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I NTRODUC11ION 

Wheat, like other cereal grains, 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 protein 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. 

Wheut 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 i mportance. 1,,jheat is the national f ood staple 

in 43 countries. It is the main staple f or one billion people 

or about 35% of the world's population ( Brown, 1963). Depen­

d ence upon wheat varies widely with geographic region s. In 

Europe and the USSR over 30% of the calories come from wheut, 

while in most other regions less than 20% are derived f rom 

wheat. 

As a food, wheat is the ma jor ingredient in most b r e ad s, 

rolls, chapaties, crackers , cookies, bi scuits , cakes, dou ghnuts, 

mu f fins, pancake s, wa f fles, noodles, pie crust, ice cream 

cones, macaroni, spagh e tti, pudd inQs, pi zza , bulgur, rolled 
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flakes, many hot and ready-to-eat breakfast foods, and baby 

foods. It is a common thickener in soups, gravies, and 

sauces and occurs in candies and beverages. Germ, bran, and 

malt are additional forms of wheat products. 

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. 'l'he green forage may be grazed by all 

classes of livestoclc 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 production are clearly 

concentrated in the northern hemisphere (U. s. Department of 

Agriculture, 1965). The USSR has the greatest harvested 
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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 USSRo 

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 is 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 

(:JARI), the total areas of wheat cultivation and total produc­

tion is as given oelow: 

Session 'l'otal land c u ltivation Total yield 

1975-76 0.12 million hectares 0.258 million ton 

1978-79 0.65 million acres 0.481 million ton 

1979-80 1.4 million acres 1.00 million ton 

1980-81 2.2 million acres 1.so million ton 

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

cultivation of . wheat has increased gradually. wheat is now 



established as an important food crop and occupies the 

second position as a staple food crop in ilangladesh. 
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tlheat was already an important crop when history was 

first recorded. So accurate information on the exact time 

and place of its origin is not available (Clerk, 1936). The 

distribution of the wild wheat and grass, believed to be the 

progenitors of the cultivated wheat, supports 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. In India, evidence from r'iohen-Jo-Daro 

excavations indicates 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 s pecies may be 

comb ined 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 originated as amphidiploid from two diploid 

species. The hexaploid species originated from the addition 

of a third genome to a tetraploid species. 
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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. ~Jhile commonly called 

'bread wheat' and valued for this purpose, the softer tex­

tured varieties are used for pastry, crackers, sweet goods 

and many other products. 

Wheot plants belong to the family gramineae. The plant 

is errect, unbranched, herbal and annual in nature. It 

usually grows upto 80-140 c m. in height. 'l"'he plant produces 

fibrous roots and the stem is smooth or hairy. The leaves are 

exstipulate, · simple, alternate, entire, dorsiventral with 

parallel venation. •rhe inflorescence is a terminal spike or 

head consisting of 15-25 spikelets born on zigzag axis. 

Flowers are bisexual, stigma feathery; anthers are three in 

number. Wheat is a self-pollinated crop, blooming normally 

starts several days after the wheat spike emerge (Lei ghty and 

Sando, 1924). 

The coleoptile, or first l e af, is a hollow, cylindrical 

structure. It compl e tely enclos es the plumule (2 or 3 rudiQen­

tary l e aves surrounding the shoot ape x), except for a small 

o pening {coleoptile pore) n e ar the a pex on the s ide o ppo site 

the s cutellum. The f irst green l e aves o f the plumule e ven­

tually e mer ge through this opening. 
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Percival (1921) considered it the primary prophyll or 

a leaf sheath without a blade. He 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 duplicate factors, 

designated as P1 and P2 (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 deep S0\\1ing (Allan et al., 1964). 

The trend toward semidwarf types has created new p rob lems in 

producing satisfactory stands because coleoptile length is 

positively correlated with plant height. If this association 

is compl e te, the grower's choice of variety, i.e., normal vs. 

short stature, will be decided by the relative i mportan c e of 

t he two problems, poor stands of short stature whea t vs. 

lodging and too much straw of normal hei ght varieties. 

The present investigation deals with studies of genotype­

environment interactions shown by coleoptil e leng th o f wheat 

(Triticum aestivum L. em Thell). The character cole o ptil e 

l e n gth was selected for study because it can b e precisely 



measured and can be greatly 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) the proportion of the variation over environments 

i.e. linearly related to quantitative asses&T-ent 

of the environment;· 

(2) the advantageous of alternative methods of 

assessing environment; 

(3) the specificity of the response of senotype to 

diverse environmental factors; 
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( 4) the rela.tive sensitivities of different components 

of variation to change in the environments ; 

(5) the degree of independence of the genetic system 

controlling the mean expression and sensitivity 

aspects of phenotype; 

( 6) 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; 

( 7) estimates of components of gen0tic variations 

were used to examine the interaction of additive 

and non-additive component with the environment; and 

( 8) inheritance o f coleoptile length throu gh single 

cross and diallel cross. 
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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 quantitative 

characters of wheat have, however, been reported by several 

workers (Crumpacker and Allard, 1962; Briggle, 1963; Briggle 

~ al., 1967; Walton, 1968; i-Jalton, 1969; Singh and Gupta, 

1969; Paroda and Joshi, 1970 a,b; Hsu and Walton, 1970a, b; 

t'ilalton, 1971 a,b,c; Bhatt, 1972; \valton, 1972; Sun et .21:_., 

1972; Yadav and Murty, 1976; Gill et al., 1979; .;atasra and 

Paroda, 1978 a,b, 1979a, 198 0a,b,c; and many others). As 

change in environment is usually associated with t h e 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 e1e breeder of its phenotypic expre­

ssion under r e lated environmental conditions. This will help 

the b reeder to improve the crop under the expected environme n­

tal variation s. 

Fisher (1918) studied the genetic variance in r e l a tion 

to en vironmental eff ects a nd he was the f irst to provide 

s tatistical metho d s of p a rtitioning the t otal variation i n to 

genetic and environme ntal components. He con sidere d t h a t 
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several genes acted simultaneously on a quantitative 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 ·exhib ited incomplete . d-=:,minance. He 

further pointed out that non-allelic interaction (epistasis) 

could also be separated. 

With the development o f first (mean) and second degree 

(variance and covariance) statistics, two distinct lines deve­

loped for the measurement o f gene action and interaction 

involved in the phenomenon of continuous variation. The f irst, 

Mathe r (1949), develope d biometrical techniques b ased on 

mathematical models of Fisher~ 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, 1953; Anderson and Kempthorne, 1954; 

Kempthorne, 1954; Jinks, 1956; Hayman, 1957). to approach the 

equivalent general representations of gene actions and inter­

actions. Models of epistatic 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 vari a tion is 
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contained in just 6-parameters. Hayman ( 1958) successfully 

measured epistatic variation and separated additive and 

dominance effects from epistasis by using 3~parameter and 

6-parameter models. He ooserved that means of families or 

generations were influenced by epistasis which often became 

as great as additive or dominance variation which might be 

present in the form of interaction with additive effect, with 

dominant effect or with both additive and dominant eff ects. 

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 which may 

or may not include reciprocal crosses and selfed parents 

( Gilbert, 19 58). 

Fishe r introduced the mathematical model of diallel 

crossing s y stem in 1918. One year later the method of diallel 

crossing or method of complete intercrossing as a mean s of 

com paring the breeding values of parents was stated by 

Schimidt, (1919). 'l'he method of analysis of diall e l cross 

progenies was elaborated by Fisher, Immer and Tedin (19 3 2 ) 

and later on it was furth e r deve lope d by Jink s a nd Hayman 

(1_953), Jinks (1954 ) a nd Bayman (1954b ). In 1945 llull consi der e d 

some aspects of diallel crosses. Ya te s (1947) d e scribed the 
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estimation of the additive main effect of parants and their 

interactions in the individual crosses from an incomplete 

diallel cross. The two terms "general combining ability" 

( GC!-1.) 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 (Hayman, 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 ( 19 42), Henderson ( 19 48, 1952), 

Griffing (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 

i•latzinger, Sprague and Cockerham (1959), have also considered 

its application to the investigation of genotype-environment 

interaction. some recent papers ( Kempthorne and Curnow, 1961; 

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 crosses with reciprocals and selfings 

among a smaller number of porents. 

Diallel technique has been recently used by Paroda and 

Joshi (1970 a,b). Tandon~ .21_. (1970), Sharma and Singh 

(1976), Yadav and Murty (1976), Jatasra and Paroda (1978 a, 

1979 a, 1980 a,b,c), Joarder et&• (1982) and many others 

in metric characters of wheat. 

The rela·i:ive performance of different genotypes vary 

under different environments indicating the existence of 

genotype-environment interaction. In other words, the failure 

of a genotype to give the same phenotypic performances when 

grown 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 f~ller under­

standing of the genetic control of variability. 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 prob lem of 

agriculture in general and to plant breeding in particular 

(lJreese, 1969 ). A knowledge of the nature and relative 
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· magnitudes of the various types of genotype-environment 

interactions is important in making decisions concerning 

breeding methods, selection programmes and testing procedures 

in crop s. ~ne phenomenon has been recognised by a numb er of 

persons ( Yates and Cochran, 1938; Finlay and Wilkinson, 1963; 

Rowe and Andrew, 1964; Eberhart and Russel, 1966; Perk ins 

and Jinks, 1968~;nreese, 1969; Baker, 1969, and Verma and 

Gi 11 , 19 7 5 ) • 

Recently three regression approaches have been used to 

describe the genotype-environmental interactions of a set of 

genotypes. The f irst ( f'i n lay and Wilkinson, 1963; Howe and 

Andrew, 1964; Eberhart ai·,d Russell, 1966; Breese, 1969) is a 

purely statistical approach, whereas the second ( Perkins and 

Jinks, 1968 a,b; Baker, 1969) and a third derived from it 

( F'reeman and Perkins, 19 71) relate the components in t h e regre­

ssion analysis to the basic biometrical-genetical model given 

by Perkins and Jinks {1968 a,b ). The definitions of t h e di 

and gij parame ters in this model (No. l) have been modi f i ed , 

as suggested by Connolly (~968) to allow for he t erozygosity 

in the genotypes ( Dreese, 1969). Different models used to 

analysis the data for genotype-environment interaction a re as 

followso 

1. Basic b iometrical-genetical mod el 

Yij a fl+ di + -Z.j + gij Model 1 



Where: 

Yij = mean phenotype of the ith genotype in the jth 

environment d 
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fo = grand mean over all genotypes and all environments. 

di = genetic contribution of the ith genotypeo 

t.-j = additive environmental component of the 

j th environment. 

gij = genotype-envi ronmental interaction of the 

ith genotype in the jth environment. 

2o Regression approach 1 

Yi j = Xi + 0 i ~ j + ~ i j Model 2 

w:1ere: 

xi = mean expression (i.e. mean overall environments 

o f t h e ith genotype. 

-~ i = regression coef ficient of the i th genotype for 

the regression o f Yij on ~j. 
f" 

a1j = deviation, in the jth environment, of the ith 

genotype from its linear regression on to z..j. 

3. Re gression approach 2o 

Yij =)<.,+ di + ~j + ~di i.j + Sij 

=ft.+ di + ~j ( 1 + ~di ) + 6 ij 
Mode l 3 

di = r egr e ssion coeffic ient of the ith genotype 

f or the regression of g ij o n to ~j. 
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4. Regression approach 3 

v• • ... l.J = ~+ di + 0zj + dj + ~dizj + 2idij t./.iodel 

Yij • r,+di+ ~izj+6ij Model 

where: 

~i = regression coefficient of the ith genotype for 

the regression of Yij on to zj. 

~ = combined regression coefficient (equal to the 

mean of all ~i). 

~di = difference between the regression coefficient 

of the ith genotype and the combined regression 

coefficient (i.e. 0i - (b ) • It is the coeffi-

cient for the regression of gij on to zj. 

aij = deviation, in the j th environment, of the ith 

genotype from its linear regression on to zj. 

-
~j = deviation of the mean of all genotypes in the 

jth environment from the combined regression 

line (i.e. ~j - ~ zj ). 

~ dij = the deviation of the i th genotype from its 

linear regression on zj in the jth environment 

minus j (i.e. ~ij - ~j). 

In approach 1 (model 2) phenotype ( Yij) is regressed 

on the additive environmental component ( ~j) to give t wo 

measures of sensitivity to change in environment. These a re 

the regression coefficient, ~ i, and the deviations from r i. . 
linear regression mean square, ( j ~1· "j) / ( S-2 ). Equivalent 

4 

5 
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sensitivity measures, ~di and ( ~d2
ij)/(S-2), are obtained 

in approach 2 (model 3) by the regression of the genotype­

environmental component (gij) on the additive environmental 

component ( ~j). These two regression approaches are 

directly related such that xi, 0i, and ~ij are equal to 

C~+ di), Cl+ fadi) and ~ij, re~pectively. The relation 

between 0 i and 0di occurs because in approach 1 the additive 

environmental component ( fj) as well as the genotype-environ­

mental component Cgij) is regressed on the f.j 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 

approach 

is equal to (1 +0di)
2 1 ( ~-j)

2 
where that following 

2 is (~c!i> 2 i ( {j) 2 
(Parkins and Jinlcs, 1968 a,b). 

j 

The appropriate partition of the total degrees of freedom 

available from t genomes ands environments is given for each 

approach as follows. 

lo Regression approach 1 

Item 

1. netween genotypes (G) 

l·li ·thin genotypes ( ',IIG) 

{

2. 

3. 

4. 

Joint regression 

IIeterogenei ty of regressions 

Deviation from regression 

Total 

d. f. 

t ~ l 

t(S-1 .l 

1 

t - 1 

t C S-2) 

ts- 1 



II. Regression approach 2 

G:>eE 

Item 

1. Between genotypes (G) 

2. Between environments {E) 

Genotypes xenvironments (GxC) 

{

3. 

4. 

Heterogeneity of regressions 

Deviations from regression 

Total 

III. Regression approach 3 

Item 

1. Between genotype s (G) 

Between environments (E) 

E ~ 2. 

l 3. 

Combined regression 

Environmental residual 

Genotypes X environments CG x E) 

Heterogeneity of regressions 

G x E residual 

1'otal 

d. f. 

t - 1 

S - 1 

( t-1 )( S-1) 

t - 1 

( t-1 )( S-2) 

ts - 1 

ct. f. 

t 1 

s - 1 

l 

S - 2 

( t-1 )( S-1) 

t - l 

(t-1) ( S-2) 

ts - 1 

17 

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 regre ssions 

.. 



and the deviations from regression items of approaches land 

2 are equal. 
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The estimate of the environmental component used in 

approaches 1 and 2 has generally been the mean of all geno­

types in each environment, calculated from the actual date. 

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 F1 , F 2 or back-cross individuals has 

regressed on parental performance may be found in Sucio Alanis 

and Hill (1966), Perkins and Jinks (1968 a,b), Breese (1969), 

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

and Perkins ( 19 70) and Westerman ( 19 71 a,b ). 

Considered individually both approaches described in the 

preceding paragraphs appear to be statistically valid. However, 

when, as has been the usual procedure, non-independent 

estimates of ~j are used, the joint regression sum of s q_u ares 

with one degree of freedom in approach 1 is equal to t he 

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 ( 19 71) in their examination 
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of the use of the statistical theory of regression to 

describe environmentul and genotype-environmental variations. 

They conclude that it is statistically invalid to use non­

independent environmental values. This criticism applies, 

with the exception noted earlier, to all previous work in 

which approach 1 or approach 2 was fol~owed. 

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 wi·ch approach 2 and, although possible arithme­

tically, is not valid statistically as too few degrees of 

freedom are available. 'l'he sensi ti vi ties of individual 

genotypes can only be compared by partitioning the total within 

genotypes sum of squares, which contain both the between 

environments and the genotype X environment components 

( Freeman and Perkins, 19 71). 

To correct the statistical shortcomings of the previous 

approaches F'reeman and Perkins (19 71) developed approoch 3 in 

which phenotype ( Yij) is regress,:d on to independent environ­

mental values ( zj's). 'rhey suggest t-.hat the Zj values be 

obtaj_ned .by replication of the genotypes being investigated 

or by use of control genotypes such as the inbred parents used 

by Bucio Alanis, Perkins and Jinks (1969). 
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Perkins and Jinks (19G8 a,b), Bucio Alanis tl al. 

(1969), Paroda and Hayes (1971), Joarder and sunus (1978), 

Joarder et al. (1979), and Bains (1976) observed that both 

linear ( ~i) and non-linear ( S~) componen t~s are ::;u::i j ected 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 rust:ica reported by Bucio Alanis et al. (1969) and 

to a limited extent in wheat by Bains (1976). These authors 

showed that it was possi½le 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 adaptations to the whole range of environmental and 

a gronomic conditions of importance and to breed varieties 

adapted to specific environments within which a selection 

programme is operating. Genotype-environment interact ion is 

now recognised as an important source of phenotypic variation. 

As it is under the control of gene, the breeders a re ab le to 

select suitable genotypes in advanced generat i ons b y growing 

them under diff erent environmental conditions. Knowledge about 



t h e t~1)e of genotype-environment interactions involved in 

po pula t ion s help the breeder to· breed and to select better 

varieties. 

21 
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REVI8 ~sJ OF LIT~RATURE 

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 genotype-environmental interactions s ho wn 

by coleoptile length in wheat. Some of these available works 

are reviewed below: 

Allan et al. (1962) studied fourteen sel ections of 

standard height, 25 semidwarf 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 

0 groups as compa red with the measurements taken at 50 F. 

Selection within the standard height and club-type sernidwarf 

groups diff ered significantly in their sensitivity to high 

temperature. Amongst the standard height selections, s pink­

cota, which emerges rapidly, showed least reduction in coleop­

tile length; Brevor, which emerges slowly, showed the greute st 

reduction. The semidwarf clubs showed the greatest variability 

in coleoptile reduction. 

Chowdhury and Allan (1963) calculated the heritab ility 

values for coleoptile length and seedling hei ght f or f our 

winter wheat cro s ses involving t wo sernidwarf sel e c t ion s and 

two standard height varieties. Coleoptile leng th in Royal x 

SD14 and Nigger x SDS0-3-3 had high heritab ility v alues 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 SD14o 

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 sowing. Delmar, while only 

ranking seventh in height, had the highest percentage emer­

gence and the longest coleoptiles. Variety x depth of 

planting interuction was highly significant for coleoptile 

length but not for emergence. Plant height was positively 

correlated with coleoptile length in three out of five t e st 

and with emergence in one out of two tests. Coleoptile length 

in the laboratory showed highly significant po s itive corre­

l a tion with the average coleoptile l ength and emergence 

percentage in the field: the highest correlation between 

coleoptile l engths and eme rgence percentages in the fi e ld 

t e sts was obtained at~ four inch depth of planting. Thus 

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

test or when planted at a depth of four inches in the field. 

Hunt and Miller (1964) reported that seed size, coleoptile 

length, emergence, and seedling height varied widely 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 

coleoptile length. 

Burleigh et al. (1964) studied the influence of tempera-- -
ture and depth of planting on coleoptile elongation and seed­

ling e merge nce was used in f our normal hei ght and four semi­

dwarf selections. The normal height selection had the greatest 

coleoptile length and emergence-rate index at S0°F. but not at 

90°F. Significant variety x depth of planting interactions 

occurred at S0°F. but not at 90°F. 

Burleigh ~ &,. _ (1964) reported that the tempe r a tures of 

80 to 90°F. did not cause comparable reduction in g rowth of the 

coleopti le within the eight vari e tie s and sel ections studied. 

Red Russian and the s emidwarf selections 14 x 53-101 and Norin 

10-l3 revor 14 were more tole rant of hi gh tempe r a ture s than the 

other v a rie ties and selections and should be o f use in breeding 
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short-strawed winter wheats with coleoptiles tolerant of high 

temperatures. 

Parodi et al. (1970) reported F
1 

generation of a diallel 

cross involving the soft red winter liheats Vermillion, Seneca, 

Knox 62, Benhur, Arthur and Purdue 5215 showed heterosis and 

heterobel:tio sis for coleoptile length. Since the F 
2 

progenies 

essentially equalled the rnidparental values, the F
1 

superiority 

is probably partly due to the larger size of the hand crossed 

seed. Coleoptile elongation appeared to be controlled largely 

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. 

·rall varieties developed longer coleoptiles than semidwarf 

varieties ut both 20 and 2s0 c though growth was less at 2s0 c. 

Substantial differences in length of the coleoptile were noted 

at intravarietal and intervarietal levels for all four height 

categories considered. 

Bains il 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 al so important. "The partitioning 

analysis of the generation means indicated the prevalance of 

dominance gene effects in both crosses for the two trai-!"tts, 

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 genie interaction for coleoptile length and to 

dominance x dominance interaction for coleoptile width. The 

signi f icant dominance x dominance genie interaction had no 

reinforcin g effect toward genie dominance, indicating the 

presence o f duplicate epistasis in the inheritance of these 

c h aracters. 11 

Porceddu £.t al. (1974) reported highly significant 

variation occured in the coleoptile length of 37 Triticum 

durum lines (including 1SF1 hybrids and some F2 plants) when 

0 seed was germinated at 10, 15, 20 and 25 c. F
1 

hybrids had 

significantly higher values than the mid-parental v.alue 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 Qual set ( 19 75) 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 establishment of 

stands. For each genotype data are tabulated on origin, height 

and coleoptile length at three establishment temperatures. 

Scarascia et&• (1975) studies with 1600 Triticum durum 

lines from 18 Mediterranean countries, _grown mainly at 15 or 

2s
0
c, it is concluded that (1) appreciable variation for 

coleoptile 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 LAgriculture 

and Porestry_l 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 addi t:tve 

gene effects. 
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Agrawal et al. (1976) studied the range, mean, phenotypic 

and genotypic coefficients of variation, genetic 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. 

Pick and Qualset (1976) studied in a diallel analysis of 

four dwarf varieties and two varieties of standard height, 

seedling emergence was closely correlated with coleoptilc 

length and plant height in the parents, F2 and F3 • Genetic 

mechanisms that governed plant height also influenced coleop-. 

tile length, but the relative e f fects of genes showing domi­

nant or epi static effects appeared to be different. Mean F 2 

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 me asured 

under different soil conditions in two years. A signif icant 

variety x depth interaction was observed. The emergence r e sults 

ob tained were directly reluted to the coleoptile lengths of 
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the varieties. The semidwarf wheats had shorter coleoptiles 

than the standard varieties, so the depth at which their 

emergence was reduced was shallower than for the standard 

varieties. A close correlation between mature plant height 

and coleoptile length wi thillthe semidwarf varieties studied 

was observed. 

