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Research Question

Public and private sector representatives, called upon to interpret cultivar trial
results for growers without explicitly recommending cultivars, typically present
cultivar mean yields with least significant differences (LSDs). Such presentations
assume that the differences between cultivars remain constant across all possible
.
yield values and that statistical significance influences grower decisions.
Effective use of LSDs to properly separate cultivar means requires an understanding of error risk assessment that is beyond many researchers. We contend
that the production obligation to plant at least one cultivar makes statistical
significance irrelevant to growers, even if growers were able to properly assess
and balance error risks. Presentation of mean yields lead growers to believe that
the cultivar with the highest mean yield is the best cultivar. This study presents
probabilities as an alternative method of interpretation of cultivar performance
trials, which allows comparison of expected cultivar performance across all
possible yield levels, and that are easily grasped by nonacademic users. Nonyield
cultivar traits are commonly presented separately from yield results, leaving
growers to weigh the relative value of yield and nonyield performance before
selecting a cultivar. The second objective of this study is to show that an integrated economic interpretation of yield and nonyield traits can enhance the
usefulness of cultivar trials.

Literature Summary

S.G. Canner has demonstrated the inadequacies of LSDs using traditional values
of a = 0.05 or a = 0.01 for selection of cultivar by growers. He suggested a
relatively complex system of risk assessment to adjust the a level in LSDs and
minimize error risks important to growers. C m e r ’ s approach to improving
cultivar selection is appropriate for situations where cultivars are recommended
to growers after risk assessment and analysis by researchers. If cultivars are not
recommended, then growers, not researchers, select cultivars and statistical
significance appears irrelevant to growers. Growers seem more concerned with
expected yields of different cultivars under variable climatic conditions than with
the statistical significanceof observed mean yield differences. Adapted from
econometric methods of risk assessment, probability of avoiding disaster has
been proposed to breeders for stability analysis but has not been applied to
interpretation of cultivar trial results for growers. Expected net returns for barley
cultivars with different yields and different end uses is a useful enhancement of
cultivar trial results that may be more important than yield comparisons for
cultivar selection.

Study Description

Four barley cultivars were compared in 1990 and 1991 by eastern Washington
growers in 39 environments where spring malting barley can be produced. Two
feed cultivars, one malting cultivar, and one dual purpose cultivar were planted
in single replicate drill strips ~2000ft long and 24 ft wide. Planting and harvesting were done by the growers and all production practices were those normally
practiced by the collaborating growers.
The probability approach was compared with the traditional presentation of
mean values with LSDs for cultivar selection by growers. Cumulative probabilities (CP) of obtaining or exceeding yields ranging from 0 to 7000 lb/acre are
computed using the mean and standard deviation of each cultivar in a normal
probability density function.
Full scientific article from which this summary was written begins on page 225 of this issue.
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Applied Questions

What are the advantages of the probability approach for interpretation of
cultivar performance results?
Probabilities are versatile, intuitively understandable, easy to compute, and more
informative than cultivar means for comparing cultivar performance in variable
climatic conditions. Given two assumptions for combining data across locations
and years, CPs can be used to determine the proportion of growers expected to
obtain a given yield with each test cultivar, or the number of years out of 10 that
a grower can expect to meet or exceed yield objectives with test cultivars. For
cultivar yield comparisons, growers compare the CPs for different cultivars at
the expected yield for prevailing field and climatic conditions. Growers who, for
whatever reason, expect yields to be above or below mean yields, can select the
cultivar expected to excel in those conditions. Breeders and agronomists can
also use probabilities to predict expected cultivar response for quality traits at
threshold levels other than mean values. Fewer significant differences were
detected with the probability approach than with traditional ANOVA with
LSDs. Nevertheless, probabilities are conceptually useful for conveying both the
predictability and uncertainty associated with the application of research results
to complex biological systems in variable environments.

Was the economic interpretation useful?
Economic interpretation of trial results provides more easily assimilated information to growers for cultivar selection than interpretation of yield results alone.
Steptoe was higher yielding than the other cultivars but three of the four test
cultivars, including Steptoe, have nearly identical expected net returns. Economic interpretation encourages agronomists and breeders to remain aware of
the relative importance of nonyield traits for the income of grower clients.

