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Abstract. The objective of the research was tariite the effect of various cultivation methods
and nitrogen fertilization on the content of mateoents (N, P, K, Mg, Ca) in grain of winter whefsfield
experiment with cultivation of winter wheat var.9&ywas carried out in the years 2003-2004 at tsehy@l
University of Warmia and Mazury (UMW), in the Exjpeental Station in Tomaszkowo. The experiment
was conducted with the method of split-plot randmahiblocks, in 4 replications, on heavy brown soil
ranked in the good wheat complex. The first expamtal factor were methods of plant cultivation:
1. Control plot — without cultivation, 2. Harrowirag the tillering stage; 3. Harrowing at the titigr stage
(2 — fold); 4. Protection with Aminopielik D 450 Sterbicide; 5. Harrowing (1-fold) + protection with
Aminopielik D 450 SL herbicide. The second experitakfactor were variants of top dressing nitrogen
fertilization (135 kg N hd): a) control plot — without nitrogen; b) fertilin with: 70 kg N ha after re-
vegetation — ammonium nitrate, 65 kg N laaithe full stage of shooting — pelleted carbantjié0 kg N ha
1 after re-vegetation — ammonium nitrate, 25 kg Natahe beginning of shooting stage and 40 kg Naha
the end of the shooting stage — pelleted carbafjdes in plot "c", yet with foliar application tife second
dose of nitrogen (25 kg N Brwith carbamide concentration of 18.1% (8.33% WNe content of
macroelements in grain of winter wheat was sigifily differentiated between the particular experital
years, except for nitrogen. Significant change®waso observed in contents of phosphorus and siagne
as affected by the cultivation methods appliediavigs of nitrogen fertilization exerted a signifit&ffect
only on the concentrations of nitrogen and potassiu
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INTRODUCTION

The primary source of minerals for monogastric animalsastgbdders, and
therefore their content in cereal grain is highly importdhécroelements play
structural functions, constitute an integral part of enzymm@ay the role of
regulators of enzymatic processes. Both a deficit and an eskctusse elements
causes disturbances in the metabolism of plant organisms; #mdugh their
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mediation — also in those of animals (Szynal and Sykut 1992).elieé df che-
mical components in grain may be subject to certain vanat{Pawlowska and
Dietrch-Szostak 1995). Their content in grain is determined bygiegpeand
variety-related features, and also by soil and weather conditioitgy vegetation
and by agricultural measures applied, including plant protectiomsigaeed
infestation and nitrogen fertilisation (Czuba and Mazur 1988). Aaugrtti the
literature on the subject, the effect of herbicideshe mineral composition of cereal
grain is not wholly explicit. One can encountemfiation supporting the view that
such agents cause changes in the content of micamgbonents (Nowicka 1993,
Jurkowskaet al. 1992). Results obtained by other authors, howetsggest that
herbicide preparations, applied at recommended doses and times, insessica
not cause significant changes in the level of mineramems in grain
(Brzozowska 2003, Brzozowski i Brzozowska 2001, Makarska 1997, Ostapczuk
et al. 1993). Podolskat al. (2004) point out that neglect in providing herbicide
protection for sown grain leads to deterioration of qualitattagures of wheat
grain. In turn, Jurkowsket al. (1992) demonstrated that the effect of nitrogen on
the mineral composition of grain depends on a variety of factors, e.dosie and
type of nitrogen fertiliser, growth stage of the plants, et&infathe above into
consideration, a study was undertaken with the objective of deteionirtd the
effect of various methods of cultivation and nitrogen fertilisation on theenbof
macroelements (N, P, K, Mg, Ca) in grain of winter wheat.

