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SELECTION OF A CHECK CULTIVAR FOR WHEAT VARIETY TRIALS

L
IN ISFAHAN

M. R. Khajehpour2

ABSTRACT

The yield preformance of six cultivars of wheat during 1977-1986 at
Tsfahan Agricultural Experiment Station was evaluated in order to
select a check cultivar for wheat variety trials. Two linear regres-—
sion models (through mean vs. through origin) and two independent
variables (nursery mean vs. upper mean} were used for evaluation of
the cultivars. Regression through origin resulted in higher r2 val-
ues, thus was preferred to regression through the mean. Upper mean
(calculated by averaging the yields egual to or higher than the nurs-
ery mean) was found advantageous to nursery mean, since the former
does not strongly suffer from the default of genotypes and is a bet-
ter estimate of the actual productivity potential of the enviromment.
Three adaptation indices; mean yield, b and r2 were used to evaluate
the cultivars. Mean yield of a cultivar was taken as an estimate of
its overall productivity potential. Regression coefficient was used
tc measure the responsiveness of a cultivar to increased enviromment-
al productivity motential and r2 was employed to evaluate the con-
sistency of the response. Azadi was found superior to other culti-
vars as a check. Roshan, which is presently used as the check, is
not suitable for this - purpose.
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INTRODUCTION

Correct comparisons between varieties have vital importance
in variety trials and require an appropriate base for the
purpose. "Floating checks" like site mean and highest nursery
yield (6) or upper mean (calculated by averaging the vields
equal to or higher than the nursery mean) (8) have been sug-
gested for variety comparisons. However, use of one or sev-
eral cultivars as check(s) is very common. The check cultivar

- should be least affected by genotype-environment interaction

and produce higher yields at higher producing environments.

Linear regression has been widely used for evaluating cul-
tivars or genotypes. Site mean {3), deviation of the site
mean from the mean of all environments {2}, highest nursery
vield (12), upper mean (38}, vield of local cultivars (1} and
average yield of commercial fields over the region (11) have
been used as measures of productivity potential of environ-
ments for use as the independent variable in linear regression
analysis,



Various models have been used in linear regression analysis.
Regression of two intersecting lines and curvilinear regres-
sion (7), three-phase regression (10), regression through
origin (M.R. Khajehpour and C.F. Kbnzak, unpublished results)
are among the models used for genotype-environment interac-
tion analysis. It has been practically impossible to satisfy
the statistical assumptions underlying regression in these
types of studies. So, the lines passed through the points by
these procedures may not be considered as regression lines
and not statistically compared (4, 5). However, it has gen-
erally been agreed that regression procedures may be used for
evaluating the effect of genotype-environment interaction on
the performance of genotypes in preliminary evaluation or for
practical purposes.

Evaluation of genotypes or cultivars by a regression proce-
dure requires that two parameters of adaptation be identified
and distinguished between: 1) response to increasing yield
potential of environments, and 2) consistency of this response.
The regression coefficient has been used for evaluating the
response of a genotype to increasing yield potential of envi-
ronments (2, 3, 8, 10, 12). The sum of squared deviations
from regression, szdi (2), coefficient of determination, r2
(12) and the F, ratio of mean square of regression to the
mean square of error (8) have been used to compare the con-
sistency of genotype response.

A desirable genotype must have a high mean yvield (higher
than the overall mean of all genotypes under comparison),
respond positively to increases in environmental productivity
potential (b = 1) and have the least deviation from regression
line, i.e. smallest szdi, or highest r? or F. However, eval-
uation of genotypes by this procedure is conditional: a geno-
type may be considered desirable only in comparison to the
other genotypes and within the environments under considera-
tion (4).

A check cultivar must have homeostatic properties and be
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minimally affected by genotype-environment interaction among
adapted cultivars over the region {6). In this study, the
selection of an appropriate cultivar as check among a group
of cultivars commonly used as checks in variety trials of
bread wheat in Isfahan was considered, and regression models
(through mean vs. through origin} and indices of deviation
from regression line {rz and F} were evaluated for comparing
genotypes performance over test envircmments.

