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INTRCDUCTION

Wheat, like other cereal gresins, has many natural
advantages as a food, It is nutritious, concentrated, readily
stored and transported, and easily processed to give highly
refined raw foods., The products are bland, fit into countless
recipes, and suit many tastes, Unlike any other plant
derived food, wheat contains gluten pfotein'which enables a
leavened dough to rise by forming minute gas cells that hold
carbon dioxide during fermentation. This property enables

bakers to produce light bread,

Wheat provides almost 20% and rice about 21% of the
total food calories for the people of the world., Rice, wheat,
corn, and potatoes are the leading food staples and rank in
this order of importance, ‘heat is the national food staple
in 43 countries, It is the main staple for one billion pecople
or about 35% of the world's population (B3rown, 1963), Depen-
dence upon wheat varies widely with geographic regions, In
Europe and the USSR over 30% of the calories come from wheat,
while in most other regions less than 20% are derived from

wheat,

As a food, wheat 1s the major ingredient in most breads,
rolls, chapaties, crackers, cookies, biscuits, cakes, doughnuts,
muffins, pancakes, waffles, noodles, pie crust, ice cream

cones, macaroni, spaghetti, puddings, pizza, bulgur, rolled



flakes, many het and ready-to-eat breakfast foods, and baby
foods. It is a common thickener in soups, gravies, and
sauces and occurs in candies and bevérages. Germ, bran, and

malt are additional forms of wheat prodﬁcts.

Livestock and poultry thrive on wheat grain as a part
of the ration and feed channels utilize most of the wheat by
products from flour milling, The straw may be fed as a part
of the roughage for ruminants and is used extensively for
livestock bedding, The green forage may be grazed by all
classes of livestock and the green crop can be harvested as

hay or silage,

In soil management and rotations wheat serves as a
companion crop with legumes and grasses as a greem manure

crop and as a cover crop to reduce erosion and suppress weeds,

In industry'wheat grain is used as the source of starch
for pastes, alcohol, oil, and gluten, The straw may be used
for newsprint, paperboard, packing, and art objects. The
ripe unthreshed heads make decorative sheaves and bouquets.
The uses of wheat, then, are extensive and varied, It is im-

possible to list all of them,

The world's wheat acreage and productlon are clearly
concentrated in the northern hemisphere (U,S, Department of

Agriculture, 1965), The USSR has the greatest harvested



acreage of any country, but the Asian countries together
(including China) have more, European countries and North
America together have about the same acreage as the USSR,
These three great areas encompass over 90% of the world's
wheat lands. In south and southeast Asia cultivation of
wheat is concentrated in central, northern and northwestern
India, and in Pakistan, where rainfall averages between 20
and 40 inches per year (Pal, 1964). Very little wheat is
grown in Bangladesh, Burma, Thailand and other countries of
south and southeast Asia since the hot humid climate in these

areas 1s unfavourable to good wheat production,

A few years back wheat had no place in Bangladesh as a
food crop, Its importance as food crop, however, was first
realised in our country after the great floods of the fifties
and sixties, According to the report of wheat Task Force
(3ARI), the total areas of wheat cultivation and total produc-

tion is as given pelow:

Session Total land cultivation Total vield

1975=-76 0.12 million hectares 0.258 million ton
1978=-79 0.65 million acres 0,481 million ton
19759-80 l.4 million acres 1.00 million ton
1980-81 2,2 million acres 1.50 million ton

A change in the dietary hablt of our people has occured and

cultivation of wheat has increased gradually., Wwheat is now



established as an important food crop and occupies the

second position as a staple food crop in Bangladesh,

wheat was already an important crop when history was
first recorded. So accurate information on the exact time
and place of its origin is not avsilable (Clerk, 1936). The
distribution of the wild wheat and grass, believed to be the
progenitors of the cultivated wheat, sdpports the belief
that wheat originated in southwestern Asia. Some species
were cultivated in Greece, Persia, Turkey and Egypt in pre-
historic times while the cultivation of other species may be
of more recent origin, 1In India, evidence from lMohen~Jo-Daro
excavations indicestes that wheat was cultivated more than

5,000 years ago (Pal and Alam, 1938).

The genetic origin of wheat is of interest for it is a
classical example of how closely related species may be
combined in nature into a polyploid series. The species of
Triticum, the genus to which the cultivated wheat belongs,
and their close relatives may be divided into diploid, tetra-
ploid and hexaploid groups, with chromosome numbers of 2n = 14,
28 and 42 respectively., Species within the tetraploid group
have apparently 6riginated as amphidiploid from two diploid
species, The hexaploid species originated from the addition

of a third genome to a tetraploid species,



The most common cultivated wheat of the world is hexa-

ploid type (2n = 42), botanically known as Triticum aestivum

L. em Thell, The grain may be either hard or soft in texture,
brownish-red or white in colour., Wwhile commonly called

'bread wheat' and valued for this purpose, the softer tex-
tured varieties are used for pastry, crackers, ;weet goods

and many other products,

Wheat plants belong to the family gramineae, The plant
i1s errect, unbranched, herbal and annual in nature, It
usually grows upto 80-140 cm, in height. The plant produces
fibrous roots and the stem is smooth or hairy. The leaves are
exstipulate, - simple, slternate, entire, dorsiventral with
parallel venation, The inflorescence is a tefminal spike or
head consisting of 15-25 spikelets born on zigzag axis.
Flowers are bisexual, stigma feathery; anthers are three in
nurnber, Wwheat is a self-pollinated crop, blooming normally
starts several days after the wheat spike emerge (Leig?ty and

Sando, 1924).

The coleoptile, or first leaf, is a hollow, cylindrical
structure, It completely encloses the plumule (2 or 3 rudimen-
tary leaves surrounding the shoot apex), except for a small
opening (coleoptile pore) near the apex on the side opposite
the scutellum, Tﬁe first green leaves of the plumule even-

tually emerge through this opening,



percival (1921) considered it the primary prophyll or
a lecaf sheath without a Blade. le indicated that the coleop-
tile of wheat may be green, colourless, or pink and has little
photosynthetic activity. Seedling grown in the greenhouse
from crosses of plants with purple vs. green coleoptiles
were found to depend on two dominant cduplicate factors,
designated as Py and P, (Quisenberry, 1931), Other workers
have found coleoptile colour to depend on either one or two

factor pairs., Classification for coleoptile colour is gene-

rally good but restricted in time.

Varieties differ in coleoptile length which is in
general, positively correlated with seedling emergence,
Selection of types with longer coleoptiles has resulted in
increased emergence from decp sowing (Allan et al., 1964).
The trend toward semidwarf types has created new problems in
producing satisfactory stands because coleoptile length is
positively correlated with plant height. If this association
is complete, the grower's choice of variety, i.e., normal vs,
short stature, will be decided by the relative importance of
the two problems, poor stonds of short stature wheat vs,

lodging and too much straw of normal height varieties.

The present investigation deals with studies of genotype-
environment interactions shown by coleoptile length of wheat

(Triticum aestivum L, em Thell), The character coleoptile

length was selected for study because it can be precisely



measured and can be gresatly influenced by the temperature

and germinating medium, The principles of analysis will

apply equally well to other quantitative characters such as

height and yield,

The problems especially examined are:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

the proportion of the variation over environments
i.e. linearly related to quantitative assessment
of the environment;:

the advantageous of alternative methods of

assessing environment;

the specificity of the response of genotype to

diverse environmental factors;

the relative sensitivities of different components

of variation to change in the environment::;

the degree of independence of the genetic system

controlling the mean expression and sensitivity
aspects of phenotype;

the transmission of known degrees of linear and
non-linear functions of the genotype-environment
interaction among parental lines to the advanced

generations derived from crosses among them;

estimates of components of gengtic variations

were used to examine the interaction of additive
and non-additive component with the environment; and

inheritance of coleoptile length through single
cross and diallel cross,



Genetic information on the inheritance of quantitative
characters is necessary for the preparation of effective and
meaningful breeding programmes on wheat for its improvement;
but such information was hardly available before the 1950's.,
Recently a number of works on the inheritance of guantitative
characters of wheat have, however, been reported by several
workers {(Crumpacker and Allard, 1962; Briggle, 1963; s#riggle
et al.,, 1967; wWalton, 1968; Walton, 1969; Singh and Gupta,
1969; Paroda and Joshi, 1970 a,b; Hsu and Walton, 1970a, bj
wWalton, 1971 a,b,c; Bhatt, 1972; walton, 1972; Sun gt al.,
1972; Yadav and Murty, 1976; Gill et 8l., 1979; Jatasra and
raroda, 1978 a,b, 1979a, 1980a,b,c; and many others)., As
change in environment is usually associated with the change
in gene expression, studies on quantitative characters become
complicated when more than one environment is involved, Study
of the variations in wheat over a number of environments will
entail the prediction by the breeder of its phenoctypic expre-
ssion under related environmental conditions. This will help
the breeder to improve the crop under the expected environmen-

tal variations.

Fisher (1918) studied the genetic variance in relation
to environmental effects and he was the first to provide
statistical methods of partitioning the total variation into

genetic and environmental components, He considered that



several genes acted simultaneously on a gquantitative charac-
ters producing the total variation, He developed techniques
for the detection and estimation of the average main (additive)
and dominance effect of these genes even when the genes were
unequal in effect and exhibited incomplete dominance, He
further pointed ocut that non-sllelic interaction (epistasis)

could also bhe separated,

with the development of first (mean) and second degree
(variance and covariance) statistics, two distinct lines deve-
loped for the measurement of gene action and interaction
involved in the phenomenon of continuous variation. The first,
Mather (1949), developed blometrical techniques based on
mathematical models of Fisher et al. (1932) and he described
how the main and dominance variation could be estimated in a
wide variety of genetical experiments, He also elaborated
the methods of estimating epistatic variation., This influenced
several workers (Anderson, 19253; Anderson and Kempthorne, 1954;
Kempthorne, 1954; Jinks, 1956; Hayman, 1957) to approach the
equivalent general representations of gene actions and inter-
actions, Models of eplstatic systems were also described by
Griffing (1950), Powers (1951), and Horner, Comstock and
Robinson (1955) to detect the genetic variation present in
two inbred lines and their descendant families, Anderson and
Kempthorne, (1954) in particular showed that all the information

about additive, dominance and digenic epistatic variation is
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contained in just 6-parameters. Ilayman (1958) successfully
measured epistatic variation and separated additive and
dominance effects from epistasis by using 3-parasmeter and
6-parameter models, iHe observed that means of families or
generations were influenced by epistasis which often became
as great as additive or dominsnce variation which might be
present in the form of interaction with additive effect, with

dominant effect or with both additive and dominant effects.,

Another line of study was developed which used the second
degree statistics (variance and covariance) for the analysis
of continuous variation present in random mating groups and
the diallel cross technique as a means of early generation
evaluation came into existence., A diallel cross consists of
all possible crosses between a number of varieties whicihr may
or may not include reciprocal crosses and selfed parents

(Gilbert, 1958).

Fisher introduced the mathematical model of diasllel
crossing system in 1918, One year later the method of diallel
crossing or method of complete intercrossing as a means of
comparing the breeding values of parents was stated by
Schimidt, (1919). The method of analysis of diallel cross
progenies was elaborated by Fisher, Immer and Tedin (1932)
and later on it was further developed by Jinks and tHayman

(1953), Jinks (1954) and layman (1954b), In 1945 llull considered
some aspects of diallel crosses, Yates (1947) described the
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estimation of the additive main effect of parBnts and their
interactions in the individual crosses from an incomplete
diallel cross, The two terms "general combining ability"
(GCA) and "specific combining ability" (SCA) were originally
defined by Sprague and Tatum (1942), GCA and SCA refer
respectively to the additive main effects of the parents and

their interactions in the individual crosses,

Since then, using modern statistics in the analysis of
diallel crosses, many models and techniques have been developed
by a number of persons (ilayman, 1954 a,b, 1957, 1953, 1960;
Jinks, 1954, 1956; Griffing, 1956 a,b; Kempthorne, 1956; Gardner
and Eberhart, 1966; etc.) to apply the diallel crossing success-
fully to a wide field of practical purposes in plant and animal
breeding, Sprague and Tatum (1942), Henderson (1948, 1952),
Criffing (1950, 1956a,b), and Matzinger, Sprague and Cockerham
(1959) have shown the utility of diallel crosses in the inves-
tigation of GCA and SCA, Its application to practical purposes
in the early generation evaluation of parental material in
breeding programmes has been discussed by Jinks (1955), Allard
(1956 a,b,c), and whitehouse, Thompson and Valle Ribeiro (1958).
Rajas and Sprague (1952), Matzinger and Kempthorne (1956), and
Matzinger, Sprague and Cockerham (1959), have also considered
its application to the investigation of genotype-enviraonment
interaction., Some recent papers (¥empthorne and Curnow, 19061;

Fyfe and Gilbert, 1963; Curnow, 1963; and Hinkelmann and
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Kempthorne, 1963) have shown that the preferable method is

to include in the diallel analysis only a sample of all
possible crosses among a large number of parents rather than
to include all possible crosées with reciprocals and selfings

among a smaller number of parents,

Diallel technigue has been recently used by Paroda and
Joshi (1970 a,b), Tandon et al. (1270), Sharma and Singh
(1976), Yadav and Murty (1976), Jatasra and Paroda (1978 a,
1979 8, 1980 a,b,c), Joarder et al, (1982) and many others

in metric characters of wheat.

The relative performance of different genotypes vary
‘under different environments indicating the existence of
geno type-environment interaction., In other words, the failure
of a genotype to give the same phenotypic performences when
grownl under different environments is the reflection of

genotype-environment interaction,

The occurence of genotype-environment interaction has
long provided a major challenge to obtaining a fuller under-
standing of the genetic control of varisbility., The study of
genotype-~environment interaction in its biometrical aspect is
thus important not only from genetical and evolutionary points
of view, but also very relevant to the production problem of
agriculture in general and to plant breeding in particular

(3reese, 1969), A knowledge of the nature and relative
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‘magnitudes of the various types of genotype-environment
interactions is important in msking decisions concerning
breeding methods, selection programmes and testing procedures
in crops. The phenomenon has been recognised by a number of
persons (Yates and Cochran, 1938; Finlay and wilkinson, 1$63;
Rowe and Andrew, 1964; Eberhart and Russel, 1966;‘Perkins

and Jinks, 1968343reese, 1969; Baker, 1969, and Verma and

Gill, 1975).

Recently three regressiop approaches have been used to
describe the genotype-environmental interactions of a set of
genotypes. The first (¥inlay and vilkinson, 1963; Rowe and
Andrew, 1964; Eberhart and Russell, 19G6; Breese, 1969) is a
purely statistical approachi, whereas the second (perkins and
Jinks, 1968 a,b; Baker, 1969) and a third derived from it
{(Freeman and Perkins, 1971) relate the components in the regre-
ssion analysis to the basic biometrical-genetical model given
by Perkins and Jinks (19638 a,b). The definitions of the d;
and gij parameters in this model (lio, 1) have been modirfied,
as suggested by Connolly (1968) to allow for heterozvgosity
in the genotypes (3reese, 1969), Different models used to
analysis the data for genotype-environment interaction are as

follows.

l. DBasic biometrical-genetical model

vi] = M+ di +%2j + ol) Model 1



Where:

¥Yij = mean phenotype of the ith genotype in the jth

environment,

ft, = grand mean over all genotypes and all environments.

o
e
]

gi

2. Reg

genetic contribution of the ith genotype.

= additive environmental component of the
jth environment.

j =  genotype-environmental interaction of the
ith genotype in the jth environment.
ression approach 1

wiere:

xi

_Pi
di

3. Reg

vij = xi + @i €] + 1] | Model 2

mean expression (i.,e, mean overall environments

fi

of the ith genotype.

regression coefficient of the ith genotype for
the regression of Yij on %2j.

j = deviation, in the jth environment, of the ith

genotype from its linear regression on to &j.

ression approach 2,

wWhere:

Yij =f+ di o+ %3 +Pdity + D1y Model 3
=h+ di o+ 2] (1 +[bd1) ¢ &1

di = regression coefficient of the ith genotype
for the regression of gij on to &j.
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4, Regression approach 3

Yij = fe+ di +Dzi o+ 35 + paizj +Odij  Model 4

Yi

e

o Jesdis Pizj+5ij Model 5
where:

(bi

regression coefficient of the ith genotype for

the regression of Yij on to zj.

P = combined regression coefficient (equal to the
mean of all Pi).

pdi = difference between the regression coefficient
of the ith genctype and the combined regression
coefficient (i,e, @i - ﬁ?). It is the coeffi-
cient for the regression of gij on to zj.

éij = deviation, in the jth environment, of the ith

genotype from its linear regression on to zj.

éj = deviation of the mean of 311 genotypes in the
jth environment from the combined regression
line (i.e, 2] - Pzi).

gdij = the deviation of the ith genotype from its
linear regression on zj in the jth environment

minus j {(i.e, éij - Bj).

In approach 1 (model 2) phenotype (Yij) is regressed
on the additive environmentgl component ( ij) to give two
measures of sensitivity to change in environment, These are
the regression coefficient, IBi and the deviations from

linear regression mean square, (Eﬂi '33/(35=-2), Eqguivalent
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sensitivity measures, p)di and (%ézij)/(S-Z), are obtained
in approach 2 (model 3) by the regression of the genotype-
environmental component (gij) on the additive environmental
component ( 2j). These two regression approaches are
directly related such that xi, b1, and $ij are equal to

(ft+ di), (1+‘pdi) and éij, reépectively. The relation
between[bi and Pdi occurs becaﬁse in approach 1 the additive
environmental component ( %2j) as well as the genotype-environ-
mental component (gij) is regressed on the ij values and this
regression of ij on to itself has a slope of unity, Thus,
when approach 1 is followed the regression sum of squares
contains additive environmental as well as interaction varia-
tion and is equal to (1 + pidi)2 % ( ﬁj)z where that following
approach 2 is (pﬂi)z‘%-( ij)2 (Parkins and Jinks, 1968 a,b).
The appropriate partition of the total degrees of frecedom
available from t genomes and s environments is given for each

approach as follows.

lo Regressicn approach 1

Item def.
1. Between genotypes (G) tE+1
within genotypes (wWG) t(3-1)
2. Joint regression 1
WG 3. Heterogeneity of regressions t =1
4, Deviation from reqression t (s8-2)

Total ts—- 1
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II. Regression approach 2

Item d.f,

1, Between genotypes (G) t -1

2., Between environments (E) S -1
Genotypes xenvironments (GxD) (t~1)(sS=1)

3. Heterogeneity of regressions t-1

GxEB

4, Deviations from regression (t=1)(s5=2)
Total ts - 1

JII, Regression approach 3

Item d.f.
1, Between genotypes (G) t -1
Between environments (E) S -1
%.2. Combined regression 1

E
3. Environmental residual S - 2

Genotypes X environments (G x E) (£-1)(35-1)

¢ id. Heterogeneity of regressions t -1
¥E
5¢ G x B residual (t=1) (8=2)
Total ts - 1

Because of the relation between the individual regression
sums of squares and the equality of the deviations from

regression sums of squares, the heterogeneity of regressions



=
o

and the deviations from regression items of approaches 1 and

2 are equal,

The estimate of the environmental component used in
approaches 1 and 2 has gencrally been the mean of all geno-
types in each environment, calculated from the actual data
analysed for its interaction variation, In these cases the
environmental values used on the X axis in the regression
analysis have not been independent of the phenotypic variable
regressed on them, The only exception‘to this procedure is
the regression of progeny phenotypes on additive environmental
components estimated from parental phenotypes. Examples where
the performance of Fl, F, or back-cross individuals has
regressed on parental performance may be found in Bucio Alanis
and Hill (1966), Perkins and Jinks (1968 a,b), Breese (1969),

Bucio Alanis, Perkins and Jinks (1969), Perkins (1970), Jinks

and Perkins (1970) and wWesterman (1971 a,b),

Considered individually both approaches described in the
preceding paragraphs appear to be statistically valid, iHowever,
when, as has been the usual procedure, non-independent
estimates of 2j are used, the joint regression sum of squares
with one degree of freedom in approach 1 is equal to the
environments sum of squares with (S-1) degrees of freedom in
approach 2, This ambiguity in assignation of degrees of
freedom, noted by Perkins and Jinks (1968 a,b), is considered

in detail by Freeman and Perkins (1971) in their examination
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of the use of the statistical theory of regression to
describe environmental and genotype-environmental variations.
They conclude that it is statistically invalid to use non-
independent ehvironmental values, This criticism applies, .
with the exception noted earlier, to all previous work in

which approcach 1 or approach 2 was followed.

In addition, Freeman and Perkins (1971) criticise the

partitioning of the genotype X environment sum of squares into
parts attributable to individual genotypes. This partitio-
ning is implicit in any examination of the individual regre-
ssion lines with approach 2 and, although possible arithme-
tically, is not valid statistically as tco few degrees of
freedom are avallable, The sensitivities of individual
genotypes can only be compared by partitioning the total within
genotypes sum of squares, which contaih both the between
envircnments and the genotype X environment components

(rreeman and perkins, 1971),

To correct the statistical shortcomings of the previous

approaches Freeman and Perkins (1971) developed approach 3 in
which phenotype (¥ij) is regressed on to independent environ-
mental values (Zj's). They suggest that the Zj values be
obtained by replication of the genotypes being investigated
or by use of controcl genotypes such as the inbred parents used

by Bucio Alanis, Perkins and Jinks (1969),



20

Perkins and Jinks (1968 a,b), Bucio Alanis gt al.
(1969), Faroda and Hayes (1971), Joarder and tunus (1978),
Joarder et al, (1979), and Bains (1976) observed that both
linear ([bi) and non-linear (Eﬁ) components are subjected to
genetical control and are at least in part subject to diffe-
rent genetic systems, Our knowledge of the inheritance of

this component is as yet limited to investigations with

Nicotiana rustica reported by 3ucio Alanis et al. (1969) and
to a limited extent in wheat by BRains (1976). These authors
showed that it was possivle to accurately predict the linear
function ( pi) of advanced generations of a cross between
pairs of pure breeding lines from those observed in the
parental and F generations., These they observed by parti-
tioning the genoty e-environment interactions into those

involving additive effects of the genes and those involving

dominant effects.

In spite of the presence of genotype-environment inter-
action, a breeder is trying to produce a variety with good
general adaptstions to the whole range of environmental and
agronomic conditions of importance and to breed varieties
adapted to specific environments within which a selection
programme is operating. Genotype-environment interaction is
now recognised as an important source of phenotypic variation,
As it is under the control of gene, the breeders are able to
select suitable genotypes in advanced generations by growing

them under different environmental conditions, Knowledge about



the type of genotype-environment interactions involved in
populations help the breeder to breed and to select petter

varieties,

21
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REVIEW OF LITERATURE

Dealing with the problem of genotype-environment inter-
actions to various crop plants a large number of papers have
been published., But there are limited number of works dealing
‘with the problems of genotypé-environmental interactions shown
by coleoptile length in wheat., Some of these available works

are reviewed below:

Allan et al, (1962) studied fourteen selections of
standard height, 25 semldwarf selections of the common type
and 16 semidwarf club selections were grown at 50 and 90°F.,
in the absence of light. The high temperature significantly
reduced the coleoptile lengths of wheat selections in all
groups as compared with the measurements taken at SOOF.
Selection within the standard height and club-type semidwarf
groups differed significantly in their sensitivity to high
temperature, Amongst the standard height selections, spink-
cota, which emerges rapidly, showed least reduction in coleop-
tile length; Brevor, which emerges slowly, showed the greatest
reduction, The semidwarf clubs showed the greatest variability

in coleoptile reduction,

Chowdhury and Allan (1963) calculated the heritability
values for coleoptile length and seedling height for four )
winter wheat crosses involving two semidwarf selections and
two standard helght varieties, Coleoptile length in Royal x

SD14 and Nigger x SD50-3-3 had high heritability values and
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selection could be practised effectively in the F2. Effective
selection for seedling height was shown to be possible only
for Royal x SD14, Results indicated that both major and
minor modifying genes controlled the inheritance of these

two characters, Positive phenotypic correlations were found
between coleoptile length and seedling height for all the
crosses; these characters exhibited only a low degree of
association with plant height except in the case of Royal

x SDl14.,

sunderman (1963) found significant differences in per—
centage emergence and coleoptile length among nine varieties
included in field and laboratory tests under different condi-
tions of temperature, depth of so@ing. Delmar, while only
ranking seventh in height, had the highest percentage emer-
gence and the longest coleoptiles, Variety x depth of
planting interaction was highly significant for coleoptile
length but not for emergence, Plant height was positively
correlated with coleoptile length in three out of five test
and with emergence in one out of two tests, Coleoptile length
in the laboratory showed highly significant positive corre-
lation with the average coleoptile length and emergence
percentage in the field: the highest correlation between
coleoptile lengths and emergence percentages in the field
tests was obtained at a four inch depth of planting, Thus

lines showing better emergence may be derived by the selection
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of plants manifesting long coleoptiles either in laboratory

test or when planted at a dépth of four inches in the field,

Hunt and Miller (1964) reported that seed size, coleoptile
length, emergence, and seedling height varied wldely in
intermediate wheat grass. High positive correlation were
found among all characters., Wide variation in all characters
was found among the limited number of selections studied., Some
evidence of environmental influence on seed size which does
not influence coleoptile length was presented, The analysis
of a diallel cross indicated a strong maternal influence on

Coclecptile length,

Burleigh et al. (1964) studied the influence of tempera-
ture and depth of planting on colecptile elongation and seed-
ling emergence was used in four normal height and four semi-
dwarf selections., The normal height selection had the greatest
coleoptile length and emergence-rate index at 50°F. but not at

90°F, Significant variety x depth of planting interactions

occurred at SOOF. but not at 90°F.

Burleigh et al. (1964) reported that the temperatures of
80 to 90°F. did not cause comparable reduction in ¢growth of the
coleoptile within the eight varieties and selections studied,
Red Russian and the semidwarf selections 14 x 53-101 and Norin
10-3revor 14 were more tolerant of hligh temperatures than the

other varieties and selections and should be of use in brecding
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short-strawed winter wheats with coleoptiles tolerant of high

temperatures,

Parodi et al. (1970) reported F, generation of a diallel

1
cross involving the soft red winter wheats Vermillion, Seneca,
Knox 62, Benhur, Arthur and Purdue 5215 showed heterosis and

heterobeltiosis for coleoptile length, Since the F2 progeniles

essentially equalled the midparental values, the F, superiority

1
is probably partly due to the larger size of the hand crossed
seed, Coleoptile elongation appeared to be controlled larqgely
by additive gene action and heritability was high, In the

parents a significant influence of seed size on coleoptile

elongation and seedling fresh weight was established,

Roy et al. (1970) reported forty varieties differing in
height, ranging from varieties carrying three genes for
dwarfness to tall varieties, were screened for the response
of their coleoptile growth to temperature. A marked positive
association of coleoptile length with plant height was observed,
Tall varieties developed longer coleoptiles than semidwarf
varieties at both 20 and 25°C though growth was less at 2S°C.
Substantial differences in length of the coleoptile were noted
at intravarietal and intervarietal levels for all four height

categories considered,

Bains et al. (1973) reported that the six generation of

two crosses were evaluated for coleoptile length and width,
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Overdominance was demonstrated for both traits except in one
cross where complete dominance operated, The unfixable com-
ponent of genetic covariance and the dominance genetic corre-
tion between traits were also important., "The partitioning
analysis of the generation means indicated the prevalance of
dominancé gene effects in both crosses for the two trai=ts,
except in one cross where a preponderance of additive gene
effects was observed for coleoptile length., In the cross Agra
Local x Sonora 64-KI, Rend,, epistasis was of the additive x
additive and dominance x dominance type for both traits;
however, in the cross E6402 x HD1949, it was due to additive
X additive genic interaction for coleoptile length and to
dominance x dominance interaction for coleoptile width, The
si¢gnificant dominance x dominance genic interaction had no
reinforcing effect toward genic dominance, indicating the
presence of duplicate epistasis in the inheritance of these

characters. ™

Porceddu et al. (1974) reported highly significant
variation occured in the coleoptile length of 37 Triticum

durum lines (including 15F, hybrids and some F, plants) when

1

seed was germinated at 10, 15, 20 and 25%c, F hybrids had

1
significantly higher vaslues than the mid-~parental value at

each temperature. Data suggested coleoptile length is governed
by polygenic inheritance with an absence of major gene effects.

A large proportion of the genetic variability was ascribed to
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additive gene effects and a smaller proportion to dominance

effects.

