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butyl of Goosegrass (Eleusine indica (L.) Gaertn.) in Taiwan：

Uptake, Translocation and Metabolism 

Wan-Ting Lin  Yeong-Jene Chiang  Chang-Sheng Wang  Ching-Yuh Wang* 

ABSTRACT  Fluazifop-P-butyl, a selective graminicide, has been widely used to control annual grass weeds in 

Taiwan for more than three decades; and in 2003 a resistant (R) biotype of goosegrass [Eleusine indica (L.) 

Gaertn.] was found in guava (Psidium guajava L.) field at Kaohsiung in southern Taiwan. The spectrum of cross- 

and multiple-resistance for R- and susceptible (S)-biotypes of this goosegrass suggested that both target site 

and non-target site factors might exist simultaneously. In this study the non-target site resistance mechanisms, 

i.e., differential uptake, translocation and metabolism of this herbicide, were investigated. Within 7 days after

treatment (DAT), no significant difference was observed in the uptake of foliar-applied 14C-fluazifop-butyl

between the S and R biotypes, with only a slightly higher translocation of 14C-labeled compounds, including

parental form, acid form and polar metabolites derived from 14C-fluazifop-butyl, out of the treated leaf to

upper leaves in R-biotype. Yet, it has been clearly shown while most of 14C-fluazifop-butyl absorbed was

metabolized to its acid form and polar metabolites at 7 DAT, more polar metabolites were found in the treated

leaf and upper leaves of R-biotype. Accordingly, results from the uptake, translocation and metabolism

experiments suggest that increased metabolism is a primary mechanism of fluazifop resistance in R-biotype

of goosegrass in Taiwan. The role of acetyl-coenzyme A carboxylase (ACCase; EC 6.4.1.2), the target enzyme of

this graminicide, in resistance remains to be evaluated.
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1. Introduction

Fluazifop-P-butyl (butyl (R)-2-[4-(5-trifluoro-

methyl-2-pyridyloxy) phenoxy] propionate), one of 

aryloxyphenoxycarboxylic acids (APPs) herbicides, 

has been registered in Taiwan since 1982 for the 

control of annual and perennial grasses in tea 

gardens, soybean and vegetable fields. Goosegrass 

(Eleusine indica (L.) Gaertn.), a common annual grass 

in dryland fields shows an extraordinary vigorous 

growth during hot season. After ca. 20 years of 

application of fluazifop for its control, a resistant 

biotype was found in the guava (Psidium guajava L.) 

field at Kaohsiung in southern Taiwan in 2003[8]. The 

resistance mechanism of this weed to herbicide(s) is 

of great interest since the identification of putative 

resistant genes might be of help for the selective 

control of weeds in Gramineae crops. 

Aryloxyphenoxycarboxylic acid herbicides act 

by inhibiting acetyl coenzyme A carboxylase (ACCase; 

EC 6.4.1.2)[14, 17]. There are two forms of ACCase in 

plants: 1) the heteromeric form commonly present in 

prokaryotes (prokaryotic ACCase)[32] which is the 

primary enzyme for fatty acid biosynthesis[39] and 2) 

the homomeric form in eukaryotes (eukaryotic 

ACCase) which is responsible for fatty acid 

elongation and biosynthesis of flavonoids[4, 32]. While 

both forms are found in plastid and cytoplasm, 

respectively, in dicotyledonous plants, only 

eukaryotic form is present in Gramineae plants[31, 32,

39]. The latter phenomenon allows a selective control 

of grasses by graminicides[31]. Upon penetrating into 

the plant, the acid form of these herbicides could 

translocate to meristematic tissue through phloem[17, 

23, 28] and inhibit fatty acid biosynthesis, thus causing 

plant death[13, 14]. 

