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Abstract

The broomrapes are root, obligate parasites without chlorophyll. They parasitize mostly the dicotyledonous plants. Phelipanche
ramosa (L) Pomel attacks a wider range of hosts among which is the winter oilseed rape (Brassica napus L.). The broomrape can
reduce the yields and aggravate the quality of production. There are few effective measures to control this parasite. One of the
most promising approaches is the cultivation of Clearfield® oilseed rape and the treatment of imazamox-containing herbicide
products. For this purpose during the growing seasons of 2016 - 2017 and 2017 - 2018 a field pot experiment with the Clearfield®
oilseed rape hybrid PT 228 CL was conducted. The soil of the field pots was artificially infested with Ph. ramosa seeds. The herbicide
application was performed in two stages of the crop in the spring - BBCH 31-33 (1-3 internodes visible) and BBCH 51 (,green
button®). Variants of the trial were: 1. Untreated control; 2. Cleranda® (375 g/l metazachlor + 17.5 g/l imazamox) - 2.00 l/ha (BBCH
31-33); 3. Cleravo® (250 g/l quinmerac + 35 g/l imazamox) - 1.00 l/ha (BBCH 31-33); 4. Pulsar® Plus (25 g/l imazamox) - 1.00
l/ha (BBCH 31-33); 5. Pulsar® Plus - 2.00 l/ha (BBCH 31-33); 6. Pulsar® Plus - 0.50 l/ha (BBCH 51); 7. Pulsar® Plus - 1.00 l/ha
(BBCH 51); 8. Pulsar® Plus - 2.00 l/ha (BBCH 51). Average for both years of the study, the highest efficacy against the parasite
after the application of Pulsar® Plus - 2.00 l/ha (BBCH 51) - 92.9% followed by Cleranda® - 2.00 l/ha (BBCH 31-33) - 91.2%

was reported.
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INTRODUCTION

Broomrapes are root obligate parasites without chlorophyll. They parasitize mostly the
dicotyledonous plants that grow in the dry regions of the Middle East, Mediterranean, Eastern Europe,
Western Australia and California (Parker, 2009). The parasitation of Phelipanche and Orobanche species
can cause yield decrease from 5 to 100% (Joel et al., 2007; Musselman, 1980; Parker and Riches, 1993;
Venkov and Bozoukov, 1994. Press and Graves, 1995; Press and Phoenix, 2005; Schneeweiss, 2007;
Habimana et al., 2013, 2014; Kaya, 2014, 2015).

Phelipanche ramosa (L.) Pomel (Joel, 2009) has a wide host range among which are plants from
the Solanaceae, Brassicaceae and Fabaceae families (Parker and Riches,1993; Entcheva and
Shindrova, 1994; Buschmann et al., 2005a; Haidar et al., 2003; Bozukov et al., 2005; Joel et al., 2007;
Yanev et al., 2014). In recent years the parasite expands its areal distribution and range of host plants,
regardless of whether crops or weeds. One of the Ph. ramosa hosts are Brassica napus L. (Perny, 1989;
Buschmann et al., 2005b; Gibot-Leclerc et al., 2006; Boulet et al., 2007; Tsialtas and Eleftherohorinos,
2011).

The development of an effective blue wrist control strategy is hampered by the following
circumstances: Orobanche / Phelipanche spp. has a wide range of hosts; The parasite is directly
connected to the host; The processes of infection and pathogenesis take place underground and the
damage to the crop occurs before the broomrape appears above the soil; Phelipanche spp. forms a large
number of seeds of very small size, which are easily distributed by irrigation water, wind, animals,
humans, and tillage equipment (Zindahl, 1993). Seeds germinate only in the presence of a root exudate
separated from the host plant (Westwood, 2013). Difficulties in the broomrape control strategies also
occur from the fact that the parasite seeds contain the "preservative" substance called tricin, which,
according to literature data, preserves their viability in the soil for decades (Linke and Saxena, 1989;
Joel et al., 2007).

There are few effective measures to control the parasite. One of the most commonly used is
chemical methods. It is based on the use of systemic herbicides that are not metabolized in the host plant

but are transported to the parasite.

Compared to other crops, the information for Ph. ramosa control in oilseed rape is limited.
Literature data show that treatment with glyphosate at doses of 0,25 to 0,75 kg/ha with herbicide-

resistant oilseed rape significantly reduces parasite density (Nandula, 1998; Nandula et al., 1999).

Duroueix and Guillet (2013) recommend two times treatment with imazamox. The first in the
second half of October at a dose of 25 g/ha of the active substance, and the second in February at a dose

of 25 g / ha of active substance again.
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This study aims to monitor the control of Phelipanche raposa (L.) Pomel in winter oilseed rape

by using imazamox containing herbicides.
Materials and Methods

During the growing seasons of 2016 - 2017 and 2017 - 2018 a field pot experiment with the
Clearfield” oilseed rape hybrid PT 228 CL was conducted. The soil of the field pots was artificially
infested with Ph. ramosa seeds. The study was performed in four replications.

