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THE CONSEQUENCES OF ABANDONING NITROGEN FERTILISATI ON IN THE
CULTIVATION OF THREE FORMS OF OAT, DEPENDING ON THE WATER
CONDITIONS

Summary

The article presents the results of strict expenitmevhich were conducted between 2010 and 2018t @f the Gorzy Experi-
mental and Educational Station in Ziotniki, Depagtrhof Agronomy, PozrdJniversity of Life Sciences, Poland. The aim ef th
study was to assess the consequences of abanduinoyen fertilisation in the cultivation of thrderms of oat, depending on
diversified water conditions. The following factovere researched: the water variant (non-irrigatedgated), the form of oat
(tall husked, dwarf husked, hulless) and two vasiar nitrogen fertilisation (0 and 100 kg N*faThe research revealed that ir-
rigation resulted in a greater increase in the gtief oat grains in the tall husked and hulless oand a smaller increase in the
dwarf form. The abandonment of nitrogen fertilisatresulted in the greatest decrease in the yieklbhusked oat grains in
both water variants.
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SKUTKI ZANIECHANIA NAWO ZENIA AZOTEM W UPRAWIE TRZECH FORM OWSA
W ZALE ZNOSCI OD WARUNKOW WODNYCH

Streszczenie

W pracy przedstawiono wynikgistych d@gwiadczé polowych przeprowadzonych w latach 2010-2013 vedtae Agro-
nomii, Uniwersytetu Przyrodniczego w Poznaniu, alagh Zakiadu Déwiadczalno-Dydaktycznego GorizyStacja Ziotni-
ki. W badaniach oceniano biologiczne skutki zarae@h nawdenia azotem w uprawie trzech form owsa wzraéei od
zré&nicowanych warunkéw wodnych. Czynniki badawczeosidyn wariant wodny (niedeszczowany, deszczowdoyja
owsa (oplewiony wysoki, oplewiony kartowy, nagdodwa poziomy nawenia azotem (0 i 100 kg N-Ha Na podstawie
uzyskanych wynikow stwierdzorie, wickszy przyrost plonu ziarna owsa pod wptywem navesmaiwykazano u formy
oplewionej wysokiej i nagiej, aaszy u formy kartowej. Sgad poréwnywanych form najuszym spadkiem plonu ziarna
na skutek zaniechania nasyemia azotem w obu wariantach wodnych charakteryiasia forma oplewiona wysoka.

Stowa kluczoweforma owsa, azot, wariant wodny, plon ziarna

1. Introduction 2. Material and methods

In recent years the area of oAvéna sativd..) planta- Field experiments were conducted between 2010 and

tions in Poland has reached 500,000 ha. The sHatteeo
species in the cereals structure amounts to abiuf5].

Oat is characterised by a high nutritional valueawse it
contains digestible protein with a favourable amamd

composition and fat with high content of unsatuwtafatty

acids. It is valuable nourishment both for peopid ani-

mals [1, 2]. The breeding of hulless cultivars hie@ed the
perspectives of using this cereal to feed monoigaati-

mals and in the food industry [13].

Oat also has a very important role — it is a pbatatary
plant, which is particularly valuable in crop ratet with a
high share of cereals. Therefore, oat is a paditulrec-
ommended species for organic farming, where ingalstr
means of production, such as synthetic fertiliseaass
banned [3].

2013 in plots of the GorayExperimental and Educational
Station in Ztotniki, Department of Agronomy, Poandni-
versity of Life Sciences, Poland (N: 52° 29' 0" 16° 49'
53"). The research was conducted on lessive sasisified
as IVa and IVb in the soil valuation system. Acdngdto
the agricultural suitability system, the soil waassified as
part of complex 4 (very good rye complex) and Softjoye
complex). It was characterised by the pH value.@f(t 1
M KCI), high content of phosphorus (8.3 mg P-10004
soil), medium content of potassium (9.4 mg K-100a
soil) and magnesium (3.5 mg Mg-100 gf soil), and the
humus content of 1.1%. The experiments were coeduat
a randomised complete block design (split-plotthwdi rep-
licates. The following factors were researched: Wader
variant (unirrigated, irrigated), the form of o#l( husked,

The vyield of cereals largely depends on the weathalwarf husked, hulless) and two variants of nitroggntili-

conditions and nitrogen fertilisation [7, 10].

