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In a semiarid Mediterranean site in central Spain, field experiments were conducted 
on a Calcic Haploxeralf (noncalcic brown soil), which had been managed with three 
crop rotations and two tillage systems (no-tillage and conventional tillage) since 
1987. The crop rotations consisted of barley-4vetch, barley-4sunflower, and a barley 
monoculture. The study took place in two growing seasons (1992-1994) to assess 
the effects of management practices on the weed seedbank. During this period, spring 
weed control was not carried out in winter crops. In the no-tillage system, there was 
a significant increase in the number of seeds of different weed species: anacyclus, 
common purslane, corn poppy, knotted hedge-parsley, mouse-ear cress, spring whit- 
lowgrass, tumble pigweed, venus-comb, and Veronica triphyllos. Conversely, the pres- 
ence of prostrate knotweed and wild radish was highest in plots under conventional 
tillage. These results suggest large differences in the weed seedbank as a consequence 
of different soil conditions among tillage systems, but also the necessity of spring 
weed control when a no-tillage system is used. With regard to crop rotations, the 
number of seeds of knotted hedge-parsley, mouse-ear cress, and spring whitlowgrass 
was greater in the plots under the barley-*vetch rotation. Common lambsquarters 
dominated in the plots under the barley-*sunflower rotation, whereas venus-comb 
was the most frequent weed in the barley monoculture. Larger and more diverse 
weed populations developed in the barley-*vetch rotation rather than in the bar- 
ley--sunflower rotation or the barley monoculture. 

Nomenclature: Anacyclus, Anacyclus clavatus (Desf.) Pers. ANYCL; common 
lambsquarters, Chenopodium album L. CHEAL; common purslane, Portulaca oleracea 
L. POROL; corn poppy, Papaver rhoeas L. PAPRH; knotted hedge-parsley, Torilis 
nodosa (L.) Gaertn TOINO; mouse-ear cress, Arabidopsis thaliana (L.) Heynh. 
ARBTH; prostrate knotweed, Polygonum aviculare L. POLAV; spring whitlowgrass, 
Draba verna L. ERPVE; tumble pigweed, Amaranthus albus L. AMAAL; venus- 
comb, Scandix pecten-veneris L. SCAPV; Veronica triphyllos L. VERTR; wild radish, 
Raphanus raphanistrum L. RAPRA; barley, Hordeum vulgare L. 'Aramir'; sunflower, 
Helianthus annuus L. 'Toledo 2'; vetch, Vicia sativa L. 

Key words: Soil seedbank, conservation tillage, cereal crops, ANYCL, CHEAL, 
POROL, PAPRH, TOINO, ARBTH, POLAV, ERPVE, AMAAL, SCAPV, VERTR, 
RAPRA. 

Determining the type and quantity of seeds in the soil is 
important to forecast weed population dynamics (Kropac 
1966). However, because only 2 to 6% of weed seeds pro- 
duced ever develop into seedlings (Ball and Miller 1989) 
and field conditions vary greatly from year to year, the pre- 
diction of potential weed seedling density from the analysis 
of the weed seedbank is not very reliable (Cardina and Spar- 
row 1996). In spite of this limitation, size and composition 
of the soil seedbank reflect past and present weed, crop, and 
soil management, which are essential elements for under- 
standing vegetation dynamics in arable crop growth systems. 

Crop rotation and tillage are two important factors that 
affect weed population dynamics. For example, crop rota- 
tion influences the herbicides available for use, the type of 
tillage, the timing of tillage events relative to crop and weed 
emergence, and the harvest date relative to crop and weed 
maturity. These agronomic practices influence weed species 
composition over a period of several growing seasons (Ball 
and Miller 1990). Particular conditions created by a narrow 
crop rotation or monoculture benefit weed species that have 

a niche similar to the crop, and those weeds could rapidly 
become more abundant. Liebman and Dyck (1993) dem- 
onstrated that monoculture can lead to a less diverse and 
more intractable weed flora than does crop rotation. There- 
fore, the structure of the current species in a seedbank is 
influenced by the crops that are part of the rotation (Ball 
1992). The period for which the seeds remain viable in the 
soil has been shown to influence the composition of the 
weed population. Thus, rotations that include crops with 
different life cycles could lead to additional benefits because 
of their role in restricting seed germination, particularly if 
the average life in the seedbank is short (Martin and Felton 
1993). A literature survey indicates that more information 
is needed concerning the effects of diversification of crop- 
ping systems on weed population dynamics (Liebman and 
Dyck 1993). 

