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Abstract
Plant responses to glyphosate applied at different doses were examined for one glyphosate 
resistant (R) and one glyphosate susceptible (S) population of Conyza albida and C. bon­
arienis. Growth rates and development stages of five R C. albida and three R C. bonarienis 
populations were also compared with those of their respective S counterparts to investigate 
the possible impact of the glyphosate resistance trait on their fitness. The GR50 values for 
C. albida R (3.94−5.22 kg a.i. · ha−1) and S (0.24−0.31 kg a.i. · ha−1) populations were higher 
than those of C. bonariensis R (0.60−1.51 kg a.i. · ha−1) and S (0.10−0.13 kg a.i. · ha−1). The 
growth rate (slope b) of one R C. albida population was lower than the respective S and 
other R populations, while growth rates of most R and S C. bonariensis populations were 
similar. Some R populations showed inconsistent differences in some development stages 
when compared to those of the S ones, which cannot be attributed to the glyphosate 
resistance trait. 
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Introduction

Conyza species (members of the Asteraceae family) 
are the most important weeds in perennial cropping 
systems like orchards, olive groves, and vineyards in 
Greece (Mylonas et al. 2014). The genus Conyza in-
cludes weedy species such as Conyza albida Willd. ex 
Sprengel (Syn: Conyza sumatrensis (Retz.) E. H. Walk-
er) (Fleabane or Sumatran fleabane), Conyza bonarien­
sis (L.) Cronq. (Hairy fleabane), and Conyza canaden­
sis (L.) Cronq. (Horseweed) and are the most common 
ones found worldwide and in Greece (Mylonas et al. 
2014; Heap 2018). 

Glyphosate [N-(phosphonomethyl)-glycine] is one 
of the most commonly used herbicides for the control 

of annual and perennial weeds in various cropping 
systems (Duke and Powles 2008; Kleinman and 
Rubin 2017). However, its intensive use has result-
ed in the evolution of 43 glyphosate R weed species 
(Heap 2018). The Conyza species are self-pollinating, 
produce massive quantities of wind-distributed seeds 
per plant, germinate under a wide range of condi-
tions and produce non-dormant highly viable seeds, 
which has helped these annuals to invade and ac-
climate in many regions across the globe (Weaver 
2001; Powles 2008; Kleinman et al. 2016). There have 
been 13 and 8 reported cases for glyphosate resistance 
in C. bonariensis and C. albida, respectively which is 
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less than the 42 reported cases in C. canadensis (Heap 
2018).

Conyza species exhibit high tolerance to glypho-
sate applied at high temperatures, in low humidities or 
in advanced weed growth stages (Walker et al. 2011; 
Kleinman and Rubin 2017). In addition, good control 
for R C. canadensis was achieved with glyphosate ap-
plication under favorable weather conditions (aver-
age temperatures <16°C for 3 days prior to spraying, 
on the day of spraying and for 6 days after spraying) 
(Ge et al. 2011). Dennis et al. (2016) also reported 
that glyphosate provided good control of glyphosate 
S, R, and glyphosate and paraquat multiple resistant 
C. bonariensis populations at the five to eight leaf stages 
in the fall, but the control was poor in spring. Moretti 
et al. (2013) also found that control of C. bonarien­
sis with glyphosate varied substantially due to envi-
ronmental conditions prior to and after application 
time, whereas similar information was not found for 
C. albida. 

Differences in growth and the amount of seed 
production between herbicide resistant and suscep-
tible weed populations can affect the persistence and 
frequency of the herbicide resistant populations in 
a weed species (Davis et al. 2009). If relative growth 
and reproductive ability of the resistant populations 
are reduced, the resistance frequency is expected to 
decline over time once the selection pressure is ceased 
(Maxwell et al. 1990; Green 2007; Davis et al. 2009). 
Therefore, crop management decisions can be used to 
exploit the fitness cost to reduce the frequency of re-
sistant populations (Williams et al. 1995; Zhang et al. 
1999; Davis et al. 2009). 

