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ABSTRACT

The aim of the study was to evaluate the impact of different levels of agricultural technology on
the content of ash and minerals in grain of 8 spring barley cultivars. A two-factor field experi-
ment was conducted in 2010-2012, at the Institute of Cultivation and Production of Malopolska
Plant Growing Company, Polanowice near Krakow. The first factor was composed of two levels
of agricultural technology: Al (10/20/50 NPK kg ha) and A2 (additional N fertilisation in an
amount of 20 kg ha! and an application of the fungicides Amistar 250 EC+ Tilt Turbo used in
doses 0.6+0.6 L ha' at the shooting phase and the earing phase, respectively, as well as the
growth regulator Cerone 280 SL at a dose of 0.75 L ha' applied in the late phase of shooting).
The second factor consisted of 8 cultivars of spring barley: Blask, Stratus, Atico, KWS Olof,
Nagradowicki, Rubinek, Skarb, and Suweren. Determinations of the ash content were performed
by the gravimetric method according to PN - ISO 2171.1994; determinations of Na, K, Ca, Mg,
Fe, Zn, Mn were conducted by flame atomic absorption spectrometry (F-AAS), and Cu (PN-EN
14084:2004) was measured by flameless atomic absorption spectrometry (ET-AAS) after minera-
lisation in a microwave sample preparation system (MarsXpress). The average ash content was
significantly differentiated by the year of cultivation, being the highest in 2012. The average
identified content of minerals, except iron, depended significantly on a cultivar and, except cal-
cium and zinc, on a year of cultivation. Average concentrations of the majority of minerals (ex-
cept Na, K and Fe) depended significantly on the applied cultivation technologies, although hi-
gher levels of the elements, except Ca, were assessed in barley cultivated traditionally
(technological variant Al).
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INTRODUCTION

Barley (Hordeum vulgare) belongs to cereals which are commonly grown
all over the world. It is an important type of raw material for many indu-
stries, including production of food concentrates, production of grits, brewing,
distilling, feed and milling industries (ZemBOLD, Brazewicz 2006, Kawka
2010). Owing to its chemical composition being slightly different from that of
other cereals, barley is classified as plant material with functional properties
(SzwaJGIER, TARGONSKI 2005, Rzepzicki, WIRKIJOWSKA 2008, ZIELINSKI et al.
2012). This cereal contains nutrients which determine its usefulness in both
human nutrition and production of fortified food (ALbucHPassI et al. 2012).
The high content of minerals in barley, which depending on cultivars fluctu-
ates from 2.5 to 3.1 g 100 g, deserves particular attention. The impact of
various cultivation measures should be analysed in terms of both yield quan-
tity and quality (PEcio, BicaoNskr 2009, ZBroszczYK, Nowak 2009). The nega-
tive consequences of inadequate fertilisation comprise the soil’s disturbed
ionic equilibrium and adverse effect on the yield’s chemical composition. Ni-
trogen fertilisation is the factor that most strongly affects the quantity of
yield and its chemical composition. However, the response of barley cultivars
to nitrogen treatments is highly diverse (NowoROLNIK, LEszczyNska 2000,
LEszczyNskA, NOWOROLNIK 2005, KANKANEN, ERIKSSON 2007, ZBROSZCZYK, NOWAK
2009, NocaLska et al. 2011, NowoROLNIK 2013).

Currently, field experiments involve optimisation of tillage technologies
depending on the destination of given raw material. Nitrogen fertilisation is
an important element in the cultivation of spring barley because to a great
extent it determines the yield quantity and its functional value (NOWOROLNIK,
LEszczyNska 2000, BEDNAREK, REszkA 2007). Moreover, it has been proven that
adequate potassium, magnesium and phosphorus fertilisation positively in-
fluences the total content of ash, micro- and macroelements in barley grain
(WoznNiak, MAKARSKI 2013).

Because cereals are an important source of minerals, whose content is
also cultivar-dependent, it is essential to achieve high quality macro- and
microelements in barley grain harvested for nutritional purposes through the
application of a suitable technology. Therefore, it seems purposeful to test
whether an extensive or intensive cultivation technology would be more ap-
propriate for some cultivars.