The soil of the field pots was artificially infested with 1g seeds of Ph. ramosa per pot in the
autumn of 2016. In the next experimental year, artificial infestation was not performed. The herbicide
application was done in two stages of the crop in the spring - BBCH 31-33 (1-3 internodes visible) and
BBCH 51 (,,green button®). Variants of the trial were: 1. Untreated control; 2. Cleranda® (375 g/l
metazachlor + 17.5 g/l imazamox) — 2.00 I/ha (BBCH 31-33); 3. Cleravo® (250 g/I quinmerac + 35 g/l
imazamox) — 1.00 I/ha (BBCH 31-33); 4. Pulsar® Plus (25 g/l imazamox) — 1.00 I/ha (BBCH 31-33);
5. Pulsar® Plus — 2.00 I/ha (BBCH 31-33); 6. Pulsar® Plus — 0.50 I/ha (BBCH 51); 7. Pulsar® Plus —
1.00 I/ha (BBCH 51); 8. Pulsar® Plus — 2.00 I/ha (BBCH 51).

At the end of the oilseed rape vegetation the following parameters were evaluated: Nuber of
broomrape parasites per oilseed pant; Height of the plants (m); Seed yield per plant (g); Absolute seed
mass of 1000 seeds (g) (Tonev et al., 2018); In 2018 the seed oil content (%) was determined by the
Soxhlet method as described by Ivanov and Popov (1994).

Statistical analysis of collected data was performed by using Duncan’s multiple range test by the

software SPSS 19. Statistical differences were considered significant at p<0.05.
Results and Discussion

The results of our previous trial conducted in field conditions of the period 2014-2015 and 2015-
2016 showed the high injurious level of the broomrape on one hand and the possibilities for effective
herbicide control of the parasite on the other hand. Average for the period, the broomrape density at the
untreated control was 10.22 specimens per 1 m?. The highest herbicide effect was achieved after the

spring treatments (Mitkov et al., 2017).

In the current trial, it was found that in the second year the broomrape number was higher than
the first year. It was probably due to the growing of oilseed rape on the same place for second year. For
effective broomrape control in oilseed rape, the plants should be sawn on the same field after 4 years

minimum (Tonev et al., 2019).

In the current trial, the highest efficacy for the treatment of Pulsar® Plus — 2.00 I/ha (BBCH 51)
(Variant 8) was recorded (Table 1). The broomrape number per one oilseed rape plant was the lowest —

0.25in 2017 and 1.50 for 2018. The other treatments had a higher number of parasites per plant, but the
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results were with not proved differences according to Duncan’s multiple range test. All treatment data
were with proved differences with the untreated control only. The plants of the untreated control had
12.54 broomrape parasites per plant average for both years of the study (Table 1). No phytotoxicity
symptoms from any of the herbicide applications were observed.

Table 1. Number of broomrape parasites per oilseed plant at the end of the vegetation

Treatments 2017 2018 Average
1. Untrated contol 8.25a 16.83 a 12.54

2. Cleranda® — 2.00 I/ha (BBCH 31-33) 0.38b 1.83b 1.11

3. Cleravo® — 1.00 I/ha (BBCH 31-33) 0.75b 3.83b 2.29

4, Pulsar® Plus — 1.00 I/ha (BBCH 31-33) 0.88Db 4.67hb 2.78

5. Pulsar® Plus —2.00 I/ha (BBCH 31-33) 0.63b 2.67b 1.65

6. Pulsar® Plus — 0.50 I/ha (BBCH 51) 0.63b 4.00b 2.32

7. Pulsar® Plus — 1.00 I/ha (BBCH 51) 0.45b 2.17b 1.31

8. Pulsar® Plus — 2.00 I/ha (BBCH 51) 0.25b 1.50b 0.88

Figures with different letters are with proved difference according to Duncan's multiple range test (p < 0.05)
The results concerning the plant height are presented on Table 2. It was found that the plants
treated with Pulsar® Plus — 2.00 I/ha in BBCH 51 (Treatment 8) were the highest — 1.50 m average for

both years of the experiment. The plants were shorter in the second year.

Table 2. Heihgt of the plants (m)

Treatments 2017 2018 Average
1. Untrated contol 1.18¢ 1.04c 1.11
2. Cleranda® — 2.00 I/ha (BBCH 31-33) 1.39b 1.24Db 1.32
3. Cleravo® — 1.00 I/ha (BBCH 31-33) 1.43b 1.28hb 1.36
4. Pulsar® Plus —1.00 I/ha (BBCH 31-33) 1.38b 1.22b 1.30
5. Pulsar® Plus —2.00 I/ha (BBCH 31-33) 1.43b 1.29b 1.36
6. Pulsar® Plus — 0.50 I/ha (BBCH 51) 1.40b 1.25b 1.33
7. Pulsar® Plus — 1.00 I/ha (BBCH 51) 1.37b 1.22b 1.30
8. Pulsar® Plus — 2.00 I/ha (BBCH 51) 1.58 a l41la 1.50

Figures with different letters are with proved difference according to Duncan's multiple range test (p < 0.05)
The obtained results were with proved differences with the other variants in both experimental
years. The hight of the treated plants varied between 1.32 to 1.36 m average for the period. The lowest

plant height was found for the plants of the untreated control — 1.11 m on average for the study years.

