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Environmental and genotype—environment
interaction effects on phenotypic variation
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Abstract

A method for evaluating biological effects of an environment as allected by genotype-
environment interacltion was investigaled, The elfect of the j - th environment on
phenotypic variation was estimated in terms of five paramelers, ¢, is the additive
environmental effect assumed to act equally 1o all of genotypes, f. is the linear efllect
on phenotypic dillerences among genotypes, 6 ¢ is the multiplicative effect including
random effects on some particular genotypes, h % is the effect on genetic variation or
heritability, ¥, is the effect on repeatability in other environments, The genotype-
environmenl interaction was taken into account in three parameters, 8,, 6 fandr,,

Data on plant heighl in twelve inbred lines of Nicolizna rustica grown under 11
envirenmental conditions were analyzed, These five parameters were more fluctuated
among years than among planting densilies or sowing dates within years, The effect
of the ;- th environment on genetic variation was associated with the effect on pheno
typic differences among inbred lines but not with that on repeatability, The method

presented  here was expected Lo be uselul for evaluating several aspecls ol lest
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environments and for identilying environments for effective selection,
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Introduction

The existence of genotype environment inter-
action, which has long been recognized, means
that the effect of a particular genotype on the
expression ol phenotype s dependent on the
growing cnvironment and that there are genelic
variations in adaptability to varions cultivated

conditions, In plant selection of widely adaptahble

genotype-environment inleraction, heritability, Nicotiana rustica,

genotypes, therefore, the interaction has been a
major concern to plant breeders, The existence
of genolype-environment interaction also implies
that a given environment does not make the same
contribution to the phenotypic expression when
acting on different genolypes® | In other words,
a given environment has more effect on some
genolypes than it has on others,

Estimates of heritability and genetic gain are
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generally employed as a eriterion for indenlily-
ing environments in which selection would be
effective, Bul these estimates are not consistently
assoclaled with productivity levels over environ-
mentg! * & & 8 This inconsistency seems to he
partly due to a deliciency of information on the
environmental elfects on phenotypic variation
when genotvpe-environmet interaction allects,
The objective ol this paper is to deseribe a
method for evaluating some aspeets of the ellects
of an environment on the phenotypic expression
ol quantitative characters, A population of
Nicottana rustica inhred lines is used to illus

trate the analysis,
Materials and Methods

The Prirrkins and Jinks model™ . originally
proposed hy Y ATES and COCHRAN'Y  was applied,
The observed value of a particular character,

Py, e of the 1 Lh genotype grown in the k—th
replicate of the j- th environment can be written
as

Piig— M ~g, e, higes, T E
where 115 the grand mean, g, is the genotypie
effect of the 1 th genotype and e, is the additive
effect of the 1 th environment, ge,  is the effect
attributable to genotype environment interaction
hetween the i th genotype and the j - th envir-
onment, &, 18 the residual effect being regard-
ed as the experimental error, The environmental
effect e, 18 used as a parameter measuring the
additive effect which is assumed to contribute
cqually 1o all of genotypes grown in that environ-
ment,

To examine the contribution of the j—th en
vironment to genotvpe-enviroment interaction,
ge,, can he regressed on g, Namely,

ge., = Big. b,
where 8 15 a regression coefficient and 6, , ig a
deviation from the regression line, A larger
value of 8, than unity is expected when the j th
environment has a favorable influence on genotypes

with larger g.'s . or an unfavorahle influence
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on genotypes with smaller g,'s.  Thus, pheno-
typic differences among genolypes may increase
in the environment, & % 4 variance of §,,, gives
another parameter showing the genotyvpe-envir-
onment mteraction effect. The environment with
a large §% may be regarded to have random
influences on some particular genotypes being
independent o g,.

