RESEARCH

Jointed Goatgrass Management with
Imazamox-Resistant Cultivars in a Winter
Wheat–Fallow Rotation
Andrew R. Kniss,* Drew J. Lyon, and Stephen D. Miller

ABSTRACT
Jointed goatgrass (Aegilops cylindrica Host) is
an economically important weed in winter wheat
(Triticum aestivum L.)–fallow production regions
of the United States. Few options exist for management of jointed goatgrass in winter wheat
due to the close genetic relationship between
the two species. This research evaluated use
of imazamox herbicide (2-[(RS)-4-isopropyl-4methyl-5-oxo-2-imidazolin-2-yl]-5-methoxymethylnicotinic acid) in an imazamox-resistant
(IR) winter wheat–fallow rotation over 6 yr when
grown continuously or in rotation with a conventional winter wheat cultivar. The objectives
of this study were to compare use patterns of
IR technology in winter wheat with respect
to jointed goatgrass density and wheat grain
contamination over three crop years in a winter wheat–fallow system and to monitor jointed
goatgrass and jointed goatgrass × wheat hybrid
populations for resistance to imazamox. The IR
treatment resulted in reduced jointed goatgrass
density compared to conventional treatments in
5 out of 6 yr. Reductions in jointed goatgrass
tiller density resulting from use of imazamox in
IR winter wheat were evident in a subsequent
crop year at each of two experimental sites. No
IR jointed goatgrass plants nor viable jointed
goatgrass × wheat hybrid plants were found.
In a winter wheat–fallow rotation, IR technology can effectively manage jointed goatgrass
populations and reduce jointed goatgrass contamination of grain. Use of the technology every
other crop year, or two out of every three crop
years, will provide management benefits in subsequent years.
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J

ointed goatgrass (Aegilops cylindrica Host) is an economically
important weed in winter wheat (Triticum aestivum L.)–fallow
production regions of the United States. Jointed goatgrass competes with winter wheat and can reduce yield even if emerging up
to 100 d after the wheat crop (Anderson, 1993b). Jointed goatgrass
tends to be more competitive than winter wheat when stressful
growing conditions are present (Fleming et al., 1988). In addition
to direct yield loss from competition, jointed goatgrass spikelets
can contaminate winter wheat grain, resulting in economic discounts at the elevator. It was estimated that between 1990 and
1992, nearly 30% of the winter wheat delivered to elevators in
western Nebraska was contaminated with jointed goatgrass spikelets (Lyon et al., 1994). Jointed goatgrass has been designated as
a noxious weed in several western U.S. states, making the sale of
jointed goatgrass–infested grain illegal (Donald and Ogg, 1991).
Management of jointed goatgrass in winter wheat is complicated by close genetic and phenotypic similarities between the
two species. Growth patterns are similar between the two species
(Anderson, 1993b; Ball et al., 1995; Dotray and Young, 1993),
making selective mechanical or chemical control in-crop difficult. Jointed goatgrass management has historically focused on
cultural control practices such as extended rotations (Lyon and
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Baltensperger, 1995; White et al., 2004), tall-stature wheat
cultivars (Ogg and Seefeldt, 1999; Yenish and Young,
2004), increased wheat seeding rates (Kappler et al., 2002),
incorporation of crop residue (Anderson, 1993a), postharvest burning (Young et al., 1990), and fertility management (Mesbah and Miller, 1999).
No herbicide options are available for selective control
of jointed goatgrass in conventional winter wheat cultivars, although propoxycarbazone may provide some suppression of the weed (Fandrich et al., 2001; Geier et al.,
2001). The commercial introduction of imazamox-resistant (IR) winter wheat cultivars has allowed the use of
imazamox herbicide for selective control of jointed goatgrass, with minimal risk of crop injury (Ball et al., 1999;
Frihauf et al., 2005; Pester et al., 2001).
The introduction of IR technology in winter wheat
does not come without risk. Wheat × jointed goatgrass
hybrids have been commonly found in winter wheat
growing regions, and subsequent backcrossing to jointed
goatgrass could result in a jointed goatgrass population
that carries the IR trait (Gandhi et al., 2006; Morrison
et al., 2002; Wang et al., 2001; Zemetra et al., 1998).
Indeed, introgression of the IR trait in to jointed goatgrass has been confirmed under laboratory (Perez-Jones
et al., 2006) and field (Seefeldt et al., 1998; Hanson et al.,
2005) conditions. Hanson et al. (2005) estimate that the
risk of introgression is likely equal to the risk of spontaneous mutation conferring imazamox resistance in the
species. Additionally, Gaines et al. (2007) demonstrated
the potential for movement of the IR trait into adjacent,
conventional cultivars.
Based on results of a simulation analysis, Hanson et
al. (2002) suggested that IR wheat should be rotated with
fallow and/or crops other than IR winter wheat. Utilization of tillage in fallow years in the simulation slowed the
rate of increase of IR jointed goatgrass biotypes, but did
not slow the appearance of the trait when compared to a
winter wheat-fallow rotation with no tillage.
The objectives of this study were to (i) compare use
patterns of IR technology in winter wheat with respect to
jointed goatgrass density and wheat grain contamination
over three crop years in a winter wheat fallow system,
and (ii) monitor jointed goatgrass and jointed goatgrass ×
wheat hybrid populations for resistance to imazamox.

