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1. Introduction 

Weeds growing in cultivated areas are usually characterized as having high phenotype 
plasticity and genetic adaptability. They are frequently well-adapted to disturbance and 
often seed prolifically (Adahl et al., 2006). Thus, improving the current knowledge on the 
genetic diversity of weed populations is a challenge for management, primarily because this 
variability may be an important tool in determining the adoption and efficiency of weed 
control methods. Genetic markers may be important to improve current knowledge about 
important aspects of weeds, and may provide needed information to understand patterns of 
weed invasion, heritability of traits (e.g. herbicide resistance), taxonomic relationships, point 
of origin, and gene flow. Studies on genetic diversity both at population and species levels 
are important for weed management, and represent a source of information about genetic 
bottleneck effects, fitness, and the number of input events that contributed to a successful 
introduction (Goolsby et al., 2006; Hufbauer, 2004; Sterling et al., 2004). Improving the 
knowledge about genetics of weeds can provide vital information for the development of 
innovative control options (Slotta, 2008). 

In natural habitats, plant populations often have greater genetic variability as compared to 
populations of exotic weed species, since very rarely all possible genotypes are introduced 
in a new environment. Thus, native weeds commonly represent major challenges for weed 
management programs, because of their wider genetic variability (Sterling et al., 2004). 
Assuming that the genetic variation among populations impacts the effectiveness of weed 
management tools, native weeds would represent the most difficult species to be controlled, 
as compared to exotic species. On the other hand, exotic species can prove way more 
aggressive in colonizing a habitat than natural weeds, since they might have no natural 
competitors or predators that control the population. Therefore, they can be as difficult to 
control as are the native species of weeds. Investigating the effectiveness of different weed 
management strategies in populations of native or exotic weeds may be important to 
provide information about the role of genetic variability on weed management success. 

The magnitude of genetic variability may be estimated by using molecular or biochemical 
markers and studying nucleic acid or isozyme sequences. Isozyme markers have been used 
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to study accessions of Setaria glauca, S. geniculata and S. faberii, worldwide weeds of tropics 
and temperate regions (Wang et al., 1995). By elucidating the genetic diversity and genetic 
structure of populations, the authors found low genetic variability for populations of S. 
faberii, S. glauca, and S. geniculata, although there was a substantial genetic differentiation 
between S. glauca and S. geniculata. Native populations also exhibited higher genetic 
diversity than exotic species. Patterns of genetic organization in S. glauca and S. geniculata 
may have also been influenced by several factors, including genetic bottleneck effect 
associated to the founder effect, random genetic drift and natural selection (Wang et al., 
1995).  

The genetic variability among six accessions of Baccharis myriocephala was evaluated by 
multivariate methods using isozyme and morphological descriptors (Castro et al., 2002). As 
regards the isozyme analysis, only the esterase system provided satisfactory resolution and 
two groups were formed. Use of morphological descriptors at 145 days after transplantation 
provided an efficient method to discriminate four groups of accessions. Isozymes were used 
as genetic markers to discriminate these accessions in Baccharis myriocephala, allowing its use 
in the characterization of varieties to complement morphological characteristics.  

The analysis of products of different loci in plant tissues of weeds may be useful to estimate 

the genetic variability within each population and among different populations (Park, 2004). 

In recent literature addressing the detection of polymorphic loci to estimate the genetic 

diversity in plants through biochemical markers, the esterase system has been usually and 

primarily adopted as a genetic-biochemical marker. Many studies (Mangolin et al., 1997; 

Resende et al., 2004; Souza et al., 2004; Pereira et al., 2001; Orasmo et al., 2007) have 

demonstrated that the ┙- and ┚-esterases isozymes are produced by several and different 

loci, that mostly show co-dominant inheritance, being, therefore, an enzyme system suitable 

to estimate the genetic diversity and to analyze the genetic structure of plant populations. 

For weeds, the analysis of ┙- and ┚-esterases isozymes using polyacrylamide gel 
electrophoresis (PAGE) was first established by Frigo et al. (2009), and was considered 
effective to analyze the genetic diversity and structure of populations of wild poinsettia 
(Euphorbia heterophylla). Frequencies of allelic variants found in this study were estimated for 
Est-1, Est-2, Est-3, Est-4, Est-5, Est-6, and Est-7 loci, and the estimated proportion of 
polymorphic loci in populations was 87.5%. The positive value of FIS (0.1248) indicated 
deficit of heterozygous or excess of homozygous plants. A relatively high level of 
differentiation was found among descendents of all 12 populations, indicating a reduced 
gene exchange among populations. Values of FST indicated that 16.63% of the total variance 
for allele frequency in populations of E. heterophylla occurred due to genetic differences 
among populations. Analysis of genetic diversity of 40 populations of E. heterophylla 
resistant to ALS herbicides growing in southern plateau of Brazil led to the conclusion that 
those populations present 60% of genetic variability. Such level of variability allowed 
grouping resistant plants in seven distinct groups (Winkler et al., 2003). In another study 
with different accessions of Euphorbia spp. from North America and Eurasia, the most 
divergent accession was the one collected in Austria, followed by accession from Italy and 
Russia. Accessions of E. heterophylla from USA were most intimately related to each other 
and also related to Russian accession (Nissen et al., 1992). A high degree of genetic 
variability was also described for the Euphorbia esula accession from USA (Rowe et al., 1997). 
The variability was attributed to multiple introductions of the species as well as to 
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variability within native populations. For Bidens pilosa (beggartick) complex, a study on the 
genetic variability using 10 enzyme systems revealed 16 loci, but only three of them were 
polymorphic. For this complex, genetic diversity was low and characterized as being of 3.2% 
(Grombone-Guaratini, 2005).  

Factors that can lead to or accelerate the development of herbicide resistance include weed 
characteristics, chemical properties and cultural practices. One of the characteristics related 
to weeds that may favor the selection of individuals resistant to herbicides is the wide 
genetic variability, due to the increased probability to find within the population a 
resistance allele to the herbicide in use. This fact leads to the general understanding that 
prolific, high density weeds are more likely to develop selection for herbicide resistance 
(Vidal and Meroto Jr., 2001; Winkler et al., 2002). 

So far, the main methods used for weed control include biological, chemical, physical and 
cultural approaches, but the achievements of weed management programs may also be 
associated to the genetic variability of those plants. Some important questions that will be 
addressed and hopefully answered by increasing knowledge of genetic variability of weeds 
are as follow: 1) Is the selection of weeds being imposed by management? 2) Is the intensity 
of selection pressure imposed by agricultural practices more powerful than that imposed by 
natural ecosystems? 3) Have weeds evolved and will keep evolving in response to 
agricultural management practices? 4) Is the success of management programs associated to 
genetic variability of weeds?  

