
Introduction

Most crop weeds are therophytes, and their abundance

in an agricultural weed community is primarily the result

of their density in the soil seedbank and the frequency of

safe sites for germination and establishment (Mohler and

Callaway 1992). The seedbank usually consists of several

weed species that differ in density and distribution, age

structure of the seeds in the soil, dormancy characteristics,

longevity and germination response to management prac-

tices and environmental conditions (Fenner 1995).

Crop rotation and tillage are two primary practices

that affect weed seedbanks (Ball 1992). Frequent tillage

reduces the soil seedbank density by stimulating germina-

tion (Robert and Feast 1973). However, it also buries

seeds, inducing their dormancy and promoting their sur-

vival in the soil (Wilson and Cussans 1975). In contrast,

soil conservation tillage systems avoid soil inversion. The

most recently shed seeds remain on the soil surface and

may not be incorporated into the soil (Ball and Miller

1989, Cardina et al. 1991, Ball 1992). Nevertheless, till-

age systems involving less soil disturbance may allow the

build-up of a larger and more diverse soil seedbank, albeit

near the soil surface (Feldman et al. 1997).

Both species composition and seedbank density are

variable depending on the ecosystem type and cultivation

regime (Boccanelli and Lewis 1994, Dorado et al. 1999).

In some studies, the relationship between soil seedbank

composition and the above-ground weed community

composition is weak or negligible (Forcella et al. 1992,

Recasens et al. 1997). However, often the composition of

the seedbank has been used to predict the composition of

the emergent community (Dessaint et al. 1997, Zhang et

al. 1998). A clear understanding of soil seedbank compo-

sition, its dynamics and relationship with the above-
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ground flora may help to define management practices

necessary to minimize weed problems (García 1995).

The objectives of this research were 1) to evaluate

qualitative and quantitative changes in the soil seedbank

and the weed communities during three years of a maize-

soybean crop rotation under contrasting tillage regimes,

and 2) to evaluate whether soil seedbank composition had

any predictive value for determining composition of the

emergent weed community.

Material and methods

Field experiments were made during 1996, 1997 and

1998 at the “JF Villarino” experimental farm of the Fac-

ulty of Agrarian Sciences, University of Rosario, located

at Zavalla, Argentina (33° S, 61° W). The climate is

warm-temperate humid with an average of 1000 mm an-

nual rainfall, mainly in the summer with a short winter

drought. The soil is a vertic argiudol (Soil Survey Staff,

1960) with 0-2% slope. The surface 0-15 cm had 3% or-

ganic matter, a pH of 5.8, 5% sand, 70% silt and 25% clay.

The site had been under conventional management prac-

tices including ploughing, disking and harrowing for ap-

proximately 20 years. In 1991, two contrasting tillage re-

gimes, Conventional tillage (CT) and No tillage (NT),

were established in a maize-soybean rotation.

The experiment was arranged as a randomised com-

plete block design for three replicates of two tillage re-

gimes. CT plots were mouldboard-ploughed, disked and

harrowed prior to planting, whereas the only soil distur-

bance on the NT plots was at planting.

Plots were 15 m by 20 m and between the experimen-

tal plots a 15-m-wide tilled area was maintained weed-

free to reduce weed encroachment from the borders. The

area between the plots also allowed the use of large field

equipment for tillage, planting and crop harvesting. In

each plot four 0.50 m x 0.70 m quadrats were laid at ran-

dom.

Dekalb 757 and Dekalb experimental 752RR

(glyphosate-resistant) hybrids of maize were planted in

1996 and 1998 respectively. Soybean, cv. Asgrow

6443RR (glyphosate-resistant), was planted in 1997. The

row spacing for both crops was 70 cm.