MATERIAL AND METHODS

In the years 2003-2006, at the UWM Experimentali@tan Tomaszkowo near
Olsztyn, a field experiment with cultivation of wém wheat var. Rysa was carried
out, in which the studied factors were various eshof cultivation and nitrogen
fertilisation. The experiment was set up with thetmd of split-plot randomised
blocks, in 4 replications, on heavy brown soil ranked in toelgvheat complex.he
first experimental factor were methods of plantieation: 1. Control plot — without
cultivation, 2. Harrowing at the tillering stage;Farrowing at the tillering stage (2-
fold); 4. Protection with Aminopielik D 450 SL hérlwle; 5. Harrowing (1-fold) +
protection with Aminopielik D 450 SL herbicide. Tlsecond experimental factor
were variants of top dressing nitrogen fertilizat{@35 kg N hd): a) control plot —
without nitrogen; b) fertilization with: 70 kg N faafter restart of vegetation —
ammonium nitrate, 65 kg N Haat the full stage of shooting — pelleted carbamid
c) 70 kg N h# after restart of vegetation — ammonium nitratek§3N ha', at the
beginning of shooting stage and 40 kg Nl the end of the shooting stage —
pelleted carbamide; d) as in plot "c", but with foliaplgation of the second dose
of nitrogen (25 kg N h§ with carbamide concentration of 18.1% (8.33% N).
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Moreover the wheat received pre-sowing fertilisation witttogen at the
dose of 35 kg haand with phosphorus {85 — 80 kg h&) and potassium (O —
120 kg ha). In the case of the foliar fertilisation (plot D), 300%wh the working
liquid was applied per 1 ha.

The area of a single plot was 16 (8 m x 2 m). The Aminopielik D 450 SL
herbicide was applied at the dose of 3*tal (Plant protection recommendations
2001). Top dressing was performed by means of adatit spraying machine at
recommended weather conditions, before evenindyiagB00 dni of the working
liquid per 1 ha.

Chemical analyses of the grain (in 2004 and 20056)ttieir macro-element
content (N, P, K, Mg, Ca) were performed at thei@dtural Chemistry Station in
Olsztyn, as follows: nitrogen — with the potentidrieemethod, phosphorus — with the
vanadium-molybdenum method, magnesium — with ththadeof absorption atom
spectrometry, potassium and calcium — with the akti flame photometry.

RESULTS AND DISCUSSION

The mineral composition of wheat grain var. Rysa was stroaifigcted by
the weather conditions of the analysed seasons covered by the study (Tab. 1).

Table 1. Air temperatures and rainfall in the vegetatioriqubof winter wheat in 2004-2005 according to
Meteorological Station in Tomaszkowo

Air temperatureC) Rainfalls (mm)
Average Deviation from Percentage
Month of many 0 Average
normal values®C) of normal value
years

1961-2000 2004 2005 1961-2000 2004 2005
April 6.9 -0.5 0.6 36.1 128.8 30.2
May 12.7 -0.3 -11 51.9 152.8 64.9
June 15.9 -0.8 -2.0 79.3 140.7 60.0
July 17.7 -0.8 2.0 73.8 103.1 126.8
August 17.2 2.6 -0.9 67.1 147.7 49.3
Average or sum 14.1 0.0 -0.3 308.2 133.9 71.0

In 2004, during the period of spring-summer vegetation (April-Augast)
moderate temperatures there was over 30% more rainfallstiia multi-year
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period, but the rainfalls were favourably distributed in time, tviwas conducive
to the crop growth and yielding. In the second year of the stadyrm, there
amount of rainfalls was about 30% lower. In the experiment unddysis the
content of macroelements in winter wheat grain was sigmifig differentiated
between the years of the study, with the exception of nitrogen.

Its level was on average from 17.3 g'kg the first year to 17.9 g Kgof dry
mass of grain in the second, i.e. below the values given by Gadbaazur
(1988), concerning average content of the element of in whaiat griginating
from various regions of Poland (Tab. 2-6).

Table. 2. Nitrogen (N) content in winter wheat grain depagddn applied method of plant cultivation
and nitrogen application method (gkd.m.)

Year of research

Specification Mean
2004 2005
Method of plant cultivation (a)
Without cultivation (Control object) 17.9 16.5 17.2
Harrowing 175 17.4 175
Harrowing x 2 17.6 17.6 17.6
Herbicide 18.5 17.7 18.1
Harrowing + herbicide 18.2 175 17.9
Mean 17.9 17.3 17.6
LSD.05) n.s. n.s. n.s.
Nitrogen application method (b) (kg Ha

Without nitrogen 16.6 13.8 15.2
70 + 65 18.2 18.2 18.2
70 +25+40 17.8 17.7 17.8
70 + 25* + 40 19.0 19.5 19.3
Srednio — Mean 17.9 17.3 17.6
LSDo. 05) 0.6 1.2 11
LSDp.osyax b n.s. n.s. n.s.

