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Abstract

Conyza canadensis is the weed species which most frequently develops resistance to
glyphosate in many agricultural crop fields. The continuous use of glyphosate has resulted
in the spontaneous occurrences of resistant biotypes. This research was conducted to
investigate the response of suspected C. canadensis biotypes to glyphosate. Seeds of C.
canadensis were collected from 18 sites in tangerine orchards in Jeju province of Korea. In
the preliminary screening, 6 resistant and 12 susceptible biotypes were found at the
recommended glyphosate rate (3.28 kg a.i. ha™). The susceptible biotypes were completely
killed at the field application rate whereas the resistant biotypes were initially injured but
recovered 14 days after glyphosate application. This is the first case of glyphosate
resistance found in Korea despite the national ban on genetically modified glyphosate
tolerant crops cultivation. Extended monitoring should be conducted to understand how
widely spread the glyphosate resistant C. canadensis is and to estimate the severity of this
weed problem in the tangerine orchards of Korea.
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INTRODUCTION

Glyphosate is a broad-spectrum, non-selective herbicide with the advantages of low soil
persistence and low mammal toxicity (Atkinson, 1985). The use of glyphosate has significantly
increased since the introduction of Roundup-Ready crops including soybeans, maize, cotton, and
canola, which are genetically modified to have resistance to glyphosate. These Roundup-Ready
crops have been a major driving force of glyphosate sales growth, and it is currently estimated that
approximately 10% of arable lands in the world are now planted with glyphosate tolerant crops
(Lee et al., 2015; Lee, 2017).

This extensive use of glyphosate has unfortunately resulted in the spontaneous occurrence and
spread of resistant weeds; there have been 37 glyphosate resistant weed species reported worldwide
(Heap, 2017; Park et al., 2014). Conyza canadensis is an annual or biennial broadleaf weed

species which frequently develops resistance to glyphosate in many agricultural crops. The first
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glyphosate resistant C. canadensis in North America was found in Delware in 2000 (Bo et al., 2017; Lee et al., 2016).

In Korea, although glyphosate has been frequently used in many crop production areas including orchards and
non-crop lands, glyphosate resistant weed species were not reported until now. C. canadensis in tangerine orchards in
Korea has been successfully controlled by glyphosate. Growers have been applying glyphosate to control C.
canadensis at least five times a year for more than 10 years in the tangerine orchards of Jeju. Consequently, the

growers noticed that C. canadensis was no longer effectively controlled with glyphosate in tangerine orchards (Fig. 1).

Fig. 1. Glyphosate resistant Conyza canadensis occurred in tangerine orchards of Jeju province of Korea.

To investigate the response of the suspected C. canadensis biotypes to glyphosate, a field experiment was
conducted in the tangerine orchards in Jeju province of Korea. The recommended rate of glyphosate (3.28 kg a.i. ha™)
was applied to C. canadensis at the five to seven leaf stage in the infested area. Responses of individual C. canadensis
plants were evaluated visually 20 days after treatment (DAT). Seeds of suspected glyphosate-resistant C. canadensis
biotypes were collected from 18 tangerine orchards, located in Haean-dong and Gujwa-eup of Jeju-si and
Andeok-myeon of Seogwipo-si in Jeju province, where glyphosate had failed to control this weed species. Seeds of
each biotype were sown in plastic trays and covered with transparent film until plant emergence. Seedlings at the two
to three leaf stage were individually transplanted to pots filled with a commercial potting mix. The recommended rate
of glyphosate (3.28 kg a.i. ha) was applied two weeks after transplanting (8-10 leaf stage). A completely randomized
design was used with four replications. Plants were harvested 14 DAT and resistance to glyphosate was evaluated by
both dry weight reduction and visual rating.

From the experiment described above, seeds of Sample ID 14 collected from Sugwang-ri, Andeok-myeon,
Seogwipo-si exhibited the highest resistance response and were used for a dose response test. The resistant and
susceptible biotypes were grown in a glasshouse according to the methods described previously. Plants at the 8-10
leaf stage were treated with glyphosate at 1.64, 3.28, and 6.56 kg a.i. ha™'. A completely randomized design was used
with four replications. The above ground fresh weight was measured 14 DAT and expressed as a percentage of
untreated control.

In the field experiment, some of C. canadensis plants survived after glyphosate application at the recommended
rate. Fig. 2 shows C. canadensis before and after glyphosate application in a tangerine orchard located in Sugwang-ri

of Andeok-myeon in Seogwipo-si.
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Fig. 2. Surviving Conyza canadensis plants 20 days after 3.28 kg a.i. ha™ glyphosate application.

Seeds of C. canadensis were collected from 18 tangerine orchards in Jeju province. In the greenhouse experiment, it
was found that six biotypes were resistant and 12 biotypes were susceptible to the recommended rate of glyphosate
(Table 1). Resistant biotypes were not found in two locations, Haecan-dong of Jeju-si and Kimnyung-ri of Gujwa-eup.
Six biotypes of eight tangerine orchards in Sugwang-ri, Andeok-myeon, Seogwipo-si showed resistance to glyphosate.

Although plants showed 44-77% of aboveground dry weight reduction and were visually scored as having severe to

Table. 1. Response of Conyza canadensis biotypes to a field rate of glyphosate (3.28 kg a.i. ha") collected from 18
tangerine orchards of Jeju province of Korea.

Sample ID Location Control value (%) Survival” Resistance”
1 Haean-dong, Jeju-si 95 D S
2 79 D S
3 83 D S
4 87 D S
5 87 D S
6 83 D S
7 Sugwang-ri, Andeok-myeon, Seogwipo-si 83 D S
8 70 S R
9 70 S R

10 82 D S

11 64 S R

12 59 S R

13 52 S R

14 43 S R

15 Kimnyung-ri, Gujwa-eup, Jeju-si 80 D S

16 95 D S

17 89 D S

18 87 D S

YD: dead, S: survival.
“S: susceptible biotype, R: resistant biotype.
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moderate injury after the glyphosate application, they eventually survived. Among the tested biotypes, sample ID 14
was the highest resistant to glyphosate (Table 1). In dose response experiment using sample ID 14 and susceptible
biotypes, the susceptible biotype was killed even at half the recommended rate of glyphosate, while the resistant
biotype was slightly injured but survived after application at twice the recommended rate of glyphosate (Fig. 3 and 4).

Control 1.64 3.28 6.56

Glyphosate rate (kg a.i. ha™)

Fig. 3. Response of glyphosate resistant (A) and susceptible (B) Conyza canadensis biotypes 14 days after glyphosate
application.
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Fig. 4. Fresh weight of resistant and susceptible biotypes of Conyza canadensis treated with glyphosate. Biomass is
expressed as a percentage of the untreated control from each biotype and vertical bars represent the standard error
of the mean at each rate.

Glyphosate resistant weed species have been found in many countries but they mainly developed in America and
Australia in which glyphosate tolerant crops have been cultivated on a large scale (Heap, 2017). We report the
presence of glyphosate resistant C. canadensis in Korea where no glyphosate resistant crops have been cultivated.

This is the first case of glyphosate resistance found in Korea. Extended monitoring should be conducted to understand
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how widely the glyphosate resistant C. canadensis is spread out and to estimate the severity of this weed problem in

the tangerine orchards of Korea.
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