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ABSTRACT a percentage change from the yield of a long-term check
(Schmidt and Worrall, 1983; Schmidt, 1984), or the usePureline wheat (Triticum aestivum L.) cultivars continue to domi-
of moving means and least squares smoothing (Clarke etnate production fields in the southern Great Plains despite numerous

attempts to introduce hybrids during the past 28 yr. The objective of al., 1994). Relative yield is another method for analyzing
this study was to analyze yield trends and yield stability in both hybrid grain yield performance and requires each entry in the
and pureline entries in the Oklahoma Variety-Hybrid Performance nursery to be given a performance index based on its
Nursery (VHPN). Grain yield data from 1975 to 1995 from four yield relative to the mean yield of all entries in the
locations were selected and analyzed by relative yield indices. Regres- nursery (Yau and Hamblin, 1994). The use of relative
sion equations across time were calculated for both hybrids and pure- yield as a measure of performance against all entries
lines relative to the mean performance of long-term check cultivars.

has several advantages, including (i) conversion of sim-Both hybrids and purelines evidenced yield improvement, with the
ple entry variance across sites to a practical, agronomicyield of hybrids, in general, increasing at a greater rate than that of
stability measure, (ii) the giving of equal weight to eachpurelines. Predicted values in the last year tested indicated a 10.9%
site when calculating means across sites, and (iii) easeadvantage of hybrids over purelines. Stability parameters were com-

pared by regressing hybrid and pureline yields on an environmental in comparing large numbers of entries tested in different
index based on location mean yields for checks. Regression coeffi- experiments at the same site (Yau and Hamblin, 1994).
cients for hybrids and purelines were not significantly different from However, the use of a relative yield index would not
one, nor from each other. Confidence intervals for hybrid and pureline account for improvement across multiple years if a nurs-
performance generally overlapped throughout the observed yield ery index is used and the entries used to calculate the
ranges, indicating no divergence in predicted grain yield as environ- nursery index are not constant. This study used relative
mental yield potential increased. No significant differences in stability

yield indices calculated from the mean yield of long-between hybrids and purelines were found by comparing variances
term check cultivars.represented by the pooled deviations for each cultivar type. Hybrid

Of importance to an agronomic enterprise is the sta-wheat offers an opportunity for increased grain yield in the southern
bility of yield of a cultivar across a range of productionGreat Plains of the USA, but without a stability advantage over pure-

line cultivars. environments. The cultivar must have the genetic poten-
tial for superior performance under ideal growing condi-
tions, and yet must also produce acceptable yields under
less favorable environments. It has long been suggestedGrain yield potential and stability in differing envi-
that heterozygous and heterogeneous populations offerronments are important factors in establishing
the best opportunity to produce cultivars that show smallprofitable wheat production systems. Advantages of hy-
cultivar type � environment (GE) interactions (Eber-brids over purelines have been suggested. However,
hart and Russell, 1966). It has further been suggestedonly a very small hectarage has been devoted to hybrid
that wheat hybrids and purelines appear to differ inwheat production since the first hybrid was commer-
their responsiveness to improving production conditionscially released 30 yr ago (Edwards, 2001). Continuing
in the Great Plains of the USA (Guenzi et al., 1985).inquiry is made regarding increased production of hy-
Carver et al. (1987) confirmed the disparity in respon-brid wheat when considering additional grain yield and
siveness and found that the yield advantage of hybridsstability that hybrid entries may have over their pure-
over semidwarf purelines decreased from 7.4% in theline counterparts.
most productive environment to 5.0% in the least pro-Various procedures have been employed to estimate
ductive environments. A 10.8% yield advantage wasgenetic gain in wheat improvement. Estimation of ge-
calculated for hybrids over purelines in the preliminarynetic gain for cultivars of different eras can be made by
performance nursery from the Agripro Standard Vari-growing all in a common nursery and evaluating grain
ety Trial, and a 13.5% average hybrid yield advantageyield against year of release (Cox et al., 1988). For data
was observed in the advanced trials (Bruns and Pe-taken in performance nurseries across years, a typical
terson, 1998). Evaluations of yield and stability suggestapproach has been to analyze performance by evaluat-
that hybrids show significantly higher mean yields anding yield through multiple-year moving averages and as
that the yield advantage generally increases with in-
creasing environmental yield potential (Peterson et al.,
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Harvest dates ranged from mid-June until early July. DataSouth Africa. Hybrids were higher yielding than pure-
used for statistical analyses consisted of entry mean yields atlines in all environments and the hybrid yield advantage
each location.increased as the environmental yield index increased.

