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Abstract

The condition and degree of weed infestation were determined in a spring barely
crop grown in a short-term monoculture after mulching the soil with plants grown
as a stubble crop (the control treatment without cover crop — lacy phacelia, white
mustard, sunflower). The field experiment was carried out in 2010-2013 on good
rye soil complex using a split-block design in four replications. The obtained re-
sults (the mean from all years of the experiment) showed that the stubble crop,
especially sunflower, reduced the diversity of weed species without causing at the
same time changes in weed species dominance. In all the control treatments of the
experiment, Chenopodium album and Fallopia convolvulus were the dominant spe-
cies. The degree of spring barley weed infestation depended on the species grown
in the cover crop. White mustard and lacy phacelia slightly increased the number
of weeds but their fresh matter significantly increased. However, the sunflower
cover crop significantly increased the number of weeds without any substantial
differentiation of their fresh mass.
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Introduction

Due to the prevailing share of cereals in the crop structure (75%) that has been main-
tained in Poland for many years, cereals are sown after previous grain crops or in
a monoculture. Wheat and barley belong to the type of plants that are particularly
sensitive to crop sequencing, even in the short term. The effect of monoculture is a
decrease in yield mainly due to the severity of infection caused by diseases and pests
[1,2], the accumulation of toxins due to the decay of crop residue [3,4] as well as
increased weed infestation [5-8].

One of the methods of reducing the negative effects of cereals sown after each other
is the cultivation of phytosanitary plants such as stubble crops [9-11]. Among plants
grown as stubble crops, the most useful ones prove to be short vegetation species
that sprout and grow quickly, shadow the soil well and provide lots of organic matter
which easily undergoes the decay process. The effect of intercrop plants on weed in-
festation of cereals is not explicit, although more studies indicate a reduction in weed
infestation, especially if plants from the Brassicaceae family possessing allelopathic
features were grown as a stubble crop [12-15].

The aim of the study was to determine the influence of three plant species (lacy
phacelia, white mustard, and sunflower) grown as a stubble crop on weed infestation
of a spring barley crop cultivated in a short-term (3 years) monoculture.
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Material and methods

The field experiment was carried out in 2010-2013 in RSD Lipnik near Stargard
Szczecinski, W Poland on light soil classified as good rye soil complex in a field after
winter wheat. The experiment was set up as a split-block design in four replications
in plots with an area of 25 m?. The experimental factor was the plant species grown
as a stubble crop: the control treatment (without cover crops), lacy phacelia (Phacelia
tanacetifolia Benth.), white mustard (Sinapis alba L.), and sunflower (Helianthus an-
nuus L.).

Immediately after the harvest, for the catch crop skimming with harrowing was
conducted. Next, mineral fertilizers were applied (N - 52 kg ha™', P - 40 kg ha™!, K -
60 kg ha™'). Seeds (lacy phacelia - 15 kg ha™, white mustard - 20 kg ha™!, sunflower
- 30 kg ha™') were sown using a seed cultivator. In the control treatment without
catch crop, the herbicide Roundup Energy 450 SL (3 dm® ha™') was sprayed to destroy
weeds. Crop yield was determined in autumn before ground frost by collecting whole
plants from two points of the 25-m? area. Fresh and air-dry weight yield was deter-
mined. The crushed plants were left in the field until spring as a mulch. The highest
mean air-dry weight yield was obtained from white mustard - 2.09 t ha™', while the
yield of lacy phacelia and sunflower was lower by about 10% (1.90 t ha™') and 21%
(1.65 t ha™), respectively.

Spring barley ‘Azit’ was sown during the best agronomic season (the first 10-
day period of April) using a seed drill. The amount of seeds sown, fertilization, and
tillage operations were according to the agronomic requirements of the particular
species.

Weed infestation in the spring barley crop was determined in fixed areas of 1 m?
(protected with plastic foil against the herbicides applied) by the dry-weight-rank
method which was applied twice during plant growth: at the heading stage (BBCH 55)
the composition of weed species and their number were determined, whereas at the
fully ripe stage (BBCH 92) the composition of weed species as well as their number
and fresh weight were determined.

The statistical analysis of the number of weeds and their fresh weight was carried
out using FR-ANALWAR calculation package (by Franciszek Rudnicki, University of
Life Science and Technology in Bydgoszcz, Poland), while the significance of the differ-
ences was estimated by means of Tukey’s test (at a significance level of a = 0.05).

