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ABSTRACT

The aim of field experiments carried out in the years 2011-2012 was to assess the possibility of
exploitation of potential of spring wheat cultivars, their mixtures and reduced doses of substances:
iodosulfuron-methyl-sodium + propoxycarbazone-sodium + amidosulfuron, as elements of integrated plant
protection against weeds. The research was conducted on spring wheat cultivars Bombona and Waluta,
sown individually and in mixtures (50%+50%). The herbicide was applied at the doses of 300 g-ha™, 150
g-ha and 150 g-ha™ with adjuvant. Analysis of weed infestation (weeds number and fresh weight) was
carried out, and yield and its quantitative and qualitative parameters (grain number per ear, thousand grain
weight, content of protein, starch and gluten, Zeleny sedimentation index, grain bulk density) were assessed.
The results showed that both the herbicide doses and the cultivars affected the level of weed infestation.
Cultivar Bombona was characterized by significantly lower weed infestation than cultivar Waluta.
Additionally, sowing of the cultivars in the mixture increased the level of competitiveness against weeds. The
possibility of herbicide application at the reduced doses was confirmed for the both cultivars, which
significantly increased grain yield when compared to that from control. The analyzed experimental factors
affected quantitative and qualitative parameters of wheat grain.
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INTRODUCTION

n important stage of plant protection

development was appearance of the
precision control concept. Introduction of the
method of control was conditioned by
development of methods of inspection of
crops and economic thresholds (Stern, 1973).
The concept of integrated control was
formulated together with the concept of
precision control (Stern et al., 1959), which
has been confirmed by numerous studies of
many scientists who took up the subject of
alternative solutions or solutions
complementary to chemical methods (Brader,
1975; Lipa, 1964; Niemczyk, 1975).
However, all the methods involved in
integrated protection should meet standards
of modern agriculture; each of them is an
extremely important element, and their
selection depends on type of cultivated plant
as well as on controlled weed species
(Olszak et al., 2000).

The introduction of new technologies to
herbicide production, which ensures their high
effectiveness, in some cases enables a
reduction in herbicide doses. Many studies
showed the possibility of a reduction in
herbicide doses by about 25-40% without a
significant decrease in their herbicidal
effectiveness and yield reduction (Domaradzki
and Rola, 2003; Mitchel, 1998; Salonen,
1992; Talgre et al., 2004; Zhang et al., 2000).
Reduced herbicide doses have been
successfully used in Europe. It does not result
only from concern about threat to environment
but also from willingness to cut down on the
costs of plant protection (Kudsk and Streibig,
2003). The most important factor which
conditions the effect of an herbicide dose is
species composition of weeds and their
developmental stage. Species named as
sensitive on the label of an herbicide can be
successfully controlled with herbicide doses
lower than recommended (Kudsk, 1989; de
Mol et al., 2015).

Received 11 January 2016; accepted 7 February 2017. First online: March, 2017. DII 2067-5720 RAR 2017-8


http://www.incda-fundulea.ro/

364

Number 34/2017

ROMANIAN AGRICULTURAL RESEARCH

Researches indicate that regulation of
weed infestation depends on the group of
cultivated plants. In dense stands, including
cereals, total weed control is not always
necessary because in that case a reduction in
their prevalence by about 80-90% is
sufficient. As a result of strong competitive
effect, other weeds are suppressed, and their
remaining number can not have influence on
level of collected yield (Adamczewski and
Dobrzanski, 1997).

An important element conditioning
herbicide effect should also be appropriate
selection of cultivars of cultivated plants,
characterized by considerable competitive
abilities against weeds (Lemerle et al., 1996;
Mason et al., 2007; Zerner, 2010). Traits
which may influence plant competitiveness
are  morphological, physiological and
biochemical (Lemerle et al., 2001). Authors of
many studies demonstrated that competitive
abilities of cultivated plants depend on such
factors as: plant height, tillering ability, stand
structure, light absorption, early biomass
accumulation, ground cover, flag leaf length
and heading time (Champion et al., 1998;
Hucl, 1998; Huel and Hucl, 1996; Korres and
Froud-Williams, 2002; Lemerle et al., 1996;
Wicks et al., 1986).