The aim of the study was to assess the biologizase-
guences of abandoning nitrogen fertilisation in ¢hétiva-
tion of common and hulless oat, depending on itidga
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sation (0 and 100 kg N-fp

When the soil moisture dropped below 70% fieldazap
ity, soil was irrigated by means of a system wimsfixed
NAAN 233/91 sprinklers with the nozzle diameter7ofnm
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and water efficiency of 5 mni‘hIn consecutive years of
the study the following doses of water were appbgdrri-
gation: 40, 200, 160 and 155 mm. The following cualti-
vars were sown: Bingo (tall husked oat), STH 619&aff

husked oat), Polar (hulless oat) in 2010 and 204d a

Maczo (hulless oat) in 2012 and 2013.

The crops were fertilised with nitrogen in thenfoof
ammonium nitrate, which was applied at two ternsk§
N-ha' before sowing and 50 kg N-hat the tillering phase

ing the oat growth season the highest rainfall reasrded in
2012 (368.6 mm), whereas the lowest rainfall wateadhdn
2013 (284.4 mm). The long-term average rainfalirduthis
period was 245.7 mm.

3. Results and discussion

The irrigation applied in the experiment increasied
average yield of oat grains by 0.9 t{86.9%) in the com-

(BBCH 21) in respective variants. Oat was growrerft bination without nitrogen fertilisation and by 1.3ha’

winter triticale in a four-field crop rotation sgsh, where
the share of cereals amounted to 50%. Before sothiag
soil was fertilised with phosphorus (34.9 k¢&#") and po-

(15.5%) in the variant fertilised with nitrogen atdose of
100 kg N-h&. Similarly, in an earlier study by Panasiewicz
et al. [11], the abandonment of nitrogen fertiiisatde-

tassium (83 kg Ka'). Between 2010 and 2012 oat wascreased the yield of grains of the Roma winter wiceti-

sown in late March. Only in 2013 it was sown inlg@pril
due to unfavourable weather conditions. The nunddfer
seeds to be sown was decided according to thelityjuze.

350 seeds-m Other treatments were applied according to

the agrotechnical recommendations for this species.

The results were statistically assessed by medns
analysis of variance. The detailed Tukey's test e@s-
ducted, where the confidence limit was P = 0Blae coef-
ficients of variation (CV) of the analyzed featuresre cal-
culated from the formula: CV = S / XL00% where:

S - standard deviation,
X - arithmetic mean.

var by 1.5 t-ha (41%) when the plants were grown under
natural conditions. When they were irrigated, theldy
dropped by 2.03 t-Hg52%).

In our study the tall husked oat gave the higkiedtl of
grains in both water variants, regardless of theuwnh of
nitrogen fertilisation (Table 2). However, the abanment
of nitrogen fertilisation in this oat form causdt tgreatest
decrease in the yield of grains. The eliminatiomibfogen
from the unirrigated variants caused similar desesan the
yield of the other oat forms, i.e. 1.34-1.38 thAs far as
the irrigated variants are concerned, the yieldhef dwarf
husked form dropped more than that of the hullessf

Satisfactory and stable yield depends on the weathPanasiewicz et al. [11] assessed the effect ofdadranent

conditions during the growth season [9, 12]. Acaugycto
Hisira et al. [6], the temperature in May and Jisnearticu-
larly significant to the oat yield. The Greater & region
is characterised by considerable changeabilitydiversity
of weather due to the influence of maritime polad anari-
time continental air masses. Records of the weatbedi-
tions during the experiments confirmed this tengefia-
ble 1). During the research period the average artem-
perature ranged from 8.6 to 9.8°C, whereas the-temg
average temperature was 8.6°C. In most months gitinig
oat vegetation season the temperature was higher ttte
long-term average temperature in this period, exbgrch
and April 2013, May 2010, June 2012 and July 20ie
annual rainfall in the consecutive years of theeaesh
amounted to: 774.8, 525.3, 678.3 and 580.9 mm tanas
higher than the long-term average rainfall (508r&)nDur-

of nitrogen fertilisation in winter wheat and thegted that
the yield of grains dropped by 1.5 tth&1%) when the
crop was grown under natural conditions. When i wa-
gated, the yield dropped by 2.03 t{&82%). The study by
Feledyn-Szewczyk and dazyk [4] showed that in the or-
ganic system the vyield from husked cultivars waghér
than from the hulless ones (by 66% on average). dthe
thors indicated that the differences were causedebser
density of plants and panicles.