Agronomic practices and herbicide treatments were

those recommended for field crops in Argentina. Herbi-

cides were applied with a tractor-mounted boom sprayer

in 140 l ha
��

of water with flat-fan nozzles at a pressure of

210 kPa. In NT, glyphosate as “RoundUp” (Monsanto) at

1.29 kg a.i. ha
��

+ 2, 4-D as “Esteron 2, 4-D” (DowElanco)

at 0.36 kg a.i. ha
��

were applied before planting. Each

year, in both tillage systems the same postemergence her-

bicide treatment was applied. In maize, nicosulfuron as

“Nisshin” (Ishihara) at 0.07 kg a.i. ha
��

+ 2,4-D at 0.42 kg

a.i. ha
��

was applied in 1996 and glyphosate at 1.29 kg a.i.

ha
��

in 1998. In soybean, glyphosate at 1.29 kg a.i. ha
��

was applied in 1997. Post-emergence herbicides were ap-

plied 30 days after crop emergence.

Every year, immediately after planting but before

weed emergence, samples of the soil seedbank were taken

from each quadrat. Each sample (950 cm
�
) was composed

of eight soil cores, each 5.5 cm in diameter and 5 cm deep,

distributed equidistant around the edge of the quadrat.

Soil cores were thoroughly mixed and frozen at

–20° C until they were analysed. Each soil sample was

washed with water under high-pressure and the seeds

were recovered from 0.297 mm sieves. The seeds were air

dried, identified and counted under a dissecting micro-

scope with 10x magnification. Apparent viability was de-

termined by gently pressing each seed and assuming that

those that resisted pressure were viable.

During the first month after the crop was planted,

weed seedlings were counted weekly and then removed

from the quadrats. Seed and seedling numbers were ex-

pressed per unit of soil surface area. Daily rainfall and

maximum and minimum temperature in the period 30

days before and 30 days after crop planting were obtained

from a nearby meteorological station (Table 1).

Statistical analysis

A principal components analysis (PCA) was executed

both on the seedbank data (72 samples and 10 species)

and on emerged seedlings data (72 samples and 13 spe-

Table 1. Crop, planting date, mean temperatures and rainfall 30 days before (DBP) and 30 days after (DAP) crop planting.
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cies) with PC-Ord programs (McCune and Mefford 1999)

using correlation as association measure. The 72 samples

were the four quadrats by three blocks by two tillage re-

gimes by three years. Biplots of samples and species dis-

persion diagrams were made on the plane of the first two

axes with SYN-TAX program (Podani 2001). Samples

were plotted as dots and species as vectors (arrows). The

length of the species vectors indicates their contribution

to each principal component. The associations between

the samples and the species vectors are shown by the rela-

tive positions of the points to the vectors (Jongman et al.

1995).

Differences in floristic composition between tillage

regimes and years were analysed with the randomization

test (Pillar and Orlóci 1996). This test is equivalent to a

nonparametric multivariate test for differences among

groups defined a priori. We use this method because tra-

ditional multivariate analysis of variance (MANOVA) re-

lies on assumptions that are not generally met by ecologi-

cal data (Anderson 2001). A priori groups were defined

on the basis of main factors: tillage regimes and years, and

their interaction were considered as well. As it is an alea-

torization test, the level of statistical significance does not

come from a table, but an empirical distribution is gener-

ated by a large number of the data matrix permutations.

To reach 1% significance level, 5000 permutations were

made as suggested by Manly (1997). Soil seedbank and

seedling diversity were estimated using the Shannon in-

dex, which takes into account not only species richness

but also equitability, i.e., the evenness of the contribution

of different species to the weed community (Greig-Smith

1983). As a multivariate test it is based on all species joint

response, sometimes it may be important to make other

tests (Manly 1994) that are shown below, which are also

non-parametric tests, as data are neither normal nor ad-

justed to a generalized linear model. Differences in seed-

bank and seedling density between tillage regimes for to-

tal density and for those species with relative abundances

greater than 10% were analysed by the Mann-Whitney

test (Siegel 1980). For each tillage regime, seedbank and

seedling density over time were analysed using Kruskal -

Wallis (Siegel 1980) and Dunn (Hollander and Wolfe

1973) tests. Recruitment for each species and total recruit-

ment were determined. Total recruitment was calculated

as the relationship between seedling density and seedbank

density of the emerged species. Correlation between the

soil seedbank and the emergence of each species was cal-

culated using Spearman rank correlation coefficients

(Siegel 1980).

