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Abstract

The experiment was carried out during the period 2004-2006 at the Lithuanian University of
Agriculture’s Experimental Station. Spring barley ‘Aura’ was sown at 0, 120, 200 and 280 kg ha™! seed
rates (0, 2.7, 4.5, and 6.2 million seeds ha!). Dynamics of weediness was established having assessed
weed density and species composition in a spring barley crop at the beginning and end of tillering, at
booting, heading, milk and hard maturity stages. The number of weed species varied between 20 and
27. The prevalent weeds in the spring barley crop were annuals Chenopodium album L., Stellaria media
(L.) Vill. and Erysimum cheiranthoides L., while perennials Sonchus arvensis L., Cirsium arvense (L.)
Scop. and Equisetum arvense L. were in the minority. At the beginning of the growing season, from the
beginning to the end of spring barley tillering, the number of weeds increased from 150-169 m, 245—
332 m?, 14-19 m? to 169-171 m?, 310-371 m? and 60-73 m™ in 2004, 2005 and 2006, respectively.
At later growth stages, weed density consistently declined to 66-75 m™? in 2004, 166204 m™ in 2005
and 44-62 m? in 2006, except for the lowest seed rate crop in 2006, where weed density increased to
88 m™ in spring barley at hard maturity stage. With increasing seed rate (up to 280 kg ha') and crop
density, weed density consistently decreased to 28.2% and 49.8%, compared with the lower seed rates
120 kg ha! and 200 kg ha'!. Spring barley seed rate did not have any significant influence on the spread
of perennial weeds. In the crop-free soil, formation of weediness was in conformity with spring barley
crop weed density dynamics, only was characterized by a higher number of weeds (to 458 weeds m™)
which naturally filled in the vacant ecological niches in a field. At the end of spring barley growing
season, in the crop-free plots, the number of perennial weeds was up to 10-fold higher compared with
any of the crop densities tested.

Key words: Hordeum vulgare, seed rate, weed species, weediness dynamics, weed density, growth
stages, competition.

Introduction

In the science of agronomy, considerably both within a species and between different species

high attention is paid to the solution of weediness
problems in crops. Many research works and stud-
ies are carried out looking for the weed spreading
ways, reasons and crop competition. Cultural plant
competition is one of the most important means in-
creasing crop productivity (Lazauskas, 1990; Pili-
pavicius, 2007; Romaneckiené, 2007). Agriculture
has an important task to secure high quality of the
agricultural products decreasing costs of produc-
tion and maintaining nature balance (Nazarko et al.,
2005). Crops naturally cover consistent patterns of
plant communities. In crops, competition occurs

(Lazauskas, Pilipavicius, 2004). One of the most
important forms of plant competition is for vegeta-
tive factors (Antanaitis, Svedas, 2000). When condi-
tions for cultural plant development and growth are
unfavourable, competition between the crop plants
and weeds begins and crop yield decreases (Lazaus-
kas, 1990). Biological and ecological regularities of
weed development form the main principals of their
control (Pilipavicius, 2007). Competitive ability of
cultural plants and weeds depends on plant sowing
time, seed rate and seed biomass (Mohler, 2001). In
denser crops weeds are more smothered (Pilipavi-
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Cius et al., 2011). The economic threshold of weed
harmfulness in such crops is higher and yield losses
are lower because of lower weediness (O’Donovan
et al., 1999; Stougaard, Xue, 2005). Selection of
proper seed rate of cultural plants is an important
factor strengthening domination of the crop and re-
ducing crop weediness. The thinner the crop is, the
more weeds spread in it and they are larger (Moh-
ler, Galford, 1997; Pilipavicius et al., 2011). Annual
weeds, such as Tripleurospermum perforatum and
Galium aparine, develop better in sparser crop,
while perennial ones develop worse (Arlauskiené,
Maiksténinené, 2004). With increasing crop density,
the amount of perennial weeds increases, while that
of annual weeds decreases by 17% (Maiksténiené
etal., 2006). Increasing spring barley density, bar-
ley sprouting energy and weed smothering ability
are better used.

The study deals with weed density dyna-
mics in a spring barley crop and crop-free soil. The
aim of the experiment was to establish spring barley
seed rate influence on weed density dynamics.

Materials and methods

Experimental site and soil type. A field ex-
periment was conducted during the period 2004—
2006 at the Lithuanian University of Agriculture’s
Experimental Station (54°52' N, 23°49" E). The soil
of the experimental site is Calc(ar)i-Endohypogley-
ic Luvisol (LVg-n-w-cc) drained clay loam on sandy
light loam. The soil agrochemical characteristics are
presented in Table 1. Agrochemical soil properties
were established at the LUA’s Experimental Station
using the IR ray spectrometer PSCO/ISI IBM-PC
4250. Soil samples for agrochemical analyses were
taken from 0-20 cm soil layer at the end of June
from 10 sites of all treatments and their replications,
making composite samples. Index of soil total nit-
rogen in our experiment was not established, hence
other researchers reported total nitrogen amount of
1.3-1.47 g kg in soil of LUA’s Experimental Sta-
tion (Marcinkevi¢iené, Butkevi¢iené, 2009).