MATERIALS AND METHODS

Data from uniform wheat yield trials for cold regions at
Isfahan Agricultural Experiment Station during harvest vears
of 1977 to 1986 (14) were used for this study. 21 trials
ware planted using a randomized complete block design with
six replications. Zach plot was 5.0 m long and consisted of
four rows spaced 0.3 m apart. The whole plot area was har-
vasted for yield determination. Twenty cultivars or geno-
types were evaluated each vear, except for 1981 and 1985, when
only 16 were evaluated. Many cultivars or genotvpes were not
common ¢ver all years, but the cultivars Roshan, Omid, Azadi,
Arvand 1, RJl and Bayat were common over most years and were
used as checks in variety trials. Trials from 1977 and 1980
included a low fertilizer rate {60-30-0} in addition to the
normal fertilizer rate (120-60-0) to evaluate the response of
genotypes to fertilizer level. The low rate of fertilizer
was considered as an independent enviromment in the present
study. Details of materials and methods used for the conduct
of uniform wheat yield trials are reported elsewhere (9, 14).

Two linear regression models, regression through mean vs.
through origin (13) were used. The nursery mean (3) or. upper
mean of each nursery (8) was used as the independent varia-
ble in regression models, while the mean yield of each culti-
var in each trial was used as the dependent variable.

The mean yield of each cultivar over all trials was used as
an index of the nverall productivity potential of that cultivar.



Regression coefficient was used as a measure of cultivar re-
sponsiveness to increased environmental productivity potential
(3). Coefficient of determination and F were used as indices
of consistency of the response (8, 12).

Adaptation analysis of cultivars, evaluation of regression
models, and comparison of independent variables and consis-
tency of response indices were performed using all available
data from 1977 to 1986 trials. Since all cultivars were not
common in all experiments, trials were grouped according to
the highest coexistence of cultivars to provide for more pre-
cise comparisons. Based on this grouping, yvield and adapta-
tion of Roshan, Omid, Bayat, Arvand 1 and Adl over 1978 to
1984 and yields and adaptation of Roshan and Azadi over 1981
to 1986 were compared separately.

RESULTS AND DISCUSSION

Combined analysis of variance over all trials to test the sig-
nificance of genotype-environment interaction was not perform-

ed because the genotypes or cultivars varied from vear to

year. However, examination of the cultivar vyields over trials o
showed change of cultivars' rank from year to year (data not
shown here), indicating possible effect or genotype-environ-
ment interaction.

Regression analysis of cultivar yield over nursery mean or
nursery upper nmgan with regression through origin resulted in
higher r? and F values than with regression through mean.
Coefficients of determination for regression through mean
varied from 0.689 to 0.921, while for regression through origin
ranged from 0.969 to 0.993 (Table 1). Thus, regression through
origin results in an improvement in goodness-of-fit to the
experimental data. This conclusien is in agreement with pre-
vious studies of the autheor, (Khajehpour and Konzak, unpubligh-
ed results). Regression through mean may alsc introduce dif-
ficulty in the evaluaticn of genotypes. The estimated per-
formance of genotypes by regression through mean may surpass
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Table 1. Average yields (Kg ha “_.umou six cultivars, maximum and minimum test yields (Kg ha “)obtained during
harvest years 1977-1986, and regressions through means and origin with nursery mean or upper mean as
the independent variable.

Regression through mean

Regression thrimgm orzgin

No. Average = . -
Entry of yleld _ e Hursery mean J..m.._nuamm mean lt@nlﬂmbm«:lll..][

Trials (kg ha o P 3 F a b F3 F b r 3 [ ¥
Roshan 12 4740 1.51 0.72  0.637 23 1.05 0.73 0.689 22 1.03 0.969 340 0.92 0.974 414
Omid 11 4440 1.44 0.72 0.841 48 0.70 0.7% 0.882 67 1.03 0.985 €52 0.93 0.993 1507
Azadi 6 5200 1.62 0.78  0.895 34 1.45 0.74 0.846 22 1.06 0.992 593 0.38  0.991 560
Arvand 1 10 3860 -1.10 1.26 0.886 62 -1.64 1.22 0.758 25 1.00 0.984 569 0.87 0.969 3082
nal 8 4490 -0.86 1,35 0.912 62 -1.41 1.32 0.869 40 1.15 0.990 678 1.02 0.984 418
Bayat 9 3920 -0.52 i.04 0.921 82 -1.11 1.06 0.892 58 0.92 0.990 773 0.84 0.983 469
Haocimum 12 5570 1.26 0.96 0.952 201 0.52 1.00 0.991 1073 1.22 0.992 1345 .09  0.93% 8662
Mininum 12 3320 =-2.91 0.9%5 0.915 108 -1.29 0.91 47 0.76 0.979 515  0.68 264

