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MANAGEMENT OF GLYPHOSATE-RESISTANT HAIRY FLEABANE AND
CONTRIBUTION OF THE PHYSIOLOGICAL POTENTIAL OF SEEDS TO
RESISTANCE!

TIAGO EDU KASPARY?*, FABIANE PINTO LAMEGO?, CRISTIANO BELLE*, ADALIN CEZAR MORAES DE
AGUIAR®, LUAN CUTTI®

ABSTRACT - Hairy fleabane (Conyza bonariensis L.) is a major weed of the conventional crop systems.
Therefore, the objectives of the present study were to assess the responses of glyphosate-susceptible (S) and -
resistant (R) C. bonariensis at various developmental stages and evaluate the physiological potential of seeds to
propose alternative herbicides for the control of this weed. Two experiments were performed in replicates. The
first experiment was performed in a greenhouse, arranged in a 2 x 3 x 10 factorial design. Specifically, two
hairy fleabane biotypes (S and R) at different developmental stages (I, 11, and III) were subjected to various
treatments (glyphosate, chlorimuron-ethyl, metsulfuron-methyl, diclosulam, ammonium glufosinate, paraquat,
paraquat-+diuron, diquat, 2,4-D, and control). Percentage control was evaluated at 7, 14, 21, and 28 days after
the application of the treatments (DAT), and shoot dry mass (SDM) was measured at 28 DAT. The second
experiment was performed in a laboratory to evaluate the physiological potential of seeds based on the weight
of 1000 seeds (TSW); shoot length (SL), radicle length (RL), total length (TL), fresh seedling mass (FSM), dry
seedling mass (DSM), accelerated aging (AA) and cold test (CT), and germination (G) in response to cold and
accelerated aging. The alternative herbicides tested effectively controlled biotype R up to the stage-I. Seeds of
biotype R showed higher physiological potential in terms of all analyzed variables and exhibited greater
tolerance to adverse conditions during seedling establishment. Therefore, strategies for the management of
glyphosate-resistant hairy fleabane should aim at preventing new seed production.

keywords: Conyza bonariensis. Alternative herbicides. Control. Physiological performance.

MANEJO DE BUVA RESISTENTE AO GLYPHOSATE E CONSEQUENCIAS DO POTENCIAL
FISIOLOGICO DE SEMENTES A RESISTENCIA

RESUMO - A buva (Conyza bonariensis L.) ¢ umas das principais plantas daninhas dos sistemas de cultivos
conservacionistas, especialmente por sua evolucdo a resisténcia ao herbicida glyphosate. Os objetivos deste
trabalho foram verificar a resposta de Conyza bonariensis suscetivel (S) e resistente (R) ao glyphosate em
diferentes estadios a herbicidas alternativos e avaliar o potencial fisioldgico de sementes destes bidtipos. Dois
estudos foram realizados e repetidos, sendo o primeiro em casa de vegetacdo em esquema fatorial 2x3x10,
sendo A: bidtipos de buva (S e R); B: estadios de desenvolvimento (I (1-2 folhas), II (5-6 folhas) e IIT (30-35
folhas)) e C: herbicidas (glyphosate, chlorimuron-etilico, metsulfuron-methyl, diclosulam, amoénio-glufosinato,
paraquat, paraquat+diuron, diquat, 2,4-D além de testemunha ndo aplicada).O segundo estudo foi desenvolvido
em laboratorio, realizando-se avaliacdes do potencial fisiologico das sementes, a partir do por peso de mil
sementes (PMS), germinagdo (G), primeira contagem da germinagdo (PG), indice de velocidade de germinagdo
(IVG) e emergéncia (IVE), comprimento da parte aérea (CPA), raiz (CR) e total (CT), matéria seca da parte
aérea (MSPA), raizes (MSR) e total (MST), testes de frio e envelhecimento acelerado. O bidtipo CR foi
eficientemente controlado pelos herbicidas alternativos ao glyphosate, utilizados até o estadio de 6 folhas. As
sementes do bidtipo CR apresentaram desempenho fisiologico superior em todas as variaveis analisadas, com
maior tolerdncia a condigdes adversas em seu estabelecimento. O manejo de buva resistente a glyphosate
demanda a utilizacdo de estratégias que visem evitar a produg@o de novas sementes.

Palavras-chave: Conyza bonariensis. Herbicidas alternativos. Controle. Desempenho fisiologico.
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INTRODUCTION

In hairy fleabane, the evolution of resistance
to glyphosate, a primary herbicide used for the
management of this weed, has led to a gradual
increase in its infestation in agricultural areas of
Brazil, with Conyza bonariensis L. and C.
canadensis L. being abundant in the south of the
country (LAMEGO; VIDAL, 2008; HEAP, 2020).
Infestation of glyphosate-resistant hairy fleabane
during the establishment and initial development of
crop led to substantial losses in soybean production,
compelling the search for alternatives to this
herbicide. In case of severe weed infestation, the
productivity may be reduced by up to 70%
(VARGAS et al., 2007).