Whan ( 19 76) reported that the col eoptile 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 standard 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 rnaturi ty as the standard 

varieties. Most of the standard varieties from Victoria had 

very long coleoptiles. 

Virk et&• (1977) studied parental generations, F1 , F2 , 

Bc
1 

and BC2 of tall x tall, scmidwarf x semidwarf and tall x 

semidwarf cro s ses involving four varieties, analysis of me ru1s 

and variances indicated 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 eff ects 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 generations F
2 

to F6 • The general combi­

ning ability variances were significant in all the generations 

and their magnitude consistently increased over that of 

specific combining ability variances with the advancement of 
.... 

generations establishing clear predominance of additive genetic 

system for this attribute. The ratio of GCA: SCA variances was 

also quite high in all the filial generations substantiating 

the operation of additive genetic system for coleoptile length. 

However, the specific combining ability variances were observed 

to be significant in the P2 and F3 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 measured 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 simultaneous 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 

F 6 offer the best possibilities of exploitation for the deve­

lopment of desirable lines. 

Sharma et al. (1982) d e scribed that the interrelation ship -~ 
between grain yield, culm length and their component traits i lolere 

studied in 1\ and F 2 progenies in spring wheat. Culm l en gth 
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was positively correlated with coleoptile length, seedling 

height and peduncle length. Among themselves too these com­

ponent traits showed positive and significant relatiionship. 

Grain yield exhibited positive association with 100 grain 

weight, coleoptile length, seedling height, peduncle length 

and culm length. 100-grain weight also showed positive 

relationship with these traits. Dwarf lines having long 

coleoptile and peduncle w~re isolated. 
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M/\TE:RI!\LS AND METlIODS 

A. r-~ATE RIALS: 

The present investigation comprised eight separate 

experiments. The materials used in each of the experiments 

are described below: 

Experiments 1 1 2 and 3: 

The twelve genotypes of wheat (1'riticum aestivum Lo 

em Thell) listed below were selected from the germplasm 

collection of the Plant Breeding Laboratory, Department of 

Dotany, Raj shahi Universi-i.::y as the base material of the 

present study. The comparative coleoptile length and linear 

components (bi) of the t welve genotypes we.re as follows: 

Genotypes Comparative Linear 
coleoptile length components (b. ) 

2 

1. Sonora - 64 Low low 

2. Mexipak - 65 Low high 

3. Innia - 66 medium high 

4. Iforteno 67 medium high 

s. Sonalika low low 

6. Tanori - 71 low low 

7. Jupatica - 70 medium high 

8. Noori low low 

9. Penkty medium h igh 
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Genotypes Comparative Linear 
coleoptile length components (bi) 

10. Janak medium low 

11. Dirk high low 

12. Kazoli high high 

F.;xperiment 4: 

The materials used in this experiment consisted of two 

t·.1heat genotypes together with their F 1 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 two parental genotypes. 

Genotypes Comparative Linear 
coleoptile length components {b. ) 

J. 

1. Nexipak- b'5 low high 

2. Janak high low 

At the beginning of the study, the plant Breeding 

Laboratory, 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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Exoeriment 5: 

The material consists of 10 inbred lines randomly chosen 

from the 60 inbred lines used in experiment 4. 

Expe rim en t 6: 

'l'he ten wheat genotypes listed below were selected on the 

basis of their differences in coleoptile length. 

Genotypes Comparative Linear 
Coleoptile length components (b.;) ... 

1. Sonora - 64 low low 

2. i'-1exipak - 65 low high 

3. Innia - 66 medium high 

4. Norteno 67 medium high 

s. Sonalik:a low low 

G. Tanori - 71 low low 

7. Jupatica - 70 medium high 

8. I?enkty medium high 

9. Dirk high low 

10. Kazoli high high 

~1ey were crossed in a diallel fashion in all possible 

combinntions including reciprocal producing the 90F
1 

hybrids. 

Therefore, the above mentioned 10 genotypes and the 90 F1 S 

constituted the materials of this experiment. 



Experiment 7: 

Six genotypes of wheat selected for the present study 

are as follows: 

Genotypes Comparative 
coleoptile length 

1. Sonora - 64 low 

2. Mexipak - 65 low 

3. Sonalika low 

4. Penkty low 

s. Dirk high 

6. Kazoli high 
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Eight single crosses were made without reciprocal between 

the selected parents and F
1

, F
2

, F3 , F
4

, B
1 

and B
2 

generations 

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 combination 

Cross 1 Kazoli x Sonora- 64 

Cross 2 Dirk X Sonora- 64 

Cross 3 Kazoli x Mexipak:- 65 

Cross 4 Dirk X Mexipak - 65 

Cross 5 Kazoli X Penkty 

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 Raj shahi. 

Experiment 8: 

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

listed below were selected from the germplasm collection of 

the Department of Botany, Rajshahi University on the basis of 

their known performance of coleoptile length and the linear 

and ·non-linear components of their genotype-environment 

in te'raction s. 

Genotypes Comparative Linear Non-Linear 
-2d Coleoptile components(bi) components s 

lenath 

1. Sonora- 64 medium low low 

2 •. Sonalika · medium low low 

3. Janak medium low high 

4. J'upatica-70 low high low 

s. Penkty high high high 

6. I/Jexipak- 65 low high low 

On 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 l Sonora-64 X Penkty high X low 

Cross 2 Sonalika X Mexipak-65 high X low 

Cross 3 Sonora-64 X Janak 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 b.) and the other a high (high b. value) 
1 l. 

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 also 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 

each of the six crosses F2 , F3 and F 4 generations were 

obtaineda 

For F 3 generation, 30F 3 progenies each derived from a 

single randomly chosen 30F 2 plants for each of the six crosses. 

For F
4 

generation, 30 families of F 4 generation of each cross 

were obtained by bulking the seeds from individuals within 

each of the corresponding 30F3 farnilies. (Approximately 75% 
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seeds of a selected F2 plants were used for study as F3 

generation and the rest of the seeds were raised in the field 

to get F
4 

seeds). 

, 
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B. MG1'H0DS: 

The methods followed to conduct experiments an d analysis 

of da t a were subdivided into the following heads: 

Ca) Collection of Experimental Seeds 

(b) Environments 

(c) Experimental Procedure 

(d) Collection of Data 

Ce) Techniques of Anal ysis of Data 

(a) Collection of the 3 xpe rimen tal Seecs 

Base material for all the experiments were collected 

from raising respective genotypes at the Botanical Research 

- Garden of Rajshahi University. In all the eight e xperimen t s 

f resh seeds were used every year by raising the genotypes 

durin g win ters of 1978 to 1982. The experimental fields we re 

p r e pared as homogeneously as possible through repe ated ploughing. 

During the preparation o f t h e f ield oil cake and cowdung we re 

a dded at the rate of 8 20 and 1 980 kg/hectare r espec t i vel y as 

a source o f organic manures. Urea, triple-supe r-phosphate 

( 'l'o s. P.) and muriate o f potash were added at t he r a te of 8 0 , 

60 a nd 40 kg/he ctare r e s pect ively. 

Seeds of each genotype were made a continuous line sowing 

r a the r thind to an optimum l e vel. The space between t h e l ines 
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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 necessary. Irrigation was done on the day following 

sowing of seeds for uniform germination of the seeds. Three 

mone 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. 

'£he twelve genotypes were sown in the field on the 15th 

November of 1978, 1979, 198 0, 1981 and 1982 in a randomized 

block design. There were four replications in each year and 

the twelve genotypes were randomly assigned within a repli­

cation. For each genotype per replication there was a block 

of 3m x 4m size. The space between blocks and all around the 

field was l.Sm and 2m respectively. 

Experiment 4 and 5: 

Seeds of two genotypes and their 60 inbred lines of F 
6 

and F 
7 

generations ware sown in the field on the 15th November 
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of 1980 and 1981 respectively. There were four replications 

in each yenr an.d 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. Sm and 2m respectively. The 

space between the plots was 30 cm. 

Parents, P6 and F 7 plants were selfed to get fresh 

parental, F' 7 and F8 seeds respectively. Seeds collected in 

this way were used in the experiments of 1981 and 1902. 

Fresh crosses were made between parental genotypes to 

get F1 seeds for the experiments. Crosses were made in sepa­

rate crossing blocks. 

experiment 6: 

Ten wheat genotypes were sown in the field on 15th 

November, 1981 in a randomized block design. There were four 

replications and the ten genotypes were randomly assigned 

within a replication. For each genotype per replication there 

was a bloc!-c of 3m x 4rn size. The space between blocks was 

1. Sm and space around the field was 2m. 

For Fl seeds, ten genotypes were crossed in a diallel 

fashion in all possible combination including reciprocal pro­

ducing 90F 1 seeds. Seeds collected in this wal:' were used in 

this experiment. 



Experiment 7: 

Seeds of six genotypes, F
1

, F
2 

and 15F3 families (for 

F3 generation, 15F3 progenies each derived from a single 

randomly chosen 15F2 plants for each of the eight crosses) 
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of eight crosses were so,m in the field on the 15th November, 

1981. Parental genotype, F1 , F2 and 15F3 families weie selfed 

to get fresh parental, P
2

, F
3 

and'F
4 

seeds. F
4 

seeds were 

collected from randomly selected 1SF
3 

plants from each of the 

15P 
3 

generations of each cross. 

Fresh F1 seeds were obtained by crossing appropriate 

parental genotypes, and the backcross seeds of each cross were 

obtained by backcrossing F 
1 

to the appropriate P1 and P2 • 

Seeds collected in this way were used in this experiment. 

E;;perimen t 8: 

Seeds of six parental genotypes, F
2 

and F3 generations 

of six crosses were sown in the field on the 15th November, 

of 1979, 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 ru1d all around the field was 30cm., 1.sm. and 2m. 

respectively. 

Fresh F
1 

seeds were ob-t:ained by crossing appropriate 

genotypes, and seeds collected in this way were used in the 

experiments in 1980, 1981 and 1982. 
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(b) Environments: 

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: 

'l'he 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

ratures of 20°, 2s0
, 30°, 35° and 40°c in five separate. runs. 

'l'herefore, these five effects of different temperature on 

coleoptile length will be treated as environment in this 

experiment. 

Experiment 2: 

In this experiment the environments used were eight 

different nutritional gerr,linating medium on coleoptile l ength. 

·.The seedlings \,1ere raised at a constant temperature of 2s0 c. 

The nutritional mediums were as follows: 

1. Nacl 2 
0.2¼ 

2. Nacl 2 0.5% 

3. Nac1
2 

Oo 7% 
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4. Nacl 2 
1.0% 

s. Na(OH)
2 

High PH 

6. ca(oH)9- High PH 

7. Hcl Low PH 

8. Control Distilled water 

Experiment 3, 4 and 5: 

Sixteen different genninating 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). ·rhe source of N,P,K 

and Ca were: 

(1) N Urea (0.2% solution were used) 

(2) p Triple Super Phosphate (0.2% solution were used) 

(3) K Muriate of Potash ( o. 2% solution were used) 

( 4) Ca Calcium hydroxide ( 2. 0 % solution wer e used) 

Experiment 6 and 7: 

The environments used for these experiments were the 

same as those described in experiment 1. 

§_xperimen t 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 28°, 

0 0 0 25, 30, and 35 c. Therefore five different effects of 

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 

Distilled water 

High PH Ca(OH)~ 

Low PH Hcl 

High PH Ca(OH).,_ 

Low PH Hcl 

High PH Ca(OH) !.., 

Low PH Hcl 

High PH Ca(OH)'°" 

Low PH Hcl 

High and low PH was made by adding calcium hydroxide 

ca( OH)~ and hydrocloric acid (Hcl) re spec ti vel y. 

(c) Experimental Procedure 

Heal thy seeds of uniform size were raised on moist filter 

paper in petridishes. One petridish (lOOmm.), accommodating 

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 15 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 

effects. 

The petridishes containing the germinating seeds were 

kept in an incubator. The petridishes 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 1: 

Seeds of twelve genotypes were raised together in a 

temperature control incubator during 1st 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 c<;mtrol incubator, throughout 

0 
the experiment, at a fixed temperature of 28 c. 

The whole experiment was replicated four times. TI1e 

following are the dates when four replication were given in 

each year. 

Date in each of Genotypes raised/ Fixed 
1978, 1979 and 1980 replication temperature 

20th June ( Repli- 12 genotypes 28°c 
cation I) 

30th June ( It II) Do Do 

10th July ( " III ) Do Do 

20th July ( " IV)' Do Do 

Experiment 3: 

seeds of twelve genetypes were raised together in a 

temperature. control incubator during 30th July to 29th August, 

19 78, 19 79, 1980 and 1981. Environments used were sixteen 

different combinations of NPKCa germinating medium as mentio­

ned under the head Environment. There were al together 192 

petridishes per replication. 10cc of each of the sixteen 

different NPKCa combination were supplied to each of the 

twelve genotypes and then all the petridishes containing 

germinating seeds were kept in a incubator throughout the 

0 experiment at a fixed temperature of 28 c. 



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,i979,1980 & 1982 replication temperature 

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

9th August ( n II) Do Do 

19th August ( n III) Do Do 

29th August ( rt IV) Do Do 

Experiment 4 and 5: 
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The 60 imbred lines together with the two parental geno­

types and their F1 were raised in a temperature control 

incubator from 1st 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 diffe rent 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 e xperiment, at a fixed temperature of 
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2s0 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 

1st September, 1981 Pl' p2' F1 & their 

inbred line 

11th September, 1981 Do 

21st September, 1981 Do 

1st October, 1981 Do 

11th October, 1981 Do 

21st October, 1981 Do 

31st October, 1981 Do 

10th November, 1981 Do 

20th November, 1981 Do 

30th November , 1981 Do 

10th December, 1981 Do 

20th December, 1981 Do 

30th December, 1981 Do 

9th January, 1982 Do 

19th January, 1982 Do 

29th January, 1982 Do 

Experiment 6: 

Environment 

60 

N 

p 

K 

Ca 

NP 

NK . 

NCa 

PK 

PCa 

KCa 

NPK 

NPCa 

NKCa 

PKCa 

NPKCa 

Control 

Seeds of ten wheat genotypes and their 90r'1 s were r aised 

togethe r in a tempe rature control incubator from the 1st May, 
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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 

0 incubator throughout the experiment, at te~peratures of 20, 

25°, 30°, 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 i::n vi ronmen t 

1st May, 1982 Parents and their 90F1 S 20°c 

11th May, 1982 60 25°c 

21st May, 1982 Do 30°c 

31st May, 1982 Do 35°c 

10th June, 1982 Do 40°c 

Expcrimen t 7: 

seeds of six genotypes and their F1 , F2 , F3 , F
4

, B
1 

and 

s 2 generation of eight crosses were raised together in a 

temperature contra~ incubator on 20th June, 1982. The number 

of petridishes of different generations of a cross were one 



for each of P1 , P
2

, F
1

, a
1 

a~d s
2 

generations; five for F
2 

generations and one for each of the 15F3 families and one 

52 

for each of the 225P 
4 

families. There were al together 250 

petridishes per replication. Therefore, 1000 petridishes 

were used for four replications. 10cc. of distilled water 

was supplied to each of the genotypes and then all the petri­

dishes containing the germinating seeds were kept in a incu-

, t th h t t' . t t t t of 2 0° , 2 s0 
, 3 o0 

, na ·or - roug ou ne experimen a empera ure 

35° and 40°c in five separate runs. 

Experiment 8: 

Seeds of six genotypes and their six crosses of F
2

, F
3 

and F4 generations were raised together in a temperature 

control incubator during 1st October, 1980, 1981 and 1982. 

The environments used in this investigation were five diff erent 

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).1- and Hcl 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 
198 0, 1981 and 1982 

Generation raised 
in two replication Environments 

1st October, 1980 

11th October, 1980 

21st October, 1980 

31st October, 1980 

10th November, 198 0 

20th November, 1980 

30th November, 1980 

10th December, 1980 

20th December, 1980 

Parents, F2 , F3 & F4 2s0 c Distilled water 

(d) Collecting of Data 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

20°c ~igh ~H-Ca(~H)3 

Low PI-1-Hcl 

2s0 c High PH-Ca{OH) 3 

Low PH- Hcl 

30°c High PH-Ca{OH)3 

Low PH-Hcl 

35°c High PH-Ca{OH)3 

Low PH-I-Icl 

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

me ter 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 my study, plant Breeding Laboratory, 

Department of Botany, Rajshahi University was kind enough to 

supply the data of experiment 1 for the year 1976, 1977 and 

of experiment 2 for the 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 alo {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) 
fx1 

= n 
c ix. ) 2 -

1 [ ix. 2 
- J c 2, 

l. 

Variance ( = n-1 ~1 n 

where, X. is the value of individual observation and n is the 
1 

number 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: 

f jYij 1. i {j y .. (i 1, 2 t and l.J = ••••• I. = 
J t s j 1, 2 s ) = ••••• 

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 Cz.) environmental values 
J 

were deferentially Fripp and eaten (1971) and Fripp (1972) as 

follows: 

(a) Dependent f. 
J 

'l'he performance of each of the 12 genotypes and 60 inbred 

lines was regressed against the mean of all 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 2. using replicate individuals. 
J 

Each genotype and each inbred lines in each environmen t 

was represented by ten individual seedlings. 'l'hese were split 

at random into two groups of five, the interactions of one 



56 

group to be investigated and the other group contributing to 

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

(c) Independent 

inbred lines. 

,.. 
z. using replicate sets . of genotype and 

J 

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) Incle pendent 
..... z. using parents 

J 

The 60 inbred lines were regressed against the average 

of the two parents, Mexipak- 65 and Janak, in each environment 

from whose F
2 

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 random sample 

of environments (e) with (r) replications. The expection of 

mean squares are as follows: 
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Source M. S. Expectation of M. S. 

2 
+ r~2GE + rec§2 G Genotype ( G) M s w 1 

S
2
w 

2 
Environment (E) M.2 + rgd E 

GxE fJj 3 a2
w ¥ 

2 ro GE 

i:;rror M4 
2 a w 

¼~ere 62
E, ~2G and ~ 2

GE are environmental, genotypic 

and GxE variances respectively. The genotypic, environmental 

and G:xE: variances Cc,2 
G' S2 

E and '52 
GE ) were calculated as 

follows: 

") = ( M 1"1 3 ) / ( rxe ) O G.G 1 

02ge = (M 
3 M

4
)/r 

c/e = (M 
2 

M
4
)/r X g 

t/w = M4 

Stability parameters: 

'l'he two parameters of stability were calculated following 

Eberhart and Russell's (1966) as follows: 

(a) Phenotypic Regression (b1 ): Respcnse or coefficient 

of regression 'bi' is the regression of the performance of each 

varie ty under different environments on the environmental 
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means over all the genotypes. This was estimated as follows: 

'b. ' 
1 

where, 

= £ Y .. I./ f_I. 2 
j 1J J j J 

~ Yijij is the sum of products and 
J 

z_ I. 
2 

is the sum of squares. 
j J 

standard errors of 'b.' was calculated as follows: 
J. 

= 
M.S due to pooled deviation 

Z I. 2 
j J 

where, r~1. s. due to pooled deviation 

Uarthett• s chi-square ( x 2 ) testing the homogeneity of 

Sb were determined in the following way: 

x 2 = 10 
loge (df. of individual 

2 2 10 where, s =Variance= s band Loge = 2.3026 

(b) .· Stability (~2d>: ( Experiment 8). The stab ility 

parameter cs2d) was calculated as the mean square deviation 

from the linear equation · ( Eberhart and Russell, 1966) which 

was as follows: 

-2d s = ~d
2

1 j / CE-2) - <s2
e; r) 

J 



Now the variance due to deviation from regression 

2 ( z. S ij ) from a replication being 

2 
'z_ ~ .• 
j J.J 

= [ j_ y2 .. -
j l.J E 

(. / y I ) 2 

J Z-- ij j 
- -=---j --

z._ I. 2 
j J 
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where, 2 f_ Y .. 
J.J 

Y. 2 
~ 

E = the variance due to dependant 
j 

variable and 

{ £ Y .. I. )
2 

/ ( {I. 2 ) = the variance due to regression. 
j l.J J j J 

8 is the number of environments and s2 
e is the estimute 

of pooled 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 

way: 

Correlation { r) 
1 

= Cov (x.y) / (V .v) 1 
X y 

where Cov (x.y) is the co-variance between X and Y, 

V is the variance of X and 
X 

V is the variance of Y. y 

·rhe c,alcul ated correlations were tested with (n-2) 

degrees of freedom. 
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Diallel analysis: 

Graphical Analysis: Techniques as developed by Jinks 

and Hayman (1953), Jinks (1954), Hayman (1954b) and Johnson 

and Aksel ( 19 59) were fol lowed for · the graphical evaluation 

of additive (D), dominance (H) gene action and non-allelic 

interaction present in the diallel cross system. The following 

statistics were calculated in terms of genetical and envi­

ronmental components of variation. 

VOLO = (VP) = Variance of parents = D + E, 

V 
r = The variance of the rth array = JiD-141 Fr + 

\:H1 + tB +½ (n-1 >] El /n, 

hi = The covariance between parents and their r 

offispring in the rth array= ½D-¼ F + E/n, r 

V = V- = The variance of array means = 1~D-14P + OLI r 

¼H1 - ¾H2 + [E +11 (n-2) E
1
] /n2 

VILI = Mean of the V rs = ¾D-14F + ¼Hl + [CE + 1 )/ 

2(n-l )El J /n' 

Mean of W S = ½D - ¼F + E/n and r 

(MLI-MLo) 2 
= square of difference between progeny 

means and parental means m ¼ h 2 +Cn-1) 
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The plotting of w against V provides a detail of r r 

dominance relationship of the parents with (V, W) points . r r 

distributed along a straight line of unit slope inside the 

2 
limiting parabola, wr = vrvP drawn. In the absence of 

non-allelic interaction w - V = ¼ (D-H1 ), which is 
r r 

independent of signs of the alleles in the parents. This 

implies that the difference is constant over arrays, and the 

regression of v.i on V should give a straight line of unit r r 
s_lopeo If V r is zero, wr becomes ½. (D-H1 ) so that the 

regression line for Wr on V r will intersect the Wr axis 

above, at or below the point of origin as dominance is 

incomplete, complete or greater than D respectively. Nhen 

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

and covariances estimate the point ( tvr' Vr) = U~D, ¼D). 

'l'he •,1
1· / W graph ( where wl = covariance bett·ieen the 1

• r r r 

offspr.ing of the rth array and the array means) is also used 

to detect the order of dominance of the parents, it is much 

less affected by genetic disturbances than the 1·Jr/V r graph 

and virtually undisturbed by the level of inbreeding 
-

(Hayr:ian , 1958). The t-;1 / i-J graph differs from the i,J /V · r r r r 

in that it is more obviously affected by asymmetry of gene 

distribution and this is indicated whether the gene s are 

correlated or not (Hayman, 1958). With gene symmetry the 

regression of w•r on 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 +O.S, parents with 

different or relatively rare genotypes will fall below it. 

