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Abstract

Three block design field experiments were carried out in the period 2012 — 2015, following the same
methods, on three different sites in the country, which differ significantly in the spectrum of the available weeds.
The subject of the experiments was the improved version of the Clearfield Plus technology. In all the three years
the sunflower hybrid ES Candimis CL Plus was planted on the three sites. The major aim of the experiments
on the three sites was to establish the selectivity for sunflower and the efficacy of Pulsar 40 (40 g/l imazamox)
against almost all the economically important weeds in that crop. The reported phytotoxicity caused to sunflower
on the three sites in the three years was expressed in a slight discoloration of the treated sunflower plants, which
was totally overcome between the 14" and 20" day.

The results of the experiments show that the greatest differences in the efficacy of Pulsar 40 were re-
ported about its activity against perennial weed species. When Pulsar 40 was applied separately without DASH,
its efficacy against Johnson grass, corn thistle, field bindweed, hemp agrimony, rough cocklebur, white goose-
foot, purslane and broomrape was significantly reduced. Referring to its efficacy against the annual broad-leaved
weed species redroot pigweed, charlock mustard, wild radish, clea-vers, black nightshade, etc., it was 100% and
no differences were observed between the rates of 80, 100 and 125 ml/da. The separate use of the herbicide at
a rate of 125 ml/da shows the same efficacy against more stubborn weeds, as that of Pulsar applied at the rate
of 80 ml/da together with 80 ml/da of the adjuvant DASH.

Key words: selectivity, efficacy, herbicides, sunflower.

INTRODUCTION fested by weeds, two or three inter-row cultivations
Weed control in sunflower is especially im- should be carried out at the depth of 6-8 cm. They
portant at the earliest phenological stages of crop should be performed by adjusting the working organs
development. When sunflower stems start growing in a way to achieve slight earthing up of the sunflower
intensively, the crop successfully overcomes weed plants. Thus a large percentage of the later emerging
competition (Tonev, 2000). The most widely spread weed plantlets are buried in the soil and die (Tonev et
weed species in sunflower fields are: redroot pigweed, al., 2010). Depending on the success of the herbicide
charlock mustard, white goosefoot, rough cocklebur, treatments for weed control after deep soil ploughing
Setaria spp., barnyardgrass, Johnson grass, corn and additional autumn and pre-sowing soil tillage in
thistle, field bindweed, some new races of broom- spring, soil cultivation during sunflower vegetation is
rape, etc. In conventional cultivation of sunflower, less necessary (Tonev & Mitkov, 2015). Taking into
the early deep plowing immediately after harvest- account that none of the selective herbicides is ef-
ing the predecessor and additional summer-autumn ficient against the widely spreading in the last years
soil tillage have crucial importance for the success- weed species rough cocklebur and corn thistle in the
ful weed control. That helps achieving a bed free of conventional sunflower hybrids, the so-called ‘Sun’
weed seeds for sowing the sunflower crop (Wanikorn, and Clearfield technologies in sunflower offer an al-
1991). The most important of the spring pre-sowing ternative (Tonev et al., 2009). Clearfield technology
treatments is the first early harrowing, which destroys is used for the control of all the races of broomrape
all the overwintering weeds but provokes the emer- in sunflower (Toth et al., 2004; Suresh and Reddy,
gence of new weed seeds. Sunflower is a crop re- 2010). Inclusion of sunflower in proper, scientifically-
sistant to both pre-emergence and post-emergence based crop rotations, in which it is sown mainly after
harrowing with a light tooth or rotary harrow for weed merged surface crops, makes weed control of peren-
control. A high level of weed control is achieved by nial and late spring weeds much easier (Malidza et
timely harrowing at the stage of mass weed emer- al., 2011; Reis et al., 2014).
gence (not later than the stage of the first leaf of the The aims of the present study were: firstly, to
grassy weed species and not later than the first to conduct a comparative testing for establishing the se-
second leaf of the broad-leaved weed species), (Mit- lectivity of Pulsar 40 to the new generation of Clear-
kov & Stoychev, 2014). When sunflower fields are in- field sunflower hybrids and secondly, to establish the
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efficacy of the different rates of Pulsar 40 (40 g/l ima-
zamox), applied with and without the adjuvant DASH,
against the economically most important weeds in
that crop in the conditions of Bulgaria, grown under
the improved version of Clearfield Plus technology.

MATERIALS AND METHODS

Several block design field experiments were
carried out in the period 2012 — 2015, following the
same methods, on three different sites in the coun-
try (the Experimental Fields of the Agricultural Uni-
versity — Plovdiv, the village of Krumovo, Plovdiv
region and Radetski, Sliven Region), which differ
significantly in the spectrum of the available weeds.
The subject of our experiments was Clearfield Plus
technology. In all the three years the sunflower hyb-
rid ES Candimis CL Plus was planted on the three
sites. The studied soil herbicide Stomp Aqua was
applied immediately after sowing the sunflower
seeds and all the other herbicides were applied at
the stage 4" — 6" leaf of the crop, mainly at the ro-
sette growth stage of the broad-leaved weeds and
tillering stage of the grassy weeds.