The highest oilseed rapeseed yield was recorded after the treatment with Pulsar® Plus — 2.00
I/ha (BBCH 51) (variant 8) — 18.59 g per plant average for the period (Table 3). In comparison to the
other treatments, the difference of the obtained results for the seed yield at treatment 8 was with proved
differences according to Duncan's multiple range test in the different trial years. The yield from the other

treated plants was higher than those of the control infested with broomrape. The untreaeted control had
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the lowest yields — 8.49 g per plant. This, in turn, shows how harmful the broomrape can be. It was also
found that the yield per plant was lower for the second experimental year.

Table 3. Seed yield per plant (g)

Treatments 2017 2018 Average
1. Untrated contol 10.43f 6.55 ¢ 8.49

2. Cleranda® — 2.00 I/ha (BBCH 31-33) 11.95e¢ 9.42d 10.69

3. Cleravo® — 1.00 I/ha (BBCH 31-33) 16.41b 12.25b 14.33

4. Pulsar® Plus —1.00 I/ha (BBCH 31-33) 13.88¢ 10.25¢ 12.06

5. Pulsar® Plus —2.00 I/ha (BBCH 31-33) 12.97d 10.17¢ 11.57

6. Pulsar® Plus — 0.50 I/ha (BBCH 51) 16.58 b 13.57b 15.08

7. Pulsar® Plus — 1.00 I/ha (BBCH 51) 13.72¢c 10.23¢ 11.98

8. Pulsar® Plus — 2.00 I/ha (BBCH 51) 21.08 a 16.11a 18.59

Figures with different letters are with proved difference according to Duncan's multiple range test (p < 0.05)
The absolute seed mass of 1000 seeds is an important quality indicator (Tonev et al., 2018). The
results are presented in Table 4. The seeds with bigger values of the indicator have a higher price. This

indicator is crucial for the formation of the yields (Georgiev et al., 2014).

Table 4. Absolute seed mass of 1000 oilseed rape seeds (g)

Treatments 2017 2018 Average
1. Untreated control 3.01b 2.85b 2.93
2. Cleranda® — 2.00 I/ha (BBCH 31-33) 342a 3.24a 3.33
3. Cleravo® — 1.00 I/ha (BBCH 31-33) 3.8la 3.35a 3.58
4. Pulsar® Plus —1.00 I/ha (BBCH 31-33) 3.55a 3.21a 3.38
5. Pulsar® Plus —2.00 I/ha (BBCH 31-33) 3.51a 3.25a 3.38
6. Pulsar® Plus — 0.50 I/ha (BBCH 51) 3.50a 3.26a 3.38
7. Pulsar® Plus — 1.00 I/ha (BBCH 51) 3.58a 3.21a 3.40
8. Pulsar® Plus — 2.00 I/ha (BBCH 51) 3.68a 3.39a 3.54

Figures with different letters are with a proved difference according to Duncan's multiple range test (p < 0.05)

The lowest absolute seed mass for the untreated control was recorded (2.93 g) where the
infestation was the highest. All treated variants had higher values for this indicator. The results were
with proved differences according to Duncan's test. It should be mentioned that in the second year of the
study, the values of this quality parameter were diminished.

The oilseed rape seed oil content is an amain quality indicator. High seed yield together with
high oil content will result in high oil yield (Pospisil et al., 2014). Oil content and oil quality depend on
the genetic potential of the cultivar, respectively by its expression in specific agro-ecological conditions.
Parasitic weeds cause heavy damage to a lot of crops by reducing the yield and quality of the production
(Dubey, 2014). This statement was confirmed in our trial. The untreated control had the highest

parasitation and the seed oil content was diminished in comparison to the variants treated with herbicides
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(Figure 1). The seed oil content of the control plants was 42,28%. All treated variants had higher oil
content values and the results were with proved differences according to Duncan's multiple range test.

The highest seed oil content for treatments 3. Cleravo® — 1.00 I/ha (BBCH 31-33) and 8. Pulsar®
Plus — 2.00 I/ha (BBCH 51) was recorded — 48.10 and 48.60% respectively.
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Figure 1. Seed oil content in 2018 (%).

Figures with different letters are with a proved difference according to Duncan's multiple range test (p < 0.05)

Conclusion

The highest biological efficacy against Ph. ramosa after the treatment with Pulsar® Plus — 2.00
I/ha (BBCH 51) was recorded.

During the two study years, the untreated control had the highest broomrape infestation.

All herbicide treatments in all application rates and application time were selective for the oilseed

rape hybrid grown in the trial.

The highest plants, oilseed rape seed yield per plant, absolute seed mass of 1000 seeds, as well
as seed oil content after the treatment with Pulsar® Plus — 2.00 I/ha (BBCH 51) were recorded. The
untreated control showed had the lowest values for all studied parameters.
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