MATERIALS AND METHODS
The study was initiated near Lingle, WY (42°05´16´ N,
104°22´45´ W) in fall 2000 with the planting of winter wheat
into a farmer’s field with a heavy jointed goatgrass infestation
(hereafter referred to as the East location). Wheat was sown on
28 Sept. 2000 at a rate of 78 kg seed ha–1 and a biannual rotation of winter wheat–fallow was then utilized for the duration
of the study. In the fall of 2001, a second trial was planted to
winter wheat in the same field in an adjacent strip to the west
of the fi rst site (hereafter referred to as the West location). This
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staggered initiation in adjacent fields allowed for the presence
of both phases of the rotation (wheat following fallow, and fallow following wheat) to appear in each year of the study to
minimize the environmental impact due to annual variation.
The East and West locations were alternately planted to winter
wheat or summer fallowed in subsequent years for a total of
three wheat crop years at each site (Fig. 1). Wheat was sown at a
rate of 67 kg seed ha–1 in all years except 2000, and sowing dates
ranged from 2 September to 10 September for all years except
the initiation of the study in 2000. Nitrogen and phosphorus
were applied before planting based on soil test results.
All data were collected in the spring or summer when
wheat was present in the rotation. Data for the East location
were fi rst collected in 2001, and data for the West location were
fi rst collected in 2002. As 2001 and 2002 represent the fi rst data
collection and harvest for the East and West locations, respectively, these 2 yr will be referred to as the fi rst crop year herewith (Fig. 1). Likewise 2003 and 2004 will be referred to as the
second crop year; and 2005 and 2006 will be referred to as the
third crop year. The study was concluded with the harvest of
the wheat crop at the West location in the summer of 2006.
In the fi rst crop year at each site, an IR wheat treatment
was compared to a standard wheat treatment (STD) in a randomized complete block design (RCBD) with four replications. The IR treatment was planted to the IR cultivar Above
each autumn following the fallow period and treated with
imazamox in the spring at a rate of 36 g a.i. ha–1 plus 0.25%
v/v nonionic surfactant plus 1% v/v aqueous nitrogen (28–0–0).
All herbicide treatments were applied with a CO2–pressurized
knapsack sprayer delivering 225 L ha–1 at 276 kPa. The STD
treatment was planted to the cultivar Buckskin following the
fallow period, and treated with bromoxynil (3,5-dibromo-4hydroxybenzonitrile) plus MCPA (4-chloro-o-tolyloxyacetic
acid) in the spring at rates of 420 plus 420 g ai ha–1, respectively.
No control of jointed goatgrass was expected from the herbicide application in the STD treatment, but it provided excellent
control of Russian thistle (Salsola tragus L.) and fl ixweed [Descurainia sophia (L.) Webb. ex Prantl], the two dominant broadleaf
weeds at the experimental sites. Imazamox provided similar
control of these weeds in the IR treatment.
In the second crop year for each location, the initial plots
were split into split-plots with either the IR or STD treatment
applied within each whole plot. This process was repeated in
the third crop year to establish split-split-plot treatments (Fig.
1). At the conclusion of the study, all possible combinations of
the IR and STD treatments within a winter wheat–fallow rotation were applied at each site.
Jointed goatgrass tiller density data were collected each
spring in the winter wheat crop by counting the number of
reproductive tillers in four randomly placed 0.25-m 2 quadrats
per split-split-plot (7.3 by 9.1 m). Before harvest each year, the
entire study area was searched for jointed goatgrass × wheat
hybrids. Hybrid spikes were collected and brought back to the
laboratory for viability testing. Hybrid spikes were stored in
an unheated outdoor storage shed for 20 wk before germination tests. Jointed goatgrass seed heads were located and collected along a transect in each plot before harvest each year.
To screen surviving jointed goatgrass plants for resistance to
imazamox, spikelets collected from each plot were planted into
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Figure 1. Nonrandomized example arrangement of treatments for one replicate through time. Abbreviations: STD, standard treatment of
‘Buckskin’ treated with bromoxynil plus MCPA; IR, imazamox-resistant treatment of ‘Above’ treated with imazamox.