While it is known that the cultivar
mixtures usually stabilize crops and reduce
yield losses caused by diseases (Finckh et al.,
2000), their influence on weed infestation has
not been adequately investigated. Competitive
abilities of different crop cultivars depend on
many factors, and knowledge of them may
contribute to improvement in competitive
abilities against weeds.

Utilization of the potential of crop
cultivars combined with other available
methods of plant protection, such as a reduction
in herbicide doses, may definitely improve
effectiveness of weed control programs.

The aim of the present study was to
assess competitive abilities of the selected
cultivars of spring wheat and their mixtures,
taking into account the possibility of
application of reduced herbicide doses. In
addition, influence of the examined factors on
grain yield and on the selected parameters of
yield and grain quality was determined.

MATERIAL AND METHODS

Experimental design

Field experiments were carried out in the
years 2011 and 2012 in the Field
Experimental Station in Winna Goéra of the
Institute of Plant Protection — National
Research Institute, located about 60 km from
Poznan (52°12'36"N, 17°26'4"E), Poland. In
the first year the experiment was established
on gray-brown podzolic soil of pH=5.5 and
organic matter content of 1.19%. Mineral
fertilization was applied before sowing of the
cultivated plant: N=20 kg ha™', P,0s=60 kg
ha™!, K;0=60 kg ha™', and after wheat seedling
emergence: N=0.6 kg ha”, P,0s=0.6 kg ha™,
K,0=0.6 kg ha'. In the next year the
experiment was located on podzolic soil of
pH=6.3 and organic matter content of
1.04%. Before sowing of the cultivated plant,
N=16 kg ha™', P,0s=48 kg ha"'and K,0=80
kg ha” were used, and after wheat seedling
emergence — N=102 kg ha™. Sugar beet was a
forecrop in the both years of the research.

Field plots had surface area of 16.5 m*
(width of 1.5 m, length of 11.5 m), and inter-
row spacing was 12.5 cm. Two cultivars of
spring wheat were used: Bombona and Waluta,
registered in Poland respectively in 2005 and
2008. Spring wheat was sown in the first
(2012) and in the second (2011) week of April.
Sowing rate was established on the basis of
thousand grain weight and germination
ability with regarding kernel sowing density
of 450 kernels m™ for both cultivars. After
calculations, sowing rates were determined
for cultivar Bombona respectively for the years
of the research — 177.0 kg ha™ (2011) and
189.5 kg ha™ (2012), and for Waluta —210.0 kg
ha' (2011) and 236.5 kg ha’ (2012). The
cultivars of spring wheat were sown
individually and in a mixture with a ratio of the
cultivars of 50% + 50%.

A mixture of the following substances was
used in the experiments: 8.3 g kg™ iodosulfuron-
methyl-sodium (triazinylsulfonylurea herbicides)
+ 140 g kg' propoxycarbazone-sodium
(triazolone herbicides) + 60 g kg™ amidosulfuron
(pyrimidinylsulfonylurea herbicides). Also
paraffin oil (76%) at dose 1.5 1 ha” was used as
adjuvant with reduced herbicide doses.
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Active substances — herbicide components,
are included in the group of inhibitors of amino
acid biosynthesis. Treatments with the
herbicide were performed at the tillering of
spring wheat (BBCH 22) with a pressure plot
sprayer of tank volume of 4 1, working pressure
of 0.2 MPa, nozzle spacing of 50 cm,
application rate of 200 1 ha’', mounting of
sprayer beam of 50 cm and working velocity of
5km h™'. A control object was used for each of
the examined cultivars, where no chemical
weed control was implemented.