Tillage causes both vertical redistribution of weed seeds 
and changes in soil properties. The vertical distribution of 
seeds in the moldboard plow layer is relatively homogeneous 
within the plow horizon. Conversely, under the no-tillage 
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system, the seeds are concentrated near the soil surface (Ball 
1992; Ball and Miller 1990; Cardina et al. 1991; Clements 
et al. 1996; Oryokot et al. 1997). The seeds buried in the 
soil tend to retain their viability longer than those that re- 
main on or near the surface; such increased longevity varies 
among species (Ball 1992; Ball and Miller 1990; Oryokot 
et al. 1997). Accumulation of organic residues in the soil 
surface layer in no-tillage may create a zone of increased 
biological activity characterized by high levels of bacteria, 
fungi, soil enzymes, insects, and earthworms (Dick and 
Daniel 1987); thus, weed seed viability may decrease near 
the soil surface in this tillage system. However, no-tillage 
was also reported to result in earlier weed phenology in cer- 
tain summer weed species (i.e., pigweeds) because soil tem- 
peratures and moisture are closer to the germination and 
emergence optima in the layer closer to the surface (Oryokot 
et al. 1997). No-tillage may increase the growth potential 
of certain weed species because of their seed accumulation 
at or near the soil surface (Buhler 1992). The spectrum of 
summer annual weeds has been reported to shift rapidly 
under no-tillage conditions, depending on the species orig- 
inally present and the herbicides used (Ball and Miller 
1990). By contrast, perennial weed populations may increase 
in reduced-tillage systems because the root system is not 
disturbed and the herbicides used to control annual weeds 
are not effective on established perennial plants (Buhler et 
al. 1994). For these reasons, effective weed control is often 
identified as the limiting factor in adopting crop production 
systems under conservation tillage (Allmaras and Dowdy 
1985; Buhler et al. 1994). 

Field experiments were conducted at Toledo (central 
Spain) from 1992 to 1994 to examine the changes in the 
composition and size of the weed seedbank associated with 
crop rotation and tillage systems. Spring weed control was 
not used during this period, so as to assess the contribution 
of crop rotation rather than herbicides to weed population 
dynamics. In this study, the feasibility of eliminating spring 
weed control in cereal crops and its influence on the weed 
seedbank was evaluated. Because of the low benefit margin 
in this nonirrigated cereal-producing area, crop management 
systems permitting a reduction of the production costs with- 
out decreasing crop yields would be very interesting to local 
farmers. 

Materials and Methods 

Field studies were conducted at the Consejo Superior de 
Investigaciones Cientificas (CSIC) experimental farm in a 
cereal-producing area of Toledo (central Spain) from 1992 
to 1994. The plots have been managed with the same ex- 
perimental design since 1987 (Lopez-Fando and Almendros 
1995; Lopez-Fando and Bello 1995). Thus, the adaptation 
of the soil environment to the new agricultural management 
(no-tillage and crop rotation) had been done at the begin- 
ning of this study. The soil formation is a Calcic Haploxeralf 
(Soil Survey Staff 1975). The experimental site is character- 
ized by a semiarid continental climate (minimum and max- 
imum average annual temperatures are 6 C in the winter 
and 23 C in the summer, with a 400-mm average annual 
rainfall). 