62 

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 cal culated statistics. They are as 

follows: 

D (Additive effect of ·gene)= VOLO - E, 

I\ ( Dominance ··effect of genes) = VOLO - 4 WOLOJ;+ 

4VILI - (3n-2)E/n, 

H2 (Dominance indicating asymmetry of positive and 

negative effect of genes)= 4VILI - 4VOLI - 2E, 

h 2 (dominance effect over all loci) = 4( i 1LI-ML0) 2 

4(n-l) E;/n2 , 

F (Nean of Fr over arrays) = 2VOLO - 4WOLOl -2(n-2)E/n 

. and E (Environmental variation). 

The genetic components of variation provided the 

following ratios. 



(a) i (H
1

/D) = measures the average degree of 

dominance over all loci; 

~ = 1, indicates comple dominance, 

~ (H1/D) = o, indicates no dominance, 
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{°(I·\/D) =>o and<l, indicates partial dominance, 

and {<1\ /D) = >1, indicates overdominance. 

= 

0.25 is an estimate of the frequency 

of negative versus positive alleles 

at loci exhibiting dominance; 

an estimate of the number of groups of 

genes which control the characters and 

exhibit dominance to some degree. 

(d) ½.T:'/ [o(H
1

-H
2
)} !~ = on measure of consistency of 

h to dover all loci. 

The heritability both in broad and narrow sense were 

calculated using the formula given by Mather and Jinks (1971). 

Broad sense = ~D+½Hl J<IH
2
-½fj I 

[_:zD+½Hl 11H2 1~F + Ej 

Narrow sense = 
,_ 

l)D+!~Il - ½H2 - ~~FJ I 

&o + ½H 1 - i,1H
2 - !2F + F.;j 
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!·Iayraan' s Analysis of Variance: The technique of Hayman 

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

variance of family mean values of diallel tables in order to 

show the following relationships of the com~nents of 

variation: 

a 

b 

= (additive effect)= D-F+H
1

-H
2 

= (dominance effect)= H
2 

b
1 

= (over all diff erence between parent and 

. ) • 2 progenies = n 

b 2 = (constant dominance effect)= H1-H2 

b
3 

= (residual eff ect). 

c = average maternal effects 

d = reciprocal d:i.ff'erence not ascribab le to c. 

Components of generation mean: 

3-Parameter model: The expectation of generation means 

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

gene rations are as follows: 

1\ = m + d, 

p2 = rn d, 

Fl = m + h, 

~ .. 2 = m + ½h, 

"E\ .. m + H--
4 • ' 

'F 4 = m + 1/ah 



= m 

\.;here 'm' measures base population mean, 'd' measure s the 

additive gene effects and 'h' measures the dominance gene 

effects. 
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The e stimates of m, d and h were done fo llowing a 

weighted least s quare techni que ( Fisher, 1946; Mather , 1 9 49: 

Scorle, 1966; Mather and Jinks, 1971 ). 'fh e detail descrip­

tions of the _techniques have been s ho wn by Hather and Jinks 

(1971). The weights used were the reciprocal of the 

squared sb:.mdard errors of respective generations as follows: 

Pl = 1/ (Vi\ ), p2 = 
11cv'.P) 

2 ' Fl = l/ (VF ) 
1 ' 

F2 = 
1 / VF ) 

2 ' F3 = l/(VF3), F4 = 
11 cvF) 

4 ' 

i3 11 cv3 > and ,.., 
= 

11cv~ > = w2 0 2 0 1 1 

where, VP1 , VP2' v"9 .1.1' VF2, VF 3' VF 4 ' vn ·· 
L 1 & -VB

2 
are the 

standard errors of P1 ,P2 , r--·1 , F 2 , F3 , F4 , ~ l and s 2 gene­

rations respectively. 

The adequacy of the additive dominance mo dels were 

tested by predicting the eight family means from the 

estimates of the 3-parame ters. The goodness of f it was 

t h en tested by squax:ing the deviations of t he observed from 



expected values for each of the eight far.iily, multiplying 

by the corresponding weigh t and summing the product (over 

all eight types) of families. The summed value obtained 

2 from eight families gave a X for 5 d. f. · If x2 is signi-
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ficant it means that additive dominance model is inade<...JU ate 

and the estimates of the 3-parameter were biased to an 

unknown extent by ; '· effect not attributable to the additive 

and dominance action of the genes. 

6-oarameter model : wh e re 3-parameter model is not 

suitable to i n terpret t h e gene action due to non-allelic 

gene interaction, the data were analysed following the 

6-parameter model of Hyman (1958). The expectation of 

generation means in terms of 6-parameter model were as 

follow s : 

i\ = m + d + i, 

p2 = m d + i, 

Fl = m + h + 1, 

F2 = m * ½h + ,¼l, 

F 
3 

z:: m + \ h + 1/161' 

F 1/ 8h + l/641, = m + 4 

81 = m + ½cl + 12h + 1-41 + J;ij + J,a ., 

B 2 = m - ½d + ½h +· ¾i ..c - ~ j + ¼,1 



where, m = measure the base population mean, 

d = measure additive gene effects, 

h = measure dominance gene effects, 

i = measure 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. 
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'I'he estimates of m, d, h, i, j and 1 were made following 

a weighted least square technique as described under 

3-parameter model. 

As we have eight generations and six estimates, we can 
2 . 

test the adequacy of the model by a X with 2 do fo The x2 

was calculated in the same way as it was done for 3-p~rameter 

model. 

Components of Variation: 

The variances of segregating generations viz. F2 , F3 , 

P4 , B1 and B2 generation s consi s t of heritable and non­

h e ritable com~,onents. The heritable component consist of 

fixable heritable (D) and non-fixable heritable (H) types of 

variation. Variation in the non-segregating generations 

viz. PVP2 and F1 are non-he ritable in nature. 
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From the eight generations (P1 ,P2 , F1 , F2 , Fj, F4 , a
1 

and B
2

) twelve different types of variances and covariances 

were calculated ,md they are, 

The composi•tion of those variances in terms of heritable 

and non-heritable components of variation were as follows: 

VF2 = ½D +¾H + E 
1 -

VlF3 = yp + l/ 16H + E2 

V2F3 = 14D + 1/ 8H + El 

WF
31

F2 = ½D + l/8H 

VlF4 C ½D + 1/ 64H 

V2P4 = !;jD + l/32H + E2 

V3F4 = 1/8 D + l/16H + E 
l 

W1F3/F4 = !1D + l/ 32.H 

W2F3/F4 = J~D + l/16H 

VE
1 = E 

1 

VE 2 = E2 

vB
1 + VB2 = ½D + ½H + 2E 1 

'l'he non-heritable components of variation in a generation 

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

E
1 

measures the non-heritable variances of individual, E2 

measures the non-heritable variances of F3 and F 4 family 

r.1cans. In general E2 is lesser than E1 because each family 

means is based on 'n • number of- individuals and it will be 

(1/) E1 where the differences in environment between 
' n 
individual in different families were not greater than 

those to which members o:f the same family were subjected. 

Therefore, E2 was measured as follows: 

E2 = E1/ (harmonic mean number per F3 families) 

The twelve equations obtained from the segregating and 

non-segregating generations were sub jected to a least square 

technique of analysis for the estimation of components of 

variation DJH:,E
1 

and E2• Unweighted least square techni ques 

developed by Mather ( 19 49) and Mather and Jink ( 19 71) were 

followed. Components of variation when estimated using all 

the twelve equation were tenned as inclusive estimates while 

thc1se components when estim<Jted excluding v
2

F3 , v
2

F
4

, V
3

P
4 

telimed as exclusive estimates. 

Inclusive Analysis: 

The twelve equations mentioned in the prececing para­

graphs contained four unknovm which were estimated by 
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unweigh ted least square t e c hnic,u e. 

In the first step of analysis the twelve equations were 

combin ed to f orm four normal e quations yielding least squ a re 

estimntes_ for four components (D,H1 !:;
1 

and E2 ). Each of t h e 

twelve equations was multi plied through by t h e coefficient 

of D which it contained and the equations were then summe d 

omitting those which did not include D. The t h ree other 

equations were also found out similarly but using t h e 

coefficients of H,81 and s
2 

as multi pliers in turn. '111e 

four e quation thus obtained were as follows: 

( 1) 1. 728 3 D + o. 559 6 H + 1.9056 E 
1 + o. 79 06 E 

2 

(2) o. 5596 D + 0.350 5 H + 1. 4415 E + 0.1021 r,• 
1 '"' 2 

( 3) 1.9056 D + 1. 4 415 H + 8 .. 0032 r.· .... 1 + 0.08 C' lJ2 

( 4) o. 7906 D + 0.1021 H + o.oa 1-.::l + 3.0025 E 
2 

By solving these four s e ts of e quations a mo t r ix o f 

mul t i pliers was ob t ained of which CDD was the value o f D in 

t h e f irst of the four sets a n d CDH' c0 81 and Cu
8 2

, t h e value 

of D in the second, third a nd fourth sets respectively. 

Sir.'lilarly CHD' CHH ' Cl·IE
1 

and CHE were the values of H i n 
2 

the four s e ts and so ono 'l'his matrix turns out to b e as 

shown in page 71.. 



71 

In the second step the ob served values of twelve equations 

were multiplied by the corresponding coefficient of D which 

it contained and was summed which denoted as S(DY)• Similarly 

SCHY)' S(ElY) and s(E
2

Y) were calculated by using the 

coefficient of H, E
1 

and s
2 

as multiplier in turn. 1'he unwei­

ghted least square estimate of D was then found in the 

following way using the D column of the page 72. 

Similarly, H, r::
1 

and r::
2 

were calculated from the H, E1 and s 2 

column respectively of page 72 as follows: 

H = CDHXSDY) + CHHX 5HY)+ CHE x S(El Y)+ CHE x S(E2Y). 
1 2 

El= c0 i:. x 5 (DY) + C I-iE X 5 (HY)+ C~ EX S(ElY)+ CE EX s 
.... 1 1 t.l 1 1 2 

(E
2

Y) 

E2= CDF x 
2 

5 {DY)+ CHE X 
2 

5 (HY)+ Cc- E x 
'"'l 2 

5 '( E Y) + 
1 

CE i:- x 
2'-' 2 S(E2Y) 

'rhe estimated D, H, E
1 

and £
2 

values were put in the 

h.relve equations to get expected values of the equations. 

Then the deviation of the observed value from the expected 

value of each of the twelve equations were found out. 'rhe 

twelve deviations one for each statistics were squured and 

then summed which gave sum of the deviation square (Dev~). 
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The standard error of D, H, E
1 

and E2 were calculated 

from Dev. 
2 

obtained from t h e 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 f our components of 

variations obtained from the over all estimates as follows: 

S.Eo of D = ¼ (Devo m. s. X CDD) 
½ 

S.E. of Ii = ¼ (Dev. m. s. X CHH /:i 
1 

s.E. of El = Y. (Dev. m. s. x CE E )~ 
4 

1 1 1 

s.E. of E = ¼ (Dev. rn. s. X CE E ) )~ 2 2 2 

Inverse matrix of inclusive analysis used in t h e estimation 

of components of variation is as follows: 

D H El E2 

D CDD 10 457 4 CDH -2.9335 CDE 0.1842 CD -0.2389 
1 E2 

II CDI_C2.9335 C. ,H 16.2885 CHE -2. 2381 CHE 0.2781 n, 1 2 

E CDE
1

0.1842 CHE 1 -2. 2381 CE1 E10.4840 1 CE E o. 0146 
1 2 

E CDE -0. 2889 C,.~ 0.2781 C,... E o. 0146 cs,... o. 3992 2 2 nr..2 c.l 2 -~·- 2.:. 2 
; 

Exclusive Analysis: 

The least square esti1i1ates of D, H, s
1 

and E
2 

were 

performed exactly in the same way as mentioned under 
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inclusive analysis but here the rank 2 statistics (V
2

F3 , 

V2F 4 and v3F4 ) was excluded. Thus there were nine equations 

for the estimation of o, H, E
1 

and E
2

~ 

The nine equations were condensed to form four equations 

for the least square estimates for the four components 

(D, H, E
1 

and E
2

) and they were as mentioned below: 

(1) , 1. 5852 D + o. 5119 H + 1. 5204 El + o. 5356 £2 

(2) 0.5119 D + 0.3378 H + 1.2527 El+ 0.0683 E
2 

(3) 1.5204 D + 1.2527 H + 6.0016 E
1 

+ 0.04 E
2 

(4) 0.5356 D + 0.0683 H + 0.04 El + 2.0025 E2 

The matrix multipliers (inverse matrix) which obtained 

for exclusive estimates of D, H, E1 and E2 are shown in 

page Jlt 

The values of s(DY)' SCHY)' s(E Y) and s(E y) are 
1 2 

obtained using the same procedure as described under inclu-

sive analysis. The unweighted least square estimates of 

o, H, E1 and E2 were then calculated from respective column 

of page 7~ as follows: 

D = CDDX s(DY)+ CDHX s(HY)+ CDElx s(ElY)+ CD82x s(E2Y) 

H = CDHX s(DY)+ CHIIX SHY)+ CHElx s(l:;ly) + CHE2x s(E2Y). 



8 = 1 s(DY)+ CHElx s(HY)+ CElElx s iclY) 

+ CE1E2 X S(E Y) 
2 

E2= CDE x 5 (DY)+ tHE x 5 (HY)+ CE Ex 5 (E y)+ 
2 2 1 2 1 

CE2E2 x S(E2Y). 

The estimated values o, H, E
1 

and E2 were put in the 

nine equations . to get expected values of nine equations to 

terms .of : the estimated o; H, E.1 and _E
2

~. 
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The standard errors of the components were calculated 

exactly in the same wa~ as those described under inclusive 

analysis. Inverse matrix of exclusive analysis used in the 

estimation of components of variation is as follows: 

D CDD 1. 5794 c0H-3. 7895 CDE o. 3928 CD£ -0.3010 1 2 

H CDH- 3. 7895 CHI-£22. 5089 C 
CHE HE

1
-3. 7403 0.3205 2 

E CDE o. 3928 C 
C CE E o.ooss 1 1 

HE1-3.7403 E1 E1 0.8477 , . . 1 2 

E CDF -0.3010 CHE 0.3205 CE
1

E
2
0.0055 ~E2E2 

0.5688 
2 2 2 



Number of Effective Fa c ,tor: 

The number of effective factor was estimated in four 

different ways as follows: 
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Ci) Castle and tvright (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 diff e­

rence of variances of F2 and F1 multiplied by eight. 

= 

- 2 Ci\ - p2) 

8(VF2 - VF1 ) 

(ii) According to Mather (1949) gave the formula for 

estimating the possible number of eff ective gene groups 

controlling a character as follows: 

1 - )2 ~ p2 /D 

where, D = least square estimate of component of 

genetic variation. 

(iii) Mather (1949) also gave another approach of 

estimating the number of e ffective f actors controlling a 

character as follows: 
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where HVF
3 

is the heritable mean variance of F3 families and 

and C is the correction factor for VV 
F3 

with the harmonic mean number of 

families. 

obtained by dividing 

seedlings per F3 

(iv) According to Burton (1951) estimation of effective 

factor was made as follows: 

= 

where, D 

0.25 (0.75 - h + h 2 ) n2 

(VF 2 - VF1 ) 

-(P1 always the smaller parent) and 

Heritability: 

Heritability was calculated in two different ways as 

follows: 

Ci) Broad sense Heritab ility: It was expressed as t h e 

ratio of genotype variance over the (expected) phenotypic 

variance of the F2 generations, as follows: 

(ii) Narrow sense Heritability: It was exp ressed as the 

ratio of fixable heritable variation (D) over the (expected) 

phenotypic variance of the F2 generation as follows: 



!Ieri tabili ty (Narrow Sense) = ½D-/ ( ½I). •.+, ¾H + Ei) 

where the D, Hand E1 are the least square estimate of 

components of variation. 

Degree of Dominance: 

Degree of dominance was calculated following two 

methods. 

(i) Dominvn c.e Ra t io Me t hod: The average degree of 

dominance oveir t wo loci was determined by the square root 

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

·J 
( H/D) -z = o, denotes no dominance 

!,: 
(H/D) 2 = 1, denotes complete dominance 

1, 

( H /D) ' 2 < 1, denotes partial dominance 
1 

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

D and H are the least square estimate of components of 

variation. 
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(ii) Poten ce Ratio Method: Degree of dominance in 

F1 , F2 , F3 and F4 generations were calculated as desc~ibed 

by Petr and Frey (1966) as follows: 



78 

Degree of dominance in Fl = hl = Ci\-MP)/(HP MP) 
' 

Degree of dominance in F2 = h2 = 2(F2-ViP)/(HP - Fip), 

Degree of dominance in F3 = h3 = 4 CF3 - MP )/(HP - MP) 
' 

Degree of dominance in F4 = h4 = 8 ( F 4-HP) /(I-IP-MP) 

where MP is the mid parent and HP is the higher parent. 
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The results obtained from each of the eight experiments 

have been described separately as follows: 

Experiment 1: 

1'welve genotypes collected from the Department of uotany, 

were evaluated in respect of genotype-environment interaction 

shown by coleoptile length grown under five different ter:ipe­

ratureso 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 1976 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 highest 

coleoptile length was noted in Kazoli. 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. 
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Significant effects of temperature on coleoptile length 

were al so noted as revealed by tbe analysis of variance 

(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). 

'l'he analysis 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 all 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, £ 2
g, 

environments, diJgenotype X environment, a\ X e, and within 
1. 

genotypes and environments (between individuals), 3~ as, 

derived from an analysis of variance (table 3) are given in 

table 4. The two main effects and their 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, (di), for different 

genotypes in different years are shown in table 6. These 

genetical components were found to be similar in different 

years. It was highest in Sonora- 64 and lowest in Kazoli. 
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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 comparisons 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 Wilkin son ( 19 63). 

The genotype-environmental interactions 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 

was 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 s. •rhe assessment of 

the ej values are very similiar in all the seven years study. 
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For each genotype the linear regression 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 analysis are also given in table 3. It 

is 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 replicates error item that 

suggested there are 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 ':Jilkinson, (1963), and to the 

Cl+ f>i) values of Eberhart and Russell (1966); after subtrac­

ting 1.0 they correspond with the P,i (table 8) values of 

Perkins and J .inks (1968a). The actual regression lines of 

performances of the genotypes against the correspond:i.ng 

environmental means are shown in fig. 1. In order to avoid 

confusion, individual points were not plotted in the fi gures. 

Marked crossing of the regression lines is one of the common 

features of the graph in all the seven years study. The geno­

typic differences were very marked in high temperatures compa r ed 

to low temperatures. 



The regression firstly measures response to increments 

in an improving environments. Since these increments are 

measured by the mean of all genotypes, then the average 

response for any set of genotypes under co~sideration must 
·, 
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have a regression coefficient of 1.0. Regression coefficient 

( 1.0 and )1.0 indicate below and above 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 all the genotypes have 

different response to the different environments. 

The regression coefficient with standard error are sho~m 

in table 7. Mexipak- 65, Innia- 66, Norteno- 67, Jupatica- 70, 

Penkty and Kazoli had an above average response in all the 

seven years study and was consistently the highest coleoptile 

length in all above average environments. Sonora- G4, Sonalika, 

Tanori- 71, Noori, Janak, and Dirk, 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 

highest coleoptile length to the environments and is marked 

by a high response (b = 1.82, 1.56, 1.79 7 1.83, 1.61, 1.89 and 

1.92) respectively, but a comparatively low mean coleo ptile 

in this range of environment in all the seven years study. 
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The standard errors attached to the regression coefficient 

in table 7 have been calculnted separately for each linear 

regression from deviations within the . twelve genotypes. They 

are very variable and reflect the fact that mean squares 

measuring the scatter of points about individual regression 

lines are not homogenous. The Chi-square ( )( 2 ) in the f3ertle­

t t s test was highly significant in all _the seven years study. 

It suggested that the extent of the deviations from regre-

ssion is specific to, and hence characteristic of, particular 

genotype s., It must be emph asised that in no case did the 

graphs indicate any relation ship other than linear, individual 

points being scattered at r andom about the fitted straight 

line. Standard error measuring this scatter may thus be 

tak en 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 t h e twelve genotypes in seven years 

results. 'rhese are al so shown in table 7. The 5b values were 

highly heterogenous in most of the twelve genotypes as revealed 

in joint regression and standard error of regression. The 

¾ values were proved to be heterogenou s as the j}- wa s highly 
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significant (~2 = 58.03, 15.24, 51.18, 34.91, 44.26, 30.44 

and 36. 56). Among the twelve genotypes, Sonora- 64, 

'l'anori- 71, Noori, Janak and Dirk were the most stable . 

genotypes as shown by their low ~ values whereas, Hexipak-65 

showed least stability in all the seven years study of the 

results. 

Evaluation of these genotypes in terms of linearity were 

also investigated by using independent environmental values. 

They are given below: 

(a) Independent z. using replicate individuals: 
J 

Each genotype in each environment was represented by 

ten individual seedlings. •rhese 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 z~ using replicate sets of genotypes: 
J 

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} 11• Subgroups (a}
1 

and (a) .. 
1 11 1 11 

represent the regression 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). 
J. 

and (b) .. represent the regression of the six genotypes in one 
·l.l. . 

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 environm0ntal values are shown in table 10 

and llo A good agreement of the result was obtained from 

different independent 2 . assessment with that of de pendent 
J 

ej assessment. The joint remainder of table 10 was non-

significant when tested against the variance within genotypes 

and environments (between individuals). The joint regression 

-coefficient J , should not deviate from one. 1'his 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 an alysis of the twelve genotypes a gainst the 

different kinds of indepe ndent environmental assessors are 

give n for each year. The heterogeneity of remainders was 

tested against the variance within genotypes and environments 

( b etween individuals). The heterogeneity of regression was 

also tested against the variance within genotypes and environ­

ments. The results are com pletely consistent across all the 

different ways of assessing the independent environment wi t h 

those of dependent environments. 



Table 1: Genotypic mean. 

