
 91

 
POJ 4(2):91-94 (2011)                                                                                                                    ISSN:1836-3644 

 
Research Note  
 
Quinclorac, an auxin-type herbicide, induces embryogenic callus and somatic embryogenesis 
of greater celandine (Chelidonium majus L.)  
 
Sook Young Lee1, Yong Kyoung Kim2, Seok Hyun Eom3, Woo Tae Park2, Md Romij Uddin2, Nam Il 
Park2, Su Gwan Kim1, Sang Un Park2* 

 

1Oral Biology Research Institute, Chosun University Dental Hospital, 375 Susuk-dong, Dong-gu, Gwangju 
501-759, Korea 
2Department of Crop Science, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daejeon 305-764, 
Korea 
3Department of Horticultural Biotechnology, Kyung Hee University, Yongin, Gyeonggido 446-701, Korea 
 
*Corresponding author: supark@cnu.ac.kr 
 
 
Abstract 
 
Quinclorac (3,7-dichloro-8-quinolinecarboxylic acid) is an auxin-type herbicides which was introduced by BASF Aktiengesellschaft 
in 1985. Quinclorac and 2,4-D applied to embryogenic callus and somatic embryo induction of Chelidonium majus tissue cultures. 
Embryogenic calluses and somatic embryos were not induced from both leaves and stems of C. majus using quinclorac and 2,4-D. 
The root source was only effective for both induction of embryogenic calluses and somatic embryos. Embryogenic callus and 
somatic embryos were induced from the intact root cultures of C. majus using quinclorac. Quinclorac at 0.5 mg L-1 was the most 
suitable concentrations for callus induction and somatic embryogenesis. Quinclorac successfully induced embryogenic callus and 
somatic embryos from tissue cultures of C. majus. In these results, we propose quinclorac as a new plant growth regulator for plant 
tissue culture. 
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Introduction 
 
Quinclorac is one of quinolinecarboxylic acids (3,7- dichloro-
8-quinolinecarboxylic acid) belongs to a new class of highly 
selective auxin-type herbicides (Grossmann, 1998; Grossmann, 
2010; Grossmann and Kwiatkowski, 1995; Wuerzer and 
Berghaus, 1985). Quinclorac is used in rice and has also been 
developed for application in turf grass areas, spring wheat, and 
chemical fallow. The herbicide effectively controls important 
dicotyledon and monocotyledon weeds, including grass species 
of Echinochloa, Digitaria, and Setaria, with excellent crop 
safety (Martinez et al., 1997; Schmidt et al., 1998). Quinclorac 
controls a broad range of the about 50 Echinochloa species and 
subspecies globally known (Martinez, et al., 1997; Michael, 
1981; Schmidt, et al., 1998). However, some of the numerous 
Echinochloa species or biotypes in Southern Europe and the 
United States are less sensitive to quinclorac (Martinez, et al., 
1997). This has been found to be independent of a history of 
quinclorac application (Martinez, et al., 1997). In Spain, 
biotypes of E. crus-galli and E. hispidula, with reduced 
sensitivity, and a resistant biotype of E. hispidula have been 
described (Martinez, et al., 1997; Martinez and DePrado, 1996; 
Martinez et al., 1998). The precise mechanism of resistance of 
these biotypes is not known. Studies suggested that it is not 
based on differences in uptake, translocation, and metabolism 
of the herbicide (Martinez, et al., 1997; Martinez and DePrado, 

