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Summary

Weed surveys were performed in commercial no-till

glyphosate-tolerant soyabean crops in southern Entre

Rı́os province (Mesopotamic Pampas of Argentina) in

2005 and 2007, during the soyabean grain filling to

maturity growth stages. The objectives were to describe

the weed communities in fields recently introduced to

crop production and to analyse the effect of the new

cropping patterns on assemblages. The fields surveyed

varied in the length of the no-till period (1–11 years), the

previous crop and the soil productivity rating. Weed

communities were described in terms of composition,

constancy, life forms, morphotypes and (only during

2007) frequency. Tragia geraniifolia, Bidens subaltern-

ans, Sida spinosa, and Eryngium horridum were species

associated with fields with more than 5 years of no-till

glyphosate-tolerant crops. These fields had a signifi-

cantly higher relative abundance of perennials (52%

versus 32%) and of dicotyledons (66% versus 39%) than

fields with less than 5 years of no-till. Previous crop and

soil productivity affected weed community structure. Six

species, five of them annuals, were associated with fields

that had high yields and maize as the previous crop. In

contrast, perennials and dicotyledons had the highest

relative abundance when wheat–soyabean double crop-

ping was the previous crop. The results show that

changes in cropping systems acted as filters on func-

tional traits, modifying the previous weed community

assemblage. The information may be used to develop

integrated crop–weed management strategies, leading to

a reduction in the assemblage of highly competitive weed

communities.
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Introduction

It is known that native plant communities are highly

modified when cropping is introduced into new areas

(Ghersa et al., 1996; Booth & Swanton, 2002). Once

cropping systems are introduced, weed communities

tend to change in response to the inherent disturbance

factors of the cropping systems, usually forcing weed

populations to change and adjust to the introduced

technologies (Mortensen et al., 1998). Therefore, the

floristic composition of weed communities may result

not only from seasonal variation, agricultural cycles, or
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soil degradation under agriculture (Ghersa et al., 1996;

Ghersa & León, 1999; Smith & Gross, 2007), but also

from any frequent agronomic factor associated with

crop production (McLaughlin & Mineau, 1995; Légère

et al., 2005). Herbicide resistant weeds are evidence of

such transforming forces (Mortimer & Maxwell, 1994;

Martı́nez-Ghersa et al., 2000). Moreover, assembly

theory applied to weed communities has recently pro-

vided a framework to understand disturbance in crop-

ping systems as filters and constraints. In this context,

the crop sequence, the soil characteristics and the

herbicide applications could act as environmental con-

straints that would filter some vegetative and ⁄or repro-
ductive traits in the weed community (Booth &

Swanton, 2002; Booth et al., 2003), leading to new

assemblages in weed communities.

In the Pampas region of Argentina, agriculture has

undergone huge transformations in the past two

decades. First, the soyabean crop area under no-tillage

cultivation systems has expanded (Satorre, 2001).

Transgenic glyphosate-tolerant soyabean varieties were

released and soon covered more than 95% of the area

sown with this crop (Satorre, 2001, 2005). At present,

transgenic soyabean is sown in almost 65% of Argen-

tinean arable land and its associated agricultural prac-

tices (i.e. no-till cropping, glyphosate herbicide and crop

growth periods: single-crop or double-crop soyabean)

have strongly modified previous agronomic disturbances

and resource availability patterns for arable weed

species. Such agricultural transformation mostly

occurred in areas that, for decades, had previously been

sown with grain crops, and changes in its weed

communities have been reported (Vitta et al., 2004;

Puricelli & Tuesca, 2005; de la Fuente et al., 2006). In

contrast, little information is available on the effect of

transgenic soyabean crop technologies on areas that

were previously managed as pastures for extensive cattle

raising. Exploring what is occurring in new areas,

recently introduced to arable farming, may help to

understand how these new technologies affect weed

communities.

Ellenberg (1950), León and Suero (1962) and Holzner

(1982), among others, have recognised the importance of

environmental and anthropogenic factors on the struc-

turing and functioning of weed communities. The

assembly of weed communities in different cropping

systems has been described in many productive areas of

the world. For example, in eastern Canada, species

richness and community composition changes were

found in relation to weed management intensity (Légère

et al., 2005; Swanton et al., 2006). In Michigan (USA),

community composition changes were related to tillage

timing (Smith, 2006) and species richness was affected by

crop rotation (Smith & Gross, 2007). Particularly, in the

Rolling Pampa, one of the most productive arable areas

in Argentina, the relationship between summer weed

community structure and cropping history of fields has

also been studied. Ghersa and León (1999) found

decreases in species number at the beginning of agricul-

tural grain production in the early 20th century, but

afterwards increases were registered as the soil became

degraded by continuous cultivation. Community com-

position was also related to different crop production

levels (Suárez et al., 2001). De la Fuente et al. (2006)

studied community composition changes in soyabean

crops during the period of expansion of transgenic

no-till production systems (1995–2003). They found

decreases in overall species richness over time, due to

decreases in the number of annual species and dicoty-

ledon species, but this was linked to increases in the

percentage of perennials.