The possibility of a fitness cost associated with gly-
phosate resistance in Conyza species has been exam-
ined to some extent with C. canadensis and C. bonar­
iensis but not with C. albida. Comparison of R and S 
C. canadensis populations in the greenhouse by Zelaya 
et al. (2004) showed no fitness difference. Similarly, Da-
vis et al. (2009) reported that untreated plants from R 
C. canadensis populations, resistant to ALS-inhibitors 
or to glyphosate + ALS-inhibitors, produced similar 
amounts of biomass and seed compared to populations 
that were susceptible to either herbicides or the combi-
nation of herbicides. However, an R C. canadensis pop-
ulation from San Joaquin Valley (California) showed 
higher growth rate (Grantz et al. 2008a, b) and higher 
competitive ability than the S population when grown 
together in pots at high densities and under moisture-
deficit stress (Shrestha et al. 2010). Furthermore, the 
above-mentioned R C. canadensis population reached 
reproductive maturity approximately 3 to 4 weeks ear-
lier than the S population when grown (alone, in pots) 
in full sunlight (Shrestha et al. 2010) and approxi-
mately a week earlier when grown under a grapevine 
canopy in a vineyard (Alcorta et al. 2011). Regarding 

C. bonariensis from Greece, Travlos and Chachalis 
(2013) reported similar growth and seed production 
of one R and one S population originating from differ-
ent geographical locations. Shrestha et al. (2014) also 
reported that five R C. bonariensis and five S popula-
tions had similar phenological development rates and 
biomass. 

The response of one R and one S population of 
C.  albida and C. bonariensis, respectively, to glypho-
sate season of application was studied. In addition, the 
growth rate and development stages of five R C. albida 
and three R C. bonariensis populations were also in-
vestigated under noncompetitive conditions and com-
pared to that of their respective S counterparts.  

Materials and Methods

Effect of glyphosate on resistant  
and susceptible C. albida  
and C. bonariensis populations 

Seeds of one R population of C. albida (R1), one R 
C. bonariensis (R6) population and, one S population 
of C. albida (S1) and one S C. bonariensis (S2) popu-
lation were used in this study, which were obtained 
from previous experiments conducted by Mylonas 
et al. (2014), where their resistance or susceptibility 
was confirmed. The seeds were sown in plastic seed-
ling trays of 24 individual cells (dimensions 6 × 5.5 × 
5 cm) filled with a 1 : 2 (v/v) mixture of white peat 
and potting soil. Each cell was seeded with approxi-
mately 20 seeds and the trays were placed in the green-
house of the Benaki Phytopathological Institute for 
germination. After emergence, seedlings were thinned 
in order to have uniform seedlings in each population. 
Seedlings were grown, selected to be uniform in size 
(2−4 leaf stage) and transplanted to plastic pots (1.5 l) 
(two plants per pot) filled with the substrate of 1 : 2 (v/v) 
mixture of white peat and potting soil. The pots were 
placed in the greenhouse and watered as needed. One 
experiment was conducted in spring – summer 2012 
with temperatures ranging from 16 to 42°C, and repeat-
ed in spring – summer 2013 with temperatures rang-
ing from 17 to 41°C. Only natural light was used, and 
supplemental fertilizer was not added during the exper-
iments. Plants were treated with glyphosate when they 
reached the six to eight leaf growth stage by using a cus-
tom-built, compressed-air, low-pressure flat-fan nozzle 
experimental sprayer calibrated to deliver 300 l · ha−1 of 
water at 280 kPa pressure. An isopropylamine salt for-
mulation of glyphosate (Roundup 36 SL, 360 g a.i. · l−1, 
SL, Monsanto Hellas) was used. For the R populations, 
glyphosate was applied at 0.315, 0.630, 1.260, 2.520, 
5.040, and 10.080 kg a.i. · ha−1, which represent ½, 1, 
2, 4, 8, and 16 times, respectively, the recommended 
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dose. For the S populations, the glyphosate doses were 
0.630, 0.315, 0.1575, 0.07875, 0.039375, and 0.0196875 
kg a.i. · ha−1, corresponding to 1, ½, ¼, 1/8, 1/16, and 
1/32 times the recommended dose. Also, an untreated 
control for each population was included. At 6 weeks 
after treatment (WAT), control of C. albida and C. bo­
nariensis populations was assessed by determining the 
fresh weight of all survived plants in each pot. Data 
were expressed as percentage % of the respective un-
treated control mean value of each population. At her-
bicide application, the temperatures were 27−31°C. 
The two identical experiments (one in 2012 and one in 
2013) for the two R or for the two S populations were 
conducted in a 2 × 7 (2 R populations × 7 glyphosate 
doses) and a 2 × 7 (2 S populations × 7 glyphosate 
doses) split-plot arrangement, where populations 
were the main and the glyphosate doses the sub-plots. 
A randomized complete block design (RCBD) was 
used with four replications-pots per each combined 
treatment (population × glyphosate dose). 