1996). Quinclorac is a systemic herbicide which is readily 
absorbed by germinating seeds, roots, and leaves and is 
translocated in the plant both acropetally and basipetally 
(Berghaus and Wuerzer, 1989; Grossmann, 1998; Lamoureux 
and Rusness, 1995). Quinclorac showed auxin activity in 
several auxin bioassays and has been found to act as a synthetic 
auxin, such as 2,4-D (Berghaus and Wuerzer, 1987). 
Consequently, quinclorac can be regarded as a new hormone-
type herbicide, particularly as quinolinecarboxylic acids with 
substitution patterns, are thought to be natural plant growth 
regulators. Chelidonium majus (greater celandine) is an 
herbaceous perennial plant, the only species in the genus 
Chelidonium. It is native to Europe and western Asia and 
introduced widely in North America (Gilca et al., 2010). The 
whole plant is toxic in moderate doses as it contains a range of 
isoquinoline alkaloids but there are numerous therapeutic uses 
when used at the correct dosage. The main alkaloid present in 
the herb and root is coptisine. Other alkaloids present include 
berberine, chelidonine, sanguinarine and chelerythrine (Gu et 
al., 2010; Sárközi et al., 2006). The effect of the fresh herb is of 
a mild analgesic, cholagogic, antimicrobial, oncostatic and 
central nervous system sedative (Ćirić et al., 2008; Lee et al., 
2007). A reliable and highly efficient method for the 
regeneration of intact plants from in vitro culture is essential for  
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Table 1. Effect of auxins on the induction frequency of embryogenic callus and somatic embryos from root culture of Chelidonium 
majus after 7 weeks in culture. 

Growth regulators (mg L-1) Embryogenic callus (%)* Number of somatic 
embryos/explant** 

2,4-D  0.1 - - 
0.5 - - 
1.0 15 4.9 ± 0.3 
2.0 11 4.5 ± 0.4 
4.0 - - 

        Quinclorac  0.1 18 5.3 ± 0.6 
0.5 46 17.8 ± 1.3 
1.0 24 7.2 ± 0.5 
2.0 - - 
40 - - 

No response, *From 100 root explants tested.**Values represent the mean ± standard deviation of somatic embryos per explant 
 
 
establishing a multiple micropropagation and genetic 
transformation protocol for C. majus. The plant regeneration of 
C. majus via somatic embryogenesis using cytokines and 
auxins has been previously reported. (Kim et al., 1999; 
Vinterhalter and Vinterhalter, 2002; Woo et al., 1996). In this 
paper, we introduce quinclorac as a new plant growth regulator 
for callus induction and somatic embryogenesis in plant tissue 
culture. We describe the first development of a method for 
high-frequency somatic embryogenesis and plant regeneration 
of C. majus using quinclorac. 
 
Materials and methods  
 
Seed sterilization and germination 
 
For preparing plant materials, seeds of C. majus were collected 
from the experimental farm in Chungnam National University 
(Daejeon, Korea) and stored at 4°C. The seeds were surface-
sterilized with 70% (v/v) ethanol for 30 s and 2% (v/v) sodium 
hypochlorite solution for 10 min, then rinsed three times in 
sterilized water. Ten seeds were placed on 25 mL of agar-
solidified culture medium in Petri dishes (100 × 15 mm). The 
basal medium consisted of MS (Murashige and Skoog, 1962) 

salt and vitamin medium solidified with 0.7% (w/v) agar. The 
MS salt and vitamin medium was adjusted to pH 5.8 before 
adding the agar and was then sterilized by autoclaving at 121°C 
for 20 min. The seeds were germinated in a growth chamber at 
25°C under standard cool white fluorescent tubes with a flux 
rate of 35 µmol s-1 m-2 and a 16-h photoperiod. 
 
Induction of embryogenic callus and somatic embryos 
 
Leaves, stems and roots of C. majus were cut into pieces 
approximately 0.7 × 0.7 cm and 0.7 cm in length, respectively, 
from plants grown in vitro that had been cut aseptically at the 
ends. Explants were placed on medium (approximately 25 mL) 
in 100 ×25 mm Petri dishes. Seven explants were cultured in 
each Petri dish on basal medium consisting of MS medium 
solidified with 0.7% (w/v) Phytagar (Gibco, Carlsbad, CA) that 
had been sterilized by autoclaving at 1.1 kg cm-2 (121 °C) for 
20 min. The pH of the MS medium was adjusted to 5.8 before 
adding Phytagar. For embryogenic callus and somatic embryo 
induction from the culture of leaves and stems, the basal 
medium was supplemented with different concentrations (0.0, 
0.1, 0.5, 1.0, and 2.0 mg L-1) of quinclora or 2,4-D (2,4-
dichlorophenoxyacetic acid). Ten explants were cultured in 
each Petri dish. For each treatment, 10 Petri plates were 
sampled and the data combined. Cultures were maintained in a 
growth chamber in the dark at 25°C. 