Weed community changes in areas previously con-

sidered marginal for grain production, such as the

Mesopotamic Pampa (Hall et al., 1992), have received

no attention. In this region, transgenic glyphosate-

tolerant soyabean has recently become a dominant crop

and the new grain crop production system, which

includes no-tillage and continuous glyphosate applica-

tions, has been strongly favoured. From the results of

previous works, reductions in weed diversity are

expected with the establishment of arable systems in

previously extensively grazed areas (Ghersa et al., 1996).

However, species richness can increase with time of

cropping, although decreases in number of dicotyledon

species and increases in number of perennial species are

expected, particularly under no-till production systems

(de la Fuente et al., 2006). Nevertheless, such predic-

tions have seldom been evaluated in real production

systems. For this reason, the objectives of this work

were: (i) to describe weed community structure in

commercial fields recently introduced to arable farming

with transgenic glyphosate-tolerant soyabean crops

under a no-tillage cultivation system; (ii) to analyse the

effect of time of continuous cropping and some agro-

nomic variables on the southern Mesopotamic Pampa�s
soyabean weed communities.

Materials and methods

On-farm weed surveys were performed in the southern

Mesopotamic Pampas of Entre Rı́os province in Argen-

tina (Hall et al., 1992; Soriano et al., 1992). The fields

were located on a 27 000 ha farm (Estancia Centella)

close to the city of Gualeguaychú (32�41¢48¢S,
58�23¢25¢W). This farm was previously under an exten-

sive mixed grain – cattle raising system, but 10 years ago

started to increase grain cropping, mostly soyabean,

production. Information concerning crop management
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and crop performance (i.e. field history, weed control

strategy and crop grain yield) is properly recorded on

the farm.

Study region

This research focuses on transgenic glyphosate-tolerant

soyabean production systems. In particular, we focus on

the southern area of the �Mesopotamic� sub-region of the

Pampas, which has experienced recent transformations

from a dominant cattle raising system to mainly grain

crop production methods. The Mesopotamic Pampas

grain production area grew from almost 0.1 million

hectares in 1993 to 1.2 million hectares in 2003 (Bernaudo,

2003). This growth replaced traditional extensive cattle

raising production systems with modern grain crop

production systems. The recent history of its crop

production makes this study region an interesting

research case. In addition to single soyabean crops,

which represent more than 65% of the cropped area,

important crops in the region include maize and wheat–

soyabean double crop. The soyabean varieties used are

transgenic glyphosate-tolerant, also called Roundup

Ready (RR), and they are sown mostly under no-tillage

rainfed systems. The predominant soils are vertisols and

vertic argiudols (c. 40%). Soils tend to show high

deficiencies in available phosphorous; all crops, with the

exception of double cropped soyabean, are fertilised

with phosphorous fertiliser at sowing (average rate used

is 10 kg P ha)1 and crop) but only wheat and maize are

fertilised with nitrogen sources (average rate used is

70 kg N ha)1), usually before crop sowing. Mean

annual precipitation in the area is about 1150 mm, with

maximums in autumn and late spring-summer. Annual

precipitation was 970 mm in 2005 and 1539 mm in 2007,

when the fields were surveyed.

With respect to rangeland farming, the expansion of

grain cropping has tended to reduce the percentage of

the ground covered by vegetation and has led to an

increase in the use of fertilisers and herbicides. Most

land is at present cultivated with at least a single

soyabean crop per year, within individual fields that may

vary greatly in the region, from 10 to 400 ha, with an

average field size of around 66 ha. Glyphosate-tolerant

varieties were rapidly adopted, as most annual and

perennial weeds were easily controlled with this tech-

nology (Satorre, 2005).

Until 1995, none of the surveyed fields at Estancia

Centella were under grain crop production; natural

grassland such as �pastizales de flechilla� sensu León

(1991) or pastures were usually grazed. From 1995

onwards, the majority of Estancia Centella�s 116 fields

were progressively sown with annual crops and kept in

continuous grain crops production. Before 1995, only a

few fields were arable and produced grain for animal

feed.

Surveys and determinations

In total, 24 fields were surveyed; 12 of the soyabean fields

were surveyed in 2005 and the rest in 2007. Fields were

selected to provide a descriptive gradient of the most

frequent cropping histories, determined through land use

on the farm. At the time of the first survey, in 2005, the

fields� agricultural history ranged from 1 to 9 years under

annual grain crop production, while the agricultural

history of the fields surveyed during 2007 ranged from 4

to 11 years. In all the surveyed fields, weed management

included chemical control with glyphosate prior to crop

sowing (late October and early November) and after crop

emergence. Usually two applications of glyphosate were

performed at rates ranging from 360 to 883 g a.e. ha)1

per application, depending on the weed species and weed

abundance. Glyphosate-tolerant soyabean fields were

surveyed between the reproductive growth stages R6 and

R8 (Fehr et al., 1971); i.e. between the grain filling into

developed pods and the seed-maturing growth stages.