Growth rate and development stages 
of R and S C. albida and C. bonariensis 
populations

Seeds of six (5 R and 1 S) C. albida and four (3 R and 
1 S) C. bonariensis populations, including the four 
populations used in the glyphosate efficacy experi-
ments, were used in this study. They were obtained 
from previous experiments conducted by Mylonas 
et  al. (2014), where their resistance or susceptibility 
was confirmed. Seeds and seedlings were treated using 
the same protocol as described in the previous experi-
ments. However, the plastic pots used for transplanting 
had a capacity 8.5 l instead of 1.5 l. After transplanting 
in early May, the pots were placed outdoors so that the 
plants grew under natural environmental conditions. 
One experiment was conducted in spring – autumn 
2012 with mean temperatures ranging from 20°C to 
29°C, and repeated in spring-autumn 2014 with mean 
temperatures ranging from 17°C to 27°C. The daylight 
time was the natural one. For a uniform watering of the 
plants, pots were connected to a drip irrigation system 
using one self-compensating dripper (nominal flow rate 
4 l · hr-1) per pot. No supplemental fertilizer was pro-
vided during the experiments. Experiments with 6 × 5 
(5 R and 1 S C. albida populations by 5 growth stages) 
and 4 × 5 (3 R and 1 S C. bonariensis populations by 
5 growth stages) were conducted using split-plot ar-
rangements, based on the RCBD. In each species ex-
periment, populations were the main plots and growth 
stages the sub-plots. For each experiment conducted in 
2012 and 2014, there were four replications-pots per 
each combined treatment (population × growth stage).

To assess population differences in growth rate, 
eight plants (two plants by four replicate-pots) per 

population were harvested at each of the five growth 
stages studied, namely at the rosette stage, bolting 
stage, full flowering, 50−80% of seed production, and 
100% of seed production, and their fresh (data not 
shown) and dry weights (after two days in an oven at 
60°C) were recorded. 

Furthermore, the plants of the last evaluation 
(plants at 100% of seed production used for the growth 
rate) were also recorded daily before harvest for begin-
ning of bolting (extension of the main stem), first ap-
pearance of a floral bud, first appearance of an open 
flower, and first appearance of a flower with seeds. The 
initiation of these development stages for each plant 
was recorded and expressed as days after plant estab-
lishment (DAE) outdoors.

Statistical analysis 

A combined ANOVA over the two identically con-
ducted experiments (one in 2012 and one in 2013) 
was used for the fresh weight data obtained from the 
glyphosate efficacy study against the R or the S popu-
lations of both species, using the experimental design 
described previously. The differences between treat-
ment means of the R or S populations were tested at 
the 5% significance level using the LSD criterion. 