Recommendation
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Probabilities and economic interpretation of cultivar trial results permit growers
to distinguish among alternative cultivars with modest differences in expected
yield or net return. Use of these methods to interpret test results for growers
should improve cultivar selection as well as enhance the benefits of applied
research.

Probability as a Basis for Barley Cultivar Selection by Growers
J. J. Johnson, S.E. Ullrich,* J.R. Alldredge, and B.C. Miller
Inadequate interpretation of cultivar test results can lead
to poor cultivar selection by growers and loss of farm
income. Analysis of cultivar mean yields does not allow
comparison of predicted cultivar responses at different yield
levels. Traditional tests of significance are inappropriate for
nonacademic clients of applied research. This study introduces cumulative probabilities (CP) as an alternative method
of expressing predicted cultivar response across the range of
possible yields. Cumulative probabilities, computed using the
mean and standard deviation of each cultivar in a normal
probability density function, express the probability growers
have of obtaining or exceeding given yields when planting
each cultivar. Cumulative probabilities are compared with
mean separation with LSDs for interpretation of results from
39 single-replicate on-farm drill-strip tests of four spring
barley (Hordeum vufgure L.) cultivars conducted in 1990 and
1991 in Washington’s malting barley zone. Providing growers
with cultivar yield performance alone fails to provide an integrated basis for cultivar selection based on both yield and
quality criteria upon which farm income is based. Test
weight, kernel plumpness, and protein concentration for feed
or malting premiums are integrated with grain yields to
estimate net returns for each cultivar. In the farm production
environment where the quality of cultivar selection by
growers depends upon the quality of easily assimilated
information, CPs of yields and expected net returns provide
informative criteria for cultivar selection.
PRING BARLEY is the principal rotation crop with winter
s w heat (Triticum aestivum L.) the major cash crop of
Pacific Northwest dryland farms. Although it is rarely
public policy to recommend cultivars, research and
extension organizations must respond to growers’ needs
for objective cultivar evaluation. Typical interpretations of
cultivar performance results involve analysis of variance
(ANOVA) and mean separation using least significant
differences (LSDs) at Type I error rates (a)of 0.05 or
0.01. Type I error, asserting two cultivar yields differ
when they are the same, does not lead to production
losses. Control of Type I error at a = 0.05 or 0.01 leads
to high risks of Type I1 error (Canner, 1976; Johnson et
al., 1992). Committing Type I1 errors (asserting that two
cultivar yields are the same when one is superior) and
Type I11 errors (asserting that an inferior cultivar yield is
superior) implies loss of production after selection of an
inferior cultivar. Control of these errors has been shown
to be equally as important as control of conventional Type
I error (Canner, 1976; Glaz and Dean, 1988; Johnson et
al., 1992). Carmer (1976) advocates minimizing the
balanced error risks by adjusting a levels to a = 0.20 or
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0.40 and making LSDs more appropriate tools for cultivar
selection.
We contend that growers faced with the production
obligation to plant at least one cultivar will interpret
typical ANOVA presentations to mean that the cultivar
with the highest mean is the best cultivar regardless of
statistical significance at any level of error risk. The
traditional approach is essential to establish scientific truth
in basic research but a luxury for the extension of applied
research results to nonacademic portions of society
(Canner and Walker, 1988). In the end, growers, not
researchers, select cultivars. If cultivar trial results are
analyzed and interpreted using ANOVA and mean
separation to satisfy the research community and not to
fulfill cultivar selection needs of growers, then we must
ask if the large expense of multilocational cultivar testing
is wholly justified.
Alternative analytical approaches have been suggested
to facilitate the selection of cultivars. Joint regression can
be used to group on-farm test environments into recommendation domains for improving the predictability of
cultivar response (Hildebrand, 1984). Joint regression lines
of expected cultivar responses across a continuum of low
to high yield environments provide a simple and powerful
graphic tool for interpretation of cultivar test results.
Prediction of yields from joint regression, however,
requires a priori knowledge of where high and low yield
environments are located in the study population, thus
violating the assumption of random location effects
wherein each location has, at least hypothetically, equal
probability of returning high and low yields.
The safety-first approach, using a combination of
cultivar mean yield and variance, was proposed for yield
stability comparisons by plant breeders (Eskridge et al.,
1991; Eskridge, 1990). The principles of the safety-first
approach can be applied to the selection of a cultivar with
the highest CP of equaling or exceeding any yield level.
In addition to yield, grain quality traits contribute to the
economic value of cultivars, which influences the choice
of cultivars by growers. Spring barley feed and malting
cultivars are marketed separately and are subject to different quality criteria for bonuses or dockage. These
quality criteria include test weight, protein concentration,
and percent thin or plump kernels. To assist growers in
weighing the relative value of these different traits before
choosing a cultivar a method is needed that integrates the
economic value of grain yield with grain quality traits.
Cultivar net return is the logical common denominator to
integrate yield and nonyield traits for comparing the
economic value of cultivars. Net returns combine the
probability of loss or gain from dockages and bonuses
based on quality traits and adds it to the income expected
from grain yield for each cultivar.
Abbreviations: a, Type I error rate; ANOVA, analysis of variance;
CDF, cumulative distribution function; CP, cumulative probability;
environments, location-years; LSD, least significant difference; PDF,
probability density function.
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The objectives of this article are to demonstrate the
application of the safety-first probability approach for
cultivar evaluation by growers, and to show how cultivar
selection can be improved by integrating useful yield and
quality information for comparison of expected cultivar
net returns. It is intended for public and private sector
representatives who are called upon to interpret cultivar
trial results for growers making cultivar selections.
METHODS AND MATERIALS