In 1982, diclofop-methyl-resistant rigid ryegrass 
(Lolium rigidum Gaud.) was first noted in South 

Australia[21]. Subsequently, resistant wild oat (Avena 
fatua L.) [22] and giant foxtail (Setaria faberi Herrm.) [34] 

have also been reported. Up to 2015, a total of 47 

plant species resistant to ACCase inhibitors have 

been confirmed primarily in the United States, 

Australia, Italy and China[19].  

Resistance mechanisms of graminicides 

include differences in the retention, absorption, 

translocation and metabolism of herbicide, and 

susceptibility of target site between resistant and 

susceptible plants[24, 28]. Ruiz-Santaella et al. [30] 

reported that R biotype of the late watergrass 

(Echinochloa phyllopogon (Stapf) Koss.) with waxy 

and smooth leaves absorbed less 14C-cyhalofop-

butyl than S biotype. However, there was no 

difference in absorption of this herbicide between R 

and S-biotypes of rigid ryegrass[12], little seed canary 

grass (Phalaris minor Retz.)[36], largecrabgrass 

(Digitaria sanguinalis (L.) Scop.)[24], wild oat[10], 

blackgrass (Alopecurus myosuroides Huds.) [28], and 

green foxtail (Setaria viridis (L.) P. Beauv.) [13]. No 

translocation difference of this herbicide has been 

found between R and S-biotypes of green foxtail[13], 

late watergrass[2], little seed canary grass[36], 

blackgrass[28], johnsongrass (Sorghum halepense) [5], 

and wild oat[10]. Nevertheless, Hidayat and Preston[24] 

reported that 14C-fluazifop was hardly translocated 

out of the treated leaf of R-biotype of large crabgrass. 

Increased detoxication of fenoxaprop-p-ethyl 

and diclofop-methyl was reported to be the primary 

resistance mechanism in late watergrass and Lolium 

spp., respectively[2, 6]. De Prado et al. [12] showed that 

in R-biotype of rigid ryegrass diclofop-methyl was 

metabolized to its conjugated compound within 48 

h, a phenomenon not observed in S-biotype. In 

addition, Cocker et al. [9] observed a higher amount 

of polar metabolites derived from 14C-diclofop-

methyl in R-biotype of Italian ryegrass (Lolium 
multiflorum Lam.), coupled with a higher activity of 

glutathione S-transferase (GST; EC 2.5.1.18). 

The aim of this study was to determine the non-

target site resistance mechanisms, including changes 

in the absorption, translocation and metabolism of 

fluazifop, in the resistant goosegrass found in Taiwan. 

2. Materials and Methods

1) Fluazifop P-butyl Susceptibility of R and S

Biotypes of Goosegrass.

Seeds of R- and S-biotypes of goosegrass 

(Eleusine indica (L.) Gaertn.) were propagated by 

selfing the parental biotypes originally collected 

from Kaohsiung and Changhua, respectively, in 
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Taiwan during 2003; R-biotype was found in the 

guava (Psidium guajava L.) field. The seedlings of 5-

leaf stage were used for bioassay. Commercial 

product of fluazifop-P-butyl (butyl (R)-2-[4-(5-

trifluoromethyl-2- pyridyloxy)phenoxy] propionate), 

an emulsion of 17.5% a.i. (Sinon Chem. Co., Taichung, 

Taiwan) was sprayed onto the seedlings in a cabinet 

by an orbital autosprayer at a speed of 0.11 km h-1, 

which delivered 990 L ha-1 herbicide solution with a 

particle size of 25 to 30 µm (dia.), a dimension 

suitable for seedlings with upright leaves to intercept 

the herbicide droplets. 

Estimation of injury index and dose-response 
analysis. The herbicidal injury of goosegrass 

seedlings treated above was visually determined 14 

and 21 days after application with an injury index 

ranging from 0 to 5, i.e., 0 for healthy plant without 

any herbicidal damage and 5 for dead plant due to 

fluazifop application; and the effective dose causing 

50% inhibition (ED50) was calculated by the non-

linear regression model of the log-logistic dose-

response analysis[33], with herbicide concentrations 

at 1.0 × 10-3, 5.0 × 10-3, 1.0 × 10-2, 5.0 × 10-2, 1.0 × 10-

1, 5.0 × 10-1, 1.0 × 100, 5.0 × 100 and 1.0 × 101 mM. 