The fresh weight data, resulting from each of the 
experiments (2012, 2013) × population × glyphosate 
doses × species combination, were used separately to 
determine the amount of glyphosate required for 50% 
growth reduction (GR50 value) of each R or S C. albida 
and C. bonariensis population. In particular, the fresh 
weight data were subjected to nonlinear regression 
analysis using the log-logistic equation proposed by 
Seefeldt et al. (1995): 

 

where: C = the lower limit of fresh weight, D = the up-
per limit of fresh weight, b = the slope at the GR50, and 
GR50 = the estimated herbicide dose required for 50% 
growth reduction. In this nonlinear regression equa-
tion, the glyphosate dose (kg a.i. · ha−1) was the inde-
pendent variable (x) and the fresh weight (percentage 
% of the untreated control mean value for each popula-
tion) was the dependent one (y). 

Goodness of fit of the log-logistic models was as-
sessed according to Motulsky and Christopoulos 
(2003), by a) visual inspection of the overall fit on the 
corresponding graphs with the superimposed regres-
sion curves, b) computing and evaluating the R2 coef-
ficient of determination of the corresponding models, 
c) computing and evaluating the standard deviations 
of the corresponding models’ residuals (se), d) com-
puting and evaluating the range of the estimated GR50 

{ }50

;
1 exp log( ) log( )

D Cy C
b x GR

−
= +

+ −  
,



Philippos N. Mylonas et al.: Dose-response and growth rate variation among glyphosate resistant… 35

confidence intervals (CI), and e) evaluating the scien-
tific plausibility of the estimated parameters. 

The R2 coefficient was computed according to the 
formula:

2 1 ,RSSR
CTSS

= −

where: RSS = the Residual Sum of Squares and 
CTSS = the Corrected Total Sum of Squares computed 
from the nonlinear regression.

For the growth rate, a combined ANOVA over the 
two identically conducted experiments (2012, 2014) 
was performed for each species, according to the cor-
responding experimental designs described previous-
ly. The dry weight data, before the application of the 
ANOVA, were log transformed. As the ANOVA results 
indicated a significant (p < 0.05) three-way interaction 
[two experiments by C. albida (5R and 1S) or C. bon­
ariensis (3R and 1S) populations by growth stages], the 
experiments × population × growth stage means were 
used to determine the growth rate for each population 
of either species. Therefore, mean dry weight raw data 
were fitted to a quadratic model, and the growth rate 
(slope b) along with the coefficients of determination 
(R2) were estimated from the regression model. In the 
quadratic regression equation, the dry weight was the 
dependent variable (y) and the time (days after plant 
establishment outdoors) was the independent one (x). 
Estimated days for maximum dry weight were deter-
mined after differentiation (finding the first and the 
second derivative) of the quadratic model using the 
estimated least squares coefficients a, b, and c.

For each development stage assessment, a com-
bined ANOVA over the two identically conducted 
experiments was made on data (days after plant es-
tablishment outdoors) obtained from the six (5 R and 
1  S C. albida) populations or the four (3 R and 1 S 
C. bonariensis) populations. Differences among treat-
ment means were tested at the 5% significance level us-
ing the LSD criterion.

All statistical analyses were performed using the 
SPSS v15.0 statistical software.

Results 

Effect of glyphosate on resistant  
and susceptible C. albida  
and C. bonariensis populations 

The combined ANOVAs over the two identically 
conducted experiments (one in 2012 and repeated in 
2013) for the fresh weight data obtained from the R 
(C. albida and C. bonariensis) or from the S (C. albida 

and C. bonariensis) populations showed significant in-
teraction (p < 0.05) due to experiments (2012, 2013) 
on R or S population species (C. albida and C. bon­
ariensis) with different glyphosate doses. Therefore, 
the estimated GR50 values from the fitted log-logistic 
equation (Fig. 1) are presented separately for each 
species population by experimental year. These data 
revealed that the R1 and S1 C. albida populations 
showed higher GR50 values than those of the R6 and 
S2 C. bonariensis populations in both 2012 and 2013 
experiments (Table 1).  