Single-replicate drill-strips of four spring barley
cultivars were planted on 19 farms in 1990 and 20 farms
in 1991 in four eastern Washington counties (Spokane,
Stevens, and eastern parts of Whitman and Garfield) with
a notable potential for production of malting barley. The
study area accounts for more than one-half of the state
barley acreage and is characterized by high annual
precipitation (18-20 in./yr), rolling hill topography, and
high cereal yields. In this study we have assumed that
locations are truly random, i.e., each location has approximately equal probability of returning high or low
yields. The four cultivars planted included one malting
cultivar, 'Harrington' (2-row), two feed cultivars,
'Steptoe' (6-row), and 'Camelot' (2-row), and one dualpurpose cultivar, 'Cougbar' (6-row).
Collaborating growers received 100 lb of seed of each
cultivar and test instructions. The growers placed the drillstrips, each 20 to 24 ft wide and 1000 to 3000 fl long, in
a commercial barley field of choice. Cultural practices
were those practiced habitually by each grower. Growers
planted, harvested, and weighed the grain from the strips.
They also drew samples for quality analyses (test weight,
plumpness, 1000-kernel weight, and protein concentration).
All strips were measured and clearly delineated prior to
harvest. Missing data for one cultivar yield at one location
and for one cultivar test weight at two locations were
predicted from a linear model with location-years (environments) and cultivars as independent variables.
Cultivar grain yields and net returns from the 39
environments were pooled for traditional ANOVA and
calculation of CPs of obtaining or exceeding any yield or
net return. The validity of inferences in time from these
methods, using pooled data predominated by random
variation across locations, depends on two assumptions
(Eskridge et al., 1991): (i) the same environmental factors
responsible for variation across locations are also responsible for the variation over years; (ii) the distribution of
yields across locations is not dissimilar from the distribution of yields over time at a location.
The pooled cultivar yields, test weights, and net returns
were analyzed in the following mixed effect ANOVA
model:
Yg,,= CL

