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Abstract

A strict field experiment was established in 1988 at the Uhrusk Experimental Station,
belonging to the University of Life Sciences in Lublin, south-eastern Poland. Results pre-
sented in this manuscript originate from the years 2006-2009, namely from 5 crop rota-
tions and from a 16-20-year cereal monoculture. In a two-factor experiment, spring wheat
of the cultivar Opatka was sown in different cropping systems. The first order factor in
the experiment was the cropping system (CS): crop rotation (CR), and monoculture (M),
whereas the second order factor were nitrogen doses: 90 kg N hal, and 150 kg N hal.
The study demonstrated that wheat grain collected from CR was characterized by higher
content of P, Ca, Fe and Zn compared to the grain harvested from M. Fertilization with 90
kg N ha™l increased significantly the content of P, K, Ca, Fe and Zn in the grain compa-
red to the fertilization with 150 kg N ha™l. The cropping systems (CS) and nitrogen doses
were observed to differentiate the content of protein and gluten in the grain. A higher
content of protein was determined in the grain originating from M than in the grain ha-
rvested from CR. The content of protein and gluten was increased by the fertilization dose
of 150 kg N ha~! compared to the dose of 90 kg N ha~!.
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ZAWARTOSC SKLADNIKOW MINERALNYCH, BIALKA OGOLEM I GLUTENU
MOKREGO W ZIARNIE PSZENICY JAREJ W ZALEZNOSCI OD SYSTEMU UPRAWY

Abstrakt

Sciste do§wiadczenie polowe zalozono w 1988 r. w Gospodarstwie Doswiadczalnym
Uhrusk nalezacym do Uniwersytetu Pryrodniczego w Lublinie. Prezentowane w pracy wy-
niki pochodzg z lat 2006-2009, tzn. 5 rotacji ptodozmianu i 16-20-letniej monokultury zbozo-
wej. W doswiadczeniu 2-czynnikowym wysiewano pszenice jara odmiany Opatka w roz-
nych systemach uprawy roslin. Czynnikiem pierwszego rzedu byly systemy uprawy roslin:
plodozmian i monokultura; czynnikiem drugiego rzedu — dawki azotu: 90 kg N ha~!, 150 kg
N hal

Wykazano, ze ziarno pszenicy zebrane z ptodozmianu zawieralo wiecej P, Ca, Fe i Zn
niz pochodzace z monokultury. Nawozenie 90 kg N ha~! istotnie wplywato na zwiekszenie
zawartoéci P, K, Ca, Fe i Zn w ziarnie, w stosunku do 150 kg N ha~l. Systemy uprawy
roslin oraz dawki N rdznicowaly zawarto$¢ biatka i glutenu w ziarnie. Wiecej biatka zawie-
rato ziarno pochodzace z monokultury niz plodozmianu. Zawartos¢ biatka i glutenu wzra-
stala pod wptywem dawki 150 kg N ha—!, w stosunku do dawki 90 kg N ha-l.

Stowa kluczowe: sktad chemiczny, pszenica jara, ptodozmian, monokultura.

INTRODUCTION

The quality and mineral composition of wheat grain depends on geno-
type, agro-climatic conditions and agrotechnology (RANHORT et al. 1995, RUIBAL-
-MENDIETA et al. 2005, ZEB et al. 2006). KuaN and ZgB (2007) as well as CHOWD-
HRY et al. (1995) demonstrated significant differences in the chemical
composition of various cultivars of wheat grain, which were due to different
agro-climatic conditions and agrotechnology applied. As reported by Mogris
et al. (2009), the content of ash in grain was affected to a greater extent by
the course of weather during wheat maturation than by its genotype. In the
opinion of Araus et al. (1998), the highest concentrations of minerals are
typical of grain exposed to draught at the early stage of maturation. In
turn, PAris and Gavazzi (1972) as well as Esir et al. (1997) report that the
chemical composition of grain is determined by the type of soil and its ferti-
lization. Furthermore, WozNiak and Makarski (2012), and Kraska (2011) noted
a higher content of ash in the grain of wheat sown in the ploughless than
in the ploughing system. Habitat conditions and cultivar preferences also
affect the content of protein and gluten in wheat grain (Morris et al. 2009).
In a study by PELTONEN and VIRTANEN (1994), high doses of nitrogen increased
the protein content of grain. In turn, Wozniak (2007) demonstrated a higher
content of protein and gluten in grain harvested from a crop rotation than
from a monoculture.