The species surveyed were mostly flowering and ⁄or
fruiting; thus, weed plants had grown together with the

soyabean crops and had shown the ability to spread seeds

or asexual propagules before harvest or at harvest time,

despite the fact that herbicides had been applied.

The survey method differed slightly between years.

During 2005, twelve glyphosate-tolerant soyabean fields

were surveyed between 11 March and 20 April. Within a

field of known agricultural history, surveys were per-

formed by trained persons who walked over the homo-

geneous ground of the soyabean crop recording all

species observed until no more species were found

(Mueller-Dombois & Ellenberg, 1974). The surveyed

area varied depending on the field, ranging from 2000 to

5000 m2 and did not include field margins in any case. In

each survey, all species were carefully identified. The

main objective of the 2005 surveys was to obtain the

floristic structure of each field in terms of species

composition.

During 2007, twelve fields were surveyed between 19

March and 21 March. In each field, surveys were

performed by walking along four imaginary radial

transects, starting at a geo-referenced field midpoint.

Each transect was 30 m long, and presence or absence of

each weed species was recorded every 2 m in a 1 m2

sample quadrat. Therefore, for each field, 60 positions

were sampled to determine the frequency of each species

within an 11 300 m2 sample area. In this case, attention

was focused not on determining the highest number of

species, but on the frequency of each of the weed species

within their weed communities.
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In all surveys, species were determined according to

Burkart (1969–1979), Burkart and Bacigalupo (2005)

and Burkart et al. (1987). Community floristic compo-

sition, community richness (total number of weed

species in a field) and species constancy (the proportion

of fields in which a given species was present) were

obtained. Afterwards, functional structure was

characterised using Raunkiaer life forms (therophytes,

geophytes, hemicryptophytes, chamaephytes, phanero-

phytes), morphotypes (monocotyledons, dicotyledons)

and phenology (flowering and fruiting, vegetative,

seedling). Arranging weed species in functional groups

may give a better understanding of how weed commu-

nities are assembled than just using species lists (Ghersa

& León, 1999; Booth & Swanton, 2002).

Data analyses

The weed communities surveyed during 2005 were

described in terms of floristic and functional structure.

Differences between the floristic compositions of the

surveyed fields were checked by means of a multi-

response permutation procedure (MRPP; Zimmerman

et al., 1985) using the number of years under a no-tillage

glyphosate-tolerant cropping system as a categorical

variable. Three categories were considered: 1 year, 2–4

years, and more than 4 years.

The relative frequency of: (i) therophytes, (ii) geo-

phytes, (iii) chamaephytes, (iv) perennials and (v)

dicotyledons, as well as relative frequency of each

species obtained in 2007, were also subjected to three

different one-factor analyses of variance. The standard

errors of the differences (SED) were computed to give

comparisons of mean values of the variables concerning

functional structure. The SAS GLM procedure (SAS

Institute Inc, 1999) was used for the analyses; type III

sums of squares were computed, and variables were

arcsine transformed in order to homogenise variances

(Gomez & Gomez, 1984). We considered one source of

variation for each analysis: (i) the number of years under

the no-till glyphosate-tolerant cropping system, with two

levels (as a result of the effect of crop rotation on

soyabean position, in the 2007 surveys the categories

defined in 2005 were modified to 3–5 years, and more

than 5 years), (ii) the previous crop, with two levels

(wheat–soyabean double crop, maize), and (iii) the soil

productivity rating, considering three levels (high,

medium, low). The landscape of the southern Mesopo-

tamic Pampa is gently undulating due to the erosive

activity of the rain water. The fields located at the

bottom of the valleys had the most fertile soils (high

productivity rating), the fields located on the hilltops are

undergoing erosion and had the least fertile soils (low

productivity rating). The fields located on the hillsides

had soils that support crops with intermediate levels of

production (medium productivity rating).

The influence of some environmental and agronomic

factors on weed species composition was explored by a

canonical correspondence analysis (CCA; ter Braak,

1986). It was performed using a PC-ORD program

(McCune & Mefford, 1999) with data obtained in 2007,

considering only those species with frequency >1%.

This ordination method seeks to represent the dominant

patterns in community composition that can be best

explained by the environmental or agronomic variables.

The variables used in the analysis were both quantitative

and categorical. Quantitative variables included were:

previous soyabean yield (REND) and number of years

under no-tillage agriculture (ASD). Categorical vari-

ables included were: previous crop (MANT, maize or

wheat–soyabean double crop) and soil productivity

rating (high, medium or low).

Results and discussion

During the 2005 survey, a total of 72 species were

identified, belonging to 25 botanical families (Table 1).

Fifteen of these species were monocotyledons but only

two of them had constancy >50%. However, Digitaria

sanguinalis (L.) Scopoli appeared as one of the two most

constant species. Despite the large number of species

found, individual field weed species richness ranged

from 4 to 29.

At the time of the 2005 survey, 72% of the species

listed were at the flowering and fruiting stage and 24%

of the species were at an advanced vegetative stage. Only

23 species were annuals, so the majority of the species

were perennials. Within the perennial species surveyed,

34 species were geophytes, 9 species were hemicrypto-

phytes, 5 species were chamaephytes and Acacia caven

Mol. was the only phanerophyte found. When species

constancy is considered, the Raunkiaer life form

distribution was 53.5% geophytes, 27% therophytes,

8.8% hemicryptophytes, 9.3% chamaephytes and 1.4%

phanerophytes.