The analysis of yield components showed that bana
donment of nitrogen fertilisation caused the gretatde-
crease in the density of panicles in the tall hdskat form,
especially in the irrigated variant (218 pieces p#y, and
in the dwarf husked form grown without irrigation08
pieces per f).

Table 1. Weather conditions at Meteorological $tatt Ztotniki in the years 2010-2013
Tab. 1. Warunki pogodowe w Stacji MeteorologicZejniki w latach 2010-2013

Years Many-year Years Many-year
Months 5510 2011] 2014 2013 average Months |~>510 | 2011] 2017 2013 _average
Temperature Rainfall
| -65 | 0.6 22 | 24 -1.5 | 344 | 221 | 86.6 | 43.6 28.3
I -05| -17 | -14 | -0.3 -0.5 1l 228 | 36.0 | 52.0 | 41.3 26.5
1 4.2 45 56 | -2.3 3.3 1 338 | 152 | 11.8 | 33.8 29.8
\Y, 105 | 12.7 | 9.0 8.0 8.3 \Y 385 | 41 | 250 | 174 314
\Y, 12.0| 153 | 151 | 144 13.9 \Y, 134.6| 175 | 58.0 | 81.0 48.5
VI 19.2 | 184 | 158 | 17.3 17.2 \ 26.6 | 62.4 | 124.4| 106.0 59.6
Vil 230 | 175 | 19.0 | 19.6 18.8 Vil 100.9| 214.8| 149.4| 46.2 76.4
Vil 19.6 | 189 | 18.3 | 18.7 18.1 Vil 132.4| 38.0 | 56.4 | 44.2 53.2
IX 134 | 150 | 141 | 124 135 IX 68.5 | 28.6 | 304 | 74.8 46.0
X 6.9 9.1 8.3 | 10.3 8.9 X 72 | 218 | 328 | 164 34.4
Xl 4.9 3.7 5.2 4.9 3.6 Xl 115.0| 3.2 | 28.6 | 474 35.4
Xl -40 | 33 | ‘15| 26 0.0 Xl 60.1 | 61.6 | 22.9 | 28.8 39.0
Average| 8.6 9.8 9.1 8.6 8.6 Sum | 774.8] 525.3 6783 580|9 508.5
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Source: own work Zrédlo: opracowanie wlasne
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Table 2. The yield of oat forms and its componeiasend-
ing on irrigation and nitrogen fertilisation
Tab. 2. Plon ziarna form owsa i jego komponentyalgz
nasci od deszczowania i nagenia azotem

Nitrogen fertillisation

Form of Non irriga- kg Bnel)
oat . Reduction| Irrigation | Reduction

tion 2-3 5-6

100] © 100] 0

Grain yield (t-hd)
Tall
husked | 5.14 | 3.13 2.01 6.59 | 3.59 3.00
Dwarf 3.81| 2.47 1.34 5.40| 2.63 2.77
husked | 3.32| 1.94 1.38 4.82| 2.48 2.34
Hulless
Average| 4.09] 2.51 1.58 5.0 2.90 2.70
Number of ears per ¥m
Tall
husked | 612 | 430 182 688 | 470 218
Dwarf 493 | 385 108 486 | 388 98
husked | 588 | 503 85 533 | 438 95
Hulless
Average| 564| 439 125 569 432 137
Number of grains per panicle
Tall
husked | 28.6 | 22.7 5.9 30.9| 19.3 11.6
Dwarf 35.9| 30.9 5.0 46.3| 30.2 16.1
husked | 31.2 | 25.5 5.7 38.6| 25.3 13.3
Hulless
Average| 31.9] 26.4 5.5 3816 24,9 13.7
1000 grain weight (g)
Tall
husked | 39.5| 34.2 5.3 39.11 38.1 1.0
Dwarf 36.4| 35.6 0.8 35.8| 32.1 3.7
husked | 25.2 | 23.3 1.9 30.3| 29.9 0.4
Hulless
Average| 33.7] 31.G 2.7 351 334 1.7

