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Response of Conyza bonariensis, Conyza canadensis and Conyza sumatrensis to glufosinate
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Conyza bonariensis, C. canadensis and C. sumatrensis are problematic weeds in citrus orchards
and olive trees in southern Spain. The aim of this work was to determine the efficacy of glufosinate
in these species, and also to establish a suitable growing stage for application in C. bonariensis.
For this purpose, dose-response and spray retention assays were carried out in susceptible
biotypes of C. bonariensis, C. canadensis and C. sumatrensis at the rosette stage (BBCH 14-15).
Additionally, the ED50 and spray retention at two later growth stages were determined in C.
bonariensis. Results at rosette stage (BBCH 14-15) showed an ED50 of 0.216 in the case of C.
-1
bonariensis; 0.058 for C. canadensis and 0.090 L ha for C. sumatrensis. The spray retention
values did not show any significant differences between the three species at rosette stage. In C.
bonariensis, at the second stage of its growth (10-15 cm in height), the ED50 obtained was 0.517
-1
and 1.297 L ha for the third stage (with formed capitula). Also, the spray retention in the second
-1
and third stage was of 0.44 and 0.38 mL of glufosinate g of dry weight, respectively. These
species treated in an early developmental stage are more susceptible to glufosinate herbicide.
Keywords: Conyza spp., dose-response, spray retention, DL-phosphinothricin.

Introduction
The genus Conyza Less (Asteraceae) is a native of
North and South America. Different species of this
genus were introduced in Europe, and, currently, due
to its rapid adaptation and prolific seed production they
are considered to be noxious weeds in more than 40
crops in 70 countries (Thébaud and Abbot 1995, Holm
et al. 1997). In Spain, six species in different Spanish
crops have been described, but only three of them are
the most important, mainly affecting permanent crops
such as citrus orchards and olive groves: hairy
fleabane [Conyza bonariensis (L.) Cronq.], horseweed
[Conyza canadensis (L.) Cronq.], and tall fleabane
[Conyza sumatrensis (Retz.) E. Walker = Conyza
albida Willd. ex Spreng.] (Saavedra and Pastor 2002,
Carretero 2004, Bastida et al. 2005). For all three
species, seedling emergence is preferably in winter
(Recasens and Conesa 2009) with flowering and seed
production in summer-autumn (Carretero 2004).
The common way to control these problematic
weeds is with the use of different non selective
herbicides such as glufosinate. Glufosinate [2-amino-4(hydroxymethylphosphinyl)butanoic acid] belongs to
the glutamine synthetase inhibitors. It is used as a nonselective post-emergence herbicide and it controls a
broad spectrum of annual and perennial grass and
broadleaf weeds (Senseman 2007). Glufosinate works
by inhibiting the glutamine synthetase (GS, EC 6.3.1.2)
enzyme, which is very important in the nitrogen
metabolism (Bayer et al. 1972, Lea et al. 1984,
Wendler et al. 1990, Devine et al. 1993). After the
herbicide application, a deficiency of glutamine occurs
(Tachibana et al. 1986a) and an inhibition of
photosynthesis, so, therefore, a rapid accumulation of
ammonia is produced by the plant. The final result is
the death of the plant cells (Bayer et al. 1972,
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Tachibana et al. 1986a and 1986b, Coetzer and AlKhatib 2001, Eubank et al. 2008).
Many investigations have shown the differential
susceptibility/response among weed species, in the
same genus, or even in crop cultivars when they are
treated with a same or different herbicide(s). Those
differences are very important when the chemical
control is carried out because it could determine the
application timing and the herbicide rate to be used
(Carvalho et al. 2006, Ruiz-Santaella et al. 2006,
Campos et al. 2009, Ferreira et al. 2010, Bond and
Walker, 2011). We hypothesized that these species
naturally exhibit different responses to glufosinate.
The objectives of this research were a) to
determine under greenhouse conditions the response
of C. bonariensis, C. canadensis and C. sumatrensis to
glufosinate; b) to evaluate the efficacy of glufosinate
under greenhouse conditions at two additional growth
stages on C. bonariensis; c) to characterize spray
retention as a physical factor that could explain
differential susceptibility to glufosinate in C.
bonariensis, C. canadensis and C. sumatrensis.
Material and methods
Plant material and growing conditions. Glufosinatesusceptible biotypes of C. bonariensis, C. canadensis
and C. sumatrensis were used in the experiments
described below. Seeds were collected in 2006 from
orchards in southern Spain and kept in paper bags at
room temperature until their use. C. bonariensis and C.
canadensis were collected from olive orchards in
Córdoba, while C. sumatrensis was collected from
citrus orchards in Huelva. In none of the cases had
glufosinate ever been applied to control these weeds.
3
The seeds were sown in 663 cm pots filled with
moistened peat and were covered with transparent film
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until the seeds germinated. Seedlings were planted in
pots (one plant per pot) containing a 1:1 (v/v)
peat:sand mix and placed in a growth chamber at
-2 -1
28/18 ºC (day/night), 16 h photoperiod, 850 µmol m s
photosynthetic photon flux density, 80% relative
humidity, and watered as required (González-Torralva
et al. 2010).