0.824

0.960
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the maximum yields or may fall away from the minimum yields
obtainable in sites. Figure la ciearly shows this point. It
may be estimated from Fig. la that Azadi (b = 0.78, Table 1)
will produce higher yield than the maximum over those envi-
ronments with productivity potential lower than about 1750 kg
ha_l {intersection point of the two corresponding lines).
Conversely, it may be estimated that Adl (b = 1.35, Table 1}
will produce higher yield than the maximum over those envi-
ronments with productivity potential greater than about

5750 kg ha"l {(intersection point of the two corresponding
lines). Such misleading inferences are never faced with re-
gression through origin. Regression lines through origin
(Fig. 1b) for aAdl (b = 1.15) and Azadi (b = 1.06) do not in-
tersect regression lines of maximum yields (b = 1.22) or
minimum yields (b = 0.76). At very low vielding sites, an
environmental factor strongly limiting growth may prohibit
expression of genotype productivity potential. Thus, all
genotypes produce low and essentially close yields at such
sites. In contrast, in high yielding sites, opportunities
for the expression of genetic differences are available and
consequently the differences between the yields of genotypes
will increase. These expected responses are in agreement
with the regression through the origin.

Nursery mean (3) and upper mean (8) were used as the inde-
pendent variables in both linear regression models. Coeffi-
cients of determination and F values obtained with regression
analiysis were used for comparing the goodness-of-fit. Larger
r2 or F indicates a lower variance around the regression line
{13). Examination of r? and F showed that the cultivar and
maximum and minimum vields responded differently to the mean
values used as the independent variable. The responses were
alsc dependent on the regression model (Table 1j. For exam-
ple, Roshan showed a low variance with regression over the
upper mean when the line was forced through origin, but with
regression over the nursery mean when the line was forced
through the mean.

ot
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Nevertheless, the nursery mean (an estimate of the average
productivity potential of the environment) can be strongly
affected by low yielding genotypes and may not estimate the
actual productivity potential of the environments. The upper
mean, an average of yields mostly higher than the nursery
mean (e.g. mean of 7 to 11 higher yields in trials of the
present study), may be a better estimate of the actual pro-
ductivity capacity of the environments. The upper mean has
other advantages too. In contrast to the maximum yield (12),
it is not a single yield estimate and in contrast to the
average yield of commercial fields in the region (11) and the
yields of local check cultivars (1), it is goal oriented.

The upper mean may be used as a base (check) for comparing
between genotypes in variety trials (8). For these reasons,
it was preferable to evaluate the performance of genotypes
against the upper mean. Use of the upper mean is especially
preferred over the site mean for evaluation of cultivars to
serve as check, since the check of wvariety trials should
estimate the actual productivity potential of the site.

Three parameters, szdi (2), r2 (12) and F (8) have been
used as an index for comparing the consistency of genotypes
response to increased yield potential of environments. A
combined analysis of variance over all trials and determina-
tions of szdi for each genotype was impossible in the present
study, because the genotypes or cultivars varied from year to
year. The coef%icient of determination and F are also mathe-
matically interrelated. This relation for the regres;ion
through mean may be written as formula (1) and for the re-
gression through origin as:' formula (2):

. 2
—(n-2) r (1)
1“;2

-1) 2
F = —-——“’11); (2)
-r
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where n is the number of paired observationsinthe sample. It
can be seen that a small increase in.n or r2 results in a
large increase in F., Dependence of F on n and its strong
sensitivity to small increases in r2, especially when r?
approaches 1.0, cause difficulty in making comparisons. The
coefficient of determination has a limited range (0.0 to 1.0)
and is not as dependent as F on n. Therefore, r2 may be pre-
ferred to F as an index of consistency of response.
Regression of Roshan, Omid, Adl and Azadi yields over the
upper mean is shown in Figs. 2a to 2d, respectively. Maxi-
mum deviation of points from the regression line (through

2 yas obtained with

origin and through mean) and smaller r
Roshan (Fig. 2a). Maximum deviation of points from regression
line and largest r2 was obtained with Omid (Fig. 2b). BAs ex-
pected, larger coefficient of determinations are associated

with smaller mean deviations from regression line (13). Thus,

r2

may be used as a measure of deviation from regression line.
However, when two genotypes have comparable r2, F might be
used for comparison, provided that both have the same residual
degrees of freedom.