The recommended rate of fluazifop-P- butyl in 

Taiwan for controlling goosegrass is 213.5 g ai ha-1, 

which, when diluted to 1,000 L for spraying, is 

equivalent to a 0.56 mM. 

Growth response to fluazifop. Time course 

changes in the injury index of goosegrass were 

observed 0, 7, 14, 21 and 28 days after treatment 

(DAT) with 0.1 mM fluazifop- P-butyl. In addition, 

survival rate was also determined simultaneously 

based on the number of plants with injury index less 

than 5. At 28 DAT, shoot dry weight of goosegrass 

seedlings was measured after oven drying at 80 C for 

48 h. 

Physiological response to fluazifop. At 14 days 

after 0.1 mM fluazifop-P-butyl treatment, leaf 

chlorophyll, malondialdehyde (MDA), and electrical 

conductivity were determined. For chlorophyll assay, 

10 mg of fresh leaf was mixed with liquid nitrogen for 

powdering and homogenized with 1 ml 80% acetone, 

and then centrifuged (Himac SCR 20, Hitachi, Tokyo, 

Japan) at 12,000 g at 4 C for 1 min. The absorbance 

of supernatant at 663 and 665 nm, respectively, was 

read by spectrophotometer (U-2000, Hitachi, Ltd., 

Tokyo, Japan), and total chlorophyll content was 

calculated based on the summation of chlorophyll a 

and b[1]. For MDA determination, a 0.1g fresh leaf was 

homogenized with 1 ml 5% trichloroacetic acid (TCA) 

and centrifuged at 12,000 g for 15 min at 4 C. Then 

0.5 ml supernatant was mixed with 0.5 ml 20% TCA 

containing 0.5% 2-thiobarbituric acid (TBA), and put 

into water bath at 95 C for 30 min. Subsequently, the 

reaction was terminated by putting the mixture into 

ice bath for 5 min, and then centrifuged at 10,000 g 

for 5 min. The absorbance of supernatant was read at 

532 and 600 nm, respectively, and MDA content was 

calculated based on the extinction coefficient 155 

mM-1cm-1 [16]. 

MDA (nmol g-1 FW) = [(A532 – A600) × 155-1] × 

1 (mL) (vol. of reaction solution) × 2 (dilution fold) × 

1,000 FW-1 (g). 

For the assay of electrolyte leakage, a segment 

of 0.1 g fresh leaf was put into test tube and an 

aliquot of 8 ml double distilled water was added; and 

after 24 h gentle shaking, the conductivity (C1) of 

water was measured with a conductivity meter (SC-

170, SunTex Instruments CO., Taipei, Taiwan). Then 

the test tube was put into water bath for 15 min, and 

the conductivity (C2) was measured again. The 

conductivity (C) of double distilled water was taken 

as control. The relative electrolyte leakage (REL) was 

calculated based on the following equation[18].  

REL(%) = [(C1-C) /(C2-C)] × 100% 

2) Cross- and Multiple-resistance in Goosegrass.

In order to predict the possible resistance

mechanism of R-biotypes, the cross- and multiple-

resistance of R- and S-biotypes were examined. For 

the cross resistance test, two kinds of acetyl-CoA 

carboxylase (ACCase) inhibitors including quizalofop 

(ethyl (R)-2-[4-[(6-chloro-2-quinoxalinyl) oxy] 

phenoxy] propionate)) and sethoxydim (2[1-

(ethoxyimino)butyl]-5-[2-(ethylthio) propyl]-3-

hydroxy-2-cyclohexen-1-one) were used in the 

dose- response analysis of 5-6 leaf plants based on 

the injury index and survival rate at 21 DAT. For the 

multiple resistance test, experiment was conducted 
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as cross resistance test but herbicides were replaced 

