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COMPETITION FOR NITROGEN BETWEEN
SPRING WHEAT AND SPRING BARLEY IN THE
CONDITIONS OF VARIOUS NPK FERTILIZATION

Kinga Treder, Maria Wanic

University of Warmia and Mazury in Olsztyn

Abstract. In pot experiment, carried out according to the additive pattern on medium soil
fertilized with standard and 50% higher dose of NPK, the effect of competitive interactions
between spring wheat and spring barley was estimated on nitrogen accumulation in the
above-ground mass, with the distinction of stems, leaves, and spikes. Studies included
three series, which were carried out in years 2003-2004 in five periods set by the rhythm
of development of barley in pure sowing, namely in phases: emergence (BBCH 10-13),
tillering (23), straw shooting (32), earing (55), and ripening (87-89). In a mixture, both
cereals accumulated less nitrogen in the above-ground mass than in pure sowing starting
from the tillering phase until the end of growth. In wheat, the decrease to
a similar degree included straws, leaves and spikes, and in barley during earing it was
more clearly marked in straws and leaves, and during ripening in spikes. Doses of mineral
fertilization with NPK had no effect on nitrogen accumulation by barely and wheat grown
in pure and mixed sowing. Competition for nitrogen between cereals started in the
tillering phase and grew until the earing phase, after which it decreased slightly. Almost
in the entire period of common growth, barley demonstrated to be a stronger competitor
than wheat in nitrogen gaining. On bedding richer in NPK, competitive interactions
between barely and wheat were more intensive than on poorer one.

Key words: cereal mixtures, competition ratio, mixed sowing, nitrogen accumulation,
relative yield, spring cereals

INTRODUCTION

In mixed sowings, various interactions take place between the species, both positive
and negative. They may take place through emitting to the environment diverse
biochemical compounds (allelopathy) and competitive or complementary resource using
[Howard 2001, Callaway 2002, Fitter 2003, Sobkowicz and Tendziagolska 2005].
Those phenomena usually occur simultaneously and, as a result, are difficult to separate.
Intensity and direction of the above processes depend on the selection of species and
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cultivars, morphological and physiological traits, developmental stage, and habitat
conditions [Keating and Carberry 1993, Sobkowicz 2003, 2005]. As a result of those
interactions, mixture yield and nutrition content is different than in the same species and
cultivars in pure sowing [Sobkowicz 2003].

Aims of the experiment were: 1) how interactions between spring wheat and spring
barely affect nitrogen accumulation in various parts of both species during the entire
growth period; 2) does soil richness in NPK diversify the intensity of competitive
interactions for this element?

MATERIAL AND METHODS

Basis of the work was a strict pot experiment carried out in three series and four
repetitions in years 2003-2004 at the greenhouse laboratory of the University of Warmia
and Mazury in Olsztyn. Subject of the assessment was spring wheat (cultivar Torka)
and spring barley (cultivar Rabel), which were grown in a mixture and in pure growth.
First series lasted from April 10" to July 7" 2003, the second one from February 26" to
May 24™ 2004, and the third one from September 18" to December 20™ 2004.
Experiment was set up according to the additive pattern, according to which the number
of plants per mixture was the sum of their density in pure sowing [Sattore and Snaydon
1992, Semere and Froud-Williams 2001, Sobkowicz 2001, Sobkowicz and Tendziagolska
2005].

Factors of the experiment were as follows:

a) NPK fertilisation levels:

— basic dose: 162 kg'ha™ of pure NPK components, including N — 70 kg, P — 26 kg,
and K — 66 kg, which scaled per one pot amounted to (g): N — 0.50, P — 0.20,
and K — 0.45,

— dose increased in relation to the standard one by 50% (together 243 kg-ha™),
including: N — 105 kg, P — 39 kg, and K- 99 kg; per one pot, respectively 0.75,
0.30, and 0. 68 g, in the work, basic dose is to be defined as 1 NPK, and the
increased one as 1.5 NPK;

b) sowing method:

— pure,

— mixed.

