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Summary
Wild oat, (Avena fatua L.), interference began at the spring barley, ( Hordeum

vulgare L.), and wild oat two - tiller stage and the relative level of

interference increased as the growing season progressed. Barley was more

aggressive than wild oat and wild oat interference decreased as barley seeding

rate increased from 135 to 625 plants m2. Increasing wild, oat density has a

negative asymptotic -type effect on barley grain yield. Barley planted in 9

and 18 cm spaced rows was not affected differently by wild oat competition.

Nitrogen fertilizer banded between paired barley rows reduced wild oat

competition compared to N fertilizer broadcast applied. Net return was greatest

when a half rate of herbicide was applied to 100 wild oat plants 111-2 and was

greatest when half and full rates of herbicide were applied to 290 wild oat

plants m-2. A bioeconomic model can be used to calculate net return for

postemergence wild oat herbicide treatments in spring barley.

Introduction
About 9 million tons of barley are produced each year in the United States

of America, primarily for animal feed or brewing malt (1). Idaho consistently

ranks as one of the top three barley producing states. In 1989, Idaho growers

produced 1.3 million tons of barley, which generated over $157 million in market

sales for Idaho's economy. In Idaho, wild oat infests more than 1.2 million

ha of cropland (5) and herbicides and application costs range from $9 to $20

million annually for barley producers (4).
This paper summarizes over 8 yr of field and greenhouse research focused

at developing an integrated management system for wild oat control in spring

barley. It examines the period of interference, intraspecific and

interspecific competition, the effect of various agronomic practices on wild

oat' interference, and discusses a bioeconomic model used to calculate net

return with herbicides compared to net return without herbicides.

Materials and methods
Field experiments were conducted in Northern Idaho (latitude, N 46.7° to 48.8 °,

longitude W 117° to 117.8 °) from 1983 through 1991. Annual precipitation

averages about 60 cm with 70% or more occurring from October through April.

Crop rotations range from winter wheat, spring barley, and spring pea, (Pisum

sativum L. ) to continuous spring barley. Soils generally are deep and texture

is a loam to silt loam. Nitrogen fertilizer is applied to bring the N level

to 100 to 130 kg hat. Tillage often includes chisel plowing in the fall with

two to three cultivations in the spring to prepare a seedbed for barley.

'Advance' and 'Steptoe' (sister cultivars) were used in all experiments. Wild

oat was seeded in many experiments and seed was obtained from seed screening

from a local seed company. In most experiments, wild oat and barley emerged

simultaneously.
Period of interference was determined in the field in competition

duration and addition series experiments. In the duration experiments, barley

and wild oat' were planted at 160 and 170 plants m2, respectively (8). Both

species were seeded in rows spaced 23 cm apart and perpendicular to each other.
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Wild oat was hand removed at several wild oat growth stages. Barley growth
was measured throughout the growing season in all treatments. In the addition

series experiments, barley and wild oat were seeded perpendicular to each
other at five densities (0 to 600 plant m2) in rows spaced 9 cm apart (4).
Barley and wild oat growth was determined throughout the growing season by
harvesting plants every 14 days and intra- and interspecific competition
coefficients were determined for each harvest and relative competitive ability
(RC) values were calculated. Barley and wild oat relative crowding coefficients
(RCC) were determined in greenhouse replacement series experiments (9).

The effect of barley density on wild oat competition was determined in
addition series (4) and additive design field experiments (2). Nitrogen
fertilizer placement (6,7), barley row spacing, and wild oat herbicide and
application rate (2) effects on wild oat competition in spring barley were
determined in additive design field experiments. Barley density ranged from
135 to 625 plants m-2. Nitrogen fertilizer was broadcast applied before seeding
or banded between paired barley rows at seeding time. Row spacings compared
were 9 and 18 cm. Triallate, diclofop, and difenzoquat were applied at maximum
labelled rate (1X) and one -half maximum rate (1 /2X). The barley grain yield
response to increasing wild oat density equation used in the bioeconomic model
is from Evans et al (4). Wild oat herbicide efficacy data used in the model
is from over 60 field experiments conducted throughout Northern Idaho.