Results

During the 3-year study period, in both seasons in which weed infestation was esti-
mated, 23 annual weed species and one perennial species (Cirsium arvense; Tab. 1,
Tab. 2), were found in the spring barley crop. The highest diversity of species was
observed in the control treatment and in both seasons of weed infestation estima-
tion it was at the same level of 15 species. In the control treatment, after the stubble
crops it was slightly lower in the first period of the research (BBCH 55); from 14
species after the lacy phacelia catch crop, 13 species after white mustard, and 12 spe-
cies after sunflower (Tab. 1, Tab. 2). In the second period of the research (BBCH 92),
the stubble crops visibly reduced the weed species diversity: lacy phacelia - 5 species
(Tab. 2). In all the control treatments, the dominant species, characteristic for their
significant share in the overall weed infestation of the crop, were Chenopodium album
and Fallopia convolvulus (Tab. 1, Tab. 2). The percentage share of these species was
very high, ranging from 89.4% to 98.2% of the total number of weeds. At the heading
stage, the smallest number of dominant species was determined in the control treat-
ment (89.4% of the total number of weeds), whereas after lacy phacelia, white mustard
and sunflower it was 94.9%, 93.6%, and 94.4%, respectively. At the fully ripe stage,
their share in overall weed infestation of the barley crop increased; in the control it
reached 91.4%, after the sunflower catch crop it reached 95.5%, after white mustard
it was 97.2%, and after lacy phacelia it was as much as 98.2%. The other weed species
found in the spring barley crop occurred scarcely. Apart from that, a small number
of common taxa were found which occurred in each of the control treatments. In
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Tab.1 The share of weed species in spring barley weed infestation (BBCH 55; means from 2011-2013).

Weed species

Chenopodium album L.

Number of species

Plant species grown as a stubble crop (%)

control lacy phacelia white mustard  sunflower
46.1 347 38.1 30.3
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 433 - 602 o - 641 e
S 47 .......... 11 o 13 e
................... 0 7 B 03 . - 09 e
................... 16 B 07 - - 09 e
................... 10 B 00 o - 07 e
................... 0 9 04 v 08
................... 0 3 B 00 - - 04 e
................... 0 5 B 03 - - 01 e
................... 0 2 B 14 - - 02 e
................... 0 2 00 - 00
................... O 2 B 01 - - 00 e
................... 0 1 B 00 - - 00 e
................... 0 1 B 00 - - 00 e
................... O 1 03 - 00
................... 0 0 B 02 - - 01 e
................... 0 0 B 01 - - 02 e
................... 0 0 B 01 - - 00 e
................... 0 0 00 - 00
................... 0 0 B 01 - - 00 e
150 e 140 ST 120 ..........................

both seasons of the experiment, apart from the dominant species Viola arvensis and
Polygonum aviculare were observed, whereas at the heading stage Thlaspi arvense and
Lamium purpureum occurred.

The statistical analysis of the number of weeds and their fresh weight showed a
significant dependence of the obtained values on the year of the study. In all years of
the study period, the number of weeds determined at the time of heading was smaller
than after the stubble crop (Tab. 3).

When compared to the number of weeds determined in the control treatment, the
catch crop with lacy phacelia and white mustard considerably increased the number
of weeds (from 18% to 34%). After the sunflower catch crop, a significantly higher
number of weeds than in the control (by 20%) was found only in the last year of the
experiment — 2013. The statistical analysis of the mean number of weeds in the spring
barley crop over the whole period showed that, compared to the number determined
in the control treatment, after each stubble crop their number was significantly higher
(after sunflower by about 13%, while after lacy phacelia and white mustard by about
25%). Before the harvest of the crop, at the fully ripe stage the effect of stubble crop
on the degree of crop weed infestation during the particular years of the experiment
was not explicit. In the first year of the research (2011), the highest number of weeds
was recorded after the catch crop with lacy phacelia and this number was consider-
ably lower (by 14%) only in the control after white mustard. During the rest of the
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Tab. 2 The share of weed species in spring barley weed infestation (BBCH 92; means for 2011-2013).

Plant species grown as a stubble crop (%)

