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Integrated Weed Management
Principles: Reducing the Risk of

Crop Failure
Herbicides continue to be a powerful tool for

controlling weeds. However, there is a growing
desire to be less dependent on “herbicidal” control of
weeds.

Herbicides are viewed as expensive; some weeds have
developed resistance to various herbicides, and there is
growing public concern regarding the environmental/
health effects of pesticides.

Integrated weed management (IWM) is
an approach to weed control that attempts
to address these concerns. The approach is
driven by the need to maximize crop
yields and profits while simultaneously
protecting natural resources and
minimizing environmental effects. IWM
strives to be less dependent on herbicides
by relying on the combination of many
agronomic tactics to control weeds. These
tactics include the following:

• practices that favor crop competition
• diversified production systems that make it difficult for

weeds to adapt
• practices that limit the spread of weed species
• optimal herbicide use

Agronomic practices that favor
crop competition
Seeding shortly after seed bed preparation
Seeding should occur as soon as possible after seed bed
preparations are complete to prevent weeds
from getting a “head start” on the crop. The

earlier weeds emerge relative to the crop, the greater the
crop yield loss.

Under a wild oat pressure of 20 plant/m2, yield loss in
barley can vary from 17 per cent when wild oats emerge
5 days before the crop to only 3 per cent when wild oats
emerge 5 days after the crop (J.T. O’Donovan). Any
practice that enables the crop to emerge as early as possible
ahead of the weeds will favor crop yield and reduce weed
seed production.

Shallow seeding and good “on
row” packing
Seeding as shallow as conditions permit is
key to rapid emergence. If moisture
conditions are good, canola and cereals
should not be seeded deeper than a
1/2 inch and 1 inch, respectively. When
soils are dry, seeding canola and cereals
down 1 and 2 inches, respectively, may
prove advantageous.

But seeding deep, particularly into cold soils, will likely
delay emergence, increasing the crop’s susceptibility to
seedling diseases and the effects of herbicide residues.
Unfortunately, seeding depth can be quite variable for
many openers, especially when the recommended ground
speed is exceeded. Information regarding seeding depth
control for many openers is available from the Prairie
Agricultural Machinery Institute.

Drilling in a crop with good “on row” packing results in
better crop establishment compared to broadcast seeding,
particularly in a dry spring. On row packing squeezes the
soil like a sponge, providing better moisture conditions for
crop germination while leaving the soil between the rows

loose and less than ideal for germinating weed
seeds.

Use integrated
weed

management to
maximize crop

yields and profit
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Broadcast seeding of canola may be fast, but it results in
variable seeding depth and packing that does not favor
crop growth over weeds.

Seeding early
According to Agriculture Financial Services Corporation
client records, crops seeded in late April to early May
typically produce the greatest yields in Alberta (refer to
“Alberta Crop Management Insights” as posted on Alberta
Agriculture’s “Ropin’ the Web” internet site).

Early seeded crops have a yield advantage because they can
capitalize on early spring moisture and longer spring days.
Also, for canola, early seeding results in less flower blasting
since the crop flowers before the hottest part of the
summer.

Thus, delaying seeding so that initial flushes of weeds can
be controlled is not an effective weed control strategy in
conventional systems. The cost in yield by waiting to
control a weed flush exceeds the cost of applying an
in-crop herbicide.

Row spacing
Reported effects of row spacing on crop yield and weed
management have been variable. However, increasing row
spacing in cereal crops and canola from 6 to 12 inches is
generally considered to have little effect on crop yield,
regardless of tillage regime. Increasing row spacing beyond
12 inches may save on equipment costs and power
requirements. However, crop emergence and
competitiveness in wider row spacing may be reduced as a
result of inter-plant competition and fertilizer burn in
single shoot-systems.

Seeding at an optimum rate
The optimum seeding rate is influenced by a multitude of
environmental and economic factors. During drought,
lower than normal seeding rates may actually increase crop
yield by reducing inter-plant competition for soil moisture.
When conditions are ideal, higher than normal seeding
rates can increase crop competitiveness and yield.

Studies have shown that increasing the normally
recommended seeding rate by 50 per cent reduced weed
biomass in three of four years in wheat, canola and barley
and in two of four years in peas (Table 1). Additionally,
these higher crop seed rates gave greater yields in two of
four years in canola, barley and peas and in one year in
wheat (Table 2).
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NOTE: The following information applies to both Table 1 and
Table 2.