The aim of the study was to assess the effect of different levels of agro-
technology (including N fertilisation and plant protection means) on the
content of ash and macroelements and microelements in spring barley grain.
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MATERIALS AND METHODS

Field experiment

A two-factor, three-year field experiment (split-plot) was conducted in
2010-2012, at the Experimental Station of the Malopolska Plant Growing
Company in Polanowice near Krakow. One experimental factor was compo-
sed of 8 spring barley cultivars: Blask, Stratus, Altico, KWS Olof, Nagrado-
wicki, Rubinek, Skarb and Suweren. The other factor consisted of 2 levels of
cultivation: A1 (NPK 10/20/50 kg ha') and A2 (additional N fertilisation with
20 kg ha' and the fungicides Amistar 250EC + Tilt Turbo applied at the
shooting stage and at the earing phase, dosed respectively at 0.6 + 0.6 L ha'!,
and the growth regulator Cerowe 280SL dosed at 0.75 L. ha' and applied by
the end of shooting stage). The plot area for harvest was 10 m2. Barley was
cultivated in soil of quality class I, good wheat soil complex. The soil under
the experimental field was degraded Chernozem developed from loess. The
forecrop was winter oilseed rape in the first year of the experiment, maize in
the second and beetroots in the third.

Chemical analyses

The ash content was assessed by the gravimetric method according to
PN-ISO 2171.1994 standard. Determinations of sodium, potassium, calcium,
magnesium, iron, zinc, and manganese concentrations were conducted using
flame atomic absorption spectrometry (F-AAS), while the copper content was
determined by Electrothermal Atomic Absorption Spectrometry (ET-AAS)
(according to PN-EN 14084:2004), after mineralisation in a microwave sam-
ple preparation system (MarsXpress).

Statistical analysis of results

The results obtained from chemical analyses were subjected to statistical
analysis using the Statistica 5.1 computer programme. Significance of diffe-
rences between the tested components of barley grain depending on the cul-
tivars, applied levels of cultivation and characteristics of the plant growing
season was determined using analysis of variance.

Weather conditions

Average air temperatures and precipitation totals in the plant growing
seasons between 2010 and 2012 are presented in Table 1. The highest air
temperature (on average 6.05°C) was measured in 2012, whereas the highest
precipitation total (940.0 mm year?) appeared in 2010.
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Table 1

Total monthly precipitation and average monthly air temperature for the period
from 1 January to 31 December 2010-2012, Malopolska Region, Poland

Lear Precipitation (mm) Air temperature (°C)
2010 | 2011 | 2012 | 2010 | 2011 | 2012
Month
January 37.30 23.00 31.40 -7.50 -3.10 -2.90
February 21.50 2.700 15.70 -4.80 -5.90 -8.60
March 16.60 14.50 8.300 -0.40 -0.50 3.300
April 27.70 35.50 48.70 7.100 6.300 5.400
May 185.6 43.20 40.20 11.40 9.700 12.20
June 130.0 38.10 94.80 17.80 15.90 15.50
July 179.5 135.1 41.20 18.30 15.40 17.70
August 151.6 40.20 25.20 16.50 14.80 15.20
September 110.4 17.20 31.60 8.300 10.60 10.40
October 9.000 19.90 94.00 1.900 5.100 5.300
November 46.30 0.000 23.60 2.700 -1.20 3.30
December 24.50 20.90 17.60 -5.70 -2.60 -4.20
Total annual precipitation 940.0 390.3 472.3
Average annual air temperature 5.500 5.400 6.100

RESULTS AND DISCUSSION

The field experiment revealed statistically significant diversification of
the ash content in spring barley grain between the seasons, with the lowest
ash level (1.98%) determined in 2011 (Table 2). The results might have been
caused by both diverse weather conditions and different forecrops used in the
individual years. Our review of the weather conditions demonstrated the lo-
west average air temperature (5.37°C) and the lowest precipitation total in
2011 (Table 1). In the 2012 plant growing season, beetroots were the forecrop
of barley. KorBas and MRrOwczyNski (2012) reported that root crops (beetroots
and potatoes) are very good forecrop for malting barley, whereas for forage
barley legumes and oilseed rape are a better preceding crop.