Heritability h# is estimated from an analysis
of variance table in each environment and used in
evaluating the effeet on the genelic variation,

A mean value 1, of correlation coefficients
hetween phenotyvpes in the | th environment and
those in all of other environments is ealculated.
r, can give a prediction of the relative rank
among genolypes in the other environments?’
Thus, r. suits as a parameter by which an effect
of the environment on repeatability of relative
performance in genotypes can be examined, If
r, is high, genotypie differences observed in the
J the environment are anticipated o be maintain-
ed 1 other environments because of the low level

of genotype  environment inleraction,

Tahle 1 .The environmental regimes used in the
Nicotiana rustica experiment

’ ; Soodil{r Transplant  Intra
Code Year g =pc R

date ing date  spacing!’
11979 May 3 June 14 10¢
21979 May 3 June M 20
3 1979 May 3 June 14 10
| 1980 April 14 May 22 15
il 1980 April 14  May 22 30
6 1980 May 6] June 14 15
¥ 1980 May 6 June 14 30
g 1981 April M May 16 15
9 1981 April 14 May 16 30
11981 May 6 June 2 15
It 198l May 6 June 2 30

U The interrow spacing is Ten.
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Nata analyzed here was obtained from the field
trials of N. rustica inbred lines carried out at
Kxperimental Farm of Faculty of Agriculture, H
okkaido University for three scasons, Twelve
inbred lines were grown under 11 environmental
conditions given in Table | with two replicates,
Records ol plant height were taken from ten
competitive plants per plot al the harvesting time,
In estimating h?, 8, and §% a transformed
value into Lhe loparithm was used for the purpose
of inducing a reasonable degree of homogeneity

of the experimental errors in analysis of variance,
Results

Analysis of variance given in Table 2 showed

that environmental and genotype environment

interaction effects, as well as genotypic ellect,
were highly significant, Table 2 further revealed

that the contribution of individual environments

Table 2 . Analysis of variance for plant height

of N.rustica

Souree of

: dl Mean square( <10 237
variation

I .Genotypes. G. 11 6581975 )¢
2 Environments, K. 10 AT, 7347 (5 )
3. Between years 2 217.576%% (4 )
1. Within years 8 5.273%*(h)
5 .G« I¥ interactions 110 1.195%*(12 )
6. iél‘(-‘w:_-l"log(‘m-fl_\‘ ol 10 248104 (9)
7. Belween years 2 96667 (8 )
8. Within vears H 1,935*%(4)
Y. Devialions 100 0.966**(12)
10, Between years 20 25157711 )
Il Within vears 80 0,679**(12)
12 132 0.219

Errors

" Evaluated in terms of the logarithm.

= The regression coellicient 3, of the phenotype
in the j th environment on the genotype mean
value through all environments.

M The item against which the lest of sigmificance
was rade was given in the parenthesis.
< axsignificant at 9% and 1% levels, respec-
tively
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to the genotype-environment interaction could he
partitioned inlo the linear and non-linear parts,
ADDITIVE EFFECT

As shown in Table 3, the addilive environ
mental effect in mosl parts varied among years
and also tended to increase in the low densily,
The early transplanting in 1980 (codes 4. 3 )
but the

was the most favorable, unfavarahle

conditions concentrated on the 1979 season,

Table 3. Five parameters estimating effects of the
j—th environment cn phenotypic variation
for plant height of N.rustica

Environment

code! C h? B, 8 r,
1 224 931 135 187" 0837

79 2 183 938 1277 041 0 897

5 174 930 1.03 117 081
{174 893 0557 1367 0 748
"800 5 230 850 0697 1.00°" 0 823
6 97 799 1.01 109" 0 826
7131 AT.2 097  1.10** 0 843
8 41 907 088 028 0800
819 4.7 937 1.04 059 0 881
10 88 931 108 051 0883
1 20 920 113 026 0901
LSD 5% 11,2