Source: own work Zrodto: opracowanie wiasne

The elimination of nitrogen fertilisation causebet
smallest decrease in the density of hulless oaiclesnper
m?, where it amounted to 85 pieces périmthe unirrigated
variant and 95 pieces pefiim the irrigated variant. Apart
from that, the elimination of nitrogen fertilisatidrom the
unirrigated variant caused a greater decreasesimimber
of grains per panicle and in the thousand grairgiten the
tall husked oat form. In the irrigated variant tireatest de-
crease in the same parameters was observed inwthe d
husked oat.

Koziara et al. [8] studied spring barley and pobveat
the abandonment of nitrogen fertilisation redudeel den-
sity of panicles and, to a lesser extent, it alguced the
thousand grain weight. The authors explained thieserva-
tions with the effect of interdependence betweenlhsic
yield components.

Sykut-Domaska [14] compared 8 husked oat cultivars an

14 hulless cultivars and proved that the hullesssowere
characterised by smaller 1000 grain weight and oliget
weight than the husked ones. Tobiasz-Salach Et5Inoted
that the dwarf form was characterised by a sigaifiy
smaller thousand grain weight, smaller number afngr per
panicle and greater panicle density than thedethf

In our study the highest values of standard dieniadnd
coefficient of variation were noted in the dwarfskad
form in both water variants (Table 3). The caldolas of
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the oat yield characteristics showed that the gatifiestandard
deviation and coefficient of variation increasedewitrogen
fertilisation at a dose of 100 kg N-havas applied in the unir-
rigated variants to the tall husked and dwarf hdsia forms
and when it was applied to the hulless form inithigated
variant. The irrigation of the tall husked and dwarsked oat
forms caused a decrease in the values of thesacttigstics.
Koziara et al. [8] observed that when spring basaeg spring
triticale were grown without irrigation, the valuetstandard
deviation and coefficient of variation in the grajield in-
creased when nitrogen fertilisation was appliec alose of
100 kg N-h3.

In all the oat forms nitrogen fertilisation at asg of 100
kg N-ha' under natural rainfall conditions reduced the val-
ues of standard deviation and coefficient of vaiarefer-
ring to the number of grains per panicle and tfmusiand
grain weight and increased the panicle densithendwarf
husked oat form and the hulless one. When irrigatias
applied, the same parameters increased for thesanadu
grain weight.

On average, during the research period the yitlobo
grains in the unirrigated variant without nitrogemtilisa-
tion ranged from 1.56 to 3.76 t-héor the tall husked form,
from 0.98 to 3.49 t-hhfor the dwarf husked form and from
1.04 to 2.29 t-Hafor the hulless form. On the other hand,
the same conditions of oat cultivation where nignoder-
tilisation was applied resulted in the yield ramgifrom
2.97 to 7.38 t-Kafor the tall husked form, from 1.17 to 6.0
t-ha' for the dwarf husked form and from 2.68 to 3.9%it-
for the hulless form. As far as irrigated varianithout ni-
trogen fertilisation are concerned, the yield rahdem
2.33 to 4.68 t-Hafor the tall husked form, from 1.41 to
3.47 t-hd for the dwarf husked form and from 2.20 to 2.64
t-ha' for the hulless form. The yield of oat grains fe fir-
rigated variants with nitrogen fertilisation at asé of 100
kg N-ha' ranged from 5.99 to 7.27 t-héor the tall husked
form, from 3.75 to 6.30 t-Hafor the dwarf husked form
and from 4.12 to 5.99 t-Hdor the hulless form.