Growth rate and development stages 
of R and S C. albida and C. bonariensis 
populations 

The estimated slope b (growth rate), for C. albida 
populations in 2012, indicated that the R2 population 
had the highest slope b (6.6) and the R4 population 
the lowest (0.4), whereas, in 2014, the highest slope b 
was estimated for the R5 population (1.9) and the low-
est for the R4 population (0.4) (Table 2). According to 
slope b, the decreasing order for C. albida populations 
in 2012 was R2 > R3 > S1 > R1 > R5 > R4, whereas the 
respective order in 2014 was R5 > S1 > R3 > R2 > R1 
> R4. Regarding C. bonariensis populations, in 2012, 
the highest slope b was estimated for the R8 popula-
tion (1.4) and the lowest for the S2 population (0.7), 
whereas the highest slope b in 2014 was estimated for 
the S2 population (1.0) and the lowest for the R6 popu-
lation (0.7) (Table 3). Taking into consideration slope 
b, the decreasing order for C. bonariensis populations 
in 2012 was R8 > R7 > R6 > S2, whereas the respective 
order in 2014 was S2 > R7 > R8 > R6.

Regarding C. albida development stages, in 2012, 
the beginning of bolting, first appearance of a floral 
bud, first appearance of an open flower, and first ap-
pearance of a flower with seeds of the R4 population 
were observed 5−13 days later than the respective pa-
rameters for the S1 population (Fig. 2). In addition, in 
2014, the above-mentioned development stages for the 
R4 population were observed 8−9 days later than for 
the S1 population. However, most of the development 
stages for the R1, R2, R3, and R5 populations were 
similar to those of the S1 population.  

Concerning C. bonariensis development stages, in 
2012, beginning of bolting, first appearance of a flo-
ral bud, first appearance of an open flower, and first 
appearance of a flower with seeds of the R7 popula-
tion were observed 3−8 days earlier than the respective 
days of the S2 population, whereas, in 2014, the above-
mentioned development stages for R7 population were 
observed 4−5 days later than for the S2 population 
(Fig. 3).
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Table 1. Estimated GR50 values from the log-logistic model fitted for the Conyza albida R1, S1 and C. bonariensis R6, S2 populations 
examined in the two experiments (spring – summer 2012, spring – summer 2013)

Populations GR50 (95% CI)  [kg a.i. · ha−1] R2 se

Spring – summer 2012 (application at 27−31°C)

C. albida

R1 3.94 (3.10−4.57) 0.863 12.6

S1 0.31 (0.23−0.39) 0.840 14.6

C. bonariensis

R6 1.51 (1.15−1.93) 0.908 14.1

S2 0.13 (0.10−0.16) 0.940 11.3

Spring – summer 2013 (application at 27−31°C)

C. albida

R1 5.22 (2.67−8.41) 0.624 15.5

S1 0.24 (0.19−0.29) 0.932 10.0

C. bonariensis

R6 0.60 (0.47−0.75) 0.811 15.2

S2 0.10 (0.07−0.12) 0.947 11.1

GR50	− glyphosate dose for 50% reduction of C. albida or C. bonariensis fresh weight
CI − Confidence Interval
R2 − log-logisitc model’s coefficient of determination
se  − standard deviation of the log-logistic model’s residuals

Fig. 1. Glyphosate dose response of the Conyza albida R1, S1 and C. bonariensis R6, S2 populations evaluated in the two experiments: 
1 − spring – summer 2012 (A), 2 − spring – summer 2013 (B). Each data point is a mean of four replicates. Curve fitting was initially made 
using glyphosate doses in log10 (Χ + 1) values; the glyphosate doses presented in the four graphs are back transformed to X values
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Fig. 2. Average time (days after plant establishment outdoors) required by the R1−R5 and S1 Conyza albida populations to reach four 
development stages in the two experiments (2012, 2014)