Experimental Design 

Barley, vetch, and sunflower were used in the rotation 
because of their suitability for the climatic conditions of 
this dry-farming experimental site. The experiment was ar- 
ranged in a split-plot design, with rotation as the main plot 
(9 by 72 m) and tillage as the split plot (9 by 36 m). All 
treatments were replicated three times (three blocks). The 
crop rotation variable consisted of: (1) barley-4vetch 
(B-V) in a 2-yr rotation, (2) barley--sunflower (B-*S) in 
a 2-yr rotation, and (3) barley monoculture (B-B). Suf- 
ficient numbers of plots were established so that each dif- 
ferent phase of the crop rotation was present every year. 
The tillage variable consisted of no-tillage (NT) and con- 
ventional tillage (CT). 

Agronomic Management 

The CT plots were moldboard plowed 25 cm deep in 
the autumn (early October), followed by a second harrowing 
tillage (10 cm deep) for seedbed preparation immediately 
before sowing (repeated in March in sunflower plots). The 
NT plots were sowed directly into undisturbed soil by 
means of a triple-disk drill, after spraying glyphosate at 0.54 
kg ai ha-1 applied at 150 L ha-1. For sunflower, a second 
treatment was carried out just before sowing in March with 
0.54 kg ai ha-1 glyphosate. The sowing date for barley and 
vetch depended on the time of the autumn rains and, for 
both, was usually in early November. No spring weed con- 
trol was used to separate the effects of the crop rotation 
itself from the herbicides involved upon it. Prior to the ex- 
periment (1987-1992), spring weed control in cereal plots 
consisted of: 1.5 kg ai ha-' isoproturon IP50 and 0.075 kg 
ai ha-1 ioxynil plus 0.075 kg ai ha-' bromoxynil plus 0.375 
kg ai ha-' MCPP in 200 L of water ha-', when the weeds 
were at the three- to four-leaf growth stage. At sowing, 500 
kg ha-' of NPK fertilizer (8-15-15) was applied to all plots. 
Barley was sown to achieve a final population 250 plants 
m-2 (150 kg ha-'). Sowing depth was 5 cm, and row spac- 
ing was 18 cm. Ammonium nitrate (33.5%) N was top- 
dressed in the early spring (when the plants were in the first 
stages of stem extension, 30 on Zadoks' scale [Zadoks et al. 
1974]) at a rate of 100 kg ha-1. Barley was harvested in 
early July. Vetch was sown at 100 kg ha- ' and was harvested 
in May, when it was flowering. Sunflower was sown in April 
when the air temperature had risen to 7 C, to achieve a final 
population of 40,000 plants ha-1, and the crop was har- 
vested in September. 

Soil Sampling 

Samples for the weed seedbank study were taken in May 
1993 and 1994. At that time, the majority of the weed 
species that compete with the cereal had matured and shed 
seeds. From each split plot, 36 samples of soil were taken 
following a 3- by 3-m grid. Soil was sampled with a thread 
auger, 4.6 cm in diameter and 25 cm long. Each of several 
soil cores in each sampled split plot was analyzed separately. 
A total of four randomly selected sites within the 36 samples 
of each split plot were sampled to analyze the vertical dis- 
tribution of the seedbank. The different depths chosen were 
0 to 8, 8 to 16, and 16 tO 25 cm. 

Soil aggregates were deflocculated with a solution con- 
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TABLE 1. Average weed soil seedbank composition of different fam- 
ilies expressed in relative abundance values and the number of spe- 
cies per family found in the seedbank in this study (average of two 
growing seasons, 1992 to 1994). 
Family Seeds Species 

% No. 
Amaranthaceae 39.79 2 
Apiaceae 0.37 2 
Asteraceae 0.67 5 
Boraginaceae 3.21 4 
Brassicaceae 1.90 4 
Caryophyllaceae 2.43 4 
Chenopodiaceae 3.25 1 
Convolvulaceae 0.03 1 
Euphorbiaceae 0.04 1 
Juncaceae 0.05 1 
Papaveraceae 5.00 1 
Poaceae 0.01 2 
Polygonaceae 37.29 1 
Portulacaceae 1.28 1 
Primulaceae 0.25 1 
Ranunculaceae 0.02 1 
Rubiaceae 0.04 1 
Scrophulariaceae 0.72 3 
Others 3.65 
Total 100 36 