Analyses and measurements:

Weed infestation

Analysis of weed infestation was
conducted with quantitative and weight
method within the sample area of each plot
determined with a 25 cm x 50 cm frame at
two randomly selected sites. Species of the
collected weeds were determined then
counted, and their fresh weight was assessed.
The analysis was carried out 3-4 weeks after
the treatment and the obtained results were
calculated per surface area of 1 m’. The
results presented in the study on weed number
and fresh weight were presented as integers
and were given per unit area.

Grain yield, yield parameters, yield

qualitative analysis

Spring wheat grain was collected from the
area of 16.5 m> with a plot combine, and grain
yield was determined at 14% grain moisture and
then calculated per surface area of 1 ha. Before
harvesting of the cultivated plant, 25 wheat ears
were collected from each plot and grain number
per ear was determined on the basis of threshed
sample. Grain sample of 0.5 kg was used to
assess thousand kernel weight and to carry out
qualitative analysis of grain (content of starch,
protein and gluten, Zeleny sedimentation index)
with the use of an InfratecTM 1241 Grain
Analyzer (FOSS). In addition, bulk density of
grain was measured using a precise scale and a
grain-weighing machine.

Statistical calculations
The experiment used two factors:
herbicide dose and cultivar of spring wheat.

Experimental plots were arranged in a
randomized block design in four repetitions.
The results were subjected to statistical
analysis for two-factor experiments, in
accordance with experiment model, with the
use of FR — ANALWAR - 4.3 software.
Significance of differences was assessed with
Tukey's confidence half-interval at significance
level p=0.05.

RESULTS

Weed infestation

In the years of the research the weed
population was predominated by Chenopodium
album L., accounting for over 87%. Also Viola
arvensis Murr. was quite numerous (8%), while
other species accounted for less than 3%.
Accompanying species in the weed population
included: Polygonum convolvulus L., Brassica
napus L., Galium aparine L., Thlaspi arvense
L., Geranium pusillum L., Euphorbia
helioscopia L. and Stellaria media (L.) Vill.

On average for the years of the research,
both experimental factors (herbicide dose
and wheat cultivar) affected weed number
and fresh weight per unit area (Table 1).
Taking into account the herbicide dose (on
average), it can be concluded that each of the
used doses caused a significant reduction in
weed number and weight. The least number
of weeds and their lowest weight were noted
in the variants where the herbicide at the
decreased dose was used with adjuvant.
Among cultivars, the lowest weed number
was found for the cultivar mixture, while the
lowest weed weight was observed for
cultivar Bombona. In both cases (weed
number and weight), cultivar Waluta was the
most weed-infested. Various influences of
the examined factors were noticeable in
individual experimental variants. The lowest
number and weight of weeds in control
variants was found for cultivar Bombona, in
the wvariants where the recommended
herbicide dose was used — for the cultivar
mixture, and in the variants where the
herbicide was applied at the reduced dose
with adjuvant — for cultivar Bombona. In the
variants where the reduced dose was applied,
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the lowest number of weeds was noted for
cultivar Waluta, while the lowest weed
weight was observed for cultivar Bombona.
It should also be emphasized that sowing of
mixtures of wheat cultivars evidently caused

an improvement in mixture competitiveness
against weeds. When weed weight was
considered, the cultivar mixture exhibited
nearly 80% lower weed infestation than
cultivar Waluta.