Results

Soil seedbank

During the experiment, ten Spring-Summer cycle spe-

cies were recorded in the soil seedbank; seven in both sys-

tems and three in NT only (Table 2). In the first two years,

Digitaria sanguinalis (L) Scop. was the most abundant

species in NT, but its relative density declined markedly

Table 2. Density (seeds m
��

) and diversity of the seedbank in Conventional tillage (CT) and No tillage (NT) systems.
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during the third year, parallel to an increase in the relative

density of Portulaca oleracea L. Throughout the experi-

ment, Chenopodium album L. and P. oleracea were the

most abundant species in the soil seedbank in CT. During

the three years, D. sanguinalis seed density was signifi-

cantly greater in NT than in CT, whereas C. album was

significantly more abundant in CT. The total density of all

species of the soil seedbank during the first year was sig-

nificantly higher in NT than in CT, whereas in the second

and third year it was lower, but only significantly so in the

final year. Soil seedbank density decreased with time in

both systems, but it was only significantly different in NT.

At the end of the experiment, seedbank density was

61.8% and 32.7% less than at the beginning, in NT and

CT respectively. The total number of species decreased

progressively; however, seeds of species that disappeared

over the three years constituted no more than 1% of the

total seedbank. Nevertheless, there was neither variation

of diversity between tillage regimes nor among years.

The first two axes of PCA account for 73% of the total

variance of data for the soil seedbank. The biplot on the

plane of the first two axes of data for samples and species

showed that NT samples were pushed to one side of axis

I and were strongly correlated with the abundance of D.

sanguinalis. CT samples were on the other side of axis I,

strongly correlated with the abundance of Ch. album and

P. oleracea, and less so with Amaranthus quitensis

H.B.K. (Fig. 1). Other species were not important on the

definition of the scatter diagram. Samples of both tillage

systems were well segregated with little overlap among

tillage systems by PCA. However, differences between

years were less marked. NT samples followed a gradient

along time, correlated to the decline of D. sanguinalis

density with time (Table 2). The distribution of CT sam-

Figure 1. Ordination biplot of

weed seedbank communities un-

der two tillage regimes in three

years. For biplot interpretations,

see Material and methods. Sym-

bols: �: NT 1996; �: NT 1997;

�: NT 1998; �: CT 1996; �: CT

1997 and�: CT 1998.

Table 3. Soil seedbank randomization test of significant dif-

ferences in floristic composition between main factors: till-

age systems and years. Their interaction is also considered.

Probabilities were generated by 5000 permutations.

A. quitensis

P. oleracea

D. sanguinalis

C. album

Axis I

Axis II
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ples was not as clear as that of NT; nevertheless, on axis

I both tillage systems approach each other with time.

Results of the randomisation test (Table 3) indicated

that there were significant differences between tillage sys-

tems as it was already shown by the biplot. There were

also differences between years although interaction be-

tween years and tillage systems was not significant.

Seedling emergence

Throughout the experiment, 13 weed species were re-

corded; nine of them emerged in both systems, three

emerged only in NT and one only in CT (Table 4). During

the first and second year, D. sanguinalis was the most im-

portant species emerging in both treatments; it repre-

sented an average of 98% and 75% of the total seedlings

in NT and CT, respectively. During the third year, there

was a marked decrease in the emergence of this species;

representing only 47.7% and 45% of total emergent seed-

lings in NT and CT respectively. Simultaneously, there

was an increase in the relative density of Cyperus rotun-

dus L., Carduus acanthoides L. and A. quitensis in NT

and an increase in Ch. album and P. oleracea in CT. Over-

all, the total number of weed species increased in both re-

gimes. In NT, only D. sanguinalis and C. rotundus were

recorded every year, whereas in CT there were five spe-

cies that were present throughout. The total density of

seedlings was always greater in NT than in CT. In both

tillage regimes, diversity increased with time. During the

first two years, it was higher in CT, but in the third year it

was similar in both systems.