The objective of this study was to compare long-term
Genetic Gain Analysisyield trends and stability in both hybrid and pureline

entries in the VHPN. The analysis focused on differ- All 21 yr of grain yield data were analyzed in evaluating
improvement in hybrid and pureline wheat performance. Noences in grain yield between pureline and hybrid entries
adjustments were made for conventional vs. semidwarf entries.and evaluating the stability of grain yield performance
Data for a particular entry were limited to the first 5 yr fromin different production environments during a 21-yr pe-
the year that it was first tested. The 5-yr limitation was toriod. There were two hypotheses: (i) that improvements
prevent bias to pureline yields, which were occasionally in-made in grain yields differ for purelines vs. hybrids; and
cluded for more than five consecutive years. Similarly, data(ii) that hybrids and purelines exhibit different levels from entries with a release date in 1971 or earlier were ex-

of stability for grain yield as demonstrated by the regres- cluded from the analysis. In total, 122 purelines and 104 hybrid
sions being different from a slope of one and different entries were included for analysis. On average, each pureline
from each other, and with the variance associated with entry was included in the nursery for 2.6 yr, and each hybrid
pureline entries being greater than the variance associ- entry was included for 1.7 yr.

The grain yield performance of hybrids and purelines wasated with hybrid entries.
analyzed across time by comparing the grain yield of each
relative to the mean of the long-term check cultivars, given

MATERIALS AND METHODS that mean grain yield of the long-term checks remained con-
stant across time. Effects of cultivar type (hybrid or pureline),Yield Data environment, and GE interactions were analyzed. A linear
model was utilized. Year and location effects were assumedFor 21 yr (1975–1995), yield data were recorded in unpub-
to be random and cultivar-type effects were assumed to belished annual reports for hard winter wheat hybrids and pure-
fixed in the statistical model. All trends in grain yield werelines entered in the VHPN at Oklahoma State University
analyzed by year, after noting large annual effects. Relativepursuant to statutory testing requirements. The VHPN was
yield indices were calculated for both hybrids and purelinesdiscontinued after 1995 and hybrids have not been commer-
at each location by dividing the mean grain yield for eachcially available since 1998. Six environments were used to test
by the mean grain yield of TAM W-101 and Triumph 64.hybrid and pureline cultivars. Field stations near Stillwater,
Regression analysis (SAS Institute, 1996) was used to test theLahoma, Woodward, Goodwell, and Altus, OK, were used.
rate of gain of hybrids against purelines.The Goodwell location included both irrigated and dryland

experiments. The Goodwell dryland site would be representa-
tive of extreme water stress in most years. However, data from Stability Analysis
this site were excluded from this analysis since data were Yield stability was analyzed similar to that suggested bymissing in more than half of the test years, and had a high Eberhart and Russell (1966). Stability was defined as a func-coefficient of variation for the years in which they were avail- tion of slope and deviations from the regression of cultivarable. Data from the Woodward location were also excluded yield on an environmental index. First, the linear regression
since this location was discontinued in 1992. coefficients of the hybrids and purelines (bH and bP, respec-