Table 1. Weeds number and weeds fresh weight

. Number Weeds fresh
Treatment Rfllti Cultivar weeds weight
(gha’) (no. m?) (gm?)
Non 0 Bombona 84 59.7
Non 0 Waluta 112 204.6
Non 0 Bombona + Waluta 92 75.2
Iodo + Propo + Amido 2.5+42.0+18.0 | Bombona 70 433
lodo + Propo + Amido 2.5+42.0+18.0 | Waluta 71 129.5
Iodo + Propo + Amido 2.5+42.0+18.0 | Bombona + Waluta 53 38.6
Iodo + Propo + Amido 1.3+21.0+9.0 | Bombona 72 43.8
Iodo + Propo + Amido 1.3+21.0+9.0 | Waluta 77 168.1
Iodo + Propo + Amido 1.34+21.0+9.0 | Bombona +Waluta 73 45.9
Iodo + Propo + Amido (+ Adju) | 1.3+21.0+9.0 | Bombona 50 15.6
Iodo + Propo + Amido (+ Adju) 1.3+21.0+9.0 | Waluta 70 89.9
Iodo + Propo + Amido (+ Adju) 1.3+21.0+9.0 | Bombona + Waluta 54 31.1
Average for dose: 0 96 113.2
2,5+42,0+ 18,0 65 70.5
1,3+21,0+9,0 74 85.9
1,3+ 21,0+ 9,0 + adjuvant 58 45.5
Average for cultivar: Bombona 69 40.6
Waluta 83 148.0
Bombona + Waluta 68 47.7
LSD (0.05): factor A" 1.0 3.75
factor B” 0.8 2.95
A(B)” 1.8 6.50
B(A)Y 1.6 5.89

Non - nontreated; lodo - iodosulfuron-methyl-sodium; Propo - propoxycarbazone-sodium; Amido - amidosulfuron;

Adju - adjuvant.

Dthe least significant difference for herbicide dose (A); ? the least significant difference for wheat cultivar (B);
Sthe least significant difference for A and B interaction, for constant B; ¥ the least significant difference for A and B interaction,

for constant A.

Grain yield, yield parameters, yield

qualitative analysis

Wheat grain yield depended on herbicide
dose and examined cultivar (Table 2).
Irrespective of wheat cultivar, the highest
grain yields were obtained from the variants
where the herbicide was used at the reduced
dose with adjuvant. However, all the
examined herbicide doses differed
significantly from the control. In the control
and in the variants where the reduced
herbicide dose was used (individually and
with adjuvant) significantly the highest grain
yields were noted for the cultivar mixture. In

the variants where the full herbicide dose was
applied, the highest yield was noted for
cultivar Bombona. The lowest grain yield in
the named variants was found for cultivar
Waluta. Thousand kernel weight and grain
number per wheat ear was affected by the both
experimental factors; however, interactions
between the factors were not statistically
confirmed (Table 2). Taking into account
herbicide dose only, it was observed that
thousand grain weight and grain number per
ear in the variants with the reduced herbicide
dose and adjuvant significantly differed from
the control.
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Table 2. Grain yield, weight of 1000 grains and grain number per ear