Chances are that colonizing species, including exotic weeds, will have low genetic 
variability, since they have been through a genetic bottleneck (that is, they have lost alleles) 
after their introduction. However, despite low genetic variability, many exotic weeds will 
successfully colonize new geographic areas. In this case, as long as weed species have high 
fitness and great potential for colonization, they will persist. 

The wider genetic variability and the genetic structure of populations have an impact on 
success of weed management. To expand knowledge and provide answers to unsolved 
questions, much more is needed to know about genetic variability of these populations. To 
seek for those answers, our research group has developed standard procedures to analyze 
esterase, malate dehydrogenase, and acid phosphatase isozymes. These isozymes were used 
to estimate the genetic diversity and the level of differentiation among populations of 
Conyza spp. and Euphorbia heterophylla collected from farms with a history of frequent use of 
herbicides and from sites with little or no herbicide use. Findings in these studies will 
provide help to guide weed management and control strategies of these two important 
species, which have recently evolved resistance to herbicides under field conditions. 

2. Euphorbia heterophylla 

The Euphorbiaceae family (also known as spurge family) includes more than 290 genera and 
7500 species distributed all over the world. Plants in this family are mostly herbs, but some 
may also be shrubs or trees. Euphorbia is one of the genera of the Euphorbioideae subfamily 
and includes around 2300 species of wide morphological variety. Most species of the spurge 
family are shrubs, growing between 40 and 60 cm in height. A milky sap that oozes from 
damaged stems and leaves (latex) is also characteristic of some subfamilies such as 
Euphorbioideae within the spurge family (Joly, 1998). 
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Common names of Euphorbia heterophylla L. in Brazil include amendoim-bravo, leiteiro, 
parece-mas-não-é, flor-de-poeta, adeus-brasil, café-de-bispo, leiteira, café-do-diabo or 
mata-brasil (Suda, 2001). In English, it is usually referred as wild poinsettia, milkweed or 
mexican fire plant. In Brazil, it is widespread along Southern, Southeastern and Midwest 
regions and it is considered a native species in tropical and subtropical regions of the 
Americas (Cronquist, 1981). As a weed, it is a highly competitive, fast-growing, annual 
herb erect. Stems may be simple or branched; ovate to rhomboid leaves (4-7 cm long by 
1.5-3 cm wide) occur on stems or branches as opposite, alternate or whorled, 2–12 cm 
long, leaf stalk 0.5–4 cm long; flowers are male or female in terminal clusters, each flower-
head (cyathium) with a solitary terminal female flower surrounded by male flowers 
enclosed in a cup-shaped involucre with a solitary conspicuous gland; seeds with three 
longitudinal ridges. The fruits are small, segmented capsules and spread usually happens 
by seeds that are released explosively from ripe fruits (Cronquist, 1981; Kissmann and 
Groth, 1992) (Figure 1). 

  

Fig. 1. Flowers of Euphorbia heterophylla in terminal clusters; each flower-head (cyathium) 
with a solitary terminal female flower surrounded by male flowers enclosed in a cup-shaped 
involucre with a solitary conspicuous gland. 

Male flowers are constituted by one stamen, articulated in the pedicel, and the stamen 
surrounds the female flower (Kissmann and Groth, 1992). Reproduction of this species may 
be either by self or cross-fertilization (Cronquist, 1981; Barroso, 1984; Ingrouille, 1992) and is 
exclusively by seeds. 

The fruits are small and contain trilocular segmented capsules, with one seed per locule. As 

fruit ripens, its color changes and at full maturity seeds are released explosively from ripe 

fruits, throwing seeds far away from mother-plants (Barroso, 1984). Seed is ovoid, with 

rough coat of variable color from light brown to almost black. Fruits are small, segmented 

capsules and have small bumps on the surface (mucilaginous cells); they have two 

cotyledons and dark coat (Cronquist, 1981; Barroso, 1984; Kissmann and Groth, 1992), and 

are produced in large quantities and with little to no dormancy. Causes of dormancy are not 

known, but light combined with alternating temperatures of 25-35 °C stimulate germination 

(Kissmann and Groth, 1992). Seeds germinate easily from a 4-cm depth, showing 

germination asynchrony along time during soybean growth season in southern states of 

Brazil, such as Rio Grande do Sul and Paraná (Kissmann and Groth, 1992).  
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E. heterophylla life cycle is short, allowing it to have two to three generations per year. The 
species develops well in almost all types of soil, but more prolific plants are found under 
fertile, well-drained soils. It is a representative of C4 photosynthetic pathway and the basic 
chromosome number is 2n = 32. The species is allogamous and produces up to 3000 seeds 
per plant (Kismann and Groth, 1992). 

The center of origin of E. heterophylla is the Brazil-Paraguay area (Kissmann and Groth, 
1992), and it is currently widely distributed in south-central Brazil and neighboring 
countries. Former field studies carried out at the Rio Grande do Sul State central plateau 
demonstrated that 74% of soybean fields were infested with this species (Vidal and Winkler, 
2002). At a density of 10 plants m-2, soybean yield was reduced by 7% by E. heterophylla 
competition during the whole crop cycle (Winkler et al., 2003; Chemale and Fleck, 1982). The 
presence of E. heterophylla at a 25 plants m-2 density caused a soybean yield daily loss of 5.15 
kg ha-1, whereas its absence provided a yield daily gain of 7.27 kg ha-1. The critical period of 
interference for soybean in Brazil is considered to start as soon as 11 days after crop 
emergence (Meschede et al., 2002). Although reports of its relevance as a weed have been 
mostly related to soybeans, it is also an important competitor in other crops such as corn, 
peanuts, cotton, sugarcane, sorghum and beans.  

3. Euphorbia heterophylla and resistance to herbicides 

Among current agronomical techniques adopted to maximize crop growth and yield, weed 
management is considered one of the most influential on soybean grain yield. Weed 
management programs are set to minimize the effects of interference imposed by 
undesirable plants; this is important to maximize crop yield and also to reduce costs 
associated to crop production (Pitelli, 1985; Burnside, 1992). 

The frequent use of a particular herbicide or of herbicides with the same mechanism of 
action may result in high selection pressure. Under high selection pressure the susceptible 
plants are killed while herbicide-resistant plants survive to reproduce without competition 
from susceptible plants, increasing, therefore, their frequency in the population (Ponchio, 
1997; Mattielo et al., 1999).  

Herbicide resistance is, by definition, the inherited ability of a plant to survive and 
reproduce following exposure to a dose of herbicide that would normally be lethal to the 
wild type. Resistance occurrence was hypothesized by Harper (1956) and documented by 
the first time in 1957 (Hilton, 1957; Switzer, 1957). Cases of herbicide resistance have been 
found in Brazil since 1996, and an average of one new case per year has been described so 
far (Winkler and Vidal, 2004). 