Brunava et al. [2] assessed two husked oat cudtiand
two hulless cultivars and proved that the yieldhaf husked
forms ranged from 4.31 to 5.30 thavhereas the yield of
the hulless forms ranged from 3.20 to 3.69t:ha

The straight-line correlation coefficients indedhat the
yield of tall husked oat grains in the unirrigatediant without
nitrogen fertilisation exhibited the strongest etation with
the plant density and thousand grain weight. Inithgated
variant there was the strongest correlation betwkeryield
and the number of grains per panicle. As far asdhiants fer-
tilised with nitrogen at a dose of 100 kg N‘tae concerned,
there was the strongest correlation between tHd gied the
number of grains per panicle in the plots withotgation. In
the irrigated plots there was the strongest cdiveldetween
the yield and the thousand grain weight and a negedrrela-
(}ion with the plant density.

The analysis of the correlation between the yarid its
components depending on the water variant and gatro
fertilisation in the dwarf husked oat form showdattthe
cultivation of this form in both water variants tdtut fer-
tilisation was the strongest correlated with thenbar of
grains per panicle and the density of plants (Tdpl&Vhen
nitrogen fertilisation was applied, the cultivatiaf the
dwarf husked oat form the strongest correlated i
number of grains per panicle, but this correlati@s nega-
tive in the irrigated variant.
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The coefficients of correlation between the yiald its
components in the hulless form showed that whelogah
fertilisation was abandoned and no irrigation wagliad, the
yield was most strongly correlated with the numtiiegrains
per panicle and the number of plants per’1\hen irrigation
was applied, the yield was most strongly correlatiti the

thousand grain weight. When nitrogen fertilisatieas applied

(100 kg N-hd) in the cultivation of this form without irriga-
tion, there was the strongest correlation betwkeryield and

the density of plants. As far as the irrigated arats are con-
cerned, there was the strongest negative cornmelatbween

the yield and the thousand grain weight.

Table 3. Variation of oat features for non N féztition and fertilization dose of 100 kg N-tdepending on irrigation
Tab. 3. Zmienni@ cech owsa uprawianego bez naemia N i nawgonego dawk 100 kg N-hdw zalenasci od deszczowania

Form Fiqure Fertilization Range Standard deviation| Variation coefficient
ofoat | '9 (kg N-ha) mn | max (SD) (V)
Non irrigated
L N 100 2.97 7.38 1..86 36..1
Grain yield (t-hd) 0 1.56 3.76 1.05 33..7
100 405 616 114 22.4
Number of ears per m o 995 607 193 15 1
Number of grains per paniclg 100 18.9 40..8 9..52 33..2
0 13..0 37..6 10..9 48..1
. . 100 33..8 41.9 3..82 9..69
Tall 1000 grain weight (g) 0 28..7 39.5 5.71 16..7
husked Irrigated
L B 100 5.99 7.27 0.63 9.55
Grain yield (t-hd) 0 2.33 4.68 1.02 28.4
100 436 730 136 21.4
Number of ears per Im o 337 557 103 220
Number of grains per paniclg 100 24.3 4L.5 739 23.9
grains per p 0 16.0 20.8 2.23 11.6
. . 100 27.7 44.0 7.61 19.5
1000 grain weight (g) 0 28.1 426 6.73 17.7
Non irrigated
L N 100 1.17 6.00 2.07 54.3
Grain yield (t-hd) 0 0.98 3.49 1.06 42.9
100 357 597 99.7 20.2
Number of ears per m o 336 486 68.4 177
Number of grains per paniclg 100 22.9 52.9 132 36.8
0 18.1 51.2 14.8 48.0
. . 100 31.6 39.4 3.41 9.38
Dwarf 1000 grain weight (g) 0 23.7 423 8.28 23.3
husked Irrigated
L B 100 3.75 6.30 1.15 21.3
Grain yield (t-hd) 0 1.41 3.47 0.89 337
100 399 587 89.9 18.5
Number of ears per Im o 336 426 450 116
Number of grains per paniclg 100 36.2 58.5 9.21 19.9
grains per p 0 20.2 40.9 8.53 28.2
. . 100 33.9 39.1 2.32 6.50
1000 grain weight (g) 0 31.2 34.4 0.89 4.90
Non irrigated
L N 100 2.68 3.96 0.69 20.9
Grain yield (t-hd) 0 1.04 2.29 0.60 31.0
100 243 635 182 37.3
Number of ears per Zm o 303 666 168 335
Number of grains per paniclg 100 24.3 40.7 6.86 22.0
0 15.6 30.0 6.68 26.1
. . 100 20.8 27.6 3.04 12.1
1000 grain weight (g) 0 17.9 25.9 3.71 15.9
Hulless -
Irrigated
L B 100 4.12 5.99 0.82 16.9
Grain yield (t-hd) 0 2.20 2.64 0.19 7.94
100 356 672 136 28.2
Number of ears per Im o 185 645 189 458
Number of grains per paniclg 100 308 44.0 6.13 15.9
grains perp 0 22.3 29.8 3.29 13.0
. . 100 25.1 42.7 8.28 27.3
1000 grain weight (g) 0 22.0 36.4 7.28 24.3