The floristic composition of the fields surveyed in

2005 was not significantly different, as tested by MRPP

analysis, when the number of years under a no-tillage

glyphosate-tolerant cropping system was used as the

categorical variable (P > 0.10), suggesting that floristic

composition was largely influenced by environmen-

tal factors rather than by time under continuous

agriculture.

The total number of species recorded during the 2007

surveys was lower than that obtained in 2005, as can be

expected considering the differences in the methodology.

Thus, 42 species belonging to 17 botanical families were

observed (Table 2). Only two of the listed species were
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Table 1 Species names, family names, morphotype, Raunkiaer life forms, observed phenology, and constancy for weeds recorded

in 12 soyabean fields surveyed at Estancia Centella between 11 March and 20 April 2005

Species Family* Raunkiaer life form Phenology Constancy (%)

Digitaria sanguinalis (L.) Scopoli PoaceaeM Th FF 91.7

Tragia geraniifolia Klotzsch. Euphorbiaceae Ge FF 91.7

Solanum sisymbriifolium Lamarck Solanaceae Ge FF 83.3

Eryngium horridum Malme Apiaceae Ge FF 75.0

Pfaffia gnaphaloides (L. f.) Mart. Amaranthaceae Ge FF 75.0

Sida spinosa L. Malvaceae Ch FF 75.0

Sida rhombifolia L. Malvaceae Ch FF 66.7

Echinochloa colonum (L.) Link PoaceaeM Th FF 58.3

Hybanthus parviflorus (Mutt.) Baill. Violaceae Ge FF 50.0

Chrysanthemum leucanthemum L. Asteraceae Ge FF 41.7

Lotus tenuis Waldst. et Kit Fabaceae Ge V 41.7

Solanum chacoense Bitter Solanaceae Ge FF 41.7

Commelina erecta L. CommelinaceaeM Ge FF 33.3

Convolvulus arvensis L. Convolvulaceae Ge FF 33.3

Dichondra repens Forst. et Forst. Convolvulaceae Ge V 33.3

Ipomoea indivisa (Vell.) Hallier Convolvulaceae Th FF 33.3

Oenothera parodiana Munz. Onagraceae He FF 33.3

Solidago chilensis Meyen. Asteraceae Ge FF 33.3

Vernonia incana Less. Asteraceae Ge FF 33.3

Acacia caven Mol. Fabaceae Ph V 25.0

Aster squamatus (Spreng.) Hieronymus Asteraceae Ge FF 25.0

Cynodon dactylon (L.) Persoon PoaceaeM Ge FF 25.0

Cyperus sp. CyperaceaeM Ge V 25.0

Juncus bufonius L. JuncaceaeM Th FF 25.0

Oxalis crysantha Prog. Oxalidaceae Th FF 25.0

Picris echioides L. Asteraceae Th V 25.0

Portulaca oleracea L. Portulacaceae Th FF 25.0

Setaria geniculata (L.) Pal. Beauvois PoaceaeM Ge FF 25.0

Solanum sublobatum Willdenow Solanaceae He V 25.0

Spermacoceodes glabrum (Michx.) O.K. Rubiaceae Ge FF 25.0

Zea mays L. PoaceaeM Th S 25.0

Bidens subalternans De Candolle Asteraceae Th FF 16.7

Echinochloa crus-galli (L.) Pal. de Beauvois PoaceaeM Th FF 16.7

Eleusine tristachya (Lam.) Lamarck PoaceaeM He FF 16.7

Eragrostis bahiensis (Schrad. et Schult.) Schult. PoaceaeM He FF 16.7

Euphorbia serpens H.B.K. Euphorbiaceae Th FF 16.7

Evolvulus sericeus Swartz Convolvulaceae Ge FF 16.7

Gamochaeta pensylvanica (Willd.) Cabrera Asteraceae He FF 16.7

Ibicella lutea (Lindley) Van Eseltine Martiniacaceae Th FF 16.7

Jaborosa integrifolia Lamarck Solanaceae Ge FF 16.7

Panicum bergii Arechavaleta PoaceaeM He FF 16.7

Physalis pubescens L. Solanaceae Th FF 16.7

Richardia stellaris (Cham. Et Schecht.) Steud. Rubiaceae He FF 16.7

Stemodia verticillata (Mill.) Hassler Scrophulariaceae Th FF 16.7

Verbena intermedia Gill et Hook. Verbenaceae Ge FF 16.7

Unknown 1 Verbenaceae Ge V 16.7

Ambrosia tenuifolia Sprengel Asteraceae Ge V 8.3

Amaranthus quitensis H.B.K. Amaranthaceae Th FF 8.3

Ammi majus L. Apiaceae Th S 8.3

Arenaria serpyllifolia L. Caryophyllaceae Th FF 8.3

Baccharis trimera (Less.) DC. Asteraceae Ch FF 8.3

Bidens pilosa (Bl.) Sherff. Asteraceae Th FF 8.3

Bowlesia incana Ruiz et Pav. Apiaceae Th S 8.3

Conyza bonariensis (L.) Cronquist Asteraceae Th V 8.3

Coronopus didymus (L.) Smith Brassicaceae He V 8.3

Eclipta prostrata L. Asteraceae Th FF 8.3

Gomphrena celosioides Mart. Amaranthaceae Ge FF 8.3

Iresine diffusa Humb. et Bonpl. Amaranthaceae Ch FF 8.3

Medicago sativa L. Fabaceae Ch V 8.3
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not found in 2005. Field community richness ranged