In Brazil, the greatest concern about weed resistance is related to E. heterophylla, since its 
center of origin is located in Brazil-Paraguay region (Kissmann and Groth, 1992). It is 
usually found in high densities in field crops and imposes great impact to national 
agriculture. The most common herbicide alternatives in non transgenic crops include 
acetolactate synthase (ALS) and protoporphyrinogen oxidase (PROTOX) inhibitors (Vidal 
and Merotto Jr., 2001). Over the last decade, ALS-resistant biotypes have been identified in 
states such as Rio Grande do Sul, Paraná, São Paulo, Mato Grosso do Sul, Mato Grosso, 
Bahia, Tocantins and Minas Gerais, and in neighbor countries like Paraguay (Gazziero et al., 
1998; Vidal and Winkler, 2002; Heap, 2010). Previous work has demonstrated that resistance 
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to ALS herbicides is nuclear and dominant in E. heterophylla and that resistance is coded by a 
single dominant gene (Vargas et al., 2007). 

According to the assumptions postulated by Winkler et al. (2003), soybean seeds 
commercialized in Rio Grande do Sul were all from the same commercial source and, 
therefore, seeds from weeds that are usually found in this crop may have spread 
geographically. Both species, soybean and wild poinsettia, would have evolved in a parallel 
process along the last years, favoring the selection of resistant biotypes to ALS-inhibiting 
herbicides in soybean fields, due to the intensive use of such mechanism of action. Weed 
resistance to these herbicides has already been described for six weeds in Brazil. The 
probability of selecting E. heterophylla biotypes with multiple resistance increases in the same 
order of magnitude as other herbicides with the same mechanism of action are used. Studies 
conducted by Trezzi et al. (2005) in southern states from Brazil (Paraná and Santa Catarina) 
have confirmed the presence of E. heterophylla biotypes with multiple resistance both to ALS 
and PROTOX inhibitor herbicides. In 2006, multiple resistance to ALS and EPSPs inhibitors 
was also reported (Vidal et al., 2007; Trezzi et al., 2009). 

Weeds have a background of genetic diversity that gives them the ability to adapt to many 
different environments. The natural genetic diversity of weeds favors the selection of 
individuals resistant to herbicides most likely due to the highest probability of finding 
alleles that provide resistance to that particular herbicide (Winkler et al., 2003). Many 
studies have demonstrated that agronomic practices such as soybean mono cropping as well 
as the frequent and intensive use of herbicides with the same mechanism of action increase 
the selection pressure for resistant biotypes under such systems (Owen, 2001).  

Several important points related to weed characteristics, herbicide properties, and cultural 

practices have been highlighted as key factors to explain the rapid occurrence and spread of 

weed resistance to herbicides (Vidal and Merotto, 1999). As concerned to weeds, annual 

growth habit, high seed production, relatively rapid turnover of the seed bank due to high 

percentage of seed germination each year (i.e., little seed dormancy), several reproductive 

generations in each growing season, extreme susceptibility to a particular herbicide (also 

called hypersensitivity of weeds to a particular herbicide) and the initial frequency of a 

resistant biotype in the population. Characteristics related to herbicides include a single site 

of action, dose violation (i.e. use of low or very high doses in relation to the optimum rates 

prescribed for a specific crop and situation), broad spectrum of weed control, frequency of 

use and long residual activity in soil. Cultural practices that may contribute in selecting for 

resistance include monocrop farming, reduced soil cultivation or zero tillage systems, failure 

to eliminate weeds that escape control by herbicides and use of a single herbicide or 

combinations that have same the mechanism of action in every season persistently. 

4. Genetic diversity in Euphorbia heterophylla 

Frigo et al. (2009) employed a non-denaturing PAGE system to identify polymorphism in - e 

-esterases loci in leaf tissues of E. heterophylla from seeds of 12 populations collected in 
states of Paraná and Mato Grosso – Brazil (Figure 2) to analyze the genetic diversity and 
structure of populations. Eight clearly defined loci were detected by this method (Figure 3). 
The ┙-preferential esterases, ┚-preferential esterases, and ┙/┚-esterases were numbered in 
sequence, starting from the anode, according to their decreasing negative charge. The 
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esterase with the slowest migration was named as Est-8 (Figure 3). These results confirmed a 
previous hypothesis that PAGE may be a powerful procedure for analysis of ┙/┚-esterases 
isozymes from leaf tissues of wild poinsettia plants. Eight loci for isoesterases were 
simultaneously and clearly evident in the same electrophoresis, that is, using only one 
enzymatic system. Isozyme studies in other Euphorbia species have revealed only 11 loci 
from analysis of eight enzymatic systems (Park, 2004). The analysis of different enzymatic 

systems generally requires higher cost and time investments. Thus, - and -esterase 
isozymes analysis in PAGE system may be used in further studies to detect genetic diversity 
in other Euphorbia species 

 

Fig. 2. Localities where seeds of wild poinsettia were collected at Mato Grosso, Brazil (MT) 
and Paraná, Brazil (PR) states: P1 and P11 (Maringá, PR), P2 (São Miguel do Iguaçu, PR), P3 
(Terra Rica, PR), P4 and P9 (Ivaiporã, PR), P5 (Campo Verde, MT), P6 (Ivatuba, PR), P7 
(Floraí, PR), P8 (Marialva, PR), P10 and P12 (Floresta, PR) populations. Source: Frigo et al. 
(2009). 
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High and low genetic diversity levels have been reported in different populations of wild 
poinsettia by DNA fragment analysis as molecular markers (Vasconcelos et al., 2000; 

Winkler et al., 2003). Deploying - and -esterase polymorphisms in the PAGE system 
(Frigo et al., 2009) indicates that genetic diversity of wild poinsettia has higher mean values 
for grades of genetic variation (number of alleles per locus, proportion of polymorphic loci, 
observed and expected proportion of heterozygous loci) when compared to other Euphorbia 
species (Park, 2004). 

The genetic variation in wild poinsettia is nearly as high as the genetic variability in 
Euphorbia ebracteolata, a widespread species (Park et al., 1999). The proportion of 
polymorphic loci in 12 wild poinsettia populations is much higher than the mean proportion 
value (31%) reported for dicotyledons (Hamrick et al., 1979) and also for 16 species of 
Euphorbia (reviewed comparisons in Park, 2004). 

 

Fig. 3. Polymorphism of ┙- and ┚-esterases detected in eight loci of wild poinsettia plant 
descendants from 12 populations. Source: Frigo et al. (2009). 