Treatment Rat?1 Cultivar Yiel_cli 1009 grains | Grain number
(gha™) (tha) | weight (g) | per ear (no.)
Non 0 Bombona 4.2 38.9 38
Non 0 Waluta 3.9 40.5 39
Non 0 Bombona + Waluta 4.4 39.2 41
Iodo + Propo + Amido 2.5+42.0+ 18.0 | Bombona 5.0 39.6 39
Iodo + Propo + Amido 2.5+42.0+18.0 | Waluta 4.2 43.8 40
Iodo + Propo + Amido 2.5+42.0 +18.0 | Bombona + Waluta 4.8 39.9 40
Iodo + Propo + Amido 1.3+21.0+9.0 | Bombona 4.6 39.5 37
Iodo + Propo + Amido 1.3+21.0+9.0 | Waluta 4.1 41.1 41
Iodo + Propo + Amido 1.3+21.0+9.0 | Bombona + Waluta 4.7 40.7 39
Iodo + Propo + Amido (+ Adju) | 1.3+21.0+9.0 | Bombona 4.8 40.6 39
Iodo + Propo + Amido (+ Adju) | 1.3+21.0+9.0 | Waluta 4.5 43.8 43
Iodo + Propo + Amido (+ Adju) | 1.3+21.0+9.0 | Bombona + Waluta 5.0 40.5 42
Average for dose: 0 4.2 39.5 39
254+42.0+18.0 4.7 41.1 40
1.3+21.0+9.0 4.5 40.4 39
1.3+21.0+9.0 + adjuvant 4.8 41.6 41
Average for cultivar: Bombona 4.7 39.7 38
Waluta 4.2 42.3 41
Bombona + Waluta 4.7 40.1 41
LSD (0.05): factor A" 0.03 1.74 2.0
factor B” 0.02 1.37 1.5
A(B)” 0.04 n.s. n.s.
B(A)" 0.04 n.s. n.s.
n.s. - not significant difference.
Table 3. Content of protein, starch, gluten, zeleny index and grain bulk density
Treatment Rati Cultivar Prc;tein Stf}mh Gl;l ten Zeleny Gilaelrrllsil;lk
(gha™) ) | (%) | (%) (o hi
Non 0 Bombona 13.0 | 69.1 | 30.6 | 42.2 77.4
Non 0 Waluta 11.6 | 70.3 | 27.1 | 32.8 78.2
Non 0 Bombona + Waluta | 12.5 | 69.4 | 29.7 | 39.8 78.0
lodo + Propo + Amido 2.5+42.0+18.0| Bombona 13.8 | 68.2 | 33.5 | 47.1 77.8
lodo + Propo + Amido 2.5+42.0 + 18.0| Waluta 12.7 | 69.2 | 30.1 | 38.9 78.7
lodo + Propo + Amido 2.5+42.0+ 18.0| Bombona + Waluta | 129 | 69.1 | 31.0 | 42.3 78.6
lodo + Propo + Amido 1.3+21.0+9.0 | Bombona 13.7 | 68.1 | 33.6 | 47.8 78.1
lodo + Propo + Amido 1.3+21.0+9.0 | Waluta 125 | 69.3 | 29.8 | 38.7 78.7
lodo + Propo + Amido 1.3+21.0+9.0 | Bombona + Waluta | 13.3 | 68.6 | 31.9 | 44.6 78.3
Iodo + Propo + Amido (+ Adju)| 1.3 +21.0 + 9.0 | Bombona 13.9 | 67.9 | 340 | 483 77.8
Iodo + Propo + Amido (+ Adju) | 1.3 +21.0 + 9.0 | Waluta 13.1 | 68.7 | 31.7 | 42.7 79.0
Iodo + Propo + Amido (+ Adju) | 1.3 +21.0 + 9.0 | Bombona + Waluta | 13.4 | 68.7 | 32.7 | 45.6 78.7
Average for dose: 0 12.4 69.6 29.1 38.3 77.9
2.5+42.0+18.0 13.1 | 68.8 | 31.5 | 42.8 78.4
1.3+21.0+9.0 13.2 | 68.7 | 31.8 | 43.7 78.4
1.3+21.0 + 9.0 + adjuvant 13.5 | 68.4 | 32.8 | 455 78.5
Average for cultivar:Bombona 13.6 | 683 | 329 | 464 77.8
Waluta 12.5 | 69.4 | 29.7 | 383 78.7
Bombona + Waluta 13.0 | 69.0 | 31.3 | 43.1 78.4
LSD (0.05): factor A" 0.56 | 0.60 | 1.76 | 4.01 0.47
factor BY 044 | 047 | 139 | 3.15 | 037
A(B)” n.s. n.s. n.s. n.s. n.s.
B(A)? n.s. n.s. n.s. n.s. n.s.

n.s. - not significant difference.
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The examined experimental factors had
influence on the selected parameters of grain
quality, while no interaction was found
between the factors (Table 3). The lowest
content of protein and gluten was noted in
grains from the control. However, no
differences were observed between herbicide
doses. The highest content of starch and
gluten was found in cultivar Waluta, while the
highest content of protein was observed in
Bombona. Zeleny index for all the variants
where the herbicide was applied was higher
when compared to the control, while
significant differences in grain bulk density
were noted between the control and the
variant where the reduced dose of the
herbicide was applied with adjuvant.