Bhatt and Qualset (1975) studied eighteen spring and
semiwinter wheat genotypes., The effect of temperature on
coleoptile length was found to be suitable for choosing
genotypes and management practices to minimize adverse geno-
type X environmental interactions during the esfablishment of
stands, For each genotype data are tabulated on origin, height

and coleoptile length at three establishment temperatures,

Scarascia et @l. (1975) studies with 1600 Triticum durum

lines from 18 Mediterranean countries, grown mainly at 15 or
25°C, it is concluded that (1) appreciable variation for
colecptile length exists with T, durum, (2) different tempera-
tures seem to induce variation in coleoptile length; (3) diffe-
rent lines have different over-all responses to temperature;
(4) culm length and coleoptile length are independent traits;
(5) factors involved in coleoptile growth, including length,
time of emergence, and temperature requirement, may have
different genetic bases; (6) lines carrying Norin fAgriculture
and Forestry;7 and Brevor dwarfing genes fall into the group of
lines having low stability at different temperatures; and

(7) inheritance of coleoptile length appears to be under
polygenic control, with absence of major gene effects, while

much of the genetic variability appears to result from additive
gene effects,
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Agrawal et al. (1976) studied the range, mean, phenotypic
and genotypic coefficients of variation, genetlic advance and
inter-relationship among coleoptile length, seedling height,
culm length and grain weight were studied in 100 diverse spring
wheat varieties. The varieties differed  significantly for
the characters studied., The 4 traits were positively associated
with each other. Coleoptile length and seedling height influ-
enced culm length, In a few varieties the traits were

independent,

Fick and Qualset (1976) studied in a diallel snalysis of
four dwarf varieties and two varieties of standard height,
seedling emergence was closely correlated with coleoptile
2 and Fge Genetic
mechanisms that governed plant height also influenced coleop-.

length and plant height in the parents, F

tile length, but the relative effects of genes showing domi-
nant or epistatic effects appeared to be different, Mean F2
coleoptile length were consistently closer to the low parent
value than were corresponding mean F2 plant heights. A slight
curvilinear relationship was found between coleoptile length

and plant height of F3 lines.

whan (1976) reported that the emergence of ten semidwarf
and standard varities from four sowing depths was measured
under different soil conditions in two years., A significant
variety x depth interaction was observed. The emergence results

obtained were directly related to the coleoptile lengths of
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the varieties. The semidwarf wheats had shorter colecptiles
than the standard varieties, so the depth st which their
emergence was reduced was shallower than for the standard
varieties, A close correlation between mature plant height
and coleoptile length withimthe semidwarf varieties studied

was observed,

whan (1976) reported that the coleoptile length was
positively correlated ( r = 0,76) with culm length at maturity
in the 56 semidwarf varieties studied but not (r = 0.07) in
the 40 stesndard varieties; when Ghurka derivatives (long
coleoptile) were excluded from the standard varieties, the
latter correlation was r = 0,56, Fiftyfour of the semidwarf
varieties had shorter coleoptiles than the standard varieties,
al though some of them were as tall at maturity as the standard
varieties. Most of the standard varieties from Victoria had

very long coleoptiles,

Virk et al. (1977) studied parental generations, F,, F,,
BCy and BC, of tall x tall, semidwarf x semidwarf and tall x
senidwarf crosses involving four varieties, analysis of means
and variances incicated that considerable fixable genetic
variation is available for coleoptile length and width crosses
within tall and semidwarf groups. A simple additive-dominance
model was inadequate in the analysis of means, but failure as

a result of maternal effects or nonallelic interactions could

not be identified as reciprocal crosses were not available,
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Gill et al. (1981) reported combining ability for
coleoptile length in diallel crosses involving seven diverse
wheat cultivars in generatibns F2 to F6°

ning ability variances were significant in all the generations

The general combi-

and their‘magnitude consistently increased over that of
specific combining ability variances witﬁ the advancement of
generations éstablishing clear predominance of additive gegetic
system for this attribute. The ratio of GCA:SCA.variénces was
a8lso quite high in 811 the filial generations substantiating
the operation of sdditive genetic system for colecptile length,
llcwever, the specific combining ability variances were obhserved
to be significant in the F2 and Fq generations only and not

in the latter generations. The general combining ability
estimates were quite consistent over the generations and
depicted repeatability over all the measuréd generations, In
view of repeatability of GCA estimates over the generations,
the possibility of early detection of prepotent parents for
greater coleoptile length and their simul taneous exploitation
has been discussed, The two cross combinations namely

Sonalika x Sharbati Sonora and C273xK68 giving positively
significant specific effects in an advanced generation like

F6 offer the best possibilities of exploitation for the deve-

lopment of desirsble lines,

Sharma et al. (1982) described that the interrelationship
between grain yield, culm length and their component traits were

studied 1in F1 and F2 progenies in spring wheat. Culm length
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was positively correlated with coleoptile length, seedling
height and peduncle length, Among themselves too these con-
ponent traits showed positive and significant relatiionship,
Grain yield exhibited positive association with 100 grain
welght, coleoptile length, seedliﬁg height, peduncle length
and culm length. 100—gfain weight also showed positive
relationship with these traits. Dwarf lines having long

coleoptile and peduncle were isolated,
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MATERIALS AND METIIODS

A. HMATERIALS:

The present investigation comprised eight separate
experiments, The materials used in each of the experiments

are described below:

Experiments 1, 2 and 3:

The twelve genotypes of wheat (Triticum aestivum L.

em Thell) listed below were selected from the germplasm
collection of the Planf Breeding Lsboratory, Department of
Botany, Rajshahi University as the base material of the
present study. The comparative coleoptile length and linear

conponents (bi) of the twelve genotypes were as follows:

Genotypes Comparative Linear
coleoptile length  components (b.)

l, Sonora - 64 Low low

2. Mexipak - 65 Low high
3, Innia - 66 medium high
4., lorterno - 67 medium high
5., Sonalika low low

6. Tanorl - 71 low low

7. Jupatica -~ 70 medium high
8. Noori low low

9.

Penkty medium high
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Genotypes Comparative . Linear
coleoptile length components (b, )
10, Janak " medium - low
11, Dirk . high low
12, Kazoli high high

Lxneriment 4:

The materials used in this experiment consisted of two
wheat genotypes together with their F1 and 60 inbred lines
derived from seven and eight successive generations of selfing
from single, randomly chosen, F2 plants of the cross made

between the twc parental genotypes.

Genotypes Comparative Linear
coleoptile length components (bi)

1, Mexipak- 65 low high

2., Janak high low

At the beginning of the study, the plant Breeding
Lsboratory, Department of Botany, Rajshahi University was

kind enough to supply the seeds of parental genotypes,

Mexipak - 65 and Janak together with the selected seeds of

60 inbred lines of F6 generations,
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Experiment 5:

The materisl consists of 10 inbred lines randomly chosen

from the 60 inbred lines used in experiment 4,

Experiment 6:

The ten wheat genotypes listed below were selected on the

basis of their differences in colecptile length,

Genotypes Comparative Linear
Coleoptile length components (bi)

l, Sonora - 64 low low
2, Mexipak - 65 low high
3. Innia - 66 medium high
4, lNorteno - 67 medium high
5. Sonalika low low
6, Tanori - 71 low low
7 Jupatica - 70 medium high
8, Penkty medium high
9. Dirk high low

10, Kazoli high high

They were crossed in a disllel fashion in all possible

combinations including reciprocal producing the 90F1 hybrids.
Therefore, the above mentioned 10 genotypes and the 90 Fls

constituted the materilals cf this experiment,



Experinent 7:

35

Six genotypes of wheat selected for the present study

are as follows:

Genotypes

Comparative
coleoptile length

l. Sonora - 64 low
2. Mexipak - 65 low
3. Sonalika low
4, Penkty low
5. Dirk high
" 6, Kazoli high

Eight single crosses were made without reciprocal between

the selected parents and Fl’ F F3, F4, B, and B2 generations

2? 1
were obtained, Parents and their segregating and non-
segregating generations constituted the materials for this

experiment, The single eight crosses were as follows:

Cross No, Cross comioination
Cross 1 Kazoli x Sonora- 64
Cross 2 Dirk x Sonora- 64
Cross 3 Kazoli x Mexipak- 65

Cross Birk x Mexipak -~ 65

Cross Kazoli x Penkty

4

5
Cross 6 Dirk x Penkty
Cross 7 Kazoli x Sonalika
Cross 8 Birk x Sonalika
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Seeds used in this experiments were received from the
seed stock maintained at the Department of Botany, University

of Rajshahi,

Experiment 8:

The six wheat (Triticum aestivum L, em Thell.) genotypes

listed below were selected from the germplasm collection of
the Department of Botany, Rajshahl University on the basis of
their known performance of coleoptile length and the linesr

and non-linear components of their genotype-environment

interactions._

Genotypes Comparative Linear Non-~Linear
Coleoptile components(bi) conponents 5°d
lencth

l. Sonora- 64 medium low low

2. Sonalika medium low low

3, Janak medium low high

4, Jupatica-70 low high low

5. Penkty high high high

6, Mexipak- 65 low high low

cn the basis of bi components six crosses were made,

They are as follows:
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Cross No, Cross combination Properties of bi
Cross 1 Sonora-64 X Penkty high x low
Cross 2 Sonalika x Mexipak-65 high x low
Cross 3 Sonora-=64 x Jansk low x low
Cross 4 Sonalika X Janak low %X low
Cross 5 Jupatica-70 x Penkty high x high
Cross 6 Mexipak-65 x Penkty high x high

Therefore, two of the crosses (cross 1 and cross 2)
were between pairs of parents, one of which has a low sen-
sitivity (low bi) and the other a high {(high b value)
sensitivity to the environments, i.e., 'low x high'; similarly,
two of the crosses (cross 3 and cross 4) were between pairs
of parents with low sensitivities (low bi values) to the
environment, i.e., 'low X low'; and alsoc two of the crosses
{cross 5 and cross 6) were between pairs of parents with high
sensitivities to the environment, i.e. ‘high x high', For
F, and F

each of the six crosses F generations were

2? °3 4

ob tained.

For Fq generation, 30F3 progenies each derived from a
single randomly chosen 30F2 plants for each of the six crosses.
For F4 generation, 30 families of F4 generation of each cross
were obtained by bulking the seeds from individuals within

each of the corresponding 30F3 fanllies, {(Approximately 75%
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seeds of a selected F2 plants were used for study as Fq
generation and the rest of the seeds were raised in the field

to get F4 seeds).’
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B, METIOCDS;:

The methods followed to conduct experiments and analysis

of data were subdivided into the following heads:

(a) Collection of Experimental Seeds

(b) Environments

{(c) Experimental Procedure

- (d) Collection of Data

{e) Techniques of Analysis of Data

{(a) Collection of the Ixperimental Seecds

Base material for all the experiments were collected

from raising respective genotypes at the Botanical Research
“Garden of Rajshani University. In all the eight experiments
fresh seeds were used every year by raising the genotypes

during winters of 1978 to 1982, The experimental fields were
prepared as homogeneocusly as possible through repeated plouching,
During the preparation of the field oil cake and cowdung were
added at the rate of 820 and 1980 kg/hectare respectively as

a source of organic manures, Urea, triple-super-phosphate

(T.5.F.) and muriate of potash were added at the rate of 80,

60 and 40 kg/hectare respectively.

Seeds of each genotype were made a continuous line sowing

rather thind to an optimum level, The space between the lines
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within a block was 30 cm, Seeds were harvested when properly

matured, usually in the 3rd.4th week of March in each year.

Soil moisture was kept optimum through irrigation whene-
ver it was necéssary; Irrigation was done on the day following
sowing of seeds for uniform germination of the seeds. Three
moyre irrigations were given; first at the time of tillering,
second after 20 days of the first irrigation and third at
the time of grain filling stages, The usual weeding was done

whenever necessary.

Experiment 1, 2 and 3:

Twelve genotypes were the materials of these experiments,
The twelve genotypes were sown in the field on the 15th
November of 1978, 1979, 1930, 1831 and 1982 in a randomized
block design, There were four replications in each year and
the twélve genotypes were randomly assigned within a repli-
cation, For each genotype per replicstion there was a block
of 3m x 4m size, The space between blocks and all around the

field was 1.5m and 2m respectively,

Experiment 4 and 5:

Seeds of two genotypes and their 60 inbred lines of FG

and F7 generations were sown in the field on the 15th lovember
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of 1980 and 1981 respectively., There were four replications

in each year and the two genotypes and their 60 inbred lines
were randomly assigned within a replication. For each genotype
per replication there were three single row plots of 3m size
which were arranged randomly, The space between replication
and all around the field was 1.5m and 2m respectively., The

space between the plots was 30 cm,

Parents, FG and F7 plants were selfed to get fresh
parental, F7 and FS seeds respectively, Seeds collected in

this way were used in the experiments of 1981 and 1932,

Fresh crosses were made between parental genotypes to

get F, seeds for the experiments, Crosses were made in sepa-

1
rate crossing blocks,

Experiment 6:

Ten wheat genotypes were sown in the field on 15th
Hovember, 1981 in a randomized block design., There were four
replicatlons and the ten genotypes were randomly assigned
within a replication., For each genotype per replication there
was a block of 3m x 4m size, The space between blocks was

1.5m and space around the field was 2m.

For F, seeds, ten genotypes were crossed in a diasllel

1
fasihion in all possible cowmbination including reciprocal pro=-
ducing 9OF1 seeds, Seeds collected in this way were used in

this experiment,
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Experiment 7:

Seeds of six genotypes, F,y F, and 15F, families (for

2
F3 generation, 15F3 progenies each derivéd from a single
randomlylchosen 15F2 plants for eaéh éf the eight crosses)

of eight crosses were sown in the field on the 15th November,
1981, . Parental-genotype, Fi F2 and 15F; families were selfed

to get fresh parentai, F2, F3 and'F4 seeds, F4 seceds were
collected from randonly selected 151-"3 plants from each of the

15?3 generations of each cross,

Fresh Fl seeds were obtained by crossing appropriate
parehtal genotypes, and the backcross seeds of each cross were
obtained by backcrossing Fl to the appropriate Pl and Pz.
Seeds collected in this way were used in this experiment,

Experiment B:

Seeds of six parental genotypes, F2 and F3 generations
of six crosses were sown in the field on the 15th November,
of 1972, 1980, and 1981, There were three replications and
the six genotypes, F2 and F3 were randomly assigned within a
replication. For each genotype per replication there were
three 3m, single row plots, The space between plots, repli-

cation and all around the field was 30cm., 1,5m, and 2m,

respectively.

Fresh £, seeds were obtoined by crossing appropriate

genotypes, and seeds collected in this way were used in the
experiments in 1980, 1901 and 1982,



(b) Envirconments:

Environments used in the different experiments were
effects of different‘temperature and different germinating
medium on coleoptile length., The different environments used

in the different experiments were as follows:

Experiment 1:

The environments used in the study were effects of

different temperature on coleoptile length,

The germinating seeds were raised in a temperature
control incubator till the first leaf appeared, at tempe-

O

ratures of 20°, 25°, 30°

’ 35° and 40°C in five separate runs.
Therefore, these fivezeffects of different temperature on
coleoptile length will be treated as environment in this

gxperiment,

Experiment 2:

In this experiment the environments used were eight
different nutritional germinating medium on colecoptile length,
~'he seedlings were ralsed at a constant temperature of 28%¢.

The nutritional mediums were as follows:

3, Nacl2 - 0, 7%
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- . 0%
Nac12 1.0%

. Na(OH)2 - High PH

4
5
6. ca(OH)aL - High PH
7. Hel - Low PH
8

. Control - Distilled water

Experiment 3, 4 and 5:

Sixteen different germinating mediums were used as the
environments of these experiments, They were produced in
combination of presence or absence of Nitrogen (N), Phosphorus
(P), Potassium (K), and Calcium (Ca); the combination being |
N, P, K, Ca, NP, NK, NCa, PK, PCa, KCa, NPK, NPCa, NKCa, PKCa,
NPKCa and control {(distilled water). The source of N,F,K

and Ca were:s

(1) N — Urea (0,2% sclution were used)
(2) P - Triple Super Phosphate (0,2% sclution were used)
(3) K -~ Muriate of Potash (0.2% solution were used)

(4) Ca - Calcium hydroxide (2.0% solution were used)

Experiment 6 and 7:

The environments used for these experiments were the

same as those described in experiment 1.

Lxperiment 8:

The germinating seed containing high and low PH of ger-

minating medium were raised in a temperature control incubator
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till the emergence of first leaf. The temperatures were 280,

o’ and 35°C. Therefore five different effects of

20°, 25°, 30
temperature and two different germinating mediums of high and
low PH on coleoptile length were treated as environment in

this experiment, They were as follows:

Temperature Germinating medium

28°¢ Distilled water

20°%¢ High PH - Ca(OH)g
Low PH - Hcl

25°%¢ High PH - Ca(OH)g
Low PH - Hel

30°% High PH - Ca(OH)g
Low PH - Hcl

35% High PH - Ca(OH)g
Low PH - Hecl

High and low PH was made by adding calcium hydroxide

CH(OH)SL and hydrocloric acid (Hcl) respectively,

(c) Experimental Procedure

Healthy seeds of uniform size were raised on moist filter
paper in petridishes, One petridish (100mm.), accowmmodating
15 seeds, was used for each genotype. The seeds were first

placed on the petridishes, properly labelled, were shocked with
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distilled water for about iS to 20 minutes and then the
petridishes containing germinating seeds were kept on the
shelves in a temperature control incubator to study effects
of temperature on coleoptile length, The incubator had four
shelves and the shelves were treated as replication., The
petridishes containing germinating seeds on a shelf were
rearranged every morning within a shelf to minimize position

efrfects,

The petridishes containing the germinating seeds were
kept in an incubator. The petridishés.were removed from the
incubator when the primary leaf had ruptured the coleoptile,
The seedlings were removed from the petridishes and coleoptile

length recorded to the nearest millimeter.

Experiment l:

Seeds of twelve genotypes were raised together in a
temperature control incubator during lst May to 10th June,
1978, 1979, 1980, 1981 and 1982, Environments used in the
study were five effects of different temperature on coleoptile
length, There were altogether 12 petridishes per replication.,
Therefore, 48 petridishes were used for the four replications
in each of the five effects of temperature on coleoptile

length,
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seeds were kept in a temperature control incubator, throughout

the experiment, at a fixed temperature of 28%¢.

The whole experiment was replicated four times. The
following are the dates when four replication were given in

cach year,

Date in each of Genotypes raised/ Fixed
1978, 1972 and 1980 replication temperature
20th June (Repli- 12 genotypes 28°¢
: cation I)
30th June ( " II ) Do Do
10th July ( = IITI ) Do Do
20th July ( = IV) Do Do

Experiment 3:

Seeds of twelve genetypes were raised together in a
temperature. contrel incubator during 30th July to 29th August,
1978, 1979, 1980 and 1981. Environments used were sixteen
different combinations of NPKCa germinating medium as mentio-
ned under the head Environment, There were altogether 192
petridishes per replication. 10cc of each of the sixteen
different NPKCa combinatiocn were supplied to each of the
twelve genotypes and then all the petridishes containing
germinating seeds were kept in a incubator throughout the

experiment at a fixed temperature of 28°C.
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The whole experiment was replicated four times, The
following are the dates when four replications were given

in each year.

Date in each of Genotypes raised/ Fixed

1978,1979,1980 & 1982 replication temperature

30th July (Repli- 12 genotypes 28°%¢
cation I)

9th August ( ™ II) Do Do

19th August (" III) Do Do

29th August (" IV) Do Do

Experiment 4 and 5:

The 60 imbred lines together with the two parental geno-

types and their P, were raised in a temperature control

1
incubator from lst September, 1981 to 1982, Environments
used were sixteen different combination of NPKCa germinating
medium as mentioned under the head Environment. There were
altogether 63 petridishes per replication. Therefore, 252

petridishes were used for the four replications in each of

the sixteen different combinations of NPKCa germinating medium,

10 cc. of each of the sixteen NPKCa germinating medium
were supplied to each of the genotypes and then all the
petridishes containing the germinating seeds were kept in an

incubator throughout the experiment, at a fixed temperature of
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28°C° The whole experiment was set up sixteen times. The
following are the dates when sixteen different environmental
medium were given:

Date Genotypes raised in
four replication Environment

lst September, 1981 P;y Pyy Fy & their 60

inbred 1ine _ N
11lth September, 1981 Do | p
21st September, 1981 Do X
lst October, 1981 Do Ca
1l1th October, 1981 ' Do NP
2lst October, 1921 Do NK .
31lst October, 1981 Do NCa
10th November, 1981 Do PK
20th November, 1981 | Do- pPCa
.30th November, 1981 Do KCa
10th December, 1981 Do NPK
20th December, 1981 Do NPCa
30th December, 1581 Do | NKCa
9th January, 1982 Do PKCa
19th January, 1982 Do NPKCa
29th Jasnuary, 1982 Do Control

Bxperiment 6:

Seeds of ten wheat genotypes and their 90Fls were raised

together in a temperature control incubator from the lst May,



51

1982, Environment used in this investigation were five
different temperature as mentioned under the head Environment.
There were altogether 100 petridishes per replication. There-
fore, 400 petridishes were required for four replications in

each of the five different temperature,

The petridishes containing germinating seeds were shocked
with distilled water and then kept in temperature control
incubator throughout the experiment, at temperatures of 200,
250, 300, 35° and 40°C in five separate runs. The whole
experiment was set up five times., The following are the date

when five different temperatures were given,

Date Genotypes raised in

four replication tnvironment
1st May, 1982 Parents and their 9OF,S 20°%¢
11th May, 1982 Bo 25°¢
21st May, 1982 Do 30°%¢
31st May, 1982 Do , 35%¢
10th June, 1982 Do 40°¢

Experiment 7:

4 B and

BZ generation of eight crosses were raised together in a

temperature control incubator on 20th June, 1982, The number

seeds of six genotypes and their Fis F2, F3, F

of petridishes of different generations of a cross were one
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for each of P P2, Fio B, and B, generations; five for F

1? 1 2 2

generations and one for each of the 15F3 families and one
for each of the 225F4 families, There were altogether 250
petridishes per replication, Therefore, 1000 petridishes
were used for four replications. 10cc. of distilied water
was supplied to each of the genotypes and then all the petri-
dishes containing the germinating seeds were kept in a incu-

o

bator throughout the experiment at temperature of 200, 250, 3067,

35° and 40°C in five separate runs.

Experiment 8;:

Seeds of six genotypes and their six crosses of Foy F3
and F4 generations were raised tdgether in a temperature
control incubator during lst October, 1980, 1981 and 1982,
The environments used in this investigation were five different
temperatures, In each temperature the PH of the germinating
medium was high and low as mentioned under the head Environ-
ment, There were altogether 24 petridishes per replication,
Therefore 48 petridishes were required for two replication
in each of the five effects of different temperature and

different germinating medium,

10 cc., of each of the different germinating medium of
high and low PH of Ca(OH)S‘and Hecl were supplied to each of
the genotypes and then all the petridishes containing the

germinating seeds were kept in an incubator throughout the
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experiment at required temperature in nine separate runs,
The following are the date when seeds were germinated under

the given environments in each year.

Date in each of Generation raised

1980, 1981 and 1982 in two replication Environments

1st Cctober, 1980 Parents, F,, Fy & F, 28°c Distilled water
11th October, 1980 Do 20°C High PH-Ca(0i),
21st October, 1980 Do Low é;i-ﬂcl -
31st October, 1980 Do 25°C High PH—Ca(OH)ﬁ
10th November, 1980 Do Low PH-Hcl

20th November, 1980 Do | 30°C High PH-Ca(0l1) 4
30th November, 1980 Do Low PH-Hcl

10th December, 1980 Do 35°C High Pil~Ca(OH)4
20th December, 1580 Do | Low PH=lcl

(d) Collecting of Data

"Data on coleoptile length were recorded on an individual
plant basis, The coleoptile length of the ten germinating
seedling per petridishes were measured to the nearest milli-
meter when the first (primary) leaf was found to develop
completely., This usually took 5 to 7 days. For all the
experiments, data were collected in the same way as described

above,
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At the beginning of ny study, plant Breeding Laboratory,
Department of Botany, Rajshahi University was kind enough to
supply the data of experiment 1 for the yesar 1976, 1977 and

of experiment 2 for tne year 1977,

(e) Techniques of Analysis of Data

Biometrical techniques of analysis developed by Mather
(1949), Mather and Jinks (1971, 1977) based on the mathema-
tical model of Fisher et al. (1932) and those of Hayman (1958)

and Allard (1960) were followed to analyse the recorded data.

Means and Variances:

Means and variances were calculated as follows:

Mean (X) =

Variance ( 52) i n A

2 -
(ix.)
1 rix.z - L

where, Xs is the value of individusl observation and n is the
numbeyr of total observations, The different sources of
variations calculated were genotypic, environmental and-.their

interactions,.

The environmental indices (Ij) were obtained by subtrac-

ting the overall mean from each of the environmental mean
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which was as follows:

) t 3 j=1’2...ooS)

Total of all varieties at jth location

Number of varieties

Grand total

Total number of observations
where, t stands for genotypes and S stands for environments.

Dependent ( £j) and independent (Zj) environmental values
were deferentially Fripp and Caten (1971) and Fripp (1972) as

follows:

(a) Dependent gj

The performance of each of the 12 genotypes and 60 inbred
lines was regressed against the mean of 8ll 12 genotypes and
of all 60 lines in each environment, i.e, the material used
for the environmental assessment is the same as that to be

investigated (experiment 1, 2, 3 and 4).

(b) Independent 2j using replicate individuals.

Lach genotype and each inbred lines in each environment
was represented by ten individual seedlings., These were split

at random into two groups of five, the interactions of one
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group to be investigated and the other group contributing to

the environmental assessment (experiment 1, 2, 3 and 4).

(c) Independent ﬁj using replicate sets-of genotype and

inbred lines.

The 12 genotypes and 60 inbred lines were divided at
random into two sets of 6 and 30, the interactions of one
set to be investigated and the other set to assess the

environment (experiment 1, 2, 3 and 4),

(d) Independent Ej using parents

The 60 inbred lines were regressed against the average
of the two parents, Mexlpak- 65 and Janak, in each environment

from whose F, they were derived by selfing. (Experiment 4).

Variability:

The phenotypic variance was repartitioned into genotypic,
environmental and genotype x environment interaction variation
from the components analysis of variance assuming a mixed
model with a fixed number of genotypes (g) and a randem sample
. of environments (e) with (r) replications. The expection of

mean squares are as follows:
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Source Mo S. Expectation of M,S,
Genotype (G) n 52 + 8%+ red?

¥P ‘1 W GE G
Envi £ (E) I 2, rgs?
nvironmen 1y 5 y 93 g

2 2

GxE My 8w ¥ r8qe
. 2
Error My 5 o

. 2 2 2 . .

Where 5 g? é;G and 5 CE are environmental, genotypic
and GxE variances respectively, The genotypic, environmental
and GXE variances (62G’ 525 and éFGE ) were calculated as

follows:

52G - (Ml - 2«13)/(rxe)

éde = (M3 - M4)/r

526 = (Mz - M4)/r X g

i}
=

2
5w 4

Stability parameters:

The two parameters of stability were calculated folliowing

Eberhart and Russell's (1966) as follows:

(a) Phenotypic Regression (bi): Response or coefficient

of regression 'bi' 1s the regression of the performance of each

variety under different environments on the envirconmental
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means over all the genotypes, This was estimated as follows:

2
Byt o= E YTy /£,

where, iyijIj is the sum of products and
3

g Ij2 is the sum of squares,
J

standard errors of 'bi' was calculated as follows:

M. S5 due to pooled deviation

¢ 1.2

j J

SeErpy =

where, M,S, due to pooled deviation = ﬁﬁyzij - (Yzij/g)

Barthett's chi~square (Kz) testing the homogeneity of

Sb were determined in the fecllowing way:

- 2
X2 = loge10 (df, of individual 32) (nlogs 2-5109 s7)

where, 52 = Variance = 52 and L09e10 = 2,3026

b

(b) fStabiliéy.(Szd): (Experiment 8), The stability

parameter (52d) was calculated as the mean square deviation
from the linear equation  (Eberhart and Russell, 1966) which
was as follows:

2 2 . 2
5°d = §%d 14 / (BE=2) - (s e/ r)
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Now the variance due to deviation from regression

( éézij ) from a replication being

. | 2
v2. (£ 754 I3
i . é Y - “l - J éf
j ij E 2 1.
J J
Y.
where, 5 Yi. - = = the variance due to dependant

variable and

ﬁ.YijI ) / (é_Ij2 ) = the variance due to regression.
3 .

- " - 2 & -
E is the number of envirenments and S e is the estimate
of poocled error from analysis of variance and r is the

replication,

Correlations:

The relationship between two or more than two variables
is called correlation, It was measured in the following

ways:

i
Correlation (r) = Cov (x.y) / (vx‘vy) K

where Cov (x.y) 1s the co-variance between X and Y,
Vx is the variance of X and
Vy is the variance of Y.

The calculated correlations were tested with (n-=2)

degyrees of freedom,
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Diallel analysis:

Graphical Analysis: Techniques as developed by Jinks

and llayman (1953), Jinks (1954), Hayman (1954b) and Johnson
and aksel (1959) were follcowed for the graphical evaluation

of additive (D), dominance (H) gene action and non-sllelic
interaction present in the diallel cross system. The following
statistics were calculsted in terms of genetical and envi-

ronmental components of variation.

Voro = (VP) = Variance of parents =D + E,
Vr = The variance of the rth array = ;D=¥ F oo+
My + [}3 i (n-—l):l el/n,
Nr = The covariance between parents and their
offispring in the rth array = %D<% Fr + E/n,
= - o= i = 3 .—3f
VOLI vr The variance of array means L=z 3
3 1 1 1 2
WHy - Hy + | B+ (n-2) E /n
1 ie 1.
VILI = Mean of the Vrs = D=4%F + “ﬂl + [}E + 1)/
2(n—1)E11 /1
= LD - 1
wOLOI = Mean of wrs = b “F + E/n and

(MLI—MLO)2 = square of difference between progeny

means and parental means = ¥ n? +(n=1)

L-ve « 61 ] /a2,
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The plotting of wr against Vr provides s detail of
dominance relationship of the parents with (Vr, wr) peints
distributed slong a straight line of unit slope inside the

2

limiting parabola, W, =V drawn, In the absence of

P
non-sllelic interaction W, - V = % (D-H;), which is
independent of signs of the alleles in the parents., This
implies that the difference is constant over arrays, and the
regression of wr on vr should give a straight line of unit
slope, If Vr is zero, wr becomes % (D—Hl) so that the
regression line for wr on Vr will intersect the W axis
above, at or below the point of origin as dominance is
incomplete, complete or greater than D respectively. when

H is zero, there i1s no regression and the array variances

and covariances estimate the point (W, V) = (i, D).