Considering the above, the aim of this study was to evaluate the effect
of cropping system and different doses of nitrogen fertilization on the chem-
ical composition and quality of spring wheat grain.
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MATERIAL AND METHODS

The experimental material was grain of spring wheat cv. Opatka from a
crop rotation experiment established in 1988 at the Uhrusk Experimental
Station belonging to the University of Life Sciences in Lublin, south-eastern
Poland. The results presented in this manuscript originate from the years
2006-2009, namely from 5 crop rotations and from a 16-20-year cereal mono-
culture. The design of a longitudinal experiment is presented in Table 1.
The cultivar Opatka belongs to high quality wheats characterized by good
milling quality, very good flour strength and high resistance to sprouting.

Table 1
Design of a longitudinal field experiment
Rotation Period Crop rotation (CR) Monoculture (M)
I 1988-1992 P -WTr - Pe - WIr WTr
II 1992-1996 P - WTr - Pe - WTr WTr
III 1997-2000 P -STr - Pe - STr STr
v 2001-2005 P-WW - Pe-WW Ww
A% 2006-2009 Pe - SW - Pe - SB SwW

P — potato, WTr — winter triticale, Pe — peas, STr — spring triticale, WW — winter wheat,
SW — spring wheat, SB — spring barley.

The experiment was established on Rendzina soil formed from limestone
of light clay, rich in available forms of phosphorus (2.14 mg P kg1) and
potassium (2.37 mg K kg1), and with pHy =7.2. In this soil, the content
of inorganic nitrogen (N) was 1.03 g kg1, whereas that of organic carbon
(C) reached 7.60 g kg~1. A two-factor experiment was established with the
method of randomized sub-blocks with plots measuring 15 m2. The first or-
der factor was a cropping system (CS): crop rotation (CR), and monoculture
(M), whereas the second order factor were nitrogen doses: 90 kg N hal,
and 150 kg N ha~l. The dose of 90 kg N ha~! was applied as follows: 50 kg
N ha! before sowing, 20 kg N ha~! at the 22/23 stage (ZaDpoks et al. 1974),
followed by 10 kg N ha~! (32/33 stage) and 10 kg N ha! (52/53 stage). The
fertilization with 150 kg N ha~! was applied in the same terms, with respec-
tive broadcasting doses of 70, 30, 30 and 20 kg N ha~1.

The soil tillage for spring wheat was typical of the ploughing system
and included pre-winter ploughing in the autumn and cultivation treatments
in the spring. Plant protection was the same on all the plots and involved
eradication of fungal diseases with Alert 375 SC fungicide (flusilazole +
carbendazim) (32/33 stage) and Tilt Plus 400 EC (propiconazol + fenpropidin)
(53/54 stage). Weed eradication in wheat crop was performed with the use of
Chwastox Trio 540 SL herbicide (MCPA + mecoprop + dicamba) (23/24 stage).
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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
600°C. The resultant ash was dissolved in 5 ml of 6M HCI, then each sam-
ple was filled up to the volume of 50 ml with redistilled water. Measure-
ments were carried out with the method of Atomic Absorption Spectrometry
with excitation in an acetylene-air flame in a UNICAM 939 apparatus. Pro-
tein and gluten were determined by the near-infrared (NIR) method using
an Inframatic 9200 grain analyzer.

The data were analyzed statistically using the analysis of variance (ANOVA),
and the means were compared by F-test protected LSD values calculated for
P <0.05 and P <0.01. The information on agro-climatic conditions is pre-
sented in Table 2.

Table 2
Agro-climatic conditions at the Experimental Station in Uhrusk
Voars Months Total
March April May June July or mean
Precipitation (mm)
2006 36.2 32.0 98.8 35.2 47.6 249.8
2007 444 244 98.8 96.0 156.8 4204
2008 50.0 49.0 69.0 38.0 117.0 323.0
2009 106.9 27.0 815 169.3 42.7 4274
1963-2010 29.3 40.8 64.2 72.6 79.8 286.7
Air temperature (°C)
2006 -2.2 8.8 135 17.0 21.5 11.7
2007 5.7 8.2 14.9 18.5 19.2 13.3
2008 3.8 8.3 13.7 17.9 18.2 124
2009 1.0 10.0 13.1 16.4 20.0 12.1
1963-2010 1.2 7.8 13.6 16.7 18.4 11.5
RESULTS

Contents of minerals in wheat grain were differentiated by nitrogen fer-
tilization (Table 3). The dose of 150 kg N ha! increased significantly ash
content of the grain (by 0.146 g kg~! d.m.), compared to the dose of 90 kg N
ha1l. The content of phosphorus (P) in grain was found to depend on the
cropping system (CS) and nitrogen (N) doses. The grain harvested from CR
was characterized by a higher content of P (by 0.102 g kg~! d.m.) than the



