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YIELDING OF TWO SPRING WHEAT VARIETIES, GROWN IN PU RE SOWING AND
MIXTURES WITH SPRING TRITICALE ON LIGHT SOIL

Summary

The aim of this study was to compare the efficiaigowing clean and mixtures of spring wheat aititale, on light soil
without the use of chemical production means. Tdld &xperiment was conducted in 2009-2011, inredeemized block
system with four replications. Varieties of wheBtimbona and Zadra and Dublet triticale grown in @sowing and in
their mutual mixtures: Bombona+Zadra, Bombona+Dulded Zadra+Dublet. Mixtures were seeded in a prtipa of
50/50% relative to pure seed. Grain crops and thenber of stems and crop components were determirtesd studies
have shown that the spring triticale in pure sowimas the most efficient in yielding - significartiigher than spring wheat
varieties and mixtures of: Bombona+Zadra and Bonas@ublet. It was the result of higher values fot @mponents in
triticale crops. Mixtures of crops on average, wermilar to the median of their constituent compusg however, they
showed a large variation over the years. In a fabe year 2010 for cereals, they yielded below etgimns, but they
yielded the best in the low yielding year (2011)e Tultivar mixture of wheat did not differ fronettwheat and triticale -
wheat mixtures. Among the interspeces mixturesp@bination Zadra+Doublet showed the trend towaridghéar yielding.
Key words cereal, mixtures, crop structure, the reactiorvafieties

PLONOWANIE DWOCH ODMIAN PSZENICY JAREJ, UPRAWIANEJ W SIEWIE
CZYSTYM | MIESZANKACH Z PSZEN ZYTEM JARYM NA GLEBIE LEKKIEJ

Streszczenie

Celem podijtych bada byto poréwnanie wydajioi siewdw czystych i mieszanek pszenicy jarejarpgta, na glebie lek-
kiej, bez stosowania nawozéw i chemiczngrcidkéw ochrony rélin. Doswiadczenie polowe przeprowadzono w latach
2009-2011, w uktadzie losowanych blokéw, w cztepestitdrzeniach. Odmiany pszenicy: Bombona i Zadaa pszegyto
Dublet uprawiano w siewie czystym oraz we wzajemmpeszankach: Bombona+Zadra, Bombona+Dublet oraz Z
dra+Dublet. Mieszanki wysiewano w proporcji 50/58arelacji do siewu czystego. OKi@no plony ziarna oraz liczb
zdzbet i komponenty plonowania. W badaniach wykazzmoajwyej plonowalo gzeryto jare w siewie czystym - istotnie
wyzej od odmiamszenicy jarej i mieszanek Bombona+Zadra oraz BoabbDublet. Byto to wynikiem wgzych warteci

w pszetycie dla wszystkich komponentéw plonowania. Ploi@sranek w gfiu srednim byty zblione do mediany z two-
rzgcych je komponentow, wykazywaly jedeatiiig zmiennéé w latach. W korzystnym dla zbdku 2010 plonowaly po-
nizej oczekiwa, natomiast najlepiej wypadty w roku stabego ploania (2011).

Mieszanka odmianowa pszenicy niéniéa sie wydajndcig od pszenicy oraz mieszanek pszenicy z pgeem Sp{rod
mieszanek radizygatunkowych, tendeaajo wyszego plonowania wykazywata kombinacja Zadra+Dublet

Stowa kluczowezbcia, mieszanki, struktura plonu, reakcja odmian

1. Introduction should limit the occurrence of diseases and p8st][
The appropriate choice of species (cultivars) whith

With such advantages as: a lower response to aiwgng fertility and adaptation to habitat conditions isimportant

environmental conditions, a higher level of headthd
higher fodder value [4, 5, 6, 9, 16], cereals migsubecame
a characteristic feature of Polish agriculture leé second
half of the twentieth century, with acreage of i8lion
hectares. In recent years, sown cereal mixtureedsed to
approx. 900 thousand ha, including spring mixtuoeg57
thousand ha [2]. It is connected with the inteoaifion of
agriculture. Today, interest in the mixtures crepdue to
the new trends in agricultural production, aimedha di-
rection of integrated and organic agriculture.