The w”r/wr graph (where w*r = covariance between the
offspring of the rth array and the array means) is also used
to detect the order cof dominance of the parents, it is much
less affected by genetic disturbances than the wr/vr graph
and virtually undisturbed by the level of inbreeding
(Hayman, 1958), The wir/wr graph differs from the wr/vr
in that it is more obviously affected by asymmetry of gene
distribution and this is indicated whether the genes are
correlated or not (Hayman, 1958)., With gene symmetry the

regression of er on W.is a straight line of a slope of
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+0.5, when gene asymmetry occurs, parents with common
genotypes will full above the line of +40.5, parents with

different or relatively rare genotypes will fall below it.

Components of Variation and their Ratios: The genetical

analysis of continuous variation depends on two simultaneous
calculations, first calculation of different statistics from
the observed data, second derivation of different components
of variation from the calculated statistics, They are as

follows:

D (Additive effect of gene) = Voro — E»
Hy (Dominance effect of genes) = Voro = 4WOL0B+
Vot - (3n-2)E/n,

H2 (Dominance indicating asymmetry of positive and
negative effect of genes) = 4VILI - 4VOLI - 2L,
n? (dominance effect over all loci) = 4(MLI—MLO)2 -

4(n—1)E/n2,

F (llean of Fr over arrays) = ZVOL - 4 -2(n=2)E/n

o) “oLol

and E (Environmental variation).

The genetic components of variation provided the

following ratios,
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:

/D) = measures the average degree of

(a) (Hl

dominance over all loci;

(H,/D) =1, indicates comple dominance,

4

(H,/P) = 0, indicates no dominance,

;

(1,/D) =>0 and<1, indicates partial dominance,

:

and (Hl/D) = >1, indicates overdominance.

(b) H,/4H, = 0.25 is an estimste of the frequency
of negative versus positive alleles

at loci exhibiting dominance;

(c) h /H, an estimate of the number of groups of

u

genes which control the characters and

exhibit dominance to some degree,

1
(d) %P/ ]:-_D(l'il-Hz)l"i = on measure of consistency of

, h to d over all loci.

The heritability both in broad and narrow sense were
calculated uging the formula given by Mather and Jinks (1971i,
Broad sense = [%D+%H1 - %Hz—%ﬁl/

—

[iiDdiﬂl - i, - LF + E:[

Narrow sense = l%D+3H1 - ¥H2 - gé] /

EﬁD v - L, - YF s E ]
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The technique of Hayman

(1954a) analysis of diallel tsble was followed to analyse the

variance of family mean values of diallel tables in order to

show the following relationships of the components of

Variation:

(78]
it

9]
(]

{additive effect) = D—F+H1—H2

(dominance effect) = H2

(over all difference between parent and

progenies) = h2
(constant dominance effect) = Hl--H2

(residual effect).
average maternal effects

reciprocal difference not sscribable to c.

Components of generation mean:

J=Parameter model:

in terms of m, d and h of segregating and non-segregating

generations are as follows :

-Pnl = m + d,
52 = m - 4,
F = m + h,

hj[

= ol
w
R
3
+
=y
‘.I-)

The expectation of generation means
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El = m + 3d + %h,

8 = m = 33 + Lh

where 'm' measures base population mean, 'd°’ measures the
additive gene effects and 'h' measures the dominance gene

aeffects,

The estimates of m, d and h were done following a
welghted least square technicue (Fisher, 1946; lMather, 1949:
Scorle, 1966; Mather and Jinks, 1971). The detail descrip-
ticns of the techniques heave been shown by Mather and Jinks
(1971). The weights used were the reciprocal of the

squared standard errors of respective generations as follows:

P, = 1/(VP)), P, = "T(VP,), Fy o= (VF, ),
1 ,,= _ 1/, = _ Y um

F, = /VFZ), Fy = "' (VFy), Fy = "1 (VF,),

- 1/ - s 13 1/ i

By = (v;l) and B, = (vaz),

where, VE,, VB,, VP, VF,, VF,, VF,, VE] & V3, are the

F 3. and B, gene-

standard errors of Pl’Pz, : F 4 3y 5

*19 27 F37

rations respectively.
The adeqguacy of the additive dominance models were
tested by predicting the eight family means from the

estimates of the 3-paramcters, The goodness of fit was

then tested by squaring the deviations of the observed from



expected values for each of the eight family, multiplying
by the corresponding weight and sunming the product (over
all eight types) of families, The summed value obtained
from eight families gave a XZ for 5 d.f. If x2 is signi-
ficant it means that additive dominance model is inadequate
and the estimates of the 3-parameter were biased to an

unkrnown extent by ;' effect not attributable to the additive

and dominance action of the genes,

6-parameter model:; Where 3-parameter model is not

suitable to interpret the gene action due to non-allelic
gene interaction, the dasta were analysed following the
G=parameter model of Hyman (1958), The expectation of
generation means in terms of 6~parsmeter model were as

follows:

?1 = m+d + i,

-152 = m-4d + 1,

Pl = m+ h +1,

F, = m % Lh + 41,

?3 = m + 4h + 1/161’
f‘4 = m + I/Bh + 1/641’

B, = m+%d +%h + %1 + %) o+ 1,

§2 = me- %d + 3h + i« %) + %1
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where, m

measure the base population mean,
d = measure additive gene effects,

h = measure dominance gene effects,

i = mesasure additive x additive type of
non-allelic gene action,
j = measures additive x dominance type of

non-allelic gene action,

1 = measures dominance x dominance type of

non-allelic gene action.

The estimates of m, d, h, i, j and 1 were made following
8 weighted least square technique as described under

3-parameter model,

As we have eight generations and six estimates, we can
test the adequacy of the model by a X2 with 2 d.f. The X2
was calculated in the sane way 2s it was done for 3-parameter

model,

Components of Variation:

The variances of segregating generations viz, F,y Fa,

F4, 31 and B2

heritable components, The heritsble component consist of

generations consist of heritable and non-

fixasble heritable (D) and non-fixable heritable (1) types of
variation, Variation in the non-segregating generations

viz, Prpz and F1 are non-heritable in nature,
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From the eight generations (Pl,PZ, Fi» Fyy Fgyy Fuy 8

and 32) twelve different types of variasnces and covariances

were calculated and they are,

VEy, FiFa, VFa, WP /F,, P F,, V,F

o1 Fy g0 VoFys V3F4, WlFB/F4

VE. and V3, + VQ_»*

W Fa/F VE, VE, 1 2

The composition of those variances in terms of heritable

. and non-heritable components of variation were as follows:

VF = %D +4 + E

2 1
- 1.

ViFa =0 + /ey + By
V,F, =D+ 1/ 0+ By
7 P 1
wry F, = 4D 4 1/g0
V. F, = UD 4 1/4,H
Vaoly = 4D + 1/3,H + By
ViF, = 1/gD + 1/ H ¥ E
A — 1
wlFB/F4 = XD + 1/32H

=
WoFg/F, =%D + 1/, H

VE, = E

1 1l
VE2 = EZ
¥ 3 »
V51 + V32 = %D + LH + 2B,

The non-heritable components of variation in a generation

were found out from the variances of non segregating generations
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as follows:

By = 4VPy + 4Vpy + WVI

1 1

El measures the non-heritable variances of individual, 52
measures the non-heritable variances of F3 and F4 family

means, In general E, is lesser than E, because each family

2 1
means is based on 'n' number of individuals and it will he

Ql/n) B, where the differences in environment between
indivicual in different families were not greater than
those to which members of the same family were subjected.

Therefore, Ez was measured as follows:

)

B, = E,/ (harmonic mean number per Fi families)

The twelve equations cobtained frem the segregeting and
non-segregating generations were subjected to a least scuare
technique of analysis for the estimation of components of
variation D?H’E1 and Ez. Unweighted least square technigues
developed by Mather (1949) and Mather and Jink (1971) were
followed, Components of variation when estimated using all
the twelve equation were termed as inclusive estimates while
these components when estimated excluding V2F3, VEFQ’ V3F4
termed as exclusive estimates,

Inclusive Analysis:

The twelve equations mentioned in the preceding para-

graphs contained four unknown which were estimated by
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unweighted least sguare technicue.

In the first step of analysis the twelve equatlions were
coumbined to form four normal equations ylelding least square
estimates for four components (D,H,El and EZ). Lach of the
twelve equations was multiplied through by the coefficient
of D which it containéd ané the equations were then summed
omitting those which did not include D, The three other
equations were also found out similarly but using the

coefflcients of H,El and £, as multipliers in turn. 7The

2
four equation thus obtained were as follows:

(1) 31,7283 D + 0,5596 H + 1,9055 E

b"‘l

+ 0, 7906 E2

1
(2) 0.55%6 D + 0.3585 # + 1.4415 El + 0,1C21 2,
(3) 1.,9056 D + 1,4415 H + 38,0032 El + 0.08 52
(4) 0,7906 D + 0,1021 I + 0,08 El + 3.,0025 E2

By solving these four sets of equations a matrix of
multipliers was obtalned of which Cpp was the value of D in

and C

he f£i . of 2{s an . .
the first of the four sets and Coir © 1 DEZ’ the value

DE

of D in the second, third and fourth sets respectively,

C c

Similarly C HH® “HE

ED? and CH were the values of H in

1 E

2

the four sets and so on, 'fhis matrix turns out to be as

shown in page 7L
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In the second step the observed values of twelve equations
were multiplied by the corresponding coefflicient of D which
it contsined and was summed which denoted as S(DY)' Similarly

) and S were calculated by using the

< [

S(ay)? (e, Y (E,Y)
coefficient of H, E, snd E, as multiplier in turn. The unwei-
ghted least square estimate of D was then found in the

following way using the D column of the page 72,

D =Cpp ¥ Stpyy * Spu * Suyy * Cpe, ¥ Se vy * Cor¥ P,y
1 1 2 2
Similarly, H, El and E2 were calculated from the Ii, El and 52
column respectively of page 72 as follows:
Ho= Cop*Spyy* Can® Suvd* Cue, ® S, v* Sue* S(e,v).
1 1 2 2
E,= C,. X S + C.. X S, .+ C, X 5, +C. . XS
1 bE, (DY) fEy (HY) EyE, (=.1Y) BB, (BZY)
E,= C X 5 + C.. xS + C X S + C. X S,
2~ "DF, {bY) HE, (uy) B,E, (blY) E,E, (sz)

The estimated D, H, E. and By values were put in the

1
twelve equations to get expected values of the equations,

Then the deviation of the observed value from the exnected
value of each of the twelve equations were found out, The

twelve deviations one for each statistics were squared and

then summed which gave sum of the deviation square (Dev?).
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The standard error of D, H, El and 32 were calculated
from Dev.? obtained from the twelve equations, the Dev.2 of
the four replications were added and divided by 16 (total
item} to get Dev,m.s., The values thus obtained were used
to calculate the_standard errors of four components of

variations obtained from the over all estimates as follows:

1
S5.,B, of D = % (Dev, m.s, % CDD)f
. %
S.E. of H = Y% (Dev, m.,s, x CHH)
1
- - _ L s
SeE. of E, = Y% (Dev, m.s., x CElEl)
- 1
Sk, of Ez = Y% (Dev, m.s. x C )2
. 5282)

Inverse matrix of inclusive analysis used in the estimation

of components of variation is as follows:

E
D H El 5

D c 1.4574 Con -2,9335 c 0.1842 CDE -0, 2389

DD DEl 5
I3 CDH"2'9335 CHH 16, 2585 CHE1-2.2381 CHE2 0. 2781
& Cc
1 bE, 0.1842 C
1 HE; =2.2381 Cp ¢ 4840 c. . 0.0146
171 E.E
172
B C -
2 DE2 -0, 2889 CHE 0.2781 CE E \0.0146 CB.E 0,?992
2 1 2“ 22
Exclusive Analysls:
The least square estimates of D, H, B, snd &, were

performed exactly in the same way as mentioned under
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inclusive analysis but here the rank 2 statistics (V2F3,
V2F4 and V3F4) was excluded, Thus there were nine equations

for the estimation of D, H, Ey and E,.

The nine equations were condensed to form four equations
for the least square estimates for the four components

(D, H, E; and E,) and they were as mentioned below:

(1) 1.5852 D + 0,5119 #H + 1.,5204 El + 0,5356 &

2
(2) 0.,5119 D + 0,3378 H + 1,2527 El + 0.0683 EZ
(3) 1.5204 D + 1.2527 H + 6,0016 El + 0,04 E2
(4) 0©0,5356 D + 0,0683 U + 0,04 El + 2,0025 E2

The matrix multipliers (inverse matrix) which obtained

for exclusive estimates of D, H, E;, and E, asre shown in

1l 2

page #

The values of S(DY)’ S(HY)’ S(ElY) and S(EZY) are
obtained using the same procedure as described under inclu-
sive analysis, The unweighted least square estimates of
D, H, E; and E, were then calculated from respective column

of ﬁage 74 as follows:

D = CppX Sipyy+ CpyX Syt CDEIx S(BlY)+ CDazx S(EzY)
X S,.. + C x S
E
(blY) HE2

H = Chx S(DY)+ Can® Suyyyt Cy L

Hi
(EZY).
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£y = e, * Son)* Cup * Stn)* g5 * 3 tp v
) CElgz * S(p,v)
Bo= CDEZX Stoy)* Cﬁmzx Say)* CEIEZX S(ElY)+
g E," S(EZY).

The estimated values D, H, E, and E,

nine equations to get expected values of nine equations ib

were put in the

terms of the estimated D, H, By and E,.. - s

The standard errors of the components were calculated
exactly in the same way as those described under inclusive
analysis. Inverse matrix of exclusive analysis used in the

estimation of components of variation is as follows:

D C 1,5794 CDH_3’7895 Ch

DD E, 0.3928 C -0,3010

1l DEI2
H C.- 3,7895 C 22,5089 C
DH HH 1-151—3. 7403 CHE2 0.3205
E, C 0,3528 C,_
1 DEl HBl—3. 7403 CE E.0,.8477 ;E E 0.0055
1%1 1°2
E C.. =0.3010 C,. 0.3205 C. . C. . 0.5688
2 DF HE ,, E,E;0,0055 TE.E,
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Humber of Effective Factor:

The number of effective factor was estimated in four

different ways as follows:

(i) Castle and Wright (1921) presented the formula for
the estimation of minimum number of factors or genes contro-
lling a character, According to them the possible number of
effective gene groups is estimated by dividing the square
of the difference of the two parental means with the diffe-

and F, multiplied by eight,

rence of variances of F2 1

- = .2
(Pl - 92)

8(VF

> - VFl)

(ii) According to Mather (1949) gave the formula for
estimating the possible number of effective gene groups

controlling a character as follows:

_ - 2
— - b
Kl = (% Py %P, )= /D

where, D = least square estimate of component of

genetic variation.

(iii) Mather (1949) also gave another approach of
estimating the number of effective factors controlling a

character as follows:

K, = NVFS / (VVF3— c )
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where H?F 1s the heritable mean varlance of F3 families and
3

and C is the correction factor for V, obtained by dividing
F

- 3

2VF2 with the harmonic mean number of seedlings per F3
3

families,

(iv) According to Burton (1951) estimation of effective
factor was made as follows:

0.25 (0.75 - h + h?) D2

(VF2 - VFl )

where, D = P, - P (p

2 1 1
h = (Fl - Pl) / (P2 - Pl)
Heritability:

lleritability was calculated in two different ways as

follows:

(i) Broad sense Heritability: It was expressed as the
ratio of genotype variance over the (expected) phenotypic

variance of the F, generations, as follows:
Heritability (Broad sense) = (%D+%H)/(%D+%H+El)

(ii) Harrow sense Heritability: It was expressed as the
ratio of fixable heritable variation (D) over the (expected)

phenotypic variance of the F, generation as follows:
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lleritability (Narrow Sense) = %D/(%D + %H + Ey)

where the D, H and E, are the least square estimate of

1l
components of varistion.

Degree of Dominance:

Degree of dominance was calculated following two

methods,.

(i) Dominonce Ratio Method: The average degree of

dominance over two loci was determined by the square root

of the ratio between H and D (Mather, 1949), where

K]
(H/D)% . 0, denotes no dominance

(H/D)%

il

1, denotes complete dominance
1.
(H/D)? « 1, denotes partial dominance
>

1
(H/D) 2 1, denotes over-dominance

D and I are the least sqguare estimate of components of

variation,

(ii) Potence Ratio Method: Degree of dominance in

Fyy Fyy Fq and F, generations were calculated as described

by Petr and Frey (1966) as follows:



Degree
Degree
Degree

Degree

where HMP is

of dominance in F

-0of dominance in F2
of dominance in F3

of dominance in F4

the mid parent and

78

= h, = (F-0p)/(iP - fiB),

= h, = 2(F,-Fp)/(Hp - FP),

= h3 = 4 (53 - MB)/(HP - UP),
= h, = 8(F -iP)/ (Hp-TP)

Hp i1s the higher parent,
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The results obtained from each of the eight experiments

have been described separately as follows:

Experiment 1:

Twelve genotypes collected from the Department of 3otany,
were evaluated in respect of genotype-environment interaction
shown by coleoptile length grown under five different tempe-
ratures. The temperatures under which the seedling were
raised were treated as environment., The genotypic mean of
the twelve genotypes over five different environments are
shown in table 1, This experiment was repeated in seven
conjugative years starting from 13976 and continuing upto
1982, Genotypic means performed differently for different
environments but a close agreement between years was shown by
correlation coefficient of mean coleoptile length in seven
years (1976 to 1982), These were high and highly significant
(column 1, table 9)., A considerable range of variation was
observed among the genotypes included in this study., Lowest
coleoptile length was seen in Sonora- 64, whereas hichest
coleoptile length was noted in Kaszoli., Analysis of variance
as shown in table 3 indicated that highly significant diffe-
rences in coleoptile length exist among the genotypes included

in this study.



Significant effects of temperature on coleoptile length
were also noted as revealed by the analysis of varilance
(Table 3), The over all mean of the twelve genotypes in each
of the five different temperature are shown in table 2,
Highest coleoptile length was obtained at 40°C, whereas the
lowest was obtained at 20°C., A close agreement in the result
obtained in seven years as the correlation coefficient were

very high and highly significant (column 2, table 9),

The analysls of variance also indicated that a signi-
ficant part of the total variation was due to genotype-
environment interaction effects, This result was highly

significant in 8ll the seven years.

The item replication was non-significant suggesting that
one part of the experiment was the same as those of the other

partse.

The estimates of the variances for genotypes, 4529,
environments, ai)genotype X environment, ézé x e, and within
genotypes and environments (between individuals),éﬁs as,
derived from an analysis of variance (table 3) are given in
table 4, The two main effects and theilr interaction are
highly significant in the seven years study. The genotype-
environmental interaction effects were consistently high in
all the seven years suggesting importance of genotype~environ-
ment interaction effects in the expression of coleoptile length

of wheat.



Additive genetical components, (d,), for different
genotypes in different years are shown in table 6, These
genetical components were found to be similar in different

years, It was hicghest in Sonora- 64 and lowest in Kazoli.

Since the interactions item are significant, no immediate
generalisation can be made on the relative performance of these
populations, but the analysis shows that valid compsarisons can

only be made in each environment separately.

Since the analysis of variance can give no further useful
account of the genotype~environment interactions, we can now
consider any dynamic relationship which exist between genotypic
and environmental effects in the method proposed by Finlay

and Wilkinson (1963),

The genotype-environmental intersctions of these genotypes
were investigated for linearity by regressing their performance
in each environment against a biological measure of the envi-
ronments, The performance of each of the twelve genotypes
Wwas regressed against the mean of all the genotypes in each
environment, i.e. the material used for the environmental
assessment is the same as that to be investigated. This
environmental measurement will be termed dependent ej. The
dependent ej values are shown in table 5, The assessment of

the ej values are very similiar in all the seven years study,



For each genotype the linear fegression of individual
values on these five environmental means (ej) were computed
(table 7)., Following this, the sum of squares measuring the
interactions of the genotypes with environments were repar-
titioned into an item measuring differences between the
slopes of the five regressions and a residual item which
measures the scatter of points about.the regression lines,
The results of this snalysis are also given in table 3, It
i1s immediately clear that the major part of the genotype x
environment variance is explained by differences between the
slopes of linear regression, The deviations mean square is
significantly greater than the repliceates error item that
suggested there aré deviations from linearity which cannot be

explained in terms of field error,

The regression coefficients (b) in table 7 correspond to
the b values of Finlay and Wilkinson, (1963), and to the
(1+ 1) values of Cberhart and Russell (1966); after subtrac-
ting 1.0 they correspond with the fbi (table 8) values of
Perkins and Jinks (1968a). The actual regression lines of
performances of the genotypes against the corresponding
environmental means are shown in fig. 1, In order to avoid
confusion, individual points were not plotted in the figures.
Marked crossing of the regression lines is one of the common
features of the graph in 38ll the seven years study, The geno-

typic differences were very marked in high temperatures compared
to low temperatures,
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The regression firstly measures response to increments
in an improving environments, Since these incfements are
measured by the mean of all genotypes, then the average
response for any set of genotypes under coqsideration must
have a regression coefficient of 1,0. Reg}ession coefficient
{ 1.0 and »1.0 indicate below and aboﬁe average response
respectively by a variety of any set of genotypes under
consideration, The distribution of the values of regression
coefficient (b) of seven years study of the twelve genotypes
(table 7) were heterogeneus, hence ali the genotypes have

.

different response to the different environments,

The regression coefficient with standard error are shown
in table 7. Mexipak- 65, Innia- 66, Norteno- 67, Jupatica- 70,
Penkty and Kazoli had an above average respoﬁse in all the
seven years study and was consistently the highest coleoptile
length in all sbove average environments., Sonora- 64, Sonalika,
Tanori- 71, Noori, Janak, and DBirk, on the other hand, has a
response below the average and showed lowest coleoptile length
to the environments in the seven years studied, Penkty showed
ﬁighest coleoptile length to the environments and is marked
by @ high response (b = 1,82, 1.56, 1,79, 1.83, 1,61, 1.89 and
1.22) respectively, but a comparatively low mean coleoptile

in this range of environment in all the seven years study.
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The standard errorfs attached to the regression ceefficient
in table 7 have been calculated separately for each linear
regression from deviations within the twelve genotypes. They
are very varisble and reflect the fact that mean squares
measuring the scatter of points sbout individual regression
lines are not homogenous, The Chi-square (}(2) in the Bertle-~
tts test was highly significent in all the seven years study,
It suggested that the extent of the deviations from regre-
ssion is specific to, and hence characteristic of, psrticular
genotypes, It must be emphasised that in no case did the
graphs indicate any relationship other than linear, individual
points being scattered at random sbout the fitted straight
line, Standard error measuring this scatter may thus be
taken as measures of the "stability of response™ exhibited by
each genotype., The phenotypic expression of a particular
genotype in a specific environments depends on three genotypic
properties: a mean expression, a linear response to environment
and residual deviations from regression. These parameters
are exactly those proposed by Eberhart and Russell, (1966),
which measure the unpredictable irregularities in the responses
to the environments of the twelve genotypes in seven years
results, These are also shown in table 7, The Sy, values were
highly heterogenous in most of the twelve genotypes as revealed
in joint regression and standard error of regression, The

Sb values were proved to be heterogenous as the)(,—2 was highly



significant (X% = 58,03, 15.24, 51,18, 34.91, 44,26, 30.44
and 36,56), Among the twelve genotypes, Sonora- 64,

Tsnori- 71, Noori, Janak and Dirk were the most stable
genotypes as shown by their low Sb values whereas, Mexipak-65
showed least stability in 8ll the seven years study of.the

resul ts.

Evaluation of these genotypes in terms of linearity were
also investigated by using independent environmental values,

They are given below:

(a) Independent zj using replicate individuals:

Each genotype in each environment was represented by
ten individual seedlings.‘ These were split at random into
two groups of five, the interactions of one group were to be
investigated and the other group contributed to the environ-

mental assessment,

(b) Independent Zj using replicate sets of genotypes:

The twelve genotypes were divided at random into two
sets of six, the interactions of one set were to be inves-

tigated and the other set were to assess the environment,

Group (a) and (b) were further divided into sub-groups
(a);, and (a);; and (b); and (b),;. Subgroups (a)i and (a),,
represent the regresslon of the twelve genotypes in one set

of replicate individuals against the mean of the other set in
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each environment and vice versa., Similarly, subgroups (b)i
and (b)ii represent the regression of the six genotypes in one
set against the mean of the other set in each environment and

vice versa,

We try to use independent environmental assessment as a
measure of environmental values and the results obtained by
using independent environmental values are shown in table 10
and 11, A good agreement of the result was obtained from
different independent Zj assessment with that of dependent
ej assessment, The joint remainder of table 10 was non-
significant when tested against the variance within cgenotypes
and environments (between individuals). The joint regression
coefficient‘p » should not deviate from one. This result was

found to be similar in all the seven years studied,

In table 11 the significance of the heterogeneity of
regression and of the heterogeneity of remainders in the
joint regression analysis of the twelve genotypes against the
different kinds of independent environmental assessors are
given for each year., The heterogenelty of reméﬁnders vas
tested against the variance within genotypes and environments
(between individuals). The heterogeneity of regression was
also tested against the variance within genotypes and environ-
ments, The results are completely consistent across all the
different ways of assessing the independent environment with

those of dependent envircnments,



Table 1l: Genotypic mean.
Genotypes 1976 1977 1978 1979 1980 1981 1982
1., Sonora-64 52,17 54,17 53,76 50,21 52,79 52.11 53,62
2. lexipak-65 55,23 56,28 52.11 754.29 55.07 55,46 54,23
3. Innia-66 61.19 60.55 62.32 61,14 60,59 62,73 61,55
4, Horteno-67 67,74 66,32 68,29 63,63 65,30 67,19 686,32
5. Sonsalika 53,65 52,06 54,05 53,93 53,64 52,84 55,05
6, Tanori-71 58,95 5§.32 60;23 56.66 57.32 58,90 58,47
7. Hupatica-70 62,23 64,62 60,05 60,09 61,44 62,30 62,80
8, Noori 59,25 57,17 60,22 658,29 59.74 60,04 58,82
9. Penkti 64,67 63,22 63,32 63,29 62,92 64,02 64.09
10, Janak 62.19 60,05 60,55 62,82 63,70 62,65 61,95
11, Dirk 72.36 70.36 69,32 70,24 70.75 73,19 73.05
12, Kazoli 82,15 @81.36 80,04 80,53 81,09 82,55 81,46




£3

Table 2: Population mean,

20%¢ 25°¢ 30°%¢c  35% 40%¢ Mean
1976 55617 64,24 58,32 64.15 71,11 62,59
1977 51,29 63,04 54,10 66,39 75,32 62,02
1978 53,22 62.29 57.74 63,33 70. 75 61, 46
1979 49,23 60,13 55.22 62.19 73,75 60,10
1980 53,04 64,12 59,22 65,17 68,32 €1.97
1981 55.14 63,65 57.49 65,23 72.G5 62,71
19862 54,36 65.19 56,34 62,82 73.89 62,52




Table 3: Results of analysis of variance (m.s.)’