taining sodium hexametaphosphate (50 g L-1) and sodium 
bicarbonate (25 g L- 1). Soil was placed in large beakers 
mixed with the deflocculating solution (1: 2 by wt: vol) 
and stirred for 15 min. Samples were then successively 
passed through a series of three sieves (2-, 0.5-, and 0.2- 
mm mesh) to retain weed seeds. Weed species were iden- 
tified and counted under a stereomicroscope according to 
the Carretero method (Carretero 1977). To determine the 
potential flora, it is important to assess the number of vi- 
able seeds. Only the seeds that were intact physically and 
resistant to a slight pressure with the forceps were counted 
as viable (Ball and Miller 1989). This method has its lim- 
itations because only the physical properties of the seeds 
are taken into account. However, it is a useful and fast 
method when the number of samples is as high as in this 
study. The number of seeds was recorded by species for 
each soil subsample. 

Statistical Analysis 
Each weed species was separately subjected to analysis of 

variance (ANOVA) of split plots with subsamples (Steel and 
Torrie 1985), and main effects and interactions were tested 
for significance. All data were tested for nonadditivity to 
determine if transformations were necessary (Steel and Tor- 
rie 1985). Nonadditivity was not significant for any data; 
therefore, actual means were analyzed. Least significant dif- 
ference (LSD) procedures were used to detect and separate 
crop rotation treatment mean differences at the 0.05 prob- 
ability level. 

Results and Discussion 
Weed Seedbank 

The composition of different families and the number of 
species per family found in the weed seedbank are shown 

TABLE 2. Effects of crop rotations and tillage systems on the total 
seed number and total weed species to a depth of 25 cm in 1994.a 

Treatments Total seeds 

No. m-2 No. species 
Barley-4vetch 43,163 26 
Barley-4sunflower 20,468 22 
Barley monoculture 22,820 21 
LSD 14,237 2 
No-tillage 35,793 24 
Conventional tillage 21,841 22 

* * 

a Data are averaged across all subsamples of rotations and tillage levels. * 

= significant differences according to ANOVA (P < 0.05). When the dif- 
ferences were significant, the means of the crop rotation treatments were 
compared using LSD (least significant difference at P < 0.05). 

in Table 1. Annuals dominated the seedbank, with tumble 
pigweed (Amaranthaceae) and prostrate knotweed (Polygon- 
aceae) being the most common. 

Crop rotations and tillage systems had an effect on the 
total number of seeds and weed species (Table 2). Differ- 
ences in the total seedbank in the 2 yr studied were not 
significant (data not shown). The total number of seeds and 
the number of weed species were higher in the B->V rota- 
tion than in the other rotations. Although vetch and barley 
were planted at the same time, weed populations differed 
between the B->B and B-V rotations. The most abundant 
and diverse weed populations developed in the B-V rota- 
tion, which could be due to the greater competitiveness of 
weeds in vetch than in barley. Further results of emerged 
seedling (data not shown) confirm the higher weed popu- 
lation in B-N than in B-oB. The lower plant height and 
plant canopy of vetch compared to barley could contribute 
to increased light availability to weed populations. Further- 
more, improvement in the soil fertility (especially N) caused 
by the inclusion of a legume forage crop (vetch) in the ro- 
tation could also help increase the weed population. The 
lowest number of seeds was found in the B->S rotation. 
Cereal rotation with a summer crop (sunflower) should be 
agronomically superior to the cereal monoculture system be- 
cause it creates a disruption of weed life cycles through var- 
iation in planting date. Sunflower included either an addi- 
tional herbicide treatment (glyphosate) in the case of NT or 
an additional plowing (harrowing) in the case of CT in 
March, in order to plant the crop. This agronomic man- 
agement could eliminate an important quantity of potential 
seeds, mainly winter annuals, because the maximum weed 
emergence occurs in spring. Moreover, sunflower residues 
may affect the weed population through the presence of 
allelopathic substances (Morris and Parrish 1992). Liebman 
and Dyck (1993) reported a considerable reduction of weed 
seed density in crop rotation compared to monocultures of 
the component crops. Weed seedbank data from the B->S 
rotation agreed with the Liebman and Dyck (1993) study, 
but this was not the case in the B-V rotation, where weed 
seedbank increased. Thus, weed population dynamics are 
very dependent on the crops included in the rotation. Total 
number of seeds and total number of weed species were 
highest in the NT system and decreased in the plot where 
soil disturbance occurred; weed populations were lowest in 
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NO-TILLAGE CONVENTIONAL TILLAGE 
FIGURE 1. Influence of the tillage system on the vertical distribution of total weed seeds to a depth of 25 cm. 

