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Summary

Double cross cultivar “Wase-homare” is widely adapted in Hokkaido. To
obtain the information of phenotypic stability, the response of “Wase-homare"
to different environments such as a combination of two locations and several
seeding dates was compared with that of its parental sets of two single crosses
and four inbred lines, In addition, phenotypie stability of the parental sets was
also investigated by measuring the magnitude of variation among plants grown
under the same environment,

“Wase-homare” and single crosses were more stable than inbred lines in
different environments for all characters examined. But no difference in response
to different environments was found between “Wase-homare” and single crosses
in any character. There were significant differenceg in response among ubred
lines, but the rank in inbred lines changed with characters. While the magnitude
of interplant variations varied with genotypes in most characters, inbred lines
did not have larger interplant variations on an average when compared with
single crosses. [t was shown that the response to different environments and the
magnitude of nterplanl varialion within an environment are not to be necessarily

maintained under common genetical control.

) fo  genotype-environment interaction,
Introduction

47

The

One of the most important objectives 1n plant
breeding 1s the selection of genolypes that are
consistently high yielding over the range of
environments, When genotypes are compared
in a wide range of environments, relative rank
in genotypes for an agronomic character

frequently changes with environments owing

genotype-environment interaction resulls {rom
the variation in the genetical ability which
controls phenotypic stability to different en-
vironments. [For the adaptability of crop
plants, phenotypic stability of cach genotvpe
decisively plays an important role.

Double eross maize cultivar “Wase-homare”

is widely adapted in Hokkaido®, and has
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contributed to the increase of acreage for
silage production in recent years. Therefore,
it may be meaningful to obtain genetical
information on stability of this cultivar in
relation to its parental sets of single crosses
and inbred lines,

For the uniformity of agronomic characters
in maize, the magnitude of interplant vari-
ations under the same environment is also one
of the important characteristics in breeding
programs, because 1t can have significant
effects on the mechanization of tillage practices
and quality of products, and even on grain
yield®.

variation of maize inbred lines can be separated

According to Goros®, the interplant

into three components, i.e., 1) experimental
error, 2) environmental fluctuation itself, and
3) self-regulating ability of plants themselves
to micro-environmental fluctuation and to
developmental error. Then, he pointed out
that self-regulating ability should depend on
fod com-

each inbred line. Snank and Apams

pared inlerplant varations between inbred
lines and their single crosses of maize, and
concluded that this kind of phenotypic stability
i the feature of heterozygosity and at the
same time it varies even in homozygotes.

Following the above reports, there are two
ways for measuring phenotypic stability of
genotypes. (ne is the response to different
environments and the other iz the magnitude
ol interplant variation in non-segregating
populations.

The present study was conducted 1) 1o
compare the phenotypic stability to different
environments over double cross cultivar “Wase-
homare”, and its parental sets ol two single
crosses and four inbred lines, and 2) to clarify
the relationship of two kinds of phenotypic
stability, response to dilferent environments
and the magnitude of interplant variation,

over single crosses and inhred lines.

Materials and Methods

Materials examined here consisted of double
cross cultivar “Wase-homare”, and its parental
sets of two single crosses, CM 37X CMV 3 (dent)
and N 19>To 15 (flint), and four inbred lines,
CM 37, CMV 3, N19 and To15. The experiments
were carried out in 1984 at two locations in
Hokkaido, the experimentual farms of Obihiro
University, Obihiro, and Hokkaido University,
Sapporo,  Materials were grown in seven
different
seeding dates at Obihiro and three seeding

environments consisting of four
dates at Sapporo (Table 1) using randomized
block design with two replications., Four
seeds per hill were planted with a spacing of
Toem %20 e, After emergence, seedlings were
thinned to one plant per hill. Population
density was 6,667 plants/10a. Fertilizer was
applied at the rate of 121 18:10kg/10a of N:
P:Os: K20 as a basal dressing. Other crop
managerment practices were as usual in each
location.