The ash content was also significantly diversified by the applied techno-
logical variants, as it was demonstrated that the differentiated nitrogen
fertilisation and different plant protection levels markedly affected the
ash content in barley grain. However, the results did not confirm the data
obtained previously by other authors (Liszewski 2008, ZBROSzCzYK, NOWAK
2009).
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No diversification of the ash content was observed in grain of the analy-
sed spring barley cultivars, because they all formed a homogenous group
with a very small interval (Table 2). However, a statistical difference was
noted for the source of diversification, i.e. the interaction between the culti-
var and the growing season (Figure 1). Further analysis indicates that main-
ly the cultivar Blask was responsible for the significance of differences, since
its grain in 2010 was characterised by a very high ash content (2.63%).
Another cultivar, i.e. Nagradowicki, had an ash content of 2.52% in 2012.
A very low content of all minerals in grain of all the cultivars was noted in
2011 (an interval between 1.89 and 2.03%).

The sodium content depended significantly on the growing season and
cultivar. The lowest average sodium content (15.85 mg kg') was found in
2011, and the highest one (30.22 mg kg!) occurred in 2012. Of the 8 barley
cultivars, cv. Rubinek was characterised by the lowest level of Na (an avera-
ge of 17.71 mg kg'), while cv. Stratus had the highest Na concentration in
grain (an average of 27.51 mg kg!) — Table 2. The cultivar factor affected the
sodium content in grain. The cultivars Olof and Stratus may be counted
among barley cultivars with the highest sodium concentrations. The sub-
sequent group with a slightly lower content of this element was formed by
the cultivars Blask, Skarb and Suweren. The lowest sodium concentration,
below 20 mg kg!, was determined in the grain of the cultivars Atico, Nagra-
dowicki and Rubinek. The variation in the grain sodium content resulted
also from the cultivar x year interaction. Sodium concentrations in grain of
all the cultivars differed in years (Figure 1). Moreover, the sodium content in
grain of the cultivars Olof, Rubinek and Suweren in 2011 differed from the
concentrations observed in the other two years. Barley grain of all the culti-
vars harvested in 2012 contained markedly more sodium than in 2010 and
2011.

The potassium content in barley grain depended significantly on the
plant growing season and the cultivar (Table 2). Significant differences in the
content of potassium between the studied cultivars and years of cultivation
were also reported by ZBroszczyk and Nowak (2009). The highest average
potassium content (4975 mg kg') was found in the 2012 season. Significantly
higher levels of potassium were shown in studies of SHAR et al. (2007),
namely 7892.7 mg kg?' and 7028 mg kg, depending on potassium fertilisa-
tion. This could be due to a higher level of potassium fertilisation (45%) in
the cited field experiment. The highest potassium content was determined in
grain of two cultivars: Blask (an average of 4488 mg kg?') and Olof (4358 mg
kg?). The other cultivars formed a homogenous group with a statistically lo-
wer content of this element in grain. The potassium concentration in grain
was also modified by two interactions: the cultivar x year and the cultivar x
technological variant. As for the first interaction, high potassium concentra-
tions were noted in the cultivars Blask and Olof cultivars in 2010 and very
high potassium content was determined in grain of all the cultivars in 2012
(from 4795 to 5221 mg kg') — Figure 1. The statistical effect of the cultivar x
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Fig. 1. Interactions between cultivars and years
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technological variant interaction was due to cv. Skarb, which was the only
cultivar that accumulated a higher potassium content in grain in the exten-
sive technological variant (Figure 2).
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Fig. 2. Interactions between cultivars and technology variants

It was found that the calcium content in spring barley grain was not
markedly diversified, either between the applied technological variants or
between the analysed years (Table 2). Among the analysed cultivars, the hi-
ghest average calcium content (352.2 mg kg'!), occurred in cv. Rubinek (gro-
up a), while the lowest one (on average 282.2 mg kg') was detected in cv.
Suweren (group c). The other cultivars formed one homogenous group, which
did not differ from the ones mentioned above. A higher average content of
calcium (393.0 mg kg!) was determined in spring barley grain in the rese-
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arch of Ciorek et al. (2012), whereas a much higher content (831.53 mg kg)
was found in 5 Pakistani cultivars (SHAR et al. 2007). The calcium concentra-
tions in grain also remained under the influence of the cultivar x year inter-
action. For all the cultivars, the years with statistically different concentra-
tions of this element in grain may be indicated. Statistical differentiation of
this source of changeability was mainly due to calcium concentrations in the
grain of the cultivars Blask, Nagradowicki, Rubinek grown in 2011 and the
cultivar Stratus harvested in 2012 (Figure 1).