Typically, for the management of Conyza spp.
at the soybean pre-sowing stages, several
glyphosate-related herbicides, such as 24-D,
diclosulam, metsulfuron-methyl, chlorimuron-ethyl,
diurontparaquat, and/or paraquat, are used.
Diuron+paraquat and paraquat complement the use
of glyphosate, but are not associated with it
(VARGAS et al., 2007). In addition, ammonium-
glufosinate and saflufenacil are effective in
controlling hairy fleabane (CESCO et al., 2019).
However, following soybean seedling emergence,
only chlorimuron-ethyl and diclosulam act as
selective herbicides. In addition to the use of
alternative herbicides, the efficiency of management
is associated with the stage of weed development and
weed control may even be impossible at advanced
developmental stages (VARGAS et al., 2007,
MOREIRA et al., 2010).

During the management of resistant hairy
fleabane, the potential or adaptive value of the
resistant biotype, which is related to the production,
survival, and development of viable seeds in the
presence of specific resources under a certain
environment, must also be taken into account (NEVE
et al., 2011). Previous studies have reported that the
adaptive capacity of herbicide-resistant biotypes is
inferior, similar, or superior to that of the susceptible
biotypes (TRAVLOS; CHACHALIS, 2013). In C.
bonariensis, however, herbicide resistance does not
affect its adaptive value (MYLONAS et al., 2019).
In addition, the glyphosate-resistant biotype of C.
bonariensis shows a shorter development cycle,
higher photosynthetic pigment content, greater
height, and more dry mass accumulation
(KASPARY et al., 2014; KASPARY et al., 2017).

Furthermore, seed production is a crucial
factor for consideration in weed management. For
instance, a single glyphosate-resistant C. bonariensis
plant produces over 800,000 seeds, reflecting the
potential for the spread of resistance (KASPARY et
al., 2017). In this context, the production of
numerous seeds per plant is one of the most
important adaptive characteristics related to the
evolution and spread of herbicide resistance

(DAUER et al., 2006). However, successful
dissemination also depends on the dispersal capacity
and physiological potential of seeds, which
determine their survival in soil and germination over
time to establish and generate competitive plants
(PEDERSEN et al., 2007).

Understanding the population dynamics of a
species requires the knowledge of its physiological
characteristics, and seed viability is a crucial
parameter for defining the competitive capacity of a
species and, therefore, managing herbicide resistance
(NEVE et al., 2011; SCHAEDLER et al., 2013). To
this end, the objectives of the present study were to
test the responses of glyphosate-susceptible and -
resistant biotypes of C. bonariensis at different
developmental stages to alternative herbicides as
well as to evaluate the physiological potential of
seeds of these biotypes to control the spread of
herbicide resistance.

MATERIAL AND METHODS

Experiments and biotypes

The present study involved two experiments.
In the first experiment, the responses of glyphosate-
resistant and -susceptible C. bonariensis at different
developmental stages to alternative herbicides were
tested. In the second experiment, the physiological
potential of seeds of glyphosate-resistant C.
bonariensis was tested. The resistant (R) biotype was
obtained from an agricultural area with a history of
soybean cultivation and glyphosate use (Jaboticaba,
Rio Grande do Sul; 27°40'30.18"S, 53°17'.12"W),
and the susceptible (S) biotype was obtained from an
agricultural area without a history of glyphosate use
(Frederico Westphalen, RS; 27°23'46.31"S, 53°25'
39.50"W) (40 km from the area from where biotype
R was obtained). A previous dose-response
experiment has confirmed glyphosate resistance in
biotype R (KASPARY et al., 2017).

Experiment 1: Management
resistant C. bonariensis

of glyphosate-

This experiment was performed in a
greenhouse from November to December 2012 and
repeated from March to April 2013. The
experimental design was completely randomized,
arranged in a 2 X 3 x 10 factorial design.
Specifically, two C. bonariensis biotypes (S and R)
at various developmental stages [I (1-2 true leaves),
II (5-6 true leaves), and IIT (30-35 true leaves or 20-
25 cm tall)] were subjected to control (without
application) or herbicide treatment [glyphosate (720
g-ha™), chlorimuron-ethyl (40 g-ha™), metsulfuron-
methyl (3.6 g-ha'), diclosulam (33.6 gha™),
ammonium-glufosinate (400 g-ha), paraquat
(400 g-hal), paraquat+diuron (400+200 g-ha™),
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diquat (400 g-ha™), and 2,4-D (1,007.5 g-ha™)].

Hairy fleabane was planted in a staggered
manner to guarantee plants at three different
developmental stages for a single application of the
treatments. The plants were grown in 500 mL pots
containing an agricultural substrate (TecnoMax®)
and maintained in the greenhouse until reaching the
pre-established stages of application. The treatments
were applied with a CO,-pressurized backpack
sprayer equipped with a spray boom with four flat-
fan nozzles (DG 110.015) at a spray volume of
200 L-ha’. During treatment application in
November and December 2012, temperature was 26°
C and relative humidity (RH) was 73%. During
treatment application in March and April 2013,
temperature was 24°C and RH was 81%.