Table 1. Soil agrochemical properties of 0—20 cm arable layer
LUA Experimental Station, 2004-2006

Index Spring barley seed rate kg ha™! Statistical indexes
0 120 200 280 SE P
2004
pH 7.04 7.05 7.07 7.04 0.008 0.399
Humus % 2.48 2.46 2.49 2.45 0.125 0.381
Phosphorus (P,0,) mg kg 283.25 283.25 294.95 287.6 3.792 0.706
Potassium (K ,0) mg kg'! 153.65 144.28 145.64 156.41 2477 0.237
2005
pH 7.06 7.03 7.02 7.12 0.015 0.05
Humus % 2.49 2.48 2.50 2.50 0.006 0.566
Phosphorus (P,0,) mg kg™ 271.75 266.93 262.21 281.46 5.032 0.593
Potassium (K,0) mg kg 184.32 175.20 171.59 155.52 4.697 0.194
2006
pH 7.06%* 7.13 7.13 7.12 0.009 0.008
Humus % 223 2.26 2.27 2.25 0.011 0.762
Phosphorus (P,0,) mg kg™ 140.81 123.96 155.91 131.59 6.278 0.301
Potassium (K,0) mg kg'! 196.91 197.31 185.99 194.52 7.529 0.957

Note. Control treatment — 200 kg ha™' seed rate; * — 95% probability level, ** — 99% probability level, SE — standard

€1TOT.

Experimental design. Spring barley was
sown at four sowing densities 0, 120, 200 and
280 kgha! (0, 2.7, 4.5 and 6.2 million seeds per
ha'! respectively). The control treatment was cho-
sen 200 kg ha' of seeds as a conventionally used
seed rate in agriculture. The weed abundance dy-
namics was established according to growth and
development stages (decimal code according to
Meier (1997): beginning of tillering 25', 222, 20°;
end of tillering 29!, 292, 29%; booting 39!, 372, 39%;
heading 51', 512, 523; milk maturity 73, 712, 75

hard maturity 92!, 97%, 923 (Note: ' —2004; 2 —2005;
3 —2006). Experiments consisted of 4 replicates of
a randomized design. The initial (brutto) plots were
150 m? (6 x 25 m) and the netto plots were 138 m?.
General conditions of spring barley gro-
wing. In 2004, the fore-crop was maize, in 2005
spring barley and in 2006 sugar-beet. Complex
phosphorus, potassium and nitrogen fertilizers
N, P, K, “Azofoska” (N:P:K 16:16:16) were ap-
plied on spring barley in spring after sowing before
emergence. Two-row barley ‘Aura’ was sown with-
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in the first ten days of May following the scheme of
sowing 0, 120, 200 and 280 kg seed ha' (0, 2.7, 4.5
and 6.2 million seeds ha™ respectively). After spring
barley, the soil was disc harrowed at 10—12 cm depth
and after four weeks it was ploughed with a mould-
board plough at a depth of 23-25 cm. After maize
and sugar-beet, the soil was ploughed at 23-25 cm
depth by a mould-board plough in the autumn. In
spring, after all three fore-crops the soil was har-
rowed at 3—5 cm depth, and before sowing it was
loosened and harrowed at 3—5 cm depth. Emerged
spring barley crop was not harrowed. Herbicides
and other pesticides were not applied.

Meteorological conditions. During all three
experimental years meteorological conditions of-
ten varied. However, average data of meteorologi-
cal conditions were similar to average long-term
meteorological data. The weather conditions dur-
ing spring barley vegetation are presented in Table
2. The air temperature in May 2004 was lower by
1.6°C and amount of rainfall was less by 4.6 mm
compared with the long-term average. The air tem-
perature in June was lower by 1.3°C, in July by
0.4°C and in August by 1.2°C compared with long-
term average. The amount of rainfall was lower
compared with long-term average in June and July
by 0.1 and 6.1 mm respectively, when in August it
topped the long-term average by 32.3 mm. May and
June of 2005 and 2006 were warmer and wetter than
in 2004 and cooler and considerably wetter (except
dry June in 2006) than long-term average. July of
2005 and 2006 was not just warmer than in 2004,
but even topped long-term average by 2°C and
3.9°C, accordingly. August of 2005 and 2006 was a
bit cooler compared with 2004, likely, because rain-
fall in August increased 1.4 (2005) and 1.7 (2006)
times more than in 2004 (Table 2).

Table 2. Average air temperatures and rainfall dur-
ing spring barley growing season
Kaunas (Noreikiskés) Weather Station, 2004—2006

Index Month
May  June July August
2004
Air temperature °C 11.0 142 166 17.9
Rainfall mm 38.3 629 785 98.0
2005
Air temperature °C 12.1 15.0 19.0 16.7
Rainfall mm 76.9  78.1 454 136.2
2006
Air temperature °C 12.5 16.5 209 17.8
Rainfall mm 74.5 18.0 70.7 165.6
Long term average 1974-2006
Air temperature °C 12.6 155 17.0 16.7
Rainfall mm 429  63.0 84.6 65.7

Weediness dynamics was established by a
quantitative method. In each experimental plot, two
continuous plots (50 x 50 cm, 0.25 m?) were set up
to establish weediness — number of weed species
and their density. The data were recalculated into
weed number per square meter. Weeds were count-
ed according to the experimental design in the crop
and crop-free plots at the beginning and end of til-
lering, at booting, heading, milk and hard maturity
stages of spring barley. Nomenclature of Latin plant
names was based on “Vascular Plants of Lithuania”
(Gudzinskas, 1999).

Soil weed seed bank was established in soil
samples taken at the end of June from an arable soil
layer of 0—20 cm. The samples were taken from 10
places to make composite soil samples of every trial
plot. Weed seeds were washed through 0.25 mm
sieve and separated by saturated solution of high
specific mass of NaCl (Rabotnov, 1958; Warwick,
1984).