*/foliar application LSDy, g5, for years — n.s- Other interactions -not significant.

The content of macroelements, with the exception of potassiunhiglaer in
2004 which was a year when high crop yields were produced. The dregwexbs
in the content of macroelements of grain from 2005 can be attribatdde
exceptionally unfavourable weather conditions during wheat végetathe
greatest differences between the years of study weredestan the case of



MACROELEMENT CONTENT IN WINTER WHEAT GRAIN 27

calcium. Grain from he first year of the study had a calcioment that was
more than double (average of 0.64 g'ldym.) compared to that in the second
year (average of 0.29 g kgd.m.). In the case of nitrogen. phosphorus and
magnesium the differences between the years amounted to 10%. Inheurn,
concentration of potassium in wheat grain in the second yedhe aftudy was
higher by 9.6% and its average level was 3.81 yka.

Table. 3. Phosphorus (P) content in winter wheat grain ddjpg on the plant cultivation method
applied and nitrogen application method (g kgm.)

Year of research
Specification 2004 2005 Mean

Method of plant cultivation (a)

Without cultivation (Control object) 4.03 351 .
Harrowing 3.72 3.44 3.58
Harrowing x 2 413 3.82 3.98
Herbicide 4.38 3.86 4.12
Harrowing + herbicide 4.15 3.82 3.99
Mean 4.08 3.69 3.89
LSD(.05) n.i.-n.s. 0.16 0.26
Nitrogen application method (b) (kg ha
Without nitrogen 3.98 3.74 3.86
70 + 65 4.12 3.60 3.86
70 +25+40 3.98 3.68 3.83
70 + 25* + 40 4.24 3.73 3.99
Mean 4.08 3.69 3.88
LSD .05 n.s. n.s. n.s.
LSDpgosya x b n.s. n.s. n.s.

*/ foliar application. LSk g5 for years — 0.23 — Other interactions — n.s. -signtificant.

The methods of plant cultivation and nitrogen figettion did not cause any clear-
cut, repeatable in the years and significant cteamgeahe content of the analysed
macroelements in wheat grain. Taking an averagdehforyears of the study, the
method of wheat cultivation had only a significdifiterentiating effect on the content
of phosphorus and magnesium. The highest content of siagne/as recorded after
the application of the herbicide alone (4.12 ¢ kigm.), but the differences were
significant only with relation to wheat grain obtained frone tbject with no
cultivation (3.77 g kg d.m.) and that with single harrowing (3.58 ¢'kgm.).
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Table 4. Potassium (K) content in winter wheat grain defregen the plant cultivation method
applied and nitrogen application method (g kgm.)

Year of research
Specification 2004 2005 Mean

Method of plant cultivation (a)

Without cultivation (Control object) 3.70 411 3.91
Harrowing 3.98 4.07 4.03
Harrowing x 2 3.83 3.90 3.87
Herbicide 3.78 421 4.00
Harrowing + herbicide 3.78 4.55 4.17
Mean 3.81 4.17 3.99
LSD .05 n.s. n.s. n.s.

Nitrogen application method (b) (kg Ha

Without nitrogen 3.68 4.30 3.99
70 + 65 3.64 3.98 3.81
70 + 25 + 40 4.12 4.26 4.19
70 + 25* + 40 3.80 4.12 3.96
Mean 3.81 4.17 3.99
LSD(.05 0.30 n.s. 0.23
LSDgosya x b n.s. n.s. n.s.

*/ foliar applicationLSDyq o5y for years — 0.31 — Other interactions — n.s. tsignificant.

In turn, the highest concentration of magnesiumavesired by the application of
the integrated method of plant cultivation, i.errtsing plus herbicide, and of her-
bicide alone (at 1.30 g Rgs.m.), but the differences were significant onlgompa-
rison to the wheat from the plot with single harirgv (1.19 g kg d.m.).