Percentage control (%) was evaluated at 7,
14, 21, and 28 days after the application of the
treatment (DAT) according to the scale proposed by
SBCPD (1995) [0% (no weed control) to 100%
(eradication)]. Moreover, the aerial parts were
harvested at 28 DAT to determine shoot dry mass
(MSPA). The results of the two replicates (I and II)
were subjected to analysis of variance using
SISVAR (FERREIRA, 2011); data without
significant differences were pooled for further
analysis. Significant differences in mean results of
various treatments (p<0.05) were analyzed using
Tukey test. To assess interactions between factors,
DMS average test with 5% probability was adopted.

Experiment 2: Physiological potential of seeds
and spread of herbicide resistance

This experiment was conducted in a
laboratory using seeds of biotypes R and S obtained
from prior multiplication in a greenhouse during two
periods, namely autumn—winter with harvest in
December 2012 and spring—summer with harvest in
January 2013 (replicates I and II, respectively).
Following harvest, the seeds were dried at room
temperature for 7 days and stored in a refrigerator for
at least 30 days. Subsequently, the seeds were
subjected to germination and physiological quality
tests (described below) from January to February
2013.

Seed tests were performed as described in the
Rules for Seed Analysis (RAS) (BRASIL, 2009) for
Lacuta sativa belonging to the same family
(Asteraceae) and with seeds of approximately the
same size as C. bonariensis. Weight of 1000 seeds
was evaluated with eight subsamples of 100 seeds
weighed on a precision analytical balance (mg). For
germination tests, a germination paper moistened
with distilled water at an amount equivalent to 2.5x
the mass of the dry paper was used as the substrate.
Each paper sheet contained 100 seeds, and the
samples were placed in a growth chamber at 20°C
under a 12/12 h photoperiod. Germination counts
were performed daily for 14 days, with only seeds

with root protrusion longer than 2 mm considered
germinated. At 7 and 14 days, normal seedlings were
counted, corresponding to the first germination count
(FGC) and final germination (G), respectively. The
germination speed index (GSI) was calculated
according to Maguire (1962). The emergence speed
index (ESI) was determined using 100 seeds of each
biotype (4 sub-samples of 25 seeds), manually sown
in trays (20 x 10 x 7 cm®) containing an agricultural
substrate and incubated in the greenhouse. The
counts were performed daily for 21 days, and only
seedlings taller than 2 mm were considered to have
emerged. At 28 days after the initiation of the
experiment, 10 normal seedlings were removed and
the shoot length (SL), radicle length (RL), total
length (TL) were measured (cm seedling™).
Subsequently, each replicate was separately dried in
an air circulation oven at 70°C. After 48 h, shoot dry
mass (SDM), root dry matter (RDM), and total dry
matter (TDM) were determined using an analytical
balance (g seedling™).

The accelerated aging test was performed
with four subsamples of 50 seeds per biotype using
transparent acrylic boxes with a lid (Gerbox), serving
as humid mini-chambers containing 40 mL distilled
water. A screen was placed above water, and the
seeds were placed on this screen. The boxes were
placed in a biochemical oxygen demand (BOD)
chamber at 42°C for 48 h (VIEIRA; CARVALHO,
1994). Thereafter, as described in the germination
tests, the germinated seeds and normal seedlings
were counted at 7 days.

The cold test was performed with four
subsamples of 50 seeds per biotype. The seeds were
placed on a paper within a Gerbox and incubated in a
BOD chamber at 10°C for 7 days. Thereafter, the
germination test was conducted as described above
at a constant temperature of 20°C for 14 days.

The results of two replicates (I and II) were
submitted to analysis of variance using SISVAR
(FERREIRA, 2011) and analyzed separately
according to the period of seed harvest. Significant
differences in mean results for the two biotypes
(p<0.05) were analyzed using -test.

RESULTS AND DISCUSSION

Management of
bonariensis

glyphosate-resistant C.

There was a significant biotype x herbicide %
developmental stage interaction (p<0.05). At 7 DAT,
the tested herbicides were the most effective against
plants at early developmental stages (Table 1).
However, the effectiveness of glyphosate did differ
significantly across development stages, although
this herbicide had no effect on biotype R. These
results indicate that the stage of application and
degree of control are correlated, which is consistent
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with previous reports. Vargas et al. (2007) also
obtained favorable results with the application of
2,4-D, paraquat, chlorimuron-ethyl, and metsulfuron-
methyl at early developmental stages of Conyza sp.

foliar

Meanwhile, a significant loss of C. sumatrensis

which

blocked

control with chlorimuron-ethyl has been reported in
plants taller than 10 cm due to the higher density of
trichomes,
penetration (SANTOS et al., 2015).

herbicide

Table 1. Control (%) of glyphosate-susceptible (S) and -resistant (R) Conyza bonariensis, at 7 and 14 days after application
of treatments (DAT).