Fig. 3. Average time (days after plant establishment outdoors) required by the R6−R8 and S2 Conyza bonariensis populations to reach 
four development stages in the two experiments (2012, 2014)
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Discussion

The GR50 values for all populations were higher (R 
C. albida 3.94−5.22 kg a.i. · ha−1, R  C. bonariensis 
0.60−1.51 kg a.i. · ha−1, S C. albida 0.24-0.31 kg a.i. · ha−1, 

S C. bonariensis 0.10-0.13 kg a.i. · ha−1) after gly
phosate  application in spring – summer than with 
the respective GR50 values obtained (R C. albida 
2.45−2.61 kg a.i. · ha−1, R  C. bonariensis 0.28−0.39 kg 
a.i. · ha−1, S C. albida 0.07−0.08 kg a.i. · ha−1, S 
C. bonariensis 0.04−0.05 kg a.i. · ha− 1) in the same 
area of Greece after glyphosate application in autumn 
2011 – winter 2012 (Mylonas et al. 2014). A comparison 
of these findings suggests that the R and S populations 
of both Conyza species in Greece were more suscep-
tible to glyphosate applied in autumn – winter than in 
spring-summer. This strongly supports that manage-
ment of Conyza species with glyphosate is dependent 
on seasonal effect (this is reported for the first time for 
C. albida in Greece and worldwide). Similar results 
were reported by Kleinman et al. (2016) for R and S 
C. bonariensis populations. They found higher popu-
lation tolerance to glyphosate as temperatures rose. 
Dennis et al. (2016) also found that the efficacy of 
glyphosate against R C. bonariensis population was re-
duced when applied in spring than under lower tem-
perature regimes. In addition, Moretti et al. (2013) re-
ported that, during summer, a higher glyphosate dose 
is required to reduce growth by 50% (GR50 value =  
= 0.94 kg a.i. · ha−1) of an R C. bonariensis population 
as compared with the respective GR50 value (0.22 kg 
a.i. · ha−1) for the winter glyphosate application. Fur-
thermore, Ge et al. (2011) found that the control of 
a R C. canadensis population varied inversely with 
temperature (less control at higher temperature), and 
Vila-Aiub et al. (2013) also reported that glyphosate ef-
ficacy against R Sorghum halepense and Lolium rigidum 
populations increased with decreasing temperatures. 

The methodological approach proposed by Vila- 
-Aiub et al. (2011) to control genetic background was 
not used because the resistance mechanism to glypho-
sate of the populations studied was not molecularly 
elucidated. In addition, competition studies between 
R and S populations were not conducted because any 
significant fitness differences may not correspond to 
resistance traits but possibly to pleiotropic effects of re-
sistance gene(s) or to different geographical locations 
of origin of the populations. Therefore, a comparison 
of differences between the growth rates of the R and 
S populations was conducted under noncompetitive 
conditions, since it gives the opportunity for plants 
to express their genotype in a more efficient way than 
with those grown under competitive conditions. In 
addition, although this approach does not record dif-
ferences in the genetic background of R and S lines, 
it helps to determine the influence of different genetic 
backgrounds on the fitness of resistance genes in natu-
ral populations (Vila-Aiub et al. 2011).