Growing of cereals in the form of mixtures increashe
diversity of crop, which promotes health and allavagain-
ing better performance plants. Growing in the coumubis
particularly suitable for organic farming, wheres thse of
agrochemicals is excluded and the whole agroteolgyol
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factor in determining the level and quality of ttv@p mix-
tures. Between species and cultivars there are eiegpho-
logical, developmental, climate, soil and agrononiiter-
ences [13]. Spring wheat is characterized by a iy
value, so it is willingly cultivated by farmers. Wever, it is
sensitive to a lower pH and worse soil conditicibsalso
requires a better supply of nutrients and watet. [Altriti-
cale is a species more tolerant to weak soil cardit less
sick, reacts by less crop reduction to a worsetaghmol-
ogy or deficiencies of nutrients [7, 11, 16]. Sulifferences
can be used in a well-structured mixtures [15].

The aim of the tests was to compare the crop af mi
tures of two spring wheat varieties: boneless amuykand
spring triticale comparing with their clean sowifithe re-
search was conducted on light soil in the cond#tioarre-
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sponding to the first year of conversion to orgdaiening.
Efficiency, crop components and the response afiddal
varieties on the crop in mixtures were evaluated.

2. Material and methods

The field experiment was carried out in 2009-2011
Swadzim near Pozna[52°45'N 16°75’E] in the Depart-
ment of Experimental and Didactic Gofizgf Pozna Uni-
versity of Life Sciences, in randomized block dasigith
four replications. The crop and crop componentsping
wheat (Triticum aestivum ssp. vulgare L.) and gptiriti-
cale (Triticale), sown clean and as mixtures wera\yzed.
The tests included two varieties of wheat: '‘Bombaral
'Zadra' and one variety of spring triticale 'Doublm three

Weather conditions were determined using a ten-day
and monthly rainfall and average temperatures nedeto
weather station in Swadzim. The level of humiditgsnde-
termined by means of Selianinov hydrothermal cogffit,
calculated according to the formula:

K = Pe10/Tel,
where P - total rainfall for the month, T - the ege tem-
perature of the month, | - the number of days imanth
[12]. It is assumed that the K value amounting t&,3
means that the humidity is sufficient; 0,5-1,0 mddequate
humidity (half-drought) and K<0,5 means drought.

3. Results and Discussion

Weather conditions at the time of the experimeaten

of mutual mixtures (Bombona+Zadra, Bombona+Doubletyariable. In all the years the average temperaititbe pe-

Zadra+Doublet), they were sown in a 50/50% propartd
the density used in clean sowing (550 see)s/m

riod April-July exceeded by 1,52the long-term average
temperature (14,2 C) and rainfall amounted to 318, 278

The experiment was conducted on a sandy-loam soind 318 mm, which significantly exceeded the |osrgrt

good rye complex of 4.b class. The size of thesploas

average rainfall (215 mm). The most beneficial $pring

14,0 nf. Cereal sowings were made at the optimum time ofcereals was 2010 season, with an optimal totafathiand

01.04 (2009), 26.03 (2010) and 25.03 (2011), inl-wel
prepared soil. Grain was harvested at full matwsitige, in
the first half of August. Neither mineral fertilize nor
chemical pesticides were used. In order to weedraloof
crops, the harrowing was used twice.

At the turn of June and July samples of plant viaken
to assess the number of stalks, ears and fusetam $ix
points of each plot, with a total area of 0,235 Adter full
maturity, before harvesting 50 ears from each plete
taken to determine the number of grains per earaight
of thousand grains. In case of the mixtures, thepéas of
ears were collected separately for each compodiar a
plot combine threshing grain moisture was rated guagh
yield was determined at 15% of humidity. The sitpaifice
of the effects of experimental factors on the obsgrchar-
acteristics were assessed using analysis of vasiastting
the half-intervals of confidence using Tukey's t@#sh sig-
nificance level = 0,05.

its good distribution during the growing seasong(FL).
During tillering, stem elongation and heading, agertem-
peratures prevailed, which at the abundance of rwagdl
affected the various components of crop.

