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CONDITION OF WINTER WHEAT IN PURE AND MIXED SOWING
Summary

The objective of the study was to evaluate theenfte of sowing (pure, mixed double-and triple-g®mn condition of
ear, leaves and stem base of winter wheat of Oaciety. The experiment was carried out in threelicgppes on a very
good wheat soil complex. Based on the study itfaarsd that during vegetation period, winter wheatsvattacked by leaf
blotch and glume blotch (Septoria nodorum), stest (@uccinia recondita), fusarium foot rot (Fusariuspp.). Sowing
method significantly differentiated the intensifyimcidence of fungal diseases. The tested vadétyinter wheat in the
pure sowing was characterized by the highest iafist by fungal diseases. In contrast, mixed trigpecies sowing in
which winter wheat constituted 25%, rye 50% andtevitriticale 25% of sowing norm, significantly neced the develop-
ment of leaf blotch, glume blotch (S. nodorum) fusa@rium foot rot (Fusarium spp.).

Keywords:winter wheat, sowing methods, fungal diseases

STAN ZDROWOTNY PSZENICY OZIMEJ W SIEWIE CZYSTYM I M

Streszczenie

IESZANYM

Celem pracy byla ocena wplywu sposobu siewu (saysty, mieszany dwugatunkowy i tréjgatunkowy) aa stirowotny
klosa, lci oraz podstawydzbta pszenicy ozimej odmiany Ozon.sR@dczenie prowadzono w trzech powtorzeniach na
glebie kompleksu pszennego bardzo dobrego. W apargrzeprowadzone badania stwierdzofmw okresie wegetaciji
pszenica ozima byta atakowana przez septeliézi i plew pszenicy (Septoria nodorum),admwunatry (Puccinia recondi-

ta) oraz fuzaryjn zgorzel podstawydzbta i korzeni zbg (Fusarium spp.). Sposob siewu istotnienidowat nasilenie wy-
stepowania choréb grzybowych. Testowana odmiana psgezimej w siewie czystym odznaczatansiwy:szym porae-
niem przez grzyby chorobotwércze. Natomiast sieeszany trojgatunkowy, w ktérym pszenica ozima stga@5%,zyto
50%, a pszetyto ozime 25% normy wysiewu, istotnie ograniczatu@j septoriozy fti i plew (S. nodorum) oraz fuzaryjnej

zgorzeli podstawydzbta (Fusarium spp.).

Stowa kluczowepszenica ozima, sposéb siewu, choroby grzybowe

1. Introduction

Winter wheat compared to other cereals is vergeus
tible to infestation by fungal diseases [9]. Thekrof infec-
tion increases when wheat is cultivated in monaoceland
cereal crop rotation [13]. Development of fungaedises in
the vegetation period [21] reduces the yield, thessnof
thousands of seeds, reduces the amount of glugmpan
tein, thus impairing the quality of grain. Consider cur-
rent requirements for plant protection, especitily agro-
technical methods should constitute the basis duaiag
the development of pests. This method falls int® shope
of integrated protection. One method to reducedieel-
opment of diseases consists in using mixed sowitiged
sowing is a preventive treatment which aims at owjrg
condition of plant species and introducing biodsvist
Biological diversity allows for improved usage efpurces
in the natural environment [6]. Between-speciegalemix-
tures ensure a slower spread of diseases and ipeite
stand. Therefore they are increasingly being used hio-
logical fight against diseases and pests [4]. Mageothe
advantage of using cereal mixtures is that theyesse the
resistance of cereals to lodging [19] and reduardsinfes-
tation [12, 15]. As a result, it is possible toued chemical

protection of plants even with a high severitylw# tlisease.

In the literature, there is a large number of mailons de-
scribing mixed sowing of spring cereals, mainlyhwiarley
and oat [10, 16, 17, 19]. However, studies on diomliof
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winter wheat in mixed sowing are not numerous.

The objective of the study was to evaluate theditimm
of leaves, ear and the stem base of winter whe&@zui
variety depending on the sowing method (pure, mokea-
ble- and triple-species).

2. Materials and methods

Field studies were conducted in the years 2014201
The experiment was established on a very good wduiht
complex in the Agricultural Experimental Farm inuBy
near Cracow. In the experiment, the condition ofo®z

wheat variety was compared in pure and mixed sowing

This variety belongs to the group of bread vargeted is
characterized by good freeze resistance. The phatiad-
vantage of this variety consists in a very goodstasce to
powdery mildew and stem rust and intermediate tasie
to leaf blotch and stem base diseases [3]. Onesfaot-
periment was performed in three replicates.