from 7 to 23 species. As in the surveys performed during

2005, most of the species listed (81%) were at the

flowering and fruiting stage at soyabean grain filling

time and the majority were also perennials (69%).

Digitaria sanguinalis and Tragia geraniifolia Klotzsch.

were ubiquitous species and were followed in constancy

by Euphorbia serpens H.B.K. and Sida rhombifolia L.

Mean relative abundance of geophytes, as well as of

total perennials, was greater in the fields that had more

than 5 years under a no-till glyphosate-tolerant crop-

ping system (Table 3). Its value was still greater if fields

had wheat–soyabean double crop as a preceding crop

and if it was a field with a medium productivity rating.

The differences in functional structure of species assem-

blages between wheat–soyabean double crop and maize

are consistent with weed management techniques and

with the influence of each crop on summer weed species.

The influence of wheat on summer weed communities is

marginal, since it is a winter-spring crop species in the

region; however, wheat–soyabean double crops may

represent, for those weeds that are poorly controlled in

the previous soyabean, an opportunity to increase their

abundance in such a situation. This may explain why

dicotyledon and geophyte species are relatively more

abundant in soyabean after wheat–soyabean double

crop than after maize. Similarly, relatively poorly

controlled perennial weeds increased and better con-

trolled therophytes diminished in soyabean crops after

wheat–soyabean double crop (Table 3). Maize, as a

previous summer crop, greatly differed from soyabean in

the herbicides used, and herbicides are important filters

determining weed community composition; the maize

crop herbicides help to reduce dicotyledons due to the

better control efficacy of these species, but they also

serve to increase the relative abundance of therophytes

(or annuals). Considering that c. 70% of perennials were

dicotyledons (Table 2), it seems that the technology used

in the maize crop had filtered perennial dicotyledon

plant species; i.e. dicotyledon species successfully sur-

viving herbicide applications in maize tended to be

perennials. Some species appeared to be more sensitive

to this factor: T. geraniifolia, followed by S. rhombifolia,

was the most abundant perennial dicotyledon. Digitaria

sanguinalis and Echinochloa colonum (L.) Link were the

species with the highest contribution to the annual

monocotyledon category. Moreover, the annual dicoty-

ledons E. serpens and Ipomoea indivisa (Vell.) Hallier

had high levels of constancy and frequency (Table 2),

possibly because E. serpens may also be a biannual and

Ipomoea species establish after herbicides have been

applied in the maize season, usually in late spring

(Marzocca et al., 1979).

Weed shifts promoting an increase in the mean

frequency of perennials, particularly geophytes

(Table 3), have been associated with no-till practices in

many agroecosystems of the Pampas region (Tuesca

et al., 2001; Ghersa et al., 2002; de la Fuente et al.,

2006). A decrease in the proportion of dicotyledon

species has been associated with no-till production

systems (de la Fuente et al., 2006), but in our work

overall increases in frequency of individuals belonging to

the dicotyledon morphotype were observed in fields that

had more than 5 years under no-till agriculture. Con-

sidering the frequency values of each species, the only

species that showed significant variation attributable to

years of no-tillage glyphosate-tolerant agriculture was

T. geraniifolia; its mean frequency was 21.2% in fields

under 3–5 years of no-till, and 59% in fields that had

been under no-till for five or more years (P = 0.015).

Table 1 (Continued)

Species Family* Raunkiaer life form Phenology Constancy (%)

Mollugo verticillata L. Aizoaceae Th V 8.3

Nothoscordum bonariense (Pers.) Beauv. LiliaceaeM Ge FF 8.3

Oxalis corymbosa DC. Oxalidaceae Ge FF 8.3

Paspalum dilatatum Poiret PoaceaeM He FF 8.3

Rhynchosia diversifolia Micheli Fabaceae Ge V 8.3

Rhynchosia senna Gillies Fabaceae Ge FF 8.3

Sida flavescens Cav. Malvaceae Ge FF 8.3

Sisyrinchium junceum E. Mey IridaceaeM Ge FF 8.3

Spilanthes decumbens (Smith) A.H. Moore Asteraceae Ge FF 8.3

Stellaria media (L.) Villars Caryophyllaceae Th V 8.3

Trifolium sp. Fabaceae Ge V 8.3

Unknown 2 Unknown Ge V 8.3

Unknown 3 Unknown Ge V 8.3

*Morphotype: M: monocotyledon, without M: dicotyledon.