The experiment was carried out following the
non-standard design method with systematic arrange-
ment of the variants, in four replications, the area of
the plot being 25 m2. Two adjacent untreated controls
of 12,5 m? for each variant were included in the trial.
The close positioning of the adjacent untreated con-
trols helps to overcome the different weed infestation
rates in the field, which contributes to a more objec-
tive evaluation of the efficacy of each of the studied
products.

In all the trials, the selectivity for the sun-
flower crop was reported on 14", 28" and 56" day (in
percentage, following EWRS scale) and the efficacy
against the weeds (in percentage, following EWRS
scale) on 141, 28" and 56™ day after the application of
the vegetative herbicides. The trials were carried out
based on EPPO Standards of the EU.

RESULTS AND DISCUSSION

The phytotoxicity caused to sunflower on the
three sites in the three years, reported on the 14" day,
was expressed in a slight discoloration of the treated
sunflower plants. The symptoms were totally over-
come between the 14" and 20" day after treatment
with the vegetative herbicides.

The results of the experiments show that the
greatest differences in the efficacy of Pulsar 40 were
reported about its activity against perennial weed
species. Separate application of Pulsar 40 without
DASH showed significantly reduced efficacy against
Johnson grass, corn thistle, field bindweed, hemp ag-
rimony, rough cocklebur, white goosefoot, purslane
and broomrape. Referring to its efficacy against the
annual broad-leaved weed species redroot pigweed,
charlock mustard, wild radish, cleavers, black night-
shade, etc., it was 100% and no differences were ob-
served between the three rates applied — 80, 100 and
125 ml/da. The separate use of the herbicide Pulsar
at the rate of 125 ml/da without adding the adjuvant
DASH showed the same efficacy against the most
stubborn weeds, as that of the same herbicide ap-
plied at the rate of 80 ml/da together with 80 ml/da of
the adjuvant DASH.

Variants of the Trial

RATE Phenological stage of
No HERBICIDE mi/da Time of Application the crop
BBCH

1 Untreated Control

2 Pulsar 40 80 4t - " leaf BBCH 14-16

3 Pulsar 40 100 4t - " leaf BBCH 14 -16

4 Pulsar 40 125 4t - " leaf BBCH 14-16

5 Pulsar 40+DASH 80+80 4t - " leaf BBCH 14-16

6 Pulsar 40+DASH 100+100 4t - 6" leaf BBCH 14-16

7 Pulsar 40+DASH 125+125 4t - 6" leaf BBCH 14-16

8 Stomp Aqua 300 PSPE BBCH 00
Pulsar 40 125 4t — 6" leaf BBCH 14-16

9 Stomp Aqua 300 PSPE BBCH 00
Pulsar 40+DASH 125 +100 4t — 6 leaf BBCH 14-16

10 Stratus Ultra 100 4t — 6 leaf BBCH 14-16
Pulsar 40+DASH 125 +100 4t — 6 leaf BBCH 14-16

PSPE - post sowing pre-emergence
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The results of the trial conducted on the first
site — the Training-and-Experimental Fields of the
Agricultural University — Plovdiv helped to establish
the efficacy of the products against a very high infes-
tation level with Johnson grass from rhizomes. The
field was highly infested with the weed (over 50-60
pcs/ m?). The prevailing annual grassy weed species
were Setaria spp. and barnyardgrass and the annual
broad-leaved ones — redroot pigweed, purslane, wild
radish and white goosefoot. The obvious symptoms
of phytotoxicity in sunflower on the three sites were
expressed in a slight discoloration of the treated
sunflower plants. Despite the accompanying stress
caused to sunflower plants by waterlogging due to
heavy rainfalls, crop disturbances were overcome be-
tween the 15" and 30" day in 2014.

The results of this experiment in the first and
the second reporting periods showed satisfactory ef-
fect of the herbicide Pulsar against Johnson grass
from rhizomes. In the third reporting period — two
months after treatment, there was significant sec-
ondary weed infestation with Johnson grass from
rhizomes. In the third reporting period, due to heavy
infestation with the weed, the benefits of combin-
ing Pulsar with Stratus Ultra were clearly evident.
Separate application of Pulsar 40 at the rate of 125
ml/da without DASH, showed significantly reduced
efficacy against Johnson grass. Referring to the ef-
ficacy against the annual broad-leaved weed spe-
cies redroot pigweed and wild radish, it was 100%
and no differences were observed between the ap-
plied rates of Pulsar — 80, 100 and 125 ml/da. The
single plants of Clearfield self-seeded oilseed rape,
found in the fields, were not affected in any of the
variants. Comparatively lower herbicide efficacy was
observed in the single hemp agrimony plants.