On the other hand, high and low values for observed (Ho) or expected (He) proportion of 
heterozygous loci in descendants from 12 different wild poinsettia populations sustain our 
preliminary hypothesis that wild poinsettia populations are genetically structured. 
Differential allele frequencies and proportions of heterozygous loci in different populations 
determined genetic divergence between the 12 populations (FST = 0.1663). According to 
Wright (1978), FST values between 0.15 and 0.25 indicate high interpopulational divergence 
level, or high genetic differentiation level between populations. A highest level of genetic 
differentiation between populations (FST > 0.25) has been described in 12 out of the 16 
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different Euphorbia species analyzed by Park (2004). The establishment of isolation and 
structuring mechanisms in populations has been reported in Euphorbia nicaeensis as a 
consequence of the inflorescence-architecture variability (Al-Samman et al., 2001). 
Substantial differences in the amount of genetic variation between different populations 
may indicate limited spatial dispersal or recent reduction in genetic variation caused by 
human action (Allendorf and Luikart, 2007). 

Both limited spatial dispersal and populations frequently disturbed by human interference 
may determine high levels of spatial differentiation within wild poinsettia species. The 
explosive seed dispersal as a primary form of seed dispersal in Euphorbia species (Narbona 
et al., 2005) may explain the highly genetically structured populations. The seed dispersal of 
Euphorbia species may also occur by the activity of different ant species. In fact, the mean 
distance of seed dispersal has been positively correlated with size and species of ants 
(Gómez and Espadaler, 1998). Additionally, small-scale disturbances such as constant use of 
herbicides may create increased spatial heterogeneity. High selection pressure adopted in 
conventional weed management has caused selection of resistant biotypes (Holt and 
LeBaron, 1990) and may have determined highly structured populations within species.  

High selection pressure imposed by the frequent use of herbicides in populations of E. 

heterophylla has not been detected through data obtained from - and -esterases. Parallel 
analysis comparing wild poinsettia plant descendants from seeds collected in organic 
culture of soybean (not exposed to herbicides) and plant descendants from seeds obtained 
in soybean culture frequently exposed to herbicides showed low genetic differentiation 
(FST = 0.03). Similarity between plants of E. heterophylla from organic and nonorganic fields 
was high (I = 0.9621) (Table 1). However, the mean observed and expected heterozygosity 
was higher in wild poinsettia plants from organic crops (Ho = 0.3526; He = 0.3980) than in 
plants from nonorganic crops (Ho = 0.2569; He = 0.3641). A comparison of organic and 
nonorganic populations suggests that frequent herbicide exposure may lead to increased 
homozygosity. 

The heterozygous deficiencies in 12 populations of wild poinsettia may be evident by the 
positive value of FIS (FIS = 0.1248). Positive FIS value indicates heterozygous deficit (12.48%) 
or excess of homozygous plants, which could be the result of human selection pressure 
(frequent herbicide application) in soybean areas and/or the result of self pollination. In 
consonance with the significant FIT value (FIT = 0.2703), overall inbreeding or 
nonrandomized breeding did play a major role in shaping the population’s genetic 
structure. Increased homozygosity in wild poinsettia populations is important, because it 
leads toward a great number of deleterious recessive alleles in inbred plants, with a 
subsequent lowering of their fitness. Reduced heterozygosity reduces the fitness of inbred 
individuals at loci in which the heterozygous entities have a relative advantage over 
homozygous specimens (Allendorf and Luikart, 2007). Alternatively, a high number of 
heterozygous plants in populations of wild poinsettia may result in differential reactions 
and prevent uniform plant responses. High heterozygosity would indicate that the plant 
population has probably a substantial amount of adaptive genetic variations to escape the 
effects of a control agent. 

The level of interpopulational genetic divergence in wild poinsettia species is revealed in the 
dendrogram through the genetic identity values (I) of 12 populations. Results in the 
dendrogram provide evidence that genetic divergence is independent of geographic 
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distance (Figure 4). Lack of concordance between the geographic-distribution pattern and 
genetic identity for descendants from 12 populations may also be the result of the 
differential selection pressure or of the heterogeneity of environmental factors. Major 
understanding of the meaning of identity values could lead to important evidence related to 
differential tolerance to herbicides in field conditions and to development and spread of 
resistance. This in turn could lead to development of more effective policies of wild 
poinsettia control. For populations with higher identity values it may be possible to adopt 
similar strategies and processes for their control. 

In subsequent studies carried out in our laboratory, the polymorphism for the - and -
esterases loci of E. heterophylla plants from three distinct populations (organic population, 
herbicide-susceptible and herbicide-resistant populations) was evaluated in order to 
characterize diversity and genetic differentiation among these populations. The proportion 
of esterases polymorphic loci was 85.71%. Allelic frequencies were analyzed for Est-1, Est-3, 
Est-4, Est-5, Est-6, Est-7, and Est-8 loci (unpublished results). 

 

Fig. 4. The dendrogram represents the relationship between the plant descendants from 12 
populations of wild poinsettia based on UPGMA cluster analysis of the allele polymorphism 
at Est-1, Est-3, Est-4, Est-5, Est-6, and Est-7 loci, by Jaccard’s similarity coefficient. 

As seen in Table 1, exclusive alleles and alleles with different frequencies were found for the 
three populations, suggesting that these enzymes may be involved with the differential 
metabolism of herbicides. Two alleles were detected in tissues from leaves of plants from 
organic and herbicide-resistant populations for Est-1, Est-4 and Est-5 loci. Locus Est-4 had 

Ivaiporã-PR
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three alleles in the susceptible population and the allele Est-43 has a low frequency in 
population (0.0014). For Est-3, Est-6 and Est-7 loci, three alleles were found for the three 
populations in this study (Table 1). The EST-2 esterase encoded by the locus Est-2 was found 
in 71.39% of plants of E. heterophylla and was absent in 28.61% of plants. In the research 
carried out by Frigo et al. (2009), EST-2 was not found for 100% of herbicide-resistant plants 
analyzed (Figure 5), suggesting that this enzyme may be also involved with the differential 
herbicide metabolism.  

 

Locus Est-1 Est-3 Est-4 Est-5 Est-6 Est-7 Est-8 

Alleles        

Organic population 

1 0.4454 0.4055 0.2143 0.7815 0.6324 0.6681 1.0000 
2 0.5546 0.3613 0.7857 0.2185 0.3487 0.0021  
3  0.2332   0.0189 0.3298  

Herbicide-susceptible population 

1 0.6320 0.4105 0.1832 0.5289 0.8416 06956 1.0000 
2 0.3680 0.4270 0.8154 0.4711 0.1556 0.0110  
3  0.1625 0.0014  0.0028 0.2934  

Herbicide-resistant population 

1 0.3467 0.4315 0.7200 0.9667 0.6333 0.0533 1.0000 
2 0.6533 0.5342 0.2800 0.033 0.3267 0.7333  
3  0.0342   0.0400 0.2133  

Table 1. Allelic frequencies for Est-1, Est-3, Est-4, Est-5, Est-6, Est-7, and Est-8 loci observed 
in E. heterophylla from organic, herbicide-susceptible and herbicide-resistant populations. 