Susceptible Resistant
Herbicides Stages'
I I 1 I I 1
7 DAT
Control A 0.00"" ¢ A 0.00™ f A 0.00™ h A 0.00e A 0.00g A0.00g
Glyphosate A35.71*c A 37.86*d A 36.87* ¢ A 0.00e A 0.00 g A 0.00¢g
Chl. Ethyl® B 23.12*d A 32.14%e Cl1857*¢g A 38.75d B 21.87¢ C1429f
Met. methyl* A39.57*¢ A39.17*d B 23.33"™ f A 4437c B27.50d C2125 ¢
Diclosulam A 42.00*% c A 43.75*% ¢ B 24.37*f A 36.25d B 1933 f B 20.86 e
Glufosinate A 100.00* a A 99.28* a B 80.00*% ¢ A 9625 b B92.62 b C65.00 c
Paraquat A 100.00%a A 99.00* a B 84.37*Db A'100.00 a B 94.75 b C7750 b
Par.+Diuron’ A 100.00™ a B 90.25*a C 86.25*Db A98.12 ab B 92.85Db C77.14 b
Diquat A 100.00™ a B95.71* a C90.62*a A 99.75 ab A 9871 a B83.57 a
2,4-D A 53.57*Db A 52.86* b B 40.00*d A 43.10¢ B 4125 ¢ C34.16 d
Average 32.33 59.00 48.44 50.73 48.89 39.38
C.V. (%)° 6.04
14 DAT
Control A 0.00" f A0.00%e A0.00" g A0.00e A 0.00d A0.00d
Glyphosate A 85.29*%¢c A 84.29* b B 70.62* ¢ A0.00e A0.00d A0.00d
Chl. Ethyl A 60.62% ¢ A 58.57*d B 39.28™ f AT76.87c B66.87b C3357c¢
Met. methyl A 69.29*%d A69.17%¢ B 47.50%¢ A83.12b B65.62b C47.00b
Diclosulam A75.00%d AT7437*c B 54.37™d A 83750 B5833c C49.28D
Glufosinate A 100.00™ a A99.71"a B 83.12"b A99.25a A99.75a B8285a
Paraquat A 100.00™ a AB99.28" a B 94.62™a A100.00a A98.62a BRg9.17a
Par.+ Diuron A 100.00" a B94.25%a AB97.25%a A100.00a A957la B87.14a
Diquat A 100.00™ a A99.71%a A 97.00*% a A99.50 a A99.00a B90.00a
2.4-D A 89.16* b A 86.42* b B 80.62* b A71.25d B60.00c C51.50b
Average 77.94 76.58 63.04 71.37 64.39 52.95
C.V. (%) 8.07

'Stage I — plants with 1-2 true leaves, Stage II- plants with 5-6 true leaves; and Stage III - plants with 30-35 leaves
(20-25 cm in height). *Means preceded by different capital letters, compared in rows (stadiums) or followed by different
lower-case letters, compare in columns (herbicides), differ by the t test (p<0.05). ns and * compare means of the biotypes
(S and R), within the same stages and herbicides. *Chlorimuron-ethyl, *Metsulfuron-methyl, *paraquat + diuron,
®Coefficient of variation.
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Paraquat and diquat were more effective
when applied to smaller plants, reaching control
close to 100% at stages I and II of development in
both biotypes (Table 1). This rapid control can be
attributed to the high capacity of these herbicides to
inhabit photosynthesis by acting as electron receptors
to generate free radicals (O, superoxides), which in
turn damage the plasma membrane, allowing the
extravasation of cellular content and ultimately
causing cell death in just a few hours
(MARKWELL; NAMUTH; HERNANDEZ-RIOS,
2006). However, contact herbicides require an
effective coverage of the target, and satisfactory
control may therefore not be achieved in large plants,
leading to lateral regrowth, as observed in plants at
stage 111 of development (25 cm tall). These results
are consistent with the findings reported by Vargas et
al. (2007), who obtained satisfactory results with the
application of paraquat and paraquat+diuron at the 4-
leaf stage of Comyza sp. Moreover, Santos et al.
(2015) could achieve satisfactory control by applying
glufosinate ammonium and paraquat+diuron at the 7-
8 leaf stage in five Conyza biotypes. Conversely,
Moreira et al. (2010) reported that paraquat+diuron
and ammonium-glufosinate were ineffective when
applied to plants with 10 leaves and led to lateral
regrowth.

At 14 DAT, all tested herbicides were the
most effective when applied at the early stages of
development (Table 1) but relatively less effective
when applied to plants at stage III of development
(up to 25 cm tall). As glyphosate alternatives,
systemic herbicides were inferior to contact
herbicides; as such, when applied to biotype S at
stage I of development, chlorimuron-ethyl achieved
only 60% control, while paraquat achieved 100%
control (Table 1). Overall, there were no significant
differences between the biotypes and herbicides
applied at each developmental stage, except for
glyphosate, which achieved 0% control in biotype R.

At 21 DAT, all tested herbicides achieved
100% control when applied at the early stages of
development in both biotypes (Table 2). Overall,
there were no significant differences in control
between the two biotypes. However, when applied at
stage III of development, 2,4-D achieved a lower
control in biotype R (66%) than in biotype S (88%).
Of note, diclosulam, metsulfuron-methyl, and
chlorimuron-ethyl achieved unsatisfactory control in
both biotypes when applied at stage III of
development (65%, 60%, and 40%, respectively).