the CT system, which confirms previous results (Cardina et 
al. 1991). 

Up to 36 seed species were identified in the samples taken 
over 2 yr. Among them, six species showed significant dif- 
ferences (P < 0.05) due to crop rotation, and 11 species 
showed significant differences (P < 0.05) due to the tillage 
system in 1994 (Table 3), when ANOVA was applied. Sig- 
nificant differences between years were found in the number 
of seeds for three species (anacyclus, corn poppy, and pros- 
trate knotweed). Only one species (venus-comb) showed in- 
teraction between crop rotation and tillage factors (data not 
shown in Table 3). 

Influence of Crop Rotations 

The majority of the species affected by crop rotation are 
winter annuals. Winter annual phenology is similar to the 
life cycle of barley, common in the three crop rotations, and 
to the life cycle of vetch. Common lambsquarters was the 
only summer annual that showed significant differences af- 
fected by crop rotation. 

Mouse-ear cress, knotted hedge-parsley, and spring whit- 
lowgrass were found more frequently in plots that included 
vetch in the rotation than in those rotated with other crops. 
Prostrate knotweed seed density was higher in the B-4B and 
B-V rotations than in the B-*S rotation. 

The density of common lambsquarters seed was higher 
in plots under the B->S rotation than in those under the 
B-N rotation, and in these, the density was more than in 
the B-*B monoculture. The higher density of common 
lambsquarters recorded in plots under crop rotations than 
in plots under monoculture is in agreement with the results 
from Ball (1992) and Blackshaw et al. (1994). 

Venus-comb densities were highest in plots under B-4B 
and within the NT system. This is the only species with a 
positive interaction between crop rotation and tillage: B-?B 
and NT showed a synergistic effect, such that venus-comb 
increased more than would be expected from the average 
individual effect of each treatment. Thus, under these con- 
ditions, proliferation of venus-comb should be expected in 
barley monoculture with lack of tillage. Curiously, venus- 
comb was classified by the British Agrochemicals Association 
as a "rare arable weed" and was in danger of becoming 
extinct. This organization proposed scientifically based 
guidelines for its conservation within the context of arable 
farming (Wilson 1991). 

Influence of the Tillage System 

Most of the species affected by tillage systems have a life 
cycle coinciding with that of barley, except the summer an- 
nuals, common purslane and tumble pigweed. 

Weed seedbank densities of anacyclus, common purslane, 
corn poppy, knotted hedge-parsley, mouse-ear cress, spring 
whitlowgrass, tumble pigweed, venus-comb, and V triphyllos 
were higher in NT plots than in CT plots. Although com- 
mon purslane has a great reproduction capacity (52,000 
seeds plant-I [Ross and Lembi 1985]), the number of seeds 
that were found in the soil was low. This may be because 
their presence is largely limited by the shortage of precipi- 
tation during the summer period. The fact that the lowest 
seed number of common purslane was found in CT plots 
agrees with Mohler and Callaway (1992), who noted a sig- 
nificantly lower emergence of this species in tillage than in 
NT plots, probably because of seed burial and greater seed 
mortality in the former. 

Weed species with small-sized seeds may be especially 
helped by the cultural practices that keep seeds at or near 
the soil surface (Froud-Williams et al. 1984). For this rea- 
son, weed species such as mouse-ear cress or spring whitlow- 
grass may be well suited to the NT system, where seeds 
remain close to the soil surface. Brandt and Richard (1994) 
found that spring whitlowgrass was one of the dominant 
plant species in undisturbed habitats, such as an 800-km2 
sagebrush steppe on the Columbia River Plain (Washington 
State), where nonagricultural practices had been used since 
1944. 