A moderate level of genetic differentiation (FST = 0.1410) was found for all three populations, 

suggesting a reduced genetic exchange between them (Nm= 1.5231). High selection pressure 

imposed by the use of herbicides on E. heterophylla populations has been detected in data 

from - and -esterases. Similarity between plants of E. heterophylla from organic and 

herbicide-susceptible populations was high (I = 0.9670), however, the mean observed and 

expected heterozygosity was higher in wild poinsettia plants from organic crops (Ho = 

0.3529; He = 0.3923) than in plants from nonorganic crops (Ho = 0.2597; He = 0.3693), and the 

lowest values of heterozigosity were found for the herbicide-resistant population (Ho = 

0.2070; He = 0.3360). A comparison of organic and herbicide-susceptible populations 

suggests that frequent herbicide exposure may lead to decreased heterozygosity and that the 

selection process of resistant biotypes further reduces heterozigosity. Because of the 

difference in allele frequency and heterozigosity, the three populations formed a group 

consisting of organic and herbicide-susceptible demonstrating greater similarity between 

them, while the herbicide-resistant population was isolated from this group, being the most 

divergent. 

The dendrogram based on the genetic distances calculated by the UPGMA method (Figure 
6), provided evidences of a group constituted by herbicide-susceptible and organic 
populations, demonstrating that these two populations present greater similarity, while the 
herbicide-resistant population was isolated from the other two populations. As regards the 
other two populations in this study, descendants of herbicide-resistant population had the 
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highest level of differentiation observed. Nei’s identity values (I) ranged from 0.7623 
(descendants from herbicide-susceptible and herbicide-resistant populations) and 0.9670 
(descendants from herbicide-susceptible and organic populations). 

 

Fig. 5. Polymorphism of ┙- and ┚-esterases detected in plants of Euphorbia heterophylla 
descending from herbicide-susceptible (samples 1-5; gel A) and herbicide-resistant (samples 
6-10; gel B). Gel A, samples from plants susceptible to ALS inhibitor herbicides, where 
Esterase-2 is present. Gel B, samples from ALS-resistant plants, where Esterase-2 is absent. 

 
 
 

 

Fig. 6. Dendrogram representing the relationship between plants from organic, herbicide-
susceptible and herbicide-resistant populations of Euphorbia heterophylla, based on similarity 
measures by UPGMA and cluster analysis for the alleles polymorfism from Est-1, Est-3, Est-
4, Est-5, Est-6, and Est-7 loci by Jaccard’s similarity coefficient. 

Organic 
 

Herbicide-susceptible 
 

Herbicide–resistant 
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Data from the studies evaluating ┙- and ┚-esterases provide evidences that populations of E. 
heterophylla have been under high selection pressure imposed by herbicide use. This has 
been verified by the differentiation between organic, herbicide-susceptible and herbicide-
resistant populations. Exclusive alleles and different frequencies for alleles in different loci 
of esterases found for the three populations suggest that these enzymes may be involved 
with differential metabolism of herbicides. Frequent use of a single herbicide or mechanism 
of action may exert a high selection pressure, reducing the susceptible populations, and, 
therefore, resulting in herbicide-resistant biotypes dominance, which already were found in 
natural populations, but in very low frequencies. 

5. Biology and ecophysiology of Conyza spp. 

The genus Conyza includes around 50 species, distributed all over the world (Kissmann 
and Groth, 1999). The species that stand out by their negative effects are Conyza bonariensis 
(L.) (fleabane, hairy fleabane) and Conyza canadensis (L.) (horseweed, marestail); both from 
Asteraceae family. The first is native to South America and abundant in Argentina, 
Uruguay, Paraguay and Brazil. In Brazil, its dispersion is more evident in South, 
Southeast and Midwest regions. It can also be found in coffee plantations in Colombia and 
Venezuela (Kissmann and Groth, 1999). Conyza canadensis, however, is native to North 
America (Frankton and Mulligan, 1987) and is one of the most widely distributed species 
globally (Thebaud and Abbott, 1995). It can be predominately found in Northern 
hemisphere temperate regions (Holm et al., 1997) and in subtropical regions of Southern 
hemisphere (Kissmann and Groth, 1999). C. canadensis is also present in Canada (Rouleau 
and Lamoureus, 1992), Western Europe (Thebaud and Abbott, 1995), Japan and Australia 
(Holm et al., 1997). 

Propagation of both Conyza bonariensis and C. canadensis occurs through the seed only. The 

fruit is an achene with pappus, a simple one-seed fruit which has an apical structure of 

radiating fine light bristles (pappus) that serves as a means for seed dispersion by wind 

(Andersen, 1993), as well as by water (Lazaroto et al., 2008). Both Conyza species are self-

compatible and seem not to be pollinated by insects (Thebaud et al., 1996), although insect 

visits to open flowers of C. canadensis have been reported (Smisek, 1995). 

Seeds are able to disperse by wind in distances over 100 m (Dauer et al., 2006). The average 

number of seeds found in C. canadensis and C. bonariensis ranges from 60 to 70 per achene 

(Smisek, 1995; Thebaud and Abbott, 1995) and from 190 to 550 per capitulum (Wu and 

Walker, 2004), respectively. C. canadensis densities of 10 plants m-2 growing in areas with no 

soil disturbance may produce as much as 200,000 seeds per plant (Bhowmik and Bekech, 

1993). About 80% of them germinate next to mother-plants (Loux et al., 2004). With 

increasing densities, the number of flowering plants, the individual plant size and the 

number of seeds per plant decreases, but the global seed production per area remains very 

similar (Lazaroto et al., 2008). 

Conyza seeds have no dormancy and germinate when ever favorable conditions of 
temperature and moisture are present (Wu and Walker, 2004). Minimum temperature 
required for germination of C. canadensis was estimated in 13 °C (Steinmaus et al., 2000). 
Seeds from both C. canadensis and C. bonariensis germinate after exposition to temperatures 
between 10 and 25 °C (Zinzolker et al., 1985). In a study carried out in Australia, the 
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optimum temperature for C. bonariensis was 20 °C, but minimum and maximum 
temperatures were estimated in 4.2 °C and 35 °C (Rollin and Tan, 2004). 