A core set of data from the remaining four locations, Good- tively) were calculated by use of the mean yield of hybrids
well irrigated, Stillwater, Lahoma, and Altus, was used for and purelines by location against an environment index based
these analyses. Data for all years were available for these on the mean yield of TAM W-101 and Triumph 64 in that
analyses, except for three years (1979, 1991, 1993) at the Altus environment. Differences in the calculated slopes for hybrids
location. The Goodwell irrigated site is representative of a and purelines were tested for significance from a slope of
favorable environment with highly productive soils and sup- one, and from each other. Pooled deviations from the linear
plemental irrigation to allow entries to reach their genetic response, in terms of SE(b), were compared.
potential. The Altus location is representative of an unfavor- Each year of the VHPN was then analyzed separately with
able environment, typically with moderate drought and heat PROC MIXED (SAS Institute, 1996) to test the heterogeneity
stress, primarily late in the growing season. The locations at of slopes between hybrids and purelines, and among entries
Stillwater and Lahoma generally receive adequate moisture within these two cultivar type classes. Entries within cultivar
but are influenced strongly by biotic stresses, particularly fun- type classes were considered random. Variance components
gal pathogens and insects. of the random effects and interaction terms were estimated

Thirty to 40 entries were included each year in the VHPN. and tested for significance. The fixed effect (cultivar type) was
The test was comprised of an assortment of prominent hybrids analyzed by comparing the estimated mean grain yield and
and purelines, including both private and public sector re- standard error by year. Genetic variance components of hy-
leases, and two long-term check cultivars, Triumph 64 and brids and purelines were also estimated for each year with
TAM W-101. In any given year, the nursery entries repre- PROC MIXED (SAS Institute, 1996). One-tailed F tests were
sented the most advanced genetic materials commercially constructed to declare whether entry variances for purelines
available in the region. For each year and location, the entries were greater than entry variances for hybrids.
were grown in a randomized complete block design with four
replications at each location. All locations were fertilized at

RESULTS AND DISCUSSIONlevels consistent with good management in the area and were
generally seeded at normal planting dates for the area, given Genetic Gain Analysis
proper soil moisture conditions and weather conditions. Plot

A large proportion of the variability for grain yieldsize was 1.2 by 3.1 m, consisting of either four or five rows.
All plots were harvested with a Hege 125B combine harvester. of both hybrids and purelines was due to the effects
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Table 2. Regression analyses for relative grain yield indices ofTable 1. Regression analyses for grain yield of hybrid and pure-
line cultivars against time for entries grown in the Oklahoma hybrid and pureline cultivars against time for entries grown in

the Oklahoma Variety-Hybrid Performance Nursery duringVariety-Hybrid Performance Nursery during 1975 to 1995.
1975 to 1995.

Location Mean Intercept Slope† r2

Location Mean Intercept Slope† r2

Mg ha�1 Mg ha�1 yr�1

Goodwell irrigatedGoodwell irrigated
Hybrids 1.073 0.155 0.011** 0.329Hybrids 4.83 3.32 0.018 0.010
Purelines 1.058 0.668 0.005 0.131Purelines 4.77 5.22 �0.005 0.001

StillwaterLong-term checks 4.52 6.76 �0.026 0.029
Hybrids 1.169 �0.548 0.020*** 0.560Stillwater
Purelines 1.082 �0.057 0.013** 0.407Hybrids 3.13 2.05 0.013 0.010

LahomaPurelines 2.88 2.93 �0.001 �0.001
Hybrids 1.110 �0.896 0.024*** 0.541Long-term checks 2.70 4.90 �0.026 0.051
Purelines 1.054 �0.221 0.015*** 0.470Lahoma

AltusHybrids 3.18 1.12 0.024 0.029
Hybrids 1.075 0.642 0.005 0.087Purelines 3.03 2.72 0.004 0.001
Purelines 1.021 1.123 �0.001 0.005Long-term checks 2.94 5.49 �0.030 0.048