Statistical data assessment. The research
data were statistically evaluated by ANOVA method
— one way analysis of variance, applying the Sigma-
Stat software package. Standard error SE and reli-
ability criterion of differences among treatments P
were calculated (SPSS Science, 1997).

Results and discussion

Spring barley weediness dynamics experi-
ment showed heterogenic distribution of weed spe-
cies during 2004, 2005 and 2006. The number of
weed species changed from 20 to 27. At the begin-
ning of spring barley tillering, the number of weed
species in the crop of different seed rate varied
from 13 to 17 during 2004 and 2005. There were
8 weed species in 2006. The number of weed spe-
cies in the crop tended to increase to 17—18 in 2004
and to 1619 in 2005 at the hard maturity stage of
spring barley. In 2006, the highest number of weed
species was established at spring barley heading
stage and reached 13—14 weed species, while they
decreased to 10—12 at the hard maturity stage. Crop-
free plots had favourable conditions for weed den-
sity development, hence, number of weed species
in those plots remained similar to crop. The main
change in the number of weed species was influ-
enced by appearance and disappearance of weeds
such as Echinocloa crus-galli (L.) P.Beauv., Poly-
gonum aviculare L., Poa annua L., Tussilago far-
fara L. and other weeds that were low in number
(Tables 3 and 4). Annual weeds prevailed in the
crop of spring barley: Chenopodium album L., Stel-
laria media (L.) Vill., Erysimum cheiranthoides L.,
Galium aparine L., Capsella bursa-pastoris (L.)
Medik. Perennial weeds were in the minority in the
crop. Sonchus arvensis L., Cirsium arvense (L.)
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Scop. and Equisetum arvense L. were more nume-
rous of the perennial weeds. Investigating dynamics
of Chenopodium album L., the highest density was
established at the earliest growth stages of spring
barley (2004-2006). At later growth stages of
spring barley, Chenopodium album L. density con-
tinuously decreased irrespective of seed rate in 2004
and 2005. That is probably because of biological
cycle of annual weed growth. During 2005-2006,
Chenopodium album L. density increased at head-
ing stage of spring barley and in 2006 the number of
Chenopodium album L. increased even at the hard
maturity stage of spring barley. Such shift in 2006
could be influenced by insufficient rainfall at the til-
lering and heading stages of spring barley inhibiting
sprouting of Chenopodium album L. viable seeds
that emerged at the end of crop vegetation. This
regularity remained in unsown plots as well, where
in natural growth conditions without spring barley
competition, Chenopodium album L. density sig-
nificantly increased in 2004 and tended to increase
in 2005. It showed weed ability to emerge during
the whole vegetation period due to favourable me-
teorological conditions and free ecological niches.
The number of Stellaria media (L.) Vill. took the

second place after Chenopodium album L. in crop
and crop-free plots. However, as ephemeral weed
Stellaria media (L.) Vill. has continuous regenera-
tion through vegetation, morphologically belongs
to stubble weeds (lower than % crop high) that are
well adapted to crop smothering ability and there-
fore it sustained with no significant change in den-
sity during vegetation in the crop of different seed
rate. Perennial weeds such as Sonchus arvensis L.
were present mainly in all crop and crop-free plots
through spring barley vegetation period, however,
at very low density (Tables 3 and 4).

Weediness dynamics evaluated in spring
barley crop at the beginning and end of tillering,
at booting, heading, milk and hard maturity stages
(Tables 3 and 4) showed, that significant competi-
tion between weeds and spring barley was not es-
tablished till barley booting growth stage. Similar
data were obtained when at each weed count, seed-
lings were thinned-out analysing emergence of
different weed species in other model continuous
plots (Romaneckiené et al., 2009). At spring barley
heading stage, significant inter-species competition
started, weed density in crop consistently decreased
with increasing spring barley sowing density.

Table 3. Weediness dynamics (weed density weeds m?) at the beginning of tillering, end of tillering and
booting growth stages of spring barley in different seed rate crops
LUA Experimental Station, 2004-2006

Growth stages of spring barley

beginning of tillering end of'tillering booting Sits(tllz)t:g:l
Weeds spring barley seed rate kg ha’!
120 200 280 0 120 200 280 0 120 200 280 0
SE P
2004
1 2 3 4 5 6 8 9 0 11 12 13 14 15
Amaranthus 22 02 08 00 05 00 20 00 13* 78 97 12* 0.7 0.001
retroflexus L.
Capsella bursa- «
asioris Ly Medk, 30 32 28 25 83 92 63 35 78 68 45 64 080 0001
Chenopodium album L. 542 632 655 574 520 583 538 964** 462 447 457 802** 157 0.001
Erysimum 182% 108 117 91 27 50 37 133* 28 22 33 126% 1.17 0.001
cheiranthoides L.
F “’lol””ﬁo’ig’vl‘e’”’”s(h) 37 07 18 19 55 30 27 21 45 27 27 36 057 0.0l
Galeopsis tetrahitL. 00 00 00 00 00 00 05* 00 00 00 00 00 005 025
Galinsoga 00 00 00 00 00 03 00 01 00 00 00 00 004 037
parviflora Cav.
Galium aparine L. 102 158 142 216 275 193 210 287+ 212% 87 102 256% 1.51 0.001
Juncus bufonius L. 00 00 00 00 02 00 00 00 00 00 00 00 00l 034
Lamium pupureum L. 08 03 08 0I* 00 02 02 10* 00 13 02* 00 0.13 0.002
Polygonum aviculareL. 0.0 02 0.0 00 0.I** 02 00 02 00 00 00 00 005 0678
Polygonum 18 13 17 10 35 12 32 42 15 20 08 28 0.8 0.009
lapathifolium L.
Stellaria media (L) Vill. 49.5 563 617 476 498 572 597 59.1 465 433 498 425 3.14 0.958
Thiaspi arvense L. 00 00 00 00 12 00 03 84* 00 00 00 15 0.4 000l
Tripleurospermumperfo- 61 00 00 08 13 05 02 08 22 23 05 031 0552
ratum (Merat) Lainz.
Viola arvensis L. 00 03 00 00 22 13 05 01* 00 00 00 00 0.6 0003
Other annual 02 00 18 00 37 09 20 04 00 00 00 0.1 - -
Total annual 1448 1533 162.8 1412 1580 157.4 1564 217.7% 1443 121.7 1292 177.0%* 2.69 0.001
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Table 3 continued
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Cirsium arvense (L.) Scop. 2.5 3.3 1.7 00 48 52 42 0.1** 23 1.2 2.8 0.1 0.55 0.722
Equisetum arvense L. 02 00 0.2 0.0 05 22 0.2 0.2 0.0 04 0.0 0.2 0.10 0.730