Horizon and Refine Extra were used in wheat, Roundup in
RR canola, Achieve and Prestige in barley and Odyssey in peas.

The results cannot be compared from year to year or from one
crop to another. Compare results within the same crop and within
the same year. Results in the table followed by the different letters
(e.g. a and b) within a crop and year are significantly different at
the 5 per cent level.

Source: K.N. Harker, G.W. Clayton, R.E. Blackshaw



3

In these studies, crop yields were never reduced by raising
seeding rates. However, other studies have determined that
the optimum seeding rate is also influenced by weed
pressure. Figure 1 shows that increasing the seeding rate of
barley up to 200 kg/ha can either increase barley yield in
the presence of wild oats or decrease it if weeds are absent.

Figure 2. Effect of seeding rate and nitrogen rate on barley
yield at Beaverlodge in 2001

Source: J.T. O’Donovan

Choosing an optimum seeding rate for canola can be a
little more complicated. The emergence of canola is highly
variable compared to other crops. The target plant
population for canola is between 40 to 200 plants/m2,
which is usually attained by seeding rates ranging from
3 to 8 lbs/ac.

Under ideal conditions, maximum canola yields can be
obtained by 40 plants/m2. However, if the field is weedy,
higher plant populations are required to maximize crop
yield.

One study found increasing canola plant density from
50 to 200 plants m-2 increased the yield of canola in
competition with tartary buckwheat by 76 per cent.
Furthermore, the production of weed seed was reduced by
64 per cent (Table 3). It should be noted that low canola
populations are not only less competitive but run a greater
risk of flea beetle damage and delayed maturity.

Figure 1. Effect of barley seeding rate on barley yield (bu/ac) at
Lacombe in 1999

Source: J.T. O’Donovan, K.N. Harker, G.W. Clayton

The practicality of raising seeding rates obviously depends
on seed costs. Increasing the seeding rate of barley to
combat weeds is a more cost effective strategy than
increasing the seeding rate of a high-cost seed crop like
peas.

For barley, a plant population of 200 plants/m2 is generally
considered the optimum for weed management and yield.
However, survey work in central Alberta found barley
plant stands were often well below 150 plants/m2. This
result suggests that the competitiveness of barley grown in
Alberta could be increased by raising the seeding rate.

To attain a barley plant population of 200 plants/m2

generally requires a seeding rate of about 2 to 2.5 bu/ac
depending on variety seed size. However, much higher
rates may be warranted depending on environmental
conditions.

It is important to note that adequate fertility must be
maintained to fully reap the benefits of higher seeding
rates. Figure 2 shows that increasing the plant population
of barley from 100 to 170 plants/m2 only resulted in
higher yield when fertility was adequate. Where the
fertility was low, the increase in plant population actually
decreased yield.

42

106

50

103

58

93

0

20

40

60

80

100

120

Wild Oats (LSD=5.3) No Wild Oats (LSD=7.4)

bu
/a

c

85 kg/ha
145 kg/ha
200 kg/ha

Source : J.T. O’Donovan

43.4
49.5

30

59.7

0

10

20

30

40

50

60

70

30 90
Nitrogen rate (kg/ha)

Yi
el

d 
(b

u/
ac

)

100 plants/m2
170 plants/m2

dleiydeestaehwkcubyratratdnaalonaC.3elbaT

.setardeesalonacgnisaercniotesnopser

mstnalpalonaC 2-

dleiyalonaC deestaehwkcub.T

taehwkcubyratraT

mstnalp 2-

05 002 05 002

ahgk 1- mg 2-

0 006,1 567,1 0 0

05 063,1 096,1 61 4

001 071,1 016,1 92 01

051 089 055,1 14 41

002 598 505,1 35 91

052 008 014,1 46 32



4

Vigorous seed and competitive varieties
Planting vigorous seed will help to produce a competitive
crop, particularly when conditions for germination and
seedling growth are less that ideal (i.e. cold dry soils,
fleabeetles, disease, herbicide carry-over). This outcome
was demonstrated at Alberta Agriculture’s Edmonton Field
School by using high rates of seed-placed fertilizer as a
“stressor” to inhibit canola germination and emergence.