Statistical analyses. Statistical analyses among the
Conyza spp. populations were performed using
Statistix version 8.0 Analytical Software. Data obtained
in spray retention assays were subjected to analysis of
variance and means were compared using Tukey’s
honestly significant difference (HSD) test at the 5%
probability level.

Dose-response assays. Glufosinate was applied to
plants at the BBCH 14-15 scale (Hess et al. 1997)
using a laboratory spray chamber at a height of 50 cm
above the plants. Herbicide solution doses were
applied with flat fan nozzles (Tee Jet 8002 EVS) at 200
-1
kPa and an output volume equivalent to 300 L ha .
-1
Doses ranged from 0 to 0.4 L (formulated product) ha .
Additionally, in C. bonariensis a species with a rapid
growth compared with the other two species,
glufosinate was applied at two later growth stages:
10-15 cm in height and prior to flowering (with capitula
-1
formed), with doses ranging from 0 to 3 L ha . To
evaluate herbicide efficacy, plants were cut at ground
level 21 days after treatment, and their fresh weight
recorded and expressed as a percentage with respect
to untreated control plants. Treatments were replicated
4 times in a completely randomized design (each
replication with three plants). The same procedure was
performed in the additional two growth stages of C.
bonariensis. The experiments were repeated at least
twice.
Dose response curves were determined for each
population according to González-Torralva et al.
(2010). Data were pooled and fitted to a nonlinear, loglogistic regression model:

Results and discussion

Y = c + {(d – c) / [1 + (x / g) ]}
where Y is the fresh above-ground weight expressed as a
percentage of the untreated control, c and d are coefficients
corresponding to the lower and upper asymptotes, b is the slope of
the line, g is the herbicide rate at the point of inflection halfway
between the upper and lower asymptotes, and x (independent
variable) is the herbicide dose. Regression analysis was conducted
using SigmaPlot for Windows Version 10.0.

Spray retention assays. Plants at BBCH 14-15 scale
(Hess et al. 1997) were sprayed with a colored
glufosinate solution using the spray chamber and
conditions as described in the dose-response assays.
Solution contained glufosinate at a rate of 1 L
-1
-1
(formulated product) ha plus 100 mg L Na-fluorescein
(Grangeot et al. 2006, Michitte et al. 2007) in an
-1
application volume of 300 L ha . After the spray had
dried on the foliage (15 min.), plants were cut off at
ground level and immersed for 30 s in 50 mL of 5 mM
NaOH, next the washed solution was filtered and kept
in vials. Plants were then placed at 60 ºC for 72 h and
the dry matter weighed. The amount of Na-fluorescein
in each sample was measured by its absorbance with
a Hitachi F-2500 Fluorescence Spectrophotometer at
490exc/510em nm. This procedure was carried out with
C. bonariensis at the different growth stages
described. Experiments were arranged in a completely
randomized design with four replications (3 plants
each) for each population. Results were expressed as
-1
mL of spray retention per g dry weight. The
experiments were repeated at least twice.
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Fresh weight (%) respect to untreated plants

b

Dose-response assays. Different degrees of sensitivity
and control have been found in different species when
they are treated with glufosinate (Mersey et al. 1990,
Everman et al. 2009). Dose-response assays showed
a high susceptibility among the different Conyza spp.
with differences between species. At 4 days after
treatment all the plants showed phytotoxicity
symptoms due to the herbicide application.
The dose inhibiting the above-ground biomass by
50% (ED50) decreased in the order: C. bonariensis > C.
sumatrensis > C. canadensis. The ED50 values found
-1
were 0.216; 0.09 and 0.058 L ha , respectively
(Figure 1). C. bonariensis was 3.7 and 2.4 times less
susceptible than C. canadensis and C. sumatrensis,
respectively. These results are similar to those
reported by Fernandez-Cerejido et al. (2009) whose
work with several adjuvants on the effectiveness of
Conyza spp. reported that C. albida showed a higher
susceptibility to glufosinate than C. bonariensis
regardless of the adjuvant.
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100