At 28 DAT, all tested alternative herbicides
were efficient in controlling biotype R when applied
to up to stage II of development (six leaves) (Table
2). These results are consistent with the findings
reported by Vargas et al. (2007), who achieved
complete control of biotype R by applying

chlorimuron-ethyl or metsulfuron-methyl to plants
bearing four to five leaves. Our results also
corroborate previous observations that spraying of C.
bonariensis plants at early developmental stages
could achieve better control by reducing regrowth
capacity, as young plants are more sensitive to
herbicides (MOREIRA et al., 2010 OKUMU et al.,
2019). In addition, when applied at early stages of
development, 2,4-D achieved better control (80%)
than glyphosate in biotype R (VARGAS et al.,
2007). However, hairy fleabane has a high seed
production capacity, reaching a rate of over 800,000
seeds per plant (KASPARY et al., 2017). Therefore,
80% control of the population in a specific area may
become ineffective to prevent the spread of the
resistant biotypes of C. bonariensis.

When applied at stage III of development
(plants with 30-35 leaves or 25 cm tall),
metasulfuron-methyl and chlorimuron-ethyl did not
achieve satisfactory control in both biotypes and 2,4-
D did not efficiently control biotype R (Table 2).
These results indicate that the developmental stage at
the time of application affects the efficiency of
herbicides (MYLONAS et al., 2019). This is because
plants accumulate more dry matter as they develop,
acquiring a greater capacity to survive under adverse
conditions and recover from the phytotoxic effects of
herbicides (OKUMU et al., 2019).

At 28 DAT, MSPA was higher as the plants
were taller at this stage of application (Table 3).
Moreover, little control could be achieved when
herbicides were applied at advanced developmental
stages. This is consistent with our results of visual
assessment of percentage control using the scale
proposed by SBCPD as well as with observations
reported by Olivera Netto et al. (2010). In general,
herbicides showed little or no difference in dry mass
accumulation between stages I and II of
development. However, at stage III of development,
contact herbicides markedly reduced MSPA due to
their rapid action, whereas systemic herbicides (e.g.,
chlorimuron-ethyl, metsulfuron-methyl, diclosulam,
and 2,4-D) had little overall effects on MSPA,
specifically in biotype R (Table 3). C. canadensis is
highly susceptible to 2,4-D at doses below 70 g ha™
(MCCAULEY; YOUNG, 2019), but C. sumatrensis
is resistant to 2,4-D (PINHO et al., 2019; QUEIROZ
et al., 2020). However, in the present study, the
recommended dose of 2,4-D achieved over 85%
control in biotype R at 28 DAT when applied at
stages I and II of development (Table 2). However,
at stage III of development, this value decreased to
approximately 75%, indicting a clear effect of
developmental stage at the time of 2,4-D application
stage on its efficiency and its direct impact on dry
mass accumulation (Table 3).
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Table 2. Control (%) of glyphosate-susceptible (S) and -resistant (R) Conyza bonariensis, at 21 and 28 days after
application of treatments (DAT).

Susceptible Resistant
Herbicides Stages'
I II 1 I II 111
21 DAT
Control A 0.00™ ¢ A 0.00™ d A 0.00" e A0.00c A0.00e A0.00e
Glyphosate A99.71*a A99.71*a B 91.87* ab A0.00c A0.00¢ A0.00e
Chl. Ethyl? A98.87%a B 77.14%¢ C45.00™"d A98.00a B78.75¢ C39.28d
Met. methyl4 A 100.00™ a B 81.67* bc C 65.83% ¢ A98.12a A96.62Db B5937c¢
Diclosulam A 100.00™ a B 85.62* b C68.75% ¢ A 100.00 a B 70.00 d B 64.28 be
Glufosinate A 100.00™ a A 100.00™ a B 89.37"b A99.50a A 100.00 a A92.86a
Paraquat A 100.00™ a A 100.00™ a A97.50%a A 100.00 a A 99.75a B91.67a
Par.+Diuron’ A 100.00™ a A 100.00™ a A 94.37" ab A '100.00 a A99.71a A 93.00 a
Diquat A 100.00™ a A 100.00™ a A97.50%a A99.12a A98.14a A96.00 a
2.4-D A 100.00* a A 98.00*a B 88.50* b A83.12b A 82.50Db B 66.67 b
Average 89.86 84.21 73.87 77.79 72.55 60.31
C.V. (%)° 9.35
28 DAT
Control A 0.00" b A 0.00" ¢ A0.00%e A0.00b A0.00c¢ A0.00e
Glyphosate A'100.00* a A 100.00*a B91.87*a A0.00b A0.00c A0.00e
Chl. ethyl A 99.00"a B 85.00* b C51.43*d A99.75a A9937a B37.14d
Met. methyl A 100.00"a B 78.83*b C63.33%¢ A '100.00 a A96.87a B 67.50 ¢
Diclosulam A 100.00"a B 78.12%b B 81.37*b A'100.00 a A9750a B 73.57 be
Glufosinate A 100.00"a A 100.00" a A9387"a A100.00a A 100.00a A94.00 a
Paraquat A 100.00"a A 100.00" a A96.25" a A100.00a A 100.00a A94.13a
Par.+ Diuron A 100.00"a A 100.00" a A93.12%a A100.00a A 100.00a A96.42a
Diquat A 100.00"a A 100.00" a A 97.50%a A99.75a A9857a A98.57*
2.4-D A 100.00* a A 95.00% a A 92.50%a A91.25a A85.62Db B 76.66 b
Average 89.90 83.70 76.42 79.08 77.79 63.80
C.V. (%) 9.33