+

Gg+ N,, + E,,

where Ygnis the predicted grain yield, test weight, or net
return of cultivar, g, in environment, n; p is the overall
mean yield, test weight, or net return; the fixed effect is
G, for cultivars; the random effect is N , for environments;
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and E, for the residual of cultivar, g, in environment, n.
ANOVA assumes that cultivars have a common variance.
Cultivar means and standard deviations from the pooled
data were used to construct a normal probability density
function (PDF) curve for each cultivar as illustrated by
Eskridge et al. (1991). Easily computed on a spreadsheet
or database, the first column for a yield probability table
of a single cultivar is yield from 1 to 7000 in 1-lb increments. The next column results from using the cultivar
mean yield and standard deviation to estimate p and (3 in
the normal PDF:

where y is the yield in the first column. The total area
under the cultivar's PDF curve is equal to I, which is the
same as saying that the sum of each f(y)cu,tivar
is equal to
1. The third column is CDF values, which are cumulative
totals of Column 2 PDF values such that the CDF value
at each yield is the sum of all previous PDF values.
Column 4 results from subtracting each CDF value in
Column 3 from Column 1 and provides the CPs of equaling or exceeding the yield in Column 1. PDF values
(Column 2), or CDF values (Column 3), or 1-CDF values
(Column 4) for each cultivar can be graphed or I-CDF
values at selected yields can be put into a table for
comparison of cultivar response. Normal distribution, an
assumption of the probability approach, was not rejected
for any cultivar yield, test weight, or net return in a Q-Q
plot correlation coefficient test for normality (Johnson and
Wichern, 1992).
Confidence intervals for CPs were estimated by the
following general equation for confidence intervals of
proportions:

where @ is an estimated CP of equaling or exceeding a
given yield; n is the number of test environments.
Estimating Net Returns

A single set of reasonable assumptions for variable
costs and returns form the basis for attributing economic
values to multiple traits. Production costs were assumed
equal for all cultivars except the higher cost of Camelot
seed (a proprietary cultivar) and the cost of controlling
volunteer Steptoe in the following winter wheat crop.
Steptoe has a high degree of dormancy and winter hardiness. Spring 1992 sales price of Camelot seed was $50/ton
above the price of certified seed for public cultivars,
which resulted in an estimated $2/acre additional seed cost
for Camelot. Contamination of winter wheat grown after
Steptoe barley is a skrious economic handicap, which at
worst results in sale of the wheat as mixed grain at $5 to
$lO/ton less than the price of feed barley causing losses
exceeding $30/acre (K. Becker, Whitman County Grain
Growers, 1992, personal communication). The cost of
controlling volunteer Steptoe was difficult to estimate
because the occurrence of volunteer Steptoe is highly
variable, depending primarily upon winter severity
following the Steptoe crop. Estimations of the cost of

Table 1. Grain yield, test weight, and net return for four spring
barley cultivars.
Cultivar

Mean

Standard deviation
Yield, lb/acre

Steptoe
Camelot
Harrington
Cougbar
LSD (0.05)
LSD (0.30)

3735a*
3478b
3460b
3260c
148
78

Camelot
Harrington
Cougbar
Steptoe
LSD (0.05)
LSD (0.30)

52.la
50.9b
48.5~
47.8d
0.7
0.4

Harrington
Steptoe
Camelot
Cougbar
LSD (0.05)
LSD (0.30)

162.2a
162.la
161.7a
148.0b
6.8
3.6

1129
995
1013
971

Test weight, lblbu
2.65
3.50
3.48
2.96

Net return, $/acre
47.5
51.2
46.8
44.1

* Values within each trait followed by the same letters are not significantly different using LSDs with a = 0.05 and 0.30.