Item deo f 1576 1977 1978 1979 1980 1981 1982
Tempe"‘ ase [ XX ] swe sew ) s e s XX [ X R4
rature (E) 4 151,03 405,01 172,22 332,66 142.49 179,C2 241.27
TR @ [ - [ R R LR B ] L AN [N 3 L. _BS
Genotype(G) 11 282,97 253.94 240,56 256.43 250,05 306,31 269.06
2@ 'L sen "as ' 'L *on Ty
G X E 44 121,04 154,22 87,65 129,33 167,73 214.15 159.73
Regre- Ty aoe st e s o8 L) ne .o
ssion 11 1¢64,76 147,29 54,29 179,04 204.76 195.52 169,44
ene Ty se® Aze ece 'YL e c
Remainder 33 115,27 15G.53 98,77 112,76 155,39 220,43 156,49
Reps, in E 15 14.73 29,64 18,23 4,19 11,05 10,36 11,15
Brror 165 20.34 26,36 14.23 30.19 18,36 9,23 18,64

o w

.Significant at 0.1% level,




Table 4: Estimates of variance components,
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Componénts 1976

1977 1978 1979 1980 1981 1982
P2
Genotypes &g  7.76 4,98 7.64 6.35 4.11 4,61 5,46
L

Environments®e 2.72 7.88 3.20 6.30 2.58 3.53  4.63
(Temp. )

Genotypes x

enviponments ~ 26.82 31.96 18.35 24,78 37,34 51.23 35,27

&ge

Within Geno-

types and 20,34 26,36 14,23 30,19 18.36 9.23 13.64

environments

St




Table 5: Environmental values (ej)
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25°¢ 30°c 35°%¢ 40°c
1976 7.42  =1.65 4.27  -1.56 -8,52
1977 10,73 -1.02 7,92 -4.37  =13.30
1978 8.24 -0,83 3,72 -1.87 -9.29
1979 10.87 0,03 4.88  =2,09  -13,65
1580 8.93  -2.15 2.75  =3.20 ~6.35
1981 7.57 0,94 5,22  -2.52 ~9.34
1962 8.16 -2.67 6.13  =0.30  -11,37
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Table 6: Additive genetical components, (d;)
Genotypes 1976 1977 1978 1979 1980 1981 1982
1 Sonora-64 10.47 7.94 8,26 11,21 9,24 10,55 9.16
2 Fexipak-65 7.41 5.82 9,91 7.13 6,96 7.20  38.55
3 Innia-66 1,45 1.56 -0.30 0.28 1.44 -0,07 1,23
4 Norteno-67 5,10 4,21 =6,27 =2,21 -3.,27 -4.,53 5,54
5, Sonalika 8.99 10,05 7,97 7.49 8,39 9.82. 7.73
& Tanori-71 3.69 2,79 1,79 2.76 4,71 3,76 4,31
7 Jugatika 0,41 =-2,51 1,97 1.33 0,59 0.36 =0,02
8 loori 3.39 4,94 1,80 3,13 2,29 2.62 3,96
9 Penkty -2,03 -1, -1,30 -1,87 -0.89 =1,36 -1,31
10 Janak 0.45 2,06 1,47 -1,40 =1,67 0.01 0,83
11 Dirk -9.72 -8.25 =7.30 -8.,82 -8,72 -10,53 -10.27
12 Kazoli -19.51 -19,19 -18,02 -15,11-19,06 -19,89 -18,68




Table 7: Regression co-efficients with

standard errors.
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Genotypes 1976 1977 1978 1879 1980 1981 1682
l. Sonora-64 0,49 0,83 0,56 0,44 0,50 0. 48 D42
i 0.03 i 0.19 : 0.14 : 0. 22 _".' 0006 i’ O. 21 .1‘ 0013

2, Mexipak-65 1.59 1.76 1.82 1,64 1,72 1,82 1,44
+ 0,64 + 0,29 + 0,76 + 0.44 + 0,55 + 0.39 + 0.41

3, Innia~66 1.04 0D.89 0.94 1.11 0.95 1.06 C.923
+0.23 + 0,14 + 0,16 + 0.22 + 0,19 + 0,22 + 0,07

4, Lorteno-67 1,22 1,26 1.19 1.34 1.05 1.19 1,26
* 0. 36 + 0,39 + 0.16 + 0,22 + 0.14 + 0,32 + 0.11

5. Sonalika 0.54 O, 44 0,55 0,58 G, 60 0, 49 0,51
+ 0,19 + G,10 + 0,11 + 0,16 + 0.07 * 0,03 * 0,15

6, Tanori-71 082 0.76 0.82 0.94 0.82 0.89 C, 380
* 0,04 * 0.19 + 0,13 * 0,22 + 0.16 + 0.14 *+ 0,07

7. Jupatica-70 1,57 1.69 1.50 1,52 1.84 1.5 1.69
+ 0,32 * 0.27 + (.31 * 0.44 * 0,41 + 0.2% * 0.22

8., Noori 0,45 0.46 0. 40 0.32 0. 49 O. 41 0. 44
+ 0,09 + 0,11 + 0,04 + 0,11 + 0,15 + 0.16 + 0,07

9, Penkty 1.82 1.56 1.7° 1.83 1.61 1.89 1.92
+ 0, 49 + 0,22 * 0,31 + 0,71 * 0,62 + 0. 44 * 0.14

10, Janak 0.95 0. 72 0,92 0,98 0.96 0.90 .94
11, Dirk 0. 47 0, 49 0.55 0. 36 0, 44 Q. 49 0.52
* 0,07 + 0,14 + 0,19 *+ 0.07 + 0.14 + 0,07 * 0.22

12, Kazoli 0.99 1,14 0.96 0.94 1.02 0,73 1,13
+ 0,12 + 0.14 * 0.22 * 0.16 + 0,15 & 0.22 3 0,33
X2 = 58.03° 15.24 51.18° 34281  44.%8" 30.2% 38,38

(do£.11)
L B L N
! Significant at 1% and 0,1% level respectively.
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Table 8: Linear interaction co-efficients, ( Pi).
Genotypes 1976 1977 1978 1979 1980 1981 1982
1, Sonora-64 -0, 51 =~0,17 =0,44 =0,56 =0,5 ~0452 -0.58
2. Mexipak-65 0, 59 0, 76 0.82 0.64 0.72 0.82 0. 44
3. Innia-66 0,04 -0,11 <0,06 C.ll -0,.05 0.06 -0.07
4, Norteno-67 0,22 0, 26 0,19 0,34 0,05 0,19 0, 26
5. Sonalika -0, 46 -0,36 ~0,45 =0,42 0,40 =0,51 ~0.49
6, Tanori-71 -0,13 -0,24 ~0.18 0,06 =0,18 =0.11 -—0.20
7. Jupatica-70 0,57 0,69 Oa50 0.52 0.84 0;65 0. 69
8¢ loori -0,55 -0,54 -0,60 -0,68 -0,51 -0,59 -0.,56
9. Penkty C.82 0,76 0. 79 C,.83 0,61 0,89 0,92

10, Jansk -0405 -0,18 ~0,08 .0.02 =0.04 ~0.10 -0, 06
11, Dirk ~0.53 ~0.51 =0,45 '—0.64 -0.,56 ~0.,51 -0, 43
12. Kazolil ~0,01 0,14 ~0,04 0,06 0,02 =0,07 0,13
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Table 9: Correlation studies.

Between Regre-

Between Popu-
ssion co-efficients

lation mean

Between Geno-
typic mean

1976 vs, 1977 0.9823 0.9886 0.9543
78 0.9790 0.9949 0.9828
79 0.9885 0.9864 0.9904
80 0.9918 0.9589 0.9649
e1 0.9969 0.9944 0.9229
82 0.9954 0.9884 0.9837
1977 vs. 1978 0.9544 0.9856 0.9684
79 0.9604 0.9797 0.9328
80 0.9703 0.9442 0.9564
81 0.9789 0.9988 0.958
82 0.9784 0.9701 0.9422
1978 vs. 1979 0.9648 0.9962 0.9715
| 80 0.9663 0.7611 0.9452
81 0,9764 0,9912 0.9927
82 0.5799 0.9744 0.9527
1979 vs. 1980 0.9905 0.9315 0.9412
g1 0.9897 0.9857 0.8026
82 0.9790 0.9698 0.9614
1980 vs. 1981 0.9929 0.9476 0.9698
82 0.9363 0.9101 0.9433
1981 vs. 1982 0.9913 0.9791 0.9637
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Table 10: Testing the adequacy of the independent
environmental assessors (a)i, (a)ii and (b)i
and (b)ii from the significance of joint
regression,ip from one and of the joint remainder.

Item d. f. (a), (a).. d, f. (b) (b)

i ii i ii
= 1976
g 0.97 1,04 0,99 0.94
| -0.03 0.04 -0,01 ~0,06
Joint Remainder 3 14, 76 21,05 -3 11,16 6,94
Error 165 19,76 17.36 85 17.94 21,55
1977
IS 0.94 0.97 | 0.89 1,07
B -1 -0, 06 ~0.03 -0.11 0,07
Joint Remainder 3 14.55 135,36 3 27,04 21.59
Error 165 21.44 16,75 85 29,13 27.54
1678
B 0.99 0.96 0.87 0.95
. Joint Remainder 3 11.67 16,94 3 12,32 7o 69
Error 165 11,76 16, 73 85 14,22 12.32
_ 1975
Y 9,94 0.93 0.99 0.99
-1 -0.06 -~0,07 -0,01 -0.01
Joint Remainder 3 34,63 21,53 3 29,23 36,75
Error 165 34,73 29,73 85 31.14 27.15
_ 11980
P2 0.79 0.88 0.94 0.93
JQ—I -0.21 ~0.12 -0,06 -0.,07
cint Remainder 3 24,76 20,19 3 11.55 14,73
Error 165 21.14 26,95 85 17.75 19,32
_ 1981
p | 0,95 0.81 0.64 0.95
?_1 -0.05 -0.12 -0.36 -0,05
oint Remainder 3 11,23 4,39 3 4,04 9.16
Error 165 11.14 12,64 85 7.93 9,13
_ 1982
5 0.99 0.91 0,74 0. 76
f-1 -0.01 -0,09 -0.26 ~0,24
Joint Remainder 3  21.45 19,66 3 27,23 29,11

grror 165 19,75 20,10 8

(8]

24,23 21.55
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Table 1l: Significance of heterogeneity of remainder
using the environmental assessors (a)i,
(a)ii, (b)i and (b)ii'

Item d.f. (a)i (a)ii d. f, (b)i (b)ii

1976
Heterogeneity . o - . sue 23w
of Regression 11 141,32 169.7%70 5 115,76 145,05
Heterogeneity .o - P 5 5 o
of Remainder 33 92,38 114.3%" 15 $9,73° 124,76
Error 165 19.76 17,36 85 17.9 21,55

1277
Heterogene:}ty 8 ca% “en saw
of Regression 11 124,66 97.64 5 155,27 224,66
liecterogenelty rou . see 3w
of Remainder 33 119,73 104,32 15 114,19 174,32
Error 165 21,44 16,75 85 29,13 27.54

1978 ’ |
Heterogeneity asw so® soe sae
of Regression 11 69,73 126,73 5 104,41 93,29
lieterogeneity o cuw e PR
of Remainder 33 62,30 69,55 15 60,55 71,24
Error 165 11,76 16.73 85 14,22 12,32

1979
}.}eterOQeneity [ LN aaw [ N ] [ B-N ]
of Regression 11 207,16 116.75 5 197,867 214,93
Heterogeneity .5 P ats cae
of Remainder 33 94,44 133,58 15 81.35 49,73
Error 165 34,73 29,73 85 31,14 27.16

1980
Heterogeneity .e ste L see
of Regression 11 201,06  295.64 5 106,73 181,51
Heterogeneity e "o ee e "R
of Remainder 33 116,05 205,11 15 54,21 106,37
Error. 165 21,14 26,95 85 19,32

- . E

17.75

(contd, )



Table 11: (contd,)

9e

I )

tem d, f, (a)i (a)ii d.f. (b)i (b)ii
1981

lleterogeneity . o o wea

of Regression 11 224,76 120,50 5 239,55 109,15

Hetercgeneity oo “se 2o ¢ o

of Remainder 33 206.07° 187.74 15 106. 74 94,32

Error 185 11,14 12,64 85 7.93 9.23
1¢32

Hetgrogene@ty .o s PR PN

cf Regression 11 184,32 161,65 5 214,09 133,76

Heterogeneity .o sae 243 220

of Remainder 33 129.64  155.03 15 191.82° 105,33
Error 165 19,75 20,10 85 24,23 21,55

- -

Significant at 0,1% level,
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Experiment 2:

Twelve genotypes were evaluated in respect of genotype-
environment interaction on coleoptile length, Eight different
nutritional germinating mediums were used as the envircnments
in this experiment., Genotypic means over eight environments
for twelve genotypes were measured separately iﬂ four con-
jugative years (1977 to 1980) and they are shown in table 12,
Different genotypes performed differently for different
envircnments but a close agresment between years was shown by
correlation coefficient of mean coleoptile length in four
years were highly significant as shown in column 1, table 20,
Sonora~ 64 showed lowest coleoptile length and the highest

coleoptile length was noted in Kazoli.

Analysis of variance of the genotypes were made to test
the significant difference of different sources of varietion
and the results are shown in table 14, All the main items
such as genotype (G), environments (E) and the g x e, inter-
action item were highly significant against the experimental
error in all the four years study. When genotype-environment
interaction is partitioned, it is clear that the variation
can be attributed to differerices between the linear regre-
ssion lines of the twelve genotypes although the remainder
of the variation around the regression lines is also signi-
ficant, The item replication was non-significant in all the

four years studied. The mean performance of the genotypes
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under varied environments are shown in table 13. Table 13
also shows that the genotypes in general gave better perfor-
mances in calcium hydroxide [Ca (OH)é] . In others, the
performance was poor, The lowest performance was observed
in hydrocloric acid [Hcil, in all the years studied,
Correlation coeffiéient between population means in four

years study were highly significant (column 2, table 20).

. . 1
Estimate of the varlances g—g’ S s zg x e

2
and 5\5 are
: . 1
shown in table 15, The influence szg x e Was greater than
SZ in all the four years study., Genotype x environmental
effects suggest importance of the expression of coleoptile

length of wheat.

The environmental values ej and the additive genetical
components, di’ obtained separately in each environment in
four years study, are shown in tables 16 and 17, The e} values
obtained from all the years were more or less similar to each
other in a particular environment, Additive genetical com-
ponents were found to be similar in different years., It was

highest in Tanori~ 71 and lowest in Ka=zoli,

Regression techniques for studying the genotype-environ-
ment interactions are among the most widely used methods for
investigating the response patterns of the genotypes. For

each genotype the linear regression (b) of individual value
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on the environmental indices (ej) were computed as proposed
by Finlay and Wilkinson, (1963), Actual regression lines

of performances of the genotypes are shown in figure 2, The
genotypic differences were very marked in calcium hydroxide
[;Ca (OH)a} , compared to hydrocloric acid Eﬁcil. The
regression coefficient (b) and the standsrd errors (5. ) are
shiown in table 18. The distribution of the values of regre-
ssion coefficient (b) in four years study of the genotynes
were heterogenous, hence all the genotypes have different
response is the different environments, Mexipak- 65, Innia- 66,
KNorteno- 67, Sonalika, Fenkty, Janak.and Kazoll had an above
average response in all the four years study and consistently
had high coleoptile length in 3ll above-average environments,
Sonora- 64, Tanori. 71, Jupatica- 70, Noori and Dirk, on the
other hand, have a response that is below average and had
short coleoptile length in below average environments in all
the four years studied, Innila. 66 showed highest coleoptile
length is good environments and is marked by a high response
(b = 2,24, 2.05, 1,96 and 2,34), but Dirk showed a compara-
tively short coleoptile length (b = 0,25, 0,19, 0,09 and 0,23)

in all the environments.

The standard errors proves to be heterogenous as the
Chi-square ()(2) in the 3artlett's test (shown at the bottom
of the table 18) was highly significant in all the four diffe-

rent years. Thus it indicated that there were distinct
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differences between genotypes around the regression slopes.

From the heterogenous S_ values (table 18), Sonora- 64,

b
Tanori- 71 and Dirk were the stable genotypes whereas,

Kazoli showed least stability in all the four years studied,

Results obtained from the different independent envi-
ronmental values (Zj) as those described in experiment 1 are
shown in tables 21 and 22, The joint remainder of table 21
was non significant., The joint regression coefficient was
also found not to deviate from one, In table 22 the hetero-
geneity of regression and the heterogeneity of the remainder
were highly significant., These results were found to be very
similar in all the four years study. It indicates that for
coleoptile length of wheat, or for evaluation of genotypes in
respect of genotype x environmental effects, one can use

independent environment.,



106

Table 12: Genotypic mean.
Genotypes 1977 1978 1979 1380
1. Sonora- 64 53.17 51,67 54,29 43,76
2., Hexipak- 65 56,09 59.12 57.32 55,95
3. Innia- 66 61,23 64,44 61,29 59.73
4, Norteno- 67 67.05 69,83 64,95 65.55
5. Sonalika 64.11 69.12 63,54 64,09
6, Tanori- 71 52,77 50.23 49,17 52,36
7. Jupatica- 70 57.19 58,76 56.05 54,24
8. Noori 60,22 64,06 60.93 57,00
9. Penkty 64,19 61.95 63,22 63,20
10, Janak 69.32 71.94 73.17 68, 59
11, Dirk 71455 7C.22 70,93 67.23
12. Kazoli 78.17 79.00 74.13 78,05
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Table 13: Population mean.
Nacl2 Nac12 Nacl Nacl2 Na(OH)2 Ca(OH)3 Hcl control Mean
0.,2% 0. 5% 0.7% %
1977 52,14 65,04 66,21 67,04 59,94 77.22 47.23 68,55 62,92
1978 57.22 62,65 70,32 67.24 57,36 81,23 4%.95 67.55 64,19
1979 48,59 66,14 65,11 66,15 62.11 74,32 51,05 66,06 62,44
53,36 61.04 64,75 65,73 58,05 77.14 47.16 65,95 61,64

1980
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Table 14: Results of analysis of variance (m,s.)

Item d,.f. 1977 1578 1979 1280
Nutrition (E) 7 639.74" 648.51° s10,28" 576.70°
[N ] [ B LN 2 [N

Genotype. (G) 11 417,32 498,77 410,54 402,87
LB R [ BN [ B N LB N

G x B 77 96,65 106,81 127.71 130,67
oo LR N L EXR ] Be

Regression 11 219,15 254,14 205,27 160,79
LR X [ BN ] LR J L E R

Remainder 66 76,23 82,25 114,79 125.65
Repse. 3 24,05 29.16 47,23 49,55
Error 285 40,73 27.96 62,21 51.46

L L]

Significant at 0,1% level,



Table 15: Estimates

of variaonce ccomponents.
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1978

Conmponents 1577 1979 1980
2
Genotypes &°g 10,02 12.24 8.38 8. 51
Environments Bze 12.47 12,93 92.33 10.94
2
Genotypes x p:) ge
environments 13,98 19.71 16.37 19,89
< pros N 2
Within Genotypes éb;, '
and environments 40,73 27.96 62,21 51.46




Table 16:

Environmental values (ej).
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lacl, Haclz Nacl, Nacl2 “a(OH)Z Ca(0il); Hcl  Control
Cel% 0o 5% Ce 7% 1%
1277 10.78 -2.12 «3,29 -4.,14 2,98 -14.30 15.69 -5.63
1978 6,97 1,54 =6.13 -3,05 6.83 -17.04 14,24 ~-3.36
1979 13,85 -3,70 -2,67 -3,71 0,33 -11.88 11,39 -3.62
1980 8.28 0,60 «3,11 -4,09 3,59 -15.,50 14.48 -4,31
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Table 17: Additive genetical components, (di)
Genotype 1977 1978 1979 1580
1, Sonora- 64 9.75 12,52 £.12 7.88
2. Mexipak- 65 €.83 5.07 5,09 5.69
3., Innia~ 66 1,69 ~-0.25 1.12 1.91
4., Norteno- 67 —-4413 -5, 64 -2.54 -3,91
5. Sonalika -1,19 -4.93  -1.13 ~2,45
6., Tanori- 71 10.15 13,96 13.24 9,28
7. Jupatica 5,73 S.43 6.36 7. 40
8. Nooril 2.70 0.13 1.48 4,64
9., Penkty -1,27 2.24 -0.81 -1.56
15, Janak -05,40 -7+ 75 -10,76 ~6,95
11. Dirk ~-8,63 -6,03 | -8.52 -5.59
12, Kazoli -15.25 ~14.81 -11.72 ~-16,41
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Table 18: Regression co-efficient (bi) with

standard errors, (s_)

Genotypes 1977 1978 1979 1980
b Sb o Sb fol Sb b Sb

l. Sonora- 64 0.41 0,04 0.46 GC.,1l4 0,39 0.04 0. 42 0,06
2, lMexipak-~ 65 1,31 0,33 1.26 0,09 1.47 0.39 1.42 0. 29
3, Innia- 66 2,24 0,09 2,05 0.49 1.96 0,27 2.34 0.61
4, Norteno- 67 1,56 0.51 1.46 0,36 . 1.79 0,10 1.43 0.41
5. Sonalika 1.24 0,24 1,32 0.14 1.05 Q0,07 1.15 0,19
6, Tenori- 71 0.13 0,03 0,32 0.04 0.26 0.04 0.14 0,07

7. Jupatica- 70 0.44 0.15 0,49 0,11 0.36 0.11 0.24 0.14

8. loori 0.83 0.19 0,85 0.23 0,91 0.27 0.80 0,12
9. Penkty 1.05 0.29 1,14 0.15 1.09 0,19 0,96 0,21
10, Janak 1.03 0.16 1.04 0.24 1.32 0.32 1.16 0,27
11. Dirk 0.25 0.07 0,19 0,03 0,09 0.16 0.23 0,07
12. Kazoli 1.51 0.64 1.32 0.27 1,31 0.25 1.54 0.37

2 = 101,98" 76.95" 66,36 73.12"

(d?f. fi)

.Significant at 0,1% level,



Table 19: Linear interaction co-efficients, (_Pi)

Genotypes 1977 1978 1979 1980
1. Sonora- 64 -0,59 -0.,54 -0.61 -0.58
2. Mexipak- 65 0.31 0426 0.47 0.42
3. Innia- 66 1.24 1,05 0,96 1.34
4, Norteno- 67 056 0, 46 0,79 0.43
5. Sonalika 0,24 0.32 0.05 0.15
6. Tanori- 71 -0.87 -0.68 -0,74 -0,.86
7. Jupatica- 70 -0,56 =0,51 =0.64 ~-0,56
8. MNoori -0.17 -0,05 -0,09 -0,20
9. Penkty 0.05 0.14 0.09 -0,04
10. Janak 0,03 0.04 0,32 0.16
11, Dirk -0,75 ~0.81 -0.,91 -0.77
12. Kazoli Ce 51 0,32 0.31 0.54

113
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Table 20: Correlation studies.

Between Between Popu- Between Regression
Genotypic mean lation mean coefficients
1977 vs. 1978 0.9529 0.9483 0.9877
79 0.,9603 0.9645 0.9556
g0 G,92809 0.9859 0.9987
1978 vs., 1979 00,9467 0.8645 0.9590
80 10,8358 0.9799 0.,9745

1979 vs., 1980 0.,9398 0.9248 0.9507







Table 22
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¢ Significsnce of heterogeneity of remainder using

the environmentsl assessors (a)i, ()., (bl
~and (b),..

Item
. d.f. (a); (8l d. f. (b), (b)ii
1977
I-Ie.terogeneity 2P LN L& | R
of Regression 11 247,62 197,77 5 361,62 287,55
Hetercgeneity .o .en o cow
of Remainder 66 81.94 95,32 30 112.93 149,66
Error 285 46,73 31,44 141 41,13 47,69
1978
Heterogeneity .se aes cke . %w
of Regression 11 187,32 224.66 5 214,73 189,33
lleterogenei ty con P T ese
of Remalinder 66 79.64 114,92 30 106,93 164,65
Error 285 21,24 27,62 141 24,33 20,76
1979
Heterogeneity .e e ses tee
of Regression 11 236.21 204,53 5 288,22 369,64
Heterogeneity ewe e w Y ens
of Remailnder 66 114,69 176,32 30 194,006 214,05
Exrror 285 66,33 61,19 141 60,55 69,13
1280
Heterogenity P PR ehe eaw
of Regression 11 304.66 280,19 - 5 309.06 319,32
Heterogeneity “ee sae cee ses
of Remainder 66 194,22 176.66 30 144,00 204,66
Error 285 42.19 47,32 141 42, 20 41,67

e

‘Si{nificant at 1% and 0,1% level respectively.
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Cxperimnent 3:

Genotypic means over sixteen different combinations of
RyP,K and Ca environments for twelve genotypes were evaluated
‘in respect of genotype-environment interaction as shown by
coleoptile length, The genotypes were measured separately in
each year and they are shown in table 23, Genotypic means
varied within twelve genotypes but a close agreement between
Yyears was shown by correlation coefficient of mesn coleoptile
length in four years (1978 to 1981). These were highly
significant, as shown in column 1, table 31, Low and high
genotypié means performance in all the four years were found

in Sonora- 64 and Kazoli respectively.

Results of analysis of variance in all the four years
study are shown in table 25, Analysis of variance of the data
sﬁowed that the mean differences between the genotypes (G) and
between environments (E) were highly significant. The geno-
type x environment interaction was also highly sicnificant;
when this interaction 1is partitiohed, it is clear that most
of the variations can be attributed to differences between the
linear.negression lines of the genotypes although the remainder
of the variation around the regression lines is also signifi-
cant, Means of the twelve genotypes over sixteen different
environments in all the four years study are shown in table 24.
The table shows that the genotypes were affected by different

environments, The environmental means (table 24) also show that
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genotypes in general gave better performances in P, K, and Ca
combination environments, Highest coleoptile length was
obtained in PKCa whereas, the lowest was obtained in PCa.
A close agreement in the result obtained in four years as

the correlation coefficient were highly significant (column 2,

table 31).

The estimates of §%g, Soe, g2gxe and é%; as derived
from the analysis of variance of the twelve genotypes over
sixteen environments are given in table 26, The influence
of 52e and - ézgxe was greater than ézg in all tne four years
study suggesting importance of genotype-environment interaction

in coleoptile length of wheat.

Estimates of the additive environmentsl values ej which
were used in the phenotypic regression analysis were obtained
and are shown in table 27, .The ej values obtained from all
the years were more or less similar to each other in a parti-
cular environment, It was highest in IFK and lowest in PKCa.
Additive genetical components, (di) in four different years
are shown in table 28, These genetical components were found
to be similar and it was highest in Sonora- 64 and lowest in

Kazoli.
Regression techniques for studying the genotype-

environment interactions are among the most widely used methods
for investigating the response patterns of the genotypes. For

each genotype the linear regression (0;) of individual values
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on the environmental means were computed and they are shown
in table 29, The linear regression coefficients in table 29
correspond to the b, values of Finlay and wWilkinson (1963);
and for convenience of comparison of regression values, the

P i values are shown in table 30, Actual regression lines

of performance of each genotype against the corresponding
environmental means are shown in figure 3. A clear indica-
tion of genotype x environment interaction effects was reflec-
ted in the figure. The genotyplc differences were very marked
in NPK compared to PKCa environments on coleoptile length in

8ll the four different years studied,

The regression coefficients (b;), standard error (Sb)
are shown in table 29, As revealed by joint regression, the
distribution of all the genotypes bi values were heterogenous
and for this all the genotypes had different response to
different environments, Mexipak~ 65, Innia-66, Jupatica- 70,
Penkty‘and Kazoli had an above average response in all the
four different years snd had @ consistently high coleoptile
length in all sbove~average environments, Sonora- 64, Norteno-67,
Sonslika, Noori, Janak and Dirk, On the other hand, have a
response below the average and showed short coleoptile length
in below average environments in all the four years studied.,
Jupatica- 70 showed highest coleoptile length in good environ-
ments as marked by a high response (b = 2,06, 1.84, 1,76, and

1.83), but Dirk showed a comparative short coleoptile length
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(b = 0.31, 0.46, 0.3% and 0.37) in poor envircnments, The

b values were found to be heterogenous as the )@2 was

S
highly significant (x % = 101.98, 76.99, 66.36 and 73,12) in
all the four years study and indicated thatlthere were
distinct differences between genotypes around the regression
slopes. Among the twelve genotypes Dirk showed most stable

genotype as shown by their low Sb values whereas, Jupatica- 70

showed least stability as shown by their high S

b values.

Different independent environmental values (Zj), as those
described in experiment 1, are shown in table 32 and 33, The
joint remainder (table 32) was non significant and the joint
regression coefficient p y should not deviate from one in all
the four different years. In table 33 the heterogeneity of
regression and the heterogeneity of remainders were highly
significant in a8ll the four years. These results indicate
that for coleoptile length of wheat or for evaluation of geno-
types in respect of genotype-environmental effects one can use

independent environment,



Table 23: Genotypic mean,
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Genotypes 1978 1979 1980 1981
le Sonora- 64 49,23 54,16 51,59 53.75
2. Mexipak- 65 57, 73 58.29 53,29 56,27
3, Innia- €6 64, 73 60,19 64,05 62.32
4, Norteno~ 67 67.55 64,19 69,23 67,05
5. Sonalika 52,32 54,76 59,23 50, 75
6., Tanori- 71 60,23 61.05 57,62 59,15
7. Jupatica- 70 64, 76 64,03 62,19 60.54
8. MNoori 54,76 58,23 59.76 58,10
9. Penkty 60,23 66,05 64, 59 65, 73
10. Janak 62.19 60,73 60,55 62.93
11, Dirk 70, 73 69.82 73.94 71459
12. Kazoll 82.32 79.76 78,93 79,05
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Table 24:; Fopulation mean.

Environment 1978 1979 1980 1981
N 56,34 58,83 53,66 54,22
P 61,15 59.12 63,32 60,06
K 71.31 64,23 72,05 73.10
Ca €8, 26 75.17 75.23 €8, 05
Np 53,64 51.05 52.18 57.24
NK 61,69 62.62 60.19 59,39
NCa 60,96 59,23 62,93 63.11
PK 61,02 64,69 65,23 65.15
PCa 52.05 53,22 54,17 50,73
KCa 58,18 61,70 60,22 62,17
NPK 51,42 54,30 49,74 51.69
NPCa 53,79 54,73 52,05 53,20
NKCa 74,24 72.65 69.73 72433
PKCa 77.65 75. 73 79.96 76.90
NPKCa 67.19 66,30 70479 65.19
Control 67,07 €9.11 65,12 64,73




Table 25:

Results of analysis of variance (m,s.)

I tem a. £, 1978 1979 1980 1981

® ad D
% W [ - N ] LN B ]

nutrition (E) 15 969,98" 884,%3" 1228.1%" 920,12
Genotype (G) 11 1183.73°  743.38°  o955.33°  920.38"
- ] [ N N ] L L N RN
GxE 165 196.05° 242,38 217.64 377.3%1
Regression 11 476.05" 623.%55"  506.86° ~ 932.67
Remainder 154 176,05 215,05 197.00  337.64
Replication 3 £4,05 91.14 93,79 64,55
Error 573 162,35 28, 76 97.64  105.18

LI

. .
Significant at 0.1% level,



Table 26: Estimates of varisnce components.

