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ABSTRACT

The invasion of weeds into relatively weed-free agricultural fields has not been studied extensively.
Understanding the relative invasiveness of weeds into different tillage systems should enhance our
understanding of weed community dynamics.  Research was conducted at the Indian Head Experimental Farm
in Saskatchewan from 1987 - 1998.  The field was used for breeder seed production for approximately 20 years
before experiment initiation and was relatively weed-free. Three rotations, differing in cropping intensity and
crop competitiveness, were present in each of zero, minimum, and conventional tillage. Weed sampling
occurred in all 132 cropped plots each year in mid-July and weeds were counted by species in 20 quadrats per
plot.  Mean weed density and percentage of quadrats containing weeds were calculated, plotted and related to
climate data.  In general, zero tillage was weedier in wet springs regardless of fall conditions while conventional
tillage was weedier when a dry spring was preceded by dry fall conditions.  Minimum tillage was weedier when
a dry spring was preceded by wet fall conditions  i.e. conditions between those favouring zero and conventional
tillage.  In general, weediness increased considerably in wet years following dry periods.  Differences in
moisture availability for seedling recruitment may explain these results.  Weediness increased considerably in
wet years following dry periods, possibly as a result of increased moisture availability and seedbank expansion
during dry years.

INTRODUCTION

The invasion of weeds into relatively weed-free agricultural fields has not been studied extensively.  Weed
invasion studies have been restricted to enumerating seeds or weeds invading from field margins (e.g.  Davies et
al. 1998; Hume & Archibold 1986), or in the context of old-field succession (Egler 1954).  Swanton et al.
(1993) outline an ecological framework for understanding weed succession under different tillage systems
which requires theoretical and practical knowledge of numerous factors including: disturbance, life history
strategy, competition with crops, competition with other weeds, dispersal through space, and dispersal through
time.  While the recent widespread adoption of conservation tillage (Lafond & Derksen 1996) has resulted from
its improved economic viability (Lafond et al. 1993) and has been a response to the need to prevent erosion and
conserve soil resources (Moyer et al. 1994), little is known about the effects on weed succession under different
management systems.

The initial objectives of the study were to:  1)  compare management (tillage) systems (conventional,
minimum, and zero),  2)  study the interactions of three crop rotations with the three tillage systems,  3)  study
weed and plant disease dynamics for the rotation-tillage treatment combinations over time,  4)  detect changes
in soil quality as a result of rotation and/or tillage treatments,  5)  perform an economic analysis of the rotation
and tillage systems, and  6)  determine soil nutrient budgets in terms of inputs and outputs.  Twelve years of
data were collected from a field that was initially relatively weed-free, presenting an opportunity to study the
effect of initial floristic composition (Egler 1954) on succession under different tillage systems.  The objective
of this paper is to explore the relationships between climate, management system, and the invasion of weeds
into a relatively weed-free field.

MATERIALS AND METHODS

Field research was conducted at the Indian Head Research Farm, SK, Canada from 1987-1998.  The study
was located in the Aspen Parkland Ecoregion on a Rego Black Chernozemic silty clay soil with 3% organic
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matter and a pH of 8.0.  The land had been used for
breeder seed production for approximately 20 years
and was under a crop-fallow rotation before
experiment initiation.  Plots were established in
1986 to institute the correct stubble and three full
cycles of the 4-year rotations were completed
between 1987 and 1998.

The experimental design was a split-plot with
four replications.  Three tillage treatments (zero,
minimum, and conventional) were the main plots,
and 3 rotations (Table 1) were the sub-plots. The 3
rotations increased in diversity from a cereal-fallow
based rotation, to one where a different broadleaf and cereal crop were alternately grown over the four year
cycle.  All 4 phases of each rotation were present each year. The plots were 13m x 18m.

The same in-crop herbicides were applied within each crop rotation regardless of management system.
Thus, weed control was differentiated only by tillage or the use of pre-seeding and post-harvest herbicides.  In
zero tillage (ZT), glyphosate was applied prior to seeding and 2,4-D was applied in the fall when needed.  The
only soil disturbance in the ZT system occurred during the seeding operation. Minimum tillage (MT) plots were
cultivated once prior to seeding and 2,4-D was applied in the fall when needed.  Conventional tillage (CT) plots
were tilled once late in the fall and once in the spring.  In summer fallow, cultivation was used to control weeds
in CT while both herbicides and tillage are used under MT, and herbicides alone were used in ZT.  All plots
were seeded with the same seeder and both seeding and fertiliser application occurred in one operation except
for winter wheat where ammonium nitrate was broadcast early each spring.  Accepted agronomic practices for
seeding, spraying, fertilisation, and harvesting were followed using commercially available farm equipment.