 

 
Conversion of somatic embryos and plant regeneration 
 
Mature somatic embryos were transferred to regeneration 
media to promote somatic embryo conversion and plant 
development. The regeneration medium consisted of half 
strength of MS salts and vitamins. Isolated somatic embryos 
and regenerated plantlets were incubated at 25 °C in a growth 
chamber with a 16 h photoperiod under standard cool white 
fluorescent tubes (35 μmol s-1 m-2) for 5 weeks.   
 
Results and discussion 
 
Based on our findings, we believe that a simple and effective 
protocol has been developed for the in vitro somatic 
embryogenesis and plant regeneration of C. majus. We 
investigated the effects of different concentrations of 
quinclorac and 2,4-D on the induction frequency of 
embryogenic calluses and somatic embryos from leaves, 
stems and roots of C. majus after 6 weeks in culture. 
Embryogenic calluses and somatic embryos were not induced 
from both leaves and stems of C. majus using quinclorac and 
2,4-D. The root source was only effective for both induction 
of embryogenic calluses and somatic embryos. Embryogenic 
calli and somatic embryos were induced from intact roots of 
C. majus cultured on MS medium supplemented with 0.1–1.0 
mg L-1 quinclorac or 1.0–2.0 mg L-1 2,4-D. With increasing 
the concentration of quinclorac, induced both embryogenic 
callus formation and number of somatic embryos up to the 
concentration of 1.0 mg L-1 and further increasing the 
quinclorac concentration, embryogenic callus did not form 
any more. Quinclorc at 0.5 mg L-1 was the most suitable 
concentrations for callus induction and somatic 
embryogenesis. In this concentration 46% embryogenic 
callus was formed and 17.8 somatic embryos were developed 
from each callus (Table 1). On the other hand 2,4-D was also 
able to induce both embryogenic callus and somatic embryos, 
but was not as much as quinclorac. Here at the low 
concentrations (0.1–0.5 mg L-1) embryogenic callus did not 
appear at all but further increasing the concentration of 2,4-D , 
embryogenic callus and somatic embryos were developed up 
to the concentration of 2 mg L-1 and then further increasing 
the concentration, no embryogenic callus was formed. The 
concentration of 2,4-D at 1.0 mg L-1 induced 15% 
embryogenic callus and 4.9 somatic embryos in each callus. 
The concentration of 2,4-D at 2.0 mg L-1 induced slightly 
lower embryogenic callus and somatic embryos in each 
callus.Under a microscope, various stages of somatic embryo 
development could be observed (Fig. 1). The root explant 
cultured on medium containing 0.5 mg L-1 quinclorac 
developed yellowish embryogenic callus within 2 to 3 weeks.  
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Fig 1. Somatic embryogenesis and plant regeneration in Chelidonium majus L. Numerous globular, heart (B), torpedo (C), and 
cotyledonary somatic embryos are shown developing on the surface of embryogenic callus from root cultured on solid MS medium 
supplemented with 0.5 mg/l quinclorac. Flowering regenerated plant (D) in the green house. Magnification: A–C, x10; D, x1. 