80

60

40

20

0
0.0

0.1

0.2

0.3

0.4

-1

Glufosinate (L ha )

Figure 1. Dose response curves of the three species of Conyza spp.
Fresh weight was determined 21 days after treatment, data were
expressed as percentage with respect to untreated plants. Vertical
bars represent ± standard errors of the mean. Córdoba, Spain, 2011.

At later developmental growth stages in C.
bonariensis, the dose inhibiting the above ground
biomass by 50% increased considerably. ED50 showed
-1
values of 0.517 and 1.297 L ha for the second and
third growth stage, respectively (Table 1). Other
studies carried out on A. artemisiifolia L. showed that
the most effective control in this species with
glufosinate or glyphosate is at bud appearance (BBCH
53-55) growth stage (Gauvrit and Chauvel 2010).
Assays made on different species such as Amaranthus
rudis Sauer; Ambrosia trifida L.; Ipomoea hederacea
(L.) Jacq.; Eriochloa contracta Hitchc.; Abutilon
theophrasti medicus and Cyperus esculentus L.
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treated with glufosinate at three different growth stages
showed different responses among species, locations
and growth stage application. Ambrosia trifida L.,
Ipomoea hederacea (L.), and Eriochloa contracta
Hitchc. showed a major percentage damage when
treated at an early growth stage compared to later
developmental stages. However, when glufosinate was
applied on A. trifida L. in another location the visual
damage was different, and major injury was obtained
when plants were treated at 15 cm in height (Hoss et
al. 2003). The differences in sensitivity found in this
work could be due to differences in absorption/
translocation or metabolism as has been demonstrated
in other studies. The study of those techniques
requires further investigations.
Table 1. Parameters found in the modela used to calculate the
glufosinate dose required for 50% plant injury (ED50) in C.
bonariensis plants treated at three different growth stages. Córdoba,
Spain, 2011.
Growth stage

Pc

0.216

0.97

<0.001

3.99

0.517

0.87

<0.001

4.28

1.297

0.93

<0.001

d

b

0.89

100.00

5.68

10-15 cm in height 43.54

97.58

95.98

Rosette

ED50

pseudo r2b

c

–1

(L ha )

(BBCH 14-15)

Capitula formed

60.25

of herbicide absorption by the plant in the different
growth stages, and different factors such as
temperature, humidity, spray volume and the plant
physiology (Grangeot et al. 2006).
Table 2. Spray retention values obtained with treated plants of
Conyza spp. in the BBCH 14-15 stage and two additional growth
stages in C. bonariensis. Córdoba, Spain, 2011.
Species

Stage

C. canadensis
C. sumatrensis

BBCH 14-15
BBCH 14-15

mL spray retention
-1
a
g dry weight
1.16 ± 0.29 A
0.99 ± 0.17 A

BBCH 14-15

0.98 ± 0.20 A

C. bonariensis

10-15 cm in height

0.44 ± 0.05 B

Capitula formed
0.38 ± 0.05 B
(Prior to flowering)
a
Mean values within a column followed by the same letter are not significantly
different at the 0.05 level as determined by the Tukey HSD test. Coefficient of
variation (CV) = 21.64. Mean values ± standard errors of the mean.

Conclusions
Results obtained show the differential response of
the three Conyza in southern Spain to glufosinate. As
demonstrated by the dose response curves, the
optimal application timing is in the rosette stage.
Investigations are under way to elucidate the
physiological factors that could explain this differential
response.
References

(prior to flowering)
a

Y = c + {(d – c) / [1 + (x / g)b]}, where Y is the percent plant injury; x
(independent variable) is the herbicide rate; c and d are the lower and upper,
asymptote, respectively; b is the slope of the curve; and ED50 is the effective
herbicide rate required for 50% plant injury. Data were pooled and fitted to a
non-linear regression model. b Approximate coefficient of determination of nonlinear models with a defined intercept calculated as pseudo r2 = 1 – (sums of
squares of the regression/corrected total sums of squares). c Probability level
of significance of the non-linear model.