Numerous authors point out the lack of a noticeable clgagtfect of the studied
cultivation measures on the chemical compositiogeséal grain (Makarska 1997,
Nowicka 1993, Pawtowska and Dietrych-Szostak 198ba study by Makarsket
al. (2001), irrespective of cultivation measures applietfiefeintiated fertilisation and
chemical plant protection). concentration of mihemmponents in hard wheat grain
was dependent on the individual properties of #mtype. Szynal and Sykut (1992)
indicate that the effect of herbicides on the aanté mineral components in cereal
grain may be varied. However, the authors emphd#isaethe observed changes are
rather related to the interaction of numerous wéiaxternal factors, and also to the
varied response of particular varieties to the iegtibn of the same preparations.
Makarska (1997) and Nowicka (1993) suggest thabiting effects of herbicides,
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causing decreasing trends in terms of the confemir@eral elements, may become
evident under unfavourable atmospheric conditiand, the value of the changes is
related to the genetic sensitivity of a given variety to a given @tpar

Table 5. Magnesium (Mg) content in winter wheat grain dejieg on the plant cultivation method
applied and nitrogen application method (g kigm.)

Year of research
Specification 2004 2005 Mean

Method of plant cultivation (a)

Without cultivation (Control object) 135 117 1.26
Harrowing 1.23 1.14 1.19
Harrowing x 2 1.25 1.24 1.25
Herbicide 1.30 1.29 1.30
Harrowing + herbicide 1.38 1.21 1.30
Mean 1.30 1.21 1.26
LSD(.05 0.10 n.s. 0.07
Nitrogen application method (b) (kgt?)
Without nitrogen 1.34 1.20 1.27
70 + 65 1.28 1.17 1.23
70 + 25 + 40 1.26 1.22 1.24
70 + 25* + 40 1.32 1.23 1.28
Mean 1.30 121 1.25
LSD .05 n.s. n.s. n.s.
LSDpgosyax b n.s. n.s. n.s.

*/ foliar application LSDy, o5) for years — 0.07 — Other interactions — n.s. —significant.

In the experiment under analysis, the method of nitrogen fertilisdtad
a significant effect only on the content of nitrogen and potassium. Whekgddrti
with nitrogen, irrespective of the method of its application, actated signifi-
cantly more nitrogen (17.8-19.3 g kg.m.) than wheat without such fertilisation
(15.3 g kg d.m.). The highest content of the element wasrdecbin grain of wheat
fertilised in three parts, including a single foliapplication (19.3 g kdm.) —
significant differences. The highest level of psias (4.19 g kg d.m.) was obser-
ved in grain after the application of nitrogenifisers in the form of top dressing, in 3
parts in pelleted form. and the differences wegniitant in comparison to the other
methods of application.

Kruczek and Wojtowicz (1998) demonstrated that nitrogeiigation caused an
increase in nitrogen content in wheat grain. but did not diffeaterthe content of
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phosphorus, potassium, magnesium and calcium. iskewn a study by Borkowska
(2004), varied nitrogen fertilisation had no effeat the content of magnesium and
potassium in grain of winter wheat, but the leviebloosphorus increased under the
effect of increased fertilisation. In turn, in adg by Chwil (2000), the content of

magnesium in wheat grain increased with increasitensity of NPK fertilisation.
Krynska et al. (1997), on the other hand. demonstrate that the coatientrof
mineral elements in cereal grain depends more on the lewdtrofien dosage

than on the method of its application.

Table 6. Calcium (Ca) content in winter wheat grain depagddn the plant cultivation method

applied and nitrogen application method (g kgm.)

Year of research

Specification 2004 2005 Mean
Method of plant cultivation (a)
Without cultivation (Control object) 0.63 029 0.46
Harrowing 0.58 0.29 0.44
Harrowing x 2 0.63 0.29 0.46
Herbicide 0.65 0.29 0.47
Harrowing + herbicide 0.70 0.28 0.49
Mean 0.64 0.29 0.46
LSD.05) n.s. n.s. n.s.
Nitrogen application method (b) (kgt?)

Without nitrogen 0.64 0.29 0.47
70 + 65 0.70 0.29 0.50
70 + 25 + 40 0.58 0.29 0.44
70 + 25* + 40 0.62 0.29 0.46
Mean 0.64 0.29 0.46
LSD .05 n.s. n.s. n.s.
LSDp.osyax b n.s. n.s. n.s.