Results and discussion
In competition duration experiments, the critical duration of wild oat
interference began about the two -node stage and continued until maturity of
barley (8) . Wild oat interference reduced barley biomass, the number of tiller
heads /plant and heads /unit area, and tiller grain yield, but not grain yield
of the mainstem heads. In additive design experiments, wild oat interspecific
competition began at the barley and wild oat two- tiller stage when wild oat
and barley emerged at the same time and increased as the season progressed
(4) . Wild oat interspecific competition did not effect barley dry weight when
barley emerged 3 days before wild oat. However, wild oat did reduce barley
grain yield likely due to reduced light penetration through the taller wild
oat canopy at grain filling stage (6) . Field (4) and greenhouse (9) experiments
showed that barley always was more competitive than wild oat. The barley and
wild oat RC ranged from 1.1 and 0.2 early in the growing season to 3.1 and
0.7 later in the season, respectively. In greenhouse replacement series
experiments, the average barley and wild oat RCC were 2.7 and 0.5, respectively.

Increasing wild oat density (0 to 500 plants m2) had a negative,
asymptotic -type effect. on barley grain yield at all barley densities (4).
Increasing barley density (135 to 625 plants in-2) reduced wild oat competition.
Relative barley grain yield (Y) (a percentage of the wild oat free yield) as
a function of wild oat density was explained best by the equation [Y = 100-
0.133 (NW) + 0.00014 (NW) 2 - 20.54 (NW /Nb) + 2.017 (NW /Nb) 2 ] , R2 = 0.8. The linear
portion of the model [wild* oat density (NW) and wild oat and barley density
proportion (NW /Nb)] explained most of the variability in grain yield. The
quadratic terms in the model explained the asymptotic relationship of density
to grain yield. High barley density can reduce barley quality (reduced test
weight and percentage plump kernels) and can increase the risk of lodging.
The optimum barley plant density for reduced wild oat competition and high
quality barley was about 225 to 250 plants m2 (2). This is 1.4 to 3.6 times
more plants per unit area than used currently. Barley growth and yield were
not different when planted in 9 and 18 (standard) cm rows at 180 to 535 plants
m2 with wild oat densities ranging from 100 to 290 plants m2 (2).
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The effect of band and broadcast N placement between 15 cm paired barley

rows and five wild oat densities was determined for components of barley and

wild oat competition (6,7) . Wild oat growing in the banded N plots was shorter

(76 vs. 84 cm) and was chlorotic compared to the broadcast N plots. Light

penetration into the barley canopy at wild oat heading stage was linearly

correlated with wild oat density, which was linearly correlated with barley

grain yield. Overall, light penetration was 39% less when N was broadcast

compared to banded. When wild oat was not present, barley grain yield was equal

between N application treatments. However, barley grain yield was 17% greater

when N was banded compared to broadcast in the presence of wild oat. Banding

N at barley seeding time can reduce wild oat competition and improve barley

grain yield.
Barley grain yield and test weight were greatest and percent thin kernels

were least when either the 1 /2X or the 1X rate of wild oat herbicide was applied

(2). The 1 /2X rate of herbicide, regardless of barley seeding rate and type

of wild oat herbicide, provided the highest average return. However, sometimes

the 1X rate of herbicide controlled wild oat better than the 1 /2X rate. Long

term economics may or may not favor applying full herbicide rates to reduce

the number of wild oat plants emerging in subsequent crops.
A bioeconomic model (Ver. 1.1) has been developed (3) to predict net return

for postemergence wild oat herbicide treatments in spring barley. The barley

yield by wild oat density equation is from Evans et al. (4) . The variable data

inputs in the model are expected barley yield and value, wild oat density and

growth stage, herbicide, herbicide rate and cost, and application cost. The

model outputs are expected crop yield and gross return, total control cost,

and net return with and without herbicides. Research is underway to field test

the model and to add broadleaf weed control. A long term component for weed

seed rain will be added to the model.
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