Germination of C. canadensis seeds was higher during a period of light, but under lab 
conditions, these seeds also germinate either under no light or when submitted to alternate 
periods of light/dark (13/11 h) (Nandula et al., 2006). Aggregation of mulching as soil 
covers such as those propitiated by no tillage cropping systems may delay or prevent 
germination, allowing the crop to establish and suppress later fluxes of weeds that 
eventually will emerge (Lazaroto et al., 2008). Germination of C. canadensis seeds occurs 
preferentially in neutral to alkaline soils (Nandula et al., 2006). Therefore, soil liming should 
be planned and balanced to meet the crop needs of crops and not to promote favorable 
conditions to Conyza germination (Lazarotto et al., 2008). Conyza is also able to grow and 
reproduce under more limited soil resources (rough, stony areas) (Hanf, 1983), as well as 
flat, poorly drained areas , provided that there is no flooding (Smith and Moss, 1998). 

Conyza canadensis is an annual or biennial species, depending on environmental conditions 
(Regehr and Bazzaz, 1979; Holm et al., 1997) and C. bonariensis is considered a typical annual 
(Kissmann and Groth, 1999). Studies in Australia demonstrated that plants emerge 
throughout the year, but maximum emergences occur in spring (Walker et al., 2004). Other 
studies have shown that Conyza is able to grow under a different set of climate types, but C. 
canadensis is rare under tropical conditions (Holm et al., 1997). In Canada, seed production 
and invading potential of Conyza as weed tend to be limited by latitude 52 °N (Archibold, 
1981). However, the two species of Conyza are tolerant to water stress conditions and use of 
irrigation is considered as an alternative to improve crop competitive ability against those 
weeds (Lazaroto et al., 2008). 

6. Management and herbicide resistance in Conyza species 

Both species Conyza bonariensis and C. canadensis are typical colonizers of abandoned areas, 

perennial and annual crops (soybeans, maize, cotton and wheat) (Thebaud and Abbott, 

1995). Bruce and Kells (1990) demonstrated that the interference imposed by C. canadensis 

decreased soybean grain yield in 83% under no tillage conditions and weed densities 

around 150 plants m-2. Leroux et al. (1996) also demonstrated the effects of Conyza spp. in 

other crops such as onions and carrots, concluding that, in carrots, negative effects on crop 

harvest may be even more important than those found in crop yield. In Indiana (USA), 

Conyza infestations have been detected in about 63% of soybean areas cropped with 

soybeans for two consecutive years, in 51% of soybean areas with no crop rotation and in 

47% of areas cultivated under soybean/corn rotations (Barnes et al., 2004). The inclusion of 

barley as a successional winter crop decreased C. canadensis populations in onion and carrots 

over the next summer (Leroux et al., 1996). 

In Brazil, Conyza most prolific growth usually is found between winter crops harvest and 
summer crops sowing. Farmers have related poor control of Conyza with herbicides, 
especially those used for burndown prior to summer crops. Problems are mostly related to 
tolerance of adult plants to herbicides and also to resistance to glyphosate. In several field 
experiments carried out in the last years, we found that a fall application (usually one to two 
weeks after corn harvest in July/August) including tank mixtures of burndown herbicides 
and residual herbicides provide an excellent alternative for these areas. Residual herbicides 
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added to these treatments improve control of emerged Conyza and provide residual control, 
so that at the point that next crop is about to be sowed, seed bank is adequately controlled 
or, when emerged, is still within a range of size (≤ 10 cm) that permits control with a regular 
burndown treatment (Oliveira Jr. et al., 2010). 

Increases in soil disturbance reduce the densities of C. canadensis by 50% or more (Buhler 
and Owen, 1997). Seedlings of C. canadensis were detected in 61% of the crops that were not 
submitted to soil tillage, as compared to 24% under minimum soil tillage (Barnes et al., 
2004). Thus, as survival rate is drastically reduced when these species are submitted to soil 
tillage, this has been a strategy to limit infestation in agricultural areas. The impediment to 
periodical soil tillage, like that imposed by no-tillage cropping areas, and the fact that under 
that cropping system the seeds of weeds are deposited in the soil surface or buried very 
shallow may be used as management tools to obtain a more uniform emergence of these 
plants in the field. Uniform emergence of weeds favor the efficiency of herbicides and tend 
to allow the use of non chemical alternatives of weed control, like mowing (Lazaroto et al., 
2008). 

Therefore, weed management practices as regards the Conyza species require the 
combination of multiple actions like increased intensity of soil management, adoption of 
routine crop rotations and cultural strategies (Lazaroto et al., 2008). In addition, the correct 
identification of Conyza species is important so that a suitable control method may be 
chosen.  

The frequent use of a particular herbicide or of herbicides with the same mechanism of 
action in Conyza species may also result in high selection pressure. Glyphosate has been 
safely used for over 40 years in weed management. It is considered as a non-selective 
herbicide and is a very useful tool to promote soil protection by plant residues that are 
obtained from natural vegetation or a cover crop cultivated during the intercropping season 
in no-tillage areas. The growing dependence and overreliance on glyphosate to control 
weeds is a major concern for the maintenance of long-term viability of such valuable tool in 
weed managements, since the repeated use of one single herbicide molecule may select 
preexisting weed resistant biotypes, leading to increased densities of these biotypes in field 
(Powles et al., 1994). In general, species or biotypes of a species best adapted to a particular 
practice are selected and multiply rapidly (Holt and Lebaron, 1990). Evidences suggest that 
emergence of herbicide resistance in a plant population is due to the selection of preexisting 
resistant genotypes, which, because of the selection pressure exerted by repeated 
applications of a single herbicide, find conditions for multiplication (Betts et al., 1992).  

Weed resistance to herbicides is not a new phenomenon. Plants of field bindweed 
(Convolvulus arvensis) resistant to glyphosate were identified in Indiana (USA) in the mid-
80’s in fields that had been sprayed repeatedly with glyphosate (Degennaro and Weller, 
1984). However, weed resistance to glyphosate has become a major concern a few years after 
the release of the first Roundup Ready® soybean varieties in USA in 1996. Species that are 
currently considered as of greatest concern include those from the genus Conyza. The first 
reported case of glyphosate-resistant Conyza was found in Delaware (USA) in 2000 (Van 
Gessel, 2001).  

Currently, Conyza resistant biotypes are distributed in over 20 U.S. states and in over 40 
countries worldwide (Heap, 2010; Alcorta et al., 2011). In Brazil, the first sites of resistance 
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were reported in Rio Grande do Sul in 2005, and thereafter these biotypes have rapidly 
dispersed in all southern states and, more recently, in Midwest and Southeast. All sites of 
reported detections of glyphosate-resistant Conyza spp. share the frequent use of this 
herbicide in weed control, little or no use of alternative herbicides that provide adequate 
control of Conyza spp., and long-term, no-till agricultural practices (Loux et al., 2009). 