 
 
Small globular and heart stage somatic embryos (Fig. 1A) 
were visible within 4 weeks. The establishment of 
embryogenic cultures was followed by the development of 
torpedo (Fig. 1B) and cotyledonary (Fig. 1C) stages of 
somatic embryos within 5 to 7 weeks. Somatic embryos at 
the cotyledonary stage of development were selected for 
conversion and shoot growth. Mature somatic embryos were 
transferred to regeneration media to promote plant 
development and cultured in growth chamber for 5 weeks. 
Before transferring regenerated plants to pots, the plantlets 
were subcultured on half-strength MS salts and vitamins in 
the absence of growth regulators for 1 month. Plantlets were 
then transferred to pots containing autoclaved vermiculite, 
covered with polythene bags to maintain high humidity, and 
kept at 25°C in a growth chamber for 1 month. After 1 week, 
the bags were perforated, and the plants were hardened. The 
plants were transferred to soil with a 82% survival rate where 
they grew normally and flowered within 3 months (Fig. 1D). 
Plant tissue culture plays an important role in plant 
regeneration and micropropagation. The term “regeneration” 
has been broadly used in the context of tissue culture to refer 
to the production of whole plants from cells, tissues, organs, 
meristems, or zygotic embryos cultivated in vitro. There are 
two major systems of plant regeneration: organogenesis and 
somatic embryogenesis. These systems are defined based on 
the developmental stages through which a whole plant is 
regenerated (Phillips and Hubstenberger, 1995). Many plant 
species can be regenerated and propagated by the production  
 

of somatic embryos derived from diverse explant tissues 
(Ammirato, 1989). In plant tissue culture, several auxin 
(hormone) type herbicides such as chlorophenoxy acids (e.g., 
2,4-D, 2,4,5-T, and MCPA), benzoic acids (e.g., dicamba), 
and pyridines (e.g., picloram) have been applied to callus 
induction and somatic embryogenesis. Although 2,4-D is the 
most common form of exogenous auxin provided to induce 
somatic embryos from plant cell and tissue cultures, 
quinclorac has been found to promote somatic embryogenesis 
in seed-derived zygotic embryo explants of sweet pepper 
(Capsicum annuum L.) (Steinitz et al., 2003). The system 
described here for the production of C. majus somatic 
embryos and regenerated plants without loss of 
morphogenetic capacity using quinclorac could be a model 
for introducing quinclorac as a new plant growth regulator for 
callus induction and somatic embryogenesis in plant tissue 
culture. 

 
   Acknowledgments  

 
This study was supported by a grant of the Korea Healthcare 
technology R&D Project, Ministry for Health, Welfare & 
Family Affairs, Republic of Korea (A091220). 
 
Reference 
 

Ammirato PV (1989) Recent progress in somatic 
embryogenesis. Intl Assoc Plant Tissue Culture Newsl 57:2-
16 

 

A

D

B

C



 94

Berghaus R, Wuerzer B (1987) The mode of action of the new 
experimental herbicide quinclorac (BAS 514H). In:  the 11th 
Asian Pacific Weed Science Society Conference, pp 81-87 

Berghaus R, Wuerzer B (1989) Uptake, translocation and 
metabolism of quinclorac (BAS 514H) in rice and barn yard 
grass. In:  the 12th Asian Pacific Weed Science Society 
Conference, p 133 

Ćirić A, Vinterhalter B, Šavikin-Fodulović K, Soković M, 
Vinterhalter D (2008) Chemical analysis and antimicrobial 
activity of methanol extracts of celandine (Chelidonium 
majus L.) plants growing in nature and cultured in vitro. 
Archives of Biological Sciences 60:7-8 

Gilca M, Gaman L, Panait E, Stoian I, Atanasiu V (2010) 
Chelidonium majus - an Integrative Review: Traditional 
Knowledge versus Modern Findings. Forschende 
Komplementarmedizin / Research in Complementary 
Medicine 17:241-248 

Grossmann K (1998) Quinclorac belongs to a new class of 
highly selective auxin herbicides. Weed Sci 46:707 

Grossmann K (2010) Auxin herbicides: current status of 
mechanism and mode of action. Pest Management Science 
66:113-120 

Grossmann K, Kwiatkowski J (1995) Evidence for a causative 
role of cyanide, derived from ethylene biosynthesis, in the 
herbicidal mode of action of quinclorac in barnyard grass. 
Pesticide Biochemistry and Physiology 51:150-160 