PooledAltus
Hybrids 1.112 �0.206 0.015*** 0.364Hybrids 2.90 1.90 0.012 0.007
Purelines 1.054 0.337 0.008*** 0.201Purelines 2.74 3.04 �0.004 0.001

Long-term checks 2.67 2.99 �0.004 0.001
** Significantly different from a slope of zero at the 0.01 level.Pooled
*** Significantly different from a slope of zero at the 0.001 level.Hybrids 3.53 1.95 0.019 0.009
† Regression year is the number of years after 1900.Purelines 3.38 3.34 0.000 �0.001

Long-term checks 3.22 4.99 �0.021 0.013

bias in the estimation of genetic gain of hybrids and† Regression year is the number of years after 1900.
purelines. Such a decline would also not readily be ex-

of location and years but without a significant year � plained by genetic causes. However, there could be envi-
location interaction. The regression components by lo- ronmental reasons, such as a check cultivar succumbing
cation for both hybrids and purelines are presented in to new virulent strains of pathogens, a decline in native
Table 1. fertility associated with the loss of organic matter from

The mean yields of the long-term check cultivars were continuously tilled plots, or effects caused by changes
used to estimate relative yield. The check means exhib- in agronomic practices. Note, however, that if genetic
ited no significant linear change across the 21-yr period gain is calculated by use of a pureline or nursery index,
(Fig. 1). If a trend in the long-term checks exists, the then performance would be evaluated against a moving
regression analysis suggests a slight decline in yield of standard, possibly with abrupt fluctuations with periodic
0.0208 Mg ha�1 yr�1 (0.31 bu acre�1 yr�1). A true decline releases of superior purelines or as new hybrids were
in check mean across time would generate an upward developed. The use of a pureline or nursery environ-

mental index, while eliminating much of the year-to-year
environmental effects, would fail to compensate for

Fig. 2. Linear regressions for relative yield of hybrids (solid line
Fig. 1. Mean grain yield of long-term check purelines (‘TAM W-101’ with � symbols) and purelines (dashed line with square symbols)

by year for (A) Goodwell irrigated, (B) Stillwater, (C) Lahoma,and ‘Triumph 64’) by year and location with linear regressions
plotted for (A) Goodwell irrigated, (B) Stillwater, (C) Lahoma, and (D) Altus, OK. The check mean reference (dotted line) is

equal to 1.0 by definition.and (D) Altus, OK.
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Table 3. Summary of improvement for hybrids and purelines by
location from predicted values of relative yield for entries
grown in the Oklahoma Variety-Hybrid Performance Nursery
during 1975 to 1995.

Predictedvalue Advantage over
Annual

Location 1975 1995 progress Pureline Check mean

%
Goodwell irrigated

Hybrids 0.966 1.183 1.07 7.14 18.3
Purelines 1.012 1.104 0.43 – 10.4

Stillwater
Hybrids 0.966 1.370 1.99 12.94 37.0
Purelines 0.946 1.213 1.35 – 21.3

Lahoma
Hybrids 0.871 1.342 2.58 11.83 34.2
Purelines 0.901 1.200 1.58 – 20.0

Altus
Hybrids 1.024 1.126 0.47 11.55 12.6
Purelines 1.033 1.009 �0.11 – 0.9

Pooled
Hybrids 0.954 1.263 1.54 10.88 26.3
Purelines 0.970 1.139 0.83 – 13.9

changes in entry performance across time due to contin-
ual improvement of nursery entries.