Resistance of Conyza spp. in relation to other herbicides has also been previously described. 
In 1980, Japanese scientists detected a resistant biotype of C. canadensis to the herbicide 
paraquat (Heap, 2010). Increased activity of detoxification enzymes such as superoxide 
dismutase or the compartimentalization of herbicide molecules at cellular organelles were 
related to the mechanism of resistance to paraquat (Ye et al., 2000). In Hungary, herbicide-
resistant populations of Conyza were simultaneously found for paraquat and atrazine 
(Lehoczki et al., 1984). In Israel and U.S. populations resistant to atrazine and chlorsulfuron 
(a ALS inhibitor) were also found (Heap, 2010). 

Among the recommended measures to manage weed resistance to herbicides, the frequent 
monitoring of crops in field is essential, in order to identify eventual suspected plants, 
which should be systematically eliminated (Lazaroto et al., 2008). 

7. Genetic diversity in Conyza bonariensis and C. canadensis 

To estimate the level of genetic diversity and the level of differentiation among populations 
of Conyza bonariensis and C. canadensis, we have developed routine lab procedures to analyze 
esterase isozymes as well as malate dehydrogenase and acid phosphatase. We assume that 
this information may serve as a guideline for weed management of both species in view of 
the growing concern related to the spread of cases of resistance to herbicides. 

   

Fig. 7. Plants of Conyza bonariensis (A) and C. canadensis (B) used for analyze isozymes 
esterase, malate dehydrogenase and acid phosphatase. 

A B 
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For analyze esterase isozymes (EST; EC 3.1.1._), malate dehydrogenase (MDH; EC 1.1.1.37) 
and acid phosphatase (ACP; EC 3.1.3.2) leaves of plants of C. bonariensis e C. canadensis were 
used (Figure 7). Leaf fragments (200 mg) were homogenized with 60 L of a extraction 
solution prepared with phosphate buffer 1.0 M, pH 7.0 containing PVP-40 5%, EDTA 1.0 
mM, 0.5% -mercaptoetanol, and glicerol 10%; extraction was performed in an ice bath 
using 2.0 mL microcentrifuge tubes. After homogenization, samples were centrifuged 
(centrifuge Juan 23 MRi, at 14,000 rpm – 48,200 g) for 30 minutes, at 4 °C, and the 
supernatant (50 L) of each sample was used in electrophoresis. 

Electrophoresis and ┙- and ┚-esterase identification was previously established by Frigo et 
al. (2009). To analyze enzymes malate dehydrogenase and acid phosphatase, after 
centrifugation supernatants were absorbed in strips of paper (Whatman no 3; 5 x 6 mm), and 
these were vertically inserted into 16% starch gel, following the protocols described by 
Machado et al. (1993). Visualization (staining procedures) and identification of the malate 
dehydrogenase and acid phosphatases isozymes were also performed according to the 
protocols described by Machado et al. (1993).  

Analysis of esterase isozymes from plant leaves of Conyza, through the non-denaturing 
PAGE method and using as substrates ┙-naphthyl acetate and ┚-naphthyl acetate  disclosed 
seven esterase loci clearly defined. The ┙/┚-esterases were listed starting from anode as 
EST-1 and following the order of decreasing negative charges. The slowest-migration 
esterase was named as EST-7 (Figure 8).  

 

Fig. 8. Polymorphism of ┙- and ┚-esterases generated by loci Est-1, Est-2, Est-3, Est-4 and 
Est-5 detected in 12 plants of Conyza canadensis. 
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Electrophoresis for malate dehydrogenase in starch gel demonstrated the presence of three 

different groups of malate dehydrogenase isozymes: the microbodies MDH (mbMDH), 

mitochondrial MDH (mtMDH), and cytosol or soluble MDH (sMDH) (Figure 8). Four 

mbMDH isozymes were evident (mbMDH-1, mbMDH-2, mbMDH-3, and mbMDH-4) at the 

mbMdh locus; two other loci were evident for mtMDH isozymes (mtMdh-1 and mtMdh-2) 

and another two loci for sMDH isozymes (sMdh-1 and sMdh-2) (Figure 9). Due to the 

complex structural organization of these enzymes, which includes the ability to produce 

heterodimers between products from alleles of the mtMdh and sMdh loci, studies related to 

genetic diversity were only performed for the analysis of the mbMdh locus. At the mbMdh 

locus the presence of four alleles was evident (Figure 9). 

For acid phosphatase isozymes, two loci (Acp-1 e Acp-2) were evident, but only the Acp-2 
locus was analyzed, with four alleles for ACP-21, ACP-22, ACP-23 and ACP-24 isozymes 
(Figure 10). 

Considering the three enzymatic systems, 14 loci were detected; from those, five that code 
for esterases were analyzed, as well as one locus coding for malate dehydrogenase and one 
locus for acid phosphatase, totalizing seven loci. 

 

 

 

Fig. 9. Malate dehydrogenase from plants of Conyza canadensis (1-7) and C. bonariensis (8-16). 
Polymorphism for mbMdh locus showing the four isozymes coded by their alleles (mbMDH-1, 

mbMDH-2, mbMDH-3, and mbMDH-4). Evidence of two loci (mtMdh-1 and mtMdh-2) for 
mitochondrial MDH and two loci (sMdh-1 and sMdh-2) for the soluble MDH isozyme. The 

mtMDH-1/MDH-2 is the heterodimer between the product of the loci mtMdh-1 and mtMdh-2; 

sMDH-1/MDH-2 is the heterodimer between the product of the sMdh-1 and sMdh-2 loci; hd* 
are heterodimers between the products of the loci mtMdh-2 and sMdh-1 and loci mtMdh-1 and 

sMdh-1. 
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The genetic diversity found in our studies with C. bonariensis and C. canadensis based on 
MDH, ACP and ┙-/┚-esterases can be considered high, since polymorphism was detected 
for 7 out of 14 loci analyzed (50%). That value may still be underestimated, because the 
polymorphism for the loci of the soluble and mitochondrial malate dehydrogenase, as well 
as for the Acp-1 locus, was not reported here. Hence the proportion of polymorphism for C. 
bonariensis and C. canadensis is much higher than mean values reported for dicotyledons 
(31%) (Hamrick et al., 1979) and also for other weed species such as Euphorbia (Park, 2004; 
Frigo et al. 2009). 

 

Fig. 10. Polymorphism of the acid phosphatase isozymes produced by locus Acp-2 coding 
for isozymes ACP-21, ACP-22, ACP-23 and ACP-24. Samples from 1 to 9 are Conyza 
bonariensis plants. 