Pots were filled with bedding taken from soil layer up to 30 cm. It was medium soil,
proper brown, from coarse sand in subsoil with loose dusty sand. It was characterized
by organic matter content from 1.22 to 1.91%, slightly acid pH, and high richness in the
assimilable forms of phosphorus, potassium, and magnesium. Before pot filling, the soil
was sieved and mixed with the appropriate doses of mineral fertilizers. Nitrogen
fertilizers were applied in the form of urea (half of the dose), potassium fertilizers in the
form of potassium sulphate, and phosphorus fertilizers in the form of potassium. The
second part of N dose was applied at the beginning of the straw shooting phase of
barley.

Cereals were sown in Kick-Brauckmann pots with the diameter of 22 cm and the
depth of 28 cm with the density of 19 caryopses per pot (38 in the mixture). On the
surface of the pots, caryopses were placed (with the use of templates) in equal distances
from one another and put in soil bedding at the depth of 3 cm. At the laboratory, for
most of the growth period, temperature between 20-22°C was kept. During full barley
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emergence, temperature for the period of 10 days was lowered to 5-6°C. In the third
series, due to the fact that it was carried out in the conditions of days growing shorter,
artificial additional light was applied; its length and intensity was adapted to the
requirements of the cereals.

Research was carried out in five periods set by the developmental rhythm of spring
barley in pure sowing fertilized with the basic dose of NPK, that is in phases:
emergence (BBCH 10-13), tillering (23), straw shooting (32), earing (55), and ripeness
(87-89).

Experiment was made of 120 pots (24 pots for each phase) placed in equal distances
from one another. After reaching proper phase by spring barley in pure sowing, from 24
randomly chosen pots all the plants were removed, and the above-ground part was
separated from the roots. In the phases of earing and ripeness, the above-ground part
was divided into straws, leaves, and spikes. In the plant material dried to air-dry soil,
total Kjeldahl nitrogen content was marked. Analyses were carried out at the Chemical-
-Agricultural Station in Olsztyn. Analyzed samples originated from three series and four
repetitions. Data concerning plant biomass and nitrogen concentration was published in
earlier works [Treder et al. 2008, 2009]. On the basis of the obtained results and plant
dry mass measurements, the yield of nitrogen accumulated in the above-ground parts of
both cereals was calculated. This data was used for the calculation of relative nitrogen
yield (RY), total yield of relative nitrogen (RYT), and competition ratio (CR) for this
biogene of spring wheat in relation to spring barley [Semere and Froud-Williams 2001,
Sobkowicz 2001, 2003]:

relative yields: RYi = Yij/Yii RYj = Yji/Yjj
relative yield total: RYT = RYi + RYj
competition ratio: CRij = RYi/ RYj CRji = RYj/ RYi

where:
RYi —relative yield of species i (spring wheat),
RYj - relative yield of species j (spring barley),
Yii - yield of species i (wheat) in pure sowing,
Yjj - yield of species j (barley) in pure sowing,
Yij —yield of species i (wheat) in a mixture with species j (barley),
Yji —yield of species j (barley) in a mixture with species i (wheat),
RYT - relative yield total,
CRi — competition ratio of spring wheat against spring barley.

In a case when there are no interactions between the species, the yield of each of
them is the same as in pure sowing (RY = 1.0; RYT = 2.0). Values of RYT within the
range of 1.0 to 2.0 signify that competition concerns only part of the environmental
resources, and the remaining part is used by species complementarily.

Competition ratio (CR) of species i in relation to species j signifies proportional
change of mixture composition in relation to the expected content, that is a content in
which the share of both species in the yield is equal to the one in the total biomass
formed by joining together pure sowings.

Results concerning the mass of the total Kjeldahl nitrogen accumulated in plants
were processed statistically with the use of the analysis of variance with the error
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probability of P = 0.05. For the assessment of inter-object differences, the Tukey’s test
was used. Analyses were carried out with the use of the Statistica program.

RESULTS AND DISCUSSION

Mass of nitrogen accumulated in the above-ground parts of spring wheat increased
up to the earing phase, and afterwards it decreased in the final stage of growth. In
relation to the earing phase, it amounted to: in independent growth 21.4%, and in the
mixture 12.9% (Table 1).