Mesasurements of culm length, ear height,
ear welght, the number of kernels per ear, ear
length and ear diameter were taken from fifty
plants of “Wase-homare” and from [ifteen

plants of others in each plot. The phenotypic

Table 1. linvironmental conditions by
combinations of locations and
seeding dates in 1984
Locations
Obihiro® Sapporo®
2  May 1l (Ob D
D2 May 18 (O 2 May 18 (Sa 1)
ol May 28 (Ob 3) May 28 (Sa 2)
& June 7 (Ob 4) June 7 (Sa 3
a: Experimental Farm of Obihira Uni-

versity of Agriculture and Veterinary
Medicine,

b: Experimental Farm, Faculty of Agri-
culture, llokkaido University,
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value of each character was evaluated by mean
value among plants within a plot, and then
transformed into the logarithmic scale for
statistical analysis to induce a reasonable
degree of homogeneity of experimental errors.
Interplant variations of ear height, ear weight
and ear diameter were estimated from square
roots of the standard deviation within a plot.
For the other three characters, it was esti-
mated from logarithms of the standard de-
viation. These scales of interplant variations
were suitable to appraise the normality in
distribution of the experimental errors and the
independence with the experimental errors in
phenotypic values'?.

Regression techniques, originally proposed

) were applied to

by Yares and Cocuran'®
analyze the genotype-environment interactions
in phenotypic values. The data Yije of the -th
genotype in the k-th replicate of the j-th
environment may he expressed as
Yijp=ntai tej+8ix;+8,+eij
p=grand mean;
o —effect of the i-th genotype;
g; =effect of the j-th environment;
Fi=linear regression coefficient from the
regression of ¥i;. on the environmental
index, x;, for the i-th genotype;
§,;—deviation from the i-th regression line
in the J-th environment.
ei ;1 —experimental error contribution of the
i-th genotype in the k-th replicate of
the j-th environment.

For the comparison of relative response to
different environments in heterozygous and
heterogeneous hybrids to homozygous parental
inbred lines and for independence of any
information [rom “Wase-homare” and single
crosses, the environmental index, x,;, was
estimated from the average of four parental

inbred lines in the j-th environment,

Results

1. Phenotypic values

There were significant genotypic and environ-
mental effects in all of six characters (Table 2).
The genotypic effects were partitioned into
three parts of variations, 1) difference between
hybrids (“Wase-homare” and its parental
single crosses) and inbred lines, 2) difference
among hybrids and 3) difference among inbred
lines.

The relative difference between hybrids and
inbred lines was detected in all cases; this was
caused by the effect of heterosis. But there was
no difference between “Wase-homare” and its
parental single crosses for ear height, ear
weight and the number of kernels per ear.
Culm length of “Wase-homare” was higher
than those of single crosses at Sapporo, but
not at Obihirc (Table 3). Ear length and ear
diameter of “Wase-homare” were inter-
mediate in the single crosses, CM 37X CMV 3
showed larger ear diameter and shorter ear
length than N 19% To 15.

inbred lines was also found except for culm

Difference among

length.

Most of the environmental effects on pheno-
typic values were explained by the differences
While culm
length increased at Obihiro, the other five

between locations in all cases.

characters increased at Sapporo. Culm length
and ear height increased with later but not the
latest seeding date at both locations.
2. Genotype-environment interactions

There were significant genotype-environment
interactions in all characters (Table 2). A sum
of square of genotype-environment interaction
was partitioned into two parts; 1) difference
among regression lines, and 2) deviation from
the regression.

For all characters, mean squares due to
regression lines were significant, but mean

squares of deviation from the regression were

— 4 —
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significant only for culm length. From these
results, the significance of genotype-environ-
ment interaction mean square could be al-
tributed to difference among regression lines.
Thus the response of each genotvpe to different
environments was evaluated by the regression
coefficient.

Difference in response between hybrids and
parental inbred lines was highly significant in
all cases. It was due to relatively higher
stability of hybrids than that of the inbred
lines (Tahble 3).

It was thus found that heter-

ozygous single crosses and heterogeneous
“Wase-homare” are more stable for the
environmental changes than homozygous

inbred lines. But there was no difference in

the response between “Wase-homare” and
single crosses in all cases. On the other hand,
difference in response among inbred lines was
significant for all characters. On the car
characters, CM 37 and N 19 were stable, but
CMV 3 was unstable,
3. Interplant variations

In addition to a regression coefficient ol the
phenotypic value, the magnitude of interplant

variations in inbred lines and single crosses

Table 5.

was measured as another parameter of pheno-
typic stability. The analvsis of variance for
interplant variations was carried out (Table 4).