Weed density of pigweed spp. has previously been found 
to be greater in the NT than in the CT system (Blackshaw 
et al. 1994; Buhler 1992; Thomas and Frick 1993). Pigweed 
spp. germinate only at optimum levels of light (Pita and 
Duran 1986). In addition, these seeds have a hard seedcoat 
that allows them to survive at the soil surface (Weaver and 
McWilliams 1990) and become well adapted to minimum 
or NT systems. 

Venus-comb density was highest in plots under the NT 
system. Chancellor and Froud-Williams (1986) noted the 
introduction of some species from the same family (Api- 
aceae) in NT plots, which frequently develop along borders 
or in noncultivated areas. 

In the case of corn poppy and V triphyllos, our results 
do not agree with other tillage studies examining weed pop- 
ulations. Previous results showed decreasing densities of corn 
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TABLE 3. WSSA-approved codes, scientific names, life cycles, and common names for weed species found in cereal areas of central Spain and density of species (number of seeds per 
square meter) in 1994.a 

Life Crop rotation Tillage systems 
Codeb Scientific name cycle Common name B-V B->S B-*B LSD NT CT 

No. seeds m-2 - No. seeds m- 

AMAAL Amaranthus albus L. S Tumble pigweed 19,855 9,805 7,464 - 18,268 6,481 
AMABL Amaranthus blitoides S. Wats. S Prostrate pigweed 45 146 6 - 106 32 
ANYCL Anacyclus clavatus (Desf.) Pers. W Anacyclus 145 109 109 - 156 85 
ANCIT Anchusa italica Retz. S Italian bugloss 3 0 0 - 2 0 
ANGAR Anagallis arvensis L. W Scarlet pimpernel 53 72 103 - 104 48 
ARBTH Arabidopsis thaliana (L.) Heynh. W Mouse-ear cress 411 128 109 * 96 217 115 

Buglossoides arvensis (L.) M. Johnston W 6 0 0 0 4 
CAPBP Capsella bursa-pastoris (L.) Medikus. W Shepherdspurse 212 8 334 - 216 154 
CHEAL Chenopodium album L. S Common lambsquarters 1,006 2,009 295 * 692 897 1,310 

Chrozophora tinctoria Ra. S 28 11 0 - 7 19 
CONAR Convolvulus arvensis L. P Field binweed 8 0 6 6 4 
ERPVE Draba verna L. W Spring whitlowgrass 205 64 55 * 48 159 58 

Filago pyramidata L. W Broad-leaved cudweed 12 0 30 20 8 
Galium tricorne With. W 36 11 11 33 6 

HEOEU Heliotropium europaeum L. S European heliotrope 2,377 638 31 - 1,687 344 
IUNBU Juncus bufonius L. W Toad rush 11 11 6 6 13 

Lactuca serriola L. B Prickly lettuce 22 34 19 - 41 9 
Linaria spartea (L.) Willd. S 3 0 0 0 2 

LOLRI Lolium rigidum Gaudin W Rigid ryegrass 0 0 6 - 4 0 
Myosotis stricta Link ex Roener & Schul. W 20 11 0 - 17 4 

PAPRH Papaver rhoeas L. W Corn poppy 3,576 496 70 2,371 390 
POLAV Polygonum aviculare L. W Prostrate knotweed 12,241 4,947 11,686 * 3,648 8,684 10,565 
POROL Portulaca o/eracea L. S Common purlane 574 309 351 - 582 242 
RANAR Ramunculus arvensis L. W Corn buttercup 17 3 3 - 4 11 

o RAPRA Rhaphanus raphanistrum L. W Wild radish 11 20 8 - 7 19 
D SCAPV Scandix pecten-veneris L. W Venus-comb 0 0 75 * 42 48 2 
? SILGA Si/ene gallica L. S English catchfly 53 276 72 - 80 188 

Sonchus tenerrimus L. S 6 0 0 - 2 2 
SPRAR Spergula arvensis L. W Corn spurry 31 176 920 - 113 637 