Weed sampling occurred in all 132 cropped plots each year in mid-July and weed densities were
enumerated, by species, in 20 0.25m2 quadrats per plot (except 1987 when 5 quadrats were counted per plot).
Analysis of variance was performed using PROC GLM in SAS.  Means separation was determined using
Least Significant Difference at both the 0.05 and 0.10 probability levels since in 2 of the years, the LSD missed
the 0.05 cut-off by < 1 %.  Scatter plots of total mean weed density versus frequency (% quadrats with weeds
present) are presented for each year as well as each year-tillage system in each of: A) a wet spring, B) a dry
spring preceded by a moist fall, and C) a dry spring preceded by a dry fall.  A wet spring occurred when April,
May or both had more than 125% of the mean duration-of-study precipitation. A dry spring occurred when
either April, May (or both) had less than 75% of the mean duration-of-study precipitation and neither April nor
May qualified as wet.  A moist fall occurred when September had more than 125% of the mean duration-of-
study precipitation. A dry fall occurred when September had less than 75% of the mean duration-of-study
precipitation.

RESULTS AND DISCUSSION

Weediness over time.  Weediness is a function of both density and frequency since a field would not be
considered weedy if it had either a low density of weeds throughout the field or, a few high-density patches.  A
linear trend of increasing weediness (Figure 1A), with a high correlation (r2=0.911), between total annual mean
weed density and frequency of weed occurrence in quadrats was observed.  The 12 study years clearly
partitioned into 2 distinct groups: 1) a low-weediness group containing the years 1987-90 and 1992-93, and 2) a
high-weediness group containing the years 1991 and 1994-98.  This trend was not temporally linear and it is
interesting that weedier years were both preceded and succeeded by less weedy years.

Of the low-weediness years, 1987 is the weediest (Figure 1A).  Weediness declined substantially in 1988,
increased moderately in 1989, and increased slightly in 1990.  Weediness was slightly higher in 1992 than in
1990 and declined slightly in 1993.  In 1991, the first high-weediness year, weediness increased substantially
from 1990.  Similarly, 1994 was much weedier than 1993.  Weediness declined variably from 1995-97,
principally due to lower densities, then increased in 1998 when density doubled and frequency increased as
well.

The pattern of increasing and decreasing weediness may be related to the following factors.  The first factor
is prior land use.  The field initially had a small seedbank that was easily depleted.  The second factor is
climatic (particularly moisture availability) effects on seed germination and dormancy.  Adequate moisture
promotes germination while insufficient precipitation inhibits germination and may induce or enforce dormancy

Table 1. Crop rotations present in zero, minimum, and
conventional tillage.  Rotations move from left to right
(e.g. in rotation 3, pea is grown on winter wheat).

Rotation Phase of rotation

1 spring
wheat

spring
wheat

winter
wheat

summer
fallow

2 spring
wheat

flax winter
wheat

spring
wheat

3 spring
wheat

flax winter
wheat

pea
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(Begon et al. 1990, pp 185-187).  The third factor is the timing of precipitation events relative to weed control
events and the time of weed assessment (July).

The years 1987, 1991, 1994 and 1998 were relatively weedy years either preceded, succeeded, or both, by
less weedy years.  Three (1991, 1994, 1998) of the four years (Table 2) had a wet June and 1991 was extremely
wet from April through June.  Factors 2 and 3 are important since herbicide application was done in early May
(pre-seeding) and again in June (in-crop).   While the years 1988, 1992 and 1995 had sufficient moisture to
promote germination and break dormancy, a depleted seedbank and average or below-average June
precipitation contributed to decreased weediness.  Due to drought conditions in 1989, 1996, 1997, and , the
spring of 1993 dormancy may have been enforced and germination inhibited.  In 1990, above average
precipitation occurred in April followed by dry spring conditions and thus an early flush of weeds was easily
controlled.

Weediness by tillage system.  Significant differences between tillage systems occurred in 7 of the 12 study
years with 3 years having treatment differences at p = 0.05.  While not statistically rigorous, the following
trends emerged.  In the 6 years with wet springs, generally either zero or minimum tillage were weediest
(Figure 1B), although significant differences between total weed densities  (Table 3) were found in only 1988,
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Figure 1.  Weediness on an annual basis (A), and by tillage system when: a wet spring occurs (B) , a dry
spring is preceded by a moist fall (C),  and a dry spring is preceded by a dry fall (D).
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Table 2.  Precipitation from April to September for
each year of the study expressed as a percentage of
the 12-year (duration-of-study) mean.

