 to 42.60 mg kg–1.

Differences in the content of individual elements in spelt grain deter-
mined by various authors could have resulted from the genetic traits of the
compared cultivars and different climatic, soil and agronomic conditions un-
der which the particular cultivars were grown.

The copper content in spelt grain from the treatments where chemical
crop protection was used was significantly higher than in grain from the
plots where no plant protection agents were applied (Table 3). A reverse
relationship was found with respect to magnesium, whose content in grain
from the plots without chemical protection was significantly higher than in
grain obtained from the chemically protected plot (Table 2). At the same
time, the applied chemical plant protection agents did not have any signifi-
cant effect on the content of N P, K, Zn, Mn, and Fe in grain. Nevertheless,
under the influence of chemical crop protection, there was a tendency to-
wards a lower content of P, K, and Fe in grain compared to the treatment
without chemical protection (Tables 2, 3). On the other hand, however,
a reverse trend was found with regard to the content of N, Zn, and Mn.
BRZOZOWSKA and BRZOZOWSKI (2002), KRASKA (2007) as well as KRASKA and PA£YS

(2008, 2009) found no effect of herbicide application on the content of N, P,
K, Mg in winter wheat and winter triticale grain. In the study of ANDRUSZ-
CZAK et al. (2009), however, the applied herbicides decreased the N content
in winter wheat grain.

In each successive year of spelt monoculture cropping, the content of N,
Mg, Zn, Cu, and Mn in grain decreased significantly (Table 4). This could be
attributable to the deterioration of the soil chemical properties as a result
of spelt monocropping. WESO£OWSKI and KWIATKOWSKI (2000) as well as WOZNIAK

(2004) draw attention to the fact that an increasing proportion of cereals in
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a crop structure leads to adverse soil changes and raise the  infection rate
with stem base diseases over time, which in turn affects both grain yield
and grain quality. The P content in grain in 2009 and 2010 was significantly
higher than in 2011, whereas the K content in the first year of the study
was lower than in the next two years. In turn, the Fe content was higher
in 2009 than in 2010-2011 (Table 4).

CONCLUSIONS

1. The evaluated spelt wheat cultivars differed in the content of macro-
and microelements in grain. Among the cultivars compared, grain of the
cultivar Ostro was characterized by the highest content of N and P, while
grain of cv. Franckenkorn had the highest content of K and Mg. Grain of
cv. Oberkulmer Rotkorn contained the largest amount of Zn; grain of cv.
Spelt I.N.Z had the highest amount of Cu, whereas grain of the cultivars
Ostro and Schwabenkorn was found to have the highest amount of Mn and
Fe, respectively.

2. Chemical crop protection involving the application of two herbicides,
a fungicide, and a growth regulator significantly increased the copper con-
tent in spelt grain compared to the treatment in which no chemical plant
protection agents were used, but it had a negative impact on the magnesi-
um content.

3. In the last year of the study, the content of all the investigated ele-
ments in grain, except for potassium, was lower than in the first year of
investigation.
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