by three kinds of herbicides with different action 

mechanisms including inhibition of glutamine 

synthetase (GS), 5-enolpyruvyl shikimate-3-

phosphate synthase (EPSPS), and acetolactate 

synthase (ALS) activities, i.e., glufosinate ( 2-amino-

4-(hydroxyl- methylphosphinyl) butanoic acid), 

glyphosate (N-(phosphonomethyl)glycine) and 

pyrazosulfuron-ethyl (ethyl 5-(4,6-dimethoxy-

pyrimidin-2-yl carbamoylsulfamoyl) -1-methyl-

pyrazole-4-carboxylate), respectively. According to 

the results of cross- and multiple-resistance test, the 

probable reasons associated with either target site or 

non-target site factors might be postulated. 

3) Non-Target Site Resistance Mechanisms in

Goosegrass.

In order to measure the difference of uptake, 

translocation and metabolism of fluazifop-P-butyl 

between R and S-biotypes of goosegrass, phenyl-

U-14C-fluazizfop- P-butyl (Syngenta Crop Protection,

Inc., Basel, Switzerland), with a specific activity of

5,469 MBq mg-1, was used as a stock, and this

compound was diluted with 0.1 mM non-isotopic

fluazifop-P-butyl to make a fluazifop-P-butyl

solution with a radioactivity of 3,094 Bq μL-1.

Uptake. A 5-leaf goosegrass seedling was evenly 

sprayed with 0.1 mM fluazizfop-P-butyl. When the 

herbicide droplets nearly dried out, one µl of 14C-

fluazifop-P-butyl solution was smeared homo-

geneously on the middle part of the fifth leaf, in an 

area of ca. 0.5 cm2. Goosegrass seedlings were 

incubated under a light intensity of 200 μE m-2 S-1; 

and the middle part of the treated leaf was harvested 

1, 3, 5 and 7 DAT, respectively, and then put into a 6-

ml scintillation counting vial containing 1 ml 20% 

methanol and 0.5% Tween-20. Leaf segment was 

removed after shaking vigorously for 30 s, and the 

remaining washing solution was mixed with 4 ml 

cocktail solution (LS-273, Ecoscint A, National 

Diagnostics, Inc., Atlanta Georgia, USA) for 15 h. The 

radioactivity of this mixture, which represents the 

part of 14C-fluazifop-P-butyl not absorbed by the leaf, 

was determined by the liquid scintillation counter 

(LSC, LS-6000IC, Beckman Co. Ltd., Santa, Clara, USA). 

Radioactivity of 14C-isotope read by LSC, i.e., count 

per minute (cpm), was transformed, through 

quenching correction, to disintegrations per minute 

(dpm) [38]. 

Translocation. With the non-absorbed 14C-

fluazifop-P-butyl removed from the treated leaf, a 

goosegrass plant treated as in the uptake study was 

harvested. The upper leaves, treated leaf, lower 

leaves and roots of plant were separately cut into 

small pieces, oven dried at 60 C for 6 h, and then put 

into counting vials with 4 ml cocktail solution for 15 

h. The radioactivity of this mixture was read by LSC.

Metabolism. The four plant parts of a 14C-

fluazifop-P-butyl-treated goosegrass treated as 

above were ground in liquid nitrogen and 

homogenized with 5 ml 80% acetonitrile, and the 

homogenate was centrifuged at 12,000 g for 15 min 

at 4 C. The supernatant was concentrated to 100 µl 

with a vacuum decompression concentrator (Speed 

Vac SC 2000, Savant Instruments, Inc., 110-103 Bi-

Country Bivd., Farmingdale, NY 11735, USA). 