E’y”"glg“ezzlﬁf”s@') 00 00 00 00 00 00 02 00 00 00 00 00 00l 0697

Plantago major L. 0.0 0.0 0.0 00 07 00 0.0 0.0 00 00 00 0.0 0.39 0.948
Sonchus arvensis L. 22 40 32 40 37 38 9.0* 6.9 25 22 6.7* 52 0.72 0.643
Tussilago farfara L. 0.8 0.0 1.0 00 1.0 00 1.3 0.0 00 00 00 0.0 0.24 0.941
Total perennial 57 73 6.1 40 107 112 149 7.2 48 38 95 55 0.44 0.140
Total weeds 150.5 160.6 1689 1452 168.7 168.6 1713 2249 149.1 1255 138.7 1825 5.10 0.001

2005
Capsella bursa-pastoris o ¢ 537 |57 gox 80 17 03 06 365% 258 272 343 093 0.007
(L) Medik.

Chenopodium albumL. 732 99.0 63.5% 653 1040 110.0 872 923 850 722 773 1010 2.14 0.240

Erysimum 550 542 340 311 468 379 370 711 95 88 78 133 126 0.002
cheiranthoides L.

Euphorbia helioscopia L. 4.6%* 1.8 3.0 22 12 05 02 0.6 07 03 0.0 2.7  0.17 0.001

Fallopia comvolvulus (L.) 5 |13 19 59 25 25 43 46 27 48 32 73 022 0023

A. Love
Galium aparine L. 41.1* 298 33.0 48.9%* 393 432 31.0* 334 240 258 19.7 49.0* 0.84 0.001
Polygonum 12 05 18 13 22 22 20 146** 33 13 20 63* 027 0.001
lapathifolium L.

Sinapis arvensis L. 59 7.7 55  L.8% 40%¥* 78 33% 20%* 38 52 22% 20 021 0.001
Stellaria media (L.) Vill.  99.1 106.0 743 145.8 1152 1458 121.0 2009 723 693 625 813 3.26 0.007

Triplewrospermum perfo- ¢ 15 53 g1 28 43 15 06* 25 22 18 03 019 0001
ratum (Mérat) Lainz.

Veronica persicaria L.~ 8.8%* 4.3 42 62 92%* 43 42 7.1 58 30 1.7 1.0 0.26 0.001
Other annual 03 0.0 0.9 04 24 12 26 1.5 09 07 34 3.0 - -
Total annual 308.9 329.8 240.0%* 314.7 337.6 361.4 294.6* 429.3* 247.0 2194 208.8 301.2* 5.21 0.001
Cirsium arvense (L.) Scop. 1.3 0.8 2.0 31 13 1.0 5.0% 2.3 1.5 25 7.0%* 37 025 0.001
Equisetum arvense L. 0.0 0.0 0.0 00 00 00 00 0.0 02 00 06 63** 039 0.698
Plantago major L. 0.0 0.0 0.2 00 27 58 63 1.1 05 00 07 0.0 0.16 0.001
Sonchus arvensis L. 1.9 1.7 30 107 3.0 3.0 40 257* 25 1.8 52 193** 0.54 0.001
Tussilago farfara L. 0.0 0.0 0.0 00 00 00 00 0.0 00 00 00 0.0  0.07 0.041

Total perennial 32 25 52 138 70 98 153 29.1*% 47 43 132 29.0%* - —
Total weeds 312.1 3323 245.2* 3285 344.6 3712 309.9 4584* 251.7 228 222.0 330.2* 0.78 0.001
2006

Capsella bursa-pastoris
(L) Medik. 02 0.7 0.0 00 23 15 30 1.0 52 38 33 1.7 021 0.012

Chenopodium albumL. 6.2 3.5 5.7 43 180 135 13.0 21.0* 185 140 143 153 0.508 0.001
Euphorbia helioscopiaL. 0.0 0.0 0.0 00 05 05 02 1.3 07 08 05 1.7 0.07 0.001