301

10°0 >ds+ PUB GO'0 > d “YUBOYIUSIS jou r's'u

s cu cu s s : s s sosop uvfoxIu X

#6€°0 swasAs Surddox)

*18°T %1970 «LG'0 U U su 5610 #x0¥7°0 S9s0p USZ0MIN

#x90'G #x9L°0 %880 %600 U #8660 %8070 su swoyss Surddorx)

w@ﬁ—mw\w Qw‘u._”

G891 LLVG 9T'v¢ 960 70’1 €r'e 97'¢ 88'8T —BUN 3% 081

9€'8T I1°9¢ 9L°€¢ LG0 LO'T Gc'e 19¢ YeLT -BUN 3 06

66'GT 89'V¢ €CVa6 790 90T 946°¢ 8¥°¢C G¢'8T 9.IN}MIOUOCIA

G661 03'9¢ 69°€¢ 650 q0'T G8'C 69°C ST'8T uoryejox dox)

(WpB5) | (WP B) | (WpLBB) | (Wp BB | (WP HB) | (WPLHB) | (Wp ) | (uwp I3 .

uz od upy ®D SN b d yse [e10, :

€ °[qeL

(600%-9003 Jo ueown) urers jeaym Surids Jo uorIsodwiod [RISUIN




302

grain originating from M. Also the fertilization dose of 90 kg N ha™! in-
creased (by 0.146 g kg~! d.m.) P content of the grain, compared to the dose
of 150 kg N ha—l. The CS significantly differentiated also the content of
potassium (K). In the grain originating from M, the content of K was higher
(by 0.743 g kg~! d.m.) than in that from CR. Also the CS x N interaction
was observed to significantly affect K content of the grain. On CR plots the
dose of 90 kg N ha1 was increasing the content of K, compared to the dose
of 150 kg N ha~l. The content of magnesium (Mg) was at a similar level in
CR and M plots and at fertilization doses of 90 and 150 kg N ha=1. Also the
CS x N interaction did not affect this parameter. In turn, calcium (Ca) con-
tent of the grain was differentiated by the cropping systems (CS). In the
grain originating from CR the content of Ca was significantly higher than in
the grain from the monoculture. The content of manganese (Mn) in wheat
grain was differentiated by both CS and N doses. In the grain of wheat
harvested from M, the content of Mn was higher (by 0.537 mg kg~! d.m.)
than in the grain from CR. Also the fertilization dose of 150 kg N ha~! was
observed to significantly increase Mn content of the grain (by 0.403 mg kg1
d.m.), compared to the dose of 90 kg N hal. The content of iron (Fe) in
wheat grain depended on both CS and N doses. The grain of wheat harvest-
ed from CR was significantly richer in Fe than the grain originating from
M. Also the fertilization dose of 90 kg N ha~! had a significant effect on Fe
content increase in the grain, when compared to the dose of 150 kg N ha~1.
Likewise zinc (Zn) content, which was significantly higher in the grain origi-
nating from plots with CR than with M. In turn, the nitrogen dose of 90 kg
N ha™! was increasing the content of this element in the grain, unlike the
dose of 150 kg N ha1.

Out of the mineral components of the grain, the greatest variability was
noted for K, Fe and Zn (Table 4). The content of K in the grain was charac-
terized by higher variability (VC%) in CR than in M as well as on plots
fertilized with the nitrogen dose of 150 kg N ha~! than with 90 kg N hal.
In the case of Fe, higher VC values were determined in the grain harvested
from M than from CR, and from plots fertilized with 90 kg N ha! than
with 150 kg N ha~l. Finally, Zn was characterized by over 2-fold higher
value of VC in the grain from M than from CR.

The content of total protein in wheat grain depended on both CS and N
doses (Table 5). The grain harvested from the monoculture (M) was charac-
terized by a higher (by 0.9%) content of protein than the grain from crop
rotation (CR). Also the fertilization dose of 150 kg N ha~! was increasing
protein content of the grain (by 0.5%) compared to the dose of 90 kg N ha=l.
In contrast, the content of gluten in the grain was determined only by ni-
trogen doses. A significantly higher content of gluten was noted in the grain
of Whelat fertilized with the nitrogen dose of 150 kg N ha~! than with 90 kg
N ha—.
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Table 4
Variation coefficients (VC%) of the mineral composition of spring wheat grain
Variable Total P K Mg Ca Mn Fe Zn
ash
Crop rotation 5.10 3.53 17.73 7.06 4.88 4.74 14.01 | 1142
Monoculture 5.08 4.46 14.21 5.54 5.44 6.49 17.98 | 24.00
90 kg N ha1 3.90 2.83 18.57 6.72 7.46 6.26 19.74 | 19.83
150 kg N ha1 2.71 3.93 21.04 5.54 6.27 5.21 10.57 | 19.47
Table 5
Content of total protein and wet gluten in spring wheat grain (mean of 2006-2009)
Variable Total protein Wet gluten
mean (%) VC (%) mean (%) VC (%)
Crop rotation 134 3.3 28.3 9.0
Monoculture 14.3 4.7 29.2 7.9
90 kg N ha 13.6 5.9 28.5 10.0
150 kg Nhat 14.1 3.6 30.2 7.2
LSD values
Cropping systems 0.4%* - n.s. -
Nitrogen doses 0.4%* - 1.5% -
Coming systems |, - -