126

Item 1978 1979 1980 1981
Genotype $%g 15.43 7.82 11,52 8, 48
Environments 62e 16.82 16.57 23,55 16,97
Genotypes x 62 xe

Environments © 9 8,42 38.38 30.00 68,03
within genotypes 3

and environments JB162. 35 ag. 76 97.64 105.18




Table 27: Environmentsl values (ej).
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Environment 1978 1979 1980 1981
N 5,91 3.83 9,25 8,10
P 1.10 3.54 ~-0.41 1.76
K -9.06 -1.57 -9.14 -10, 78
Ca -6,01 ~12.51 -12,32 -5.73
hNp 8,61 11.,¢€1 10.73 5,08
NK Ge56 0. 04 2,72 2,93
NCa 1.25 3,43 -0,02 -0, 79
EK 1.23 -2.03 2432 ~2.83
PCa 10,20 9.44 8. 74 11.59
KCa 4,07 0.96 2,69 0.15
NPK 10.83 8,36 13,17 10,63
. PCa E.46 7,93 10.86 9.12
NKCa -11,99 -9,99 -6,82 -10.,01
PKCa -15,40 -13,07 ~-17,05 -14,58
NPKCa -4.94 ~3.64 -7.88 -2.87
Control ~4.82 —-6,45 -2.21 ;2.41
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Table 28: Additive genitical components, (d
Genotypes 1578 1979 1980 1981
1., Sonora- 64 13,00 8,45 11,32 8,51
2. Mexipak- 65 4,50 4,32 9,62 6,00
3. Innia- 66 2450 2,42 ~1.14 0,05
4, Norteno- 67 5.32 -1,58 -65,32 -4,78
Se Sénalika 9.91 7,85 3,68 11,52
6, Tanori- 71 2,00 1,56 5.29 3,12
7. Jupatica 2,53 -1.42 0,72 1.73
8. Noori 7o 47 4,38 3,15 4,17
9, Penkty 2.00 ~3.44 -1.68 -3.46
10, Janak 0,04 1.88 2.36 -0, 66
11, Dirk ~8,50 -T7421 -10,43 -0a,32
12, Kazoli -20.09 ~17.15 -16,02 -16,78
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Table 29: Regression co-efficients (b) with
standard errors (Sb).

Genotypes b S b 5 b S b s

l., Sonora- 64 0.64 0,19 0,47 0,22 0.53 0.16 0.59 0.14

2, Mexipak- 65 1,35 0.32 1.67 0,31 1.75 0,44 1,83 Co 73

3. Innias~ 66 0.294 0.15 1.05 0.19 0,96 0,22 1.15 0.05
4, Norteno- 67 0,75 0,41 0.96 0,31 1,03 0.12 0,69 0. 20

5. Sonalika 0,49 0,21 0,64 0,11 0,53 0,16 0,47 0. 09
6, Tanori- 71 1.05 0.26 l1.12 ©¢.11 0,28 0,21 0.94 0,22

7. Jupatica~ 70 2.06 0,44 1.84 0,49 1.76 0,45 1.&3 C.61

8. Noori 0.44 0.17 ©0.47 0.22 0.31 0.19 0.54 0.17
9. Penkty 1.79 0.63 1.49 0.22 1.66 0.39 1.83 0.44
10, Janak 0.76 0.22 ©0.73 0.16 0.84 0.14 0.69  0.31
11. Dirk 0.31 0.04. 0.46 0.20 0.39 0.11 ©0.37 0.04
12. Kazoli 0.82 0.21 1.10 0.14 1.26 0.24 1.07 0.16
Zéff,:i1) 113,51° 66,75 80,00 212.8

**sgignificant at 0,1% level,



Table 30: Linear interaction co-efficient, (Pi)'
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Genotypes 1278 1979 1930 1981
l, Sonora- 64 -0.36 -0,53 ~0,47 -0,41
2. Mexlpak- 65 0.95 .67 0.75 0.83
3. Innia-‘66 -0.06 0.05 -0.04 0.15
4, Norteno- 67 -0,25 -0.04 0,03 ~0,31
5. Sonalika ~0,51 -0,36 -0,47 -0e53
6, Tanori- 71 0.05 0,12 -0,02 -0.06
7. Jupatica- 70 '1.06 0.84 0.76 0.83
8, MNoori -0.56 -0,53 -0.69 -0.46
9. Penkty 0.79 0. 49 0.66 0.83
10, Janak -0e24 -0,27 -0.16 -0.31
11, Dirk -0.69 ~0,54 -0,61 ~0,63
12. Kazoli 0.10 0,26 0,07

-O‘ 18




Table

31

: Correlation studies
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Between geno-
typic mean

Between popu-
lation mean

3etween regression
co-efficients

1978 vs, 1979
80

el

1979 vs, 1980
81

19680 vs. 1981

C.9418
0.9679

0.2395

0.,9043
0.,9584

0,9203

0.9129
0.9442

0.9577

0.9091
0.8613

0.9385

0.9597
0.9431

0,92747

0.9748
0.9566

0,9522
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Table 32: Testing the adequacy of the independent

envi - .
vironmental assessors (al);, (a).;,, (b);

and (b)ii from the significance of joint

regression E , from one and of the joint

remainder,
Item d.f. (a)i (a)ii d. f. (b)i (b)ii
3 1878
i : 1.04 0.99 0.91 0.94
p-1 0.4  -0.C1 ~0.09 -0.06
Joint Remainder 14 81.82 116,93 14 139,33 108,70
Error 573 171.19 176.62 285 160,21 165,73
1373
p 0,97 0,98 0.94 0.96
B -1 -0,03 ~0,02 -0, 06 -0,04
Joint Remainder 14 91.55 62,32 14 81.15 29,66
Error 573 104,03 114,33 285 96,92 94,73
1220
? 1.03 0.95 1,06 1,02
ﬁ._l 0,03 -0,05 0.06 0,02
Jeint Remainder 14 26,55 35.39 14 81,03 64, 55
Error 573 89,67 91,36 285 94,22 90, 70
| 1981
ﬁ 0.99 C.96 0.89 .94
B-1 -0,01 -0,04 -0.11 -0,06
Joint Remainder 14 61,39 62.84 14 14,73 60,55
Error 573 94,81 101,94 285 90. 3% 92,67




133

Table 33: significance of heterogeneity of remainder
using the environmental assossors (a)i, (a)ii’
(b)i and (b)ii’
Item DJ..
d. f. (a)i (a)ii_ d,f. (b)i (0)ll
1978
lieterogeneity - ome .e .
of Regression 11 621.03 409,66 5 569.03 622.55
fHleterogeneity ane s tee bR
of Remainder 154 436,73 193,73 70 297,62 317.05
Brror 573 171,19 176,62 285 160,21 165,73
1979
fieterogeneity cue “ee a5 use
of Regression 11 496,75 553,55 5 411,60 457, 60
Heterogeneity “an fem e sun
of Remainder 154 321,70 330, 46 70 293,36 304.19
Lrror 573 104,03 114,33 285 96,92 94,73
1980
tieterogeneity T vee Y vs
of Regression 11 397,29 412,50 5 411,49 403, 45
ifleterogeneity s . P .o
of Remainder 154 204,66 226,63 70 197.69 216,66
Lrror 573 89,67 91,36 285 94,22 938, 70
19831
Heterogeneity .ns ese .o swa
of Regression 11 367,65 401,75 5 407,09 318,95
ileterogeneity .5 L sss exe
of Remainder 154 196,05 209,93 70 216,04 200,55
Lrror 573 94,81 101.294 285 90,39 92,67

L

""significant at 1% and 0,1% level reépectively.
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LXperiment 4:

The materials used in this experiment consisted of two

~ parental genotypes, their F, and 60 inbred lines (F7 and F8)

1
were assessed in respect of genotype-environmental interaction
shown by coleoptile length grown under sixteen different
combinations of the presence and absence of N,P,K and Ca
germinating medium under which seedling raised were treated

as environments, The mean of the two parental genotypes and
their F1 over sixteen different environments are shown in

table 34, This experiment was repeated in two years (1981

and 1982), The mean, m, and the additive, [d ], and the
dominance,[:hj s (table 34) genetical components have been
estimated from the average performance over environments of

the two parental genotypes (Pl = Mexipak- 65 and P, = Janak)
and their Fl over all environments assuming that this simple
model is adequate, From the sign of [_d:] the table shows that
Janak had highest coleoptile length than Mexipak-~ 65 in all

the years studied, There is a directional component of domi-
nance [ h] for highest coleoptile length in the years 1979 and

1962 but a significant directional component was not found for

the years 1980 and 1981,

The results of analysis of variance are shown in table 36,
In the analysis of variance most of the items were significant
against the experimental error in both the years, The item

parents and F (p) was significant in the year 1981 ana highly

1’
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significant in the year 1982, The main item genotype (G)
was highly significant in both the two years studied, indi-
cating thast there is real difference among the genotypes.

A real effect of environments was also noted as the main
item (E) was highly significant. Genotype-environmental
interaction, (GxE) effects were significant in both parents

and Fl and the inbred lines,

The mean of the two parental genotypes and of their 60
inbred lines over environments are given in table 35 along with
the difference between their two means, the standard deviation
of the difference and the significance of the difference from
zerc, The difference is non-significant for all the two years
studied, Signs of difference in the year 1981 is negative
since, on average, the inbred lines had higher coleoptile

length than the parents,

2
The estimates of the variance for genotypes,Brg, environ-

ments, E}é’ genotype x environments, éL and within genotypes

gxe’?
and environments (between individusls), éﬁs » @s derived from
an analysis of variance (table 36} of the parents and ¥, and
their 60 inbred lines over environments are given in table 37,
The two main effects and their interaction are highly signi-
ficant in the years 1981 and 1982, The genotype-environmental
interaction component of variation g—gxe’ is however, consis-

tently high in two years suggesting importance of genotype=
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environmental interaction effects in the expression of

coleoptile length,

The genotype-environmental interactions of the 60 inbred
lines were investigated for linearity by regressing their
performance.in each environment against a biological measure
of the environments. For comparative purposes, four kinds
of material were used to assess these environments, They are
given in descending order of relationship of the 60 inbred

lines whose interactions were investigated,

(a) Dependent ei.

The performance of each of the 60 inbred lines was
regressed against the mean of all 60 lines in each environment,
i.e., the material used for the environmental assessment is

the same as that which was to be investigated,

(b) Independent Zj using replicate individuals.

Sach inbred line in each environment was represented by
{fen individual seedlings. These were split at random into two
groups of five, the interactions of one group were to be
investigated and the other group was to contribute to the

environmental assessment,

(c) Independent Zj using replicate sets of inbred lines.

e 60 inbred lines were divided at random into two sets

of 30, the interactlons of one set were to be investigated and
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the other set  was to help assess the environment.

(d) Independent Zj using parental genotypes.

The 60 inbred lines were regressed against the average
of the two parental genotypes, Mexipak- 65 and Janak, in each

environment f£rom whose F2 they were derived by selfing.

Groups (b) and (c¢) were further divided into subgroups
(b), and (b),; and (c); and (c);;. Subgroups (b); and (b)ii
represent the regression of the 60 inbred lines in one set of
replicate individuals against the mean of the other set in
each environment and then vice versa, Similarly, subgroups
(c)i and (c)ii represent the regression of the 30 inbred lines
in one set against the mean of the other set in each environ-

ment and then vice versa.

The adequacy with which the environments are assessed
depends upon the degree of relationship between the genotypes
whose interactions are to be investigated and the genotypes
used to assess the environment and also upon the purposes for
which the genotype-environmental interaction assessments are
required, The genotypes are required according to the magni-
tude of their linear regression coefficients,i@+-ﬁa (when
derived from the regression of a genotypic performance in each
environment against an environmental assessment), the joint

regression item to be significant when tested against the joint
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remoinder, The joint remainder should be non-significant

when tested against the variance within genotypes and envi-
ronments (vetween individuals) and the joint regression
coefficient, ﬁ' s should not be significantly different from
one. In table 38 the results of applying these two criteria
to the joint regression analysis of the inbred lines against
the three kinds of independent environmental 4S5Sessors,

(b), (c) and (d), are given., The table shows that independent
assessment of the environment in the year 1981 and 1982 which
consistently satisfies both criteria is a replicate set of
individuals, (b)i and (b)ii. A replicate set of inbred lines,
(c)i and (c),., is satisfactory to the extent that the joint
regression coefficient ﬁ s 1s never significantly different

from one in both the two years.

In column (d)i the results of applying the two criteria
to the joint regression against the independent environmental
assessor (as in (b)i and (b)ii and (c)i and (c)ii) are given,
IAccording to these results, the use of the parental genotypes
Mexipak—~ 65 and Janak to assess. the environment consistently
fails on both tests. However, the average of the parental
genotypes is based upon fewer observations than the average
of theIGQ inbred lines in each environment, 1In this case,
therefore, unlike (b) and (c), the material used as the inde-
pendent variate in assessing the environment is subject to a

greater sampling varlance than the inbred lines used as the

dependent variate in the joint regression, In column (d)ii
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the average, in each environment, of the parents has been
regressed against the average, in each environment, of the
60 inbred lines, It is clear that the number of significant
tests have been reduced to zero and the joint regression, ﬁ,
is never significantly different from one in both the two

Years.

In table 39 the significance of the heterogeneity of
regressions and of the heterogeneity of remainders in the
joint regression analysis of the parents and inbred lines
against the three different kinds of environmental assessors,
(b), (c) and (d), are given for each year, The heterogeneity
of remainders was tested against the variance within geno-
types and environments (between individuals), The hetero-
geneity of regression was also tested against the variance
within genotypes and environments., The results are completely
consistent across all the different ways of assessing the
environment, Thus for both parents and inbreds there are
significant linear and non-linear interactions in both the

two years.

The rank correlation (Spearman, 1904) over the 60 inbred
lines between the linear regression coefficient, 1 + Ed'
obtained with the dependent environmental component, €5
~and the corresponding coefficient, ii,fpd, obtained with each
kind of independent environmental component, zj, are given

in table 40, ©On the basls of these correlations there is
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little to choose between the different kinds of environmental

assessment since all are highly significant (P <0,001).

Rank correlations over the 60 inbred lines for 58
degrees of freedom between the average variance within envi-
ronments, éﬁa, (table 37) and the linear regression c&effi-
cient, pd’ and the total variance over environments, VG+E’
which are, respectively, a measure of sensitivity to envi-
ropmental variation, of linear sensitivity to environmental
differences and of total sensitivity (linear and non-linear)
are given in table 41, The rank correlstion between the
linesr rggression coefficient, j@d, and the variance within
genotypes and environments, EﬁJ's ié significantly negative,
i.e, the linear sensitivity to environmental differences is
greater, In the year 1981 there is a positive and in the
vear 1982 a negative non-significant correlation between the

rankings of the total variance over environments, V and

G+E?
- » L] ] 1 .

the average variance within environments, «§us . tlence, there

is a fair degree of independence in the genetical control of

sensitivity at the environmental levels.

Estimates of the number of effective factors controlling
the differences among the lines for the additive genetical
component and for the linear regression coefficient (parkin;
and Jinks, 1968a; Mather and Jinks, 1971; Eaves and B3rumpton,
1972) are given in table 42, The estimate for the additive

genetic component Z;d 1 are almost the same in the two years
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studied, But the estimate for the linear sensitivity Fﬂ

showed considerable difference in the year 19861 and 1982,

It is equally clear from the absence of significant corre-
lations there are few, if any, effective factors acting in
common upon both relative mean performance [ dJ] and linear

sensitivity. to environmental differences (f%).



Table 34: The mean, m, and additive, [d ], and
dominance, [h] , genetical components.
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1979 1980 1981 1082
Mean
P4 54,36 57.73 51.16 55,32
P, 71.64 68.73 70.05 76.95
Py 60. 34 64,98 61.11 59,32
Components
m 63.00% 63.23" 60.60" 66.13"
8.64% 5.50" 9.44%  10.81%
h 2.66" -1,75%%  _0.51%:3%-  g.81"

n.s. Estimate non-significant,

*Significant at 5% level.
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Table 35: The parental mean, P, and the mean of the
60 inbred lines, L, when averaged over the
sixteen environmental trestments.

Item 1981 1982
|2 60.60 66,13
L 63,15 61.94
Difference -2.,55 4,19
Standard deviation
of the difference 4,76 6,21
Probability n. s. n, s.

Standard deviation for 990 degrees of freedom

n,s, = Probability is non-significant.
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Table 36: Results of analysis of variance (m.s.)

Item d. £, | 1981 1982
Reps, 3 195,32 164, 74
Environment (g) 15 1034, 24" 1421.92"
Genotype (G) 62 1104, 72" 1282.28°
Farents and F,(F) 2 . 892.%3 1432, %6°
Inbred (I) 59 1126.04" 1295.35°
Remainder (R) 1 271.65 224.88
GXE 530 514,49 621.34"
PXE 30 497.64° 721,64
IxE 885 520,44 624.83°
RXE 15 197,73 214,66
Error . 3021 251,72 201,76
or ees

*" " “significant at 1% and 0,1% level respectively.



Table 37: Estimates of 62'5 of the inbred,

parents and }.7‘1 .
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Components Parents & Fl Inbred
1931 1982 1981 1982

Genotypes,azg 11.18 14,59 10,71 16,61
Environments, §°e 6.17  11.11 9.46 10,47
Genotypes x envi-
ronments, g 61.48 127.97 67.18 105,77

ge.:
Within genotype and
environments, §%  251.72 201.76  251.72 201,76







Table 39: Significance of the heterogeneity of regression and of tie
heterogeneity of remainder using the environmental
assessors (b)i, (b)ii, (C)i’ (c 5§47 (d)i and (d)ii.
Item d.f. '(b)i (o)ii (c)i (c)ii (d)i (d)ii
1981
Heterogeneity s .  wew .o q cee
of Regression (P) 2 1124,61 1020,76 1732.14 1476, 79 695,16 1894,.06
Heterc’gene‘ity Bew (R R ] [ R ] LR LX) L]
of Remainder (P) 28 632.94 450, 70 697,55 932.14 722,00 1123,04
Heterogeneity Of "8 e LR [ X N LB.R ¢ as e
Regression (I) 59 1065.93 1476,11 605,32 1227.09 765,83 1604.41
Heterogeneity of s e see “se sean
Remainder (I) 826 732.19 924.06 991.4% 927.14 1124.06 913,66
Error 3021 271,65 271,65 271.65 271,65 271,65 271,65
1982
Hetercgeneity of .s . . see oo
Regression (P) 2 1661,42 1032,40 1272.00 1822, 49 691,64 1273.33
‘eterogeneity of sne 6ne ses sew L s
Remainder (P) 28 1193, 74 664, 66 1029.33 674,05 1021, 40 923,66
Heterogeneity Of LB LA R L LB . L3 LR ]
Regression (I) 59 1409,34 1237.55 1607,75 1479,00 917,23 1827.,16
HeterOgeneitY Of LN a0¢ .‘.‘ LA '-‘. LN ]
Remainder (I) 826 921,76 876,34 646,93 $§91,.55 419,66 944,33
Error 3021 251,72 251,72 251,72 2.51,72 251,72 251,72
LI ] [ B [

! ‘Significant at 5%, 1% and 0,1% level respectively,
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Rank correlation over the 60 inbred lines
between their regression coefficients with

the dependent environmental assessment,
1« Bar and those,ﬁ +

Pd's,

with the

different kinds of independent environmental:

assessments, (b),,

(
d)i and (d)ii.

(c)i, (c)ii,

Independent Envi-

Rank correlation

ronmental assessors °. £, 1981 1982
(b), 58 0.941 0.831
[ =
(h)ii 58 0.679 0.932
(c)i 28 0.411 0,904
(c);y 28 0.714 0.892
(d)i 58 0.832 0,976
(d). 58 0,993 0.824

ii
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-«

Toble 41: The rank correlation over the 60 inbred lines
between the average variance within environments,
Eﬁa and the linear regression coefficient, 84
(with the dependent environmental component, ej),

and the total variance between environments,

d,f. 1981 1982
Correlation of
2 [ X tea
Pd and§“w 58 -0.67 -0, 49
V_ . and§ow 58 0,055+ _g,14%Se

G+E

N.s. Probability is non-significant,

***Significant at 0.1% level.
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Table 42: Number of effective factors, K, controlling
the differences among the 60 inbred lines
as measured by the additive genetical component
{d1 , and its linear sensitivity f'}d'

K for 1981 1682
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The distribution of the values of regression coefficients
(b} in the two years study of 10 inbred lines (table 45) were
heterogenous, hence all the 10 inbred lines have different
responses to the different environments. The incidence of the
genotype-environmental interaction and the relative magnitudes
of its linear and non-linear components differ markedly over

e two sets of environments, with calcium and without calcium,

The actual regression lines are shown in figure 4, To
avoid confusion, individual points are not plotted, crossing
of regression lines is one of the common features of the graph
in the years 1981 and 1982, Differences of the 10 inbred

lines were very marked in NPK compared to NPKCa.

The estimates of the additive genetical component, {d],
and the linear regression coefficilent, Pds of the 10 inbred
lines and of the mean, m, 1ln the two sets of encironments
are given in table 44 and 46, The mean performance in each
environmental set ( @M of table 44), which differ significantly
over sets for two years, show that the coleoptile length was
reduced in the NPKCa set in the year 1981 but were reduced to
a lesser extent in the year 1982 compared with the NPK set in
voth the yeors. Using W as the measure of the average quality
of the environments within a set (table 44 and 46), shows
that the poorer the environments within a set, the more signi-
ficant are the differences among the linear and non-linear

interaction components of the 10 inbred lines, Equally, the



155

poorer the environments the greater the positive relationship
between the additive genetical component, [dl , and the

linear regression coefficient, Pd, over the inbred lines.

The specificity of the genotype-environmental interaction
in the two environmental sets, the rank correlations {(for 8
degrees of freedom) between Ei and Pd and and V compa=—
rable to those of the 60 inbred lines given in experiment 4,
table 41, have been calculated for the 10 inbred lines in each
of the two sets, The significant rank correlatioﬁs shown in
table 47 are all positive in the two years study and there is
perfect agreement, for every combination of environmental set,

in the significance of corresponding rank correlation between

2 1 -
5L& and d and 5\5 and V .
G+E



Table

43: lean of each of the 10 inbred lines.

 ay

Line 1501 19
NPK I3 Pi’((_:a NPK NPKCa
1 59.14 56,32 57.14 55.13
2 69.19 64,23 664,55 69,32
3 65.23 66455 69,23 71,19
4 75,81 71,19 74, 44 78.36
5 71.14 78.23 68.13 67.55
6 55.22 53.32 60,92 54.11
7 79.30 77.05 74,23 78. 23
8 82.36 79.11 78.82 79.15
9 49,55 55,26 52,29 56, 73
10 66,15 65, 79 64.56 68,92
vean 67.31 66,90 66,63 68,27
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Table 44: Estimates of the additive genetical
' components, [ d], of 10 inbred lines,
Line 153 1982
NPK NPKCa KPK HPKCa
1 €.17 8.58 9.49 9.14
2 -1,88 2.67 0. 08 -1,05
3 2.08 0,35 -2.,60 -2.92
4 -8.50 ~4.29 ~7.81 ~10.09
5 -3.83 «l1l,33 -1,50 Ca72
6 12,09 13.58 5.71 14.16
7 -11,99 -10.15 -7.60 »9.9é
8 -15,05 -12,21 -12.19 ~10,88
9 17.76 11.64. 14.34 11.54
10 1.16 1.11 2.07 -0,65
o 67.31 66,90 66,63 68,27
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Table 45: Regression co-efficient of 10 inbred lines.

Line 15C1 1582
1 pF, NPICa NPK iNPKCa
1 1.97 1.72 1.77 1.69
2 0.73 1.36 0.81 1.27
3 0.64 1.22 G, 61 1.36
4 1.19 0. 53 1.23 0. 69
5 1.57 0.91 1.59 0.94
6 1.16 0.23 1.24 0,41
7 0.82 0.67 0.80 0,72
8 0,67 0.64 0.61 04 69
9 0. 41 1,45 0,45 1,22

10 0.84 1,27 0.89 1.01
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Table 46: Linear intersction co-efficient, lzd,
for the 10 inbred 1lines.
Line 1962

NPK LPKCa NPXK HPKCa

1 0.97 0, 72 0,77 0. 69
2 -0.27 0.36 -0,19 Ca27
3 -0.36 0,22 ~0.39 0.36
4 0.19 -0,47 0,23 -0.31
5 0.57 -G, 09 0.59 -0,06
6 C.16 -0 77 0,24 -0, 59
7 -0.18 -0.33 -0,20 -0,28
8 -0,33 -0,76 =0,39 -0,.,31
9 -0,59 0, 45 ~0.55 0. 22
10 -0.16 0,27 -0,11 0. 01
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Tacle 47: The rank correlation over the 10 inbred lines

between 3’ and dv
* W oan pd an G+E’
mental sets, NPK and NPKCa,

in the two environe

Environmental .
set 1981 1682
Correlation of
1 . * 9 s2
Pd and & NPK 0. 79 0.82
[ N W -
MNPKCa 0.94 0.87
Vg, A0S w NPK 0,53 0.51
[N B [ -]
NPKCa 0.89 0,86

d.f, = degrees of freedom = 8
e - Significant at 1% level

2ee= Significant at 0,1% level,
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Experiment 6.

The present investigation is diallel cross analysis
involving 10-parents including reciprocals which have been
grown in five different temperature environments in order to
study the genotype-environment interactions. It can be

described under the following main heads.

Graphical Analysis.

Various second degree statistics were calculated from
the diallel tables, and from these statistics w_/V _ and w“r/ur

graphs were drawn for each of the five environments,

The wr/Vr graph prospectively provides information on
three points., First, it supplies a test of the adequacy of
the model in the absence of non-allelic interaction and with
independent distribution of the genes among the parents. W
is related with Vr by a straight regression line of unit slope.
Second, given that the model is adequate, a measure of the
average level of dominance is provided by the departure from
the origin of the point where the regression line cuts the
W axis. The distance of this point from the origin is %(D_Hl);
Dj?HI, when the intercept is positive, i.e. the fegréssion
line of unit slope moves upward to the left, intercepting wr
axis above the point of origin, indicates partial dominance,

D = H where the line passes through the origin, suggesting

1’
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the complete dominance andg D < H,, when the intercept is

1!
negative, i.,e. the downward movement of the regression line
of unit slope to the right interceptiné W axis below the
point of origin, indicates overdominance. Finally, the
relative order of the point§ along the regression line indi-
cates the distribution of dominant and recessive genes among
the parents; the points nearest the origin indicate that the
parents contain most of the dominant genes and the points

furthest from the origin suggest that the parents consist of

an excess of recessive genes,

The completely recessive parents correspond to points at
the upper end of the regression line where they cut the limi-
ting parabola, and completely dominant parents to the points
at the lower ends the regression line where they cut the

'limiting parabola, When there is no dominance (H, = 0), all

1l
the array points cluster at single points (%D, %D).

The W'r/wr graph differs from the wr/vr in that it is
more obviously affected by asymmetry of gene distribution and
this is indicated whether the genes are correlated or not,
wWith gene symmetry the regression of w'r/wr is a straight line
of a slope of +0.5. When gene asymmetry occurs, parents with
common genotypes will full above the line of +0.5, parents with

different or relatively rare genotypes will full below it.
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The W /V_ graph for the five different temperature

environment‘such as 200, 25°, 30%, 35° and 40°C are given in
figures 5 and 6 which also include the graph for the pooled
data from all the five environments, The graphs provide
information on mean dominance, relative dominance of the
parents and evidence of epistasis, when present. Since one
of the basic assumption in the diallel cross analysis is that
epistasis is not operating, it was considered essential to
establish the presence or absence of epistasis in each envi-
ronment, A deviation of the regression slope from unity

(b = 1) in the diallel graph generally indicates the presence
of eplstasis, although other causes such as correlated gene
distributions cannot be excluded, the significance of diffe-
rences in b 1n each environment was tested by using the ¢t

value of (1—-b)Sb with n-2 degrees of freedom,

The wr/Vr graphs for the pooled data from all envircn-
ments is shown in figure 5, All the array points are within
the limiting parabola as expected., The regression of W. on
Vr was significant and significantly different from zero. The
regression line drawn deviated from the line of unit slope and
passed above the point of origin, This indicates that some
of the array shows non-allelic gene interaction and an over
all partial dominance. On examination of W, - V. values,
uniform difference were noted in all the arrays except for

array 3 (involving parent Innia- 66J), Therefore, W /V_ were
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calculated after excluding array 3 from the diallel progeny
and the graph drawn is shown in figure 6. The regression
coefficient was almost unity and highly significant and the
regression line drawn was found to have line of unit slope

and passed above the point of origin . indicating an over all
partial dominance., The array point 9 lies very close to the
point of origin whereas the array point 4 lies furthest away.
It indicates that most of the dominant genes are present in
the recurrent parent of array 9, whereas the recurrent parents
4 passes most of the recessive genes in them. On an over all
basis the-array points group into three classes of which array
9 and 5 lie nearer to the point of origin; array 1, 2, 3 and

4 lies away from the point of origin and 6,7 and 8 lie nearer
to ﬁrﬁr points, Non allelic gene intersction other than
complementary type is found to be operating in the parent of

array 3.