!Stage I — plants with 1-2 true leaves, Stage II- plants with 5-6 true leaves; and Stage III - plants with 30-35 leaves (20-25
cm in height). *Means preceded by different capital letters, compared in rows (stadiums) or followed by different lower-
case letters, compare in columns (herbicides), differ by the t test (p<0.05). ns and * compare means of the biotypes (S and
R), within the same stages and herbicides. *Chlorimuron-ethyl, *Metsulfuron-methyl, Sparaquat + diuron, ‘Coefficient of

variation.
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Table 3. Dry shoot weight (mg plant') of glyphosate-susceptible and -resistant Conyza bonariensis, 28 days after
application of treatments (DAT).

Susceptible Resistant
Herbicides Stages’
I 1I 1II 1 1I 1

Control C288.7"™a B 1161.3%a A 4885.2%a C273.7a B 1201.0a A4783.8a
Glyphosate B 10.6*b B 10.7*b A 1071.0%d C269.0a B1232.1a A4936.2a
Chl. Ethyl® B64b B 53.5%Db A 2033.0%c Cl122b B73.7¢ A2661.7b
Met. methyl* B4.7"b B 34.2*%b A 3092.4%b Cl122b B49.8b A2995.7b
Diclosulam B5.1%b B 72.0™b A 1885.7*% ¢ B159b B78.0b A 287840
Glufosinate B5.9%b B 6.6"b A984.7*%d B20.1b B21.5b Al12472¢
Paraquat B2.6"b B 5.9%b A 1080.0*d B18.7b B16.6b A 1606.0 ¢
Par.+Diuron’ B3.0"b B9.1"b A976.8%d B3.0b B272b A 13462 ¢
Diquat B 5.4%b B 6.1"b A 1078.0*d B59b B384b A14263 ¢
2.4-D B6.6"b B 19.7"b A 1829.7%¢ B355b B64.5b A2435.1b
Average 33.9 137.9 1.891.7 66.7 280.3 2.631.7
CV (%)° 21.43

'Stage I - plants with 1-2 true leaves, Stage II - plants with 5-6 true leaves; and Stage III - plants with 30-35 leaves (20-25
cm in height). *Means preceded by different capital letters, compared in rows (stadiums), or followed by different lower-
case letters, compare in columns (herbicides), differ by the t test (p<0.05). ns and * compare means of the biotypes (S and
R), within the same stages and herbicides. *Chlorimuron-ethyl, *Metsulfuron-methyl, *paraquat + diuron, °Coefficient of

variation.

Overall, the use of alternative herbicides with
diverse mechanisms of action proved to be efficient
in controlling glyphosate-resistant and -susceptible
C. bonariensis (Tables 1, 2 and 3). The sensitivity of
biotype R to these herbicides also rules out the
possibility of multiple resistance to the evaluated
products. However, herbicides acting on the
acetolactate synthase (ALS) should be cautiously
used, since for C. canadensis and C. sumatrensis
were already reported to have developed resistance
to multiple ALS-inhibiting herbicides (SANTOS et
al. 2015; PINHO et al., 2019).

In addition, previous studies have reported
that C. bonariensis exhibited multiple resistance to
glyphosate and paraquat (Resistance Factor = 149 for
a  S-enolpyruvylshikimate-3-phosphate  synthase
inhibitor) (MORETTI et al., 2013; ZOBIOLE et al.,
2019). These results demonstrate the worsening of
the problem of herbicide resistance in C.
bonariensis, restricting the number of alternative
herbicides for weed control considering the risk of
development of multiple resistance. Recently,
however, the combined use of herbicides was
approved, and alternatives such as halauxifen-
methyl, diclosulam, dicamba, and 2,4-D are

increasingly being wused for managing the
populations of glyphosate-resistant weeds (ZIMMER
et al., 2018; KRENCHINSKI et al., 2019).

Physiological potential of seeds and spread of
herbicide resistance

There were significant differences (p<0.05) in
the physiological potential of seeds between biotypes
S and R (Table 4). In replicate I, weight of 1000
seeds in biotype S was lower than that in biotype R
(3.90 and 5.10 mg, respectively). Seeds with a higher
vigor containing greater amounts of reserves are
heavier and can germinate and emerge faster, better
surviving under adverse conditions (VIEIRA;
CARVALHO, 1994). For weeds, greater initial vigor
represents greater potential to compete with the crop
once it is established first in an area; this offers an
competitive advantage to weeds for resources and
leads to the loss of productivity of crops.