Ph, phanerophyte; Ch, chamaephyte; He, hemicryptophyte; Ge, geophyte; Th, therophyte; FF, flowering and fruiting; V, vegetative;

S, seedling.
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This species is a dicotyledon with thin rhizomes and

erect or vine-like aboveground stems; the aerial parts are

irritating because they are armed with prickles; the

axillary pistillate flowers develop capsules bearing three

large seeds (Burkart & Bacigalupo, 2005).

The 2007 results also show that, with an increase in

the length of the no-till period, the most notable changes

in the functional structure of the weed communities

occurred in fields with medium productivity soils

(Table 3). This was expected, since low and high

productivity soils have strong organising factors – low

availability of soil resources and crop competition

respectively – that may reduce the influence of crop

management on weed structuring (Ghersa et al., 1996;

Guglielmini et al., 2000; Martı́nez-Ghersa et al., 2000).

The ordination diagram (Fig. 1) provides a good

representation of the pattern of weed distribution with

respect to environmental and agronomic variables

Table 2 Species names, family names, morphotype, Raunkiaer life forms, observed phenology, constancy, and mean frequency for

weeds recorded in 12 soyabean fields surveyed at Estancia Centella during March 2007

Species Family*

Raunkiaer

life form Phenology Constancy (%) Frequency (%)

Tragia geraniifolia Klotzsch. Euphorbiaceae Ge FF 100.0 36.9

Digitaria sanguinalis (L.) Scopoli PoaceaeM Th FF 100.0 30.7

Euphorbia serpens H.B.K. Euphorbiaceae Th FF 91.7 29.2

Echinochloa colonum (L.) Link PoaceaeM Th FF 83.3 20.8

Sida rhombifolia L. Malvaceae Ch FF 91.7 19.0

Eragrostis airoides Nees PoaceaeM Ge FF 41.7 7.5

Ipomoea indivisa (Vell.) Hallier Convolvulaceae Th FF 41.7 6.0

Dichondra repens Forst. et Forst. Convolvulaceae Ge V 75.0 5.8

Sida spinosa L. Malvaceae Ch FF 50.0 4.6

Paspalum inaequivalve Raddi PoaceaeM Ge FF 25.0 4.6

Bidens subalternans De Candolle Asteraceae Th FF 25.0 4.2

Triticum aestivum L. PoaceaeM Th V 58.3 3.8

Setaria geniculata (L.) Pal. Beauvois PoaceaeM Ge FF 25.0 3.2

Pfaffia gnaphaloides (L. f.) Mart. Amaranthaceae Ge FF 50.0 2.9

Solanum sisymbriifolium Lamarck Solanaceae Ge FF 33.3 2.9

Solanum chacoense Bitter Solanaceae Ge FF 58.3 2.6

Portulaca oleracea L. Portulacaceae Th FF 16.7 2.5

Oxalis corymbosa DC. Oxalidaeceae Ge FF 8.3 2.1

Hybanthus parviflorus (Mutt.) Baill. Violaceae Ge FF 33.3 1.8

Cyperus sp. CyperaceaeM Ge V 25.0 1.5

Physalis pubescens L. Solanaceae Th FF 8.3 1.0

Acacia caven Mol. Fabaceae Ph V 16.7 0.7

Xanthium cavanillesii Schouw Asteraceae Th FF 16.7 0.7

Convolvulus arvensis L. Convolvulaceae Ge FF 33.3 0.6

Aster squamatus (Spreng.) Hieronymus Asteraceae Ge FF 25.0 0.6

Amaranthus quitensis H.B.K. Amaranthaceae Th FF 16.7 0.6

Cynodon dactylon (L.) Persoon PoaceaeM Ge FF 16.7 0.6

Rhynchosia diversifolia Micheli Fabaceae Ge FF 8.3 0.6

Eryngium horridum Malme Apiaceae Ge FF 16.7 0.4

Paspalum plicatulum Michaux PoaceaeM He FF 8.3 0.4

Bowlesia incana Ruiz et Pav. Apiaceae Th S 16.7 0.3

Anoda cristata (L.) Schltdl. Malvaceae Th FF 8.3 0.3

Chrysanthemum leucanthemum L. Asteraceae Ge FF 8.3 0.1

Commelina erecta L. CommelinaceaeM Ge FF 8.3 0.1

Eragrostis bahiensis (Schrad. et Schult.) Schult. PoaceaeM He FF 8.3 0.1

Iresine diffusa Humb. et Bonpl. Amaranthaceae Ch FF 8.3 0.1

Jaborosa integrifolia Lamarck Solanaceae Ge FF 8.3 0.1

Verbena intermedia Gill et Hook. Verbenaceae Ge FF 8.3 0.1

Sonchus oleraceus L. Asteraceae Th FF 8.3 0.1

Unknown 1 Asteraceae – V 8.3 0.1

Unknown 2 Asclepiadaceae – V 8.3 0.1

Unknown 3 LiliaceaeM Ge V 8.3 0.1

*Morphotype: M: monocotyledon, without M: dicotyledon.