The second trial was carried out in the vil-
lage of Krumovo, Plovdiv Region under the condi-
tions of strong infestation with charlock mustard,
rough cocklebur, hemp agrimony and lower infesta-
tion with white goosefoot and Johnson grass from
rhizomes.

The results of that trial showed that the great-
est differences between the three studied rates (80,
100 n 125 ml/da) were established for the efficacy of
Pulsar against the weeds hemp agrimony and rough
cocklebur. A clearly expressed contrast tendency to
an increase of the herbicide efficacy against rough
cocklebur and hemp agrimony was observed with the
increase of the applied rates (low, medium and high).
The highest efficacy of Pulsar against rough cocklebur
and hemp agrimony was reported when the herbicide
was combined with the adhesive DASH, also used
at the rate of 125 ml/da. The separate application of
Pulsar at a rate of 125 ml/da, without DASH, showed
the same efficacy against rough cocklebur and hemp
agrimony as that of Pulsar applied at the rate of 80 ml/
da plus 80 mi/da of DASH.
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Regarding the efficacy against the annual
broad-leaved weed species charlock mustard and wild
radish, there were no differences between the rates of
80 and 125 ml/da + DASH. Even at the lowest rate of
Pulsar applied against those weeds, the herbicide effi-
cacy was 100%. Referring white goosefoot, the results
were in favour of the higher rates of Pulsar.

In 2013 and 2014, in the village of Radetski,
Sliven Region, the trial was carried out in the condi-
tions of heavy weed infestation with corn thistle, field
bindweed and the parasitic weed broomrape and of a
lower level of infestation with the broad-leaved weeds
cleavers, black nightshade and charlock mustard.
Clear differences in the efficacy against broomrape
were found between the three applied rates of Pulsar,
the best results being obtained after treatment with
the highest rate of 125 ml/da. The most distinct differ-
ences in the efficacy against broomrape were estab-
lished on 56" day and at the end of the vegetation,
before sunflower harvest.

The results of the trial showed that the great-
est differences were established for the efficacy of
the herbicide against corn thistle and field bindweed.
In the first and the second reporting periods clearly
expressed contrast tendencies to an increase of the
herbicide efficacy against corn thistle and field bind-
weed were observed with the increase of the rates of
Pulsar — low, medium and high. In the third reporting
period, because of the heavy weed infestation with
field bindweed and the lower level of infestation with
corn thistle, the benefits of the highest rate of Pul-
sar and the benefits of supplementing the adhesive
DASH, were clearly evident. Despite that, significant-
ly high level of secondary weed infestation was es-
tablished at the end of vegetation, the prevailing spe-
cies being field bindweed. A total control of Johnson
grass emerging from rhizomes was achieved only af-
ter treatment with Pulsar 40 — 125 ml/da + DASH and
Stratus Ultra, both used at the rates of 100 ml/da.

Separate application of Pulsar 40 (without
DASH) used at the rate of 125 mi/da, showed the
same efficacy against Johnson grass from rhizomes,
corn thistle and field bindweed as that of Pulsar 40
applied at the rate of 80 mil/da in combination with
adjuvant DASH also used at the rate of 80 ml/da.

Referring to the efficacy against the annual
broad-leaved species charlock mustard, cleavers and
black nightshade, no differences between the sepa-
rate rates were observed. 100% herbicide efficacy
was established for Pulsar 40 against those weeds,
even when applied at the lowest rate of 80 ml/da,
without the adjuvant DASH. On the third site (the vil-
lage of Radetski), accompanying weed infestation
with species uncommon in sunflower fields, such as
field larkspur, field poppy, dog mustard, tricolor pansy,
etc. was reported. A complete control was achieved
against all those weeds after applying Pulsar 40 even
at the lowest tested rate of 80 ml/da.
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CONCLUSIONS

1. For achieving successful weed control of
the more stubborn weeds, such as Johnson grass
from rhizomes, corn thistle, field bindweed, hemp
agrimony, rough cocklebur, white goosefoot, purs-
lane and broomrape, Pulsar 40 must be applied at
the highest tested rate of 125 mi/da in a combination
with the adjuvant DASH.

2. For control of the most susceptible weeds,
such as charlock mustard, cleavers, nightshade, field
larkspur, field poppy, dog mustard, pansy, etc., Pulsar
40 could be applied at the lowest studied rate of 80
ml/da without combining it with the adjuvant DASH.

3. At a very high level of infestation with
Johnson grass from rhizomes, it is recommended to
use Pulsar 40 at the maximum rate of 125 ml/da,
combined with Stratus Ultra 100 ml/da and the adju-
vant DASH 100 mi/da in the tank mixture.

4. The combined use of Stomp Aqua at the
rate of 300 ml/da with Pulsar 40 at the rate of 125 ml/
da, is agrotechnically justified only when there is a
high level of infestation with the annual grassy weeds
and Johnson grass seedlings, on the one hand, and
delayed application of Pulsar 40, on the other.
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