The examination of the w’r/wr graphs for the pooled data
from all the five environments of 10-parent and 9-parent are
shown in figures 5 and 6, The regression values of w'r on Vr
were significant for both the 10-parent and 9-parent diallel,
They were 0.524 + 0. 52 for 10-parent and 0.449+ 0,021 for
9-parent diallel respectively. The values approached more
to the theoretical value (+0.5) and the regression line for

10-parent and 9-parent digllel indicates over all partial
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dominan i ;
ance, Distribution of array points were more or less

same in both l0-parent and 9-parent diallel,

The W ./V_ graphs for all the environments (20°, 25°, 30°,

o o
357 and 40°C) are shown in figure 5 and 6, All the array
points are within the limiting parabola as expected. The

o
and

regression coeffic;ents obtained for environment 200, 25
40°¢C were significant and significantly different from zero

and not from unity, whereas those for environment 30° and 35°¢
were significently different from zero and from 1 also. The
regression lines drewn were different in different environments
used in this study. The distribution of array point was found

to be scattered in some environment and in others a general

pattern emarged as those obtained from pooled datsa.

w'r/ graphs gave similar informastion as those obtained

W
r
from ﬁgﬁr graphs, In this analysis also some deviation from

expectation was noted,

Hayman's analysis of variance:

Hayman's analysis of variance of diallel table for the
1l0-parents and 9-parents are shown in table 48 and 49.
Table 48 indicates the presence of significant additive and
dominance components in all the environments, The reciprocal
effects, ¢ and d were found significant in some environments.
The item replication was non-significant in both the 10

parents and 9-parents diallel in all the environments,
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Analysis including all the environments for 10-parents
and 9—pa;ents diallel is shown in table 49. The main items
a and b were significant when tested against pooled error,
(VRlJ, against interaction with the replicate error (VRZ)
tested agsinst d or Exd (VR3), and tested against respective
interaction with the environments (VR4). This indicates tnat
additive and dominance variation are present in these diallel,

8 significant part of which is independent of environmental

and reciprocal effects,

All the three b items viz, bl’ b2 and b3 were also
significant in all the four variance ratios, except VR4 for b,
and b2 of lO0-parent diallel, whereas, VR4 for b,y
diallel were non significant. The items ¢ and d were

of 9~parent

non significant. as theré were no reciprocal differences in
these diallel except for VR2 for ¢ 4in 10-parent and VR2 for
d -in 9-parent were significant. It suggested that a number

of crosses showed reciprocal differences,

The item environment was significant indicating environ-
mental effects on the expression of additive and non—additive
gene in both the 1l0-parent and S-psarent diallel. The Exa and
Exb items were significant in l1l0-parent and 9-parent diallel
which indicated that the gene effects in one environment was
different from that of the other, The item Eﬁbl, Exb2 and
Exb, were also significant in both the 10-parent and 9-parent

disllel., In 10-parent diallel the item Exc and Exd were highly
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significant against pooled error (VRl) and against interaction
3 4 2
with the replicate (Vgr%) at 5% and 1% level respectively,

wnereas in 9-parent diallel their item was non significant.

Components of variation.

| The estimateé of components of variation and their ratios
for 10-parent-and 9-parent diallel showing coleoptile length
in five different environments are given in table 50, The
overall statistics, representing additive (D) and dominence
(Hl) effeéts of genes, were highly significant for 1l0-parent
and 9-parent diallels., But a greater role was played by the
additive genetic variation in the inheritance of character
coleoptile length in both the diallels, The average degree
of dominance was found to be partial as the values of (I'I:L/D)!i
were lesser than one for both the sets of diallels, The
oversll values of the ratio H2/4H1 for 10-parent and 9-parent
diallel were greater than its maximum value 0.25, indicating
the symmetrical distribution of genes. An excess of recessive
genes in 10-parent and dominant genes in 9-parent diallel was
noted by the negative and positive value of F respectively,
The ratio %F/ D(D1'H2)% indicated incomplete dominance at all
loci rather than complete dominance at some loci and no
dominance at others., Higher heritability values were obtained

(both in broad and narrow sense) for both the sets of diallels.
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Highly significant estimates of D snd H, were obtained
in all the environments which indicates that both additive and
dominance components were responsible for the expression of
coleoptile length. This confirms the conclusion obtained from
the analysis of variance of diallel tables (table 48 and 49).
The degrees of dominance ranged from partial dominance in
three environments at 300, 35° and 40%c to slight overdominance
in two environments at 20° and 25%°c. for both 10~parent and
9-parent diallel respectively. This test confirms that the
coleoptile length was strongly influenced by dominance in
certain environments. The values obtained for H2/4H1 = 0,22
at 25°C and 0,24 at 30°C for 10-parent and 0,10 at 20°C and
0,14 at 25°C for 9-parent indicated asymmetry of genes with
positive and negative effects at loci showing dominance and
the value of 0.32 at 20°C and 0.47 at 35°C and 0.28 at 40°C
for 10-parent whereas, 0.35 at 30°C and 0,51 at 35°C and 0,43
at 40°c respectively which were greater than 0,25 indicated
the symmetrical distribution of genes, The ratio h2/H2, which
provides an estimate of the number of effective factors which
exhibit dominance, ranged from l.4l1 at 25°C to 11.33 at 30°%c
for l0-parent whereas 1.32 at 25°C to 3,21 at 40°c for 9-parent
diallel, The ratio %F/ [-_1\3(141--%1!2)-1;s indicated incomplete
dominance at all loci rather than complete dominance at some
loci and no dominance at others in different environments, The
estimated values of both broad and narrow sense heritability

were high in most environments for both the 1l0-parent and
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9-parent diallels which range from 21.54 to 90.89 and 72.0 to
80,67 respectively, |

In order to obtain some indicétion of the variation in
the dominance components in different environmental conditions,
an analysis of variance of W. + V_ values was carried out
using data from all environments from l10-~parent and S-parent
disllel (table 51), The environment (%), array (A) and
array x environment interaction (AxE) were highly significant
in’both for the 10-parent and 9-parent diallel, The array
variance ratio for 1l0-parent diallel was 31,07 whereas for
9-parent diallel obtained 46,47, when tested against their
respective error ms, The significant array X environment
interaction indicates that the relative dominance of the

parents varied considerably with the environments,

To study the interaction of the additive and dominance
components with the environments, regression coefficients of
these components on the environmental means were calculated
for 10-parent and 9-parent disllel and tested for significance
(table 52). The b value for the additive component (b = 7.51)
for 10-parent and (b = 9.99..') for 9-parent diallel were
significant., However, the b values for dominance were not
significantly different from zero (b = 0.61) for 10-parent,

LN ]
whereas it was highly significant (b =-8,09 ) for 9-parent

diallel.



172

The regression analysis for l0-parent and 9-paren£
diallel (table 52b) confirmed that a significant portion of
the additive x environment interaction was accounted for by
the linear function of the environmental means., However,
both the additive and dominance components for l0-parent and
9-parent diallel showed deviation around their regression
slopes, and the variation for the latter was far higher
(figure 7) than for the additive component for 1l0-parent and
9-parent diallel, which indicates that the relationship
. between the environmental means and the expression of both
additive and dominance components is not simple and straight-

forward,
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48: lisyman's analysis of variance of diallel toble.

Table
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“Significant at 1% level.

"**significant at 0.1% level,
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1l0-parent diallel
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49: Polled analysis over five environmenks.
45
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1.06 2,16

18.11
2. 76
1.28
2.59

36
140
36

144
15

E.XDZ

Exb3

Polled error 1485

Reps. in E

Exc
Exd



175

Table 49 (contd,)
Item d., £, m. s. VR1 VR2 VR3 VR4
9-parent diallel
a 8 923.79 311.04° 1074.1%7" 468,53  42.2%
L] Y
b 36 23, 44 7.85" 27.55° 11.838° 2.08"
by 1 74,90 25,23 g7.08" 38,03  5.11
b, 32.26 10,88  37.51°  16.37" 3.3}
by 27 22,63 7,€2°  26.31" 11.28°  3.31°
c 8 0,74
d 28 1,97 2,29" 1.49"
Environ- e 'R 'XE
ment(s) 4 64,07 21.5% 74.50 32.52
Exa 32 21,75 7.35° 25.28° 16,43°
Exb 144 7.85 2.64° 9.13%" 5.95"
Exb, 4 14.66  4.94° 17.08°  11.11°
LB N
Exb,, 32 9,39 3,16 11.15" 7.58°
Exb., 108 6,64 2.25%° 7.9%° 5.0%°
Exc 32 1.11 1.29
Exd 112 1.32 1.53
Reps., in E . 15 0.86
Polled Error 1200 2,97

* _H8 W
7 -

[ ]

VRl
2

VR

VR3

VR4

Item tested against polled error

Item tested against interaction with the
replicate error

Item tested against d

Item tested against respective interaction
with the environment,

or Exd

‘“"Significant at 5%, 1% and 0.1% level respectively,
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Table 50 . ESt%maFes of the components of genetic
Varlatlon in the five environments.
Components 20% 25°¢ 30°¢ 359 40°Cc  Uverall
' l0-parent disllel
D 78.67 49,36 287,77 216.94 311,05 188,96
+ 3,96 +2,76 +2.82 +3.43 43,65  +3.32
+ 8,76 +6,11 +6.23 +7.59 8,08  +7.35
H, 104.15 81,32 40,67 64.09 69.15 76,07
+ 7,16 +4,99 +5,09 46,21 46,61 6,01
2
h 206,29 114,76 460,94 139,81 237.79 231,05
+ 4,79 +3.34 +3.41 +4,15  +4.43 44,02
P 41,67 6,92 11,44 «20.33 ~61.63 =16.79
+ 9.14 -_|-6.37 :6.50 :7.91 1-8.43 :7.67
E 1.19 1.14 3.76 4.45 2.39 4,94
+ 1,15 :0.83 10.85 11.03 _-_c-l.lO :1.00
Y
(1—11/13)’§ 1.02 1,36 0.38 0,39 0.44 0.57
H,/ 4l 0.32 0,22 0.24 0.47 0. 28 0.30
h2/H2 1.98 1,41  11.33 2,18 3.44 3,04
1
;’ 1 - 'i - o 002 O. 'r *
2F/Ip(ﬂl HaiI 0.50 0.15 5 12 0. 59 0.16
Heritability
(B) 96,58 97, 62 97,45 96,40 98,81 95.88
Heritability -
(N) 21,54 55.14 90,89 83,47 90,24 80,02

Contd,
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Table. 590 (contd, )

Components 20%¢ 25%¢:. 30% 35°c  40°c  Overall

9-parent diallel
D 114,16 105,32 187,55 224,55 317.94 212.97

+3.96  +2.76 +2,82 43,43 +3,65 43,32

H, 197,32 119.62  81.76 32,66 29.81 44,19
- +8.76 . 46,11 . 46.23  +7.59 48,08  +7.35
H, 81,94 67,32 114.62 67.29 51,14 56,27
:7016 : 14..99 +5,09 +6.21 46,61 :G. 01

2
h 119.32 89,23 215,66 191.74 164,32 156.05
+4.79 :3034 . #3.41 . +4.15 44,43 +4.02
F 31,29 24,77  1.19 -2.32 -14.76 15,74
. 49,14 +6.37 46,50  +7.91 +8.43 47,67
E 2.32  ©3.67 1.19  4.24 3,22 5,12
41,19 +0.83  40.85 41,03 +1.10  +1,00
(Hl/n)35 . 1.31  1.06  0.66  0.38 0.31  C.45
H,/aH) 0,10  0.14 ° "0.35  0.51 0,43  0.32
h2/H2 1,45  1.32 - 1.88 2,85 3.21 2.77
%F/I:D(Hl-ﬂ2a% 0.14  0.17 =0.0076 0.01 0.09 ~0,15

Heritability(B) 98,09 95,77 98,88 96,21 98,12 95.42
Heritability (N) 81.29 76,42 72,00 81.88 90.67 82,83







Tabie 52:

Analysis of response of additive (D) and
dominance (Hl) components of genetic variation

to changes over five environments,

(a) Regression and Correlation coefficients between

components of genetlic variation and the
environment means,

Y b r

l0~parent diallel

Additive (D) 7.51° 0. 44

Dominance (Hl) -0.61 0.16
9-parent diallel

Additive (D) 9.99°°"° 0. 77

LN J
Dominance (H,) -8, 0% 0.78

179

{b) Regression analysis.

Item d.f. Additive (D) Dominance (Hl)
l10-parent diallel
[ B N ] *ad
Regression 1 1789.62 2464,76
L] - A
Remainder 3 396,55 1463, 75
Errox o 1485 2.59 2.59
S—parent diallel
®ow aed
Regression 1 2114.09 1669,73
) LN [N 1
Remainder 3 469,15 921.14

L

'significant at 0.1% level,
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Cxperiment 7;

The character coleoptile length which was studied showed
continuous variastion, indicating polygenic control of the
character. Therefore, biometrical techniques of analysis of
inheritance of the character was found suitable and was follo-
wed. The results obtained from the analysis of a single cross

have been described under different heads as follows:
Generation means and epistatic gene effect!

In the absence of epistatis the data fits in a 3-parameter
model of Hayman (1958) in which m measures a constant (base
population mean); d and h estimate the algebric sum of
additive and dominance éffects respectively., The values cf m,
d and 'h calculated in terms of 3~parameter model are shiouwn
in table 53. Then 3(2 test was done to test the goodness of
fit of the observed generation means with that of expected
generation means based on the 3-parameter estimate, The
G-parameter estimate of the epistatic model is shown in table 54,
The estimate d measures additive gene effects, h measures
dominance gene effects, i, j and 1 measures additive x addi-
tive, additive x dominance and dominance x dominance epistatic

gene effects respectively,

The values calculated for m, d, and h in terms of the
3-parameter model using weighted least square technique for all

the crosses are given in table 53, Chi-square (sz), values



were significant in most of the crosses except the cross 4
where it was non-significant, Significant~Jx2 values
suggested the presence of epistasis. The estimate of mean
effect (m) was highiy significant in all the crosses and was
higher in magnitude fhan those of d and h effects, The
additive gene effect (d) was significant for all the crosses,
The dominance gene effect (h) was significant in crosses 4,5
and 6 whereas in other it was non-significant. The magnitude
of additive gene effect (d) was larger than that of dominant
gene effect (h) in most of the crosses, The negative value of

h was found in crosses 2,3,4 and 8,

The estimates of m, d and h from 3-parameter model will
be biased to an unknown extent by effects not attributable to
1ie additive and dominance action of the genes in those cases

2 s s
whereqx values were significant.

As the702 (d£.5) estimates under the 3-parameter model
were significant, the data were analysed in terms of G-parameter
model to separate the epistatic gene effect from the m, d and
h, The weighted least square estimates for m, é, h, i, j and
1l in terms of 6-parameter model were calculated and the results
are shown in table 54, The)oz(df_z) was significant iﬁ crosses
1,3,6 and 7 indicating that 6-parameter model was not adequate
in these cases and that other higher interactions with or
without linkage were involved in the mean expression in these

2
crosses, In those crosses where)f values were non-significant



the G-parameters model was adequate and the estimates of 4

and h and interaction items were interpretable.

The estimates of mean effect (m) was highly significant
in all the crosses and usually greater in magnitude compared
to the other estimates. The estimate of additive gene effect
(d) was .significant in all the crosses except in cross 8, The
values of d was larger in magnitude than h 1in most of the
crosses, . Significant positive effect of h was observed in

crosses 5 and 6 but was negatively significant in cross 2 only.,

Total epistatic effects varied in different crosses and
were less than the mean effects {(m), The estimate of additive
x additive (i), was positive and significent in crosses 5 and
7. Significant negative values were observed in cross 2.
Additive x dominance (j) effect was significant in crosses 5, 6
and 8 only. Dominance x dominance (1) type of gene action was

significant and necgative in cross 4 only.

Components of variation:

The unweighted least square estimates of components of
variation (D, H, E; and E,) were measured both under inclusive
nd excluéive analysis and they are shown in table 55, D re-

presents the additive variation, H represents the dominance

variation,” E, and Ez represent environmental variation,

1l
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Inclusive analysis: The estimate of D were positive
and significant in all the crosses. The magnitude of D was
grecater than H in crosses 1,2,6 and 7 respectively. The H
estimate was positive and significant in all the crosses
except in cross 6 it was non-significant., The estimates of
El were positive and significant in all the eight crosses.
By estimates were smaller than those of D and H in all the
crosses., The magnitude of E, was always less than that of

2

El. It was non-significant in majority of the crosses.

There were not much differences in inclusive and exclusive

estimates of the four quantities, D, H, E. and £, except in a

1

few crosses where some differences were obhserved,

fleritability?

Heritability estimates based on components of variation
as well as parent-offspring regression are given in table 56,
Under inclusive analysis the highest broad sense heritability
(1iB) was 93.81% in the cross 8 and the lowest was 76,43% in the
cross 2, Hroad sense heritability was also high under exclu-
sive analysis and ranged from 68,58% to 87.24% respectively in

the crosses 2 and 5,

Thevhighest narrow sense heritsbility (HN) was 68,99% and
63.33% respectively for inclusive and excluslve anaslysis in the
cross 6, The lowest N was 34.84% in the cross 2 under inclue-

sive analysis and 43,22% in the cross 3 under exclusive analysis.
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Heritability estimate from parent-offspring regression
is also shown in table 56, This estimate is comparable to
that of narrow sense heritabiiity as obtained from components
of variation. Therefore, it indicates that a major part of

the heritable variation was additive in nature.

Potence and Domlnance Ratio!

The degree of dominance h h h3 and h, as it is

1! 29
messured by potence ratioc method in the F

4
1,.F2, 4

generations respectively is shown in table 57,

?3 and F

The potence ratio obtained for Fis F2 generations was
less than one in most of tiie Ccrosses except in crosses 5 and
& where it was more than one., But the h3 was greater than one
in the crosses 1, 2 and 3 whereas, h, was greater than one in
the crosses 1, 2, 5, é, 7 and 8 respectively, In the crosses
3 and 4, all the four ratios were negative in nature whereas
in the crosses 2 and 6, hl' h2’ h3 and h4 ratios were positive.
In cross 1 the hl, h2 and h3 were positive and h4 was negative
and in cross 7, h1 was positive and h2, h3 and h4 were negative,

In cross 8, hy; and h, was negative and hy and h, was positive,

1
Deqgree of dominance as measured by (H/D)? from the esti-
mates of both inclusive and exclusive analysis is slso shown
in table 57, In the crosses 1,2,6 and 7 dominarnce ratio under

poth inclusive and exclusive analysis was less than one,
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exhibiting partial dominance., In the crosses 3 and 5, by
both types of analysis showed overdominance, In the crosses 4
and 8 dominance ratio was greater than one under inclusive

analysis whereas it was less than one under exclusive analysis.,

Number of Effective Factor®

The number of effective factors were calculated in four

different ways and they are shown in table 58,

The number of effective factors Calculated 3s nl(Castle
and Wright, 1921) was less than one in the crosses 4,5,6 and 8
whereas in crosses 1,2,3 and 7 they were 2.11, 2,02, 1.86 and
2.02 respectively, It indicates that at least one to two

effective factors are involved in the eight crosses.

The number of effective factors calculated as n, (Burton,

1951) also gave similar information as obtained from n, esti-

1
mation, Highest and lowest n, values of 2,68 to C0.74 were

obtained in cross 1 and 4 respectively.

The estimates of K, (Mather, 1949) were less than one in
the crosses 5,6 and 8 whereas in crosses 1,2,3,4 and 7 they
were 2,46, 2,80, 3,77, 1,03 and 2,43 respectively. From this
estimate we can conclude that two to three effective factors

are involved in conditioning the coleoptile length in wheat,.

The K, estimate of Mather (1949) was high in all the

2
crosses, It ranged from 3.27 in cross 4 to 7,82 in cross 7.
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Therefore, it can be concluded that three to seven effective

factors are involved in this inheritance of coleoptile length

of wheat,

To study the interaction of the additive (D), dominance
(Hl), additive gene effect (d), dominance gene effect (h),
additive x additive effect (i), additive x dominance effect
(j) and dominance x dominance effect (1) components with the

‘environments, regression coefficients of these components on
the environmental means were calculated and tested for sig-
nificance (table 5%), The b value for the additive compo-
nent were positive and significant in all the eight crosses,
however, the b value for dominance was negative and signi-
ficant in the crosses 1, 3, 5, 6 and 8, whereas that in the
crosses 2, 4, and 7 was positive and significant (table 60),
The b value for additive x additive effect was significant in
all the crosses, However, crosses 1 and 7 were positive and
highly significant, whereas in cross 5 it was negative and
highly significant. The b value for additive x dominance
effect was positive and significant in the crosses 1,6,7 and

8 whereas other crosses 2,3,4 and 5 were negatively significant.
The b values for dominance x dominance effect were positive
and highly significant in the crosses 1 and 8 whereas in
crosses 3 and 5 it was negatively significant (table 60), The
regression analysis (table 59) showed that the additive (D)

and dominance (H) components and d, h, i, j, and 1 effects with
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the environments werevhighly significant, This analysis
confirmed that a significant portioh of the additive x envi-
ronment interactions was accoﬁnted for by the linear function
of the environment means, However, both the additive and
dominance components and d, h, i, j and 1 effects showed
deviations around their regression slopes and the variation

for the dominance was far higher than for the additive compo~-
nent, which indicates that the relationship between the
environmentsl means and the expression of both additive and
dominance components and d, h, i, j and 1 effects is not simple

and straightforward,
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Table 33: Estimate of m, d and h based
on 3-parameter model.
Cross No. m d h JKZ
cross 1 64.55+3.96 10,69+4.67  8.434+8.29 273.66
Cross 2 65.07+1.07 11,85+1.26 -0.48+2,24 19.95" "
Cross 3 66.79+2.09 14.25+2,47 =3.19+4.38 76,41
Cross 4 65.61+0.53 9.38+0.63 -3,3141,12 5. 06
Cross 5 68.81+1,21 9.29+1.43 14,20+2,53 25.59"""
Cross 6 68.08 +1.83 9.6822,22 20,36+3.94 61.97" "
Cross 7 66.49+1.59 15,73+1.88  0.80+3.34 aa,4"""°
Cross 8 67.06+3. 46 4.40+4.08 —6.3247, 24 208.58"
(d.f. 5)
P

L4

Significant at 1% and 0.1% level respectively.
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Table 54: Estimate of m, d, h and the three types
of gene interaction (i,j and 1) based on
6-parameter model of different crosses,

Cross .

No, m d h i j 1 )&—2
Cross 68.59+ 13,84+ -14.73+ -2,78+ -31.44+ 22,58+ 288,34
14,61 8, 49 53,99 16.02° 37.96° 47.397

Cross 68,73+ 11,54+ -8,71+ =5.33+ 3,07+ 4,18+ 1,21
0.94 0.55 3,49 1,037 2,45 3,07
Cross 69.31+ 14,54+ -12,04+ -2,95+ -2.93+ 6,95+ 86,82
8,01 4,65 29,627 8,79 20.83" 26,017
Cross 64,30+ 9,01+ 3.67+ 1.02+ 3,75+ =6,65+ 0.86
: 0,79~ 0.46~ 2.95" 0,87 2.077 2.59”
Cross 66034+ 8.564+ 16.38+ 4.31+ 7.27+ 1,44+ 2,70
1.41~ 0.82° 5,22 1.55" 3.67 4.58"
Cross 66,61+ 7.6l+ 20,74+ 2.79+ 20.70+ 2.05+ 10.33°
2.76 1.617 10,22 3.03° 7.18" 8,97
Cross 63,65+ 14,74+ 1.59+ 5.34_-!_- 9.87+ 3.85+ 3.21
1.54" 0.897 5,69 1.69 4,017 5.00"
Cross 70,04+  3.31+ ~12.28+ =4.50+ —44.11+ 2,46+ 176.43°
7.52" 4,37 27,79 8,25 19,54~ 24,39
(d.f., 2)
** .Significant at 1% and 0,1% level respectively.
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Table 55: Least square estimates of the components of
variation (D, I, E, and E,) of different
crosses (1st and 2fd valufs of a palr corres—
pond to the inclusive and exclusive estimates
respectively),
C No,
ross D H El 52
Cross 1 75.29+6,83 67,79+22,84 10,25+3.93 5.0443.57
77.79+6.98 45,40426.35 15,49+5.11  8.41+4,19
Cross 2 45.81+4,77 41,42+15,96 9.87+2,75 1.06+2,49
47.56+0, 71 24,58+2,66 13.71+0.52 1.02+0.42
Cross 3 46.07+5,68 95.99418.99  7.9243.27 -1.36+2,97
48,00+3,40 77.61+12,84 12,12+2.49 ~0.74+2.04
Cross 4 74.62+6,67 96.65+22.32 8.23+3.84 2.59+3.49
78¢30+1.55 75.98+5.88 13.55+1.14 -0,08+0,93
" Cross 5 87,09+5.94 149.77+19.87 6.16:3.42 —1.41:3.11
89,56+3,78 127,91+14,27 11.22:2.76 -1.39+2,26
Cross 6 146.88+13,.33 41.71:44.59 22,58+7,68 5.86+6,98
141,89+2,76 70.10:10.45 15,05+2,02 -1.74+1,66
Cross 7 87,21+6.01 55,01+20,09 10.96+3,46  0.614+3,14
89.,27+4.12 36.16+15.56 15.27#3,02 -0,66+2,47
Cross 8 87.57+13.77 133°63i46'04 5.09:7.93 6.69:7.21
95.98+2.99 80.74+11,31 18,22+2,19 -1.,80+1.79
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Table 56: Heritability estimates in percentage of
different crosses (1lst and 2nd values of a
pair correspond to the estimates from inclusive
and exclusive estimate of components of
variation) :

Broad Sense lleritability = HB, and
Narrow Sense Heritability= HN,
Parent-offspring Regression= P/0

N - : ’ $a Ta
Cross No HB HN W Fo/Fq W Fy/F, 4F3/F,

Cross 1 84.19 - 58,05 71.12 61.32 35.56
76,43 59,16

Cross 2 76,43 34,84 65.11 56,11 32.55
68,58 54,49 '

Cross 3 85,58 41.91 63,75 47,37 31.87
78,17 43,22

Cross 4 88,19 53.52 70.86 57.86 35.43
: €1.10 54.61

Cross 5 92,93 49,96 71,44 55,33 35,72

Cross 6 78, 78 €8,99 73.89 70,21 36.94
85,46 68,33

Cross 7 83,95 63,82 73.89 66.34 36,94
77.85 64,74

Cross 8 93.81 53.21 73.51 58,28 36,75
78.91 55,54
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Table 57: Degrees of dominance based on potence ratios
(hl,h2,h3 a?d h4) method as well as dominance
ratio (H/D)? method of different crosses.

Cﬁgfs By h2 hy By Inciﬁgggz BExclusive
Cross 1 0,73 0,55 2.12 <3.,68 0.95 0. 76
Cross 2 Of06 0,47 1.25 2.57 0.95 0.72
Cross 3 -0, 77 -0,87 -1.18 =0.26 1.44 1.27
Cross 4 -0,45 -0,12 ~0.,56 0,16 1.14 0,98
Cross 5 1,56 1,23 ~0.27 =2.46 1,31 1.19
Cross 6 2.65 1,83 0. 49 1.88 0,53 0. 70
Cross 7 0,02 ~0,65 -0,97 2,91 0.75 0,63
Cross 8 ~0,59 -0.31 0.57 3,13 1.23 0.91
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Table 58: Estimate of number of effective factors based
on Castle and wright, 1921 (n,); Burton, 1951
(n2) and lMather, 1949 (ky ), (k,) for
different crosses,

Cross No, nl n2 kl k2
Cross 1 2,11 2.68 2. 46 4,22
Cross 2 2,02 2.01 2.80 _ 6,93
Cross 3 1,86 2,42 3.77 5.12
Cross 4 0.67 0, 74 1,03 3.27
Cross 5 0.47 1,05 0.82 4,81
Cross 6 0.31 1.39 _0.41 5.99
Cross 7 2.03 2,03 2,43 7.82
Cross 8 0.56 0,66 0. 81 6.75

¢«Estimated from the exclusive estimate of
components of variation,



Table 59: Analysis of response of additive (D) and dominance (Hl) components of
genetievariation to changes over five encironments. Estimated from
the exclusive estimate of components of variation,
Item defe Cross 1 Cross 2 Cross 3 Cross 4 Cross 5 Cross &6 Cross 7 Cross 8
L
. LN LN ] [ [N - LB L ¥ ] LB J LR |
Regression 1 1064,.31 2176.05 3164.00 1622.10 44°2,70 307G.,41 1922,66 2367,74
. LN &8 LE N J LN J [ B0 LR [N s em
Remainder 3 219,22 493,11 672,09 917.14 604,09 832,32 411,76 662,19
Error 55 14.76 17,11 9.34 21,15 17.03 62,64 55.83 49,84
Hl
. she csw “xae s : XL * w0 tee ssw
Regression 1 4003.,16 2976,05 2073.09 3041, 71 1830, 70 1416.72 3461,06 1996,55
R &R &9 LN LN e el e *ne e
Remainder 3 917,14 193,11 223,06 1609,22 421,55 402,17 882,15 288,96
Error 35 14.76 17,11 9.34 21.15 17,03 62,64 55.83 45,84
Additive gene effect (d)
TX " : -
Regression 1 1472.31"  1062.854° 946,44" 874,32"  2219.55° 1764.82" 1417.%5" 1926.%%"
nes L3 . LR [N J [ X2 ] [N J LE N | [N
Remainder 3 644,88 392,81 114,17 227.64 792.95 ©14,56 444,22 661,55
Error 55 14,76 17.11 9.34 21,15 17,03 52,64 55.63 49,84
Dominance gene effect (h)
LN . o
Regression 1 932,14°  1674.50" 1493.32" 1162.73" 3176.1%" 1776.%3%° 2145.3%° 2206.31%°
3 l LEN | LR N ] LN ] o0 [N L. BN LA N [ B8 ]
Remainder 27.55 227,41 466,23 402,11 394,54 729.93 691, 66 722,14
Error 55 14,76 17.11 9,34 21,15 17.03 62, 64 55.63 49,84
(contd,)

00¢



Table 59 (contd.)
Item d, f. Cross 1 Cross 2 Cross 3 Cross 4 Cross 5 Cross 6 Cross 7 Cross 8
Additive x additive effect (i)
Sde LE B J ds & LN N ] LB 3 [ X L N J e 0
Regression 1 669,31 497,74 2114,76 1471,.55 2116,15 11%94,32 1640,59 1172,32
L L [ R3] e LN ] - [ E N (. B R LN
Remainder 3 81.95 104,22 64,15 481,22 823,64 416,55 62,22 714,14
Error 55 14,76 17,11 19,34 21.15 17,03 62,64 55,63 48,84
Additive x dominance effect (i)
. LEN LB N ] RN J oW [ - X LB LR B L B ]
Regression 1 1764,66 1922,41 507,06 1504,05 - 1866,55 1422.18 523.14 1644,62
[ X N ] LR N ] LR W ] LN s a W | X-I L E N L]
Remainder 3 214,19 446,69 221,44 416,73 922.33 664,17 404,89 293,36
Error 55 14,76 17,11 9,34 21,15 17.03 62,64 55.63 49,84
Dominance x dominasnce effect (1)
[ AN ] [ BB ] sh e LN B [ B W ] [ X B LR N LA R
Regression 1 2214.,64 1074,22 1934, 22 2237.64 2216,44 2114,92 1532,.16 1934, 76
[ X B [ XN LN 3 LB B ] LR ] LA R ] LR ] L B ]
Remainder 3 417,32 662,22 119,14 1032,22 1644,19 922,24 723,60 483,22
Crror 55 14,76 17,11 9,34 21,05 17.03 62,64 95,63 45,84

?