The germination test, the first germination
count, and the germination speed index were higher
for seeds of biotype R than for biotype S, with 17,
10, and 15% higher values, respectively (Table 4).
The ESI showed superior ability to establish for the
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R biotype. This indicates its priority in the use of
resources when in the field, dominance in the
ecological niche early and, consequently, that it will
have greater competitive potential when in contact
with plants of the same species or with cultures
(GUSTAFSON et al., 2004). However, in a study

with biotypes originating from Greece, similar
development of successful biotypes and those
resistant to glyphosate by C. bonariensis was shown
(MYLONAS et al, 2019). This fact shows the
differential behavior according to the origin of the
biotypes being analyzed.

Table 4. Thousand seed weight (TSW), first Germination Count (FGC), Germination (G), germination speed index (GSI),
emergence speed index (ESI), shoot length (SL), radicle length (RL), total length (TL), fresh seedling mass (FSM), dry
seedling mass (DSM), accelerated aging (AA) and cold test (CT), in seeds of of glyphosate-susceptible (S) and -resistant

(R) Conyza bonariensis.

Experiment |

Biotype TSW (mg) FGC (%) G (%) GSI ESI SL (cm)
S 3.91%* 24%* 67* 24.66* 10.83* 0.65%
R 5.12 33 84 38.02 16.43 1.08
Average 4.51 28 75 31.34 13.63 0.87
C.V. (%) 4.38 9.30 5.48 6.74 4.90 5.59
Biotype RL (cm) TL (cm) FSM (mg) DSM (mg) AA (%) CT (%)
S 2.53% 3.18% 10.70%* 1.60%* 35% 47*
R 4.16 5.24 24.80 3.80 53 79
Average 3.35 4.21 17.80 2.70 44 62
C.V. (%) 7.70 6.59 16.09 8.23 4.47 5.12
Experiment II

Biotype TSW (mg) FGC (%) G (%) GSI ESI SL (cm)
S 4.00* 22% 59% 31.34* 10.98* 1.05*
R 5.50 34 86 45.15 16.93 1.64
Average 4.80 28 72 38.25 13.96 1.34
C.V.(%)! 2.66 543 8.05 2.96 7.46 6.20
Biotype RL (cm) TL (cm) FSM (mg) DSM (mg) AA (%) CT (%)
S 1.67* 2.72% 10.91* 1.30* 43* 57*
R 3.17 4.81 21.60 3.82 54 95
Average 2.42 3.76 16.25 2.56 48 76
C.V. (%) 5.38 4.19 10.09 12.94 5.80 2.94

!Coefficient of variation. *Means of different biotypes (susceptible (S) and resistant (R)) in the columns, differ by the t test

(p<0.05). ns Not significant (p=>0.05).

The higher speed of establishment of the
biotype R culminated in a greater length of the aerial
part, root, and total length of the seedlings (Table 4).
These results differ from those obtained for plants of
the Echinochloa sp. that were resistant to quinclorac.
The plants obtained inferior root performance,
resulting in lower ability to explore the environment,
speed of establishment, and survival under
competitive conditions (SCHUCH et al., 2008). The
results obtained for fresh and dry seedling mass,

showed a 50% lower capacity of biotype S in
biomass accumulation in comparison with biotype R;
in this case, the seedling dry mass was 1.60 and 3.80
mg for S and R, respectively (Table 4). This lower
accumulation results from the lower speed of
establishment and development, which directly
interferes with the use of soil nutrients, and the
quality of incident light. This results in a lower
photosynthetic ~ rate and  accumulation  of
photoassimilates.
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Under natural conditions, seeds are often
exposed to environmental stresses that limit
germination and the possibility of survival. The
accelerated aging test and the cold test, which
reproduce  stressful  conditions, reduced the
germination of biotype S by approximately 30, 20,
31, and 4%, for the first germination count,
germination, germination speed index, and
emergence speed index in comparison with the
biotype R, respectively (Table 4). In this way, the
depreciative effect on the seeds of both the C.
bonariensis biotypes was contacted. However, even
with a high reduction in germination by the
accelerated aging test, seeds of biotype R maintained
germination above 50%, while for S it was only
35%. These results corroborate the weight per
thousand seeds as higher for the biotype R, because
even though part of its reserves were consumed
under conditions of high temperature and humidity
as in the aging test, there was still enough quantity to
germinate, a fact, which at the field level, would
allow for its best establishment.

A study developed with different temperature
regimes on C. bonariensis seeds showed no variation
in the germination percentage and vigor between
resistant and susceptible biotypes (TRAVLOS;
CHACHALIS, 2013). However, Bromus tectorum,
which is resistant to ACCase-inhibiting herbicides
(acetyl-coenzyme-A-carboxylase), demonstrated
superior performance for physiological quality and
germination variables (PARK et al., 2004). For the
biotype of Fimbristylis miliacea, which is
susceptible to inhibitors of the ALS enzyme, a higher
percentage of germination and germination speed
index were observed when compared to biotopes of
the same resistant species (SCHAEDLER et al.,
2013). Similarly, the final germination of the seeds
of the Kochia scoparia biotype, which is susceptible
to the herbicides dicamba and fluroxypyr, was 40%
higher than that of the resistant biotype at different
temperatures evaluated (KUMAR; JHA, 2016).
Emphasis is given to the distinct effect of resistance
to different herbicides on seed quality and
germination in different species and even for distinct
biotypes of the same species. In this context, it is not
possible to outline management strategies for one
species based on knowledge of the competitive
capacity of another.