For metabolite separation, an aliquot of 50 µl of 

concentrate was analyzed by isocratic HPLC (L-7100 

HPLC System, HITACHI Co. Ltd., San Diego, USA), with 

a stationary phase of EC 250/4.6 NUCLEOSIL 100-7 

C18 column (MACHEREY- NAGEL Inc., Pennsylvania, 

USA) and mobile phase of 1% (v/v) acetic acid in 

water / 1% (v/v) acetic acid in acetonitrile = 350 / 650 

(v/v)); and 1 ml-elute was collected consecutively 

into counting vial at the rate of 1.0 ml min-1 for 30 

min[40]. Subsequently, 4 ml cocktail solution was 

mixed with the eluate for 24 h before the 

radioactivity was read by LSC. Retention times of 

metabolites, fluazifop acid and fluazifop-P-butyl 

were 3-4, 5-6 and 16-17 minutes, respectively. 

4) Statistical Analysis.

All data were subjected to ANOVA, followed by

the least significant difference (LSD) test, i.e., 

Fisher’s protected LSD test, at 5% probability. 

Results from three independent experiments are 

presented as the mean and standard error of the 

sample mean.  

3. Results and Discussion
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1) Fluazifop P-butyl Susceptibility of R and S

Biotypes of Goosegrass.

Injury index. Dose-response analysis on injury 

index of 5-leaf goosegrass seedlings two weeks after 

treatment (WAT) showed that ED50s of fluazifop-P-

butyl for R- and S-biotypes were 1.128 and 0.059 mM, 

respectively, i.e., had a 19.2 of resistance index (RI) for 

the former (Table 1). Four WAT, the RI still remained 

at high value, i.e., 15.4, suggesting a significant and 

persistant resistance to fluazifop for R-biotype 

goosegrass. 

Table 1. ED50s of fluazifop-P-butyl for resistant (R) and susceptible (S)-biotype of goosegrass (Eleusine indica 
(L.) Gaertn.) based on injury index. Whole plant was sprayed with fluazifop-P-butyl at the 5-leaf stage. 

ED50 (injury index) 

Biotype 2 WATa 4 WAT 

mM 

R 1.128 0.668 

S 0.059 0.043 

P-value <0.001 <0.001 

LSD0.05 0.317 0.054 

RIb 19.2 15.4 
a Weeks after treatment. 
b Resistant index = ED50 (R) / ED50 (S) 

After a long-term application of aryloxy-

phenoxy-carboxylic acid (APPs) herbicides in 

southern Israel, fenoxaprop-ethyl-resistant little 

seed canary grass, with RI 90, appeared in wheat 

field[35]. Under the selection pressure of fluazifop, 

resistant biotype of Italian ryegrass with RI 970[9] and 

downy brome (Bromus tectorum L.) with RI 16[3] have 

been reported. In 2012, Osuna et al. found a 

fluazifop-resistant goosegrass with a RI value of 

6.7[20]. Up to 2015, a total of 47 plant species resistant 

to ACCase inhibitors have been confirmed and 

appeared primarily in the United States, Australia, 

Italy and China[19]. In Taiwan, Chiang et al. [8] reported 

the first case of fluazifop-resistant goosegrass, and 

an ED50 of 1.128 mM fluazifop for this material has 

been confirmed in this study, which dosage is much 

higher than that of the recommended dosage, 0.56 

mM (one liter emulsion solution containing 17.5% a.i. 

fluazifop-P-butyl was diluted to 1,000 L per ha; i.e., 

213.5 g ai ha-1) in dryland field.  

Growth responses. Considering the ED50s of 

fluazifop of two biotypes of goosegrass seedlings 

and the rapid death of S-biotype at high dosage, 0.1 

mM fluazifop was chosen to compare the differential 

growth responses of the two biotypes. The younger 

leaves of S-biotype were etiolated and yellowed at 7 

days after treatment (DAT), with an injury index of 1.4 

(Figure 1). These damage symptoms became more 

apparent with time, whereas seedlings of R-biotype 

remained vigorous (Figure 1). 