pots in the greenhouse and treated with imazamox at 36 g ai
ha–1 plus 0.25% v/v nonionic surfactant plus 1% v/v aqueous
nitrogen (28–0–0). Treatments were applied in a spray chamber
delivering 225 L ha–1 at 276 kPa. A known susceptible jointed
goatgrass population from Washington was also treated alongside the jointed goatgrass collected from the study area. Any
plants surviving the imazamox application were treated a second time with the same rate of imazamox 21 d following the
fi rst application. A single plant surviving the second application
in 2006 was transplanted, vernalized, and allowed to produce
seed for further testing.
Wheat yield was collected each summer by harvesting two
passes from each plot with a small plot grain harvester (approximately 24 m 2). Two grain samples were collected from the harvester in each plot to determine percent dockage. Grain samples
were taken back to the laboratory and a 100-g subsample was
collected. Jointed goatgrass spikelets were removed from the
sample and weighed to determine jointed goatgrass dockage on
a per weight basis. The entire plot area was harvested following
sample collection with the small plot harvester to ensure uniform distribution of straw, chaff, and weed seeds.
Data from each year at each site were analyzed separately
using ANOVA due to a crop year by location interaction.
Experimental design for data collected in the fi rst crop year
was a RCBD with four replications, with block and treatment
considered fi xed effects. Since treatments applied in the second
crop year were applied to plots that had also received treatments the previous crop year (Fig. 1), treatment effects for crop
year 2 were considered nested within treatment effects from the
fi rst crop year (Table 1). The experimental design for data collected in the second crop year was a split-plot factorial RCBD
2416

with four replications. The main plot factor was the treatment
applied in the fi rst crop year, and the split-plot factor was the
treatment applied in the second crop year. Analysis of data from
the second crop year, then, consisted of fi xed effects of Block,
Year 1 treatment, Year 2 treatment, and the nested effect of Year
2 within Year 1. The Block × Year 1 interaction was considered random and was used as an error term in the model. Likewise, analysis of data from the third crop year considered Year 3
treatment effects as nested within Year 2. Experimental design
for data collected in the third crop year was therefore a splitsplit-plot factorial RCBD with four replications; the main plot
factor was the treatment applied in the fi rst crop year, the splitplot factor was the treatment applied in the second crop year,
and the split-split-plot factor was the treatment applied in the
third crop year. The ANOVA for the split-split plot design for
data collected in the third crop year is similar to that described
by Steel and Torrie (1980). The MIXED procedure in SAS was
used for all analysis using the default restricted maximum likelihood estimation method.