controlling volunteer Steptoe were based on grower
strategies and penalties: (i) the cost of an additional tillage
operation for control of volunteer Steptoe, (ii) the discount
for winter wheat containing >1% barley, or (iii) the cost
of cleaning Steptoe from contaminated winter wheat. The
cost of these alternatives converged at $7.50/acre, which
was used in this study, though many growers have planted
Cougbar in the past to avoid the volunteer Steptoe
problem, which would have reduced estimated net returns
by $13.00/acre.
Net returns were based on a farm-gate barley grain
price of $9l/ton, the IO-yr average feed barley price from
1981 to 1990 in Washington (Washington Agricultural
Statistics Service, 1991) plus expected malting or feed
bonuses and less expected dockage for light barley. The
principal risks for meeting malting quality requirements
with Harrington are too many thin kernels (>lo% through
a 5.5164 in. screen), too few plump kernels (<70% above
a 6/64 in. screen), or too high protein concentration
(>13.5%). The major purchaser of malting barley in the
state conditionally accepts Harrington for malting with
>IO% thin kernels (but <15%) =4 yrs out of 5 (K. Bailey,
Great Western Malting Company, 1992, personal communication) and reduces the malting bonus ($12/ton) by
$ Ifton for each percent thin kernels >lo%. The probability
of meeting malting criteria was determined from the
proportion of grain samples that were simultaneously
acceptable for percent thin kernels, percent plump kernels,
and protein concentration. Farm program deficiency
payments for barley sold as malt were reduced by
$5.21/ton and was from net returns as most of the growers
in the study area participate in the farm program.
Feed bonuses for heavy barley (test weight >50 Ibhu)
depend upon individual or cooperative marketing initiatives. Both tworow cultivars, Camelot and Harrington,
typically have higher protein concentration and test weight
that warrant feed bonuses. For Camelot, the feed bonus
was estimated at $4/ton times the probability of equaling

or exceeding 50 Ibhu test weight. The feed bonus for
Harrington only applies to production not expected to
meet malting requirements (12 of 35 samples or 34%).
Five of the 12 samples (42%) not meeting malting
requirements exceeded 50 Ibhu test weight, thus 14% of
the Harrington production could be marketed as heavy
feed barley after failing to meet malting specifications.
Low test weight barley is subject to dockage. Dockage
reduced the barley price by $l/ton for each pound of test
weight below 44 Ibhu, e.g., $3/tOn dockage for test
weights between 42 and 41 lbhu, and $5/ton for all test
weights below 40 lb/bu. The probability of producing
barley in each dockage category for each cultivar was
multiplied by the dockage and summed by cultivar to
arrive at the dockage that might be expected for each
cultivar.

RESULTS AND DISCUSSION
The mean yields, test weights, and net returns presented
in Table 1 have the same mean separation when a = 0.30
is used instead of a = 0.05. In other situations, more
significant differences among cultivar yields may be
detected with the smaller LSD associated with use of a =
0.30. Agronomists and researchers recommending cultivars
to grower clients, might use mean separation with a =
0.30 to balance error risks and improve cultivar selection.
If significance is largely irrelevant to growers as we
contend, and the use of a = 0.30 results in more significant differences, it would not influence cultivar
selection by growers. Even researchers, when faced with
a grower’s obligation to produce, often recommend the
cultivar with the highest mean yield regardless of statistical significance.