Table 1. Nitrogen yield in the above-ground parts of spring wheat, g-pot
Tabela 1. Plon azotu w cz¢$ciach nadziemnych pszenicy jarej, g-wazon’

Development stage 1 NPK 1.5 NPK Mean — Srednia
(?:Eziljg;%i?;&in sowing method — sposéb siewu* IT:ISI}?:]]E:
(BBCH)/czgsci roslin C M C M C M
10-13 0.23 0.19 0.21 0.25 0.22 022 | I**ns—ni II**0.05
23 231 1.92 1.35 1.11 1.83 152 I 030 II ns—ni
32 2.29 1.70 332 1.86 2.78 178 |I 017 1I 024
straws — zdzbta 1.77 0.61 3.16 0.60 2.46 061 |1 034 I ns—ni
leaves — liscie 221 1.01 423 1.03 3.17 1.03 |I 041 II ns—ni
3 | spikes—klosy | 144 | 045 | 125 | 029 | 136 | 039 |1 014 I ns—ni
total — razem 543 2.07 8.64 1.91 7.00 202 |1 0.68 II ns—ni
straws — zdzbta | 0.83 0.28 1.18 0.25 1.01 028 |I 013 I 0.18
leaves — liscie 0.45 0.19 1.09 0.27 0.74 024 (1 0.16 I 022
87-89 spikes — klosy 3.17 1.18 434 1.29 3.75 124 |1 093 II ns—ni
total — razem 445 1.65 6.61 1.81 5.50 176 |1 0.73 II ns—ni

* C — pure sowing — siew czysty, M — mixture — siew mieszany

**] — sowing method — sposdéb siewu, II — interaction (sowing method x fertilization) — wspotdziatanie
(sposdb siewu x nawozenie)

ns — ni — non-significant — réznice nieistotne

During emergence, on average for the NPK fertilizer doses, no effect of the sowing
method was found on the uptake of this chemical by wheat. A different result was
obtained by Ponce [1987], who noted a decrease in nitrogen yield in the above-ground
parts of wheat grown in the presence of sterile oat from 340 to 130 mg. Starting from
the tillering phase, mixed growth had a negative effect on nitrogen accumulation in the
biomass of the analysed cereal. It was the most clearly seen in the period of generative
development (earing and ripeness phases). At the same time, Sobkowicz [2000] did not
note any significant effect of joint growth of three spring cereal species (barley, oats,
and triticale) on total protein yield. In the present study, nitrogen accumulation was
lower than in pure sowing in the earing phase by 71.1% and ripeness by 68.0%. To
a similar extent, it included straws, leaves, and spikes. The advantage of pure sowing
over mixed one marked itself in both fertilization doses. On the bedding poorer in NPK,
it lasted throughout the growth period, and on the richer one, from the tillering phase.
With the fertilization doses of 1.5 NPK, the differences between mixed and pure sowing
were greater, particularly during straw shooting and earing phases (in straws and
leaves).
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Also the accumulation of nitrogen in the above-ground barely mass decreased under
the influence of joint growth with wheat (disregarding emergence in the fertilization
doses of 1 NPK; Table 2). Differences between mixed and pure sowing (with the
exception of the tillering phase), however, proved to be smaller. On average, for
fertilizer combinations they amounted to: tillering 25.2%, straw shooting 5.8%, earing
46.0%, and ripeness 38.5%. It results from the above that in the mixture, like in the case
of wheat, the greatest nitrogen yield reduction occurred in the phases of earing and
ripeness. Similar relations were noted by Sobkowicz [2009] in his experiment. He
showed that joint growth of barley with Persian clover and seradella led to smaller
nitrogen accumulation both in spikes and in the remaining above-ground biomass.
Presented differences in some periods and plant parts underwent changes under the
influence of fertilization doses. With basic NPK fertilization dose during the emergence
phase, barley grown in the mixture contained more nitrogen by 47.6% than in pure
sowing, with an increased dose less by 18.2%, and in the ripeness phase, this sowing
method more strongly limited its accumulation in spikes with richer NPK fertilization
doses.

Table 2. Nitrogen yield in the above-ground parts of spring barley, g-pot™!
Tabela 2. Plon azotu w cze$ciach nadziemnych jeczmienia jarego, g-wazon™