The growth rate (slope b) and development stage 
differences between C. albida and C. bonariensis 

Table 2. Estimated growth rate (slope b ± SE) and coefficient 
of determination (R2) from the quadratic model fitted for the 
R1−R5 and S1 Conyza albida populations examined in the two 
experiments (2012, 2014)

  Populations Slope (b ± SE)
Estimated days  
for maximum  

dry weight 
R2

First experiment (2012)

R1 3.6 ± 1.5 >118 0.963

R2 6.6 ± 2.3 80 0.922

R3 5.4 ± 2.4 90 0.924

R4 0.4 ± 1.2 >118 0.985

R5 1.9 ± 1.8 >118 0.960

S1 3.7 ± 1.9 98 0.926

Second experiment (2014)

R1 0.6 ± 0.3 >133 0.965

R2 1.1 ± 0.5 114 0.949

R3 1.2 ± 0.5 120 0.944

R4 0.4 ± 0.1 >133 0.994

R5 1.9 ± 0.5 95 0.958

S1 1.2 ± 0.8 120 0.897

SE − standard error of the estimate

Table 3. Estimated growth rate (slope b ± SE) and coefficient of 
determination (R2) from the quadratic model fitted for the R6−R8 
and S2 Conyza bonariensis populations examined in the two 
experiments (2012, 2014)

Populations
Slope  

(b ± SE)

Estimated days 
for maximum  

dry weight
R2

First experiment (2012)

R6 0.8 ± 0.2 >97 0.998

R7 1.2 ± 0.2 >97 0.993

R8 1.4 ± 0.3 >97 0.990

S2 0.7 ± 0.1 >97 1.000

Second experiment (2014)

R6 0.7 ± 0.1 >92 0.989

R7 0.8 ± 0.2 >92 0.980

R8 0.8 ± 0.1 >92 0.984

S2 1.0 ± 0.1 >92 0.996

SE − standard error of the estimate
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populations grown in the two years indicated that fit-
ness of C. albida and C. bonariensis is not affected by the 
glyphosate resistance trait. Other non-resistant fitness 
traits selected by different environmental conditions in 
the geographical origins of the populations could ac-
count for this (Vila-Aiub et al. 2011; Papapanagiotou 
et al. 2015). The greater growth rate and development 
stage differentiation of C. albida and C. bonariensis 
populations due to warmer and drier weather condi-
tions in 2012 than in 2014 agree with results reported 
by Alcorta et al. (2011). 

The fact that beginning of bolting, first appearance 
of a floral bud, first appearance of an open flower, and 
first appearance of a flower with seeds in C. albida R4 
population were observed 5−13 days later than the re-
spective parameters for a S1 population is in contrast 
with results reported by Alcorta et al. (2011) for a R 
C. canadensis population. They found budded, flow-
ered, and set seeds 6, 10, and 7 days, respectively, ear-
lier than in the S population. Sherstha et al. (2010) 
also found that a R C. canadensis population budded, 
flowered, and set seeds 3 to 4 weeks earlier than the 
S population. The similar development stages of the 
C. albida R1, R2, R3, and R5 populations as compared 
with those of S1 are also in contrast with the above-
mentioned findings. 

The similar growth rates and development stages 
of the C. bonariensis R6, R7, and R8 populations as 
compared with those of S2 agree with the results re-
ported by Travlos and Chachalis (2013), who also 
found in Greece that growth and seed production of 
one R and one S C. bonariensis population were similar 
when they were grown either under noncompetitive or 
competitive conditions. Shrestha et al. (2014) also re-
ported that five R C. bonariensis and five S populations 
had similar development stage rates and biomass. Ad-
ditionally, Pedersen et al. (2007) found no significant 
differences in vegetative growth or competitiveness 
between the R and S Lolium rigidum populations. Fur-
thermore, Westhoven et al. (2008) did not find any ap-
parent fitness penalty between R and S Chenopodium 
album populations. 

Conclusions

Data from this study, combined with those of Mylonas 
et al. (2014), revealed that glyphosate efficacy against 
R and S C. albida and C. bonariensis populations was 
lower after its application in spring – summer than 
in autumn – winter. In addition, the C. bonariensis 
R and S populations were more susceptible to gly-
phosate than the C. albida ones. Furthermore, the 
growth rate and development stages, defined as fitness 

cost, did not show any significant differences for the R 
C. albida and C. bonariensis populations as compared 
with the respective S populations. 
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