!"‘significant at 5%, 1% and C,1% level respectively,

T6¢



Regression analysis.
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Experiment 8.

-

The six parental genotypes and their F Fy and F, gene-

2’
ration of six crosses were examined the transmission of known
degrees of linear and non-linear functions of the genotype-
environmental interactions among parental lines to the advanced
generations derived from crosses among them., Five different
effects of temperature and two germinating mediums of low and
high pH, were used as the environment in this experiment,

Results obtained in 1980, 1981 and 1982 are in the following

description:
(a) Scaling of data:

In the first step of analysis, the data were subjected to
variance analysis separately for each environment and the error
variances (replication x genotype mean squares) thus obtained
(table 61) were tested for their homogeneity by Bartlett test.
The Bartlett's Chi-squares (table 61) were non-significant in
all the three years studied which indicated that the nine error
m.s., (replication x genotype m.s.) of each of the parent, Foy
F, and F

3 4
formation of data into log or square root scales were made,

generations were homogeneous. Therefore, no trans-

and it was decided to'consider untransformed data for the rest

of the analysis.
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(b) Additive environmental components
of variation (e, )?
J

An estimate of the additive environmental component of
variation (ej) was obtained separately for each of the parental,
F2, F3 and F4 generations as the mean of the generation in
each environment, The environmental values of ej of different
generations in all the three years are shown in table 62, The
ej values obtained from F2, Fy and F, generations were very
similar to that of ej values obtained from parental generations,
The correlation between e, values of parental generations with
that of F F

and F, generations were respectively 0,958,

2? 73 4
0,946 and 0,965 in 1980, 0,981, 0.993 and 0.991 in 1981 and
0.986, 0,939 and 0,991 in 1982 respectively which are highly
significant. It indicated that the ej values of different

generations were almost the same and comparison of results

obtained for different generations will be valid,

(c) Analysis of parental data.

The mean coleoptile length of the six parental genotypes
and the estimates of the additive genetic components (d, ),
linesar regression (bi), linear interaction coefficients ( Pi)
and deviations from linear slopes §2d over differen t environ-
ments for genotypes were measured separately and they are shown
in table 63, Genotypic means varied within six genotypes

but a close agreement between years was shown by correlation
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coefficient of mean Coleoptile length in all the three years
which were highly significant (0.929, 0,918 and 0.909), The
result, presented in the table 63, reflects in all respects

the description of the parents given under material. The
additive genetic component (d;) in table 63 showed a consi-
derable range of variation among the parenfal lines. The two
stability pasrameters bi and Szd were also different in different
genotypes, Highest coleoptile length was noted in Penkty

(82,81 mm, 84.26, and 83.95) and lowest noted in Jupatica-~ 70
(44.99mm) in 1980 and Mexipak- 65 (57,29mm and 54.39mm) in

1951 and 1982,

The correlation between mean and bi’ mean and §2d and

b; and Ezd in each of the three years were -0,0015, 0.0029 and
-0.081 in 1980 and -0,012, -0.119 and -0,028 in 1981 and 0,003,
0,076 and 0,154 in 1982 respectively. These non-significant
correlations indicate that the three aspects (mean, response
and stability) of a phenotype in respect of coleoptile length

are independent of each other and under different gene control.

The analysis of variance and joint regression analysis
are shown in table 64, The item genotypes were highly signi-
ficant in all the three years study indicating that the six
parents used in the crosses differed significantly in coleoptile
length, The item environment (item 2) was also highly sig-
nificant in all the three years which indicates that the coleop-

tile length differs in different environment, The item 3 which
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measured the genotype x environment interactions was also
significant in all the three years result which indicated
that genotype x environment interaction is a part of the

genetic system of coleoptile length in these population,

Joint regression techniques were followed to partition
the genotype x envifonhent interaction sum squares into
different items in respect of grouping of the parents. For
example, the three parents (Sonora- 64, Sonalika and Jasnak)
classified, having low linear sensitivities to environmental
variation; do not differ in their linear regression (item 4
of table 64), Similarly the three parents (Jupatica- 70,
Fenkty and Mexipak- 65) classified a8s having high linear sen-
sitivities to the environmental variation also do not differ
in their linear regression (item 6 of table 64)., Significant
difference in linear regression between the 'low' and 'high!
groups were found (item 8 of table 64), There were also sig-
nificant non-linear components of the genotype x environment
interactions within both groups of parents (item S5 and 7 of
table 64)., The two groups also differ significantly in respect
of their non-linear components of genotype x environment
interactions (item 9 of table 64) in the vyear 1980 but it was

non-significant in 1981 and 1982,

The actual performance of each genotype over a range of
environments is graphically represented in figures 8(A), 9(A)

and 10(A) respectively. The regression coefficients bi are
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in effect measures of responses to increments in an improving
environment, Since these increments were measured by the mean
of all populations, then the average response for any set of
populations under consideration must have a regression coe-
fficient of 1,0, The genotypes Jupatica- 70, Penkty and
Mexipak- 65 had an average response (b = 1,46, 1.25 and 1,32

in 1980 and 1.34, 1,30 and 1.49 in 1981 and 1.42, 1.38 and 1.59
in 1982 respectively) of which Penkty showed a consistantly
greater coleoptile length in all environments whereas Jupatica-
70 and Mexipak- 65 had a greater coleoptile length in good
environments only, but a comparatively shorter coleoptile length
in unfavourable environments as these two-genotypes showed high
bi values and low coleoptile length in this range of environ-
ment, The genotypes Sonora- 64, Sonalika and Janak had a
respense (b = 0.67, 0,71 and 0,59 in 1980 and 0,72, 0.5%4 and
0.51 in 1981 and 0,61, 0,42 and 0,58 in 1982 respectively) well
below the average (b « 1,0) and adapted to environments which
reduced growth of coleoptile in Penkty, Mexipak- 65 and
Jupatica- 70. Figure 8{A), 9(A) and 10(A) showed a marked
crossing of regressing lines, a clear indication of a complex
genotype x environment interaction present in the coleoptile

length of wheat,

(d) - The analysis of F2 data:

Mean coleoptile length of F2 generations of the six

crosses is shown 1n table 65, Highest coleoptile length was
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found in cross 6 in all the three years and the lowest was
found in cross 4 in 1980 and in cross 2 in 1981 and 1982, The

estimates of three components d bi and §2d for each of the

i’
8lx crosses in the F2 generations are shown in table 65.
These estimates in all the three differeﬁt yéars result have
indicated that the difference in coleoptile lenéfh and in
linear (b.) and non-linear (Ezd) environmental sensitivities

among the six parents consistently reflected in the properties

of F2 generations of the six crosses,

The correlation coefficients between mean and bi, mean

2, end b, ond 3%, were 0,021, -0,013 and -0.093 in 1980,

0,003, 0.017 and -0,024 in 1981 and 0,025, 0,031 and 0,073 in

and S

1582, These correlations were also non-significant as found
in the parental generations., Therefore, the parental rela-
tions among mean, stability snd response are slso malntained

in the F2 generations,

The analysis of variance and the joint regression analysis

2
table 66, A highly significant © g 'x e interaction effect

of the F.s of the six crosses were studied and given in

(item 3 of table 66) was found which indicates that gxe
interaction, as found in the parental generations, is also
maintained in the F, generations. Table 66 also indicates
that a portion of the total genetic variation of the F2 geng=-
ration is independent of the environmental condition (item 1
of table 66), Significant effect of environment {(item 2 of

table 66) on the coleoptile length of the FZ progenies of the
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six crosses was indicated. It suggested that the coleoptile

length in different environments were different.

On the basis of the parental properties the six crosses
have been partitioned into three comparisons by the joint
regressioﬁ analysis by grouping the two crosses between a
pair of low parents (cross 3 and 4), the two crosses between
a 'high' and a 'low' parent (cross 1 and 2) and the two crosses
between a pair of 'high' parents (cross 5 and 6), within cach
of these three sets of two crosses there was no significant
differences between the linear regressions (item 4, & and 4)
but there were significant differences between the three sets
(item 10 of table 66). There were again significant non-linear
components of the interactions within all the three sets

‘(item 5, 7 and 9 of table €6),

The actusl performance of tne six crosses over a range of

environments are presented graphically in figures 38(3), 9(3)
and 10(3)., A distinct parental property in respect of gxe
interactions is reflected in the graph (figure 8 B , 93 and
103,) The two crosses between a 'high' and a 'low' parent
(cross 1 and 2) had a regression slope.almost equal to 1.0

(b = 1.06 and 1.02 in 1980; 1,12 and 1,08 in 1981 and 1.09 and
1.02 in 1982 respectively in crosses 1 and 2), properties of
average response to different range of environments were

reflected. The two crosses between s pair of 'high' parents
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(cross 5 and 6) had a steeper slope (b = 1.24 and 1,35 in
1980, 1.31 and 1.22 in 1981 and 1.36 and 1.29 in 1982 respec-
tively in crosses 5 and 6) which means that the coleoptile
length of these two crosses were greater in good environment
and shorter in poor environments, The two crosses between

a8 pair of 'low' parents (cross 3 and 4) showed a regression
slope less than 1.0 ( b 1,0) (b = 0,71 and 0,62 in 1980, 0.64
and 0,63 in 1981 and 0.71 and 0,53 in 1982 respectively in
crosses 3 and 4) like that of the parents showing that it will
have greater coleoptile length in environments where the other
four crosses will have low coleoptile length (figure 83, 93

and 108), Crossing of regression lines is found in case of
parental genotypes in poor environments but spreads out rapidly
as the environment improves. This indicates that the differen-
ce between genotypes will be more proncunced in good environ-

ments,

(e) The analysis of F5 data:

The data were subjected to variance analysis and the
genotype x environment interactions in the six crosses were
partitioned by the joint regression techniques. 1In this
analysis the 30F3 families of each cross were considered
separately. In addition to all items as measured for F2 gene-

rations for each of the six crosses, we have, therefore, a

heterogeneity of linear regression sum squares comparing the
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linear components of 30 families and their remainder sum
squares testing the non-linesr components, The full asnalysis
of varience and joint regression analysis are presented in
table 68, The pattern is quite clear and consistent as those
of parent and F,e A highly significant gxe interaction was
found (item 3 of table 68). A significant portion of the

total genetic variation present between the crosses is inde-

pendent of environmental condition (item 1 of table 63),

On the basis of the parental properties the six crosses
haQe been partitioned into three comparisons by the joint
regression . analysis as done in case of F2 generations. No
significent differences between the linear regression hetween
thhe two crosses of 'low' x 'low' parents (cross 3 and 4) and
between *high' x 'high' parénts (cross 5 and 6) were found
(item 17 and 19 of table 68)., Significant difference between
the 1inear regression of the two crosses of 'high'x 'low'
parents (cross 1 and 2) were found (item 21 of table €8)., It
indicates that the three 'low' parents (Sonora- 64, Sonalika
and Mexipak~ 65) differ genetically from each other though they
have the same response to environments. There were significant
diffefences between the linear regression of the three sets of
crosses, i.€., 'low' x 'low', 'low'x *high' and 'high' & ‘'hight
(item 23 of table 68), There were significant non-linear
components of gxe interactions of the two sets 'high' x *'high®
'low' x 'low' crosses (item 18 and 20 of table 68)., No signi-

ficant non-linear components within the two crosses of
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‘high x 'low' was found (item 22 of table 68).

There were significant differences among the 30 families
for their linesr sensitivities to the environment in ali the
six crosses except in cross 4 in 1980 and crosses 4 and 5 in
1981. and "1982, but the differences were more pronounced in
crosses 1 and 2 compared to others where the parents differed
in their sensitivities, one being 'high' and the other 'low'
(items 4,6,8,10, 12 and 14 of table 68}, The significant
non-linear compénents of the interactions were, however, found
in crosses 3,4, 5 and 6 in 1980 and 2,3,4,5 and 6 in 1981 and

1982 (items 5,7,9,11,13 and 15 of table 68).

The mean coleoptile length of Py generations of the six
crosses are given in table 67, Highest coleoptile length was
exhibited by cross 6 and lowesé by cross 4 in 1980 and by
cross 2 in 1981 and 1982. The estimate of the components

d;,b, and §2d for each of the six crosses are also shown in

i
table 67. These estimates show that the difference in coleop-
tile length and in linear (bi) and non-linear (Ezd) environ-
mental sensitivities among the six parents are consistently

reflected in the propertiles of F3 progenies of the six crosses,

"he correlation coefficients between mean and bi’ mean
and Szd and b, and Bzd of the six crosses were 0,017, -0,033
and 0,096 in 1980; 0,004, 0,004 and ~0,129 in 1981 and 0,C07,
0,037 and 0,056 in 1982 respectively. All the three corre-

lations were non-significant as found in parental and F2
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generations, Therefore, these non-significant relations among

the three components, mean, stability (bi) and response (32d)
as found in parents and F,s are also maintained in the Fq
generations, '

The actusl performances of the six crosses over a range
of environments are represented graphically in fiqure 8(C),
9(C) and 10(C). <Clear parental properties in respect of gxe
interactions is reflected in the graph as found in Foe The
two crosses between 'high' and 'low' parents (cross 1 and 2)
had a regression slope almost equal to 1.0 (b = 1,12 and 1,06
in 1980, 1.04 and 1.02 in 1981 and 1,02 and 1,08 in 1982
respectively in crosses 1 and 2), a properties of average
response over a range of environment was indicated, The two
crosses between a pair of 'high' parents (crosses 5 and 6) had
a steeper slope (b ='1.19 and 1,25 in 1980; 1,23 and 1.13 in
1981 and 1,17 and 1,19 in 1982 respectively in crosses 5 and
6) and the two crosses between a pair of 'low' parents (cross
3 and 4) showed a regression slope less than 1 (p<{1,0)
(b = 0,77 and 0,61 in 1980; 0.8% and 0,69 in 1981 and 0,80 and
0.73 in 1982 respectively in crosses 3 and 4), Crossing of
regression lines in poor environments and spreading of regre-
ssion lines in good environments (figure 8C, 9C and 10C)

indicates genotype x environment interaction is very common

in the six crosses.
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The frequency distribution graph of linear sensitivity
(b;) of the 30F, families in the year 1980, 1981 and 1982 are
shown in figures 11,12, 13,14,15 and 16 respectively for
crosses 1,2,3,4,5 and 6, There was a clear evidence of
segregation for differences in linear sensitivity among the
families of F3 generation in cross 1, 2 and 6, Furthermore,
these segregations were found to be symetrical around the
mean value that corresponds with the mean of the parents'of
the three crosses,

(f) The analysis of F, data?

4

The data were subjected to a variance analysis and the
genotype x environment interaction in the six crosses were
separated by the joint reqression analysis. The 30F4 families
of each cross were considered separately in these analyses.

In addition to all the items as measured for F2 and Fy gene-
rations for each: of the six crosses we have therefore, a
heterogeneity of linear regression sum squares comparing the
linear components., The results obtained from analysis of
variasnce and joint regression asnalysis are shown in table 70,
The result is quite clear and consistent as those of F2 and
F3. Highly significant gxe interactions were found (item 3
of tsble 69) and a significant portion of the total genetic

variation exhibit between the cross is independent of environ-

mental condition (item 1 of table 69),
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On the basis of the parentsl properties the six crosses
have been partitioned into three comparisons by the joint
regression snalysis as done in the case of F, and Fy gene-
rations, No significant differences between the linear
regression between the two crosses of 'low' x ‘low', parents,
(crosses 3 and 4) and between 'high' x 'high' parents
(crosses 5 and 6) were found (item 17 and 19 of table 69)., A
significant difference between the linear regression of the
two crosses of 'high' x 'low' parents (crosses 1 and 2) was
found (item 21 of table 69). This shows that the three 'low!
parents (Sonora- 64, Sonalika and Mexipak- 65) differ geneti-
cally from each other though they have the same response to
environments., There were significant differences between the
linear regression of the three sets of crosses i.e, 'low'x ‘'low',
'low' x 'high' and 'high' x *high' (item 23 of table 69). There
were significant non-linear components of interactions of the
two sets, 'high' x *thigh' and 'low' x 'low' (item 18 and 20
of table 69), No significant non-linear components within the

two crosses of 'high' x 'low' were noted (item 22 of table 69),

There were significant differences among the 30 families
for their linear sensitivities to the environment in crosses 1,
2 and 6 in 1980 and 1, 2, 5 and 6 in 1981 and 1,2,3 and 6 in
1982 but the differences were more pronounced in crosses 1 and 2
compared to others where the parents had differing Sensitivities,
one being ‘'high' and the other 'low' (items 4,6,8,10,12 and 14

of table 69). Significant non-linear components of the
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interactions were, however, found in all the six crosses

(itews 5, 7, 9, 11, 13 and 15 of table 69),

In table 70 the mean coleoptile length of Fy generations
of six crosses of three different years are given, Highest
coleoptile lengths were recorded in cross 6 which were
71.55mm, 77.95mm.and 76.2%mm in 1580, 1981 and 1982 respecti-
vely whereas lowest was recorded in cross 4 (55.30mm) in 1980
and in cross 2 (60,27mm and 52.93mm) in 1981 and 1982, The
estimate of the components di’ bi and §2d for each of the six
crossés is shown in table 70, Thése estimates shoﬁ without
doubt that the difference in coleoptile length and in linear
(b;) and non-linear (§2d) environmental sensitivities among the
six parents are consistently reflected in the properties of F

4

generation of the six crosses.

The correlation coefficients between mean and bi mean
?

=2
and S 4 d

Therefore, it was found that these non-significant relations

and bi and §2 of the six crosses were non-significant,
among the three components, mean, stability and response are
also maintained in F, generations as found in parental, F,

and F3 generations.

The actual performances of six crosses over a range of
environments are shown in figures 8(D), 9(D), and 10(D)
respectively, Distinct parental properties in respect of gxe

interactions is reflected in the graph as found in F. and F3

2



generations. Crosses 1 and 2 had?regression slope almost
equal to 1.0 (b = 1.09 and 1.03 in 1980; 1.09 and 1.08 in
1981 and 1,06 and 1.03 in 1982;respectively in crosses 1 and
2), properties of average response over a range of environ-
ment was nqted. Crosses 3 and 4 had a regression”slope less
than 1,0 (b = 0,72 and 0.71 in 1980; 0,81 and 0,72 in 1981
and 0.73 and 0,82 in 1982 respectively in crosses 3 and 4),
Crosses 5 and 6 showed a regression slope greater‘to 1.0

(b = 1.34 and 1,14 in 1980; 1,12 and 1,19 in 1981 and 1.21
and 1.51 in 1982 respeétively in crosses 5 and 6), In the
graph, diversity of regression lines was not noted but a
crossing of regression lines was common which indicates the

existence of gxe interactions in these genotypes.

The frequency distribution graph of linear sensitivity

(b;) of the 30F, families is shown in figure 11, 12,13,14,15

4
and 16 respectively for crosses 1,2,3,4,5 and 6, There was a
clear evidence of segregation for differences in linear sen-
sitivity among the families of Fy generations in crosses 1,2
and 6, Furthermore these segregations were found to be symme-

trical around the mean value that corresponds with the mean

of the parents of the three crosses,
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Table Error m.s, of the different environments and the
Bgrtlett XL testing the homogeneity of the
different error m.s. of each of the parents,
F2, F3 and F4 generations grown under the

- different temperature environments,

Environment

Parent F2 F3 F4
1980
Control Distilled
28%¢ water 4,30 13.12 6.43 7.10
20%¢ High pH 3,97 9.83 6. 73 7.74
Low pH 3.53 B.33 6,28 7,19
25°¢ High pH 4,26 12.47 6,82 6.79
Low pH 4,15 10,63 6. 68 7. 38
30% High pll 3,83 10.91 6. 79 7.13
Low pH 4,43 11, 47 6.80 6,96
35°%¢ High pH 3,47 10,44 6. 76 7.14
Low pH 3.80 11,03 6,95 7.28
> 2 0.207% 0.621"% 0,207"% 0.,207"%
d.f. = -
1981
Control Distilled
28°C water 11,43 4,65 4,03 9.57
20%¢ High pH 10.85 4433 4,15 9,23
Low pH 12,06 5.58  4.36 9,00
25%¢ High pH 10,99 4.84 3.87 9.52
Low pH 10,51 4,24 4,16 8,20
30%¢ High pH 11.22 5.15 4,38  9.17
Low pH 11,46 3.86 4,22  9.30
35% High pH 11,66 4,54 4,26 9.12
Low pH 4 11.15 4,64 __ 4.24 _ 9.25
X 0.27"%  0.414"% 0,207"% 0,207"°

d.fo






Table 62: The additive environmental component ej used in the regression
analysis in papents, F2, Fq and F, generations,

Q
o1 2?;.;:1 5 20%¢ 25%¢ 30%¢ 35°¢
wlie; e High Low High low High Low High low
3 pH pH pi pH pH pH pH pH

1980
Parent -7,69 ~11.63 20,41 -1.80 11,73 -17.82 14,79 -20,39 12,42
Fz -4.89 -15. 37 12093 -4u80 14. 62 "'12. 68 18.02 —16.91 9. 03
Fy ~3.69 -17.23 16,94 0.59 3.47 -17.03 10.54 -13.52 14.95
F, 7,14 -10,37 13,23 -3.77 13,03 -20.06 12,79 -16.77 19.09
Mean ~5.85 -13,65 15,88 —2.44 10,71 -16,89 14,03 -16.89 13,87

1981
Parent ~5.28 11,78 18,13 -7.57 14,63 ~18,96 14,98 =15.26 11.12
F, -4.03 -18.06 18,53 4,47 18,77 -18,08 13,71 -19.56 13,21
Fy -7.07 -13,59 17,38 -7.10 13,42 -20,85 18,01 -13,48 13.29
F, -3.67 ~14,93 17,33 ~4,45 13,22 -20,71 15,29 -14.31 12.22
V.ean ~5.,01 -14,59 17.84 —-5.89 15,01 -19.65 15,49 -15.65 12.46

occ
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Table 63: Mean coleoptile length (mm), additive genetic
component (di), linear regression (bi) linear
lnteraction co-efficients, ( 5 ) and ‘deviation
from linear slopes (§2di) for the six parental

lines in the different temperature environments,

Genotypes Mean d by pi 5;2
l. Sonora- 64 59,07 -1.929 0,67 0.33 3.62
2. Sonalika 65.58 4,52 0.71 0,29 3,69
3. Janak 62,15 1.09 0,59 0,41 21,44
4., Jupatica— 70 44,99 =16.07 1,46 -0,46 4.59
5. Penkty 82.81 21.75 1,25 <0,25 9,17
6. Mexipak- 65 51.74 -9,32 1,32 0,32 5.73

Mean, 61,06 1,00 8,04
1. Sonora- 64 64,22 -3.25 0.72 0,28 6,27
2. Sonalika 69,24 1.77 0.64 0,36 1.49
3. Janak 7155 . 4,08 0,51 0,49 11,22
4, Jupatica-~ 70 58,26 -9,21 1.34 -0,34 3.24
5. Penkty 84,26 16,79 1.30 =0,30 7,92
6. Mexipak- 65 57.29 -10.,18 1.49 0,49 6.35

Mean. 67,47 1,00 6,08

1982

l, Sonora- 64 €l,11 -2,39 0. 61 0.39 0. 29
2, Sonalika 60,25 -3.25 0.42 0. 58 2,19
3, Janak 65,05 1.55 0.58 0,42 5.97
4. Jupatica= 70 56,23 -7427 1,42 0,42 2.94
5. Penkty 83,95 20,45 1.38 <0,38 15.80
6. Mexipak- 65 54,39  =9,11 1,59 =0.59 6,42

Mean, 63,50 1.00 5.60
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Analysis of variance (m.s.) and joint

regression analysis of gxe interactions for
coleoptile length in six parental lines grown
in different temperature environments, Figure
in the marginasl column indicates the item
used as denominator in the variance ratio.

ms tested

Ttem d.f. 1980 1961 1982 ! :
against item No.
1. Genotype (G) 5 497.61% 532.24°  617.97 11
2. Environment (E) 8 764,17 923.17" 919.9% 11
3. GxE a0 21,83 16,53"  39.1% 11
Low x Low
4., Het, of
Regression 2 4,63 11.25 22,55 5
5. Remainder 14 16,127 34.63 41,867 11
lligh x High
6. liet. of
Regression 2 12.97 20,44 12,60 7
7. Remainder 14 23.%°  44.9%° 51,32° 11
Low x High
8. HEt, of ) ° ane 'K
Regression 1 132,67 197.60 105,39 9
9. Remainder 7 21.3%" 11.64 12.67 11
10, Reps. in B 9 4.02 66.11 2,97
11, Error 45 3.97 11,26 9.45

*indicates significant at 5% level,
**indicates significant at 1% level.
indicates significent at 0.,1% level.

LA N









Table 67: Fean coleoptile len
comnponent (di),

ength (mm), additive genetic
linear regression (bi), linear

interaction coefficient, B; and deviations from
i =2

linear slopes (3 d;) for the six crosses of F

generations in different temperature environments,

3
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Cross No, Mean di bi pi 52d
1980 |
Cross 1 71,76 6.97 1,12 -0.12 0.15
. Cross 2 59.24 ~5,55 1,06 -0,06 4,29
Cross 3 62.15 -20.64 0,77 0.23 12,70
Cross 4 57,13 -7.66 0.61 0.39 19,04
Cross S 64.93 0.14 1.19 -0,19 6,03
Cross 6 73,55 8. 76 1,25 -0,25 7.33
Mean 64,79 1,00 9.26
1981
Cross 1 75.14 4,05 1.04 -0,04 7.927
Cross 2 62,67 -8, 42 1,02 -0,02 4,50
Cross 3 66433 -4.76 0,89 0.11 10.24
Cross 4 71,55 0, 46 C. 69 0,31 7. 40
Cross 5 73.94 2.85 1,23 -0,23 6.97
Cross 6 76,93 5.84 1.13 -0.,13 6. 20
Mean 71.09 1.00 7.55
1932 |
Cross 1 74,77 7. 26 1.02 -0,02 14,95
Cross 2 56,60 <=10,91 1.08 -0,08 4,98
Cross 3 64,93 =2.,58 0.80 0.20 2.16
Cross 4 62,19 ~-5.32 0.73 0,27 3.93
Cross 5 71.29 3.78 1,17 -0.17 11,23
Cross 6 75,29 7,78 1,19 -0.19 8.24
Mean 67.51 1,00 7.55
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Teble 68: Analys%s of variance (ms) and joint regression
§nal¥51s of gxe interactions for coleoptile length
in sS1x crosses of F, generations grown in different
temperature environments, Figure in the marginal
column indicates the item used as denominator in
the variance ratio,

o 1
Item d, £, 1980 1981 1982 ™S ;igiegoagainst
1. Gemotype (G) 179 297.186  315.85" 290.10" 26
2. Environment (E) 8 423,60° 556,30° s513.00 26
- -8 ese LR X
3, GxBE 1432 24,00 24,38 29.07 26
Cross 1, High x Low
. g6 sew (XX
4. Regression 29 49,34 69,17 80,94 26
5, Remainder 203 2.31 4,17 2.23 26
Cross 2, High x Low
LR X | LB J LB
6. Regression 29 37,06 47,15 12,15 26
B aed L E X
7. Remainder 203 5.14 8,97 3.86 26
Cross 3., LowxLow
L X eaw LN J
8. Regression 29 14,16 21.64 20. 75 9
9 30 e e
9. Remainder 203 9,3%4° 11.12 %9.15 26
Cross 4, LowxLow
10, Regression 29 15,67 22,79 20,55 11
'L X! LE 3 LB
11..Remainder 203 39,50 41,73 63,92 26
Cross 5, lligh x IHigh
[ L3
12, Regression - 29 61,22 40,93 13.?2‘ 13
238 -8 5
13, Remainder 203 59.04 48,93 67.11 26




Table 68: {contd,)
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ms tested agasinst

Trem d. £ 1980 1581 1982 iten o,
Cross 6, HighxHigh

14, Regression 29 41.55' 78.§5. 60.35‘ 15

15. Remainder 203 17,580 14.%5° 15, %%° 26

16, Crosses x
Environments 40 12,22 12,13 12,48 26
Low x Low

17. Regression 1 16,64 8,25 23 13

18. Remainder 7 14,95  17.18" 11,33 26
High x High

19. Regression 1 4,59 11.76 10,29 20

20. Remainder 7 14,93 18.04  21.5%° 26
High x Low

21. Regression 1 51.75% 29,76 71.3%" 26

22, Remainder 7 5.73 5.29 1.34 26
Lowx Hich vs. (High x Low)

23, Regression 2 29.24" 55,35  49.3%° 26

24, Remainder 14 7. 64 2.95 5.16 26

25, Reps, in E 9 4,32 0. 79 1.83

26, 6.73 2.97

Exror 1611

4,19

indicates significant at 5% level.
'.indicates significant at 1% level,

> &

*indicates significant at 0.1% level.
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Table 63: Analysis of variance (ms) and joint regression
analysis of gxe interactions for coleoptile length
1N S1X crosses of F, generations grown in different
temperaFur? environnients, Figure in the marginal
column indicates the item used as denominator in
the variance ratio.