Notele, ;
assumed to act equally to all genotypes,
h?: the effect on genetic variation or heri-
tability,
& : the lincar effect on phenotypie differ-
cnces among genotypes, see Table 2
é ¢ ¢ the non-lincar or random cffect on
some of particular genotypes evaluated
by a deviation mean square from the
regression,
r o the effecl on repeatlability, evaluated
by a mean correlation cocfficient,
! Kefe ta Tahle 1,
=, +* o Sipnificant at the 2 % and 1 % levels,
respectively,

the additive environmental ellect,



218 IT. Miura

EFFECT ON GENETIC VARIATION

The estimate of heritability h? was used as a
parameter of the environmental effect on genetic
variation, h? varied from 79 9% to 93 8%, and
The high

estimates indicated that plant height was mosltly

differences among years were large,

determined by genolypic effects,
LINEAR and MULTIPLICATIVE EFFECTS

The linear and multiplicative effects of each
environment were estimated in terms ol 3, and
& %, respectively, g values showed that differences
of plant height among genotvpes extended when
plants were grown under the environments
mncluded in 1879 and 1881 bul reduced under the
environments in 1980, The multiplicative effect
was 'll:lw under the four treatments in 1981,
EFFECT ON REPEATABILITY

The mean correlation coefficients in the four
environments of 1881 were high and more than
r, =0 88, suggesting that the relative rank of
genotypes observed 1n these environments tended
to be maintained in other environments, The
lowest value of r. in the environment code 4
revealed that the early sowing under the high
planting density of the 1980 season resull in
different responscs ol genotypes [rom the other
cnvironments,
RELATIONSHIP BETWEEN THE EFFECTS

Rank correlation matrices 1 all possible pairs
of the parameters are presented in Table 4 The
additive effect ¢, was negatively associated with

5, and h? This indicated that the phenotypic

Table 4 . Rank correlation matrices in all
possible pairs of the parameters
evaluating the environmental effects
on phenotypic expression in plant
height of N.rustica

¢, h: g8, & Y,
(n 2 @ (4) (a)

8] —TeA> 0.809** 0.082 —0.345
(2) 0.754** 0.182 0.418
(3) —(.182 0.482
1 0.845**

Note) IBach parameter was shown in faotnote in Table 3.
++: Significant at 1 % level,

differences among genotypes increased under
unfavorable environments for plant height, b
was conlirmed  from  the negative correlation
between 4 % and v, that the random effecl due to
genolype-environment interaction leaded a poor

repeatabilily of relative performance of genotypes.
Discussion

In plant breeding, heritability estimates are
frequently employed as a criterion lor identifying
environments in which seleclion would be effec-
tive, This parameter is indelineating what degree
of differences among phenotypes result from
genetic causes® | The heritability estimated from
separate analyses of variance tables in individual
environments may be influenced by Lhe genotype-
environment interaction ellect through the hlock
interaction with genolvpes as the error effect,

In the present data on plant height of N.rustica
inhred lines, relationships between heritability
and repeatability were not close (Table 4 ), This
resull suggested that the interaction of genotypes
with micro-environmental variation within an
environment was different {rom that with maero-
environment.  In addilion, this eonfirmed the
contribution of each environment to genetic varia-
tion and thal to genotype-environmenl interaction
were independent of each other, Thus, as ALLEN
el af, ¢ pointed oul, the heritahility estimated from
single environment data may be deficient as a
criterion for identifving cnvironments when a
genotype-environmel interaction is not negligible,

To measure the effect on genatvpe differcnces
in phenotypes, we employed the regression coef-
ficient,  This parameter which was correlated
with heritability (Table 4) varied among years
rather than particular cultivation treatments

('I'able 3 ), 'This sugpests that phenotypic dif-
[erences among genotypes are affected by varia-
tion in unpredictable factors of the environment
such as amount and distribution ol rainlall and
temperature rather than controllable lactors like

ilanting density and sowing date. From these
F 2 ) g
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results, the method presented here is expected to
he useful for evaluating several aspects of test
environments and for identifying environments
for effective selection, llowever, it is cmphasized
that the population and environments tested here
were limited, especially only one localion data was
analyzed. In addition, the standard error ol r
has still not been established while that of genetie
variance can be caleulated® . Therefore, the
results of this experiment should he interpreted
with eausion and the method should be further
examined [or other types of genetic populations

and environments,
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