DISCUSSION

Satisfactory effectiveness of reduced
herbicide doses was observed also in
experiments by other authors (Bostrdm and
Fogelfors, 2002; Domaradzki, 2003; Steckel et
al., 1990; Zhang et al., 2000). Success of
application of reduced herbicide doses depends
on time of herbicide application and weed
species in a field, which was proved by Barros
et al. (2007). The authors demonstrated that
effectiveness of the reduced herbicide doses
against monocotyledonous weeds (Avena
sterilis L. and Lolium rigidum G.) was better
than against some dicotyledonous weeds.
Experiments carried out by O’Donovan et al.
(2007) demonstrated that an increase in plant
competitiveness by cultivation of competitive
cultivars with simultaneous increasing sowing
rate and appropriate fertilization strategy may
reduce influence of weeds on yielding and
decrease the soil weed seed bank. Differences
in competitiveness of cereal cultivars were
confirmed also by Mennan and Zandstra
(2005) for biomass and seed number of
Galium aparine L. and by Tanner et al. (1995)
for Avena fatua L. In the present research,
addition of adjuvant significantly affected
herbicidal effectiveness of the reduced
herbicide dose (Table 1). Positive influence of
adjuvants on herbicide effectiveness was
confirmed by Kwiatkowski and Wesotowski
(2011) and Idziak et al., 2013, while Zhang et

al. (2000) stated that the success of reduced
doses is irrespective of herbicide application
in the conventional or reduced system, or of
herbicide application together with adjuvants.
Factors which affect the competitive abilities
of cultivars of cultivated plants against weeds
include e.g. plant height (Kraska, 2006;
Roberts et al., 2001), but also great
importance of the phenomenon of allelopathy
has been emphasized (Bertholdsson, 2012;
Mardani and Yousefi, 2012; Wu et al., 2002).
Influence of plant height on competitiveness
has been confirmed also in previous own
research on winter wheat (Kaczmarek et al.,
2009). The experiments described in the
present study were on cultivars of spring
wheat not differing significantly in plant
height.

Numerous herbicide molecules at lower
doses than recommended exhibit herbicidal
effectiveness which ensures obtaining high
yield and also does not cause an increase in
weed infestation in the following year (Khalid
et al., 2011; Sheikhhasan et al., 2012; Zhang
et al., 2000). For instance, a study on wheat
(Sheikhhasan et al., 2012) demonstrated the
possibility of a reduction in the use of
substances sulfosulfuron and sulfosulfuron +
metsulfuron (80% of the recommended dose)
without a significant yield reduction;
additionally, a reduced herbicide dose did not
adversely affect grain number per ear and
thousand grain weight of wheat. Buczek et al.
(2012) and Kwiatkowski et al. (2011)
presented various effect of reduced herbicide
doses on qualitative parameters of cereal
grain. Kwiatkowski et al. (2011) found that
the reduction of pesticide doses, in spite of
interaction with adjuvants, had negative effect
on the content of the analyzed nutrients in the
grain. Buczek et al. (2012) proved that it was
possible to reduce herbicide dose used on the
winter wheat field at least 25% without
considerable yield decrease; moreover results
indicated  that the protein  content,
sedimentation index and 1000 grains weight
considerably increased as a result of fertilizer
application, recommended and reduced
herbicide dose.

In summary it can be concluded that
variety Bombona was characterized by the
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lowest weeds expressed in weight of weeds.
Weight of weeds for this variety was more
than 70% lower in comparison with Waluta
variety. Each of the tested herbicide dose
increased grain yield of spring wheat, the
highest yield being noticed on the plot where
herbicide was applied at reduced dose with
adjuvant.  Both experimental factors (the
wheat variety and the herbicide dose) affected
quantitative and qualitative parameters (grain
number per ear, thousand grain weight,
content of protein, starch and gluten, Zeleny
sedimentation index, grain bulk density).

CONCLUSION

Wheat cultivars and doses of iodosulfuron-
methyl-sodium, propoxycarbazone-sodium,
amidosulfuron determine the level of weed
control under field conditions.
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