RESULTS
West Location
There were significant treatment effects (P = 0.05) in the
first crop year for all variables (Table 1). The IR treatment
resulted in reduced jointed goatgrass tiller density and
jointed goatgrass contamination of grain (dockage), and
increased wheat yield compared to the STD treatment.
Excellent control of jointed goatgrass was achieved in the
IR treatment, resulting in less than 1 jointed goatgrass
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tiller m–2 compared to 22 tillers Table 1. Analysis of variance F values for jointed goatgrass tiller density, grain dockage,
and wheat yield for two sites and three crop years near Lingle, WY, 2000 through 2006.
m–2 in the STD treatment (Table
West
East
2). The excellent jointed goatgrass
Crop
Jointed
Jointed
control resulted in greater quantity year Source of variation
df
Wheat
Wheat
goatgrass Dockage
goatgrass Dockage
yield
yield
and quality wheat. Wheat yield
density
density
in the STD treatment was 20%
1 Block
3
1.01
0.86
10.37*
1.98
1.03
1.32
less than that observed in the IR
Year 1 treatment
1 23.63*
13.39*
11.79*
14.22*
13.36*
14.38*
treatment (1400 and 1740 kg ha–1,
Error: Block × Year 1
3
respectively), and grain dockage for
2 Block
3
1.04
1.20
3.60
0.75
1.03
1.70
the STD treatment was 32 g kg–1 of
Year 1 treatment
1 29.91*
13.17*
0.01
0.00
2.23
2.55
wheat yield compared to 4 g kg–1 in
Error: Block × Year 1
3
the IR treatment.
Year 2 treatment
1 13.23**
0.08
10.78** 17.41***
55.35*** 23.83***
The high efficacy of the IR
Year 2 (Year 1)
1
5.24*
0.38
1.74
0.03
3.39
4.60*
treatment observed in the first crop
Error: Block × Year 2 (Year 1) 22
year was still noticeable in the sec3 Block
3
1.82
0.82
2.66
0.28
1.83
3.92
ond crop year, as evidenced by sigYear 1 treatment
1
0.37
0.78
0.02
0.02
0.30
0.45
nificance of the Year 2 within Year
Error: Block × Year 1
3
1 treatment effects for jointed goatYear 2 treatment
1
1.87
1.46
0.01
6.96*
6.87*
0.67
grass tiller density, and a significant
Year 2 (Year 1)
1
0.00
0.22
0.22
0.25
0.27
2.52
effect of Year 1 treatments for dockError: Block × Year 2 (Year 1) 6
age (Table 1). On average, jointed
Year 3 treatment
1
5.19*
9.38** 57.57*** 3.39
2.84
2.03
goatgrass tiller density was less in
Year 3 (Year 2)
1
1.87
1.46
0.33
0.79
5.71*
0.49
the second crop year compared to
Year 3 (Year 2 (Year 1))
2
0.18
0.84
0.96
3.83
1.92
0.37
the first crop year (Table 2). This
Error: Block × Year 3
12
difference is attributed to natural
(Year 2 (Year 1))
variation in weed density due to cli- *Statistical signiﬁcance at 0.05 probability level.
matic conditions such as tempera- **Statistical signiﬁcance at 0.01 probability level.
ture and precipitation that influence ***Statistical signiﬁcance at 0.001 probability level.
jointed goatgrass emergence. The
greatest jointed goatgrass density was observed where the
year, average jointed goatgrass tiller density was less than
STD treatment was applied for two consecutive crop years
1 m–2 for all treatments, although treatment effects from
–2
(6 tillers m ), and this density was significantly greater than
Year 3 were statistically significant (P < 0.05; Table 1). No
jointed goatgrass tillers or dockage were recorded in plots
plots receiving the IR treatment in either year (less than
receiving the IR treatment in the third crop year regard3 tillers m–2) including those that received the STD treatless of previous treatment. The STD treatment resulted
ment in Year 2. With respect to dockage, treatment effects
in a jointed goatgrass tiller density of 0.5 m–2 (Table 2)
from the first crop year were significant (P < 0.05). When
averaged over treatments applied in the second crop year,
and jointed goatgrass contamination of 0.2 g kg–1 of total
treatments that received the IR treatment in the first crop
wheat yield. Although jointed goatgrass densities were
year had 50% less jointed goatgrass contamination than
lower than those observed in the second crop year, the
plots receiving the STD treatment in the first year (4 and 2
IR treatment resulted in greater wheat yields compared
g kg–1, respectively).
to the STD treatment. This difference is again explained
by differences between cultivars rather than differences in
Wheat yields were different between the two treatweed control. In the third crop year, a heavy infestation of
ments in the second crop year, although the difference
wheat-stem sawfly (Cephus cinctus Norton) demonstrated a
did not relate to jointed goatgrass density. At the initiation
preference for Buckskin. It is unclear why this pest preferof this research, the cultivar Above was sown because it
entially attacked Buckskin, but the yield differences were
was the best adapted IR cultivar for the High Plains winlargely attributed to broken stems in the STD treatment.
ter wheat growing region. However, Above is not as well
adapted to southeast Wyoming as Buckskin. Under the low
jointed goatgrass pressure observed in the second crop year,
East Location
Buckskin out-yielded Above by 20% (1560 and 1290 kg
Significant treatment effects were observed with respect to
ha–1, respectively), even though jointed goatgrass density
jointed goatgrass tiller density, grain dockage, and wheat
yield in the first year of the study (Table 1). Jointed goatwas greater in the STD treatment.
grass tiller densities were initially higher at this location
Jointed goatgrass density continued to decline over
(34 tillers m–2) compared to the West location (22 tillers
the course of the study at this location. In the third crop
CROP SCIENCE, VOL. 48, NOVEMBER–DECEMBER 2008
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Table 2. Jointed goatgrass density as inﬂuenced by
imazamox-resistant (IR) or standard (STD) production systems at two locations near Lingle, WY, 2000 through 2006.
Crop
year