Quite good conditions also prevailed in 2009, dug to
the drought in April and high rainfall in May andnk, pro-
duction results were worse than in 2010. Conditiofis
2011 proved to be the least favorable for cropshan year,
rainfalls from April until mid-June were very lowyhich,
combined with high temperatures in excess of 2e#g-
term average temperatures resulted in the rapigogation
of winter water and soil drought. It is well illuated by the
hydrothermal coefficient whose value for the Apaihd
May amounted to 0,25 and 0,47, which amounts mech b
low the value ,1”, adopted as the lower limit offfstient
humidity (Fig. 1). Improving humidity conditions carred
only in the third decade of June and July, but keans
caused further losses in crops.
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Fig. 1. Average temperature and hydrothermal Sebarcoefficient for each month during the growsaason in 2009-2011
Rys. 1.Srednie temperatury i warkg wspoétczynnika hydrotermicznego Selianinowa dlzgmegélnych miegiy w okresie

wegetacyjnym w latach 2009-2011
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Among the studied cultivars of cereals, the higlgesin
crops were obtained with Dublet triticale, but thegre
characterized by the largest coefficient of vaoiati(Ta-
ble 1). Indeed, both varieties of wheat yieldedsleBom-
bona and Zadra. The higher level of yielding dicale in
pure sowing was due to better tillering and prodgca
greater number of spikes compared to other comibimat
test. This result is also consistent with previoesearch
carried out under similar conditions [5, 7, 23]terature
reports that the prevalence of triticale above wiegurs
also at excellent soil [13] as well as in the cabavinter-
growing forms of these species [1].

The working hypothesis assumes that under comditio
of weaker soils triticale would be better to gromdacrop
than wheat, so it would therefore be a good compiofoe
mixtures. The results do not fully confirm the htipesis.
The average for the mix crop was 31,1 dt;Ha. by 0,5 dt
lower than the crop of pure seed. However, dewviatiof
crop of individual mixtures from the expected valugere
insignificant: from +0,3 to -1,7 dt-Hawhich is no more
than 6%. Crops of individual mixtures were not #ign
cantly different.

Relatively the best crop was obtained with thetomix
of Zadra+Dublet at a relatively low coefficient wdriation,
but also showed the greatest deviation from thesebeul
value. Yields of intervarietal mixture of Bomboneaidta

were close to the expected values, but they weaie about
6% lower than the best mixtures. The results aeeefbre
consistent with the assumption that the cultivatidémix-

tures should give yields at least at the averagel lef the
yield components in pure [3, 5, 8, 14, 15, 19]. dwer,
cropping of well balanced mixtures may be high&rser to
the level of better component and occasionally dvigher
- what largely depends on the selection of vaef® 8,
12]. The number of ears effects on a level of cifopsnix-

tures. It was also a little lower than expected thatdiffer-
ences were not significant and relatively deviaiaolid not
exceed 7% (Table 1).

For farmers, the most important prerequisite fowg
ing crops in mixtures is to strive to reduce difeces in
yield resulting from the course of various weatbendi-
tions of the years and the soil variability of disl[6, 15].
Own results partially confirm the thesis of gredigelity to
yield mixtures than cereals in pure. The coeffitighvaria-
tion calculated for crops in years and replicates=(12)
was at the level of 23-35%, which is within the itisnof
variation on average (Table 1). However, while akrerage
volatility for pure sowing was 30,6%, whereas foe mix-
tures was lower and amounted to 26%.

Analyzing crops in subsequent years, big diffeesnc
could be noticed (Fig. 2), which was connected with
course of the weather conditions.