The regression components for a linear model by
location when calculated with relative indices are pre-
sented in Table 2 and plotted in Fig. 2. In general,
genetic gain was realized in both hybrid and pureline
performance. However, when evaluated on a location

Fig. 4. Comparison of (A) 95% and (B) 85% confidence intervalsbasis, maximum annual improvement in hybrid perfor-
(CI) of hybrids (solid lines) and purelines (dashed lines) to approxi-mance occurred at the Lahoma and Stillwater locations;
mate a test of differences between the two populations at � � 0.01intermediate gain at the Goodwell irrigated location; and 0.05, respectively.

and questionable gain if at all, particularly for pureline
performance, at the Altus location. Across locations, the rate of improvement for hybrids

The hybrid rates of improvement were significantly was 1.55% and for purelines was 0.84%, indicating a
different from zero at all locations except for Altus. significant difference between the two (P � 0.02). These
The pureline rates of improvement were significantly rates of improvement were generally consistent with
different from zero only at Stillwater and Lahoma earlier reported estimates of genetic gain in pureline
(Table 2). In general, the rate of improvement for hybrid wheat breeding of 1% per year (Borojevic, 1986; Cox
performance exceeded that for pureline performance. et al., 1988; Khalil et al., 2002). When data were consid-

ered on a per-location basis, the differences in rates of
improvement were found not to be significant at any
location based on the probabilities for heterogeneity of
slopes (Goodwell irrigated, P � 0.172; Stillwater, P �
0.226; Lahoma, P � 0.171; and Altus, P � 0.294).

Rates of improvement based only on grain yield may
require additional interpretation. Breeding efforts may
contribute to factors whose improvement is not neces-
sarily reflected in grain yield, such as improvement in
grain quality. Some factors, such as continual emphasis
on disease resistance, may be particularly evident in
having a positive influence on yield at the Stillwater and
Lahoma locations. The presumption of high environ-
mental stress at the Altus location suggests that the
more recent entries failed to improve grain yield over
that of the long-term check cultivars. The same trend
was found by Cox et al. (1988) for hard winter wheat
purelines released from 1919 to 1987.

In the last year of testing (1995), the predicted values
evidenced a 26.3% advantage for hybrids, and a 13.9%
advantage for purelines, on average, over the long-termFig. 3. Mean grain yield of hybrids (solid line with � symbols) and
checks. Additionally, the predicted yield advantage ofpurelines (dashed line with square symbols) against a check envi-

ronmental index. the hybrids over the purelines was on average 10.9%
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Table 4. Estimated variance components (VC) of random effects from regressions of hybrid and pureline grain yields on long-term
checks environmental index for entries in the Oklahoma Variety-Hybrid Performance Nursery during 1975-1995.

Source df VC df VC df VC df VC df VC df VC df VC

1975 1976 1977 1978 1979 1980 1981
All Entries

Environment-linear 1 0.697 1 0.516 1 0.380 1 2.168 1 1.727 1 1.036 1 0.611
Cultivar type � Environment-linear 1 0.000 1 0.004 1 0.023 1 0.001 1 0.015 1 0.000 1 0.117
Entry (cultivar type) 20 0.036* 24 0.089** 24 0.035* 24 0.015 23 0.043† 19 0.034 21 0.133*
Entry (cultivar type) � Environment-linear 20 0.000 24 0.000 24 0.000 24 0.000 23 0.000 19 0.000 21 0.000
Deviations 44 0.057 52 0.105 52 0.100 52 0.107 25 0.114 42 0.151 46 0.313

Hybrids
Environment-linear 1 0.626 1 0.536 1 0.285 1 2.012 1 2.218 1 0.982 1 0.268
Entry (hybrids) 8 0.034 15 0.037† 9 0.028 5 0.000 7 0.023 4 0.026 5 0.000
Entry (hybrids) � Environment-linear 8 0.000 15 0.000 9 0.000 5 0.000 7 0.000 4 0.000 5 0.000
Deviations 18 0.047 32 0.078 20 0.087 12 0.133 8 0.095 10 0.045 12 0.214

Purelines
Environment-linear 1 0.744 1 0.496 1 0.509 1 27.461 1 1.694 1 1.054 1 1.097
Entry (pureline) 12 0.036† 9 0.175† 15 0.039 19 0.184 16 0.029 15 0.035 16 0.175†
Entry (pureline) � Environment-linear 12 0.000 9 0.000 15 0.000 19 0.057 16 0.000 15 0.000 16 0.000
Deviations 26 0.066 20 0.148 32 0.107 40 2.757 17 0.047 32 0.183 34 0.344