F “”Opiali"’ivg’vlzuh‘s(L‘) 12 05 05 20 35 22 17 70+ 57 32 23 80% 025 0.00l

Galium aparine L. 9.0 8.0 6.0 47 80 55 118 3.7 48 43 57 40  0.34 0.088
Lamium purpureum L.~ 0.0 0.0 0.0 00 00 00 07 0.0 1.7 07 05 03 0.261 0.001
Sinapis arvensis L. 02 0.0 0.2 03 1.7%* 50 1.5% 7.7* 1.8 37 22 47  0.18 0.001
Stellaria media (L.) Vill. 1.3 3.5 1.3 13 73 95 77 6.0 100 7.7 72 6.7 023 0.062
Veronica persicariaL. 0.7 0.3 0.5 03 29.0* 195 21.7 143 288 220 232 183 0.81 0.001

Viola arvensis L. 02 02 0.0 00 06 05 05 0.3 .7 13 12 1.0 0.085 0.575
Other annual 0.0 0.0 0.0 08 19 02 04 3.7 1.2 07 02 4.0 - -
Total annual 190 167 142 13.7 72.8* 579 622 660 80.1* 622 606 657 147 0.001

Equisetum arvense L. 0.0 00 0.2 27 02 1.8 0.5 9.0** 0.0 2.0 0.0 17.0%* 0.308 0.001
Sonchus arvensis L. 0.0 05 0.1°% 0.0 00 02 0.0 0.7 0.3 0.3 0.0 0.7 0.036 0.002
Total perennial 0.0 05 0.3% 27 02 20 0.5 9.7 0.3 23 0.0 17.7  0.31 0.001
Total weeds 19.0 172 145 164 73.0 599 62.7 75.7 80.4* 645 60.6 834* 1.51 0.001
Notes. Control treatment — 200 kg ha' seed rate. * — 95% probability level, ** — 99% probability level. SE — standard
error. Other annuals 2004: Chaenorhinum minus L., Echinochloa crus-galli (L.) P.Beauv., Euphorbia helioscopia L.,
Poa annua L., Veronica persicaria L.; 2005: Chaenorhinum minus L., Echinochloa crus-galli (L.) PBeauv., Galeopsis
tetrahit L., Poa annua L.; 2006: Chaenorhinum minus L., Erysimum cheiranthoides L., Myosotis arvensis (L.) Hill.,
Polygonum lapathifolium L.
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Table 4. Weediness dynamics (weed density weeds m?) at heading, milk and hard maturity stages of spring

barley in different seed rate crops

LUA Experimental Station, 2004-2006

Growth stages of spring barley

heading milk hard S.t atistical
: indexes
Weeds spring barley seed rate kg ha'!
120 200 280 0 120 200 280 0 120 200 280 0 & p
2004
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
Amaranthus 40 93 73 12** 65 52 56 05 00 00 00 00 0.7 0.001
retroflexus L.
Capsella bursa-pastoris s sk
(L) Modih. 52 37 15 62 60 43 30 132 15 05 1.0 19.5* 0.80 0.001
Chenopodium album L. 422 342 318 79.8%% 442 305 337 87.0** 178 148 157 103.4** 1.57 0.001
Erysimum 62 42 43 126* 48 53 47 108* 40 35 28 197 1.17 0.001
cheiranthoides L.
Fallopia convolvulus 5 3 35 5¢ 36 45 45 38 110%* 50 32 33 104* 057 0.00l
(L) A. Love
Galeopsis tetrahitL. 00 00 00 00 00 00 03 01 00 00 02 00 005 025
Galinsoga 00 00 00 00 00 02 00 02 00 03 00 00 004 037
parviflora Cav.
Galium aparineL. 107 65 9.0 257* 98 80 78 416 43 52 30 299 151 0.001
Juncus bufoniusL. 00 00 00 00 00 00 00 00 00 00 00 00 001 034
Lamium pupwreumL. 05 00 00 00 00 07 00 00 02 02 00 00 0.13 0.002
Polygonum aviculare L. 0.0 0.0 0.0 0.0 0.0 02 00 0.0 0.0 02 0.0 0.0  0.05 0.678
Polygonum 27 12 13 29 42 18 05 32  40%* 10 07 66* 0.18 0.009
lapathifolium L.
Stellaria media (L) Vill. 383 443 448 419 350 478 443 456 290 410 332 431 3.14 0.958
Thiaspi arvenseL. 00 00 00 15 00 00 00 09 00 00 00 00 014 0.001
Tripleurospermum per- « «
orotum (Morat) Loy, 12 080005 13* 32 15 12 05 05 00 11 031 0552
Viola arvensis L. 03 03 00 00 03 10 02 16 00 00 00 02 0.16 0.003
Other annual 00 00 00 01 50 20 02 33 11 05 05 20 -
Total annual 116.6 107.7 102.8 176.0%* 1213 1147 105.6 2202%* 674 709 604 2359% 2.69 0.001
C’VS’“'”SZ’(’);Q”“(L') 30 10 27 01 30 15 30 11 40 08 23 11 055 0722
Equisetum arvense L. 0.0 0.7 0.0 0.0 0.5 00 0.0 04 0.5 03 02 0.3 0.10 0.730
Ely”’gﬁ‘ezzif’”a") 00 00 00 00 00 00 00 00 02 00 02 00 001 0697
Plantago majorL. 05 00 00 00 07 02 00 04 05 02 00 04 039 0.948
Sonchus arvensisL. 23 17 50 53 28 30 42 63 15 20 27 73* 072 0643
Tussilago farfral. 00 00 00 00 10 00 00 04 08 00 05 00 024 0.941
Total perennial 58 34 77 54 80 47 72 86 75 33 59 91 044 0.140
Total weeds 1224 111.1 1105 1814 1293 1194 1128 2288 749 742 663 2450 5.10 0.001
2005
C”psegf‘)b;‘gﬁ;i‘”’o”s 35.8% 258 247 343 408% 19.0 21.8 372% 245% 127 12 35  0.93 0.007
Chenopodium albumL. 722 673 733 101.0* 868 867 63.7 753 69.5 749 438 833 2.14 0.240
Erysimum 88 80 77 117 68 97 62 116 40 77 28 116 126 0.002
cheiranthoides L.
Euphorbia 65% 27 13 10 25 20 13 07 05 03 03 15 0.7 0.001
helioscopia L.
Fallopiaconvolvulus 35 46 55 73 47 52 43 50 43 55 65 55 022 0023
(L) A. Love
Galium aparine L. 23.0 258 21.0 493* 200 163 125 257 77 97 78 135 084 0.001
Polygonum 17 27 20 63 33 37 45 57 25 27 42 87¥ 027 0.001
lapathifolium L.
Sinapis arvensisL. 33 43 18 20 08 17 02 23 20 23 10 00 021 0.001
Stellaria media (L) Vill. 662 572 592 813 428 442 370 410 580 633 568 280 3.26 0.007
Tripleurospermum
perforatum Mérat) 27 22 20 03 38 53 28% 04* 40 45 35 04* 0.19 0.001