The first two axes of the PCA accounted for only 37%

of the total variance of data of seedling emergence. The

biplot of data for samples and species showed that NT and

CT samples were well segregated on the planes of axes I

and II (Fig. 2). NT samples were well correlated with the

presence of D. sanguinalis, Sonchus oleraceus L. and C.

acanthoides, whereas CT samples were correlated with C.

album and P. oleracea. There were three NT samples of

the third year that were very distinct from all other NT

samples and were strongly correlated with high densities

Table 4. Density (seedlings m
��

) and diversity of the emergent community in conventional tillage (CT) and no tillage (NT)

systems.

Table 5. Emergent community randomization test of sig-

nificant differences in floristic composition between main

factors: tillage systems and years. Their interaction was also

considered. Probabilities were generated by 5000 permuta-

tions.
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of A. quitensis, C. esculentus and Sorghum halepense (L.)

Pers.

Results of the randomisation test (Table 5) showed

significant differences between tillage systems as was

shown already by the biplot. There were also significant

differences between years, however the 1996-1997 con-

trast (1 –1 0) was not significant. Interaction between

years and tillage systems was not significant as well.

Recruitment values of each species as well as total re-

cruitment varied greatly in both systems and years (Table

6). Correlation coefficients calculated for describing the

relationship between emerged seedlings and seeds in the

soil seedbank were either not significant or negative (data

not shown).

Discussion

At the outset of the experiment, tillage regimes had

been established for five years, therefore the soil seed-

banks were already different (Table 2). In both tillage re-

gimes, the soil seedbank was dominated by only three

species with high values of relative density. This is a com-

mon feature of agricultural soils (Wilson 1988). Although

the most important species in both tillage systems were

the same, the relative importance of these species was dif-

ferent in the two treatments. Moreover, in each tillage re-

gime the order of importance of the species changed with

time. Similar results were reported by Mayor and Des-

saint (1998).

Figure 2. Ordination biplot of weed

seedbank communities under two tillage

regimes in three years. For biplot inter-

pretations, see Material and methods.

Symbols: �: NT 1996; �: NT 1997; �:

NT 1998; �: CT 1996; �: CT 1997 and

�: CT 1998.

Table 6. Species and total recruitment values (%) in both systems and years.

P. oleracea

C. album

S. halepense

A. quitensis

C. esculentus

C. acanthoides S. oleraceus

D. sanguinalis

Axis I

Axis II
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Reduction in seed density in both systems with time

was related to changes in the balance between input and

output of seeds produced every year. The efficiency of

chemical control was high; therefore, the input of seeds to

the seedbank was low. Glyphosate is a post-emergence,

non-residual herbicide, very effective against broad-

leaved and grass weed species. All species found in the

experiment, except C. rotundus, are susceptible to

glyphosate application at recommended rates. Therefore,

reduction in seedbank density between 1997 and 1998

could be attributed partially to herbicide effect.

In Argentina, the adoption of glyphosate resistant soy-

bean began in 1997 and at present these cultivars are

planted in 12.8 million hectares. This represents 98% of

the total soybean area (James 2003). In the long term, this

technology might have a major quantitative and selective

effect on the weed flora. Glyphosate-resistant maize is

still not commercially planted.

One of the most important sources of seedbank losses

is seed germination prior to crop planting (Gunsolus

1990). Seedlings eliminated by disturbance associated

with crop seedbed preparation were not recorded in our

study, and this was particularly important in the second

year when soybean was planted during November, much

later than maize in the other two years. This allowed a

longer period prior to crop planting with favourable con-

ditions for weed seed germination (Table 1). Seed preda-

tion by insects or rodents may also explain seed losses

from the seedbank. In this study, high densities were ob-

served of Notiobia cupripennis Germar; a carabid which

feeds preferentially on A. quitensis, C. album and D. san-

guinalis (Nisensohn et al. 1999, Lietti et al. 2000). In ad-

dition, there may have been physiological death of seeds

(Egley and Chandler 1978, Burnside et al. 1996) and

losses by pathogens (Kremer 1993).