1982‡ 1983 1984 1985 1986 1987 1988‡
All Entries

Environment-linear 1 1.471 1 2.494 1 2.970 1 1.446 1 1.087 1 2.274 1 0.258
Cultivar type � Environment-linear 1 0.035 1 0.000 1 0.009 1 0.000 1 0.004 1 0.000 1 0.000
Entry (cultivar type) 19 0.088* 19 0.029 22 0.004 30 0.133** 23 0.062* 23 0.034* 20 0.116**
Entry (cultivar type) � Environment-linear 19 0.000 19 0.000 22 0.000 30 0.000 23 0.000 23 0.000 20 0.000
Deviations 42 0.091 42 0.149 48 0.066 64 0.106 50 0.077 50 0.074 44 0.092

Hybrids
Environment-linear 1 1.768 1 2.475 1 3.130 1 1.528 1 1.148 1 2.324 1 0.257
Entry (hybrids) 13 0.058† 16 0.027 14 0.008 17 0.119* 8 0.054 8 0.026 5 0.011
Entry (hybrids) � Environment-linear 13 0.000 16 0.000 14 0.000 17 0.000 8 0.000 8 0.000 5 0.000
Deviations 28 0.073 34 0.175 30 0.063 36 0.072 18 0.061 18 0.054 12 0.058

Purelines
Environment-linear 1 1.195 1 2.562 1 2.794 1 1.336 1 1.052 1 2.243 1 0.259
Entry (purelines) 6 0.153 3 0.028 8 0.000 13 0.151* 15 0.067* 15 0.038† 15 0.151*
Entry (purelines) � Environment-linear 6 0.000 3 0.000 8 0.000 13 0.000 15 0.000 15 0.000 15 0.000
Deviations 14 0.130 8 0.050 18 0.068 28 0.154 32 0.086 32 0.089 32 0.104

1989 1990 1991 1992‡ 1993 1994 1995
All Entries

Environment-linear 1 0.447 1 0.984 1 1.942 1 4.773 1 4.464 1 0.026 1 0.210
Cultivar type � Environment-linear 1 0.000 1 0.007 1 0.100 1 0.016 1 0.000 1 0.002 1 0.003
Entry (cultivar type) 28 0.030† 25 0.082* 23 0.000 22 0.072* 21 0.132* 18 0.111** 20 0.087*
Entry (cultivar type) � Environment-linear 28 0.000 25 0.000 23 0.000 22 0.000 21 0.000 18 0.000 20 0.000
Deviations 60 0.115 54 0.138 25 0.143 48 0.165 23 0.108 40 0.064 44 0.116

Hybrids
Environment-linear 1 0.524 1 0.702 1 1.548 1 4.701 1 4.782 1 0.000 1 0.158
Entry (hybrids) 6 0.000 4 0.000 4 0.000 3 0.003 2 0.000 1 0.089 6 0.043
Entry (hybrids) � Environment-linear 6 0.000 4 0.000 4 0.000 3 0.000 2 0.000 1 0.000 6 0.000
Deviations 14 0.057 10 0.139 5 0.210 8 0.088 3 0.056 4 0.129 14 0.090

Purelines
Environment-linear 1 0.425 1 1.099 1 2.441 1 4.833 1 4.415 1 0.033 1 0.244
Entry (purelines) 22 0.038† 21 0.104* 19 0.000 19 0.083* 19 0.147* 17 0.113** 14 0.105*
Entry (purelines) � Environment-linear 22 0.000 21 0.000 19 0.000 19 0.000 19 0.000 17 0.000 14 0.000
Deviations 46 0.132 44 0.131 20 0.129 40 0.177 20 0.115 36 0.056 30 0.128

* Variance components significant at the 0.05 level.
** Variance components significant at the 0.01 level.
† Variance components significant at the 0.10 level.
‡ By year, variance component of purelines significantly greater than variance component of hybrids at the 0.10 level.