Genotypes 1976 1977 1978 1979 1980 1981 198 2 

1. Sonora-64 52.17 54.1 7 53. 76 so.21 52. 79 52.11 53.62 

2. Mexipak-65 55.23 56.29 52.11 54. 29 55. 07 55.46 54.23 

30 Innia-66 61.19 60.55 62.32 61.14 60.59 62. 73 61055 

4. Norteno-67 67. 74 66.32 68.29 63.63 65.30 67.19 68.32 

5. Sonalika 53.65 52.06 54.05 53.93 53.64 52.84 ss.os 

6. 'l'anori-71 58.95 59. 32 60.23 58.66 57. 32 58.90 58 .47 

7. Hu pa tic a-70 62.23 64.62 60.05 60.09 61.44 62.30 62.80 

8. Noori 59. 25 57.1 7 60.22 58.29 59. 74 60.04 58.82 

9. Penkti 6 4.67 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 
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Table 2: . Population mean. 

20°c 25°c 30°C 35°c 40°c f/jean 

1976 55.17 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 

198 0 53004 6 4.12 59.22 65.17 68.32 61 .. 97 

1981 55.14 63.65 57. 49 65.23 72.05 6 2. 71 

19 8 2 54.36 65.19 56. 34 62.82 73.89 62.52 
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Table 3: Results of analysis of variance (m. s.) · 

Item dof 1976 1977 1978 19 79 1980 1931 1982 

1'empe- ... ,:. . . . "' ••• ••• • •• •oo .. ~' 
rc:iture ( E:) 4 151.03 405001 1 72. 22 332.66 142. 49 179. 0 2 241. 2 7 

••• .,,... • •• . . "' ••• • :lt • . •• e 
Geno type ( G) 11 2820 9 7 2530 94 240.56 256.43 250.05 306.31 269. 06 

•• • l!I; I)¢ ··"' ..... • •• • • C, • • I'.: 

G x E 44 121. 64 154.22 87. 65 129. 33 167. 73 214.15 159. 73 

Regre-
• 0. "' f) g • •• • •• ••• 1 95 .32.169.4~t s sion 11 1 64. 76 14 7 .. 29 54.29 1 79. 04 204.76 
..... • ., 0 . $. • •• e ,:, • • Q • • 0 C 

Remainder 33 115.27 15Go53 980 77 112. 76 155.39 220043 156 . 49 

Reps. in E 15 1 4 .73 29. 64 18. 23 4.19 11.05 10.36 11.15 

Srror 1 6 5 20.34 26.36 14. 23 30.19 18.36 9.23 1 8 . 64 

..... 
Significant at 0.1 % level. 
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Table 4: Estimates of variance components. 

, 
Components 1976 1977 1978 1979 1980 1981 1982 

Genotypes ~\ 70 76 4o98 7.64 6.35 4.11 4.61 s. 46 

Environments ,S-e 2.72 7 QQ oUO 3. 29 6.30 2.58 3o53 4.63 
(Temp.) 

Genotypes x 
envi5..onmen ts 26.82 31.96 18.35 24. 78 37.34 51.23 35. 27 

Oge 

Within Geno-
types and 20.34 26.36 14.23 30.19 18.36 9.23 1 8.64 
environments 

()1-~ 
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Table 5: Environmental values (ej) 

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 -Oo83 3. 72 -1.87 -9. 29 

1979 10.87 -0.03 4.88 -2. 09 -13.65 

1980 8 .93 -2.15 2. 75 -3.20 -6.35 

1981 7. 57 -0.94 s.22 -2.52 -9.34 

1 932 8.16 -2.67 Gol8 -0.30 -11.37 
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'£able 6: Additive genetical components, (d. ) 
J. 

... 

Genotypes 1976 1977 1978 1979 1980 1981 198 2 

1 Sonora-64 10. 47 7.94 8.26 11.21 9.24 · 1 o. 55 9.16 

2 I':.exipak-65 7. 41 5.82 9.91 7.13 6.96 7. 20 8.55 

3 Innia-66 1.45 1.56 -0.30 0.28 1.44 -Oo07 1. 23 

4 Norteno-67 5.10 4o21 -6.27 -2.21 -3.27 -4 0 53 -5.54 

s. Sonalika 8.99 10.os 7.97 7. 49 8.39 9.82 7. 73 

6 Tanori-71 3.69 2. 79 1. 79 2. 76 4. 71 3. 76 4.31 

7 Jupatika o. 41 -2.51 1.9 7 1.33 0.59 o.36 -0.02 

8 Iloori 3. 39 4.94 1.80 3.13 2.29 2.62 3.96 

9 Penkty -2.03 -1.ll -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 -19.11-19.06 -19.89 -18 .68 



Table 7: Regression co-e fficients with 
standard errorso 

Genotypes 1976 1977 1978 1979 

1. Sonora-64 o. 49 0.83 o. 56 0.44 
+ 0.03 + 0.19 + 0.14 + 0.22 - - - -

2. Mexipak-65 1. 59 1.76 1.82 1.64 
+ 0.64 + o. 29 + o. 76 + 0.44 - - - -

3. Innia-66 1.04 0. 89 0.94 1.11 
+ 0.23 + 0.14 + 0.16 + 0.22 - - - -

4. r-.;orteno-67 1.22 1.26 1.19 1.34 
+ 0.36 + 0.39 + 0.16 + 0.22 - - - -

s. Sonalika 0.54 0., 44 o. 55 o.ss 
+ 0.19 + 0.10 + 0.11 + 0.16 - - - -

6. Tanori-71 0.82 0.76 0.82 0.94 
+ 0.04 + 0.19 + 0.1 3 + 0.22 - - - -

7. Jupatica-70 1.57 1. 69 1.so 1.52 
+ 0.32 + 0.27 + 0.31 + 0.44 - - -

8. Noori 0.45 0.46 o. 40 o.32 
+ 0.09 + 0.11 + 0.04 + 0.11 - - - -

9. Penkty 1.82 1.56 1. 79 1.83 
+ o. 49 + 0.22 + 0.31 + o. 71 - - - -

10. Janak 0.95 o. 72 0.92 0.98 
+ 0 • .22 + 0.16 + 0.07 + 0.19 - - - -

11. Dirk o. 47 0.49 o. 55 0.36 
+ 0.07 + 0.14 + 0.19 + 0.01 - - - -

120 Kazoli 0.99 1.14 o. 96 0.94 
+ 0.12 + 0.14 ➔• 0.22 + 0.16 - - - -

)(2 ••• ••• ••• - 58.03 15.24 51~18 34.91 
( d.f.11) 

•• • •• 

+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ -

' Significant at 1 % and 0.1 % level 

93 

1980 1981 1982 

a.so 0.48 0.42 
0.06 + o. 21 + 0.13 - -
1. 72 1. 82 1.44 
o.ss + o. 39 + o. 41 - -
0.95 1.06 0. 93 
0.19 + o. 22 + 0.07 - -
1.os 1.19 1.26 
0.14 + o.~2 + 0.11 -
o. 60 o. 49 o. 51 
0.07 + 0.03 + 0.1s - -
0.82 0.89 o. so 
0.16 + 0.14 + 0.07 - -
1.84 1.65 1.69 
0.41 + 0.26 + 0.22 - -
0.49 o. 41 0.44 
0.15 + 0.16 + 0 . 07 - -
1.61 1.89 1.92 
0,.62 + 0.44 + 0.1 4 - -
0.96 0.90 0.94 
0.27 + o .34 + o.os - -
0.44 o. 49 o. 52 
0.14 + 0.07 + o. 22 - -
1.02 o. 73 1.13 
0.1s + 0.22 + o.33 - -

• •• . . ' ••• 44.26 30.44 36. SG 

re spec ti vely. 
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Table 8: Linear interaction co-efficients, ( pi>. 

Genotypes 19 76 1977 1978 19 79 1980 1981 1982 

1. Sono.r:a-64 -0. 51 -0.17 -0.44 -0.56 -0.5 -0.52 -0.58 

2. h exipak-65 o. 59 o. 76 · 0.82 o.64 o. 72 o.s2 b.44 

3. Innia-66 . o. 04 -0.11 -0.06 0.11 -0.05 o. 06 -0.07 

4. Norteno-67 0.22 0.26 0.19 0.34 o.os 0~19 0.26 

5. Sonalika -0.46 --0o36 -0.45 -0.42 -0.40 -0.51 -0. 49 

6. T,:mori-71 -0.13 -0.24 -0.18 -0.06 -0.18 -0.11 -0. 20 

7. Jupatica-70 0.57 o. 69 0.,:50 o.s2 0.84 0.65 o.G9 

8.., Noori -0.55 -0. 54 -0.60 -0.68 -0. 51 -0. 59 -0.56 

9. Penkty 0.82 o. 76 o. 79 0.83 0.61 o.s9 0.92 

10. Janak -0.05 -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 -0.48 

12. Kazoli -0.01 0.14 -0.04 -0.06 0. 02 -0.,07 0.13 
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Table 9: Correlation studies. 

Between Geno- Between Popu- Between Regre-
typic mean lation mean ssion co-efficie11.h. 

1976 vs. 19 77 0.9823 0.9886 o. 9543 

78 0.9790 o. 9949 o. 9828 

79 0.9885 0.9864 o. 9904 

80 0.9918 o. 9 589 o. 9649 

81 o. 9969 o. 9944 o. 9929 

82 0.9954 0.9884 0.9837 

1977 vs. 1978 0.9544 0.9856 0.9684 

79 o. 9 604 0,.9797 0.9328 

80 0.9703 o. 9442 0.9564 

81 o. 9789 0.9988 o. 9581 

82 0.9784 0.9 701 0.9422 

1978 vs. 1979 0.9648 0.9962 0.9715 

80 0.9663 0.7611 o. 9452 

81 0.9764 0.9912 0.9927 

82 0.9799 0.97 44 0.9527 

1979 vs. ,1980 0.9905 0.9316 (). 9412 

81 0.989 7 0.9857 0.8086 

82 0.9790 0.9698 o. 9614 

19 8 0 vs. 19 8 1 o. 9929 0.94 76 0.9698 

82 0.9363 0.9101 0.9408 

1981 vs. 1982 0.9913 0.9 791 0.9637 



Table 10: Testing the adequacy of the independent 

environmental assessors (a)i, Ca)ii and (b)1 
and (b) .. from the significance of joint 

l.l. 

96 

regression, r from one and of the joint remainde r. 

Item d. f. 

.P 
p -1 
Joint Remainder 3 
Error 165 

p, 
fb -1 
Joint Remainder 3 
Error 165 

J2_ 
(b-1 
Join t Remaind e r 3 
Error 165 

@ 
t-1 
J oint Remainder 3 
Error 165 

,_. 

e 
f.;-1 
Join t Remainde r 3 
Erro r 1 6 5 

~ 
~ -1 
Join t Remuinde r 3 
Er r or 1 6 5 

/3 r-1 
Joint Rema i n d e r 3 
Er r or 1 6 5 

0.9 7 
-Oo03 
14. 76 
19076 

0.94 
-0.06 
1 4. 55 
21.44 

0 . 9 9 
-0.01 
11. G7 
11. 76 

0 .94 
-0.06 
34. 63 
3 4 . 73 

o. 79 
- 0. 21 
2 4 . 76 
21.1 4 

o .95 
-0. 0 5 
11.23 
11.1 4 

0 . 99 
-0. 01 
21. 4 5 
19 .75 

Ca) .. 
l.l. 

19 76 

1.04 
0.04 

21.05 
17. 36 

1977 

0.97 
- 0 . 03 
1 9 .36 
16. 75 

19 78 

0 .96 
-0.04 
1 6 09 4 
16. 73 

19 79 

Oo93 
-0. 07 
21.53 
29 . 73 

. 1980 

0 . 88 
- 0. 12 
20.19 
26.95 

1981 

0. 81 
- 0.1) 

4 . 39 
1 2. 64 
1 982 

0.91 
-0. 09 
19 . 66 
2 0.10 

d. f. 

3 
85 

3 
85 

3 
. 85 

3 
85 

3 
8 5 

3 
8 5 

3 
8 5 

0.99 
-0. 01 
11.16 
17.94 

0.89 
-0.11 
27.04 
29 .13 

0.87 
-0. 13 
12.32 
14. 22 

0.99 
-0. 01 
29. 23 
31.14 

0.9 4 
-0.06 
11.55 
17.75 

0. 64 
-0.36 

4. 0 4 
7. 9 3 

0.74 
-0. 26 
2 7. 23 
24.23 

(b) . . 
l.l. 

0.94 
-0.06 

6.94 
21.55 

1.07 
0 .07 

21. 59 
27.54 

0 .95 
-0.05 

7. 69 
12.32 

0.99 
- Oo 01 
3 6 .75 
27.1 6 

0.93 
- 0 . 0 7 
14. 73 
19 .32 

0. 9 5 
- 0 . 0 5 
9.lG 
9 .13 

o .76 
- 0 .. 24 
29 .11 
21. 55 
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Table 11: Significance of heterogeneity of remainder 
using the environmental assessors (a)i' 
(a) .• ' (b)i and ( b ) .. • 

1.l. l. l. 

Item d. f. (a). C a ) •. d. f. (b)i (b)ii 
. J. l.l. 

122§. 
Heterogeneity 

141. 32• ••• • • • • oo 
of Regression 11 169. 70 5 115.76 145.05 

Heterogeneity 
fl' (1 " e*• • 9 I) t;. I) Q 

of Remainder 33 92.36 114.32 15 99. 73 124.,76 

Error 165 19.76 1 7. 36 85 17.94 21.ss 

1977 

Heterogeneity • $ , , C, ,; • 111•• • 111 • 

of Regression 11 124.6G 97.64 5 155. 27 224.66 

Heterogeneity 
I!: 0 0 •• • ••• e ,. • 

of Remainder 33 119. 73 1040 32 15 114.19 174,. 39 

Error 165 21.44 16. 75 85 29.13 27.54 

1978 

Heterogeneity 0 ,; • • o• •• • • ., 0 
of Regressi on 11 69. 73 126. 73 5 104. 41 93. 29 

Heterogeneity 0 ,, Ill " "' . • •• "' "'* of Remainder 33 62.30 69. 55 15 60.55 71. 24 

E:rror 165 11.76 16. 73 85 14. 22 12.32 

1979 -
Heterogeneity ••• 000 • • • 0 0 0 

of Regression 11 207 .. 16 116. 75 5 197.67 21 4. 93 

Heterogen eity •oo • •• • •• . "'. of Remainder 33 94.44 103.58 15 81.35 49. 73 

Error 165 34. 73 29. 73 85 31.14 27.16 

19 8 0 -
Heterogeneity a·· ••• • • • • •• of Regression 11 201. 6 295. 64 5 106.73 1 81. 51 

Heterogeneity . . .. • • • •• • . " . of Remainder 33 116.05 205.11 15 54.21 106. 37 

Er r or . . . - ' 165 21.14 26.95 85 1 7. 75 19.32 ' .i 

' . . .., . '-

C contd. ) 
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Table 11: (contd.) 

Item d. f o (a) • 
l. (a)ii d. f. ca>i ( b) .• 

l.l. 

1~81 

Heterogeneity 
(J ~~ J) o!:$. ti ~t ~· 

.;,. C: l) 

of Regression 11 224. 76 190. 50 5 239.55 109. 15 

Heterogeneity 0 ., CS .... 0 >;) 0 " ¢ B 
of Remainde r 33 206. 07 187. 74 15 106.74 94032 

Error 165 11014 12064 85 7.93 9.23 

19 8 2 

Heterogeneity Ill Ill,;, q,(l,r, • ill,, ~ :..~ 0 

of r(egression 11 184.32 161. 65 · 5 214. 09 183.76 

Heterogeneity • ,, Iii 

155.03. .. "' Ii) "' 1) 

of Remainder 33 129. 64 15 191.82 105.33 

Error 165 190 75 20.10 85 24 .. 23 21.55 

OC\O 

Significant at 0.1 % level. 
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Fig. 1:· Phenotypic regressions of coleoptile length 

for different genotypes against environment 

( '.remperature) means. 

1. Sonora- 64 

2. f-ll exipak- 65 

3. Innia- 66 

4. Norteno- 67 

s. Sonalika 

6. Tanori- 71 

7. Jupatica- 70 

8. Noori 

9. Penkty 

10. Janak 

11. Dirk 

12. Ka zoli 
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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 environments 

in this experiment. Genotypic means over eight environments 

for twelve genotypes were measured separately in four con­

jugative years (1977 to 1980) and they are shown in table 120 

Different genotypes performed differently for different 

environments but a close agreement between years was shown by 

correlation coefficient of mean coleoptile length in four 

years were highly significant as shown in column 1, tab le 2 0 . 

Sonora- 64 showed lowest coleoptile length and the hi s hest 

coleoptile length was noted in Kazoli. 

Analysis of variance of the genotypes were made to test 

the significant difference of different sources of variation 

and the results are shown in table 14. All the main i terns 

such as genotype (G), environments (E) and the g x e, inter­

action item were hi~1ly 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 differ ences between the linear regre­

ssion lines of the twelve genotypes although the rer:-rninder 

of the variation around the regression lines is also sign~­

ficant. The item replication was non-significant in all the 

four years studied. The me an 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 i._ca (OH) 3] • In others, the 

performance was poor. The lowest performance was observed 

in hydrocloric acid [Hcl}, in all the years studied. 

Correlation coefficient between population means in four 

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

1-- ,._ "''2- <..,__ Estimate of the variances b g' be , Cg x e and e>\$ are 

shown in table 15. The influence of -;:1.- was greater than 
Q g X e 

6~ in all the four years study. Genotype x environmental 

effects suggest importance of the expression of coleoptile 

length of wheat. 

'rhe environmental values ej and the additive genetical 

componen ts, di' obtained separately in each environment in 

four years study, are shown in tables 16 and 1 7. The ej 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 

h i ghest in 'l'anori- 71 and lowest in Kazoli. 

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 1!iilkinson, (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) 3). , compared to hydrocloric acid Uicll.. 'I'he 

regression coefficient (b) and the standard errors ( ~) are 

s hown in table 18. The distribution of the values of regre­

ssion coefficient (b) in four years study of the genotypes 

\vere heterogenous, hence all the genotypes have diffe:rent 

response is the different environments. Mexipak- 65, Innia- 66, 

1110:cteno- 67, Sonalika, Penkty, · Janak . and Kazoli had an a:Jove 

average response in all the four years study and consistently 

had high coleoptile length in all 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. I nnia- 66 showed highest coleoptile 

length is good environments and is marked by a high response 

( b = 2 .. 24, 2.os, 1~96 and 2.,34), but Dirk sl1owed a compara­

tively short coleoptile length (b = o. 25, 0.19, o. 09 an d O. 23) 

in all the environments. 

'l'h e standard errors proves to be heterogenous as the 

Chi-square ( )( 2 ) in the Bartl e tt's test (shotvn at the b ottom 

of the table 18) was highly si9nificant 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. 

Prom the heterogenous Sb values ( table 18), Sonora- 64, 

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 (Z.) as those described in experiment 1 are 
J 

shown in tables 21 and 22. 'l'he 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 

1.-.,ere 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. 
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Table 12: Genotypic mean. 

Genotypes 1977 1978 1979 1980 · 

lo Sonora- 64 53.17 51.67 54.29 43.76 

2. Mexipak- 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. Sonalik a 64.11 69.12 63.54 64.09 

6. Tanori- 71 52.77 5 0.23 49.17 52.36 

7. Jupa tica- 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. Dir!< 71.55 7 0.22 70.93 67.23 

12. Ka zoli 78.17 79.00 74.13 7 8.05 
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Table 13: Population mean. 

Nac1
2 Nacl 2 Nac1

2 Nacl 2 Na(OH) 2 
Ca(OH) 3 Hcl control Mean 

0.2% 0.5% 0.7% 1 c,/ /0 

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 49.95 67.55 64.19 

1979 48.59 66.14 65.11 66.15 62.11 74.32 51. 05 66.06 62.44 

1980 53.36 61.04 64.75 65.73 58.05 77.14 47.16 65.95 61.64 
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Table 14: Results of analysis of variance (m.s.) 

Item d. f. 1977 1978 1979 1980 

tJutrition ( E ) 7 • • • ••• . . •· ••• 639.74 648.91 510. 48 576.70 

( G) • •• • •• • • •• .... 
Genotype . 11 417 0 32 498. 7 7 410. 54 402. 8 7 

•• • • •• ••• • ••• G X E 77 96.65 106. 81 127. 71 130.67 

•••• ••• • •• •o• 
Regression 11 219.15 254.14 205.27 160. 79 

••• • • • ••• • •• Remainder 66 76.23 82.25 114. 79 125.65 

Re p s. 3 24.05 29.16 47. 23 49. 55 

Error 28 5 40.73 27.96 62.21 51. 46 

••• 
Si gnificant at 0.1 % level. 
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Table 15: Estimates of vuriance components. 

Components 1977 1978 1979 1980 

Genotypes S 2g 10.02 12.24 8.38 8. 51 

Environments o2
e 12.47 12.93 9.33 10.94 

Genotypes x d2
ge 

environments 13.98 19.71 16.37 19.80 

Within Geno types b~ 
51. 46 and environments 40.73 27.96 62. 21 
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Table 16: Environmental values (ej). 

Nac1 2 
h acl 

~ 
Nacl 2 

f~acl 
2 

i'J a (OH ) 
2 

Ca(OII )
3 

Hcl Control 

C.2% 0.5% 0.7% 1% 

1977 10.78 -2.12 -3.29 -4o 14 2.98 -14.30 15.69 -5. 6 3 

1978 6.97 1.54 -6.13 -3 . 05 6 . 83 -1 7. 04 1 4.24 -3.36 

1979 13.85 -3.70 -2. 67 -3.71 0.33 -11.88 11.39 -3.62 

198 0 8.28 0.60 -3.11 - 4. 09 3. 59 -15. 50 14. 48 - 4. 31 



Table 17: Additive geneticnl components, (d.) 
l. 