Further observation showed that the survival 

rate of S-biotype plants decreased from 90% at 14 

DAT to 52% at 28 DAT, whereas 100% survival rate 

was maintained by R-biotype (Figure 2). In addition, 

at 28 DAT dry weight of S-biotype seedlings 

significantly decreased to 13% to that of control, but 

that of R-biotype even had a slight increase (Figure 

3). Therefore, based on the growth response within 

28 DAT the fluazifop resistance in goosegrass was 

confirmed.
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Figure 1. Changes in injury indices of resistant (R)- and susceptible (S)-biotypes of goosegrass (Eleusine indica 

(L.) Gaertn.) seedling at 5-leaf stage after treatment of 0.1 mM fluazifop-P-butyl. No injury was found in 

resistant biotype throughout the experiment. Vertical bar means standard error of the sample mean. 

Figure 2. Survival rates of resistant (R)- and susceptible (S)-biotypes of goosegrass (Eleusine indica (L.) Gaertn.) 

seedling at 5-leaf stage after treatment of 0.1 mM fluazifop-P-butyl. No injury was found in resistant biotype. 
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Figure 3. Dry weight of resistant (R)- and susceptible (S)-biotypes goosegrass (Eleusine indica (L.) Gaertn.) plant 

at 5-leaf stage, 28 days after treatment of 0.1 mM fluazifop-buty. Original data of dry weight per plant of R- 

and S-biotype without fluazifop-P-butyl treatment were 3.99 and 5.43 mg plant-1, respectively. 

Physiological responses. Alteration of 

physiological responses in goosegrass occurred 

before the appearance of visible damage caused by 

fluazifop. The chlorophyll in S-biotype seedlings 

decreased by 37% at 14 days after 0.1 mM fluazifop 

treatment, while only 6% decrement was observed in 

R-biotype (Table 2), probably due to an inhibition of

biosynthesis or a peroxidative destruction of

chlorophyll[37]. Similar results caused by fluazifop

have also been found in couch grass (Elymus repens 

(L.) Gould)[7], oat[15], and corn[25].

Table 2. Physiological responses of resistant (R)- and susceptible (S)-biotype of goosegrass (Eleusine indica (L.) 

Gaertn.) plant at the 5-leaf stage. Data were recorded 2 weeks after spraying with 0.1 mM fluazifop-P-butyl on 

the whole plant. 

Response 

Biotype Chlorophylla MDA Electrolyte leakage 

% of control 

R 94 87 120 

S 63 176 1,021 

p-value 0.005 0.004 <0.001 

LSD0.05 12 44 73 
a Original data of chlorophyll content in control plants: 1.07 μg g-1 FW (R) & 0.98 μg g-1 FW (S), MDA content: 

18.74 μmol g-1 FW (R) & 25.78 μmol g-1 FW (S), and electrolyte leakage: 770 μs/cm (R) & 795 μs/cm (S). 

Malondialdehyde (MDA) has been considered 

generally as an indicator to reflect the peroxidative 

damage of phospholipid in cell membrane[26]. Two 

weeks after 0.1 mM fluazifop application, MDA in S-

biotype goosegrass increased by 76%, whereas a 

slight decrement was observed in R-biotype (Table 2). 

Since the accumulation of MDA in britly starbur 

(Acanthospermum hispidum D. C.) treated with 

fluazifop could be prevented by an antioxidant, e.g., 

vitamin E or ethoxyquin, Luo et al. [26] suggested that 
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this herbicide produces reactive oxygen species 

which led to the peroxidation of phospholipid in cell 

membrane. On the other hand, a 10-fold increase of 

electrolyte leakage in S-biotype and only 1.2-fold 

increment in R-biotype suggest that within two 

weeks of herbicide treatment, the integrity of cell 

membranes of S-biotype was seriously destructed. 

2) Cross- and Multiple-resistance in Goosegrass.

According to the expression of cross- and/or

multiple-resistance of R-biotype, the possible 

resistance mechanisms including target site and 

non-target site factors are might present 

theoretically. Cross resistance might be mainly 

resulted from the alteration of target site, and the 

multiple resistance might be caused primarily by 

non-target site factors including uptake, trans-

location and metabolism of herbicide. In this study, 

we found that the cross resistance of R-biotype to 

quizalofop and sethoxydim, either based on injury 

index or survival rate, was present (Table 3). 