Item d.f. - : , ms tested agai-

£ 1980 lg8e1 1982 nst item Ko.

1. Genotype (G) 179 356,01 404,13° 395,73" 26

2, Environment (E) 8 319.16" 447,05 502,808" 26

. nae e Ly
3. GxE 1432 33,19 35,94 37,36 26
Cross 1, High x low
. (R LN | [ B
4, Regression 25 128,16 97,22 70,55 26
. L] R L ene
5. Remainder 203 18.37° 15,127 17.3z 26
Cross 2, High x Low
' L] LR % d &
6. Regression 29 85,23 £l,22 49,35 26
LN
7. Remainder 203 9.%6° 3,95 = 7.43 26
Cross 3. Low x Low
| LB
8. Regression 29 22,76 17.21 34,73 9
LB B J LR | LA R |
9. Remainder 203 28.24 51.76 15.34 26
' Cross 4, Low x Low
10. Regression 29 18,76 - 21,70 30,55 11
oD LE R &N
11, Remaincder 203 57.63 45,00 73.33 26
Cross 5, High x High
%o
12, Regression 29 15,24 67,19 39,90 13
P * % ¥ LR B
13, Remainder 203 51,16 53.93 76,24 26
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Table 69 (contd.)

Item d, f, 1980 1981 1982 e Se tesﬁed agai-
st item tlo,

Cross 6, High x High

14. Regression 29 59{5%' 98.i%‘ 88.23‘ 15
» x L L] >
15, Remainder 203 16.23"  12.58° 23,18° 26
16, Crosses x
Environments 40 21,88 30.8%° 32,85" 26
Low x Low
17, Regression 1 14,63 23,00 12,09 13
18, Remainder 7 24.28"  49.1%" 47.3% 26
High x High
19, Regression 1 6. 39 16,45 12,32 20
20. Remainder 2 35,64  51.58° 59.%0" 26
ligh x Low
LN xR dre
21, Regression 1 82,63 104,10 95,35 26
22, Remainder 7 15,13° 27,94° 26,66 26
Low vs, Hicgh vs, (HighxLow)
o d L] oW
23. Regression 2 55.23 41,63 29,05 26
24, Remainder 14 9.14 7433 8.15 26
25, Reps, in E 9 6. 24 1,04 2.38

*indicates significant at 5% level,

.'indicates significant at 1% level,

".indicates significant at 0.,1% level,



Table 70: Mean coleoptile length (mm), additive genetic
component (d,), linear regre551on (b,), linear
interaction coef icient, #, deviatléns from
linear slopes (544, ) for the six crosses of F
generations in difTerent temperature environmentse.

Cross No, _ lMean di bi pi §2d
1980
Cross 1 —— . )
Cross 1 70.62 5,89 1.09 -0,09 4,93
Cross 2 59,49 5,24 1,03 -0.03 3,67
Cross 3 64,32 —~0q4l C.72 0.28 13.74
Cross 4 55,30 -9,43 0.71 0.29 12.13
Cross 5 67.10 2.37 1.32 -0.32 4.76
Cross 6 71,55 6.82 1,14 -0.14 5.93
Fean 64,73 . 1.00 7.53
1281
Cross 1 71.54 -0.39 1,09 -0,09 0.11
Cross 2 60,27 ~-11,66 1.08 -0.08 5.34
Cross 3 68.94 -2.99 0.81 0.19 12,74
Cross 4 75, 23 3,30 0.72  0.28 6. 20
Cross 5 77.64 5,71 1,12  -0.12 4,14
Crocss 6 77.95 6,02 1.19 ~0,19 7.95
"ean 71.93 1.00 . 7.58
1982
Cross 1 71,53 4,76 1.06 -0.06 11,22
Cross 2 52,93 -13.84 1,03 -0.03 3.04
Cross 3 63.14 -3.,63 0.73 0,27 0.16
Cross 4 62457 -3,20 0.82 0.18 2.75
Cross 5 74,14 7.32 1.21 -0,21 7.24
Cross 6 76, 29 9,52 1,51 -0,51 4,93

Fean 66. 77 1,00 4. 89
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DISCUSLZION

Cenotype-~environment interaction.

Experiment 1 to 5.

Flant breeders are well aware of the problems posed by
the genotype-environment interactions in breeding better
genotypes, but until recently, there was no agreement among
them about the analytical approaches which could be used to
provide relisble estimates of genotype-environment inter-
.actions, Two main approaches, one purely statistical (Yates
and Cochran, 1938; Finlay and wilkinson, 1963; Eberhart and
Russell, 1966) and the other based on biometrical genetics
(Mather and Jones, 1958; Jinks and Stevens, 1959; Bucio
Alanis, 1966; Bucio Alanis and Hill, 1966; pPerkins and Jinks,
1968a,b; Bucio Alanis et al., 1969) are now available. DBoth
types of analysis have yielded similar results in showing that
Vthe genotype-environment interaction component is often a
linear function of the environmentsl means, In the present
work a major portion of these interactions both in the parental
and progeny generation was accounted for by the linear function
of the environmental values although a significant portion was

independent of this linear component,

" 2 2 2 2
The estimates of the @ g? §er § gxe 279 d5 were
derived and found that the main effects and their interaction

are highly significant in all the five experiments, The
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genotype-environmental interaction -component of variation
ézgxe’ was however consistently the greater. It indicates
that gxe inter;ction is one of- the major sources of variation
shown by coleoptile length, Four different assessment of
environments were tested and it was found that the indepen-
dent environmental assessment is equally good as those of
dependent environmental assessment, All the four types of
environmental assessment gave very similar results as those

often in nicotina rustica (Perkins and Jinks, 1973) thoucgh

deviations are expected when parents are used as independent

zj estimation,

The adequacy with which thé environments are assessed
depends upon the degree of relationship between the genotypes
whose interactions are to be investigated and the genotypes
used to assesg the environment, and also upon the purposes for
wvhich the genotype-environmental interaction assessments are
required, If a mere ranking of the genotypes is required
according to the magnitude of thelir linear regression coeffi—
cients,ﬁ ¥ Fu's (when derived from the regression of a
genotypic performance in each environment against an environ-
mental assessment), 1t is only necessary for the joint regre-
ssion item to be significant when tested against the joint
remainder, If however, genetical interpretation of their
linear genotype-environmental interactions are to be made,
two further criteria must be satisfied (Freeman and Perkins,

1971). The joint remainder should be non-significant when
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tested against the variance within genotypes and environments
i?etween individuals) and the joint regression coefficient,

P should not bhe significantly different from oﬁe. In the
first five experiments the results of applying these two.
criteria to the joint regression analyses of the different
genotypes against the different kinds of independent environ-
mental a;sessments shows that independent assessment of the
enVironment satisfies both the criteria. Perkins and Jinks,
(1973) and Fripp, (1972) suggested that to obtain stable
.results from the joint reygression when the environmental
measure used is the indepenéent variate should be based upon

a large number of observations, The results obtained from

the significance of the heterogeneity of regression and of the
heterogeneity of remainder in the joint regression analyses of
the genotypes against the different kinds of environmental
assessors (first five experiments), clearly indicated that

there are significant linear and non-linear genotype-~-environ-

ment interactions,

The rank correlations (Spearman, 1904) over the 60 inbred
lines between the linear regression coefficient, 1 + Pd’
obtained with the dependent environmental component, ej, and
the corresponding coefficient, ;§+ P4 » obtained with each
kind of independent environmental component, zj, are given
in tanle 40, ©On the basis of these correlations there is

little to choose between the different kinds of environmental
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assessment since all are highly significent and 8ll have very

high values,

The correlation over the twelve genotypes or 60 inbred
lines between the measures of their relative mean performances
(the additive genetical component, [d J and their linear
sensitivities to macro-environmental differences (the linear
interaction coefficient, Pd) were very small and non-
significant which suggested that these two aspects of the
phenotype are under indegendent genetical control. These
results coincide with the findings of Perkins and Jinks (1968b,
1973) and Paroda and Hays (1971) that both these components
are under the control of different genes system in nicotiana

rustica and barley respectively.

Rank correlation over the 60 inbred lines for 58 degrees
of freedom between the average variance within environments,
éﬁk , and the linear regression coefficient, f}d, and the
total variance over environments §G+E’ which are, respectively
a measure of sensitivity to micro-environmental variation, of
linear sensitivity to macro-environmental differences and of
total sensitivity (linear and non-linear) to macro-environmental
differences, are given in table 41, The rank correlation
between the [3d's and él's is significantly negative'i.e.,
the greater the linear sensitivity to environmental differences,
the smaller the sensitivity to micro-environmental variation.

There is no significant correlation between the rankings of the
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VG+E’
variance within environments, ébf . Perkins and Jinks, (1973)

total variance over environments, and the average

reported a fair degree of independence in the genetical con-

trol of sensitivity at the micro and macro-environmental

level s,

~The estimates of number of effective factois contreolling
the differences among the 60 lines for the additive genetical
component and for the linear regression coefficients indica-
ted that 7 to 8 and 3 to 6 effective factors respectively
are operating, Perkins and Jinks (1968b, 1973), Mather and
Jinks (1971) and Eaves and Brumpton (1972) reported 1 to 14
effective factors controlling the differences among the lines
for the additive genetical components and for the linear

regression coefficients,
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Diallel cross analysis?

Experiment 6,

Lstimates of heritability was moderate to high in all the
five temperatures including overall analysis, The narrow sense
heritability was very close to broad sense heritability. It
implied that the major psrt of the total phenotypic variations
can be attributed to genetic effects. It also indicated that

additive and or additive x additive genetic effects contributed

more towards higher heritability estimates. The genotype-
environment interactions were found to be operative in these
diallels but a part of genetic effects were independent of the
gxe ceffects, Supporting evidence for this conclusion was
obtained from statistical tests of various genetic parameters.
These results are indications of correspondence between geno-
type and phenotype. It is therefore expected that effective
selection should be possible for the character in segregating

generations of hybrids among at least certain of the parents

tested,

Epistasis was found to be an important feature in
l0-parent diallels. Complementary type of gene interactions
were noted in a single parent., These interactions were asso=-
ciated with parent 3 (Innia- 66), in five temperatures, Other
parents did not show any non-allelic gene interactions. Non-
allelic gene interaction lncresses Vr and decreases wr values
(Allard, 1956). As non-allelic gene interactions were detected

in 10-parent disllels the regression coefficients were less
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than one and Non-significant in most of the temperature

environments. Excluding the interacting array significant
W_y V_ regressions were obtained which were almost equal to
unity, and the regression line did not deviate from the line
of unit slope, A clear grouping of parents in domipance—

recessive relationship of the parents on the W V. grapﬁs

r’
were noted along the regression lines., The relationship of
the parents were not consistent and varied with the tempera~

ture environments,

Examination of the estimated components of variation
shows that the dominance components (Hl) were greater than that
of additive genetic component (D) for 20°¢c and 25°C in the
l0wparent diallel, But in the excluding analysis Hl was lower
in magnitude than that of D in most of the environments. The
ratio (Hl/D)% indiceated the presence of an overall partial
dominance in 1l0-parent and 9-parent diallel. 1In the Wy Vo
éraphs a partial dominance was noted in 10-parent diallel but
in the excluding analysis the graphical results and the com-
ponents of variation agree with each other. Jinks (1955) in
his analysis of diallel crosses noticed a drop in apparent
degree of dominance wvwhen arrays showing non-allelic interac-
tions were omitted. Allard (1956) also reported that the
over dominance shown by the ratio (Hl/D)xi might be confounded

with the complementary type of gene action as it has been

detected in 1l0-parent diallel, Kempthrone (1954) also thinks
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that estimate of H may be biased upward by the presence of
epistatic variation resulting in a biased estimated for the
degree of dominance. Robinson and Comstock (1955) noted that
linkage equillibrium resulted in an upward bias of H. They
reported that gene pairs entering the cross, in coupling phase
gave an upward biass for D, while that in repulsion phase gave
a downward value for D, ‘he presencé of non-allelic¢ intersac-
tion might, therefore, be responsible for the inflated values.
of Hl and linkage might have affected D vaiues downward

resulting in biased upward estimates for the degree of domi-

1
nance as indicated by (K,/D)? in the 10-parent diallel.

The probable outcome of selection in specific crosses can
be assessed as follows. The diallel analysis indicated that
near top dominant and near bottom recessive genotypes were
present among the 10-parents, Thus, so far as genes displaying
dominance are concerned, the units of selection have already
been reached, or nearly so., Progress under selection must,
therefore, depend largely on a system of numerous minor genes
that do not display dominance. The diallel analysis indicates
that these non-dominance genes control a relatively significent
part of the total genetic varlability. It also indicates
that epistasis is a common feature of the system, It appears

that the rate of progress under selection will be encouraging.

The diallel cross analysis gives an indication that

polygenes with plus and minus effects are more or less equally
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distributed among the 10-parents. If that is the case,

inter crossing among selected lines derived from different

hyorids should provide opportunity for progress beyond that
offered by the hybrid between any single pair of parents,
The present diallel cross analysis gave sufficient ides of
the probable outcome of selection of these polygenes, énd

the non-allelic gene interactions indicaste that immediate

effect of selection between and within lines will be possible.

The diasllel study indicated that genotype-environment
interaction was a common feature. Both additive (D) and do-
minance (Hl) genetic variation were found to interact with
the temperatures, The epistatlic effects also showed signi-
ficant interaction with temperatures, Jinks and Mather (1955),
Jinks and Stevens f1959), Bucio Alanis and Hill (1966), Bucio
"Alanis, perkins and Jinks (1969), Jinks and Perkins (1969)
and Breese (1969) studied the relative sensitivity of additive,
dominance and epistatic components and found situations in
which dominance components were more sensitive or equally

sensitive than additive components,

It is concluded that high heritability, complementary
gene interaction, dominant and recessive gene effects sugges-
ted that these parents could be used to develop better lines,
and that selection programmes will be effective 1n early
generations, Significant gxe interaction effects indicated
that trial in different temperatures must be made during

selection breeding programme,
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Single cross analysis®

LxXperiment 7,

Joint scaling text (}02) of Cavalli (1952) based on
3-parsmeter estimate indicsted that non-allelic gene interac-—
tion was a part of the genetic system that controls the mean
expression of different generations of the crosses stﬁdied.
Chi-square based on G-parameter estimate was significant in
few crosses only. In those cases trigenic or linked digenic

epistasis might be involved (Hill, 1966),

The estimates of the 6-parameter for the various gene
effects showed that additive and dominant gene effect made a
major contribution to variastion in most of the crosses, The
sign of d estimate is not importent as it depends on El and
52 (@8 = & 51 - ?2). The dominant gene effects were positive
in all the eight crosses indicating the importance of positive
dominant genes in the inheritance of the character. The
absolute magnitude of h effects were smaller than that of
the d effect in some of the crosses, It indicated that the
d effect contributed more to the inheritance of the character,
The effects of temperature on the expression of d and h
effects were highly significant in all the eight crosses.
Allard (1956) reported that additive and dominance effects of
gene might be considerably modified by the environmental

changes, Moreover, the standard error attached with the h

effect was high which was due to the differential effects of
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environments on the gene responsible for the dominance
expression., Robinson snd Comstock (1955) thought that

genotype-environment interaction would increase the standard

error of h estinate,

With regard to the individual epistatic effects, the
absclute magnitude of i effect was less than that of j and
1 effects in most of the crosses., The additive x dominance
and dominance x dominance gene effects were also significant
in majority of the crosses, It indicated that the inheritance
of the character was not simple and straightforward. Highly
significant temperature effects on the expression of epis-

tatic gene action were noted in all the crosses.

The D and H estimates of components of variation were
considerable in magnitude in all the eight crosses studied.
The I and H estimate was significant in all the crosses, It
indicated tnat both dominance and additivity played an important
role in the inheritance of the character but the former was
greater than that of the latter, Krishnaswami et al. (1964)

and Sengupta et al. (1974) found that dominance was more

important than additive variation,

Dominance relationship as measured by potence ratio
method was found to be similar in the Fis Fyy Fy and Fa
generations in most of the crosses whereas in a few crosses

the degrees of dominance in the F; generation and in the Foy
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F3 and F4 generaticns were dissimilar, This dissimilar
expression of dominance was due to the confounding effects
of the eplstasis gene action for which the h2, h3 and h4
values were either lower or higher than that of the corres-
ponding h1 values, Similar situation was met in a number of
crop plants (Paul et al. 1976; Singh and Gupta, 1969; Paroda
and Joshi, 1970a, b; Tandon et sl,, 1970), Dominance rela-

3 ' . R
tionship as measured by (i/D)? showed partial dominance to

complete dominance in these crosses,

An effective factor has been described by Mather (1949)
as the smallest unit of hereditary material that is capable
of being recognised by the method of biometrical genetics, It
may be a closely linked gene, dr at the lower limit a single
gene. The number of effective factors were calculated by the
following four different methods of estimation as developed
by Castle and wWright, 1521; Mather, 1949; and Burton, 1951,
The estimate Kl is based on certain assumptions (i) all genes
are equally important; (ii) one parent has all the minus genes
and the other psrent has all the plus genes; (iii) no linkage
exists between parental genes; (iv) gene effects combined
additivity; (v) degree of dominance for all the plus genes is
similar and (vi) no interaction exists between pertinent
Non-allelic genes. Fallure of one of these assumptions listed
above to be fulfilled in the parents will under estimate the

number of effective factors. That the Kl estimates were low



in all the crosses was due to the fulfilment of the assumption
listed in this paragraph. The K2 estimates, however, gave 3
to 7 eifective factors in different crosses, - It indicated that

K2 provided better estimates than K The K., estimate remain

1° 2
unaffected in cases where the plus and the minus genes in
Al

the parents were not iso~directionally distributed (ilather,

1949,

Broad sense heritability was high in all the crosses.
It indicated that a majof part of the total phenotypic varia-
tion was genetic in nature., Narrow sense heritability was
also high in all the crosses and suggested that most of the

genetic variations were of additive x additive in nature.
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Parent dependent genotype-environment interactions

Experiment 8,

Bberhart and Russel (1966) defined both the linear (bi)
and non-linear (§2d) functions of the genotype-environment
interaction as "stability parameters"” 'Pi (Linear regression)

and 52

g (deviation from the regression) respectively, They
emphasized that the phenotypic.eXpression (¥) of a particulear
genotype (i) iﬁ a specific environment (j) depends on the mean
expression (//LLi ), the linearity of response of the genotype
to change in the environment (fBi) and the extent of residual
deviations from the regression ( éij)' Perkins and Jinks
(1968b) observed that these two components of the genotype-
environmental interactions are independent and presumably
subject to the control of different genetic systems. In the
present materiasl significant regression items as well as

2

heterogeneity of regression indicates that bi and 3 d is under

genetic control,

2
d

was obtained in all generations, Busch et al. (1976) reported

The non-significant correlation between mean, bi and S

8 non-significant association between mean and §2d whereas

Joarder et al, (1978) found significant association between

=2 s os
mean and S d* A positive correlation between mean performance

and linear (bi) sensitivity has been found in a number of

previous studies (Eberhart and Russel, 1966; Perkins and Jinks,
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1968a,b); Westerman, 1971; Busch et al., 1976; Joarder gt al.,
1980a,b), It is therefore indicated that unlike other reports
prediction about linear response as well as stability in
different environments of either parents or of segregating
generations would not be possible on the basis of their mean
performence (Jinks and Mather, 1955; Perkins and Jinks,

1968a, b; Parcda and Hayes, 1971; Joarder et al., 19738),

Previous investigations of pure breeding lines and their
Fy's {Perkins and Jinks, 1968a and b; Perkins, 1970; Paroda
and Hayes, 1971; Joarder and Eunus, 1977) and in one instance

the F, and first backcross generations (Bucio Alsnis et al.,

1969 and Joarder et al., 1978) have shown that mean perfor-
mance and linear (bi) and non-linear (Ezd) sensitivity to the
environment are controlled at least in part by different
genetical systems and that meaﬂ performance and linear (bi)
sensitivity can be successfully predicted from one generation
to another of the same cross. The present investigation has
extended these findings to the Fy and F4 generations of six

crosses which were chosen to contrast in their performance and

in their linesr {bi) and non-~linear (§2d) sensitivities,

Y, o~ .—‘2
The components di’ bi and S g in the F2, F3 and Fd
generations as summarized in the result leave no doubt that
the differences in coleoptile length and in linear (b.) and
i

. =2 .
non-linear (S d) environmental sensitivities among the six

parents is consistantly reflected in the properties of the
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advanced generations of the six crosses among them, It is
also spparent that the non-significant correlation between
mean performance and linear (bi) as well as non-linear (§2d)
sensivivity shown by the parental lines is also consistantly
maintained in the advanced generations, A very similar

result has been reported by 3ains (1976) in wheat yield.

A clear évidence of segregation for differences in
linear (bi) sensitivity among the Fq and F4'families from the
crosses where parents differ in respect of linear (bi) Sene
sitivity (cross 1 and 2) whereas little evidence of segrega-
tion for differences in linear (bi) sensitivity among the Fa
and F4 families where both parents of the cross had either a
high or a low sensitivity to the environment (crosses 3, 4
and 5), This has been clcarly demonstrated in figures 11-16.
Furthermore this segregation ls symmetrical around a mean value
thiat corresponds with the mean of the parents of each cross.

A very similar result was found in wheat yield as reported by
Bains (1976). 1In cross 6, though both parents had a high
linear (bi) sensitivity to the environment, evidetce of recom-—
binations of genes controlling the linear (bi) sensitivity was
ciear (Fig. 16). It implies that though both the parents of
cross 6 (Mexipak- 65 x Penkty) possesses similar linear (bi)
sensitivity to the environment, the genes determining this

character was essentislly different, For this a wide range of

bi values were found among the F3 and F4 families of cross 6,
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As regards non-linear (§2d) sensitivity there was no
clear cut pattern of segregation in advanced generations as
was found in the case of bi values, But it is clear that
this character is under genetic control and inheritance pattern
is not simple and straight forward. Busch et al. (1976)
reported that §2d are inherited sigply while Patanothai and
Atkins (1974); Eberhart and Russel (1966); Joarder and Eunus
(1977) and Joarder et al. (1978) reported that the inheritance

of deviations from regression was largely non~additive,

The present study clearly demonstrates that the linear
(bi) and nen-linear (Ezd) components are subject to genetical
control and are subject to the different genetic systems,
Perkins and Jinks (1968a,b); Bucio Alanis et al.(1969); Paroda
and Hayes (1971); Joarder and Eunus (1977) and Joarder et al.
(1972) observed in different crop plants that both linear (s )
and non-linear (Ezd) components are under genetic control and
are at least in part subject to different genetic systems,
These suthors showed that it was possible to accurately predict
the linear (bi) function of advanced generation of a cross
between pairs of pure breeding lines from those observed in the
parental and Fl generations. In the present investigation the
relative performance and relative linear (bi) and non~linear
(§2d) sensitivities to the environment as well as in their
patterns of segregations for sensitivity, the properties cof
the advanced generations of the six crosses were expected from

the corresponding properties of their parents, All aspects are



clearly under genetic control and can, therefore, be selected

for crosses initisted from appropriately chosen parents.

This analysis as cafried out, illustrates the power of
the analytical techniques now avallable for the use of bree-
ders. As data from a range of environments can be considered
as a simple unit, a pattern of genotype-environment interaction
is becoming apparent, which will greatly simplify the task of
breeders in developing either specific or generally adapted
genotypes., As genotype-environment interaction 1s under
genetic contrel, breeders would be able to select suitable
genotypes in advanced generations by growing them under diffe-

rent environmentsl conditions,
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SUMIARY

Genotype-environment interaction for coleoptile length
was séudied in five separate experiments. The environments
used were different temperatures and different nutritional
mediums, Genotype-environment interaction was found fo be
operotive and detected in all the experiments, A signifi-
cant part of the veristion was however, independent of the

genotype-environment interaction effects.

Both linear and non-linear type of genotype x environment
interactions were detected and found to be controlled by

different gene systems.

In addition to the usual dependent assessment of the
environments, these experiments provided three sources cof
independent assessment, namely, replicate samples of indivia
dual of each genoiype, replicate samples of inbred lines and
the parenteal varieties. . As far the significance cof the
heterogeneity of regression and remainder items in the joint
regression analysis and the ranking of the genotypes on the
basis of theilr linear regression coefficients are concerned,
it made no differences whether the dependent or any one of

the three independent measures of the environmental values

was used,

The correlation over genotypes between mean performonce
and linear sensitivity was low and non-significant and the

number of effective factors of the largely independent
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genetical systems controlling two aspects of phenotype have

been estimsted to be 3 to 8,

Diallel cross:

Genotype-envircnment interaction shown by coleoptile

length cof wheat Triticum acstivum L, em Thell, was studied

in 10-parent diallel over five different temperature environ-
ments, Results showed that the character studied was poly-
genically conirolled and both additive and dominance compo-
nents of genetic variations were importasnt in the inheritance
of these characters., The contributicon of additive gene

effects were greater compared to that of dominance gene effects,

The total phenotypic variance was found to be almost
entirely due to genetic effect and the heritability estimates

were noted to be high in all the five temperature environments.

Hyman's analysis of varilance indicated that item a and
item b were consistently significant in all the temperature
environments, = Among the b items bl’ b2 and b3 were also

significant in sll the five temperature environments.

The 10-parent disllel showed significant non-allelic
interactions whereas analysis excluding the interacting analysis
gave significant regression which did not deviate from unitye.
The distribution of array points in the Wi Vr graphs showed

three distinct groupings in most of the environments showing
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most domlnant, less dominant and recessive parents.

Non allelic gene interaction detected by W., V, graphs

were of complementary type.

On an average the degree of dominance was partial in
l0-parent diallel and partial or complete dominance in analysis

excluding interacting arraye.

Interaction between the additive component and the envi-
ronment was greater than that of the dominance component in

the different environments.

Single cross:

Cavalli's (1952) joint scaling test detected non allelic

gene interaction in all the environments.

Eigh heritability estimate, indicated most of the pheno-
typic variations were genetic in nature. Narrow sense heri-
tability estimates were also high indicating importance of

additive gene effects in the inheritance of the character,

lNon-isodirectional distribution of polygenes resulted in

the estimation of a single effective factor when calculated

as ny, n, and K, whereas, K, estimates indicated that 3 to 7

effective factors were involved in controlling the character

over different environments,



266

Both additive (d) and dominance (h) gene effects
contributed to the inheritance of the character but the

contribution of the latter was much greater in most of the

Crosses,

Absolute magnitude of epistatic effect (i, j and 1)
was less than the mean effect (m). In some cfosses additive
x additive (i) and dominance x cdominance (1) and additive x
dominance (j) of all the three interaction components occured

significantly in addition to d and h effects,

Significant 702 values obtained under analysis as per
6~parameter model suggested a complex inheritance pattern in

few crosses, not accountable in this type of investigation.

Potence ratio indicated partial dominance to over domi-
nance in different crosses, Dominance ratio indicated partial
cominance in majorlty of the crosses and complete or over

dominance in few crosses.

Estimates of D were significant in all the eight crosses

whereas the estimates of H in cross 6 were non significant,

Genotype-environment interaction was found to play an
impertant role in the expression of both additive and domi-

nance genes.
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Parent dependent genotype-environment interaction?

An investigation of genotype-environment interactions

for coleoptile length of six parental and F F, and F

2 73 4
generations of Triticum aestivum L, em Thell., showed that

genotype-environment interactions were operative in parental,

F2, F3 and F4 generations and a major portion of these inter-

actions in all the generations (parental, F,y F and F, gene-

3 4
rations) was accounted for by the linear function of the
environmental mean although a significant portion was inde-~
pendent of this linear component, Significant regression items
8s well as heterogeneity of regression indicate that linear

(bi) and non-linear (§2d) components were under the control

of different genetic system.

The non-significant correlation between mean, stability
(bi) and response (§2d) was obtained in all the generations.
The components di' b, and §2d in the FayFg and Fyu generations
indicate that the differences in coleoptile length and in
linear (bi) and non-linear (Ezd) environmental sensitivities
among the six parents is consistantly reflected in the

properties of the advanced generations of the six crosses

among them,

A clear evidence of segregation for differences in
linear (bi) sensitivities among the F, and F, families from
the crosses where parents differ in respect of linear sensiti-

vity (cross 1 and 2) whereas there was little evidence of



seqgregation for differences in linear (bi) sensitivity
among the Fj and F, families where both parents of the
cross had either a 'high' or a 'low' sensitivity to the
environment (cross 3, 4 and 5), Moréover, these segregations
were symmetrical around a mean value that corresgonds with
the mean of the‘parents of each cross., In cross & though
both pérents had a 'high' linear (bi) sensitivity to the
environment an evidence of recombinations of genes contro-
1ling the linear (bi) sensitivity was found, It indicates
that though both the parent$ of cross 6 (Mexipak - 65 x
penkty) possess similar linear sensitivity to the environ-
ment, the genes determining this character were essentially

different,

Regarding non-linear (Egd) sensitivity no clear cut
pattern of segregation was found though 1t was present in
the case of bi values, But this character is under genetic

control,
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