Genotype 1977 19 78 19 79 

1. Sonora- 64 9. 75 12.52 8.12 

2. Mexipak- 65 6.83 5.07 5.09 

3. Innia- 66 l. 69 -0.25 1.12 

4. Norteno- 67 - 4.13 -5.64 -2.54 

s. Sonalika -1.19 -4.93 -1.13 

6 .. Tanori- 71 10.15 13.96 13.24 

7o Jupatica s. 73 5.43 6.36 

r, 
ti . iJoori 2.70 0"13 1.48 

9. Penkty -1.27 2.24 -0. 81 

1 0 . Janak - 6. 40 - 7 . 75 -J.0.76 

11. Dirk - 8 . 63 -6.03 -8.52 

12. Kazoli -15.25 -14.81 -11.72 

111 

1980 

7.88 

5.69 

1.91 

-3.91 

-2. 45 

9.28 

7. 40 

4.64 

-1.56 

-6.95 

-5. 59 

-16. 41 



Tab le 

Genotypes 

l. Sonora- 64 

2o f.Ji.exipak- 65 

3. Innia- 66 

4. Norteno._ 67 

s. Sonalika 

6. Tanori- 71 

18: Regression co-efficient (b1 ) with 

standard errors, (Sb ) 

1977 1978 1979 
b Sb b Sb b s 

b 

o. 41 0.04 0.46 0.14 o.39 0.04 

1.31 o.33 1.26 0.-09 1. 47 0.39 

2.24 o.09 2.05 o.·49 1.96 0.27 

1.56 o. 51 1.46 0. '36 1.79 0.10 

1.24 0.24 1.32 0.14 1.os 0.01 

0.13 o.o3 0.32 0.04 0 .26 0.04 

7. Ju patica- 70 0.44 0.,15 o. 49 0.11 . o.36 0.11 

8. Noori 0. 8 3 0.19 0.95 0.23 0.91 0.27 

9. Penkty 1.os 0.29 1.14 0.15 1. 09 0.19 

10 .. Januk 1.03 0.16 1.04 0.24 1.32 o .. 32 

11. Dirk 0.2s 0.01 0.19 o.o3 0.09 0.16 

12. Kazoli 1. 51 0.64 1.32 o. 27 1.31 0.25 

1- 2 
• •• •• • • • • - 101.98 76.99 66.36 

(d. f. 11) 

• -o • 
Significant at 0.1 % level. 
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198 0 
b ¾ 

0.42 0.06 

1. 4 2 0.29 

2.34 0. 61 

1.43 o. 41 

1.15 0 .19 

0.14 0.07 

0.44 0 . 14 

0.80 0 .12 

0.96 o. 21 

1.16 0.27 

0.23 0.01 

1.54 0.37 

• • • 73 . 12 
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Table 19: Linear interaction co-efficients, ( p1 > 

Genotypes 1977 19 78 1979 198 0 

1. Sonora- 64 -0. 59 -0.54 -0.61 -0.58 

2. Mexipak- 65 0.31 0.26 0.47 0.42 

3. Innia- 66 1.24 1.os 0.96 1.34 

4. Norteno- 67 o.s6 0.46 o. 79 0.43 

5o Sonalika 0.24 0 .32 0.05 0.1s 

6. Tanori- 71 -0.87 -0.68 -0.74 -0.86 

7. Jupatica- 70 -0.56 -0. 51 -0.64 -0.56 

8 . Noori -0.17 -0.05 -0.09 -0.20 

9. Penkty o.05 0.14 o. 09 -0.04 

lOo Janak 0.03 0.04 o.32 0.16 

11. Dirk -0.75 -0.81 -0.91 -0. 77 . 

12. Kazoli o. 51 o.32 0.31 o.s4 
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Table 20: Correlation studies. 

Between Between Popu- Between Regression 
Genotypic mean l a tion mean coefficients 

1977 VSo 1978 o. 9529 o. 9483 0.9877 

79 0.9603 009645 o. 9556 

80 00 9 809 0 .9859 0.9987 

1978 vs. 1979 0.9467 0.8645 0.9590 

80 008358 0.9799 o. 97 4 5 

1979 vs. 1980 0.9398 0.9248 o. 9507 



Tab le 21: Testing the adequacy of the independent 

environmental assessors (a)., (a).., (b)1 l. l.l. 

and (b)11 from the significance of joint 
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regression, f from one and of the joint remainder. 

Item 

p 
fi -1 

Joint Remainder 6 

Error 285 

{3 
~ -1 

Joint Remainder 6 

Error 285 

I3 
~ -1 
Joint Remaind e r 6 

Srror 285 

fb 

r -1 
Joint Remainder 6 

Error 285 

(a) • 
l. 

0.97 

-Oo03 

21.54 

460 73 

0.94 

-Oo06 

6.95 

21. 24 

0.96 

-0.04 

42.23 

66.33 

1.02 

0.02 

33. 21 

42.19 

1977 

0.99 

-0. 01 
'' 

d. f. 

30.32 6 

31. 44 141 

19 78 

1.04 

0.04 

16.02 

27.62 

1979 

0.99 

-0. 01 

40.67 

61.19 

19 8 0 

1.06 

0.06 

30.66 

47.32 

6 

141 

6 

141 

6 

141 

(b). 
l. 

0.96 

-0.04 

16.92 

41.13 

0.95 

-0 .. 05 

1 7.14 

24.33 

0.93 

-0.07 

14. 46 

60.55 

0.98 

-0.02 

21.43 

42.20 

( b) .• 
1.1 

1.02 

0.02 

27.11 

47.69 

0.97 

-0.03 

9.93 

20.76 

Cl.99 

-0.01 

42.93 

69.13 

0.94 

-0.06 

40 . 69 

41. 67 
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Table 12: Significance of heterogeneity of remainder using 

the environmental assessors (a)., Ca>.., (b). 
J. J.J. l. 

Item 

Heterogeneity 
of Re9ression 

Heterogeneity 
of Remainder 

Error 

He t e rogenei ty 
o f Regression 

Heterogeneity 
of Remainder 

Error 

Heterogeneity 
of Regression 

Heterogeneity 
o f Remainder 

Error 

lleterogeni ty 
of Re g ression 

Heterogeneity 
of Remainder 

Error 

and (b)ii. 

11 

66 

285 

11 

66 

285 

11 

66 

285 

11 

66 

28 5 

(a). 
J. 

( a) •• 
l.l. 

1977 

•• • • •• 247. 62 197. 77 

• *. • •• 
81.94 95.32 

46. 73 31. 44 
19 78 

•• • • • • 
1 8 7.32 224.66 

• • 0 • • • 

79. 64 114. 92 

21.24 27.62 

1 9 79 

• • • • • 236.21 204.53 

a"'• • • • 114. 69 1 76. 32 

66.33 61.19 

. ,;, . 
304.66 

••• 194.22 

42.19 

{ b). 
. l. 

• •• 5 361. 62 

• •• 30 112.93 

141 41.13 

• •• 5 214.73 

• • • 
30 1 06.93 

141 24.33 

••• 
5 288.22 

• •• 30 194. 06 

141 60.55 

5 

30 

141 

• •• 309. 06 

• • • 1 44.00 

42.20 

• C, ., 

287.55 

• o• 
149. G6 

47. 69 

$ tie. 

189. 33 

• •• 
164 . 65 

20.76 

•• • 3 69. 64 

••• 214. 05 

69 .13 

• I) • 

319.32 

. .. . 
204 . 6 6 

41 . 67 

• • ••• ' si cnificant at 1 % and 0 .1% level respectively. 
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i::xperi:.1cnt 3: 

Genotypic means over sixteeu different combinations of 

N,P,K and Ca environments for twelve genotypes were evaluated 

. in respect of genotype-environment i n teractiou as shown by 

coleoptile length. The genotypes were measured separately in 

each year and they are shown in table 23. Genotypic means 

varied wi·l:hin twelve genotypes but a close agreement betwe en 

years was shown by correlation coefficient of mean coleoptile 

length in four years {1978 to 1981). These were highly 

significant, as shown in column 1, table 31. Low an d high 

genotypic means performance in all the four years were found 

in Sonora- G4 and Kazoli respectively. 

Results of analysis o f variance in all the four years 

study are shown in table 25. Analysis of variance of the data 

showed that the mean differences between the genotypes (G) and 

b etween environments ( E) were highly si gni fican t. The geno­

type x environment interaction was also highly sis nificant; 

when this interaction is partitioned, it is clear that most 

of the variations can be attributed to differences between the 

linear i:egression lines of the genotypes although the remainder 

of the variation around the regression lines is al so si gni f i­

cant. Means of the twelve genotypes over sixteen different 

environments in all the four years study are shown in tab le 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 Pea. 

A close agreement in the result obtained in four years as 

the correlation coefficient were highly significant (column 2, 

table 31 ). 

The estimates of '5 2g, 'f}e, 2;2gxe and cS~ as derived 

from the analysis of variance of the twelve genotypes over 

sixteen environments are given in table 26. The i n fluence 

of &2e and () 2gxe was greater than 62 g in all t he four years 

study suggesting importance of genotype-environment interaction 

in coleoptile length of wheat. 

Estimates of the additive environmental values ej which 

were used in the phenotypic regression analysis were obtained 

and are shown in table 27. ·rhe ej values obtained from all 

the years were more or less similar to each other in a parti­

cular environment. It was highest in UPK and lowest in PKCa. 

Additive genetical components, (d.) in four different years 
l. 

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

environrnen t interactions are among the most widely used methods 

for investigating the response patterns of the genotypes. For 

each genotype the linear regression (b1 ) of individual v a lues 
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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 bi values of Finlay and Wilkinson ( 19 63); 

and for convenience of comparison of regression values, the 

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 genotypic differences were very marked 

in NPK compared to PKCa environments on coleoptile length in 

all the four different years studied. 

The regression coefficients (b1 ), standard error(~) 

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 and had a consistently high coleoptile 

length in all above-average environments. Sonora- 64, Norteno-67, 

Sonalika, 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 = o. 31, O. 46, o. 39 and o. 3 7) in poor environments. Th e 

Sb values were found to be heterogenous as the fr 2· was 

highly significant Cf 2 = 101.98, 76.99, 66.36 and 73.12) in 

all the four years study and indicated that there were 

distinct differences between genotypes around the regiression 

slopes. Among the twelve genotypes Dirk showed most stable 

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

showed least stability as shown by their high Sb values. 

Different independent environmental values ( z .), as those 
J 

described in experiment 1, are shown in table 32 and 330 Th e 

joint remainder (tab le 32) was non significant and the joint 

regression coefficient~, should not deviate from one in all 

the four different years. In table 33 the heterogeneity o f 

regression and the heterogeneity of remainders were highly 

significant in all the four years. These results indicate 

that for coleoptile length of wheat or for evaluation 0£ geno­

types in respect of genotype-environmental effects one can use 

independent environment. 
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Table 23: Genotypic mean. 

Genotypes 19 78 19 79 1980 1981 

1 Sonora- 64 490 23 54.16 51. 59 530 75 ... 
2. ifiexipak- 65 570 73 58.29 53.29 56.27 

3. Innia- 66 64. 73 60.19 64.05 62.32 

4. Norteno- 67 67. 55 64.19 69. 23 67.05 

s. Sonalika 52.32 54. 76 59. 23 so. 75 

6. ·ranori- 71 60.23 61. 05 57. 62 59.15 

7. Jupatica- 70 64. 76 64.03 62.19 60.54 

8. t,:oori 54. 76 58.23 59. 76 so:10 

9. Penk ty 60.23 66.05 64. 59 65. 73 

10. Janak 62019 60. 73 60.55 62.93 

11. Dirk 70. 73 69.82 73.94 71. 59 

12. Kazoli 8 2.32 79. 76 7 8 .93 79.05 
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Tab le 24: ~opul a tion mean . 

environment 19 78 19 79 19 8 0 198 1 

N 56.34 58.83 53.66 54.22 

p 61.15 59.12 63 . 32 60.06 

K 71. 31 64.23 72005 73.10 

Ca 68.26 75.1 7 75.23 6 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 63oll 

PK 61.02 64. 69 65.23 65.15 

PCa 52.05 53.,22 54.17 5 0 .73 

KCa 58.18 61.70 60.22 62.17 

NPK 51. 42 54.30 49. 74 51. 69 

NPCa 53.79 54073 52.05 53.20 

NKCa 74.24 72.65 69. 73 72.33 

PKCa 77.65 75. 73 79.96 76.90 

NPKCa 67.19 66 .30 70. 79 65.19 

Con trol 67.07 69.11 65.12 64.73 
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Table 25: Results of analysis of variance (mos.) 

Item do f. 1978 19 79 1980 1981 

e 
••• ••• ••• ••• 

Nutrition (E) 15 9690 98 884023 1228.1 7 920.12 

• 0 .. • * • ••• . "' . 
Genotype ( G) 11 1183. 73 743.38 9 ss. 34 920. 36 

C, • • ••• ••• • •• GxE 165 196005 242.28 21 7. 64 377.31 

Regression 11 476.e'.l~· ••• ••• . "' . 
623.55 506066 932.67 

••• • •• . ,:, . 8 Iii$ 

Remainder 154 1 76. 05 21 s. 05 197. 00 337. 64 

Replication 3 84.05 91.14 93. 79 64055 

Error 573 162.35 88.76 9 7.64 105.18 

••• 
Significant at 0.1 % level. 
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Table 26: Estimates of variance components. 

Item 1978 1979 1980 1981 

Genotype 62
9 15.43 7.82 11.52 8.48 

Environments c/e 16.82 16. 57 23.55 ·16 .. 9 7 

Genotypes x 62 
Environments gxe 8 . 4 2 38.38 30.00 68.03 

Within genotypes 1 
and environments ~Ul62o35 88. 76 97.64 105.18 
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Tab le 27: Environmental values (ej). 

Environment J.9 78 1979 198 0 1981 

N 5.91 3.83 9.25 s .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 

NP 8 . 61 11.61 10. 73 s.os 

NK 0.56 0.04 2. 72 2.93 

NCa 1. 29 3. 43 -0.02 -0. 79 

PK 1.23 -2.03 -2.32 -2.83 

PCa 10.20 9.44 8 . 74 11. 59 

KCa 4. 07 0.96 2.69 0.1s 

NPK 10.83 8 .36 13.17 10.63 

. . PCa 8 .46 7.93 10.86 9.12 

NKCa -11.99 -9.99 -6.82 -10.01 

Pi<Ca -15.40 -13.07 -17.05 -14.58 

NPKCa -4.94 -3.64 -7. 88 -2. 8 7 

Control -4.82 -6. 45 -2. 21 -2. 41 



128 

Table 28: Additive genitical components, (di) 

Genotypes 1978 1979 1980 1931 

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 -2. 50 2.42 -1.14 -0.05 

4. Norteno- 67 5. 32 -1.58 -6.32 -4.78 

5. Sonalika 9.91 7.85 3.68 11.52 

6. Tanori- 71 2.00 lo56 s. 29 3.12 

7. Jupatica 2.53 -1.42 0.12 1. 73 

8. flioori 7.47 4.38 3.15 4.17 

9. Penkty 2.00 -3.44 -1.68 -3.46 

10. Janak o.o4 1.88 2.36 -0.66 

11. Dirk -8.50 -7. 21 -10.43 -0.32 

12. Kazoli -20. 09 -17.15 -16.02 -16.78 
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1'able 29: Regression co-efficients Cb) with 
standard errors (Sb). 

197U 1979 1980 1981 
Genotypes b s 

b 
b Sb b Sb b S, 

,J 

lo Sonora- 64 o.64 0.19 0.47 0.22 0.53 0.16 o. 59 0.14 

2 • .Mexipak- 65 l.9S o.32 1.67 o. 31 1. 75 0.44 1.83 o. 73 

3. Innia- 66 0.94 0.15 1.05 0.19 0.96 0.22 1.15 Oo05 

4. Nor t eno- 67 o. 75 o. 41 0.96 0.31 1.03 0.12 o. 69 0.20 

s. Sonalika o. 49 0.21 0.64 0.11 0.53 0.16 0. 4 7 0.09 

6. Tanori- 71 1.os 0.26 1.12 0.11 0.98 0.21 0.94 o. 22 

7. Jupatica- 70 2.06 0.44 1.84 o. 49 1. 76 0.45 1.83 o. 61 

8. Noori 0. 4 4 0.17 C.47 0.22 0.31 0.19, 0.54 0.17 

9. Penkty 1. 79 0.63 1.49 0.22 1.66 o.39 1.83 0.44 

10. Janak o. 76 0.22 o. 73 0.16 0.84 0.14 o. 59 0.31 

11. Dirk o. 31 0.04 . 0.46 0.20 0.39 0.11 o. 37 0 .04 

12. Kazoli o.s2 0.21 1.10 0.14 1.26 0.24 1.07 Q.16 

2 -::::. ••• ••• • •• • •• 
Cdofo 11) 113.91 66. 75 80.00 212. 87 

•••significant at 0.1 % level. 
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Table 30: Linear interaction co-efficient, <pi>. 

Genotypes 1978 1979 1980 1981 

1. Sonora- 64 -0.36 -0.53 -0.47 -0. 41 

2 .. Mexipak:- 65 0.95 0.67 0.75 0.83 

3. Innia- 66 -0.06 o.os -0.04 0.15 

4. Norteno- 67 -0.25 -0.04 o.o3 -0.31 

s. Sonalika -0. 51 -0.36 -0.47 -0.53 

60 Tanori- 71 o.os 0.12 -0.02 -0.06 

7o Jupatica- 70 ·1.06 0.84 0.76 0.83 

8. Noori -0.56 -0.53 -0.69 -0.46 

9. Penkty 0.79 o. 49 0.66 0.83 

10. Janak -0.24 -0.27 -0.16 -0.31 

11. Dirk -0. 69 -0.54 -0.61 -0.63 

12. Kazoli -0.18 0.10 0.26 0.01 
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Table 31: Correlation studies 

1978 vs. 1979 

80 

81 

1979 vs. 1980 

81 

1980 Vs. 1981 

Between geno­
typic mean 

o. 9418 

0.9679 

o. 9395 

- 0.9043 

0.9584 

o. 9 203 

Between popu- Between regression 
lation mean co-efficients 

0.9129 o. 9 59 7 

0.9442 0.9431 

0.9577 0.9747 

0.9091 0.9748 

o. 8613 o. 9566 

0.9385 o. 9522 



Item 

p 

tl> -1 

J o int 

Error 

p, 
~ -1 
Joint 

Error 

f3 
p -1 

Joint 

Error 

fb 
~-1 

J oint 

Error 
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Table 32: Testing the adequacy of the independent 

environmental assessors (a)., (a) .. , (b). 
l. l. l. l. 

and Cb) .. from the significance of joint 
11 

regression r, from one and of the joint 

remainder. 

c::. f O (a) • 
l. (a)ii d. f. (b)i ( b ) .. 

l.l. 

19 78 

1.04 0.99 0.91 0.94 

o.o4 -0. Cl -0. 09 -0.06 

Remainder 14 81.82 1 1 6.93 14 139. 33 109. 70 

573· 171.19 176.62 285 160. 21 165.73 

1979 

o. 97 0 .98 0.94 0.96 

-0.03 -0.02 -0.06 -0.04 

Remainder 14 91.55 62032 14 81.15 29. 66 

573 104.03 114 .. 33 285 96.92 94. 73 

1980 

1.03 0.95 1.06 1.02 

0.03 -0. 05 0.06 0.02 

Remainder 14 26.55 35.39 14 81.03 64.55 
573 89.,67 91.36 285 94. 22 90. 70 

1981 

0.99 0.96 o.89 0 .94 

-0. 01 -0.04 -0.11 -0.06 

Remainder 14 61. 39 62.84 14 14. 73 60.55 

573 94.81 1 01. 94 285 90.39 92. 67 
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Table 33: Significance of heterogeneity of remainder 

using the environmental assossors (a)i' (a)ii' 

(b). and (b) .. o 

l. l.l. 

Item 

Heterogeneity 
of Regression 

Heterogeneity 
of Remainder 

Error 

Heterogeneity 
of Regression 

Heterogeneity 
of Remainder 

Error 

Heterogeneity 
of Regression 

Heterogeneity 
of Hemainder 

Error 

Heterogeneity 
of Regression 

Ileterogenei ty 
of Remainder 

Error 

(a). 
J. 

(a).. d.f. (b)
1
. 

].]. . 

1978 

••• ••• •• 11 621003 409.66 5 569.03 

·~· ... . .. 154 436.73 193.73 70 297.62 

573 171.19 176.62 285 160.21 

19 79 

••• • •• 11 496.75 553.55 

•;;.• ('(•0 

154 321.70 330.46 

573 104.03 114.33 

11 

154 

573 

••• 39 7. 29 

$ 1). 

204.66 

89. 67 

!2QQ. 

••• 412.50 

., .. 
226.63 

91.36 

1981 

••• 5 411.60 

. .,. 
70 293.36 

285 96.92 

5 

70 

285 

• •• 411. 49 

,, t) • 

197. 69 

94.22 

... ·~· ... 154 196.05 209.93 70 216.04 

573 94.81 101.94 285 90.39 

( b ) .. 
J.l. 

111• 
622.55 

••• 31 7. 05 

165. 73 

••• 49 7. 60 

••• 304.19 

94. 73 

• •• 403.45 

. ., . 
216. 66 

90.70 

• •• 200.55 

92. 67 

••••• ' Significant at 1 % and 0.1% level respectively. 
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experiment 4: 

•rhe materials used in this experiment con_sisted of two 

paren tal genotypes, their Fl and 60 inbred lines (F
7 

and F8 ) 

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 differen t environments are shown in 

tc:ible 34. 'rhis experiment was repeated in two years (19 81 

and 1982). The mean, m, a:id the additive, [ct}, and t h e 

dominance, [ h] , ( tab le 3 4 ) genetical components have been 

estimated from the averag7 perf ormance over environments of 

the two parental genotypes (p1 = l"lexipak- 65 and P2 = Janak ) 

and their F1 over all environments assuming that this simple 

model is adequate. From the sign of L d j the table s ho ws that 

Janak had highest coleoptile length than Mexipak- 65 in all 

the years studied. There is a directional compon ent of domi­

nance (hl for highest coleoptile length in the years 1979 and 

198 2 but a significant directional component was not found f or 

the years 1980 and 1981. 

The results of analysis of variance are shown in tab le 3 6. 

In t h e analysis of variance most of the items we r e si gni f icant 

against the experimental error in both the years. The item 

parents and F1 , (P) was si gni f icant in the ye ar 1981 and highly 
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significant in the year 1982. The main i tern genotype CG) 

was highly significant in both the t\o:o years studied, indi­

cating that there is real difference araong the genotypes. 

A real effect of environments was al so noted as tl1.e main 

i tern ( E) was highly significant. Genotype-envir.onmen tal 

interaction, (GxS) effects were significant in both parents 

and F'
1 

and the inbred lineso 

The mean of the two parental genotypes and of their 60 

inbred lines over environments are given in table 35 along with 

the dif£erence between their two means, the standard deviation 

of the difference and the significance of the difference from 

zero. The difference is non-significant for all the two years 

studiedo Signs of difference in the year 1981 is negative 

since, on average, the inbred lines had higher coleoptile 

length than the parents. 

The estimates of the variance for genot:.i1pes, S2..9, environ-

ments, <_1.. , genotype x environments, <.:,__ , and within genotypes 
Oe · Ogxe 

and environments (between individuals), 2)~~, as derived from 

an analysis of variance ( table 36) of the parents a n d F
1 

and 

their 60 inbred lines over environments are given in table 37. 

'l'he two main effects and their interaction are highly si gni­

ficant in the years 1981 and 1982. The genotype-environmental 

. . (1- . 
interaction component of van.ab.on Ogxe' is however, consis-

tently high in two years suggesting importance of genotype-



environmental interaction effects in the expression of 

coleoptile length. 
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'rhe 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 ejo 

The performance of eoch 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 

t he same as that which was to be investigated. 