Lainz
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Table 4 continued

1 2 3 45 56 6 7 8 9 0 11 12 13 14 15

Veromica persicariaL. 0.5 0.0 0.3 0.0 0.7 00 03 0.0 3.0 12 1.3 04 026 0.001
Other annual 13 15 27+ 64 53 30 75 113 53 52 120 60 - -
Total annual 2252 201.5 201.2 300.9%** 2183 196.8 1619 2162 1853 190.0 152.0 1939 521 0.001
C”S’”ms‘é’;f””(b) 23 22 65% 37 25 18 67% 47 23 23 50 40 025 0.001
Equisetum arvenseL. 00 00 03 00 02 00 03 03 03 00 02 84* 039 0.698
PlantagomajorL. 05 00 03 63 08 07 03 73 122 33 58 00 0.16 0.001
Sonchus arvensisL. 3.0 22 48 193* 35 33 52 223% 42 30 23 189% 054 0.001
Tussilago frfaral. 05 00 07 00 18 07 18 00 00 00 05 04 007 0.041
Total perennial 63 44 126 293* 88 65 143 346 190* 86 138 317 - —
Total weeds 231.5 2059 213.8 3302 227.1 2033 1762 250.8 2043 198.6 1658 2256 0.78 0.001

2006
Capsella bursa-pastoris

P (L.)Medif(’. 22 13 07 17 48 60 30* 20% 50 40 25 23 021 0012
Chsl’l‘fufz’”llj‘m 193% 132 107 200 22.0% 157 152 200 24* 168 133 207 0.508 0.001
hfh%l;ﬁ(o);li);aL. 08 07 05 17 07 08 05 17 07 07 00 13 007 0001

F ””E’fff;f”&?vlzul”s 57 27 15 70+ 55 35 22 70 65 38 22 53 025 0.001
Galium aparineL. 78 58 66 43 48 47 42 43 22 25 32 20 034 0.088
Lamium purpureum L. 6.0* 32 12 13 88 62 48 13* 105 80 33* 00 0261 0.001
Sinapis arvensisL. 0.5 0.5 05 7.0* 05 05 15 7% 03 07 02 83* 0.8 0.001
Stellaria media (L) Vill. 5.7 55 57 63 82 62 37 63 85 67 50 87 023 0.062
Veronica persicariaL. 107 7.7 67 73 187 192 178 73* 30.0%* 170 142 53* 081 0.001
Viola arvensis L. 02 03 02 10 07 07 08 10 03 02 02 17 0085 0575
Other annual 13 10 05 23 09 10 07 20 06 05 02 13 - -
Total annual 602*% 419 348 599 756 645 544 599 883%* 609 443* 569 147 0.001
Equisetum arvenseL. 00 28 03 10.7%* 00 28 03 10.7%* 00 08 00 83 0.308 0.001
Sonchus arvensisL. 03 00 02 06* 02 00 02 07 00 00 00 03 0036 0002
Total perennial 03 28 05 113* 02 28 05 114 00 08 00 86 031 0.001
Total weeds 60.5% 447 353 712* 758 673 549 713 883* 617 443* 655 1.51 0.001

Note. Explanation under Table 3.

The highest weed density was established
in the sparsest crops (seed rate 120 kg ha™') during
all three experimental years. In dense crops, signifi-
cantly less amount of PAR — photosynthetically ac-
tive radiation reached soil surface and weeds grow-
ing at the lowest crop layers (Romaneckien¢ et al.,
2008 b). Many weeds and their seedlings naturally
died because of too intensive shading. In the same
experimental field, it was established, that the high-
est number of weeds died (83—-287 weeds m?) in the
densest crop of spring barley (280 kg ha™', 6.2 mil-
lion seeds ha'). The least weed kill (21-134 weeds
m?) occurred at tillering and booting stages of bar-
ley, and at heading and milk maturity stages weed
seedling death amounted to 118-316 weeds m™.
The weed seedling death constituted 43—71% weeds
evaluating spring barley crops of all three seed rates
— densities (Romaneckien¢ et al., 2008 a).