Figure 3 clearly shows the greater resilience of vigorous
seed to high rates of seed-placed fertilizer. Note that once
the “stressor” is removed, the stand establishment of high
and low vigor seed lots are very similar.

Several seed labs can provide a seed vigor test, which is an
evaluation of how quickly and uniformly a seed lot will
germinate under cold, stressful conditions. Simply testing
for germination is not enough since the loss of seed vigor
precedes the loss of the seed’s ability to germinate. Seed
vigor can change substantially with time, so tests should be
conducted no earlier than three to four months before
seeding.

Crop vigor and competitiveness against weeds can differ
between varieties. With canola, hybrid varieties are
typically more competitive than open pollinated varieties.
Figure 4 indicates that weed populations, as evidenced by
per cent weed dockage, can be significantly reduced by
growing a competitive hybrid such as In Vigor 2153
compared to the open pollinated variety Exceed.

Figure 4. Cultivar (“In Vigor 2153” versus “Exceed”) and
crop seeding rate effects on canola dockage at harvest.
LSD (0.05) = 2

Source: G.W. Clayton, K.N. Harker
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For barley, tall general purpose varieties (e.g. AC
Lacombe, Seebee) are more competitive against wild oats
than semi-dwarf (e.g. CDC Earl) or semi-dwarf hulless
varieties (e.g. Falcon) (Table 4). Poor emergence of Falcon
and the shorter stature of Falcon and CDC Earl likely
contribute to their relatively poor competitiveness with
wild oat. The emergence of hull-less varieties is poor since
the bare seed is more vulnerable to mechanical damage and
invasion by fungi.

Data averaged over 1991 and 1992

Source : O’Donovan et.al (1997)

Removing weeds early
Studies have determined that the yields of pea, canola and
cereal crops are maximized when weeds are removed early.
With canola, delaying weed removal from 1 to 3 weeks
after crop emergence can reduce yield by 5 to 55 per cent,
depending on weed pressure and environmental conditions
(Figures 5 and 6). To maximize yield, it is now generally
recommended that crops be sprayed at the 2 leaf stage for
canola, the 2 node stage for peas and the 3 leaf stage for
cereals when weed populations warrant control.
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Fertilizer placement
Crop competition against weeds is increased when
nitrogen is banded instead of broadcast. Banding places
the fertilizer where the crop has greater access to it over
surface germinating weeds.

Studies from across western Canada have found the yield
of wheat in competition with annual grassy weeds can be
increased by 12 to 58 per cent when nitrogen is banded
instead of broadcast. When nitrogen is banded, the effect
of increasing the rate of nitrogen can greatly reduce green
foxtail populations, particularly in zero tillage (Table 5).

Under zero tillage, a large proportion of green foxtail seed
is confined to the soil surface where germination
conditions are less favorable. Recent studies have
determined that the yield of wheat in competition with
wild oats and wild mustard can often be improved further
over mid-row banding by point-injecting nitrogen 10 cm
deep at 20 cm intervals every other crop row.

Figure 5. The time of weed removal effect on canola yield
(bu/ac) – 2 sites, 1997

(TWR1, TWR2 and TWR3 = 1, 2 and 3 weeks after emergence,
respectively)

Source: K.N. Harker, R.E. Blackshaw, G.W. Clayton,
J.T. O’Donovan
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Figure 6. The time of weed removal effect on canola yield
(bu/ac) – 3 sites, 1998

(TWR1, TWR2 and TWR3 = 1, 2 and 3 weeks after emergence,
respectively)

Source: K.N. Harker, R.E. Blackshaw, C.W. Clayton,
J.T. O’Donovan

If spring conditions are dry, early weed removal may not
show the greatest yield advantage since the emergence of
weeds are delayed. Such was the case at Lacombe in 1998
(Figure 6). If weed emergence is delayed, then spraying
should be delayed somewhat. However, the tendency to
delay spraying until the majority of weeds have emerged
typically results in lower crop yields. Delaying spraying in
peas is particularly risky since peas are often sensitive to
herbicide injury at the latter growth stages.

Combining agronomic practices
Combining all the agronomic practices that favor crop
competition can make the difference between herbicide
failure and a bumper crop.

Research from Agriculture and Agri-Food Canada in
Lacombe found that canola yield could be increased by
41 per cent just by using a vigorous variety (Invigor 2153
vs Exceed), a high seeding rate (200 vs 100 seeds/m2) and
early weed removal (2 vs 6 leaf stage).