(b) Independent Zj using replicate individuals. 

Zach inb red line in each environment was .rer'resen ted by 

ten inc1ividual seedlings. These we re split at random into b.·Jo 

groups of f ive, the interactions of one group were to be 

i nvesti C1ated and the othe r group was to contribute to the :;, 

environmental assessment. 

(c) Independent z. using replicate sets of i nb red line s. 
J 

T11e 60 inbred line s were divided at random into two sets 

of 30, t he inte ractions of one se t were to be investigated and 
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the other set·· was to help .assess · the environment. 

(d} Independent zj using parental genotypese 

1'he 60 inbred lines were regressed against the average 

of the two parental genotypes, .Mexipak- 65 and Janak, in each 

environment from whose F
2 

they were derived by selfing. 

Groups (b) and ( c) were further divided in to subgroups 

(b). and (b). . and ( c). and ( ) 
l. l.l. l. C ii• Subgroups (b) i 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). and Cc) . . represent the regression of the 30 inbred lines 
l. l.l. 

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 t he environment and also upon the purposes f or 

which the genotype-environmental interaction assessments are 

required. The genotypes are required according to the magni­

tude of their linear regression coefficients, J3 + /3d ( 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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remainder. The joint remainder should be non-significant 

when tested against the variance within genotypes and envi­

ronments (between individuals) and the joint regression 

coefficient, p , 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 assessors, 

(b), Cc) 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). and (b).i. A replicate set of inbred lines, 
l. l. 

(c)i and (c)ii' is satisfactory to the extent that the joint 

regression coefficient r , is never significantly different 

from one in both the two years. 

In column (d). the results of applying the two criteria 
l. 

to the joint regression against the independent environmental 

assessor (as in (b)i and (b)ii and (c)1 and (c)ii) are given. 

According 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 the 60 inbred lines in each environment. In this case, 

therefore, unlike (b} and Cc), the material used as the inde­

pendent variate in assessing the environment is subject to a 

greater sampling variance than the inbred lines used as the 

dependent variate in the joint regression. In column ( d).. 
l.l. 
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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, p, 
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 al so 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, l + ~d' 

obtained with the dependent environmental component, e 
j• 

and the corresponding coefficient, p, + J3a, obtained with each 

kind of independent environmental component, z., are given 
J 

in table 40• On the basis 0£ these correlations there is 
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little to choose be tween the different kinds of environmental 

assessment since all are hi ghly significant (p <0.001). 

Rank correlations over the 60 inbred lines for 58 

degrees of freedom between the average variance within envi­

ronments, dt , C table 37) and the linear regression coeffi­

cient~ ~d' and the total variance over environments, VG+E' 

which are, respectively, a measure of sensitivity to envi­

ronmental variation, of linear sensitivity to environmental 

differences and of total sensitivity (linear and non-linear) 

are given in table 41. The rank correlation between the 

linear regression coefficient, fid, and the variance within 

genotypes and environments, OLi.r's i~ significantly negative, 

i.e. the linear sensitivity to environmental differences is 

greater. In the year 1981 there is a positive and in the 

year 1982 a negative non-significant correlation between the 

rankings of the total variance over environments, VG+E' and 

the average variance within environments, ai-"t.s • Hence, 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 

t he differences among the lines for the additive genetical 

• component and for the linear regression coefficient ( Parkins 

and Jinks, 1968a; Mather and Jinks, 1971; Eaves and Brumpton, 

1972) are given in table 42. 'rh e estimate for the additive 

genetic component [ d ] are almost the same in the two ye nrs 
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studied. But the estimate for the linear sensitivity fct 
showed considerable difference in the year 1981 and 1982. 

It is equally clenr from the absence of significant corre­

lations there are few, if any, effective fac t ors acting in 

common upon both relative mean performance [ d J and linear 

sensitivity. to environmental differences <fa>· 



Table 34: The mean, m, and additive, [d], and 
dominance, [hJ, genetical components. 

1979 1980 

Mean 

P1 54.36 57.73 

P2 71.64 68.73 

F1 60.34 64.98 

Components 

m 

d 

h 

63.00* 63.23* 

8.64 * * 5.50 ·' 

2.66* -1. 75n_, s. 

n.s. Estimate non-significant. 

*significant at 5% level. 

1981 

51.16 

70.05 

61.11 

60.60* 

9.44 * 
-0. 51n .• 5 

• 
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1982 

55.32 

76.95 

59.32 

66.13* 

10.81 * 
* 6.81· 



Table 3 5: The parental mean .l. p, and the mean of the 
60 inbred lines, L, when averaged over the 
sixteen environmental treatments. 

Item 1981 1982 

p 60.60 66.13 

E 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 ~f freedom 

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

Item d. f. 19 81 1982 

Reps 0 3 195.32 164. 74 

Environment Cs) ••• ••• 15 1034.44 1421.92 

••• • •• Genotype (G) 62 1104.72 1282. 48 

f-'vrents an d }"'1 ( p ) 2 •• 89 2. 32 •• • 1432.76 

••• • •• Inbred (I) 59 1126.04 1295.32 

Remainder ( R) 1 271. 65 224 . 88 

••• ••• GxE 930 514. 49 621.34 

•• • • • • PxE 30 49 7. 64 721. 64 

••• ••• IxE 885 520.44 624.83 

RxE 15 19 7. 73 214. 66 

Error 3021 251. 72 201.76 

. . . . •· 
' Significant at 1 % and 0.1 % level respectively. 



Table 37: Estimates of D2 's of the inbred, 
parents and F 

1
• 

Cornponen ts Parents & Fl Inbred 

1981 1982 1981 

Genotypes,a 2g llo18 14. 59 10. 71 

Environments,&2e 6.1 7 11.11 9.46 

Genotypes x envi-
ronrnen ts,,f e , g .. 

61.48 127.97 67.18 

Within genotype and 
environments, 6~ 251. 72 201. 76 251.72 
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1982 

16. 61 

10.47 

105.77 

201. 76-
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Table' 38: Testing the adequacy of the independent environmental 

assessors (b)., (b) .. , {c)
1

, (c) .. , (d). and (d)
1
.

1
. 

l. l.l. J.l. l. 

from the significance of the joint regression_, r from 

one and of the joint remainder. 

Item d. f. (b) i {b \i ( C) • 
l. (c)ii (d)i ( d) •. 

l.l. 

- 1981 p o. 97 0.99 0.87 0.94 o. 76 0.99 

-p -1 -0.03 -0.01 -0.13 -0.06 -0. 29 -0.01 

Joint 
remainder 14 147.62 112077 204.64 •* 193.1-7 463. 73 64.36 

Error 3021 251.72 251. 72 251.72 251.72 251.72 251.72 

ill.£ 

- 0.94 0.89 0.94 0.87 o. 77 0.96 

~ 
-1 -0.06 -0.11 -0.06 -0.13 -0.23 -0.04 (!l 

Joint • • Remainder 14 94.37 194. 66 74. 66 224.31 693. 32 149. 46 

Error 3021 201. 76 201. 76 201.76 201.76 201.76 201. 76 

••••• ' Significant at 1% and 0.1% level respectively. 



Table 39: Significance of the heterogeneity of regression and of t h e 
heterogeneity of r e mainder usin5 the environmental 
assessors (b)., (b) .. , Cc)., (c ii' (d). and ( d )11 • 

. l. J.l. l. l. 

Item d. f. . ( b). 
J. 

(b) ii Cc\ Cc)ii (d)i 

19 81 
Heterogeneity • • •• • •• •• 
of Regression (P) 2 1124.61 1020. 76 1732.14 14 76. 79 695.16 

Heterogeneity " .. • •• • •• • •• • •• of Remainder ( P ) 28 632. 94 490. 70 69 7. 55 932.14 722.00 

Heterogeneity of • •• • •• ••• • o• • •• Re gression (I) 59 1065. 93 14 76 .11 605.32 1227. 09 765. 8 3 

Heterogeneity of ••• • •• ••• ••• • •• Remainder (I) 826 732.19 924. 06 991.49 927.14 1124.06 

Error 3021 271.65 2 71. 65 271.65 271.65 271. 65 

1982 

Heterogeneity of •• .. · • • • •• Re g ression ( P ) 2 1661. 42 1032.40 1272.00 1 8 22. 49 691. 6 4 
Heterogeneity of ••• • •• • • • • •• • •• Remainder ( p ) 28 1193.74 6 6 4.66 1029.33 674. 05 1021. 4 0 

Heterogeneity of ••• • •• ••• • •• • o• 
Reg r e ssion CI ) 59 1409. 34 1237. 55 1607. 75 1479. 00 917.23 

He t erogen eity of ••• • • • • •• • ••• • •• Rema inder (I) 826 9 21. 76 8 76.34 6 46.93 891. 55 419. 66 

Error 3021 251. 72 251. 72 251. 72 2.51.72 251072 

• •• ••• ' ' Si gni f icant at 5%, 1 % an d 0.1 % level respe ctivel y • 

( d) .. 
l.l. 

• •• 1894. 06 

• •• 1123.04 

• •• 1604. 41 

• •• 913.6 6 

271. 65 

• • 1 ..: ,3.33 

• •• 923.66 

• •• 1827.1 6 

• •• 9 44. 33 

251. 72 

~ 

of:> 
\0 
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Table 40: Rank correlation over the 60 inbred lines 
b,etween their regression coef£icien ts with 
the dependent environmental assessment, 
1 + ~d' and those,~ + /Jd, s, with the 
different kinds of independent environrnen tal , 
assessments, (b)., (b) .. , Cc>., Cc) .. , 

1 l.l. l. 11. 
( d ) . and ( d ) ..• 

J. l. l. 

Independent Envi-
d. f. Rank correlation 

ronmental assessors 1981 1982 

(b). 58 0.941 0.831 
J. 

(b)ii 58 o. 679 0.932 

( C). 28 0 . 411 0.904 
l. 

(c)ii 28 o. 714 o.892 

( d) • 58 0.832 0.976 
l. 

( d) .. 58 0.993 0.824 
J.l. 
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.. 
Table 41: The rank correlation over the 60 inbred lines 

Correlation 

rd 
ando 2w 

V 
G+E 

and'5
2w 

between the average variance within environments, 

'/j
2
i,s and the linear regression coefficient, /3d 

(with the dependent environmental component, ej) , 

and the total variance between environments, 

v 
G+E. 

do f. 1981 1982 

of 

••• .. " 
58 -0.67 -0. 49 

58 o. 09n. s. -0.14n. s. 

n.s. Probability is non-significant • 

••• Significant at 0.1% level. 
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Table 42: Number of eff ective factors, K, controlling 
the di f ferences among the 60 inbred lines 
as measured by the additive genetical component 

ta] , and its linear sensitivity fct• 

K for 19 8 1 

7 

3 

1982 

8 

6 
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l' . . ,xrcr1r.1cnt 5; 

The 10 inb red lines are a stratified sample of the 60 

lines, described in e=<perir:1ent 4. G<motypes in this study, 

thE.:refore, are treated as a fixed eff ect together with the 

e nvironments in the anul ysis of vuriance and the regressions 

hove been made a 0ainst the dependent environmental componect 

ej. 'l'he sixteen combinations of nitrogen , phosphorous and 

potassium are treated separntely in the absence and presence 

of calcium because of the l a rge and obvious difference 

beb\leen these two sets. '.t'he mean of each of the 10 in:;) rcd 

lines over different two sets of environments are shown in 

table 43. This experimen t was repeated in two conjugative 

years in 1981 and 19820 A considerable range of variation 

\·:a s obtained bettve1,m the two. sets of er,vironmen ts. 

'l'he analysis of variance has been carried out for the 

10 inbred lines in each o f t he t wo sets of environments, t h e 

La tter being the eight f ertiliser combinations without c.:ilcium, 

1:r,r.:, the eight combinations with colcium, r~PI<Cao l'he i te1:-: s 

for genotypes, environments, and genotype x envirom:'len ts i n 

these analysis are highly significant ( E:xpt. 4, tab l e 3G). 

Corresponding joint regression analyses have been c arried out:' 

and .the results are given in e,rperiment 4, (table 39). 

Comparison of this table shows the significancas of the regre­

ssion item s for the 10 43nd 60 inb red lines r espectively in the 

set of environmHnts. 
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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 

the two sets of environments, with calcium and 1.·Ji thout 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 o:f 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, l d l, 
and the linear regression coefficient, rd s of the 10 inb red 

lines and of the mean, m, in 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 \d th the NPK set in 

both the years. Using m as the measure of the average quality 

of the env:i.ronments within a set ( taole 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 

... 
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poorer the environments the greater the positive relationship 

between the additive gene ti cal component, [ d 1 , and the 

linear regression coefficient 
' 

rd, 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 ~t and f ct and and V G+E' 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 setso The significant rank correlations 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 
"1. i 

dl.l and f d and S l-'l" and V G+E• 
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· Table 43: Mean of each of the 10 inbred lines. 

Line 1 9 81 19 8 2 
NPK N?.iCCa NPK NPKCa 

1 59.14 58.32 57.14 59. 13 

2 69.19 64.23 66.55 69.32 

3 65023 66.55 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 

i.liean 67.31 66.90 66.63 68.27 



Table 44: ~stimates of the additive genetical 
components, [ d 1, of 10 inbred . lines. 

Line 1981 1982 
NPK l'JPKCa r,: PK 

1 8.1 7 8 058 9. 49 

2 -1.88 2.67 0.08 

3 2.08 o. 35 -2~ 60 

4 -8.50 -4. 29 -7.81 

5 -3.83 -11.33 -1.50 

6 12. 09 13.58 5. 71 

7 -11.99 -10.15 -7. 60 

8 -15.05 -12.21 -12.19 

9 17. 76 11. 64. 14.34 

10 1.16 1.11 2.07 

- 67. 31 66.90 66.63 m 
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UPKCa 

9.14 

-1.05 

-2.92 

-10009 

o. 72 

14.16 

-9.96 

-10. 88 

11.54 

-0.65 

68.27 
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Table 45: Regression co-efficient of 10 inbred lines. 

-Line 1 981 198 2 
N !?i-: HPKCa NPK r,,; pKCa 

1 1.97 1.72 1.77 1. 69" 

2 o. 73 1.36 Oo81 1.27 

3 0.64 1.22 o. 61 1.36 

4 1.19 o. 53 1.23 o. 69 

5 1.57 0.91 1. 59 0.94 

6 1.16 0.23 1.24 0.41 

7 0.82 o.67 a.so 0 .12 

8 0.67 0.64 o. 61 o. 69 

9 0.41 1.45 0.45 1.22 

10 0.84 1.27 0.89 1. 01 
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'l'able 46: Linear interaction co-efficient, 13d' for the 10 inbred lines. 

Line 1981 198 2 
NPK hPKCa NPK iJPKCa 

1 0.9 7 o. 72 0.77 o. 69 

2 -0.27 o. 36 -0.19 o. 27 

3 -0.36 o. 22 -0. 39 o.36 

4 0.19 -Oo47 0.23 -0.31 

5 0.57 -0. 09 o. 59 -0. 06 

6 Oo16 -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 o. 45 -0.55 0.22 

10 -0.16 0.27 -0.11 0.01 
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Table 47: The rank correlation over the 10 inbred lines 

between ·g--~ and /3d and v G+E, in the two environ­

mental sets, NPK and NPKCa. 

Environmental 
set 

Correlation of 

?d and s2.d NPK 

NPKCa 

VG+E: and~
2

w NPK 

NPKCa 

d.f. = degrees of freedom= 8 

0 • = Significant at i % level 

1981 1982 

•• •• o. 79 0.82 

••• o•• 
0.94 0.87 

"* .,,. 
0.83 0.81 

.. •· • 9 · 

0.89 0.86 



Fig. 4: Phenotypic regression of coleoptile 

length for 10 inbred lines aguinst 

environment (nutrition) means. 

) 
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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 Wr/V r and w'' r/W-r 

graphs were drawn for each of the five environments. 

The w /V graph prospectively provides information on 
r r 

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 r 

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 

wr axis. ·rhe distance of this point from the origin is ,¼CD-H
1

); 

D')-H
1

, when the intercept is positive, i.e. the regression 

line of unit slope moves upward to the left, intercepting w r 
axis above the point of origin, indicates partial dominance, · 

o = Hl, where the line passes through the origin, suggesting 
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the complete dominance and D ( u
1

, when the intercept is 

negative, i.e. the downward movement of the regression line 

of unit slope to the right intercepting u axis below the 
r 

point of origin, indicates overdominance. Finally, the 
I • 

relative order of the points along the regr~ssion line indi-

cates the distribution of dominant and recessive genes among 

the parents; the points nearest the origin indicate that the 

pnrents contain most of the dominant genes and the points 

furthest from the origin suggest that the parents consist of 

an excess of recessive genes. 

'rhe completely recessive parents correspond to points at 

the upper end of the regression line where they cut the limi­

ting paraool a, 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 tH1 = 0), all 

the array points cluster at single points P~D, ¼D ). 

The w• rv graph differs from the w /V in that it is r r r r 

more obviously affected by asymmetry of gene distribution and 

thi 5 i 5 indicated whether the genes are correlated or not. 

1.:Ji th gene symmetry the regression of w' r/Wr is a straight line 

of a slope of +O. s. When gene asymmetry occurs, parents with 

common genotypes will fell above the line of +O. s, parents with 

different or relatively rare genotypes will~ f~ll below it. 
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The Wr/Vr graph for the five different temperature 

environment such as 20° 2s0 30° · 35° and 40°c are given in 
' ' ' ' 

figures 5 and 6 which al so 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 epistasis, although other causes such as correlated gene 

distributions cannot be excluded, the significance of diffe­

rences in b in each environment was tested by using the t 

value of (1-b}~ with n-2 degrees of freedom. 

Thew /V graphs for the pooled data from all environ-
r r 

ments is shown in. figures. All the array points are within 

the limiting parabola as expected. The regression of Wr on 

v was significant and significantly different from zero. The 
r 

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 
r r ' 

uniform difference were noted in all the arrays except for 

array 3 (involving parent Innia- 66). Therefore, w /V were r r 
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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~ ij points. Non allelic gene interaction other than 
r r 

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' on V 
r r 

were significant for both the 10-parent and 9-parent diallel. 

They were o.524 ! 0.52 for 10-parent and 0.449! 0.021 for 

9-parent diallel respectively. The values approached more 

to the theoretical value ( +O. 5) and the regression line for 

10-parent and 9-parent diallel indicates over all partial 
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dominance. o· t · 15 ri~ution of array points were more or less 

same in both 10-parent and 9-parent diallel. 

The Wr/V r graphs for all the environments ( 20°, 25°, 30°, 

3 s
0 

and 40°c) are ' snown in figure 5 and 6. All the array 

points are within the limiting parabola as expected. The 

regression coefficients obtained for environment 20°, 25° and 

40°c were significant and significantly different from zero 

and not from unity, whereas those for environment 30° and 35°c 

were significantly different from zero and from 1 also. The 

regression lines drawn 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 data. 

w• / W graphs gave similar information as those obtained 
r r 

from W v· graphs. In this analysis al so some deviation from 
r r 

expectation was noted. 

Hayrnan's analysis of variance: 

Hayman• s analysis of variance of diallel table for the 

1 O-paren ts and 9-parents are shown in table 48 and 49. 

11able 48 indicates the presence of significant additive and 

dominance components in all the environments. The reci p r o cnl 

effects, c and d were found significant in some environments. 

The item replication was non-significant in both the 1 0-

parents and 9-parents diallel in all the environments. 
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Analysis includ" l ing al the environments for 10-parents 

a nd 9-parents diallel is shown in table 49. The main items 

a a nd b were significant when tested against pooled error, 

( VR~ .. , . 2 
, against interaction with the replicate error (VR) 

tested against d or Exd (VR3 ), and teste·d against respective 

interaction with the environments (vR4 ). This indicates that 

additive and dominance variation are present in thesi diallel, 

a significant part of which is independent of environmental 

and reciprocal effects. 

All the three b items viz. b 1 , b 2 and b 3 were also 

4 
significant in all the four variance ratios, except VR for b 1 

and b 2 of 10-parent diallel, whereas, VR4 for b 1 of 9-parent 

diallel were non significant. The items c and d were 

non significant~as -there · were no reciprocal differences in 

these diallel except for VR2 for c in 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 10-parent and 9-parent diallel. The Exa and 

Exb items were significant in 10-parent and 9-parent diallel 

which indicated that the gene effects in one environment was 

different from that of the other. The i tern Exb 
1' 

Exb 
2 

and 

Exb were also significant in both the 10-parent and 9-parent 
3 

diallel. In 10-parent diallel the item Exe and Exd were highly 
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significant against pooled error (VR1 ) and against interaction 

wi th the replicate (VR2 ) at 5% and 1% level respectively, 

whereas in 9-parent diallel their item was non si gnificant. 

Components of variation. 

The estimates of components of variation and their ratios 

for 1O-parent and 9-parent diallel showing coleoptile length 

in five different environments are given in table so. The 

overall statistics, representing additive (D) and dominence 

(H1 ) effects of genes, were highly significant for IO-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 (H1 /D) 2 

were lesser than one for both the sets of diallels. The 

overall values of the ratio H2/4H1 for 1O-parent and 9-parent 

diallel were greater than its maximum value O.25, indicating 

the s~mmetrical distribution of genes. An excess of recessive 

genes in 1O-parent and dominant genes in 9-parent diallel was 

noted by the negative and positive value of F respectively. 
1 

The ratio \2F/ 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 t· i d es imates of D and H
1 

were obta ne 

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 analysi· s of variance of diallel tables (table 48 and 49). 

The degrees of dominance ranged from partial dominance in 

three environments at 30°, 35° and 40°c to slight overdominance 

in two environments at 20° and 2s0 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 2s0 c for 9-parent indicated asymmetry of genes \vith 

positive and negative effects at loci showing dominance and 

the value of o.32 at 20°c and 0.47 at 35°c and 0.28 at 40°c 

for l 0-parent whereas, o. 35 at 30°c and o. 51 at 35°c and o. 43 

at 40°c respectively which were greater than 0.25 indicated 

the symmetrical distribution of genes. 
2 1'he ratio h /H 2, which 

provides an estimate of the number of effective factors which 

exhibit dominance, ranged from 1. 41 at 25°c to 11.33 at 30°c 

0 0 
£or 10-parent whereas 1.32 at 25 C to 3.21 at 40 C for 9-parent 

diallel. The ratio ½Fl (EO\-H2 )} ½ 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 10-parent and 



1 71·.· 

9-parent diallels which range from 21.54 to 90.89 and 72.0 to 

90.67 respectively. 