A useful check cultivar should have a high potential for vield,
b = 1 and r2 very close to 1.0. Evaluation of cultivars to
serve as a check was performed using the results obtained with
regression of cultivar yield from all trials over the upper
mean when the regression line passes through origin (Table 1).
Neither Arvand 1 nor Bavat with yields lower than the overall
mean (4470 kg ha_l} and regression coefficients smaller than
other cultivars are suitable as a check. Adl had b close to
1.0, but showed a lower r2 than Omid and Azadi: These latter
cultivars had comparably high r? values, but Omid had a much
larger I values than Azadi. Azadi produced the highest vield and had
a b close toc 1.0 among the cultivars under study (Table 1;.

It is seen that Azadi with an average productivity poten-
tial of 5900 kg ha *, b = 0.98, and r’ = 0.991 is closer to
an ideal check than the other cultivars. Roshan, which is
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presently used as the check in wheat variety trials in Isfahan
(14) is a good yielding cultivar but is inferior to Azadi,
Adl and Omid with respect to b and r®. Thus, Roshan probably
is not a desirable check. However, a more precise comparison
among cultivars requires that all cultivars be tested over
the same vyears.

Roshan, Omid, Bayat, Arvand 1 and Adl were common over trials
conducted during 1978 to 1984. Regression through origin was
run for the yields of these cultivars obtained during the abowve
years over the upper mean (Table 2). Arvand 1 and Bayat had
yields below or approximately equal to the overall mean (3980
kg ha_l} and their b values deviated substantially from 1.0 in
comparison to the other cultivars. Thus, they are not suit-
able as a check. Omid had the highest r? but yielded lower
than Adl and Roshan. Omid was also inferior to Roshan and Adl
with respect to b. Thus, Omid is not a good check. Deviation

Table 2. Regression through origin for yield (kg ha Y) of five cultivars
cbtained during harvest years 1978-1984 with upper mean as the
independent variable.

Entry Average yield b r2 £
Roshan 4410 0.98 0.970 224
omid 4220 0.93 0.990 695
Bayat 3560 0.80 0.986 480
Arvand 1 4000 0.91 0.982 377
adl 4490 1.02 0.984 418




of b from 1.0 is comparable for Roshan and Adl, but Adl is
superior to Roshan with respect to yield and r?. Consequent—
- ly, based on cultivar performance during 1978 to 1984 (Table
2), Adl is superior to the other cultivars as a candidate for
the "check" in wheat variety trials in Isfahan. Unfortunate-
ly, Adl was not included in 1985 and 1986 trials and conse-
quently could nct be compared with Azadi due to the restrict-
ed amount of data available (4 years).

A comparison was made between Roshan and Azadi (Table 3)
using test results from six years (1981 to 1986). A higher
yield, r? and b values closer to 1.0 obtained for Azadi indi-
cate superiority of this cultivar over Roshan for use as the
"check" in Isfahan wheat variety trials.

Table 3. Regression through origin for yield {kg'haﬂl) of two cultivars
cbtained during harvest years 1981-1986 with upper mean as the
independent variable.

Entry Average yield b r2 £
Roshan 5510 0.90 0.982 278
Azadi 5900 0.98 0.991 560

Results of the present study show that the average vyield of
cultivars over several years does nof explain different as-
pects of adaptation. Linear regression of cultivar vield over
an appropriate measure of environmental productivity potential
might be used to compare adaptability of cultivars to a res-
tricted range of environménts (2, 3, 4, 5). Regression
through the origin was found superior to regression through
the mean for this purpose. Upper mean,.an estimate of the
actual productivity potential of the environment (8) was pre-
ferred over site mean, which is an estimate of the average

137
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productivity level of the environment (3).

Azadi was found superior to the other cultivars for use as

the "check" in wheat variety trials conducted at Isfahan Agri-

cultural Experiment Station. Further testing and evaluation

of Adl and Azadi is suggested. Roshan, presently used as the

"check", may not be appropriate for this purpose.
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