Ph, phanerophyte; Ch, chamaephyte; He, hemicryptophyte; Ge, geophyte; Th, therophyte; FF, flowering and fruiting; V, vegetative;

S, seedling.

Weed communities of transgenic soyabean crops 7

� 2010 The Authors

Journal Compilation � 2010 European Weed Research Society Weed Research



according to the CCA analysis performed. The two axes

explain 32.6% of the variance in the species data. The

first axis (eigenvalue = 0.36) is strongly correlated with

variables REND (0.805) and MANT (0.779), while the

second axis (eigenvalue = 0.187) is correlated with

variable ASD ()0.727). Another aspect to note in

Fig. 1 is the differential length of the soil productivity

rating lines. The longer line for MEDIUMPROD with

respect to HIGHPROD represents the greater impor-

tance of the first variable in the distribution of species.

Species associated with high yield plots were

E. colonum, Portulaca oleracea L., Xanthium cavanillesii

Schouw, Amaranthus quitensis H.B.K. and I. indivisa,

whereas Paspalum inaequivalve Raddi, Pfaffia gnaphalo-

ides (L. f.) Mart., Hybanthus parviflorus (Mutt.) Baill.,

and T. geraniifolia were found in low yield plots. It is

known that species differ in total soil resource use and

use efficiency; for example, E. colonum and P. oleracea

were among a group of five weed species that take up the

largest amounts of nutrients in a soyabean field trial in

India (Singh & Sharma, 1989) and the A. quitensis

seedbank and seedling emergence was greater in

N-fertilised soyabean plots than in unfertilised ones

(Pace et al., 1991). Weed community assemblage in high

and low yield plots may possibly have reflected differ-

ences in the response of species to soil fertility require-

ments (Guglielmini et al., 2000).

Ordered by mean frequency, species associated with a

large number of years under a no-till glyphosate-tolerant

soyabean cropping system were T. geraniifolia, Sida

spinosa L., Bidens subalternans De Candolle and Eryn-

gium horridum Malme. Hybanthus parviflorus also

belongs to this group, but only when the soil produc-

tivity rating is low. In contrast, Eragrostis airoides Nees,

Setaria geniculata (L.) Pal. Beauvois and A. caven were

found in plots with few years of no-till cropping. There

were six species, five of them annuals, which clearly

appeared to be associated with fields that had a high

crop yield and maize as the previous crop: A. quitensis,

E. colonum, I. indivisa, P. oleracea, S. geniculata and

X. cavanillesii. In contrast, when wheat–soyabean dou-

ble crop was the previous crop, perennial species (mainly

geophytes) and dicotyledons had higher relative abun-

dance than annuals and ⁄or monocotyledons.

Moreover, weed communities after five or more years

of no-till glyphosate-tolerant soyabean cropping systems

had: (i) higher relative abundance of perennials (52.1%

versus 31.7%), and (ii) higher relative abundance of

dicotyledons (66.3% versus 38.5%) than the weed

communities of fields with <5 years of no-till. Among

the perennial species, those that had subterranean

storage organs were particularly abundant. This vegeta-

tive trait would seem to be an important feature that

may characterise the weed species assemblage of no-till

glyphosate-tolerant soyabean crops.

There was one group of species with high constancy

that appeared to be unaffected by any of the variables

considered in this study. They were cosmopolitan species

Table 3 Mean relative abundance (percentage) and number of observations (in parentheses) of functional groups analysed using three-one-

factor ANOVAs for weeds recorded in 12 soyabean fields surveyed at Estancia Centella during March 2007. The significance of each source

of variation is given in each analysis and each column; degrees of freedom and standard error of difference (SED) of the transformed

data means (arcsine of the proportion) are also shown

Functional groups

Therophytes Geophytes Chamaephytes Perennials Dicotyledons

Years under no-till glyphosate-tolerant soyabean crops

Significance <0.0001 <0.0001 0.2626 <0.0001 <0.0001

3–5 years 47.0 (419) 24.4 (419) 7.2 (419) 31.7 (419) 38.5 (420)

>5 years 36.8 (299) 43.0 (299) 8.7 (299) 52.1 (299) 66.3 (300)

d.f. 716 716 716 716 718

SED 0.045 0.040 NS 0.041 0.042

Previous crop

Significance <0.0001 <0.0001 0.0220 <0.0001 <0.0001

Maize 58.9 (299) 20.5 (299) 9.7 (299) 30.4 (299) 40.7 (300)

Wheat–soyabean double crop 31.3 (419) 40.4 (419) 6.5 (419) 47.2 (419) 56.8 (420)

d.f. 716 716 716 716 718

SED 0.043 0.039 0.015 0.041 0.043

Soil productivity rating

Significance 0.0014 0.0011 0.0361 0.0164 0.0537

High 38.1 (119) 25.9 (119) 11.5 (119) 38.4 (119) 44.2 (120)

Medium 48.7 (299) 38.1 (299) 6.6 (299) 45.0 (299) 54.3 (300)