(Table 3). This relative advantage of hybrids over pure- tion (7.14%) despite suggestions that maximum benefit
lines is consistent with the 10.8% advantage reported of hybrids over purelines is realized in high-yield envi-
in preliminary trials and the 13.5% advantage reported ronments. On the other hand, considerable literature
in advanced trials by Bruns and Peterson (1998). A has shown that an inherent advantage of hybrids should
heterotic yield advantage of 20% was suggested (John- be a superior buffering to the environment. Hybrids
son and Lucken, 1986) as the minimal advantage re- excelled (�10%) over purelines in the three remaining
quired to economically justify the production of hybrid lower-yielding environments (Table 3).
wheat over pureline wheat when considering the addi-
tional costs associated with production, particularly seed Stability Analysis
costs. Other considerations may also be relevant, such as

In analyzing yield stability, annual mean yield of hy-the use of hybrid wheat in the deployment of transgenes.
brids and purelines by location were plotted against anThese results suggest that the heterotic advantage of
environmental index (Fig. 3). The environmental indexhybrids over purelines is approaching this range for each
was determined from the annual mean yield of the long-of the locations analyzed.
term check cultivars for each location. By definition,The largest advantage of grain yield of hybrids over

purelines did not occur at the Goodwell irrigated loca- the regression of the mean yield of the long-term checks
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in the stability analysis would have a slope of one confidence level to best approximate the desired error
rate. An � � 0.05 test is approximated by plotting and(b � 1.0).

The regression equations for hybrids and purelines comparing 85% confidence bands, and a more conserva-
tive � � 0.01 test is approximated by the 95% confidencewere similar when calculated with the annual mean

yields by location of the hybrids and purelines against bands (Payton et al., 2000). In plotting these bands and
making tests between two populations, there was nothe corresponding mean check yield. The hybrid stabil-

ity slope (bH) was identical to that for the purelines (bP) divergence in performance between hybrids and pure-
lines when comparing the 95% confidence bands (Fig.(P [bH � bP] � 1.02) (Fig. 3). In both cases, the slopes

were not significantly different from one. The intercept 4A). There was also no divergence in performance be-
tween hybrids and purelines when comparing the 85%for hybrids was 0.15 Mg ha�1 greater than that for the

purelines. For comparison purposes, when the same confidence bands, except for a few intermediate produc-
tion environments (Fig. 4B). The overlapping confi-analysis was performed utilizing the pureline mean as

the environmental index rather than the check mean, dence intervals show that there was no advantage for
hybrids in high yield environments or in low yield envi-little adjustment occurred and the bH was approximately

0.997, with the bP being one by definition. ronments over purelines. Stated conversely, there was
no disadvantage for hybrids in any production envi-Deviations from regression did not differ between
ronment.hybrids and purelines based on a comparison of the