Spray retention assays. Conyza canadensis retained
more glufosinate than C. sumatrensis and C.
bonariensis, but there were no significant differences
between populations at BBCH 14-15 stage (Table 2).
In the second and third growth stage in C. bonariensis
the values in spray retention decreased, with the
values ranging from 0.35 to 0.45 mL spray retention
-1
g dry weight. There were no significant differences
between those two growth stages, although when
compared with the amount retained in the BBCH 14-15
stage there were significant differences.
Species like Ambrosia artemisiifolia, Triticum
aestivum L., Pisum sativum L., Chamomilla recutita L.,
Solanum nigrum L., Lycopersicum esculentum Mill.
have shown differences in the amount of spray
-1
retention with values ranging from 0.3 to 0.4 mL g dry
weight (De Ruiter et al. 1990). In the BBCH 14-15
stage, the data in spray retention are not in
accordance with the ED50 values found in the different
Conyza spp., C. bonariensis retained almost the same
amount of herbicide solution (with no significant
differences), but the ED50 value was higher compared
with the other two species. In the other two growth
stages of C. bonariensis the amount of herbicide
retained was similar without significant differences.
However, as in the BBCH 14-15 stage, the ED50 values
are not in accordance; this could be due to the amount
Communications in Plant Sciences (2237-4027)

Bastida F, Muriel AJ, Menéndez J. 2005. La flora
arvense de los cítricos en la Provincia de Huelva. In:
Menéndez J, Bastida F, Fernández-Quintanilla C,
González JL, Recasens J, Royuela M, Verdú A,
Zaragoza C (eds.). Malherbología Ibérica y Magrebí:
soluciones comunes a problemas comunes. Huelva,
España: Universidad de Huelva. (In Spanish).
pp.305-315.
Bayer E, Gugel KH, Hagele K, Hagenmaier H,
Jessipow S, König WA, Zähner H. 1972.
Stoffwechselprodukte
von
Mikroorganismen.
Phosphinothricin und phosphinothricyl-Alanyl-Alanin.
Helv Chim Acta 55:224-239.
Bond JA, Walker TW. 2011. Differential tolerance of
Clearfield rice cultivars to imazamox. Weed Technol
25:192-197.
Campos LHF, Francisco MO, Carvalho SJP, Nicolai M,
Christoffoleti PJ. 2009. Susceptibility of Ipomoea
quamoclit, I. triloba and Merremia cissoides to the
herbicides sulfentrazone and amicarbazone. Planta
Daninha 27:831-840.
Carretero JL. 2004. Flora Arvense Española: Las
Malas Hierbas de los Cultivos Españoles. Valencia,
España: Phytoma España. 754p.
Carvalho SJP, Buissa JAR, Nicolai M, López-Ovejero
RF, Christoffoleti PJ. 2006. Differential susceptibility
of Amaranthus genus weed species to the herbicides
trifloxysulfuron-sodium and chlorimuron-ethyl. Planta
Daninha 24:541-548.
Coetzer E, Al-Khatib K. 2001. Photosynthetic inhibition
and ammonium accumulation in palmer amaranth
after glufosinate application. Weed Sci 49:454-459.
De Ruiter H, Uffing AJM, Meinen E, Prins A. 1990.
Influence of surfactants and plant species on leaf
volume 2, issue 1, p.1-4, Jan-Mar, 2012