Not only are LSDs of questionable value to growers for
cultivar selection, but the way data is summarized when
LSDs are used is misleading. Table 1 mean yields and test
weights show that Steptoe was the highest yielding and
Camelot had the highest test weights. It fails to convey
what was actually observed in the on-farm tests, that
Steptoe was not the highest yielding cultivar in 12 of 39
tests and Camelot did not have the highest test weight in
eight test locations. Overall mean yields fail to express the
probability that other cultivars will yield as much or more
than Steptoe.
Mean values also convey the impression that the
difference between expected cultivar yields, at least
cultivar rank, remain constant across the range of possible
yields, test weights, and net returns. This impression
would be justified if cultivars shared a common variance
but unjustified if cultivars tested in the same environments
exhibit different variances. The assumption of common
variance is a cornerstone of mean separation and significance testing but unnecessary for cultivar selection by
growers. Without the assumption of common cultivar
variance, the difference between expected cultivar values
is not the same as the difference between mean cultivar
values over the range of possible values. Even the expected rank of cultivars can change at yield levels different from mean yields.
For some traits, mean values may not represent the
level at which growers and agronomists would like to
J . Prod. Agric., Vol. 7, no. 2, 1994
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compare expected cultivar performance. Test weight
values of <44 lb/bu or >50 Ib/bu are economically
important thresholds for barley producers to avoid dockage or receive heavy barley feed bonuses. Mean test
weight values cannot be used to estimate the probability
of dockage or feed bonuses. Even for yield, risk averse
growers may want to compare expected cultivar performance at probability levels higher than 0.50, the CP of
obtaining or exceeding the mean yield of each cultivar.
Probability is not a new concept to growers, for
example weather phenomena probabilities, but it was
newly applied to the interpretation of on-farm test results
in this study. The application of the probability approach
is illustrated in Fig. 1 using the PDF and CDF curves for
yield of Camelot. Based on Eskridge’s (1990) two assumptions for pooling data from locations and years,
growers can estimate the expected probability of equaling
or exceeding any yield with Camelot. The highest point in
the PDF curve in Fig. 1 corresponds to the mean yield of
Camelot (3478 lb/acre on the x-axis) and corresponds to
50% CP (CP = 0.50). A grower in the study area has a
50% probability of obtaining Camelot yields 23478
lb/acre, or a Camelot producer can expect to obtain yields
23478 lb/acre 5 yr out of 10, or 50% of the growers
planting Camelot in the zone are expected to obtain yields
23478 Ib/acre.
The concept of comparing cultivar performance by
comparing CPs of equaling or exceeding any yield is illustrated in Table 2. Using 4000 lb/acre as an example, a
grower has 11% higher probability of obtaining yields
24000 Ib/acre with Steptoe than with Camelot or Harrington, and 19% higher probability of obtaining yields
24000 lb/acre with Steptoe than Cougbar. Use of the
observed cultivar standard deviations in the calculation of
CPs gives rise to differences in expected cultivar performance at different yield levels. The difference in CPs
between Camelot and Steptoe is 6% at yield levels of
3000 Ib/acre and only 1% at yield levels of 2000 lb/acre.
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Fig. 1. Relationship between the bell-shaped probability density
function (PDF) curve and cumulative distribution function (CDF)
curve for Camelot yield showing Camelot mean yield equal to
50% CP.

228

J . Prod. Agric., Vol. 7, no. 2, 1994

Table 2. Percentage cumulative probabilities of obtaining or exceeding indicated levels of yield, test weight, or net return for
four spring barley cultivars. Half confidence intervals using CY
= 0.30 are shown following cumulative probabilities.
Cultivar
Level

Steptoe

Camelot

Harrington

Cougbar

70

Yield, lblacre
2000
94 f 5
3000
7 4 f 10
4000
41 f 11
5000
13 t 8
Test weight, lblbu
44t
90 f 7
50
22 t 10
Net return, $/acre
100
89 f 7
150
59 f 11
200
23 f 9
250
4 t 4

93
68
30
6

26
f 10

93 k
6 8 t
3 0 t
6 f

*

6
10
10
5

90
7
61 ? 11
22 k 9
4-+4

99 f 0.2
7 8 f 10

97 f 4
60 t 12

90 -+ 7
33 t 11

90 f 7
5 9 f 11
20 2 9
3 f 4

90 -+ 7
60 k 11
21 t 9
3 f 4

86 -+ 8
48 -+ 11
12 f 7
I f 2

L 10

f 5

t Cumulative probabilities of obtaining test weights less than 44 l b b u are
obtained by subtracting table percentages from 100.

At yield levels 4 5 2 7 Ib/acre (not shown), cultivar rank
changes and Camelot has higher expected CPs than
Steptoe. The crossover in cultivar rank occurs because
Steptoe has a higher mean yield but also a higher standard
deviation (Table 1).
Observed yields for all cultivars ranged from 983 to
6059 lb/acre and 7.7% of observed yields were GOO0
lb/acre. Predicted cultivar performance at different yield
levels can be used by growers to select cultivars when
yields are expected to be above or below mean yields,
e.g., high or low soil moisture at the time of planting.
Cumulative probabilities show growers that each cultivar
has a given probability of producing higher yields than the
yields expected for Steptoe. Cumulative probabilities
convey the uncertainty associated with predicting behavior
of biological systems that is beyond the control of
researchers and growers alike.
Confidence intervals (Table 2) provide an analytical
framework for CPs that is comparable to traditional
hypothesis testing. The confidence intervals, using a =
0.30, show that there are few significant differences
among cultivars at any CP for any yield, test weight, or
net return. Like traditional significance testing, sample
size influences the magnitude of the confidence interval.
With large samples, even small yield differences can be
shown to be statistically significant (Deming, 1975).
Nearly 200 on-farm tests would be required to reduce the
confidence level from 11 to 5% and make the expected
CPs significantly different for Steptoe and Camelot at
yield levels 24000 lb/acre. The lack of statistical significance among CPs may be compensated by the
precision implied by the use of cultivar variance for
calculating CPs and the flexibility of the probability
approach for growers selecting cultivars.
Cumulative probabilities of obtaining economically
critical test weights (<44 or 150 lb/bu) are shown in Table
2. The expected dockage for low test weight barley (144
lb/bu) was $0.19/ton for Steptoe, $0.20/ton for Cougbar,
$0.05/ton for Harrington, and none for Camelot. Both
Camelot and Harrington growers have high probabilities
of obtaining test weights 250 lb/bu that resulted in