Undoubtedly, the alteration of target site is believed 

to be involved in the putative resistance mechanism. 

On the other hand, the multiple resistance test of 

goosegrass against three kinds of herbicides with 

different action mechanisms showed one multiple 

resistance to glyphosate, though had no resistance 

or no responses to other two herbicides (Table 3), 

which could not exclude the role of non-target site 

factors in this resistance mechanism. For the cross 

resistance study, the characterization of the target 

site ACCase protein will be explored in the near 

future. 

Table 3. ED50 of five herbicides based on the injury index and survival rate of fluazifop-resistant (R) and -

susceptible (S) biotypes of 5-8 leaf goosegrass ( Eleusine indica L.) at 21 days after herbicides treatment. 

ED50 

Herbicidea R S p-value L.S.D0.05 R/S 

Injury Index ── mM ── 

Cross-resistance 

Quizalofop 0.071 0.0002 < 0.001 0.002 356 

Sethoxydim 2.126 0.143 < 0.001 0.023 15 

Multiple-resistance 

Glufosinate 1.054 1.052 0.399 ND ── 

Glyphosate 7.696 1.894 < 0.001 0.507 4 

 Pyrazosulfuron ── ── ── ── ── 

Survival rate 

Cross-resistance 

Quizalofop 0.453 0.001 < 0.001 0.088 44 

Sethoxydim 3.173 0.464 < 0.001 0.005 7 

Multiple-resistance 

Glufosinate 1.072 1.048 0.399 ND ── 

Glyphosate 10.663 2.213 < 0.001 1.397 5 

  Pyrazosulfuron ── ── ── ── ── 
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a.Targets of five herbicides including quizalofop, sethoxydim, glufosinate, glyphosate and pyrazosulfuron

are ACCase, ACCase, glutamine synthetase (GS), 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) and 

acetolactate synthase (ALS), respectively. 

3) Non-target Site Resistance Mechanisms in

Goosegrass.

Uptake. In order to simulate the field condition, 

the goosegrass plant was pre-sprayed with 0.1 mM 

fluazifop-P-butyl before 14C-fluazifop-P-butyl was 

smeared on the adaxial surface of leaf for measuring 

its uptake. No difference in the uptake of this 

herbicide was observed between S- and R-biotype 

goosegrass plants within a week after application 

(Table 4). Similar results have also been found in large 

crabgrass[24], blady grass (Imperata cylindrica (L.) P. 

Beauv.), and buffalo grass (Paspalum conjugatum 

Berg.)[27]. Apparently, differential uptake (absorption) 

is not involved in fluazifop resistance for goosegrass 

in Taiwan. 

Table 4. Uptake of 14C-fluazifop-P-butyl by leaves of resistant (R)- and susceptible (S)-biotype of goosegrass 

(Eleusine indica (L.) Gaertn.) at 5-leaf stage. The whole plant was pretreated with 0.1 mM fluazifop-P-butyl 

before application of isotope- labeled 14C-fluazifop-P-butyl. 

Uptake 

DATa R S p-value LSD0.05 

% of applied radioactivity 

3 88 85 0.637 ND 

5 90 90 0.801 ND 

7 90 89 0.285 ND 
a Days after treatment. 

Translocation. Within 7 DAT, ca. 85% and ca. 70% 

of the absorbed 14C radioactivity, as the original 

herbicide fluazifop-P-butyl and/or its metabolites, 

remained in the treated leaf of R- and S-biotype 

goosegrass plants, respectively (Figure 4). The 

translocation of fluazifop-P-butyl and its metabolites 

in goosegrass plant was exclusively upward to the 

upper leaves. Though ca. 10-15% more of the 14C-

labeled compounds translocated out of the treated 

leaf to the upper leaves of R-biotype than that of the 

S biotype, it is insufficient to account for the 

observed resistance.  