At Alberta Agriculture’s 2002 Ellerslie field school, the
cumulative benefit from proper fertilizer placement,
variety choice, seeding rate and time of spraying to canola
stand establishment was demonstrated (Figure 7). The
input costs for fertilizer and herbicide are identical for
the plots in Figure 7, but the crop stands are
dramatically different. Figure 7 (top & bottom). The cumulative effect of fertilizer

placement, variety, seeding rate and time of herbicide
application on canola stand.
(Integrated Weed Management field school – Elerslie 2002)
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Diversified production systems
Production systems that create diversity in cropping
patterns, tillage and herbicide use make it difficult for
weeds to adapt. Rotating between annual grain crops such
as field peas, canola and spring cereals provides an
opportunity to rotate between herbicide groups, thereby
slowing the development of weed resistance.

Unfortunately, weeds still persist in an annual crop
rotation, and the use of herbicides for weed control is
heavily relied upon. The weeds persist because they have
adapted to the consistent timing of herbicide use, crop
emergence and harvest of an annual crop rotation.

Diverse crop rotations that include annual crops, perennial
forages, winter cereals and silage crops create variation in
cropping patterns (i.e. seeding and harvest dates), making
it difficult for weeds to adapt.

Rotations with perennial forages
The inclusion of perennial forage in annual grain rotation
reduces weed pressure and the incidence of some problem
weeds. Field surveys (just before spraying) from Manitoba
and Saskatchewan found the average weed density in cereal
crops following cereal crops was 106 plants/m2. By
contrast, the average weed density in cereal crops
following alfalfa was only 48 plants/m2.

Problem weeds such as wild oats, Canada thistle, wild
mustard and cleavers were significantly lower in cereal
fields preceded by alfalfa (Table 6). Alfalfa competes well
against these weeds because it emerges early, and the
harvest timings prevent these weeds from setting seed. By
contrast, populations of weeds such as stinkweed and
dandelion were found to increase by having alfalfa in
rotation. However, it is common practice to keep alfalfa
stands too long and then allow them to become “run
down” before rotating to cereals.

Research has shown that optimum rotations should
include three years of alfalfa followed by three years of
annual cropping, assuming soil erosion is not at risk. The
rotational benefits of weed suppression and added nitrogen
decline after the alfalfa stand is three-years-old. It is best to
remove alfalfa stands in the fall with herbicide instead of
tillage (refer to Direct Seeding: Removing Forages from
Rotation in a Direct Seeding System. Agdex 519-17).

The use of tillage reduces the yield of succeeding crops by
drying out soils and stimulating the germination of annual
weeds. Studies have observed the density of green foxtail
was 47.5 plants m-2 after an alfalfa stand was removed with
tillage compared with only 4.7 plants m-2 where alfalfa was
sprayed the previous fall. Similar results where obtained
for lambs-quarters in which populations in tilled and
untilled plots were 65 and 11 plants m-2, respectively.

A cautionary note, the benefit of incorporating alfalfa into
a crop rotation varies depending on soil zone. In the
wetter Black and Gray soil zones, grain yields are enhanced
when alfalfa or alfalfa/grass mixtures are included in the
rotation. However, in the drier Brown and Dark Brown
soil zones, forages may reduce soil moisture to the point
where the yield of succeeding crops is greatly reduced.

Rotations with winter cereals
Diversifying rotations to include both spring and winter
crops has helped producers control weeds. Incorporating
winter cereals (i.e. winter wheat, winter triticale or fall rye)
into a crop rotation can reduce wild oat pressure and the
need for wild oat herbicide. Winter cereals, particularly fall
rye, are competitive with wild oats because they emerge
long before wild oats. However, if winter cereals are
grown continuously, winter annual weeds like downy
brome become problematic because of a similar life cycle.

Again, the key to weed control is a diverse crop rotation.
By simply incorporating canola into the rotation,
producers can keep downy brome populations in check
(Table 7).

CFC = cereal following cereal
CFA = cereal following alfalfa

Source: P.D. Ominski
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a Downy brome density recorded in spring before herbicide
application

Source: Blackshaw et al. 1994

Rotations with early silaged barley
Before herbicides were available, crops were often silaged
early to control wild oats. Recent studies have confirmed
that after three years of silaging barley early (after full
emergence of barley head), wild oat populations can be
substantially reduced compared to silaging at the normal
timing (soft dough stage).