Treatment

Jointed goatgrass density
West location

East location

———tillers m –2 ———
1

IR
STD

2

22b

3a
34b

IR in Year 2

NS‡

1a

STD in Year 2

NS

18b

IR-IR

3

0.03a†

0.3a

0.5§

IR-STD

1ab

STD-IR

2b

2

STD-STD

6c

17

IR in Year 2

18

14a

NS

27b

STD in Year 2

NS

IR in Year 3

0a

STD in Year 3

0.5b

IR-IR-IR

0§

NS
NS
17§

IR-IR-STD

0.3

IR-STD-IR

0

28

9

IR-STD-STD

0.9

28

STD-IR-IR

0

6

STD-IR-STD

0.1

STD-STD-IR

0

22
13

STD-STD-STD

0.6

36

†

Means within a crop year followed by the same letter are not signiﬁcantly different
at the 0.05 probability level.

‡

NS, not signiﬁcant (0.05).

§

Two-year interaction effects at the East location and 3-yr interaction effects at both
locations are not statistically signiﬁcant, but simple effects means are provided for
the reader’s information.

m–2). The IR treatment provided effective control in the
first crop year, resulting in a 91% reduction in jointed
goatgrass tiller density compared to the STD treatment
(Table 2). Dockage followed a similar trend, as the IR
treatment contained only 5 g of jointed goatgrass spikelets
per kilogram of clean grain yield compared to 76 g kg–1 in
the STD treatment. Even under the intense jointed goatgrass competition in the first crop year at this location,
the better adapted Buckskin was able to yield greater than
Above (702 and 549 kg ha–1, respectively). Wheat yields at
this location were low due to unseasonably cold and dry
conditions following establishment in the fall of 2000.
Nearly identical results were observed in the second
crop year, with the IR treatment resulting in 94 and 71%
reductions in jointed goatgrass tiller density and dockage,
respectively, compared to the STD treatment when averaged over treatments applied in Year 1 (Table 2). The IR
treatment resulted in 1 jointed goatgrass tiller m–2 and
grain dockage of 18 g kg–1 compared to 18 tillers m–2 and
dockage of 61 g kg–1 in the STD treatment. A significant
nested effect of Year 2 within Year 1 was observed with
respect to wheat yield in the second crop year (Table 1)
2418

with wheat yields of 997, 1407, 1029, and 1189 kg ha–1 for
the IR-IR, IR-STD, STD-IR, and STD-STD treatments,
respectively. Tiller density data did not show a nested effect
of years, as the densities were clearly a result of the treatments applied in crop year 2. Although tiller densities were
similar, the jointed goatgrass in the STD followed by STD
treatment appeared visually to be more competitive (taller
in stature, more spikelets) compared to jointed goatgrass in
the IR followed by STD (data not shown). Less competitive
jointed goatgrass plants resulting from IR treatment applied
the first year combined with the better adapted cultivar in
the STD treatment may explain the interaction effect in the
second crop year with respect to wheat yield.
Activity of imazamox was dramatically reduced in the
third crop year compared to previous years due to very dry
early spring conditions. A marginally significant (P = 0.0516)
3-yr interaction was observed with respect to jointed goatgrass tiller density, but the most notable effect in the third
crop year was a result of treatments applied in the second
crop year (Table 1). Where IR treatments were applied in
the second crop year, a 48% reduction in jointed goatgrass
tiller density (Table 2) and 42% reduction in dockage (15
compared to 27 g kg–1 in the STD treatment) could still be
observed in the third crop year when averaged over third
year treatments. No treatment effects were observed with
respect to wheat yield in the third crop year.

Hybrid Collection and Viability
Each year, the experimental area was searched for jointed
goatgrass × wheat hybrids. Hybrids were found and collected in 4 of the 6 yr of study. A total of 0, 0, 3, 43, 27,
and 22 hybrid spikes were collected from 2001 to 2006,
respectively. No viable seed was produced by any hybrid
through the course of this study. Given the relatively low
numbers of hybrid plants collected, this result is not surprising (Wang et al., 2001).