*designations as in Table 3; VC — variation coefficient

DISCUSSION

The content of mineral components in wheat grain depended on both
the cropping systems (CS) and nitrogen doses. In research by Kraska (2011),
the content of ash in wheat grain was determined by soil tillage and
skimmed intercrops. Ash content was also affected by cropping systems.
Wozniak (2007) showed that grain of winter wheat originating from a mono-
culture was characterized by a higher ash content than grain harvested from
a crop rotation. It may be speculated that this was due to a high contribu-
tion of fine grain with the poorly developed endosperm and a low 1000 ker-
nel weight (Wozniak 2007). In the reported study, the content of ash in grain
harvested from CR and M was at a similar level. The content of minerals in
the grain was also affected by fertilization. The grain from plots fertilized
with the nitrogen dose of 150 kg N ha~! was characterized by a higher ash
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content than the grain from plots fertilized with 90 kg N ha~!. Similar de-
pendencies were demonstrated in studies by Jackowska and Borkowska (2002),
Paris and Gavazzi (1972) as well as WozNiak and Makarskr (2012). The crop-
ping systems (CS) were found to exert a significant effect on the content of
minerals in the grain. Higher content of P, Ca, Fe and Zn was assayed in
the grain harvested from the crop rotation (CR) system than from the mo-
noculture (M). It may be presumed that this was due to weaker absorption
of minerals by plants from soil in the monoculture than in the crop rota-
tion. As reported by Cook (1981) as well as STrRuik and BoNCIARELLI (1997),
under monoculture conditions the root system of cereals is more poorly
developed than under crop rotation, which is linked with infestation of roots
and the stem base with fungal diseases. Wo7Niak and MAKARSKI (2012) dem-
onstrated that the content of minerals in grain was also affected by preced-
ing crops. Wheat harvested from plots after soybean was characterized by
a higher content of ash, K and Mn than wheat originating from plots after
pea. In contrast, wheat sown after pea had more Ca, Fe and Zn. Also Kraska
(2011) observed changes in the mineral composition of wheat grain after
different preceding crops. The grain harvested after red clover was richer in
Fe than the grain sown after other plants. In turn, JAckowska and BorRkowsKka
(2002) reported that a high content of nitrogen in soil was decreasing the
bioavailability of some microelements to plants, and thus was reducing their
content in grain. This was confirmed in the present study, where the fertili-
zation dose of 90 kg N ha~! significantly increased the contents of P, K, Ca,
Fe and Zn in the grain compared to the dose of 150 kg N ha!.

The cropping system (CS) and N doses were also found to influence the
content of total protein and gluten in the grain. A higher content of protein
was determined in the grain harvested from the monoculture than in the
grain from the crop rotation, which may be due to poorer grain filling with
starch (Wozniak 2007). The fertilization dose of 150 kg N ha~! tended to
increase the content of protein and gluten in the grain compared to the
dose of 90 kg N ha~l. These results are consistent with findings reported by
EsEr et al. (1997), Jackowska and Borkowska (2002), PELTONEN and VIRTANEN
(1994), as well as WozNiak and MAKARSKI (2012).

CONCLUSION

1. The cropping systems (CS) differentiated significantly the ash content
and mineral composition of the grain. Wheat grain collected from the crop
rotation (CR) was characterized by a higher content of P, Ca, Fe and Zn
compared to grain harvested from the monoculture (M).

2. The applied fertilization with 90 kg N ha~! increased significantly the

content of P, K, Ca, Fe and Zn in the grain compared to the fertilization
with 150 kg N haL.
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3. The cropping systems (CS) and nitrogen doses were also observed to
differentiate the content of proteins and gluten in the grain. A higher content
of protein was determined in the grain originating from M than that from
CR. The content of protein and gluten increased under the influence of the
fertilization dose of 150 kg N ha=! compared to the dose of 90 kg N ha1.
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