Weed species control lacy phacelia white mustard  sunflower
Chenopodium album L. 47.8 52.9 51.1
Fallopia coﬁ;olvulus (L) A. ié’)ve 43.6 45.3 46.1
Lamium arf;)exicaule L. 2.3 0.0 0.0
Viola arven;z:s Murray 2.7 0.5 1.1
Lamium puur;)ureum L. 0.5 0.0 0.1
Vicia hirsut;z“(L.) S. E. Gray 0.4 0.0 0.0
Apera spica:;/enti (L)P Beal;;. 0.4 0.0 0.0
Polgonum é;iculure L. 0.8 1.2 0.9
Echinochloc'tmcrus—gulli (L.) P.Hl;eauv. 0.4 0.0 0.0
Cirsium ar?;nse (L.) Scop. 0.4 0.0 0.0
Capsella bu;';a—pastoris (L) Medik. 0.3 0.0 0.0
Geranium p';tsillum Burm. f. ex L. 0.1 0.0 0.0
Vicia tetrasl;’f‘zrmu (L.) Schrel;: 0.1 0.0 0.1
Lycopsis am’/‘(;nsis L. 0.1 0.0 0.1
Veronica ar;énsis L. 0.1 0.0 0.0
Thlaspi arvé;zse L. 0.0 0.1 0.0
Centaurea c}anus L. 0.0 0.0 0.1
Spergula ar;énsis L. 0.0 0.0 0.4
Number of';pecies 15.0 5.0 9.0

Tab.3 The number of weeds in the spring barley crop (pcs m™).

Time of experimental measurements

BBCH 55 BBCH 92
Stubble crop 2011 2012 2013 mean 2011 2012 2013 mean
Control 85.00 88.00 82.00 85.00 78.00 77.70 66.40 74.00
Pmnac erlﬁ’lm ........... 10200 ................. 11640 ................. 10080 ................. 10640 ................. 8 2 00 ................... 84 70 ................... 64 40 ................... 77 00 ................
Salba ............................. 10600 ................. 10350 ................. 11000 ................. 10650 ................. 7100 ................... 8980 ................... 6050 ................... 7370 ................
Hanmms ...................... 9300 ................... 9570 ................... 9850 9580 ................. 8 100 ................... 9960 ................... 8310 ................... 8790 ................
LSDOOS .................................. 713 ...................... 954 ...................... 692 ...................... 612 ................. 1099 ....................... 8 52 ...................... 6 51 708 ................
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Tab.4 Fresh weight of weeds (g m™ BBCH 92).

Stubble crop

Control

P, tanacetifolia
S. alba

H. annuus

LSDo.0s5

Year

2011

432.00

676.00

465.00

29.13

708.00

study period (2012 and 2013), most weeds
were recorded after the sunflower catch crop,
significantly more than in all other control
treatments. This relationship was confirmed by

2 2 mean the statistical analysis of the mean results over
381.00 400.50 404.50 the study period. In comparison to the number
R R I Of WeedS determined in the COHtrOl, approxi-
53430 ) 643.60 | 61790 mately the same number was recorded after the
519.60 644.00 623.80 white mustard catch crop, slightly higher (by
. 4%) after lacy phacelia, and significantly larger
492.40 464.50 473.90 (by 19%) after sunflower.
" 3898 9278 """" 9492 """"""" In each year of the study, the fresh weight
of weeds (as determined before the harvest)

after the lacy phacelia and white mustard cover

crops proved to be significantly higher (from
40% to 64%) than the one in the control treatment (Tab. 4). However, after the sun-
flower cover crop a significantly higher fresh weight of weeds was recorded in the first
2 years of the experiment; in 2013 it was not much different from the one recorded in
the control. The means from the whole study period showed that, when compared to
the fresh weight determined in the control treatment, a similar number (the difference
was not proven statistically) was determined after the sunflower cover crop, but it was
significantly higher (by about 54%) after the lacy phacelia and white mustard cover
crops.

Discussion

In sustainable agriculture, weeds are considered both as competitors of the cultivated
plants and as an element enhancing the species diversity in an agrocenosis [16,17].
The harmfulness of weeds depends not only on their species number, but also on
their overall number and weight. The results of the 3-year research showed that all the
plants grown as a stubble crop reduced the species diversity of weeds. A reduced num-
ber of species was found mainly at the end of the spring barley-growing season after
the sunflower stubble crop. Before the harvest of the crop at the fully ripe stage, the
effect of stubble crop on the degree of weed infestation during the particular years of
the experiment was not explicit. In the first year of the study (2011), the highest num-
ber of weeds was recorded after the catch crop with lacy phacelia and this number was
considerably lower (by 14%) only in the control after white mustard. During the rest
of the study period (2012 and 2013), most weeds were recorded after the sunflower
catch crop, significantly more than in all other control treatments. This relationship
was confirmed by the statistical analysis of the mean results over the study period.
In comparison to the number of weeds determined in the control, approximately the
same number was recorded after the white mustard catch crop, slightly higher (by 4%)
after lacy phacelia, and significantly larger (by 19%) after sunflower.