There were significant genotvpic effects on
the interplant variations of culm length, ear
welght, the number of kernels per ear and ear
length, Single crosses had larger interplant
variations than the inbred lines for ear weight
and ear length, but in other characters the
variations of single erosses and
(Table 5).

Difference of the interplant variations among

interplant

inbred lines had no difference

inbred lines was observed on the above four
characters, but relative rank in inbred lines
changed with the characters.

With respect to interplant variations of ear
height and ear diameter, there were inter-
actions of genotypes with environments. These
genotvpe-environment interactions of inter-
plant varations also implied the difference
to different

in response of each genotype

environmernts.

Discussion

In this study, the phenotypic stability of

maize genotypes was analyzed by two ways.

Mean interplant variations of inbred lines and single

crosses over environments in the four characters which

had significant genotypic effects

Culm Ear Tho SUmbRE gy
length welght = ar (:TII' length
Inbred lines
CM 37 2.434be? 4.448bc 3.780a 0.50d4ab
CMV 3 2.596¢ 3.418a 4,217h (1,397 d
N 19 2.585¢ 3.960ab 3.649a 0.623be
To 16 2.470bhe .832¢ 4.0276 0,691 be
Single crosses
CM37TxCMV 3 2.470b¢ 0. 184d 4.0776 . 620 be
N19xTo 15 2.394ahb 3.0T0a 0.79%¢

3.084d

Note: The scales of interplant variations were the same ns in Table 4.
a: Meuns within each column followed by the same letter do not differ sig-
nificantly at the 5% level of probability.
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One was the response of phenotypic values to
different environments and the other was the
magnitude of interplant variation within
plot, excluding heritable variations caused by
segregation.

There were genotype-environment inter-
actions in phenotypic values of all charecters,
indicating genetical control of the response to
different environments. As shown in Tables 2
and 3, "Wase-homare” and single crosses were
more stable to the environmental changes than
inbred lines, It thus appeared that with respect
to the stability in different environments,
“Wase-homore” and single crosses are superior
to inbred lines. But the response of “Wase-
homare” to different environments was not
different from that of parental single crosses
in any character.

According to ALLArD and Brapsuaw'’, there
are two ways to achieve the phenotypic sta-
bility for adapting to different environments,
These ways are defined as individual buffering
and population buffering., Individual buffering
is the ability of plants with the same genotype
where the individual members are well adapted
to a wide range of environments; population
buffering is the ability of the population
congisting of a number of genotypes each
adapted to a somewhat different range of
environments, Thus a homozygous or heter-
ozygous genotype such as an inbred line or a
single cross possess individual buffering and
a heterogeneous population such as a three-
way, a double cross and an outbreeding
cultivar possess population buffering. SPRAGUE

") reported that cultivar X location

and FEDERER
and cultivar X year interactions were smaller
in double crosses than in single crosses.
Jongs?? stated that the higher stability of
double crosses to different environments can
be attributed to the buffering ability of heter-

ogeneity. Ilowever, it was also reported that

there are no relationships hetween the response

to different environments- and the level of
heterozygosity® %117, -

As mentioned above, some points of disa-
greement are still remaining in regard to the
relationship of heretozygosity to phenotypic
stability.  Therefore, further investigations
using other double crosses and their parental
sets are necessary. In addition, a considerable
difference among inbred lines was found with
respect to response to different environments
when estimated by # values. This implies that
some inbred lines have a superior stability to
the environmental changes. So it is of interest
to carry out selection experiments in homo-
zvgotes to verify genetic behavior of response
to different environments.

The mean interplant variations over environ-
ments were varied with genotypes in culm
length, ear weight, the number of kernels per
ear and ear length (Tables 4 and 5). For
these four characters, relationships between
i of phenotypic values and the mean inter-
plant variation are presented in Fig. 1. Simple
correlations over single crosses and inbred
lines were positive in the number of kernels
per ear and negative in the other three charac-
ters, but they were non-significant.

The response of each genotype to different
environments 1s attributable to phenotypic
plasticity®. On the other hand, the interplant
variation is known to be due to developmental
instability which is assumed to be attributable
to accidents in the developmental processes®!'®
though it might involve effects of undiscernible
environmental influences. The low correla-
tions between #; and the magnitude of inter-
plant variation shown in Mg, 1 suggest that
phenotypic  plasticity  and  developmental
instability are not to be necessarily maintained

under common genetical control.
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