Development stage 1 NPK 1.5 NPK Mean — Srednia
(Efzcaljg/zgi Zl}r)\r;v z;rt sowing method — sposob siewu* Ililslgssss
(BBCH)/czgsci roslin C M C M C M
10-13 0.21 0.31 0.33 0.27 0.27 029 |I**ns—ni II 0.06
23 2.33 1.63 2.73 2.15 2.54 190 | T 033 II ns—ni
32 1.84 2.12 3.77 2.94 2.74 2.58 Iill ns—ni
straws — zdzbta 2.38 0.95 2.65 1.69 2.53 1.30 [T 0.30 II ns—ni
leaves — liscie 2.46 1.06 2.41 1.47 2.44 1.27 I 024 II ns—ni
35 | spikes—klosy | 041 | 031 | 027 | 024 | 034 | 030 Iill ns—ni
total — razem 5.26 2.32 5.33 3.40 5.31 287 |1 054 II ns—ni
straws — zdzbta 0.67 0.84 1.62 1.09 1.11 097 |1 0.12 I 0.18
leaves — liscie 0.62 0.41 0.99 0.83 0.81 0.60 (I 0.09 II ns—ni
8789 | spikes —Kklosy | 338 | 1.55 | 298 | 156 | 321 | 159 |1 031 1 ns—ni
total — razem 4.67 2.80 5.59 3.48 5.14 316 |1 034 II ns—ni

Explanation under Table 1 — objasnienia pod tabela 1

Figures 1 and 2 present the effect of competition on nitrogen uptake by the assessed
cereals. Relative yield total (RYT) values inform that during emergence, no interactions
of that sort took place between the species. With poorer NPK fertilization doses,
nitrogen accumulation in the mixture was even higher than the total amount of this
component accumulated in both cereals grown independently. In the mixture with
1 NPK, barley accumulated more of it, and with 1.5 NPK — wheat, which is
demonstrated by the RY values. Higher amount of the uptaken nitrogen by barley
grown in a mixture than in pure sowing resulted both from its higher concentration and
more shapely plants, and in wheat only from greater plant dry mass, since percentage
nitrogen content was lower than in pure sowing [Treder et al. 2008 i 2009].
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However, already in the tillering phase with both fertilization doses, the amount of
resources was insufficient for both species. Competition started between them, which
lasted until the end of the growth period. According to Giambalvo et al. [2010], it resulted
from the ability to mutually limit the access to the resources by plants that grow next to
each other. With basic NPK fertilization dose, during tillering and straw shooting phases
competition concerned respectively 47 and 11% of the factors that affect nitrogen
accumulation. During the first period, wheat used them a little bit more effectively, and in
the second one, barely did significantly better. During earing, very strong interaction
occurred between cereals (total relative nitrogen yield reached value lower than 1). To the
greatest extent, it was marked in the mass of nitrogen accumulated in straws, and to the
smallest extent in spikes. It resulted from both lowering the percentage content of this
biogene and dry mass reduction [Treder et al. 2008, 2009]. Different results were obtained
by Sobkowicz and Sniady [2004]. They showed that the mixture of spring barley and faba
bean accumulated more nitrogen than did pure sowings of those species. In the present
study, in the conditions of strong competitive interactions, barley managed better. In the
mixture, nitrogen accumulation in the spikes of this cereal was higher than in wheat
spikes, with no significant diversifications in straws and leaves. Strength of negative
influence of both cereals lessened towards the end of the growth period. In spite of this
fact, they still competed for the entire set of factors responsible for nitrogen assimilation.
In this period, barley was more effective in its accumulation. It accumulated in straws
25% more nitrogen than in pure sowing, and the difference between mixed sowing and
pure sowing in leaves and spikes was smaller than in wheat (RY). Barley domination over
other cereals was documented also by Sobkowicz [2003] in his studies. The author
additionally showed that towards the end of the growth period, the strength of cereal
mutual competitive interactions weakens, which is convergent with the present study.

With 1.5 NPK fertilization dose, competition between the species grew from the
tillering phase to the earing phase, in which it reached the highest intensity (full
competition; RYT <1) and it stayed at a similar level until the end of the growth period.
Competition during earing to the greatest extent limited nitrogen accumulation in straws
and leaves, and during ripeness in straws and spikes. In the conditions of resource
shortage, which limited nitrogen accumulation, starting from the straw shooting phase
barley accumulated more of it than wheat. It ought to be underscored that during
ripeness, competition was stronger in the case of 50% higher NPK fertilization dose.