Table 1. The number of ears and grain yields détkesultivars and their mixtures relative to theeoted values
Tab. 1. Liczba ktos6w i plony ziarna badanych odniiaraz ich mieszanek na tle waftooczekiwanych

Number of ears [piece:fj Grain yields [dt-hd]
: deviation of | variation deviation | variation
Cultvars 2009-2011 e\)/(gﬁj c;t:d expected | coefficient| 2009-2011 e\);gli (;tgd of expec- | coefficient
values (CV) % ted values| (CV) %
Bombona 417,8 - - 15,5 28,31 - - 34,9
Zadra 384,1 - - 8,6 30,33 - - 27,7
Dublet 463,9 - - 24,4 36,14 - - 29,3
Bombona+Zadra 394,6 400,95 -6,35 154 29,65 29,32 33 0, 29,10
Bombona+Dublet 415,1 440,85 -25,75 11,0 30,84 32,23 -1,39 28,70
Zadra+Dublet 392,7 424,00 -31,30 20,5 31,58 33,24 1,66 23,10
LSD 0,05 66,36 - - - 5,00 - - -
Source: own work Zrodio: opracowanie wlasne
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Fig. 2. Grain yields of the tested cultivars aneitimixtures in years of research [dt‘ha
Rys. 2. Plony ziarna badanych odmian i ich mieszan&atach bada [dt-ha’]
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was similar to, or even slightly higher than in tntext of
their own species, as evidenced by slightly lowepamix-

It is characteristic that the mixtures came out wuest in
good 2010 to yielding, cropping lower by about 1i8an
the expected values, whereas in 2009, and a vgrgpiling  tures compared to the expected values (Table BntPlI
of 2011 crops of mixtures were higher than expeetealv- growth and size of yield structure indicate deveiept
erage by 6%. In 2009 and 2011 the best crop wem fr conditions prevailing in the field of corn. In tbase of ce-
mixture Zadra+Dublet (+10%). It should also be datigat real crops in mixtures number of ears and stalld ear
the bone Zadra variety of wheat was better croppatie  size depend not only on the site conditions, bst ain the
years yielded less favorable, while in 2010 thehhjgeld-  effect of associated plant varieties/species [40,20, 21].
ing - persisted Bombona variety. However, one nhest Tables 2-4 show the evolution of the parametetheénmix-
emphasized that in any of the years or the syrghefsihe tures compared to pure seed for the different degézie-
results, the differences between the two varietiese not ties.
significant. Spring wheat represented in the tests by Bombonda a
In the group of organisms creating the mixturedhmc-  Zadra cultivars, in mixtures of Dublet triticale svaharac-
cur various relations, including due to competitfonnatu- terized by fewer stalks and ears in the corn, whigte
ral resources. The competition starts already ity estages lower by about 3-4% than the expected values. & alao
and can continue until the end of vegetation. ftscé can  significantly lower number of grains per spike iongpari-
be a change in population, ears fertility and cropss. son to plants of the species growing in pure, wiiffer-
Mostly, competitive assessment is based on a casguar ences of 10-14%. Weight of 1000 grains of Bomboaa- v
of the final result — crop [19, 21, 22]. Own resuuggest ety in mixture with triticale was similar to thelue in pure,
that competition among the components of the medur and the Zadra variety reacted negatively (Tabl8}. 2-

Table 2. Bombona cultivar reaction on sowing in tonigs
Tab. 2. Reakcja odmiany Bombona na zasiew w mikazhn

D . Number of Number of Ears sharet Number of fusels Ngmber of Mass of 1000
ata Cultivars stalks ears " ieces. ] grains per ear rains [g]
[pieces:m? | [piecesim?] [%] [p [pieces-rif] 9 9
Bombona 464,6 417,8 - 38,6 34,0 35,4
Real values Bombona+Zadra 249,6 221,3 56,2 30,3 32,7 35,9
Bombona+Dublet 2171 191,7 46,9 24,4 29,3 36,1
LSD 0,05 39,73 44 58 - r.n. 1,98 r.n.
Bombona 100 100 100 100 100
Relative valug Bombona+Zadra 53,7 53,0 78,5 96,2 101,4
Bombona+Dublet 46,7 45,9 63,2 86,2 102,0