In order to obtain some indication of the variation in 

the dominance components in different environmental conditions, 

an analysis of variance of w + v values was carried out 
r r 

using data from all environments from 10-parent and 9-parent 

diallel (table 51). The environment (S), 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 10-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 diallel and tested for significance 

••t (table 52). The b value for the additive component (b = 7. 81J 

••• 
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 Cb= 0.61) for 10-parent, 

••• 
whereas it was highly signi fie ant Cb =-8. 09 ) for 9-paren t 

diallel. 
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The regression analysis for I O-parent and 9-parent 

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 IO-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 IO-parent and 

9-parent diallel, which indicates that the relationship 

between the environmental means and the expression of l>oth 

additive and dominance components is not simple and straight­

forward. 
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Table 48 : Hayman' s analysis of variance of diallel table. 

Item d. f. 20°c 25°c 30°C 

10-Earent diallel 

9 ••• ••• ••• a 763.14 497.19 1023. 55 
b 45 ••• • •• ••• 40.18 22.38 16.52 

bl 1 
Cl.$ Cl•• ••• 61. 22 89.34 76.44 

b2 9 ••• ••• • •• 21.55 17. 64 9.33 

b3 35 ••• ••• • •• 44. 37 21. 69 16. 66 

C 9 1.39 
• e · . 

2. 76 2.11 
d 36 0.39 

• I). 

2.14 1.66 

Replicates 3 0.23 1.94 2.22 

Error 297 1.19 1.14 3.76 

9-parent diallel 

• • • • • • ••• a 8 693. 24 871. 55 1476.33 
• • •• ••• ••• 

b 36 30.34 25.92 31.65 
••• • •• ••• 

bl 1 41. 29 56. 73 40.44 
••• •-• . ••• 

b2 8 26.11 16. 29 27. 72 
••• ••• •o• 

b3 27 31.19 27. 64 32. 49 

C 8 1.os 0.94 0.14 . "'. 
d 28 0.95 1.14 1. 39 

Replicates 3 1.05 1.22 o. 87 

Error 240 2.32 3.67 1.19 

••Significant at 1 % level. 

•••significant at 0.1% level. 

35°c 40°C 

• •• • •• 1976. 05 897. 63 
• •• GI c, • 

28.79 25.68 
eoe ••• 55.23 80.76 
••• • •• 

15. 76 9.32 
••• • •• 31.45 28 .32 

2.32 1.04 

1.23 1.19 

1.04 0.97 

4. 45 2. 39 

••• Cl•• 
1461.11 984.19 

eee 
34.27 

.... 
40.16 

ooe C, •• 

71. 67 61.55 
,ca I) • o•• 

31. 42 12.06 -~· 33.73 • •• 47. 69 

2.23 2.76 

1.67 1.84 
o. 29 0.8B 

4. 44 3.22 



174 

Table 49: Polled analysis over five environments. 

Item d. f. m. s. VR1 
VR2 VR

3 VR4 

10-parent diallel 

a 9 1063. 39 ••• ••• ••• ••• 
410. 57 830.77 444.93 9.46 

b 45 33.12 ••• ••• • 0 • .,.,, 
12. 79 25.87 13.85 2.02 

bl 1 88.06 ••• 34.00 ••• 68. 79 • •• 36.84 3.19 

b2 "'·· • • • • ••• 9 12. 31 4.75 9. 61 5.15 1.47 

b3 
••• * (l $ ••111 ., .. 

35 36.93 14.26 28.85 15.45 2.04 

C 9 4.32 1.67 • 3.37 1.81 1.56 

d 36 2.39 1.87 

Environ- ••• ••• ••• 
ment (E) 4 79. 66 30.76 62.23 20.32 

••• ••• O*Q 

Exa 36 112.32 43.37 87. 75 28.65 
••• 0 "' • (I Q • 

Exb 180 16. 37 6.32 12. 78 4.18 ,, .. ••• 000 

Exb 4 27.62 10.66 21. 58 7.04 
1 

••• ••• • • • 
Exb 2 

36 8.39 3.24 6.55 2.14 

••• ••• • •• 
Exb 140 18.11 6.99 14.15 4.62 

3 
••• • 

Exe 36 2. 76 1.06 2.16 
C. 0 0 •• 

Exd 144 3.92 1. 51 3.06 

Reps. in E 15 1.28 

Polled error 1485 ~- 59 

contd. 
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'l'uble 49 (contd.) 

Item d. f. rn. s. VR1 
VR2 VR3 

VR
4 

9-2arent diallel 

a 8 923. 79 ••• ••• • •• ••• 311.04 1074.17 468. 93 42. 47 
b 36 23.44 ••• ••• ••• ••• 7. 89 27. 25 11.89 2.98 

b 1 74.90 ••• • •• • •• 1 25.22 87. 09 38.02 Soll 
b2 8 32.26 ••• ••• Iii •• 0 ... 

10.86 37. 51 16. 37 3. 43 
b3 27 22.63 ••• ••• ••• . ... 

7.62 26.31 11.48 3. 41 
C 8 0. 74 
d 28 • ••• 1.97 2. 29 1.49 
Environ-
ment(E) 4 ••• • • •• • •• 64. 07 21. 57 74.50 32.52 

Exa 32 21. 75 ••• 7. 32 ••• • •• 25. 29 16. 48 
••• ••• • •• Exb 144 7. 85 2.64 9.13 s. 9 5 
••• ••• • •• Exb 4 14. 66 4.94 17. 05 11.11 1 . ., . • <lo . 0(:$ 

Exb 32 9.39 3.16 11.15 7. 26 2 ••• ••• • •• Exb3 108 6., 64 2. 23 7. 72 5.03 

Exe 32 1.11 1.29 

Exd 112 1.32 1.53 

Reps. in E . 15 0.86 

Polled Error 1200 2.97 

•,••,!~ ~Significant at 5%, 1 % and 0.1% level respectively. 

VR
1

• Item tested against polled error 

VR2 • Item tested against interaction with the 
replicate error 

VR
3 

• Item tested against d or Exd 

VR
4

• Item tested against respective interaction 
with the environment. 
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Tuble 50 : Estimates of the components of genetic 
Variation in the five environments. 

Components 20°c 25°C 30°c 35°c 40°c 

10-eurent diallel 
D 78.67 49.36 287.77 216.94 311.05 

+ 3.96 +2. 76 +2.82 +3. 43 +3.65 - - - -
Hl 82.34 91.67 42.55 33.67 60.64 

+ 8. 76 +6.11 +6.23 +7. 59 +8.08 - - - -
H 104.15 81.32 40.67 64.09 69 .. 15 2 

+ 7.16 +4.99 +5.09 +6.21 +6. 61 - - -
h2 206. 29 114. 76 460.94 139. 81 237. 79 

+ 4. 79 +3.34 +3.41 +4.15 +4.43 - - -
p 41 .. 67 6 .. 92 11.44 -20.33 -61. 63 

+ 9.14 +6. 37 +6.50 +7.91 +8.43 - - - -
E 1.19 1.14 3.76 4.45 2. 39 

+ 1.19 +0.83 +0.85 +l. 03 +1.10 - -.. '.l 

(Hl /D )'2 1.02 1.36 0.38 o.39 0.44 

H
2
/4H

1 
0.32 0.22 0.24 0.47 0.28 

h2/ H2 1.98 1. 41 11.33 2.18 3. 44 . 

!zF/"f?( H1-H2 >J ½ -0.50 0.15 0.25 0.12 0.59 

Heritability 
( B) 96. 58 97. 62 97. 45 96. 40 98.81 

Heritability . 
55.14 90.89 83.47 90.24 (N) 21.54 

Contd. 
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uverall 

188.96 
+3.32 -
62026 
+7.35 -
76. 07 
+60 01 

231.05 
+4.02 -

-16. 79 
+7. 67 -
4.94 

+l. 00 -
0.57 

o.3o 

3.04 

0.16 

95.88 

80.02 
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Table . 50 (contd. ) 

Components 

D 

H 
1 

F 

1., 
(Hl/D ) '2 

H
2

/4H
1 

h2/H2 
1 

12P / [ D ( H
1 
-H 2 )}'2 

Heritability( B ) 

Heritability (N) 

Overall 

9-paront diallel 
114.16 105.32 187.55 224.55 317.94 212.97 

,:3.96 +2. 76 

, 19 7o 32 119. 62 
+B. 76 +6.11 

81.94 
+7.16 

31. 29 
+9.14 

2.32 
+l.19 . 

1.31 

0.10 

1.45 

0 •. 14 

98. 09 

81. 29 

67. 32 
+4 .. 99 -
89. 23 
+3.34 -
24. 77 
+6.37 

· 3. 67 
+0.83 -
1.06 

0.14 

1.32 

0.11 

95. 77 

76.42 

+2.82 +3.43 +3.65 - -
81.76 
+6.23 

114. 62 
+5. 09 

32.66 29.81 
+ 7. 59 +8. 08 

67. 29 
+6.21 

51.14 
+6.61 -

+3. 32 

44.19 
+7. 35 

56. 27 
+G.01 -

215.66 191.74 164032 156005 
+3.41 +4.15 +4.43 +4.02 -
. 1.19 -2.32 -14. 76 150 74 
+6.50 ~~91 +8.43 +7.67 

1.19 
·+O. 85 -

o.66 

· o. 35 

-0.0076 

98.88 

12.00 

4.44 
+l. 03 -
0.38 

0.51 

2.85 

0.01 

96. 21 

81.88 

3.22 
+1.10 

o.31 

0.43 

3.21 

0.09 

98.12 

90.67 

o. 45 

0.32 

2.77 

-0.15 

95. 42 

82.83 
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Table 51· nn 1 · 
• a a ys1.s of variance for t'i + V for the ten 

and nine arrays in the fiv~ envfronments. 

Source ss d. f. m. s. VR 

10-parent diallel 

Environments (E) 37468.60 4 9367.15 
. ") . 

88.25 
Aggays (A) ••• 29678 9 3297.62 31.07 

••• 'AxE 41124. 9 6 36 1142.36 10. 76 

Reps. in E 1099. 35 15 73. 29 

Error 13267.50 125 106.14 

9-parent diallel 

Environment (E) 30921.63 4 7730. 41 
ca ,;, • 

88.65 

Arrays (A) 32416. 07 8 4052.01 • •• 46.47 

AxE 41163. 04 32 
.... 

1286.34 14. 75 

Reps. in E 997. 69 15 66.51 

Error 10464.44 120 87. 20 

••• Significant at 0.1% level. 



1'able 52:, Analysis of response of additive (D) and 

dominance (H1 ) components of genetic variation 

to changes over five environments. 

(a) Regression and correlation coefficients between 
components of genetic variation and the 
environment means. 

y b r 

IO-parent diallel 

Additive (D) 

Dominance (H
1

) 

Additive (D) 

Dominance (H1 ) 

••• 7.81 

-0. 61 

9-parent diallel 

••• 9.99 

••• -8. 09 

(b) Regression analysis. 

Item d. f. Additive (D) 

10-Earent diallel 

••• 
Regression 1 1 789. 62 

$$. 

Remainder 3 396. 55 

srror " 1485 2. 59 

9-2arent diallel 

••• 
Regression 1 2114.09 

Remainder 3 ••• 469.15 

Error 1200 2.97 

•••significant at 0.1% level. 

0.44 

0.16 

o. 77 

o. 78 

Dominance (Hl) 

.. •· 
2464. 76 .... •·· 
1463.75 

2. 59 

••• 1669. 73 

••• 921.14 

2.9 7 

179 
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Fig. 5: The w /V and W' / W graphs for the five r r r r 
environments and pooled data in 10-parent 

diallel cross. 

1. Sonora- 64 

2. Mexipak- 65 

3. Innia- 66 

4. Norteno- 67 

5. Sonalika 

6. Tanori- 71 

7. Jupatica- 70 

8. Penkty 

9. Dirk 

10. Kazoli 

r 
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l:"'ig. 6: The w /V and w• /W graphs for the five r r r r 
environments and pooled data (after excluding 

array 3 involving parent Innia- 66) in 

9-parent diallel cross. 

1. Sonora- 64 

2. Mexipak- 65 

3. Norteno- 67 

4. Sonalika 

s. Tanori- 71 

6. Jupatica- 70 

7. Penkty 

8. Dirk 

9. Kazoli 
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Fig. 7: Regression of the additive and dominance 

components on environmental means. 
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Sxperiment 7: 

The character coleoptile length which was studied showed 

continuous variation, 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 consta11t C)ase 

population mean); d and h estimate the algebric sum of 

additive a n d dominance effects respectively. The values of m, 

d and h calculated in terms of 3-parameter model are sho\m 

in table 53. Then ~ 2 tast was done to test the goodness of 

£it of the observed generution means with that of expected 

generation means based on the 3-parameter estimate. The 

6-oarameter estimate of the epistatic model is shown in table 54 • • 

'I'he 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 form, d, and h in terms of the 

3-parameter model using weighted least square technique for all 

2 the crosses are given in table 53. Chi-square ( _j ) , values 
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were significant in most of the crosses except the cross 4 

where it was non-significant. Si9nificant ... J 2 values 

suggested the presence of epistasis. The estimate of mean 

effect Cm) was highly significant in all the crosses and was 

higher in magnitude than those of d and h effects. ~,e 

additive gene effect (d) was significant for all the crosses. 

'l'he 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 extcn t by effects not attributable to 

the additive and dominance action of the genes in those cases 

2 where y values were significant. 

As thef' 
2 

(df.5) estimates under the 3-parameter model 

were significant, the data were analysed in terms of 6-parameter 

model to separate the epistatic gene effect from the m, d and . 

h. The weighted least square estimates for m, d, h, i, j and 

l in terms of 6-parameter model were calculated and the results 
2 

are shown in table 54. The~ (df. 2 ) was significant in 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 the se 

crosses. 2 
In those crosses where:J. values were non-si gni f icant 
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the 6-parameters model was adequate and the estimates of d 

and h . and interaction items were interpretable. 

The estimates of mean effect Cm>' was highly si~mificant 

in all the crosses and usually greater in magnitude compared 

to the other estimates. 'l'he estimate of additive gene effect 

Cd) was .significant in all the crosses except in cross 8. The 

values of d was larger in magnitude than h in most of the 

crosses. Significant positive effect of h was observed in 

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

1otal epistatic effects varied in different crosses and 

were less than the mean effects (m). The estimate of additive 

x additive Ci), was positive and significant in crosses 5 and 

7o Significant negative values were ob served in cross 2. 

Additive x dominance (j) e f fect was significant in crosses 5 9 6 

and 8 only. Dominance x dominance Cl) type of gene action was 

significunt and negative in cross 4 only. 

Components of variation: 

The unweighted least square estimates of components of 

vnriation (D, H, E1 and E2 ) were measured both under inclusive 

and exclusive analysis and they are shown in table 55. Dre­

presents the additive variation, H represents the dominance 

variation,- E1 and E2 represent environmental variation. 



Inclusive analysis: The estimate of D were positive 

and significant in all the crosses. The magnitude of D was 

greater than Hin 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. 1'he estimates of 

E1 were positive and significant in all the eight crosses. 

E1 estimates were smaller than those of D and H in all the 

crosses. The magnitude of E 2 was always less than that of 

E1 • 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
1 

and E
2 

except in a 

few crosses where some differences were observed. 

Heritability! 

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 

(HB ) was 9 3. 81 % in the cross 8 and the lowest was 76. 43% in the 

cross 2. n road sense heritability was also high under exclu­

sive analysis and ranged from 68.58% to 87.24% respectively in 

the crosses 2 and s. 

The highest narrow sense heritability ( HN ) was 68.99% and 

68.33% respectively for inclusive and exclusive analysis in the 

cross 6. The lowest HN was 34. 84% in the cross 2 under inclu­

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 heritability as obtained from components 

of variation. Therefore, it indicates that a major part of 

the heritable variation was additive in nature. 

P9tence and Dominance Ratio: 

The degree of dominance h
1

, h
2

, h 3 and h
4 

as it is 

mea.sur:ed by potence ratio method in the F
1

, . F
2

, F3 and F4 

generations respectively is shown in table 57. 

The potence ratio obtained for F1 , F 2 generations was 

less than one in most of t:1e crosses except in crosses 5 and 

6 where it was more t han o ne . But the h 3 was greater than one 

in the crosses 1, 2 and 3 whereas, h 4 was greater than one in 

the crosses 1, 2, s, 6, 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, h 1 , h 2 , h 3 and h 4 ratios were positive. 

In cross 1 the h
1

, h
2 

and h 3 were positive and h 4 was negative 

and in cross 7, h
1 

was positive and h 2 , h 3 and h 4 were neg<1tive. 

In cross 8, h
1 

and 11 2 was negative and h 3 and h 4 was positive. 

1 

Degree of dominance as measured by {li /D) "2 from the esti-

mates of both inclusive a::-1d exclusive analysis is al so sh own 

in tab l e 57. In the cro s ses 1,2,6 and 7 dominaLJce ratio .under 

both inclusive and exclu sive analysis was less than o n e , 
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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 numb er of effective factors were calculated in four 

different ways and they are shown in table 58 . 

The number of effective factors calculated as n 1 Ccastle 

and Wright, 1921) was less than one in the crosses 4,5,6 a n d 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 2 ( Burton, 

1951) also gave similar information as obtained from n 1 esti­

mation. Highest and lowest n 2 values of 2.68 to 0.74 were 

ob tained in cross 1 and 4 respectively. 

The estimates of K1 (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.so, 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 1<2 estimate of Mather (1949) was high in all t h e 

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 

(H1 ), additive gene effect (d), dominance gene effect (h), 

additive x additive effect Ci), 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 59). 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, s, 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 CH) components and d, h, i, j, and 1 effects with 
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the environments were highly significant. This analysis 

confirmed that a significant portion of the additive x envi­

ronment interactions was accounted 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 

environmental means and the expression of both additive and 

dominance components and d, h, i, j and l effects is not simple 

and straightforward~ 



Cross 

Cross 

Cross 

Cross 

Cross 

Cross 

Cross 

Cross 

Cross 

Table 53: Estimate of m, d and h based 
on 3-parameter model. 

No. m d h 

l 64.55+3.96 - 10. 69 +4. 67 8. 43+8. 29 

2 65.07+1.07 11.85+1.26 -0.48+2.24 - -
3 66. 79+2. 09 14. 25+2. 47 -3.19 +4. 38 - - -
4 65.61+0.53 9.38+0.63 -3. 31 +1.12 

5 68. 81 +1. 21 9.29+1.43 14.20+2.53 - -
6 68.08 +1.88 + 9.68-2.22 20. 36+3. 94 

7 6G. 49 +l. 59 15. 73+1. 88 0.80+3.34 

8 67.06+3.46 4.40+4.08 -6. 32+7. 24 

••••• 
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_)(2 

••• 273.66 

19.95 •• 

••• 76. 41 

5.06 

••• 25.59 

61.97 ••• 

••• 4 4. 41 

•••• 208.58 

(d.f. 5) 

' ·. Significant at 1 % and 0.1 % level respectively. 
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No. 

Cross 1 

Cross 2 

Cross 3 

Cross 4 

Cross 5 

Cross 6 

Cross 7 

Cross 8 
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Table 54: Estimate of m, d, hand the three types 
of gene interaction (i,j and 1) based on 
6-pararneter mo~el of different crosses. 

m d h i j l p2 

68. 59+ 13.84+ . "'. -14.73+ -2. 78+ -31.44+ 22.58+ 288.34 
14. 61- 8.49- 53.99- 16.02- 3 7. 96- 47.39-

68073+ 11.54+ - 8 . 71 + -5. 33 + 3.07+ 4.18 + 1.21 
0.94- o.ss- 3. 49- 1.03- 2. 45- 3.or 

• •• 69. 31+ 14.54+ -12.04+ -2.95+ -2.93+ 6.95 + 8 6.82 
8 .01- 4.65- 29.62- s. 79- 20.83- 26. 01-

64.30+ 9.01+ 3.67+ 1.02+ 3. 75+ -6. 6 5+ 0.86 
o. 79- o. 46- 2.95- 0.87- 2.01- 2. 59-

66.34+ 8.56+ 16. 38 + 4.31+ 7.27+ 1.44 + 2.10 
1. 41- 0.02- 5.22- 1.ss- 3.67- 4.58-

• • 66. 61 + 7. 61+ 20.74+ 2. 79+ 20.70+ 2.05+ 1 0 .33 
2. 76- 1. 61- 10.22- 3.03- 7.18- 8.97-

63.65+ 14. 74+ 1. 59 + 5.34+ 9. 8 7+ 3.85+ 3. 21 
1. 54- 0.89- 5.69- 1. 69- 4. 01- s.oo-

70.04+ 3.31+ -12.28+ -4.50+ -44.11 + 2.46 + 
"' .. 

7 6.42 
7.52- 4. 37- 27. 79- a.2s- 19. 5 4- 2 4.39-

(d. f • 2) 

•• ••• ' Significant at 1 % a n d 0.1 % level respectively. 
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Table 55:• Least square estimates of the components of 
variation (D, H, E and E) of different 
crosses (1st and 2~d valu~s of a pair corres­
pond to the inclusive and exclusive estimates 
respectively). 

Cross No. D H E E2 l 

Cross 1 75.29+6.83 6 7. 79 + 2 2. 8 4 10. 25+3. 93 5.04-1-3.57 -
77. 79+6.98 45.40+26.35 15.49+5.11 8. 41 +4.19 -

Cross 2 45. 81+4. 77 41. 42+15. 96 9.87+2. 75 1. 06-1-2049 - - -
47. 56+0. 71 24. 58+2. 66 13. 71 +O. 52 1.02+0.42 - -

Cross 3 46. 07+5. 68 9 5. 99 +18o 99 7.92+3.27 -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.ll -

89. 56+3. 78 12 7. 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 o. 61 +3.14 -

89. 27+4.12 36.16+15. 56 15. 27+3. 02 -0.66+2.47 - - - -
Cross 8 87.57+13. 77 133.63+46.04 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 (1st and 2nd values of a 

No. HB 

pair correspond to the estimates from inclusive 
and e~clusive estimate of components of 
variation) 

Broad Sense Heritability = HB, and 

Narrow Sense Heritability= HN. 