Month Apr May Jun Jul Aug Sep

1987 74.5 158.2 78.3 156.8 37.1 77.5

1988 216.9 150.5 66.5 109.2 78.7 50.2

1989 42.6 55.2 68.9 100.4 84.2 63.5

1990 125.7 42.5 66.5 120.3 62.1 14.3

1991 261.2 216.4 167.7 90.1 92.1 113.1

1992 129.5 145.5 58.0 139.4 47.1 163.3

1993 32.4 51.7 98.1 191.4 115.7 198.9

1994 38.8 50.4 133.4 89.1 222.8 101.9

1995 177.5 134.1 98.5 69.0 255.3 130.2

1996 28.1 63.4 66.6 58.0 44.2 52.3

1997 5.9 27.4 59.4 33.6 81.2 30.4

1998 66.9 104.8 237.9 42.8 79.5 204.5

Table 3.  A comparison of total weed density by
tillage system for each study year.  Values followed
by different letters are significantly different at the
specified level of probability.

Year ZT MT CT p

1987 6.4 6.8 5.3 ns

1988 2.5a 3.0ab 4.7b 0.1

1989 2.7a 1.8a 11.0b 0.05

1990 6.4 6.0 5.4 ns

1991 28.7 23.8 18.4 ns

1992 9.8 9.9 5.4 ns

1993 6.4ab 7.8a 5.4b 0.05

1994 20.7a 29.3b 25.9ab 0.1

1995 20.2ab 24.6a 18.4b 0.1

1996 15.2a 23.3b 23.3b 0.1

1997 9.1a 16.4ab 16.7b 0.05

1998 24.1 28.1 28.8 ns

Grand
Mean

12.7 15.1 14.1 ns

when conventional tillage was weediest, and in 1995.  Total weed density was highest in minimum tillage in 4
of the 6 years and was second in the other 2 years (Table 3).  Zero tillage had the highest densities in 2 years
and was second in 2 more. Density in CT was highest in wet springs and  1988 and 2nd in 1990 and 1995.  In
1991, the wettest year, ZT was substantially weedier than either MT or CT, although density differences were
non-significant.  A dry spring preceded by a moist fall
occurred in 3 of the 12 study years.  Minimum tillage
was always weediest (Figure 1C) and significant
differences between means occurred in all 3 years
(Table 3).  In 2 of the 3 years total weed density was
second highest in CT and ZT was 2nd in the other.  In
the remaining 3 study years, a dry spring was
preceded by a dry fall.  Densities were statistically
different in 2 of the 3 years (Table 3) and
conventional tillage was always weediest  (Figure
1D).  Minimum tillage had the second highest
densities in 2 of the 3 years and zero tillage was 2nd
in the remaining year.

Differences in moisture availability for seedling
recruitment may explain these results.  In wet springs,
seeds suspended in residue receive sufficient moisture
for the roots to reach the soil. Soil moisture is better
retained by zero and minimum tillage (Lafond et al.
1992) under xeric conditions.  A dry spring preceded by
a moist fall favours minimum tillage because there is
insufficient moisture in the residue layer to promote
establishment in zero tillage and more moisture is
retained in the soil. A dry spring preceded by a dry fall
favours germination in conventional tillage since seed
are moved downwards into moister soils. Seedling
recruitment under different moisture conditions occurs
in a continuum.  Weediness is favoured by conservation
tillage practices in years with wet springs with zero
tillage being weediest in the wettest years.  Weediness
is favoured by minimum and conventional tillage as
spring conditions become drier.  Under the driest
conditions, conventional tillage tends to be weedier
than minimum tillage.  Overall, minimum tillage is
weediest.  It had the highest weed densities in 6 of the
12 study years and the second highest in another 5.
This level of weediness compares unfavourably with
conventional tillage which was weediest in 4 years and
second weediest in 2 more, and zero tillage which was
weediest in 2 years and second in 4 more.  Time of
assessment was found to be the most important
management factor (Derksen et al. 1998) in
determining weed community composition, thus
somewhat different results may have been observed had
weed assessments been done at either the seedbank or
seedling stage.

CONCLUSIONS

(1).  Expect weediness to increase in post-drought
years.  Increased weediness was related to total
precipitation in April, May and, particularly, June.

(2).  Differences in relative weediness under different management systems was understandable in terms of
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moisture available to seedlings and seedbank depletion.  Zero tillage was weediest in wet springs when seeds in
the residue layer were able to reach soil before desiccation.  Conventional tillage was weediest when a dry
spring was preceded by a dry fall and tillage placed seeds in moister ground resulting in improved germination.
Minimum tillage was weediest when a dry spring was preceded by a moist fall and residual moisture from the
fall provided sufficient moisture in the soil and residue layer for improved germination.

(3).  Use this information on relative weediness to plan strategic weed control under your management
system.
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