The highest number of weed species (27)
was established during spring barley vegetation in
2004. At the end of spring barley tillering, in all
plots of crop a very similar number of weeds was
found: annual 156-158 weeds m? and perennial 11—

14 weeds m™. From spring barley booting to hard
maturity stage, weed density decreased while seed
rate increased, except perennial weeds for which
crop density-seed rate had no significant effect
(Tables 3 and 4). As a result, denser crop was not
able to smother perennial weeds. During three years
of field experiment the highest weed incidence in
spring barley crop was in 2005. Although weed den-
sity was higher, the number of weed species (20)
was lower than in 2004 and by a few species (16)
higher than in 2006 (Tables 3 and 4). The increase in
field crop weediness was influenced by spring bar-
ley monoculture. It was confirmed evaluating soil
seed bank as well. In 2004, sowing 120 and 200 kg
ha'! of spring barley seeds the crop soil contained
16 thousand m? weed seeds in 0—20 cm arable soil
layer. In 2005, on the same plot, growing spring
barley continuously soil weed seed bank increased
by 5-8 thousand to 21-24 thousand m? weed seeds
in 0-20 cm arable soil layer. Soil weed seed bank
increase constituted 32% (crop of 120 kg ha') and
20% (crop of 200 kg ha'). In unsown plot, without
weed control, soil seed bank increased even more
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drastically, weed seed number increase constituted
44% compared experimental year 2005 with 2004
(Table 5). The change of experimental field in 2006
naturally changed soil seed bank that was bigger
by 6-20% comparing with the seed bank of crop
soil in 2005. Conversely, the number of weeds in
spring barley crop in 2006 was lower than in 2005
(Tables 3 and 4). However, extremely dry period in
2006 during June (Table 2) with 18 mm rainfall, i.e.
5 times less than in 2005 and nearly 4 times less
than in 2004 and long term average — probably was
the main unfavourable factor inhibiting weed emer-
gence. Decrease of weed seed number in crop-free

soil in 2006 compared with 2005 and 2004 princi-
pally depended on the experimental field and seed
distribution heterogenity in the soil. During all three
experimental years, seeds of Chenopodium album L.
and Stellaria media (L.) Vill. prevailed in the soil
seed bank. Seeds of Chenopodium album L. ac-
counted for 74.0-87.8% in 2004, 55.8-82.3% in
2005 and 61.4-71.2% in 2006 of the soil seed bank
depending on crop seed rate (Table 5). According to
other field trial experiments, Chenopodium album
L. seeds dominated in the soil seed bank — 38-71%
up to 85% in the fields of LUA Experimental Sta-
tion (Pilipavicius, 2004).

Table 5. Weed seed number (thousand seeds m?) in 0—20 cm arable soil layer in spring barley different seed

rate crops

LUA Experimental Station, 2004-2006

Weed seed number in soil, thousand seeds m?

Statistical indexes

Weeds of different seed rate crop kg ha
0 120 200 280 SE P
2004
Chenopodium album L. 20.02 12.10 13.95 20.62 1.622 0.148
Stellaria media (L.) Vill. 2.15 0.00 1.40 2.14 0.449 0.304
Other 0.72 4.25 1.44 0.72 - -
Total 22.88 16.35 16.78 23.47 1.901 0.419
2005
Chenopodium album L. 22.88 19.79 15.40 17.69 1.802 0.590
Stellaria media (L.) Vill. 7.63 3.56 4.14 3.26 1.089 0.575
Other 10.48 0.69 1.36 0.72 - -
Total 40.99 24.04 20.89 22.38 2.960 0.070
2006
Chenopodium album L. 13.39 15.78 16.23 19.09 2.035 0.853
Stellaria media (L.) Vill. 2.92 4.25 6.29 2.76 0.808 0.407
Other 2.92 5.68 3.52 4.96 - -
Total 19.23 25.69 26.03 26.80 2.381 0.753

Note. Control treatment — 200 kg ha'’.

Similar dependence of crop density and
fore-crop influence on crop weediness in cereals was
established by Skuodiené and Daugéliené (2003)
and by Skuodiené (2005). Competition of inter-
species started at spring barley heading stage. In all
three experimental years, with increasing seed rate,
weed density regularly decreased till spring barley
hard maturity stage. The change in weediness in the
lowest 120 kg ha' and the highest 280 kg ha' seed
rate crops, showed significant weed density decrease
by 7.0-12.8% in 2004 (except tillering growth stage
when weed density increased by 1.5-12.2% in crops
of higher seed rate), by 7.6-22.4% in 2005 and by
14.1-49.8% in 2006. Weed number decrease consti-
tuted to 28.2% in crop of 280 kg ha! seed rate com-
pared with spring barley crop of 200 kg ha' (Tables
3 and 4). In 2006, at the end of spring barley tillering
the lowest number of annual weeds (73 weeds m™)
was in the crop of 120 kg ha! seed rate. In the spars-
est crop of 120 kg ha'! seed rate, higher weed density

by 16% was established compared with the crop of
the highest seed rate 280 kg ha! and lower density
by 3.6% compared with crop-free soil. In the crop
of 120 kg ha™! seed rate, perennial weeds constituted
0.2 weeds m2. Whereas in crop-free plots, perennial
weeds constituted 9.7 weeds m?. At booting stage
of spring barley, weed number increased in all plots
independent of barley seed rate and in crop-free
plots the number of perennial weeds increased by
80.4% compared to tillering stage of spring barley.
At heading, milk and hard maturity stages of spring
barley, in the crops of higher seed rate weed number
significantly decreased (Tables 3 and 4).