With 1 NPK fertilization dose, almost during the entire growth period barley proved
to be a stronger competitor for nitrogen gaining than wheat. The only phase in which
the strength of interactions was almost equal (with a slight superiority of wheat) was
tillering. In the remaining periods, barely accumulated nitrogen about 40% more
effectively than wheat. Its competitive advantage in the earing phase was most clearly
shown in spikes, and in the ripeness phase in straws. Competition for nitrogen had
a different course in the environment richer in biogenes. During emergence, it was
accumulated significantly better by wheat, during tillering the strength of mutual
interactions was more equal, and from the moment of straw shooting, barley dominated.
Its advantage over wheat was the highest during the earing phase in straws and spikes,
and it lessened somewhat towards the end of the growth period in spikes. With 1.5 NPK
fertilization dose, barley with a greater strength affected wheat than with 1 NPK from
the straw shooting phase to the end of the growth period. Sattore and Snaydon [1992],
are of different opinion, and according to them on bedding richer in nitrogen,
competition for this biogene is smaller than on poorer one.
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CONCLUSIONS

1. In the mixture of spring wheat and spring barley, in the above-ground mass they
accumulated less total Kjeldahl nitrogen than in pure sowing from the tillering phase to
the end of the growth period. The greatest differences between sowing methods were
noted in the period of generative growth (earing, ripeness).

2. Mixed sowing to a greater extent limited nitrogen accumulation in spring wheat
than in spring barely.

3. In spring wheat grown in a mixture, the lowering of accumulated nitrogen mass to
the same extent included straws, leaves, and spikes, whereas in spring barley during earing
it was marked in straws and leaves, and during ripeness it was most clearly seen in spikes.

4. Competition for nitrogen between cereals started during the tillering phase of barley.
The strength of this process grew up to the earing phase, and then it lowered slightly.

5. Doses of mineral fertilization with NPK had no effect on nitrogen accumulation
by barley and wheat grown in pure and mixed sowing.

6. With 1 NPK fertilization dose, spring barley proved to be a stronger competitor
than wheat for nitrogen gaining throughout the growth period, and with 1.5 NPK
fertilization dose from the straw shooting phase.

7. Almost during the entire growth period with richer NPK fertilization dose,
competitive effect of barley on wheat was stronger than with the poorer one.
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KONKURENCJA O AZOT MIEDZY PSZENICA JARA
A JECZMIENIEM JARYM W WARUNKACH ZROZNICOWANEGO
NAWOZENIA NPK

Streszczenie. W doswiadczeniu wazonowym, realizowanym wedlug schematu addy-
tywnego na podtozu gleby $redniej nawozonej standardowa i podwyzszona o 50% dawka
NPK, oceniano wpltyw oddziatywan konkurencyjnych miedzy pszenica jarg a jeczmieniem
jarym na akumulacje azotu w masie nadziemnej, z wyroznieniem todyg, lisci i ktosow.
Badania obejmowaly trzy serie, ktore zrealizowane zostaty w latach 2003-2004 w pigciu
okresach, wyznaczonych przez rytm rozwojowy jeczmienia w siewie czystym, tj. w fa-
zach: wschody (BBCH 10-13), krzewienie (23), strzelanie w zdzbto (32), ktoszenie (55)
i dojrzewanie (87-89). Wykazano, ze w mieszance oba zboza gromadzity w masie nad-
ziemnej mniej azotu niz w siewie czystym poczawszy od fazy krzewienia do konca wege-
tacji. U pszenicy zmniejszenie to w podobnym stopniu objeto zdzbta, liscie i klosy,
a u jgczmienia w fazie kloszenia wyrazniej zaznaczylo si¢ w zdzbtach i lisciach, za$
w fazie dojrzewania w ktosach. Dawki nawozenia mineralnego NPK nie miaty wptywu na
akumulacje¢ azotu przez jgczmien i pszenice uprawiane w siewie czystym i mieszanym.
Konkurencja o azot migdzy zbozami rozpoczg¢ta si¢ w fazie krzewienia i narastata do fazy
kloszenia, po czym ulegta niewielkiemu zmniejszeniu. Prawie w catym okresie wspdlnej
wegetacji w pozyskiwaniu azotu jeczmien okazal si¢ silniejszym konkurentem od
pszenicy. Na obiekcie zasobniejszym w NPK oddziatywanie konkurencyjne jeczmienia na
pszenice bylo intensywniejsze niz na ubozszym.

Stowa Kkluczowe: kumulacja azotu, mieszanki zbdz, plon wzgledny, siew mieszany,
wspolczynnik konkurencji, zboza jare
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