*- calculated to the total number of ears in thetome (Tab. 1)
Source: own work Zrodlo: opracowanie wlasne

Table 3. Zadra cultivar reaction on sowing in migti
Tab. 3. Reakcja odmiany Zadra na zasiew w mieszéinka

Data Cultivars l\lusrtnatl)lfsr o Nur::gr o Earsoshare* Number of fusels g:llijrgb:erroéar Mas; 0f 1000
[piecesIm?] | [pieces m?| [%] [pieces- ] [pieces:rif] grains [g]
Zadra 403,5 384,1 - 11,7 37,1 37
Zadra+Bombona| 182,6 173,3 43,92 15,6 32,2 34,6
Real values
Zadra+Dublet 196,4 183,8 46,66 22,3 33,6 35,3
LSD 0,05 21,34 20,4 - 8,16 2,51 r.n.
Zadra 100 100 100 100 100
Relative value | Zadra+Bombona 45,3 448 47,6 86,8 93,5
Zadra+Dublet 48,7 47,5 68,6 90,6 95,4
*- look Tab. 2
Source: own work Zrodio: opracowanie wasne
Table 4 Doublet cultivar reaction on sowing in mids
Tab. 4. Reakcja odmiany Dublet na zasiew w mieszdnk
Data Cultivars NusTat:Ifsr o Nu?:resr o Ears share’ Number of fusels gglijr?;bpeéroéar Mass_ of 1004
. RS . 5 [%] [pieces:-rif] . . grains [g]
[piecesIm“] | [piecesIm“] [pieces:rif]
Dublet 496 463,9 - 35,8 38,2 39,3
Real values Dublet+Bombona 235,2 216,7 53,06 18,40 36,2 38,3
Dublet+Zadra 225,3 210,1 53,34 15,20 36,5 37,6
LSD 0,05 33,89 40,70 - r.n. r.n. r.n.
Dublet 100 100 100 100 100
Relative value | Dublet+Bombona 47,4 46,7 51,4 94,8 97,5
Dublet+Zadra 45,4 45,3 42,5 95,5 95,7

*- look Tab. 2
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Source: own work Zrodlo: opracowanie wlasne
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A cultivar Bombona showed improved competitiveriass
the mixture of wheat varieties: in the mixture theras about
12% of ears more than of a Zadra cultivar and didreduce
the mass of 1000 grains. Zadra cultivar in thaetarmix was
characterized by a smaller amount of ears and fisgmily
lower (13,2%) number of grains per spike, and dieWweight
of 1000 grains. It resolved Bombona, although iremowing
it showed a tendency for higher crops, as in tss fgerformed
by COBORU and IUNG [3].

The assessment of triticale Dublet reaction favieg in
mixtures yielded inconclusive results. Grown in timéx-
tures had a larger number of grains per spike agidht of
1000 grains like wheat; more frequently it was asoum-
ber of spike. At the same time yielding componexftsiti-
cale growing in mixtures shaped lower than in miaad of
this species, as in previous tests [8]. As a raxuite addi-
tion of triticale as a component of the mixture dt cause
significant yield-forming effect.

4. Conclusions

1. The yields spring triticale was significantligher than
Bombona and Zadra spring wheat cultivars. It wastdLits
higher value of all components of yield.

2. Yields of mixtures were on average similar he me-
dian of their constituent components, however, steywed
a large variation in the period. In a preferred @9&ar for
cereals, they yielded below expectations, but tteaype out
the best in the low yielding year (2011).

3. Varietal mixture of wheat did not differ at tefficiency
from the average for both varieties of wheat andatmix-
tures of triticale. Among the interspecific mixtarethe
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