As regards weed infestation of spring barley, in comparison to the control with-
out cover crop, after the application of black mustard and oily radish mulch Duer
[18] found a decrease in the percentage of Chenopodium album, but Malecka et al.
[19] observed an increase in the number of weed species after white mustard mulch.
Gaweda [20-22] found, with respect to weed infestation of spring barley as well as
spring wheat and oats, that Chenopodium album was the dominant weed species in
the barley crop, irrespective of the stubble crop used. In spring barley, the number of
its representatives was most reduced by the winter rape cover crop, whereas in case
of spring wheat it was due to the mixture of legumes and lacy phacelia. In the oat
crop, the largest number of Chenopodium album representatives was found after white
mustard, whereas the smallest number was observed in the plots without cover crop.
Gaweda et al. [23] found that in the spring barley crop sown after the stubble crop
the most numerous species was Veronica persica, whereas in the control treatment it
was Avena fatua; however, all the plants grown as a stubble crop reduced its share in
overall weed infestation of the crop.
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The study results showed that the effect of stubble crop on the degree of spring
barley weed infestation depended on the mulch species. In comparison to the con-
trol treatment, the white mustard and lacy phacelia cover crops slightly increased
the number of weeds, but significantly increased their fresh weight. The effect of the
sunflower cover crop was different - it significantly increased the number of weeds
but there was no difference in their fresh weight. It might have been caused by the al-
lelopathic potential of sunflower, which reduces the growth and development of crops
[24]. As far as the effect of brassicas on the number and weight of weeds is concerned,
a similar relationship was observed by Duer [18]. When the mulch was left over the
winter for the spring barley crop, she noted a decrease in the number of weeds and at
the same time an increase in their dry weight. The results of the research by Gaweda
[20] showed no impact of the winter rape cover crop on the number of weeds in the
spring barley crop but with a very significant (by 43%) reduction of their weight, with
the highest weight observed after the lacy phacelia cover crop, which was much higher
than in the other control treatments. In another experiment conducted by Gaweda et
al. [23], on the other hand, ploughed under white mustard reduced (by 49.5%) the dry
weight of weeds in the spring barley crop. The research conducted by Matecka et al.
[19] shows that mulch plants reduced the number of weeds by 20-25% without modi-
fying their fresh weight; however, the results obtained by Kwiatkowski [15] showed
that the white mustard cover crop significantly reduced the number of weeds (over
threefold) and their dry weight (almost fourfold) in the spring barley crop. No impact
of field pea cover crop on spring barley weed infestation was observed in the results
obtained by Wilczewski [25].

Conclusions

The use of a stubble crop as a mulch, mainly sunflower in a short-term monoculture
of spring barley, reduced the species diversity of weeds. The tested stubble crops did
not cause changes in the dominance of weed species. In all control treatments, the
dominant species were Chenopodium album and Fallopia convolvulus. The degree of
weed infestation in spring barley depended on the plant species grown as a cover
crop. The white mustard and lacy phacelia cover crops slightly increased the number
of weeds but their fresh weight was significantly higher than that determined in the
control treatment. The sunflower cover crop significantly increased the number of
weeds, but their fresh weight did not differ much from that obtained in the control
treatment.
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Wplyw miedzyplonu $cierniskowego na zachwaszczenie tanu jeczmienia jarego

Streszczenie

W lanie jeczmienia jarego ‘Azit’ uprawianego w krétkotrwalej monokulturze po mulczowaniu
gleby roslinami uprawianymi w miedzyplonie $cierniskowym (kontrola - bez miedzyplonu,
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facelia blekitna, gorczyca biata, stonecznik zwyczajny) okreslano stan i stopien zachwaszczenia.
Doswiadczenie polowe przeprowadzono w latach 2010-2013 na glebie kompleksu zytniego do-
brego w czterech powtdrzeniach metoda blokéw losowych. Wykazano, ze miedzyplon $cierni-
skowy, zwlaszcza ze stonecznika zwyczajnego, ograniczat ré6znorodnosé¢ gatunkowa chwastow
nie powodujac jednoczeénie zmian dominacji gatunkowej. Na wszystkich obiektach do$wiad-
czenia gatunkami dominujacymi byty Chenopodium album i Fallopia convolvulus. Stopien
zachwaszczenia jeczmienia jarego zalezat od gatunku roéliny uprawianej w miedzyplonie. Mie-
dzyplony z gorczycy bialej i facelii blekitnej nieznacznie zwiekszyly liczbe gatunkéw wystepuja-
cych chwastéw, ale ich §wieza masa byla istotnie wyzsza. Natomiast miedzyplon ze stonecznika
zwyczajnego istotnie zwiekszyt liczbe chwastéw nie roznicujac istotnie ich $wiezej masy.
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