Pea was a previous cropping for cereals. Cultivasind
fertilization were consistent with agrotechnicalquee-
ments for this plant species. Sowing of tested tplavas
performed in Il decade of September in a spacigigvben
rows of 14 cm. Winter wheat (Ozon variety) in paoaving
was seeded in the amount of 205 kg;Ha mixed double-
species in the amount of 102.50 kg*hand in mixed tri-
ple-species in the amount of 51.25 kg-haVinter triticale
(Borowik variety) in mixed double-species was seedé
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93.90 kg-ha and in mixed triple-species at 46.95 kg:ha perature in relation to the multiannual period, everb-

Rye in turn (Amber variety), in mixed double-specn-
stituted 33.80 kg-ha and in mixed

served. At the same period in 2016, excess of pitation

triple-species was reported in April and July. Thus, it can be doded

16.90 kg-ha. Cultivation and fertilization were applied ac- that 2015 was drier and warmer in comparison t6201

cording to the agrotechnical recommendations fisr prant
species. During the growing season cereals wereimst
tected against pests.

During vegetation, winter wheat was attacked kaf le
blotch and glume blotchSgptoria nodorui stem rust
(Puccinia recondity fusarium of ear and fusarium foot rot

Winter wheat condition assessment was conducted u@~usarium spp.). According to many authors [1,,80,81]

ing 25 randomly collected plants from each plot.iditial
maturity of wheat grain (BBCH-73), the incidencedi-
ease on leaves, ears and at the base of culm e@ssad on
a four—step scale where: 1 denotes a plant at goodition
and 4 describes infestatien50% of the plant [2]. Condi-
tion of the tested plants was compared in the wallg
combinations:

1. pure sowing of winter wheat,

2. mixed double-species sowing (winter wheat 50%-so

ing norm + rye 50% sowing norm),

3. mixed double-species sowing (winter wheat 50%-so

ing norm + winter triticale 50% sowing norm),
4. mixed triple-species sowing (winter wheat 25%yisg
norm + rye 50% sowing norm + winter triticale 25%ws
ing norm),
5. mixed triple-species sowing (winter wheat 25%visg
norm + rye 25% sowing norm + winter triticale 50%ws
ing norm),
6. mixed triple-species sowing (winter wheat 50%visg
norm + rye 25% sowing norm + winter triticale 25%ws
ing norm).

Obtained results were presented in the form afsita-
tion index (DI) according to Pierre and Regnau#t][IThe
calculated index of infestation (DI) was subjeciatmalysis

of variance, in which differences between mean aslu

were compared using Tukey's testiat 0.05.
3. Results and discussion

Weather conditions during the study were differ@ra-
ble 1). In 2015, from April to August only May wakarac-
terized by excessive humidity compared to the manitual
period. In the remaining months from spring to plaar-
vesting, shortage of precipitation and increasaiintem-

these diseases are typical for winter wheat.

Our own studies have shown that increase in the in
dence of fungal diseases of winter wheat was deperzh
the year of study. Weather conditions during thgetation
period of winter wheat in 2015 from April to Augudid
not promote the development of fungal diseases (Ta-
ble 1, 2). During this period, only a trend in tip@wth of
stem rust P. recondita was observed. While the hydro-
thermal conditions in the same period in 2016 ¢outed
to the growth in the development of fungal diseasspe-
cially leaf blotch and glume blotch of wheat e&. (
nodorum), as well as fusarium foot roFgsarium spp.
According to the literature [5, 8] especially blotdevelops
in periods characterized by the presence of heainy r

Cereal mixtures, especially spring cereals, haentthe
subject of numerous studies. According to manyastfiO,
11, 12, 15, 17, 19, 23] cereal mixtures comparqulte stand
exhibit lesser susceptibility to diseases and pasts better
utilize nutrients. In addition, they protect thealde lands
against loss of organic matter in the soil and cedadging of
cereals. Cereal mixtures increase tolerance tovorghle
habitat conditions and reduce “soil sickness” [ig],

Between-species mixtures of winter cereals arey ver
rarely introduced into agricultural practice [7]uOown
study demonstrated that sowing method significadify
ferentiated the intensity of occurrence of leaftéfoand
glume blotch §. nodorumand fusarium foot rot (Fusarium
spp.) of winter wheat (Table 3). Winter wheat ofo@za-
riety in pure sowing was characterized by the higlefes-
tation by fungal diseases. In turn, mixed sowinduced
winter wheat infestation by phytopathogenic furmilar
reaction was reported by Tratwal et al. [22] in edxbe-
tween-varieties sowing of winter wheat.