Figure 4. Partition of 14C-labeled compounds derived from 14C-fluazifop-P-butyl, in different plant parts of 

resistant (○) and susceptible (●) biotypes of goosegrass (Eleusine indica (L.) Gaertn.). The whole plant was 

pre-sprayed with 0.1 mM fluazifop-P-butyl before applying 14C-fluazifop-P-butyl. 
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Metabolism. After entering into plant tissue, 

fluazifop-P-butyl is rapidly hydrolyzed to the acid 

form, fluazifop, the later is transported primarily in 

the phloem and accumulates in the meristems where 

it disrupts the synthesis of lipids. Therefore, C14 -

radioactivities from fluazifop-butyl/fluazifop and 

that from the remaining metabolites represent, 

respectively, the active and inactive proportions of 

the applied herbicide after metabolism. The mature 

(treated) leaf of both types obviously had a higher 

metabolic activity toward this herbicide than the 

young leaves (Table 5). 

Table 5. Changes in the relative percentages of 14C-radioactivity  derived from 14C-fluazifop-P-butyl, its 

metabolites fluazifop acid and polar metabolites in upper leaves, treated leaf, lower leaves and roots of 5-leaf 

seedlings for resistant (R)- and susceptible (S)-biotype of goosegrass 7 days after treatment of 14C-fluazifop-

P-butyl.

Biotype Fluazifop-P-butyl Fluazifop acid Metabolites Original data 

──── Relative % of 14C-radioactivities ────── dpm 

Upper leaves 

R 2.9 51.5 45.6 818 (16.3%)a 

S 14.4 53.7 34.9 269 ( 7.0%) 

p-value <0.001 0.521 0.025 

LSD0.05 1.9 ND 8.5 

Treated leaf

R 1.8 25.9 72.3 3,893 (77.5%) 

S 1.6 38.5 59.9 3,269 (85.1%) 

p-value 0.329 0.002 0.002 

LSD0.05 ND 5.1 4.7 

Lower leaves

R 18.9 54.6 36.5 189 (3.8%) 

S 14.4 52.6 33.0 178 (4.6%) 

p-value 0.309 0.734 0.079 

LSD0.05 ND ND ND 

Root

R 22.9 43.5 33.5 125 (2.5%) 

S 23.3 38.9 37.8 127 (3.3%) 

p-value 0.910 0.039 0.358 

LSD0.05 ND 4.2 ND 
aPercentage in parenthesis indicates the relative percentage of 14C-radioactivity in each part of goosegrass 

seedlings. 

For both the treated mature leaf and upper 

young developing leaves, more inactive metabolites 

of fluazifop were detected in R- than in S-biotypes, 

i.e., 72.3% vs. 59.9% and 45.6% vs. 34.9% (Table 5).

However, for the lower leaves and roots with little

herbicide translocated from the treated leaf, the

metabolic difference between R and S biotypes was

insignificant.

In Gramineae plants, Hidayat and Preston[24] 

found that within 7.5 h, most of 14C-fluazifop-P-butyl 

was converted to its acid form in large crabgrass; 

however, more polar metabolites were produced in 

R-biotype than in S-biotype. Herein, we also find

more polar metabolites in R-biotype goosegrass. In

addition, similar phenomenon was also observed for

dichlofop-methyl in Italian ryegrass[9] and rigid

ryegrass[12]. These findings indicate that enhanced
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metabolism of graminicides in Gramineae plants 

may contribute to herbicide resistance. In summary, 

results from the uptake, translocation and 

metabolism experiments in this study suggest that 

the increased fluazifop metabolism is an involved 

mechanism related to the non-target factor of 

fluazifop resistance in goosegrass we found in 

Taiwan. Identification of these polar metabolites and 

the related metabolic activity will be studied further. 

In addition, the role of target enzyme of graminicides, 

ACCase, in cross-resistance of goosegrass to the 

same kind of herbicide will be clarified too. 
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