Gu Y, Qian D, Duan JA, Wang Z, Guo J, Tang Y, Guo S (2010) 
Simultaneous determination of seven main alkaloids of 
Chelidonium majus L. by ultra-performance LC with 
photodiode-array detection. J Sep Sci 33:1004-1009 

Kim S, Min B, Liu J (1999) High frequency plant regeneration 
from immature ovule-derived embryogenic cell suspension 
cultures of Chelidonium majus var. asiaticum. Plant Cell, 
Tissue and Organ Culture 56:125-129 

Lamoureux GL, Rusness DG (1995) Quinclorac absorption, 
translocation, metabolism, and toxicity in leafy spurge 
(Euphorbia esula). Pesticide Biochemistry and Physiology 
53:210-226 

Lee Y-C, Kim S-H, Roh S-S, Choi H-Y, Seo Y-B (2007) 
Suppressive effects of Chelidonium majus methanol extract in 
knee joint, regional lymph nodes, and spleen on collagen-
induced arthritis in mice. Journal of Ethnopharmacology 
112:40-48 

 
 
 

Martinez NL, De Prado R, Rademacher W, Walter H, Marshall 
G, Schmidt O (1997) Differential response of Echinochloa 
species and biotypes to quinclorac. In:  the International 
Conference at IACR-Rothamsted, Harpenden, Herts, UK 

Martinez NL, DePrado R (1996) Fate of quinclorac in resistant 
Echinochloa crus-galli. In: Second International Weed 
Control Congress, Copenhagen, Denmark, p 535 

Martinez NL, Shimabukuro RH, Prado RD (1998) Effect of 
quinclorac on auxin-induced growth, transmembrane proton 
gradient and ethylene biosynthesis in Echinochloa spp. 
Functional Plant Biology 25:851-857 

Michael PW (1981) Taxonomy and distribution of Echinochloa 
species with special reference to their occurence as weeds. In:  
Conference on Weed Control in Rice, IRRI, Los Ban˜os, 
Philippines, p 291 

Murashige T, Skoog F (1962) A revised medium for rapid 
growth and bioassays with tobacco tissue culture. Physiologia 
Plantarum 15:473-497 

Phillips GC, Hubstenberger JF (1995) Micropropagation by 
proliferation of axillary buds. In: Phillips G (ed) Plant cell, 
tissue and organ culture: fundamental methods. Springer-
Verlag, Berlin Heidelberg 

Sárközi Á, Janicsák G, Kursinszki L, Kéry Á (2006) Alkaloid 
composition of Chelidonium majus L. studied by different 
chromatographic techniques. Chromatographia 63:S81-S86 

Schmidt O, Aurich O, Martinez NL, De Prado R, Walter H 
(1998) Botanical identification of Spanish Echinochloa 
biotypes with differential responses to quinclorac. In:  6th 
EWRS Mediterranean Symposium, Montpellier, France, p 
232 

Steinitz B, Küsek M, Tabib Y, Paran I, Zelcer A (2003) Pepper 
(Capsicum annuum L.) regenerants obtained by direct 
somatic embryogenesis fail to develop a shoot. In Vitro 
Cellular & Developmental Biology - Plant 39: 296-303  

Vinterhalter B, Vinterhalter D (2002) Propagation of 
Chelidonium majus L. by somatic embryogenesis. Biologia 
Plantarum 45:489-493 

Woo JW, Huh GH, Ahn MY, Kim SW, Liu JR (1996) Somatic 
embryogenesis and plant regeneration in pedicel explant 
cultures of Chelidonium majus var. asiaticum. Korean Journal 
of Plant Tissue Culture 23:363-366 

Wuerzer B, Berghaus R (1985) Substituted quinoline-
carboxylic acid-new elements in herbicide system. In:  the 
10th Asian Pacific Weed Science Society Conference, pp 177-
184 

 

 