The time that seeds remain viable in the soil has an

influence on the composition of weed populations

(Dorado et al. 1999). In the present study, it is possible

that the rapid decrease of the soil seedbank density in NT

was associated with the short persistence of D. sangui-

nalis seeds placed close to surface (Egley and Chandler

1978). Nevertheless, other authors reported long-term

persistence of this species when seeds were buried at 20

cm depth (Burnside et al. 1996). In addition, when seeds

remain on the soil surface, rather than being deeply buried

in the soil, seedling emergence and soil seedbank deple-

tion are greater (Roberts and Feast 1972). This is because

of exposure of more seeds to conditions favourable for

germination.

The less marked decrease of the soil seedbank density

in CT system could be related to the high seed longevity

of the dominant species: C. album and P. oleracea (Bar-

ralis et al. 1988, Jones and Maulden 1999). Furthermore,

tillage exhumes seeds from deeper soil strata, promoting

their germination and reducing any beneficial effect of

previous weed control.

Species recorded in the seedbank in the first year, but

disappearing altogether in the following years, had no in-

fluence on the diversity indices, perhaps due to the in-

crease of equitability associated with the decrease in den-

sity of the dominant species.

The number of species that emerged in both treat-

ments did not vary markedly, however the species were

not identical. The greater emergence of D. sanguinalis in

NT has been reported previously (Mohler and Callaway

1992) and may be associated with environmental condi-

tions more favourable to grass germination in this regime

than in CT (Buhler and Oplinger 1990, Mester and Buhler

1991). In NT systems, grass weed infestation is frequently

more severe than in CT systems (Wrucke and Arnold

1985, Tuesca et al. 2001). NT systems also develop con-

ditions favourable to the germination and establishment

of wind-disseminated species such as C. acanthoides and

S. oleraceus (Feldman and Lewis 1990, Feldman et al.

1994, Gill and Arshad 1995).

The increase in the relative density of C. album and P.

oleracea in CT could be associated with the temperature

and light requirements for seed germination of these spe-

cies (Vengris et al. 1972, Mayor and Dessaint 1998). The

presence of Datura ferox L. only on CT plots is probably

because its germination is favoured by soil disturbance

(Soriano et al. 1971, Botto et al. 1998). The higher seed-

ling emergence during the second year in both systems

was related to soybean planting date. Mean temperatures

and rainfall 30 days after and before the date of soybean

planting, were higher than those of the years when maize

was sown (Table 1). The presence of seedlings of species

which were not found in the soil seedbank, such as S. ole-

raceus, Jaborosa integrifolia Lam. and Physalis angu-

lata L., could be related to sampling method limitations.

There are limitations unavoidable when a species has a

low density in the soil seedbank (Recasens et al. 1997,

Unger et al. 1999).

Total recruitment varied between 0.44% and 6.33% in

NT and from 0.15% to 0.43% in CT. These values were

not different from those observed by Ball and Miller

(1989) and Zhang et al. (1998).

The results of this study show a lack of correlation be-

tween soil seedbank composition and the emergent seed-
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ling community, which is consistent with other studies

(Roberts and Feast 1973, Bazzaz and Pickett 1980). Al-

though the most abundant species of the seedbank were

always present in the weed community, recruitment per-

centages varied strongly between tillage regimes and

years. Perhaps this was caused by the different nature of

the factors operating on the seeds in the soil and those on

the above-ground weed community. The degree of soil

disturbance, time of tillage practices, crop rotation and

planting date act as filters that allow or prevent the germi-

nation and emergence of weeds. These factors create or

limit safe sites for germination and establishment; hence,

the abundance of species in an agricultural weed commu-

nity is more likely to depend on the availability of safe

sites than on the density of seeds in the seedbank. There-

fore, the results of this study suggest that knowledge of

soil seedbank composition alone has very little predictive

value on the composition of the emergent weed commu-

nity, at least under the present conditions of the experi-

ment and methods.
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