Observed heterozygosity (Ho) for ┙- and ┚-esterases from C. canadensis and C. bonariensis 
was 0.4310 and 0.4293, respectively; these values are lower than values for expected mean 
heterozygosity (He), which was found to be 0.5125 and 0.4978. The deficit of heterozygotes 
was higher when plants of Conyza were evaluated for the mbMdh and Acp-2 loci. Observed 
heterozygosity (Ho) for C. canadensis was 0.4410 compared to an expected value (He) of 
0.6699. For C. bonariensis, the observed mean heterozygosity was 0.4333 compared to an 
expected value of 0.6149. 

For all 14 tests performed to analyze the Hardy-Weinberg equilibrium in both populations, 
equilibrium was found in only six of them (42.86%). The lack of equilibrium for the analyzed 
loci is result of a deficit of heterozygous individuals. The fixation index (FIS) was positive for 
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the Est-1, Est-2, Est-4, mbMdh and Acp-2 loci. For both populations, the Ho was lower than 
expected, indicating the lack of heterozygous plants in populations of Conyza.  

A low level of genetic differentiation was found for the two populations of Conyza, both 
when ┙- and ┚-esterase (FST = 0.0137), and malate dehydrogenase and acid phosphatase 
isozymes (FST = 0.0239) were evaluated. According to Wright (1978), values of FST < 0.05 
indicate a low genetic differentiation between populations. That finding suggests an 
extensive genetic exchange (Nm) between populations of C. canadensis and C. bonariensis, 
which was estimated to be of 18.008 and 10.203 for the ┙-/┚-esterases loci and malate 
dehydrogenase/acid phosphatase loci, respectively. According to this, the estimates of gene 
flow were high (Nm = 18.008 and 10.203). The pattern of allele migration or the exchange of 
alleles between populations may have contributed to maintain homogeneity between the 
two populations of C. canadensis and C. bonariensis.  

The frequency of alleles in both populations is very homogenous, i.e., the distribution of 
alleles for all loci analyzed showed no preferential distribution in any of the evaluated 
populations. Estimates calculated in the present study lead to the proposition of no 
reproductive isolation between species of C. bonariensis and C. canadensis. Lack of genetic 
differentiation may indicate exchange of alleles between both populations, what is 
reasonable to occur as long as plants share the same space for long periods of time.  

When reproductive aspects of these species are considered, a greater differentiation should 
be expected, since both species of Conyza are self-compatible and apparently are not 
pollinated by insects, suggesting the occurrence of autogamy or wind pollination (Thebaud 
et al., 1996). Conyza canadensis is self-compatible (Mulligan and Findlay, 1970); pollen is 
released before capitulum full opening, suggesting self-pollination, although insects visit 
open flowers (Smisek, 1995). However, when paraquat-resistant plants were used as 
markers, the average level of self-crossing within a population of C. canadensis was only 4% 
(ranging from 1.2 to 14.5%). Therefore, besides self-crossing not to be the most frequent 
reproduction form for these species, a second way to explain the low differentiation between 
them is the ability to develop hybridization between C. canadensis and other species in 
Conyza genus, specially C. sumatrensis and C. bonariensis, since they usually grow in 
associated populations and occur on a frequent basis (Thebaud and Abbott, 1995). Small 
differences for genetic variation among different populations may indicate a large spatial 
dispersion or a recent disturbance in genetic variation associated to human action (Allendorf 
and Luikart, 2007).  

Concurrent occurrence of spatial coexistence for long periods of time, ability of 
hybridization and populations frequently disturbed by human interference may determine 
the low level of genetic differentiation between the two species of Conyza. Small-scale 
disturbances such as the continuous use of herbicides can promote an increase in spatial 
homogeneity. The increased selection pressure imposed by traditional weed management 
tools has contributed to selection of herbicide-resistant biotypes (Holt and LeBaron, 1990) 
and may be an important component to determine how the populations are genetically 
structured. 

The deficiency of heterozygous plants in both populations of Conyza was also evident by 
positive values of FIS (FIS = 0.1484 for ┙- and ┚-esterases and FIS = 0.32 for MDH and ACP). 
Positive values of FIS indicate a deficit of heterozygous or excess of homozygous plants. This 
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event could be the result of selection pressure imposed by frequent application of herbicides 
in soybean fields or of self pollination, which is described for these species. Significant 
values of FIT (FIT = 0.1607 for ┙- and ┚-esterases and FIT = 0.3363 for MDH and ACP) indicate 
that frequent self-crossing or nonrandom-crossing should have a fundamental role in 
shaping the genetic structure of C. bonariensis and C. canadensis populations. On the other 
hand, the high heterozygosity found in populations of C. bonariensis and C. canadensis may 
indicate that these plant populations have a substantial amount of adaptive genetic 
variations, and that these variations may be enough for them to escape of the eventual 
effects of a control agent. 

Levels of interpopulational genetic diversity in species C. bonariensis and C. canadensis may 
be evaluated based on values of Nei’s genetic identity (I) of both populations. I values also 
demonstrated a very small genetic differentiation between the two species of Conyza. The 
degree of genetic divergence may be used to develop crop and weed management policies 
to provide more effective control of C. bonariensis and C. canadensis. For populations of these 
two species with high genetic identity values, similar weed control strategies may be 
adopted. 

This research on genetic diversity in species of Conyza was important since no studies could 
be found in the scientific literature. So far, most available information have been focused on 
reports of resistant populations, on aspects related to herbicide efficiency in its control and 
on elucidating mechanisms that promote herbicide resistance in this genus. Such studies are 
important since herbicide resistance has already been reported in six countries for C. 
bonariensis and in 13 countries for C. canadensis (Heap, 2010). Biotypes of both species have 
also been reported as resistant to glyphosate in Brazil by Christoffoleti et al. (2006), 
Montezuma et al. (2006), Moreira et al. (2007), Vargas et al. (2007), and confirmed by 
Lamego and Vidal (2008). Developing knowledge on genetic diversity and population 
structure is important to orientate weed management programs, leading to differential or 
specific forms of control, making them more effective to control species in Conyza genus. 

The analysis of ┙- and ┚-esteases, malate dehydrogenase and acid phosphatase isozymes 
revealed high genetic diversity in C. bonariensis and C. canadensis species, and limited genetic 
differentiation between them, indicating that it may be possible to develop similar weed 
control mechanisms and strategies (type and doses of herbicides, for instance) for both 
species. Based on our results, there is an expectation that weed control approaches 
developed for one species should also be effective for the other species, considering the 
limited genetic differentiation detected between them.  
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