average expected feed bonuses of $3.13/ton for Camelot
and $0.56 for Harrington (including only Harrington
rejected for malting but with >50 Ib/bu test weight).
Steptoe and Cougbar rarely exceed 50 Ib/bu test weight
making it unrealistic for growers to expect feed bonuses
for these cultivars.
The most important economic consideration for Harrington is the probability of acceptance for malting.
Failing to produce Harrington with <15% thin kernels was
the principal cause of rejection although two samples were
rejected due to excessively high protein content. More
than one-half of the producers (51.4%) would have
received the full $12/ton malting bonus and an additional
17.3% of the growers would have received reduced
($7-$ 11/ton) malting bonuses. These probabilities of
receiving full and reduced malting bonuses show that
growers can expect to receive, on the average, $7.46/ton
of the $12/ton malting bonus if choosing to produce
Harrington. Unfortunately for Harrington producers, the
farm program reduces deficiency payments by $5.21/ton
for malt barley and the net benefit expected for Harrington
as malting barley is only $2.25/ton.
The CPs of equaling or exceeding net returns ranging
from $100 to $250/acre show only slight differences
among Steptoe, Camelot, and Harrington. Steptoe has
dominated state production since 1975, but growers would
like viable alternatives due to deleterious volunteer and
quality characteristics. The economic analysis in this study
does not show that a lower-yielding cultivar has higher
expected net returns, but does demonstrate that Camelot
and Harrington are viable economic alternatives to
Steptoe. This economic analysis is based on cost and
bonus assumptions subject to rapid changes that could
alter the expected net returns. Local variations affecting
net returns like port of shipping, home storage capacity,
and different bonus-dockage systems have not been taken
into account. This economic analysis, however, enriches
the interpretation of test results for growers and
agronomists. The importance of releasing barley cultivars
that meet criteria for multiple traits is borne out in this
study. Should economic analyses of cultivar trials become
common practice, they could be refined during the course
of the year to better reflect the actual economic situation.
This study was confined to the analysis and interpretation of single-replicate on-farm test data. The probability
approach can also be applied to replicated multilocational
data by estimating the standard deviation with sl(r)>A in the
normal probability density function where r is the number
of replicates within locations. The principles of the
probability approach could be applied to traits with known
nonnormal distributions. Caution is warranted in grouping
locations with a priori probabilities of high or low yields
that would violate the assumptions for pooling data for
probability analyses. Joint regression or spatial analyses
may be more appropriate analytical tools when pooling
data from high and low yielding geographic zones.

The probability approach does not assume that results
are obtained simultaneously in the same locations. Independent random samples of the same size for the four
cultivars in the malting zone would be expected to provide
the same PDF curves. The probability approach might also
be applied to comparison of cultivar performance with
different numbers of environments if the assumptions
governing pooled locations and randomness are met.
Larger sample sizes for cultivars that have been tested for
many years would reduce the size of the confidence
interval around their estimated CPs.
Although traditional reporting of mean yields has led
to large gains in average cereal yields in the Pacific
Northwest, more recently released cultivars are less widely
adapted and have more modest expected gains. Better
tools are needed for objective selection of cultivars with
higher yields or higher net returns. Using probabilities and
economic interpretation of cultivar trial results permit
growers to distinguish among alternative cultivars with
modest differences in expected yield or net return.
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