The performance of the seeds from
Experiment 2 (harvested in January) was similar to
that observed for the seeds of Experiment 1
(harvested in December), showing a superior
tendency of the biotype R for the analyzed variables
(Table 4). The seeds of R presented greater weight
per thousand seeds than for S, at 5.50 and 4.00 mg,
respectively. The greater accumulation of reserves in
the seeds may be linked to the higher level of
photosynthetic pigments in plants of biotype R when
compared to S and, consequently, greater efficiency
in the use of light, as reported in studies with the

same biotypes carried out by Kaspary et al. (2014).
However, for the same biotypes, less accumulation
of leaf area by S was observed, possibly influencing
light uptake (KASPARY et al, 2017). Thus, the
greater mass of the biotype R results from its
superior characteristics, which together culminate in
a greater quantity of reserves, high germination
potential, and superior physiological quality. The
weight per thousand seeds for Lolium rigidum
resistant to glyphosate were also superior in
comparison with seeds of susceptible plants
(PEDERSEN et al., 2007).

The conyza biotypes R and S cultivated in
two different periods of development and that gave
rise to the seeds used in this research, showed a
reduction in the cycle duration and in the number of
seeds produced per plant in the second growing
season (KASPARY et al., 2017). However, the
weight per thousand seeds observed shows a small
increase for the seeds of both biotypes grown in the
spring/summer period (Table 4). Therefore, a partial
compensatory effect is inferred, with a reduction in
the number of seeds produced, but with an increase
in the accumulation of reserves by them and,
consequently, greater physiological potential of the
seeds obtained in the second growing season.
However, in general, the other variables analyzed did
not reflect superior behavior for the seeds obtained in
the spring/summer, but only for the difference
between the biotypes.

Susceptible C. bonariensis seeds, produced
under the same cultivation conditions, showed lower
physiological quality when compared to R, based on
the first germination count, germination, germination
speed index, and emergence speed index (Table 4).
In this scenario, it is inferred that the biotype R has
priority in the use of the resources of the
environment, accelerating its  capacity of
establishment and competitiveness with the biotype
S or with the existing culture, without affirming that
this is an isolated consequence of the resistance. In
addition, the superior root length presented by the
resistant biotype provides rapid growth of the roots,
and can confer a competitive advantage in cases in
which interactions below ground predominate
(SEIBERT; PEARCE, 1993). However, in a similar
study, Piasecki et al. (2019) observed a reduction in
the physiological quality of glyphosate-resistant C.
bonariensis seeds, demonstrating a possible effect of
the origin of the biotypes on the physiological
capacity of the seeds.

The accelerated aging test is related to the
conservation potential of seed reserves and, for this
reason, it is considered as one of the most sensitive
tests for the assessment of physiological quality and/
or vigor (SILVA; ROSSETTO, 2012; VENSKE et
al., 2015). The cold test is also a vigor test, linked to
the ability of the seeds to resist adverse conditions.
In general, the possibility that these seeds will
germinate in a wide range of soil moisture and
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temperature conditions increases with the closeness
of the vigor tests results with those obtained in the
germination test (VIEIRA; CARVALHO, 1994). In
this context, the ability of resistant biotype seeds to
remain viable for a longer period in the soil seed
bank is emphasized until ideal germination
conditions are reached. The other variables evaluated
also point to better physiological quality of
glyphosate-resistant C. bonariensis seeds, and even
in tests that simulate adverse conditions of
temperature and humidity, the germination of this
biotype was good and excellent (54 and 95%),
respectively, for accelerated aging and cold testing.
Seeds of the S biotype showed values of 43 and
57%, respectively, for the same tests (Table 4). Thus,
in adverse conditions of establishment, the biotype R
shows an adaptive advantage and can thus occupy
the area at the expense of biotype S, ensuring the
spread of resistance.

Seeds of C. bonariensis, from two growing
seasons by biotype resistant to the herbicide
glyphosate, presented superior physiological
potential when compared to a susceptible biotype,
although the finding cannot be based only on the
question of resistance. Proper management of this
species should be prioritized, either with alternative
herbicides or by methods that prevent seed
production, since it is linked to superior quality by
propagules, increasing the potential for seedling
establishment and allowing the perpetuation of
resistance to the herbicide.

CONCLUSION

The biotype of Conyza bonariensis resistant
to the herbicide glyphosate can be -efficiently
controlled by the alternative herbicides chlorimuron-
ethyl, metsulfuron-methyl, diclosulam, ammonium-
glufosinate, paraquat, paraquat+diuron, diquat, and
2,4-D at a stage of up to 6 leaves, discarding it if
there is a possibility of multiple resistance.

Seeds of the glyphosate-resistant C.
bonariensis biotype can show superior physiological
performance, as observed in this study, with greater
tolerance to adverse conditions in its establishment
as a seedling, requiring the management of resistance
in the forest by using strategies that prevent the
production of new seeds.
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