3 SPBRU Spergularia rubra (L.) J. & C. Presl. W Red sandspurry 307 153 212 - 171 277 
eX STEME StelLaria media (L.) Will. W Common chickweed 3 0 6 - 2 4 

TOINO Torilis nodosa (L.) Gaertn W Knotted hedge-parsley 145 28 42 * 72 119 24 
n VERHE Veronica hederifolia L. W Ivyleaf speedwell 175 63 43 - 113 75 
; VERTR Veronica triphyllos L. W 109 72 36 - 117 28 

Others 1,508 914 758 - 1,393 727 

rA8 a Abbreviations: S, summer annual; W, winter annual; B, biennial; P, perennial; B-*V, barley-*vetch; B-*S, barley--sunflower; B-*B, barley monoculture; NT, no-tillage; CT, conventional tillage. * and 
** = significant differences according ANOVA (P < 0.05 and P < 0.025, respectively). Dashes indicate that no significant differences were found. When the differences were significant, the means of the 
crop rotation treatments were compared using LSD (least significant difference at P < 0.05). 

b WSSA-approved computer code from Composite List of Weeds, Revised 1989. Available from WSSA. 
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poppy when tillage was reduced or eliminated (Froud-Wil- 
liams et al. 1984) and higher seed density of Veronica spp. 
in the CT plots than in the NT plots (Chancellor 1985). 

By contrast, weed seedbank density of prostrate knotweed 
and wild radish was higher in the CT plots than in the NT 
plots. Similar results were obtained by other authors who 
associated prostrate knotweed with the CT system (Chan- 
cellor 1985; Derksen et al. 1993). 

Depth Distribution 

The pattern of depth distribution of weed seed varied 
with the tillage system. The results show a high proportion 
of seeds near the surface under the NT system (nearly 60% 
of the total seeds in the first 8 cm) and a much more ho- 
mogeneous distribution along the profile in plots under the 
CT system (Figure 1). This confirms previous results (Ball 
1992; Cardina et al. 1991; Clements et al. 1996; Macchia 
et al. 1996), according to which the vertical distribution 
pattern of weed seed showed the highest content of seed 
near the surface in NT plots, as well as a uniform distri- 
bution in the plow layer in plots under the CT system. 

The results obtained in this research indicate that both 
the total number and diversity of weed seeds were signifi- 
cantly higher in plots subjected to the B-V rotation than 
in plots under the B-*B and B-*S rotations and that they 
were also higher in the NT plots than in the CT plots. 
Crops that compose the cereal rotation greatly condition 
weed population dynamics, either by increasing the seed- 
bank density, in the case of vetch, or by decreasing it, in 
the case of sunflower when compared to cereal monoculture. 

This study also shows that the more numerous weed spe- 
cies in the NT system had a life cycle coinciding with that 
of barley or vetch, e.g., anacyclus, corn poppy, knotted 
hedge-parsley, mouse-ear cress, spring whitlowgrass, venus- 
comb, and V triphyllos. Other species, whose life cycles do 
not coincide with that of barley or vetch (e.g., common 
purslane and tumble pigweed), also benefited from the NT 
system. Conversely, prostrate knotweed and wild radish were 
found in higher numbers in the plots under the CT system. 
The large and diverse weed seedbank found in the NT plots 
can mainly be due to the changes in physical, chemical, and 
biological soil properties caused by NT systems, but it can 
also be due to the omission of spring weed control. Thus, 
results of this research indicate that spring weed manage- 
ment should be recommended in both tillage systems, but 
especially when an NT system is applied. 

With regard to crop rotation, the species with the highest 
densities observed in the weed seedbank in plots under the 
B-4V rotation were the following: knotted hedge-parsley, 
mouse-ear cress, and spring whitlowgrass. The plots under 
a B->B monoculture had the highest number of venus-comb 
fruit fragments. Other species, whose life cycles did not co- 
incide with that of barley or vetch, e.g., common lambs- 
quarters, also benefited from the B-*S rotation. 
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