The magnesium content in spring barley grain significantly depended
on the plant growing season, applied technological variants and cultivars
(Table 2). A significantly higher magnesium content (1037.4 mg kg') was
assessed in the growing season of 2011 than in 2010 and 2012. The spring
barley cultivars studied by Ciorek et al. (2012) had lower amounts of magne-
sium (848 mg kg'). Barley grain from A2 plots was characterised by a signi-
ficantly lower average content of magnesium (994.3 mg kg'). The cultivar
Stratus was distinguished by the highest content of magnesium (on average
1080 mg kg'). The variance analysis showed that also cv. Blask and Skarb
belonged to the group of cultivars with the highest Mg content. The other
cultivars had markedly lower magnesium concentrations in grain, although
cv. Skarb also fell to this category. The results differed from the ones repor-
ted by other authors, where the magnesium content was not significantly
diversified by the analysed factors (cultivar, levels of plant protection)
(ZBrOSzczYK, Nowak 2009). The magnesium content in grain was also con-
ditioned by the cultivar x year, the cultivar x technological variant and the
year x technological variant interactions. As for the first interaction mentio-
ned above, to a large extent its statistical significance resulted from the cal-
cium concentration in grain of the cultivars Atico, Rubinek and Suweren
harvested in 2011, which — in the context of previously discussed concentra-
tions of other elements — confirms the instability of barley grain composition
originating from that year (Figure 1). Magnesium concentrations in grain
from the tested cultivars were also modified by the cultivation intensity. Par-
ticularly, the cultivars Atico and Olof provide evidence for this effect, altho-
ugh higher magnesium concentrations were related to the different cultiva-
tion intensity levels. Regarding cv. Atico, a higher calcium concentration
(1006.2 mg kg') was recorded in the intensive technology variant, whereas
cv. Olof accumulated more calcium (1016.1 mg kg?) in extensive cultivation
(Figure 2). It may also be noticed that the calcium content in grain from the
individual technological variants depended on a year. The calcium content in
barley grain from the first technological variant did not differ between the
years, whereas in intensive cultivation statistically different calcium content
in grain was obtained each year (Figure 3).

The iron content assessed in spring barley grain was diversified only
by the plant growing season (Table 2). The highest average iron content
(66.85 mg kg') was determined in the 2010 season. The relationship between
the iron concentration and the plant growing season (higher precipitation)



204

Mg Mn
e T I T T I TI
= LSD = 1.05
1060 LSD =49.7 14
1040 — 13
~ 1020 —;A\— ~ 19 e
,-940 1000 7 ~~ .-‘%D ¢
on | on 11
£ 980 g
960 10
940
920 8
2010 2011 2012 2010 2011 2012
Cu
! T
LSD =0.310
4
3.5 A\ '
oo
E 25 —
2
15
2010 2011 2012

Fig. 3. Interactions between the years and technology variants

was observed in the research conducted by MaLEkI et al. (2011). The iron
content in barley grain was also shaped by the cultivar and technological
variant interaction. This source of changeability owes its significance to cv.
Blask, which was the only cultivar that responded to the intensification of
production by a nearly doubled iron content (Figure 2).

The manganese content in spring barley grain depended significantly on
the growing technology and cultivar (Table 2). The research revealed that
the applied levels of agrotechnology significantly affected the manganese
content in barley, although the grain of traditionally cultivated barley (va-
riant A) had more manganese (on average 12.14 mg kg!). Among the analy-
sed cultivars, Suweren and Olof revealed the lowest average manganese
content (10.56 and 10.57 mg kg, respectively). Much higher amounts of
manganese in Pakistani barley cultivars were determined by SHAR et al.
(2007) and in barley grown in a field experiment conducted by MALEKI et al.
(2011), where on average 20.96 mg kg' manganese was found in grain. Man-
ganese, like magnesium, was affected by three interactions: the cultivar x
year, the cultivar x technological variant and the year x technological va-
riant. With respect to the first of the above mentioned interactions, all culti-
vars except Olof, Skarb and Suweren accumulated variable manganese con-
centrations in grain (Figure 1). The technological variant diversified
concentrations of this element in the grain from cv. Skarb and Suweren,
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however the grain from the extensive cultivation level had a higher content
of manganese (Figure 2). The year and cultivation level interaction allows us
to explore differences between both years and technologies. The distinctive-
ness of the year 2010 becomes evident because higher magnesium content
accumulated in the grain from the intensive technological variant (Figure 3).