Wiestaw KOZIARA, Katarzyna PANASIEWICZ, Hanna SULEWSKA, Rafat SOBIESZCZANSKI

193

Source: own work Zrodio: opracowanie wiasne

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(3)



Table 4. Correlation coefficients of grain yieldlasield components of oat forms for non N fertiliaa and fertilization dose of 100 kg N*ha
Tab. 4. Wspotczynniki korelacji plonu ziarna i kamentow plonowania form owsa uprawianych bez gamia N i naweéonych dawi
100 kg N-ha

Fertilization . Ear number per 1 ™| Grain number in spikg 1000 grain weight (g) Grain yield
Form of oat (kg N-hal) Variable ) @) 3) (t-hal) 4)
Tall husked Non irrigated
1 1.000
100 2 0.201 1.000
3 0.540 0.440 1.000
4 0.070 0.989* 0.324 1.000
1 1.000
0 2 0.896 1.000
3 0.573 0.822 1.000
4 0.595 0.472 0.586 1.000
Irrigated
1 1.000
2 0.122 1.000
100 3 -0.138 0.320 1.000
4 -0.682 0.541 0.656 1.000
1 1.000
0 2 0.816 1.000
3 -0.623 -0.295 1.000
4 0.650 0.907 0.105 1.000
Husked dwarf Non irrigated
1 1.000
100 2 0.250 1.000
3 0.727 -0.483 1.000
4 0.436 -0.524 0.040 1.000
1 1.000
0 2 0.831 1.000
3 0.208 -0.320 1.000
4 0.609 0.686 -0.459 1.000
Irrigated
1 1.000
2 0.729 1.000
100 3 -0.337 -0.494 1.000
4 -0.168 0.410 0.300 1.000
1 1.000
0 2 0.715 1.000
3 0.528 -0.187 1.000
4 0.696 0.954* -0.081 1.000
Hulless Non irrigated
1 1.000
2 0.275 1.000
100 3 0.115 0.974* 1.000
4 0.850 -0.263 0.394 1.000
1 1.000
0 2 0.840 1.000
3 0.171 -0.383 1.000
4 0.761 0.976* -0.503 1.000
Irrigated
1 1.000
2 -0.972* 1.000
100 3 -0.341 0.511 1.000
4 -0.371 0.322 -0.496 1.000
1 1.000
0 2 -0.220 1.000
3 -0.692 0.370 1.000
4 0.040 -0.354 0.535 1.000
Source: own work Zrodio: opracowanie wiasne
4. Concluding remarks husked and hulless forms and a smaller increastan

dwarf form.

The research proved significant dependence betiteen The abandonment of nitrogen fertilisation resultethe
yield of oat grains and irrigation, oat form anttegen fer- greatest decrease in the yield of tall husked oaing in
tilisation. In all the years of the research irtiga resulted both water variants. In the unirrigated variant yfeld of
in higher yield, regardless of the other factoreef® was grains was reduced by 2.01 t'havhereas it was reduced
a greater increase in the yield of oat grains ia tall by 3.0 t-hd when irrigation was applied.
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