Table 1. Weather conditions during the study (adicgrto the Meteorological Station in Prusy)
Tab. 1. Warunki pogodowe w okresie prowadzonyclabédediug Stacji Meteorologicznej w Prusach)

Months
Years X | x Ixe ['xoe T 1 T uw [m v TV (v [vio i
Sum of precipitation (mm)
2014/2015 | 98.2 | 38.0 | 15.2 9.0 5.6 198 | 33.2 | 194 | 1026 | 56.6 | 71.8 | 41.8
2015/2016 | 69.4 | 51.4 | 53.8 9.4 21.2 | 806 | 346 | 58.6 | 4140 | 59.8 | 92.8 | 62.0
1985-2014 73.5| 43.6 33.4 30.0P 32 23.6 38.5 49.170.2 79.2 89.3 81.5
Temperature of air( C)
2014/2015 15.2 9.9 5.9 0.9 1.2 1.1 4.9 9.1 13.3 175 | 20.6 | 22.0
2015/2016 15.2 7.9 5.5 4.1 -2.1 3.9 4.7 9.5 14.5 18.8 | 19.5 | 185
1985-2014 16.8 8.7 3.3 -0.6 -2.1 -1.0 31 8|8 13.415.2 17.5 18.5

Source: own work Zrodlo: opracowanie wlasne

Table 2. Infestation index (DI) of winter wheat fiayngal diseases between 2015-2016
Tab. 2. Indeks poeznia (DI) pszenicy ozimej przez grzyby chorobote®m latach 2015-2016

Leaves diseases caused by: Ears diseases caused by Fusarium foot rot
Years : - -
S. nodorum P. recondita S. nodorum| Fusarium spp. Fusarium spp.
2013 0.53 0.71 0.29 0.17 0.52
2014 2.92 0.86 1.28 0.29 1.16
LSDg 05 0.74 n.s. 0.42 n.s. 0.32

n.s. — not significant difference
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Seurmwn work Zrodio: opracowanie wlasne
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Table 3. Infestation index (DI) of winter wheat tayngal diseases depending on the sowing method
Tab. 3. Indeks potznia (DI) pszenicy ozimej przez grzyby chorobote@éme zalégnasci od sposobu siewu

Sowing Leaves’ diseases Ears’ diseases Fusarium foot rot
method Septoria nodorum Puccinia recondita Septoria nodory Fusarium spp. Fusarium spp.
1. 2.22 0.72 1.47 0.27 0.85
2. 1.90 1.05 0.50 0.18 0.80
3. 1.77 0.99 1.06 0.30 1.03
4. 1.30 0.80 0.34 0.17 0.72
5. 1.72 0.60 0.50 0.25 0.85
6. 1.50 0.60 0.88 0.20 0.80
Mean 1.73 0.79 0.79 0.23 0.84
LSDq 05 0.39 n.s. 0.41 n.s. 0.29

1-6 in methodology;- n.s. — not significant diffece

The results of our own studies indicate that miged-  [2]
ing particularly reduced the development of leaftéth and
glume blotch of earS. nodorup and fusarium foot rot
(Fusarium spp.). The obtained results were als®istant
with those reported by Michalski et al. [12] whea@lno-
ticed a decrease in the intensity of leaf blotcd gtume
blotch of wheat ear and triticale in mixed sowiBgnilarly,
Kurowski et al. [10] confirmed positive effect ofixad
sowing on phytosanitary status of plants. In theakemix-
ture they found the strongest reduction in the bgraent
of fusarium foot rot.

In our own studies, in compared combinations is wa 6]
found that mixed triple-species sowing in which temn
wheat constituted only 25%, rye 50% and triticao of
sowing norm significantly reduced the developmedneaf
blotch, glume blotch§. nodorum and fusarium foot rot
(Fusarium spp.). Similarly, Michalski et al. [12bserved
an improvement in cereal condition with simultansaie-
crease in its amount in the mixture. Tratwal et[2P] in
between-variety mixture consisting of three winteneat
varieties found a decrease in the frequency oflgmie of
Blumeria graminis fsp.tritici compared to pure sowing.

In addition, in mixed sowing of wheat varietiesieare-
ported an increase in yield compared to pure so22y
In our own studies it was reported that the occueeof
stem rust . reconditd on winter wheat leaves was rare.
However, double-species sowing supported the dpvelo
ment of this disease. In turn, triple-species sgwiras
shown a trend to reduce the developmenP ofecondita
Similarly Tratwal [20] and Kurowski et al. [10] reged a
decrease in the intensity of incidence of whealoyekrust
andPuccinia hordein spring cereal mixtures.

(4]

(5]

(7]

(8]
9]

4. Conclusion

Source: own workZfodio: opracowanie wlasne
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