The zinc concentrations in spring barley grain were statistically signifi-
cantly diversified between both the applied technological variants and the
compared cultivars (Table 2). The barley grain from objects A2 (where ad-
ditional nitrogen fertilisation and plant protection was applied) was charac-
terised by a significantly lower average zinc content (24.85 mg kgb).
The average zinc content in grain of the analysed barley cultivars fluctuated
from 22.90 mg kg! for cv. Suweren to 31.23 mg kg'! for cv. Rubinek.
Higher zinc concentrations were determined in Pakistani barley cultivars —
24.82-39.19 mg kg! (SHAR et al. 2007), and in the field experiment by MALEKI
et al. (2011). Variability of the zinc content in grain also resulted from the
interaction of the cultivar and technological variant (Figure 1). Apart from
the cultivars Stratus and Suweren, the content of this element in the other
cultivars was diversified between the years. The cultivar Rubinek presented
the greatest differentiation of the zinc content in years (28.27-34.62 mg kg').

The copper concentrations in spring barley grain were significantly di-
versified by the year, technology variant and cultivar (Table 2). Significantly
higher copper content was determined in spring barley grain cultivated in
2012 and 2010 than in 2011 (3.56 mg kg?'). Barley cultivated in technological
variant A2 contained significantly less copper (3.086 mg kg'). Among the
studied cultivars, the highest average copper content (3.72 mg kg?') was de-
tected in cv. Blask. Analysis of variance showed that the group of cultivars
with the highest Cu content in grain also comprised the cultivars Suweren,
Rubinek and Nagradowicki. The average copper concentration (3.67 mg kg)
in barley grain reported by Ciorek et al. (2012) generally fell within the
range determined in our experiment. Much higher amounts of copper
(6.29-8.12 mg kg') were shown in Pakistani barley cultivars by Shar et al.
(2007). The copper concentrations in barley grain resulted from the cultivar
X year, cultivar x technological variant and the year x technological variant
interactions. Regarding the first of the above interactions, the cultivars
Olof and Stratus were an exception in that they did not confirm copper
concentration diversification in grain due to the cultivar x year dependence.
The other cultivars were characterised by considerable diversification of the
content in years, but accumulated the lowest amounts of this element in
2011 (Figure 1). Only two cultivars, cv. Atico and Suweren, responded to a
change of cultivation intensity by presenting different grain copper concen-
trations. Both cultivars accumulated markedly less copper in grain when
cultivated in the extensive variant (Figure 2). A decline in the copper concen-
tration was also observed in response to production intensification, but only
in 2011. In the other years, the level of the analysed technological variants
did not diversify the copper content in barley grain (Figure 3).
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CONCLUSIONS

1. The ash content in spring barley grain was significantly diversified
between the years and applied variants of cultivation technologies. Less ash
in grain was determined in 2011 thaan in 2012 or 2010, because the plant
growing season of 2011was dry and cold.

2. The average content of the elements, except calcium and zinc, depen-
ded significantly on the plant growing year.

3. Statistical analysis of the results revealed that theaverage content
of the minerals, except iron, depended markedly on the cultivars. The culti-
var Blask distinguished itself by its high content of minerals, including
K, Mg, Fe, Mn and Cu.

4. The average content of most of the minerals (except Na, K and Fe)
depended significantly on thee applied growing technologies. Higher levels
of the elements, except Ca, were determined in barley cultivated traditionally
(technological variant Al).

5. The interactions between the barley cultivars and the growing season
were demonstrated for all the minerals except iron. In contrast, the interac-
tion between the barley cultivars and technological variants was confirmed
for five elements (K, Mg, Fe, Mn, Cu). The interaction between the year and
cultivation variant was significant for Mg, Mn and Cu.
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