*/ foliar application LSy, o5 for years — 0.08. Other interactions — n.s. —smptificant.

Numerous authors point out the significant effédtabitat conditions. including
also meteorological conditions, on the chemical mosition of cereal grain (Gro-
mova and Polek 1995, Jurkowskat al. 1992, Makarska 1997, Pawlowska and
Dietrych-Szo6stak 1995, Rutkowska 2004, Pisulew$8@b,1Pisulewskat al. 1998).
In the literature one cal also find information @cling to which the course of
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weather conditions during the vegetation period baly a slight effect on the
accumulation of mineral elements in wheat grainu@ek and Wéjtowicz 1998).
Likewise, in a study by Kiiskaet al. (1997), variable weather conditions in the years
of the study had a notable effect on the yield ioftev triticale, while their effect on
the content of macroelements (N, P, K, Mg, Cahéngrain was negligible.

CONCLUSIONS

1. The content of the studied macroelements in winter wheat geied
significantly between the years of the study, with the exception of aitrog

2. Among the macroelements under analysis, only the content of magne-
sium and phosphorus varied with relation to the methods of glétivation. The
highest content of magnesium was recorded in grain of wheatatadiwith the
mechanical-chemical method and the chemical method, and ircabe of
phosphorus — only with the chemical method.

3. Only the content of nitrogen and potassium changed under the effect of
various methods of nitrogen application. The highest content of ¢éheept was
found in grain of winter wheat fertilised three times, includingiragle foliar
application. and in the case of potassium — after top dressing ajmliof
nitrogen in three parts, in pelleted form.
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ZAWARTOSC MAKROELEMENTOW W ZIARNIE PSZENICY OZIMEJ
W ZALEZNOSCI OD SPOSOBU PIEEGNACJI | NAWOZENIA AZOTEM
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Streszczenie. Bwiadczenie polowe z uprawpszenicy ozimej odmiany Rysa prowadzono
w latach 2003-2004 w Zaktadzie Dydaktycznosi®iadczalnym w Tomaszkowie, naieym do UWM
w Olsztynie. Eksperyment realizowano metqubdblokéw losowanych, w 4 powtdrzeniach, na glebie
brunatnej wiéciwej, ciezkiej, zaliczonej do kompleksu pszennego dobregenCéada bylo okrelenie
wplywu r&nych sposobow pighnacii raglin i sposobu nawienia azotem na zawaltomakroelementdéw
w ziarnie pszenicy ozimej (N. P. K. Mg. Ca). Czynpierwszy déwiadczenia stanowily sposoby pie-
legnacji ralin: 1. Obiekt kontrolny — bez piginacji, 2. Bronowanie w fazie krzewienialim, 3. Bro-
nowanie w fazie krzewienia (2-krotnie), 4. Amindigi® 450 SL, 5. Bronowanie + Aminopielik D 450 SL.
Drugim czynnikiem byt spos6b pogltéwnego naemia azotem (135 kg N-fjaa) obiekt kontrolny — bez
azotu; b) nawgzenie: 70 kg N-Hapo wznowieniu wegetacji — saletra amonowa, 65 KugNw fazie
strzelania wedzblo — mocznik granulowany; ) 70 kg N*hao wznowieniu wegetacji — saletra amonowa,
25 kgN-ha w fazie strzelania wdzblo oraz 40 kg N-haw koacu fazy strzelania wdzblo — mocznik
granulowany; d) jak na obiekcie "c", ale diugrs¢ azotu (25 kg N-hB stosowano dolistnie cegeniu
mocznika 18,1% (8,33% N). Z vagkiem azotu, zawar§d pozostatych makroelementéw w ziarnie pszenicy
ozimej byfa istotnie zdhicowana nydzy latami bada Stwierdzono tale istotne zmiany zawasin
fosforu i magnezu, w zaleasici od stosowanych metod pighacji pszenicy. Sposéb navenia azotem
wywierat istotny wptyw jedynie na if6 azotu i potasu.

Stowa kluczowe: pszenica ozima, makroelementy, dra@mie, herbicyd, azot