Crop weediness (weed number) dynamics
directly depended on spring barley seed rate — crop
density and in separate years on fore-crop. In other
cereal crops similar weediness dynamics was estab-
lished (Kropf, van Laar, 1993, Stancevicius, Trecio-
kas, 1995). Reduction of spring barley seed rates un-
der Lithuanian field weediness conditions is inexpe-
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dient especially in lower-input farming systems. In
the sparsest, less competitive crops, weeds spread
more intensively, ripen more seeds, increase soil
seed bank and potential weediness of subsequent
crop (Pilipavicius, 2007).

Conclusions

1. Spring barley seed rate had significant in-
fluence on crop weediness — weed density.

1.1. Weed density at all spring barley de-
velopment stages proportionally decreased with
increase of seed rate of spring barley. With increas-
ing spring barley seed rate up to 280 kg ha'!, weed
density consistently decreased to 49.8%, compared
with the lowest seed rate 120 kg ha'. Comparing
spring barely crops of 200 and 280 kg ha™' seed rate,
the highest decrease in weed number to 28.2% was
established, except perennial weeds for which crop
density had no significant effect.

1.2. Higher spring barley seed rate (280 kg
ha'!, 6.2 million seeds ha') should be recommended
for low-input or organic agriculture as ecologically
acceptable method of weed control.

2. Significant competition between weeds
and spring barley was not established from crop
emergence till the end of tillering stage. The highest
weed density of 169—171 weeds m? in 2004, of 310—
371 weeds m? 2005 and of 61-83 weeds m™ in 2006
was established at spring barley booting stage. Es-
sential inter-species competition started from spring
barley booting stage and continued till hard maturity
stage, while weed density in crop decreased on aver-
age by 92% in 2004, 24% in 2005 and 11% in 2006
irrespective of the spring barley seed rate.

3. Weediness formation in unsown, crop-
free soil corresponded with spring barley crop
weediness dynamics. It was characterized by a
higher number of weeds (to 458 weeds m?) which
naturally filled in the ecological niches free from
other plants (spring barley). At the end of spring
barley vegetation period, in the crop-free plots, the
number of perennial weeds was up to 10-fold higher
compared with any of the crop densities tested.
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Vasarinio miezio (Hordeum vulgare L.) séklos normos jtaka
pasélio piktZolétumo dinamikai jvairiais vystymosi tarpsniais

V. Pilipavicius, R. Romaneckien¢, K. Romaneckas

Lietuvos zemés ukio universitetas

Santrauka

Tyrimai atlikti 2004—2006 m. Lietuvos zemés iikio universiteto Bandymy stotyje. Pasélis suformuotas
paséjus 0, 120, 200 ir 280 kg ha™! (atitinkamai 0, 2,7, 4,5 ir 6,2 mln. ha'') veislés “Aura’ vasariniy mieZiy
s¢kly. Pasélio piktzolétumo dinamika nustatyta jvertinus piktzoliy kiekj ir riiSine sudétj vasariniams
mieziams esant kriimijimosi pradzios, pabaigos, bambléjimo, plaukéjimo, pieninés ir kietosios brandos
tarpsniy. PiktZoliy rusiy skaicius kito nuo 20 iki 27. Vasariniy mieziy pasélyje vyravo trumpaamzes
piktzolés Chenopodium album L., Stellaria media (L.) Vill. ir Erysimum cheiranthoides L., o daugiametés
piktzolés Sonchus arvensis L., Cirsium arvense (L.) Scop. ir Equisetum arvense L. uzémé recesyvine
padéti. 2004, 2005 ir 2006 m. vegetacijos pradzioje, nuo vasariniy mieziy krimijimosi tarpsnio, piktzoliy
skaicius didéjo atitinkamai nuo 150-169, 245-332 ir 14—-19 vnt. m? iki 169171, 310-371 ir 6073 vnt.
m2 krimijimosi tarpsnio pabaigoje. Vélesniais vystymosi tarpsniais vasariniy mieziy pasélyje piktzoliy
skai¢ius désningai maz¢jo iki 66—75 vnt. m? 2004 m., 166-204 vnt. m? 2005 m. ir 44-62 vnt. m?
2006 m., iSskyrus 2006 m. maziausios sé¢klos normos pasélj, kuriame piktzoliy skaicius padidéjo iki
88 vnt. m? vasariniams mieziams esant kictosios brandos. Didinant séklos norma (iki 280 kg ha™') ir
kartu pas¢lio tankuma, piktzoliy skaicius, palyginti su s¢klos mazesniy normy 120 kg ha'! ir 200 kg ha™!
paséliais, désningai maz¢jo, atitinkamai iki 28,2 ir 49,8 %. Daugiameciy piktzoliy paplitimui vasariniy
mieziy séklos normos neturéjo esminés jtakos. Vasariniais mieZiais neapsétoje dirvoje piktzolétumo
formavimasis atitiko pasélio piktzoliy kiekio kitimo dinamika, tik pasizyméjo didesniu skai¢iumi (iki
458 vnt. m?) piktzoliy, kurios nattiraliai uzpildé kity augaly neuzimtas lauko ekologines niSas. Vasariniy
mieziy vegetacijos pabaigoje mieziais neapsétoje dirvoje daugiameciy piktzoliy buvo iki 10 karty
daugiau nei bet kurio tankumo pasélyje.

ReikSminiai zodziai: Hordeum vulgare, séklos norma, piktzoliy rii§iné sudétis, piktzolétumo dinamika,
piktzoliy skaicius, brandos tarpsniai, konkurencija.