The variance components estimated for the randomstandard errors associated with the regressions (Fig. 3).
effects are presented by year in Table 4, with environ-This is similar to the report by Peterson et al. (1997),
ment estimating the effect of the four different locations,and suggests no stability advantage of hybrids across
and entry estimating the genetic variance within a culti-differing environments.
var type class. The mean grain yields for the fixed effectsWhen comparing differences between hybrids and
are presented by year in Table 5. There was a significantpurelines for predicted grain yield in a specific environ-
entry effect declared at � � 0.10 in a majority (13 ofment, consideration was given to variability associated
21) of the test years for purelines, but in only three yearswith both regressions. The confidence bands for both
for the hybrids. No significant differences in stabilityhybrids and purelines were interpreted simultaneously
between hybrids and purelines were declared by com-to test differences in predicted yield at a given environ-
paring variances represented by the pooled deviationsmental index. Significant differences can be declared if
for each cultivar type. However, significant differencesthe confidence bands fail to overlap. Since both confi-
were declared at � � 0.10 between the estimated vari-dence bands require a confidence limit to be set, these
ance components of hybrids and purelines in 1976, 1982,limits were set to assure that the desired error rate for
1988, and 1992. Pureline variance components werethe test was attained. Comparison of two 95% confi-
equal to or greater than hybrids variance componentsdence intervals performed on the same population will
in all years and were significantly larger at � � 0.10overlap approximately 1% of the time (Payton et al.,
than hybrid variances in 1976, 1982, 1988, and 1992.2000). Therefore, if intervals are to be used to judge
The uniform nonsignificant response among hybrids andsignificance, care must be taken to use the appropriate
among purelines to the environmental index suggests
no hybrid buffering across environments. This responseTable 5. Means of cultivar types for entries in the Oklahoma
was observed despite genetic differences in mean per-Variety-Hybrid Performance Nursery during 1975 to 1995.
formance within each cultivar type. In addition, no dif-Hybrids Purelines
ferences were found between hybrids and purelines in

Year Mean SE Mean SE their nonadditive response to the environmental index
Mg ha�1 as indicated by the variance components for deviations

1975 2.71 0.42 2.80 0.42 being the same for both cultivar types.
1976 2.84 0.37 3.04 0.38
1977 2.96 0.33 3.04 0.32
1978 3.03 0.74 3.13 0.74

CONCLUSIONS1979 4.58 0.77 4.54 0.76
1980† 3.54 0.52 3.29 0.51

An analysis of data for 21 yr of hybrid and pureline1981 3.56 0.47 3.41 0.44
1982† 4.58 0.62 4.13 0.63 grain yield in Oklahoma provides evidence of the con-
1983† 4.19 0.79 3.90 0.80 tinuing improvements made in grain yield for both. The1984 3.48 0.86 3.34 0.86
1985 4.00 0.61 3.82 0.61 genetic gain made in hybrids occurred at a greater rate
1986 3.52 0.53 3.29 0.53 than that of purelines. However, no differences in stabil-
1987 2.98 0.76 3.04 0.76

ity of grain yield were detected across different environ-1988 3.74 0.30 3.54 0.27
1989** 3.35 0.35 3.05 0.34 ments for either hybrids or purelines, and the average
1990 3.34 0.52 3.04 0.50 regression slopes of each were similar. Deviations of1991 3.48 0.83 3.60 0.83

mean yield data from the stability regressions were of1992† 3.54 1.11 3.15 1.10
1993 3.72 1.24 3.79 1.22 similar magnitude for hybrids and purelines, and confi-
1994* 4.74 0.26 4.08 0.12 dence intervals for hybrid and pureline stability regres-1995 2.61 0.26 2.39 0.25

sions generally overlapped. At its current rate of im-
* Means of hybrids and purelines significantly different at the 0.05 level. provement in grain yield, hybrid wheat remains a tool to** Means of hybrids and purelines significantly different at the 0.01 level.
† Means of hybrids and purelines significantly different at the 0.10 level. maximize wheat production; but from the data analyzed,



KOEMEL ET AL.: HYBRID AND PURELINE HARD WINTER WHEAT YIELD 113

and W.J. Angus (ed.) The world wheat book: A history of wheatthere is not a stability advantage. Until the yield advan-
breeding. Lavoiser Publ., Paris.tage is increased and seed costs reduced, hybrid wheat

Guenzi, A.C., R.G. Sears, and T.S. Cox. 1985. Stability analysis of
will not be commercially viable in the southern Great winter wheat hybrids and cultivars. Annu. Wheat Newsl. 31:128.
Plains of the USA. Johnson, K.M., and K.A. Lucken. 1986. Characteristics and perfor-

mance of male-sterile and hybrid seed produced by cross-pollina-
tion in hard red spring wheat. Crop Sci. 26:55–57.
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