Resistance Screening
Each year, jointed goatgrass spikes were collected along
transects in each plot and screened for resistance to
imazamox in the greenhouse. No jointed goatgrass
plants survived greenhouse imazamox treatments from
2001 through 2005. In 2006, however, a single jointed
goatgrass plant originally collected from a plot that had
received IR treatments in all three crop years survived
two applications of imazamox at 36 g ha–1. The surviving
plant was transplanted, vernalized, and allowed to grow
to maturity under greenhouse conditions. Although the
plant produced a high number of tillers and spikelets following vernalization, no seed was produced.

DISCUSSION
As expected, the IR treatment reduced jointed goatgrass tiller density and grain dockage compared to the
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STD treatment in most years. The results presented here
indicate that high densities of jointed goatgrass may be
reduced in a single year, thereby reducing the need to use
the IR treatment in consecutive crop years. Perhaps most
importantly, effects of the IR treatments were evident at
both the East and West location in STD treatments the
following cropping year. This result may be important for
management of IR wheat, as imazamox is an acetolactose
synthase (ALS)-inhibiting herbicide, and ALS-inhibiting
herbicides are prone to rapid development of resistant weed
biotypes (Norris et al., 2003). Although no IR jointed
goatgrass biotypes have yet been reported, a proactive
approach to minimizing this risk may be prudent. Hanson
et al. (2002) recommend rotation of IR wheat with fallow and/or crops other than IR wheat to slow this rate of
resistance development. This recommendation could be
interpreted as a rotation of IR and non-IR cultivars in a
wheat–fallow rotation. This would reduce the selection
pressure for an IR jointed goatgrass population compared
to use of IR technology every crop year. This approach
is especially appealing since the benefits of IR technology can still be observed in conventional wheat cultivars
grown in subsequent years. If nonselective herbicides or
tillage are utilized in fallow years, then the development
of a resistant population could be delayed further.
The reduction of jointed goatgrass in subsequent years
is especially meaningful for regions where IR cultivars
may not be well adapted. As illustrated in this research,
there may be a benefit to rotating the IR treatment with a
better adapted conventional cultivar. The jointed goatgrass
density may be reduced by the IR treatment to the point
where a more competitive cultivar may provide excellent
yields in a subsequent crop year. Above was the IR cultivar used in this research because it was the best adapted
cultivar at the initiation of this study. Since that time,
better adapted IR cultivars with higher yield potential in
southeast Wyoming have become commercially available
( J. Krall, personal communication, 2008).
It is unclear whether the lack of seed produced by
a jointed goatgrass plant treated with imazamox in the
greenhouse was due to imazamox treatment. Baker et al.
(1999) report that imazapic (2-[(RS)-4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl]-5-methylnicotinic
acid)
and imazaquin (2-[(RS)-4-isopropyl-4-methyl-5-oxo2-imidazolin-2-yl]quinoline-3-carboxylic acid), ALSinhibiting herbicides similar to imazamox, can suppress
seed-head development when applied at sublethal rates.
However, Deeds et al. (2006) found that if wheat treated
with imazamox at sublethal rates was able to produce seed,
viability of the seed was not affected. The lack of viable
hybrid seed or resistant jointed goatgrass plants observed
in this research should not be interpreted as an indication
of the risk level associated with use of IR technology. The
scale of this research (both temporally and spatially) was
CROP SCIENCE, VOL. 48, NOVEMBER–DECEMBER 2008

insufficient to adequately determine the hybridization rate
or percentage of viable seed produced by hybrids. It has
been predicted that after 6 yr in a wheat–fallow rotation
where IR technology was used every crop year, the proportion of resistant jointed goatgrass biotypes would be
around 1% or less (Hanson et al., 2002). It is possible that
the sampling scheme used in this research was insufficient
to detect such a low proportion of resistant seed.
In a winter wheat–fallow rotation, it is likely that use
of IR technology will allow effective management of
jointed goatgrass populations, and reduce economic losses
due to grain dockage. Use of the technology every other
crop year, or two out of every three crop years under conditions of high goatgrass densities, will reduce the selection pressure for resistant jointed goatgrass populations
compared to continuous use of the trait, while still providing management benefits in subsequent years. Other
management practices, such as competitive conventional
cultivars and nonselective herbicides and tillage in fallow years, should also be used in the system to reduce the
selection pressure for resistant weed biotypes.
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