4
retention of spray solutions. Weed Sci 38:567-572.
Devine MD, Duke SO, Fedtke C. 1993. Inhibition of
amino acid biosynthesis. In: Physiology of Herbicide
Action. Englewood Cliffs, NJ: Prentice Hall. pp.274275.
Eubank TW, Poston DH, Nandula VK, Koger CH,
Shaw DR, Reynolds DB. 2008. Glyphosate-resistant
horseweed (Conyza canadensis) control using
glyphosate, paraquat, and glufosinate based
herbicide programs. Weed Technol 22:16-21.
Everman WJ, Mayhew CR, Burton JD, York AC, Wilcut
JW. 2009. Absorption, translocation, and metabolism
14
C-glufosinate in glufosinate-resistant corn,
of
goosegrass (Eleusine indica), Large Crabgrass
(Digitaria sanguinalis), and Sicklepod (Senna
obtusifolia). Weed Sci 57:1-5.
Fernández-Cerejido MC, Bastida F, Menéndez J.
2009. The effect of several adjuvants on glufosinate
effectiveness in Conyza species. Communications in
agricultural and applied biological sciences 74:525532.
Ferreira RR, de Oliveira FTR, Delite FS, Azevedo RA,
Nicolai M, de Carvalho SJP, Christoffoleti PJ,
Figueira AVO. 2010. Differential tolerance of
sugarcane varieties to herbicide stress. Bragantia 69:
395-404.
Gauvrit C, Chauvel B. 2010. Sensitivity of Ambrosia
artemisiifolia to glufosinate and glyphosate at various
developmental stages. Weed Res 50:503-510.
González-Torralva F, Cruz-Hipolito H, Bastida F,
Mülleder N, Smeda RJ, De Prado R. 2010.
Differential susceptibility to glyphosate among the
Conyza weed species in Spain. J Agric Food Chem
58:4361-4366.
Grangeot M, Chauvel B, Gauvrit C. 2006. Spray
retention, foliar uptake, and translocation of
glufosinate and glyphosate in Ambrosia artemisiifolia.
Weed Res 46:152-162.
Hess M, Barralis G, Bleiholder H, Buhr L, Eggers Th,
Hack H, Stauss R. 1997. Use of the extended BBCH
scale-general for the descriptions of the growth
stages of mono and dicotyledonous weed species.
Weed Res 37:433-441.
Holm L, Doll J, Holm E, Pancho J, Herberger J. 1997.
World weeds: natural histories and distribution.
J.Wiley: New York. pp.226-235.
Hoss NE, Al-Khatib K, Peterson DE, Loughin TM.
2003. Efficacy of glyphosate, glufosinate, and
imazethapyr on selected weed species. Weed Sci
51:110-117.
Lea PJ, Joy KW, Ramos JL, Guerrero MG. 1984. The
action of the 2-amino-4-(methylphosphinyl)-butanoic
acid (phosphinothricin) and its 2-oxo-derivative on
the metabolism of cyanobacteria and higher plants.
Phytochemistry 23:1-6.
Mersey BG, Hall JC, Anderson DM, Swanton CJ.
1990. Factors affecting the herbicidal activity of
glufosinate-ammonium: absorption, translocation,
and metabolism in barley and green foxtail. Pestic
Biochem Physiol 37:90-98.
Michitte P, De Prado R, Espinoza N, Ruiz-Santaella
JP, Gauvrit C. 2007. Mechanisms of resistance to
glyphosate in a ryegrass (Lolium multiflorum) biotype
Communications in Plant Sciences (2237-4027)

from Chile. Weed Sci 55:435-440.
Recasens J, Conesa JA. 2009. Malas hierbas en
plántula: guía de identificación. Ediciones de la
Universitat de Lleida: Lleida, Spain. pp.143-147.
Ruiz-Santaella JP, Bastida F, Franco AR, De Prado R.
2006. Morphological and molecular characterization
of different Echinochloa spp. and Oryza sativa
populations. J Agric Food Chem 54:1166-1172.
Saavedra MM, Pastor M. 2002. Sistemas de cultivo en
olivar (manejo de malas hierbas y herbicidas). Ed.
Agrícola Española, Madrid, España. 429p.
Senseman SA. 2007. Herbicide handbook. 9th edition,
WSSA, Lawrence, KS 66044-8897, USA. pp.247248.
Tachibana K, Watanaba T, Seikizawa Y, Takematsu
T.1986b. Accumulation of ammonia in plants treated
with bialaphos. J Pestic Sci 11:33-37.
Tachibana K, Watanabe T, Seikizawa Y, Takematsu T.
1986a. Inhibition of the glutamine synthetase and
quantitative changes of free amino acids in shoots of
bialaphos treated Japanese barnyard millet. J Pestic
Sci 11:27-31.
Thébaud C, Abbott RJ. 1995. Characterization of
invasive Conyza species (Asteraceae) in Europe:
quantitative trait and isozyme analysis. Am J Bot
82:360-368.
Wendler C, Barniske M, Wild A. 1990. Effect of
phosphinothricin (glufosinate) on photosynthesis and
photorespiration of C3 and C4 plants. Photosynth
Res 24:55-61.
Received on January 4, 2012.
Accepted on February 20, 2012.
Online published on February 28, 2012.

Quality of English writing is responsibility of authors.

volume 2, issue 1, p.1-4, Jan-Mar, 2012