In fact, after three years of continuous barley, early
silaging without herbicide was more effective in reducing
wild oat populations than continuous barley grain
production with herbicide (Figure 8). Because of the
dormant nature of wild oat seed, a minimum two years of
early silaging is required to reduce wild oat populations.

It should be noted that silaging barley early results in a
5 to 10 per cent yield loss. However, this loss may be
offset by lower storage losses since the silage is harvested
at slightly higher moisture contents.

Tillage
The use of tillage to control weeds can be quite
controversial. The adoption of reduced tillage practices has
led to reduced costs of production and the conservation
and improvement of soil resources. The majority of
reduced till farmers would be quite reluctant to use tillage
as a means of weed control for fear of losing these benefits.

However, the occasional “strategic” tillage has proved to
be an effective means of controlling foxtail barley within a
direct seeding system. Control of foxtail barley with
glyphosate is sometimes difficult, and tillage is very
effective on this shallow-rooted perennial weed. It is likely
that most of the soil improvement benefits from
conservation farming remain despite the occasional tillage.

Practices limiting weed spread
The easiest and cheapest way to control weeds is to
prevent their introduction to the field. This goal can be
accomplished a number of ways:

• Asking your dealer for a “Certificate of Seed Analysis.”
This certificate lists the weed seeds present in that seed
lot.

• Cleaning equipment (e.g. combines) before moving to
another field.

• Tarping grain loads to prevent weed seeds from
blowing out during transport.

• Controlling weeds such as Canada thistle and scentless
chamomile in ditches, field edges and around sloughs.

• Composting manure (one year minimum) to reduce the
viability of many weed seeds.

• Monitoring fields. It may be possible to eradicate newly
introduced weeds with spot spraying while populations
are still low.

• Using chaff wagons to collect weed seed blowing out
the back of the combine.

Optimal herbicide use
Herbicides continue to be the most powerful tool for weed
control. However, an integrated approach to weed
management creates an opportunity to reduce herbicide
rates or, in some instances, to forgo the herbicide
altogether.

The reduction of herbicide rates is not without risk. There
is no recourse with herbicide companies regarding poor
herbicide performance if label rates have not been
followed. Still, farmers often cut rates as a cost saving
strategy.
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The effectiveness of a cut rate will depend on the
herbicide, weed species present, weed pressure,
environmental conditions and, of course, the
competitiveness of the crop stand. If weed pressure is high
or the weeds are under stress (i.e. drought), it is probably
not a good idea to cut back on herbicide rate.

Reducing herbicide rates may be most feasible for wild oat
management in barley because of the superior
competitiveness of barley, coupled with its relatively low
market price and the high cost of wild oat control.
Certainly many graminicides (grass herbicides) can be cut
back to three quarter rates if the crop stand and
environmental conditions are ideal.

In some instances, it may be economical to skip a
herbicide application altogether. To determine this option
requires field scouting and a knowledge of the “economic
weed threshold.”

The economic weed threshold is the weed density at which
the cost of control is equal to the value of the crop yield
lost from weed competition. For example, there is a
60 bu/ac barley crop that is worth $2.5/bu, and the cost of
applying a herbicide to control wild oats is $16/ac. In this
scenario, the producer can afford to lose 6.4 bu/ac (10.6%
yield loss) before the application of the herbicide would be
cost effective. Using the following model, producers can
determine the economic threshold of wild oats in barley:

Barley yield loss (%) =
1.63 * d / (1 + 0.0163 * d + 0.018 * c)

Where d = wild oat plants m-2, c = barley plants m-2

If there is a crop stand of 200 barley plants/m2, then
according to the above formula, there must be at least
32 wild oat plant/m2 before yield loss exceeds 10 per cent
and warrants spraying. If there is a crop stand of 150
plants/m2, then only 26 wild oat plant/ m2 need be present
to warrant spraying.

Summary
Integrated weed management (IWM) is a sustainable cost-
effective approach to weed control that is constantly
evolving. The approach combines many agronomic
principles to favor crop competitiveness, create diversity in
cropping patterns and prevents the introduction of new
weed species. Using IWM creates an opportunity to use
herbicides more judiciously, increasing economic returns
and slowing the development of weed resistance to
herbicides.
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