Low 38.8 (300) 28.6 (300) 7.5 (300) 36.2 (300) 48.2 (300)

d.f. 715 715 715 715 717

SED 0.059 0.054 0.020 0.056 0.059
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that are recognised as weeds in many other crop systems

of the world (Holm et al., 1977); they were D. sangui-

nalis, Solanum sisymbriifolium Lamarck, and Convolvu-

lus arvensis L. Among them, there was no single species

that can be considered as indicative of glyphosate-

tolerant crops, although they could be considered weeds

of no-till glyphosate-tolerant soyabean. It is known that

weed control efficacy depends on various factors (her-

bicide rate, weed developmental stage, environmental

conditions, weed establishment time relative to weed

control, etc.), but no single mechanism determining

weed success can be identify from this study. However,

all three of these species have been reported as impor-

tant weeds in glyphosate-tolerant summer crops in

arable areas of Argentina (Oreja & de la Fuente, 2005;

Puricelli & Tuesca, 2005; Arregui et al., 2006).

General models have been proposed to explain weed

community changes in agricultural systems (e.g. Ghersa

et al., 2000; Guglielmini et al., 2007). Nevertheless, little

work has been done to evaluate the influence of new

technologies in areas recently incorporated into arable

land. It has been recognised that herbicide and glypho-

sate-tolerant crops are strong organising factors (Satorre

& Snaydon, 1992; Martı́nez-Ghersa et al., 2000; Puricelli

& Tuesca, 2005; Graef et al., 2007). However, to

understand the interactions between herbicide and crop

competition, functional approaches may be relevant, as

Booth et al. (2003) pointed out. For example, Mithila

Acacia c

Aster sq

Bidens s

Bowlesia

Convolvu

Cynodon

Echinoch

Eragrost

Paspalum

Portulac

Setaria

Sida rho

Sida spi

Triticum

Amaranth

Cyperus

DichondrDigitari

Eryngium

Euphorbi

Hybanthu

Ipomoea

Pfaffia
Sol chac

Tragia g
Xanthium

ASD

REND

MANT

HIGHPROD

MEDIUMPROD

–2

–1.5

–1

–0.5

0

0.5

1

1.5

2

–2 –1.5 –1 –0.5 0 0.5 1 1.5 2

Fig. 1 Canonical correspondence analysis diagram with plant species (D) and environmental and anthropogenic variables (lines); the

first axis is horizontal, the second axis is vertical. Plant species shown are: Acacia c = Acacia caven, Amaranth = Amaranthus quitensis,

Aster sq = Aster squamatus, Bidens s = Bidens subalternans, Bowlesia = Bowlesia incana, Convolvu = Convolvulus arvensis,

Cynodon = Cynodon dactylon, Cyperus = Cyperus sp., Dichondr = Dichondra repens, Digitari = Digitaria sanguinalis,

Echinoch = Echinochloa colonum, Eragrost = Eragrostis airoides, Eryngium = Eryngium horridum, Euphorbi = Euphorbia serpens,

Hybanthu = Hybanthus parviflorus, Ipomoea = Ipomoea indivisa, Paspalum = Paspalum inaequivalve, Pfaffia = Pfaffia gnaphaloides,

Portulac = Portulaca oleracea, Setaria = Setaria geniculata, Sida rho = Sida rhombifolia, Sida spi = Sida spinosa, Sol chac = Solanum

chacoense, Sol sisy = Solanum sisymbriifolium, Tragia g = Tragia geraniifolia, Triticum = Triticum aestivum, Xanthium = Xanthium

cavanillesii. The environmental and anthropogenic variables are: REND = soyabean yield in 2006–2007, ASD = number of years under

no-tillage agriculture, MANT = maize and wheat–soyabean double crop, MEDIUMPROD and HIGHPROD are variables related to

soil productivity rating.

Weed communities of transgenic soyabean crops 9

� 2010 The Authors

Journal Compilation � 2010 European Weed Research Society Weed Research



et al. (2008), studying three weed species, explained the

reduced glyphosate efficacy detected under low soil

nitrogen conditions using a physiological approach.

Weed community performance depends on the influ-

ence of factors that are directly related to the structure

of the crop (e.g. crop growth rate, light interception),

agronomic factors such as herbicide dose and number of

applications and environmental conditions (e.g. water

and nutrient availability, soil structure). Moreover,

variations in the diversity of crops within a cropping

system (rotation) can have significant crop-specific

impacts on weed communities (Smith & Gross, 2007).

More data is still needed and research has to be done to

elucidate the effects of various factors at on-farm field

scale; however, cases such as the one described here in

the southern Mesopotamic Pampas may help to

hypothesise how some cropping practices may act as

changing forces on weed communities. For example, the

inclusion of imidazolinone resistant maize varieties may

improve the control of mono- and dicotyledonous weeds

and the reduction of the distance between rows in

soyabean, by increasing early crop competitive ability,

may help to reduce the abundance of some highly

abundant and competitive weeds in the community

assemblage. It therefore appears that crop planning may

be carefully considered in the studied area to manage

weed community assemblages to minimise those condi-

tions that are favourable to an increase in the abundance

of some highly competitive weed species.
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