Parent-offspring Regression= P/0 

HN W1F2/F3 Wl F 3/F 4 w2F3/F4 

Cross 1 84.19 58.05 71.12 61.32 35.56 
76.43 59.16 

Cross 2 76. 43 34084 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 
81.10 54.61 

Cross 5 92.93 49.96 71.44 55.33 35. 72 
87. 24 50.90 

Cross 6 78. 78 68.99 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 
(h1 ,h2 ,h3 a~d h 4 ) method as well as dominance 

ratio (H/D)~ method of different crosses. 

hl h2 
{Il/O~½ 

h3 h4 Inclusive 1.:;xclusive 

l o. 73 0.55 2.12 -3.68 0.95 o. 76 

2 0.06 0.47 1.25 2. 57 0.95 o. 72 

3 -0. 77 -0.87 -1.18 -0.26 1.44 lo27 

4 -0.45 -0.12 -0.56 -0.16 1.14 0.98 

5 1.56 1.28 -0.27 -2.46 1.31 1.19 

6 2.65 1.83 o. 49 1.88 o.53 o. 70 

7 0.02 -0.65 .;.0.,97 -2.91 o. 79 0.63 

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
1

); Burton, 1951 

Cn 2 ) and Mather, 1949 (k
1 

), (k
2

) for 

different crosses. 

Cross No. nl n2 kl 

Cross 1 2.11 2.68 2.46 

Cross 2 2.02 2o 01 2.80 

Cro ss 3 1.86 2.42 3. 77 

Cross 4 o. 67 o.74 1.03 

Cross 5 0.47 1.os 0.82 

Cross 6 o.31 1. 39 o. 41 

Cross 7 2.03 2.03 2.43 

Cross 8 0.56 0.66 0.81 

•Estimated from the exclusive estimate of 
components of variation. 

k2 

4.22 

6.93 

s.12 

3.27 

4.81 

5.99 

7.82 

6. 75 



Table 59: Analysis of response of additive (D) and dominance (I-11 ) components of 

gene~evariation to changes over five encironments. Estimated from 

the exclusive estimate of components of variation. 

Item d. f. Cross 1 cross 2 Cross 3 Cross 4 Cross 5 Cross 6 Cross 7 

D -
••• ••• • • • ••• • •• ••• • •• Regression l 1064. 31 21 76. 05 3164000 1622.10 -44 -~-2 .. 70 3076. 41 1922.66 
••• • •• ·~· • •• ••• ••• • •• Remainder 3 219. 22 493.11 6 72. 09 917.14 604.09 832.32 411. 76 

Error 55 14. 76 17.11 9.34 21.15 17. 03 62.64 55.83 

1\ 
••• ••• c: •• e • •• ••• • 111 0 ••• Regression 1 4003.16 29 76. 05 2073.09 3041. 71 1830. 70 1416 . 72 3461.06 
••• ••• ••• • •• 0 "' . ••• • •• Remainder 3 917.14 19 3.11 223.06 1609. 22 421.55 402. 1 7 882.15 

Error 55 14. 76 17oll 9.34 21.15 17.03 62.64 55.83 

Additive gene effect (d) 
••• • •• • c,. • 1, . • •• • •• • •• Regression 1 1472.31 1062.64 9 46.44 874.32 . 2219.55 1 764. 62 141 7. 55 
,.. .. • •• • •• ••• • •• • •• • 0. 

Remainder 3 644. 88 39 2. 81 114. 1 7 227.64 792.9 5 614.56 444022 

E;rror 55 14. 76 1 7.11 9.34 21.15 17.03 62.64 55.63 

Dominance gene effect (h) . •·• ••• • •• • • • ~ .. ••• • •• Regression 1 932.14 1674.50 1493. 32 1162.74 3176.15 1776. 23 2145. 37 
••• • •• • •• • •• • •• ••• • •• Remainder 3 127.55 227. 41 466.23 402.11 39 4. 54 729. 93 691. 66 

Error 55 14. 76 17.11 9.34 21.15 1 7. 03 62.64 55.63 

(contd.) 

Cross 8 

• •• 2367.74 . . •· 
662.19 

49. 84 

••• 1996.55 
.· .. 

288.96 

49.84 

• •• 1926. 74 
• •• 661.55 

49.84 

• •• 229 6.14 
• • • 722.14 

49. 84 

I\.) 

0 
0 



Table 59 (contd.) 

Item d. f. Cross l Cross 2 Cross 3 Cross 4 Cross 5 

Additive x additive effect Ci) 

••• ••• ••• ••• • !II • . 

Regression 1 669. 31 49 7. 74 2114. 76 1471. 55 2116. 15 
•• •• • •• • • • . ., . 

Remainder 3 81.95 104.22 664.15 481.22 823.64 

Error 55 14.76 1 7.11 9.34 21.15 17.03 

Additive x dominance effect Cj) 
••• ••• $0• ••• . "•·· Regression 1 1764. 66 19 22. 41 907.06 1904.05 18G6.55 
••• ••• " ., . • •• • ,)I • 

Remainder 3 214.19 446. 69 221.44 416. 73 922.33 

Error 55 14.76 1 7.11 9.34 21.15 17.03 

Dominance x do~inance effect (1) 

••• • •• • e• . . " ••• Regression l 2214. 64 1074.22 1934.22 2237.64 2916. 44 
••• • •• • •• ••• • •• Remainder 3 417. 32 662.22 119.14 1032.22 1644.19 

Error 55 14. 76 17.11 9.34 21.05 17. 03 

•,••,•••significant at 5%, 1% and 0
0

1 % level respectively. 

Cross 6 Cross 7 

••• ••• 1194. 32 1640. 59 
••• " . . 

416. 55 662.22 

62.64 55.63 

• •• ••• 1422.18 923.14 
•o• • •• 664 .. 17 404.89 

62.64 55.63 

• •• • •• 2114.92 1532.16 
• •• •• 922 .. 24 723.60 

62.64 95. 63 

Cross 8 

• •• 1172.32 
• •• 714.14 

49. 84 

• • • 1644.62 
• • 29 3. 36 

49. 84 

••• 1934. 76 
• •• 49 3. 22 

49.84 

I\) 
0 
1-J 



Table 60: Regression analysis. 

Cross 1 Cross 2 Cross 3 Cross 4 Cross 5 Cross 

bD •• . "' . •• • • • •• 4. 29 7. 64 6.12 4.34 9.26 140 22 

"'. ••• • •• •• 
bH -6. 22• 2.14 -11.15 4.15 -7. 62 -8.30 

1 
• 0 "' • • • • •• "'* bi 1.19 1.27 2,. 36 4.11 -6.14 -4.94 

• • I) •• • •• •• b. 2.26 -2.81 -3.93 -6. 61 -2.46 4.22 
J 

••• • • • •• •• • • 
bl 9.66 4.12 -3.36 4.22 -3. 69 4.66 

• •• ••• 
' ' Significant at 5%, 1% and 0.1% level respectively • 

6 Cross 

••• 6.92 

• 2.22 

"' . 
3.22 

• •• 3. 29 

•• 3.11 

7 Cross 8 

• • 1.22 

••• -9.14 

•• -4.44 

• 3.1 7 

• •• 5.17 

I\.) 

0 
I\.) 
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Experiment 8: 

The six parental genotypes and their F
2

, F
3 

and F
4 

gene­

ration of six crosses were examined the transmission of k:nown 

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, F2 , 

F
3 

and F
4 

generations were homogeneous. Therefore, no trans­

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

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

of the analysis. 



{b) Additive environmental components 
of variation Ce.)' 

J 0 
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An estimate of the additive environmental component of 

variation ( ej) was obtained separately for each of the parental, 

F 2 , F3 and F 4 generations as the mean of the generation in 

each environment. The environmental values of e. of different 
J 

generations in all the three years are shown in table 62. The 

ej values obtained from F 2 , F
3 

and F
4 

generations were very 

similar to that of e. values obtained from parental generations. 
J 

The correlation between e. values of parental oenerations \-Ji th J J 

that of F 2 , F3 and F4 generations were respectively 00958, 

00946 and 0.965 in 1980, 0.981, 0.993 and 0.991 in 1981 and 

0.986, 0.989 and 00991 in 1982 respectively which are highly 

significant. It indicated that thee. values of different 
J 

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 (d1 ), 

linear regression (bi), linear interaction coefficients ( p1 > 

and deviations from linear slopes s2
d over different environ­

men ts 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-
i 

derable range of variation among the parental lines. The two 

stab ility parameters b. and s2d were also different in dif£erent 
J. 

genotypes. Highest coleopti'le length was noted in Penkty 

(820 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 

1981 and 1982. 

-2 The correlation between mean and b., mean and s d and 
J. 

bi and s2
d in each of the three years were -0.0015, 0.0029 and 

-00081 in 1980 and -0.012, -0.119 and -0.028 in 1981 and 0 0 003, 

0.076 and Oo154 in 1982 respectively. These non-significant 

correlations indicate that the three aspects {mean, response 

an d stab ility) of a phenotype in respect of coleoptile length 

are independent of each other and under different gene control. 

The analysis of variance and joint regressiop analysis 

are shown in t able 64. The i tern genotypes were highly signi­

ficant in all the three years study indicating that the six 

parents used in the crosses differed significantly in col eoptile 

length 0 The item environment U. tem 2) was also highly sig­

nificant in all the three years which indicate s that t h e coleoP­

til e l ength di f f e rs in di f f e r ent environment. Th e item 3 wh ich 



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. 
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Joint regression techniques were followed to partition 

the genotype x environment interaction sum squares into 

different items in respect of grouping of the parents. For 

example, · the three parents ( Sonora- 64, Sonalika and Janak) 

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, 

Penkty and r~exipak- 65) classified as having high linear sen­

sitivities to the environmental variation al so 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 5 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 year 1980 but it was 

non-significant in 1981 and 1982. 

The actual performance of each genotype over a range of 

environments is graphical 1 y represented in figures 8 (A), 9 (A) 

and lO(A) respectively. The regression coefficients b. are 
l. 
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in effect measures of responses to increments in an improving 

environment. Since these incre~nents 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 Me.xipak- 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 

response (b = 0.67, 0.71 and 0.59 in 1980 and Oo72, 0.64 and 

Oo51 in 1981 and 0.61, Oo42 and 0.58 in 1982 respectively) well 

below the average Cb < 1. 0) and adapted to environrnen ts which 

reduced growth of coleoptile in Penkty, Mexipak- 65 and 

Jupatica- _70. Figure 8(A), 9(A) and lO(A) showed a marked 

crossing of regressing lines, a clear indication 0£ a complex 

genotype x environment interaction present in the coleoptile 

length of wheat. 

(d) The analysis of F2 data: 

Mean coleoptile length of F 2 generations of the si.x 

crosses is shown in table 65. Highest coleoptile leng th 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., b. and s2d for each of the 
l. l. 

~ix crosses in the F2 generations are shown in table 65. 

These estimates in all the three different years result have 

indicated that the difference in coleoptile length and in 

linear (b1 ) a~d non-linear (~2d) environmental sensitivities 

among the six parents consistently reflected in the properties 

of F2 generations of the six crosses. 

The correlation coefficients between mean and b., mean 
J. 

and s2
d and bi and !:2

d were Co021, -0.013 and -0.093 in 1980, 

0.003, 0.017 and -0.024 in 1981 and 0.02s, o.031 an d o.073 in 

198 2. These correlations were also non-significant as found 

in the parental generations. Therefore, the parental. rela­

tions among mean, stability and response are also maintained 

in the F
2 

generations. 

The analysis of variance and the joint regression analysis 

of the F 
2

s of the six crosses were studied and given in 

table 66 0 A highly significant ·. g 'x e interaction· eff ect 

(item 3 of table 66 ) was found which indicates that gxe 

interaction, as found in the parental generations, is also 

maintained in t h e F2 generations. Table 66 also indicates 

t h at a portion of the total genetic variation of the F2 gene­

ration is independent of the environmental condition (i t em 1 

of t able 66). Significant effect of environment {item 2 o f 

tab le 66) on the coleoptile length of the F 
2 

progenies of the 
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six crosses was indicated 0 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 

regression analysis by grouping the two crosses between a 

pair of low pc3rents (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 each 

of these three sets of two crosses there was no significant 

differences between the linear regressions (item 4, 6 _a n d 3 ) 

but there were sionificant differences between the three sets 
J . 

(item 10 of table 66). There were again significant non-linear 

component~ of the interactions within all the three sets 

· {item s, 7 and 9 of table 66). 

The actual performance of the six crosses over a rar.ge of 

environments are presented graphically in figures 8(B), 9( 3 ) 

and lO(n). A distinct parental property in respect of gxe 

interactions is reflected in the graph C figure 8 a , 9 B 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 a 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 

a pair of 'low' parents {cross 3 and 4) showed a regression 

slope less than 1. 0 ( b ( 1. 0) (b = o. 71 and o. 62 in 198 0, o. 64 

and 0.63 in 1981 and 0.71 and 0.53 in 1982 respectively in 

crosses 3 and 4) liJ<e 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, 9 3 

and l0B). 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 diff eren­

ce between genotypes will be more pronounced in good e n viron-

men ts. 

Ce) The analysis of F3 data: 

'l'he data were subjected to variance analysis and the 

genotype x environment interactions in the six crosses were 

porti tioned b y the joint regression techniques. In this 

analysis the 30F3 families of each cross were considered 

separately. In addition to ull items as measured for F
2 

gene­

rations for each o f the six crosses, we have, therefore , a 

h e terogeneity of linear regression sum square s comp aring the 
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linear components of 30 families and their remainder sum 

squares testing the non-linear components. 'rhe full analysis 

of variance and joint regression analysis are presented in 

table 68. The pattern is quite clear and consistent as those 

of parent and F2 • 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 

have been partitioned into three comparisons by the joint 

regression: analysis as done in case of r 2 generations. No 

significant differences between the linear regression behJeen 

ti1e two crosses of 'low' x 'low' parents (cross 3 and 4) and 

between 'high' x 'high' parents (cross 5 and 6) were found 

(item 17 and 19 of table 68). Significant difference betwee~ 

the linear regression of the two crosses of 'high' x 'low' 

parents (cross 1 and 2) were found (item 21 of table 68). 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 si gnificant 

differences between the linear regression of the three sets of 

Crosses J.• e 'low' x 'lo•·•' 'low•x 1 11igh' ar1d 'h1."gl"'' - 'hi"gh' ' ... , .. ' .. ~ 

( i tern 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 si gnificant differences among the 30 families 

for their linear sensitivities to the enviroriment in all the 

six crosses except in cross 4 in 1980 and crosses 4 and 5 in 

1981 : and '·1982, but the diff erences were more pronounced in 

crosses land 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 1 4 of table 68). The signi f icant 

non-linear components of t he interactions were, however, found 

in crosses 3,4, 5 and 6 in 198 0 and 2,3,4,5 and 6 in 1981 and 

198 2 (items 5,7,9,11,13 and 15 of table 68 ). 

The mean coleoptile length of F3 generations of the six 

crosses are given in table 67 o Highest coleoptile length was 

exhib ited by cross 6 and lowest by cross 4 in 1980 and by 

cross 2 in 1981 and 1982. The estimate of the components 

d. ,b and s2d for each of the six crosses are also shown in 
J. i 

tab le 67. These estimates show that the difference in cole oP-

tile length and i n linear {b1 ) and non-linear <~ 2d) environ ­

men tul sensitivities amon g the six pare nts are consist ently 

r efl ected in the prope rties of F3 pro genies of the six cross es. 

'l'he correlation coefficients between mean and bi, me an 

and ~ 2d and bi and ~
2
d of the six crosses were 0.01 7 , -0.033 

and 0.096 in 1980; 0.004, 0.004 and -0.129 in 1981 and 0.007, 

o. 03 7 and o. 056 in 198 2 re s pe ctively. All the t h r e e corr e­

lati on s we re non-si gnifi c ant as f ound in parental and F
2 
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generations. Therefore~ these non-significant relations among 

the three components, mean, stability (bi) and response (s2d) 

as found in parents and F 2 s are al so maintained in the F
3 

generations. 

The actual performances of the six crosses over a range 

of environments are represented graphically in figure 8(C), 

9(C) and lO(c). Clear parental properties in respect of gxe 

interactions is reflected in the graph as found in F
2

• The 

two crosses between 'high' and 'low' parents (cross land 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 {b(.1.0) 

{b = 0.77 and 0.61 in 1980; 0.89 and o.69 in 1981 and a.so 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 lOC) 

indicates genotype x environment interaction is very common 

in the six crosses. 
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The frequency distribution graph of linear sensitivity 

(bi) of the 30F3 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,S 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. Furthennore~ 

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
4 

data; 

The data were subjected to a variance analysis and the 

genotype x environment interaction in the six crosses were 

separated by the joint reCJression analysis. The 30F 4 families 

of each cross were considered separately in these analyses. 

In addition to al 1 the i terns as measured for F 2 and F 3 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 

variance and joint regression analysis are shown in table 70. 

The result is quite clear and consistent as those of F2 and 

F
3

• Highly significant gxe interactions were found (item 3 

of table 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 parental properties the six crosses 

have been partitioned into three comparisons by the joint 

regression analysis as done in the case of F
2 

and F
3 

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). 'l'here 

were significant non-linear components of interactions of the 

two sets, 'high' x 'high' 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 an d 14 

of table 69). Significant non-linear components of the 



interactions were, however, found in all the six crosses 

(items 5, 7, 9, 11, 13 and 15 of table 69). 
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In table 70 the mean coleoptile length of F
4 

generations 

of six crosses of three different years are given. Hi ghest 

coleoptile lengths were recorded in cross 6 which were 

71.55mm, 77.95mm and 76.29mm in 1980, 1981 and 1982 respecti­

vely whereas low~st was recorded in cross 4 (55.30mm) in 1980 

and in cross 2 (60.27mm and 52.93mm) in 1981 and 1982. The 

-2 estimate of the components d 1 , bi ands d for each of the six 

crosses is shown in table 70. These estimates show without 

doubt that the difference in coleoptile length and in linear 

(b.) and non-linear cs2d) environmental sensitivities among the 
·1. 

six parents are consistently reflected in the properties of F 4 

generation of the six crosses. 

The correlation coefficients between mean and bi, mean 

and s2d and bi and s2d of the six crosses were non-significant. 

Therefore, it was found that these non-significant relations 

among the three components, mean, stability and response are 

also maintained in F4 generations as found in parental, F2 

and F 
3 

generations. 

The actual performances of six crosses over a ran ge of 

environments are shown in figures S(D), 9(D), and lO(D) 

respectively. Distinct parental properties in respect of gxe 

interactions is reflected in the graph as found in F
2 

and F
3 
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generations. ~ 
Crosses 1 and 2 had1 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 noted. " 
Crosses 3 and 4 had a regression slope less 

than 1. 0 (b = O. 72 and o. 71 in 1980; o. 81 and o. 72 in 1981 

and 0.73 and 0.82 in 1982 respectively in crosses 3 and 4)o 

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 respectively 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 

(bi) of the 30F4 families is shown in figure 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 sen­

sitivity among the families of F4 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 61: Error m. s. of the different environments and the 
Bartlett ...J. 2- testing the homogeneity of the 
different error m. s. of each of the parents, 
F 2 , F3 and F

4 
generations grown under the 

different temperature environments. 

Environment Parent F2 F3 F4 

1980 

Control Distilled 

28°C water 4.30 13.12 6.43 7.10 

20°c High pH 3.97 9.83 6. 73 7.74 

Low pH 3.53 8.33 6.28 7ol9 

25°c High pH 4.26 12. 47 6.82 6.79 

Low pH 4.15 10. 63 6.68 7. 38 

30°c High pH 3.83 10.91 6. 79 7o13 

Low pH 4. 43 11. 47 6.80 6.96 

35°c High pH 3. 47 10.44 6. 76 7.14 

Low pH 3.80 11.03 6. 9 5 7o28 

~2 = o. 20~
5 o.62lns o. 207ns o. 20~

5 

d. f. = 8 

1981 

Control Distilled 
2s0 c water 11.43 4.65 4.03 9. 57 

20°c High pH 10.85 4.33 4.19 9. 23 

Low pH 12.06 s. 58 4.36 9.00 

25°c High pH 10.99 4.84 3.87 9.52 

Low pH 10. 51 4.24 4.16 8.90 

30°c High pH 11.22 5. 15 4.38 9.17 
Low pH 11.46 3.86 4 .22 9.30 

35°c High pH 11.66 4.54 4.26 9.12 

Low pH l 11.1sns 4. 64 4.24 9. 25 ns 
:fv - 0.27 o. 414ns 0.207ns 0.201 

d. f. = 8 
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Table 61: (contd.) 

Environment Parent F2 F3 p 
4 

1982 

Control Distilled 

28°C water 9o03 9.38 2.ao 8017 

20°C High pH 11.89 10.24 2.99 7.92 

Low pH 9.45 6.04 .. 2 0 93 8.96 

2s0 c High pH 10.23 7.93 3. 01 8. 67 

Low pH 11.52 8.94 3.08 8076 

30°c High pH C.44 3.95 2.78 9. 68 
Low pH 7.39 9. 43 2. 75 8.73 

3s0 c High pH 9.22 10.87 2o97 8.43 

Low pH 9.84 9.64 3.37 8.88 

~I 2 = 1. 24ns i. 24ns 0.000 o.207° 5 

do f. = 8 



Table 62: The additive environmental component ej used in the regression 

analysis in panents, F2 , F3 and F4 generations. 

28°c 20°c 25°c 30°c Distilled High Low High low High Low water pH pH pH pH pH pH 

1980 

Parent -7.69 -11.63 20. 41 -1.80 11.73 -1 7. 82 14. 79 

F2 -4.89 -15. 37 12093 -4.80 14.62 -12. 68 18.02 

F3 -3o 69 -1 7. 23 16.94 o. 59 3.47 -17. 03 10.54 

F4 -7.14 -10.37 13023 -3.77 13.03 -20.06 12. 79 

Mean -5.85 -13.65 15.88 -2.44 10. 71 -16. 89 14. 03 

lli1. 
Parent -5.28 -11.78 18.13 -7.57 14. 63 -18.96 14. 98 . 

F2 -4. 03 -18.06 18.53 -4.47 18.77 -18.08 13. 71 

F3 -7. 07 -13.59 1 7. 38 -7.10 13.42 -20.85 18. 01 

F4 -3. 67 -14.93 170 33 -4.45 13.22 -20. 71 15. 29 
Mean -5. 01 -14. 59 17.84 -5. 89 15. 01 -19.65 15. 49 

35°c 
High 

pH 

-20.39 

-16. 91 

-13.52 

-16. 77 

-16. 89 

-15.26 

-19.56 

-13.48 

-14. 31 

-15.65 

N 
N 
0 

low 
pH 

12. 42 

9.03 

14.95 

19. 09 

13.87 

11.12 

13.21 

13. 29 

12.22 

12.46 



Table 62: (contd.) 

28°c 20°c 
Distilled High Low High 

water pH pH pH 

1982 --
Parent -5.52 -12.12 18., 09 -2091 

F2 -4.86 -10.31 13.74 -5. 27 

F3 -10. 05 -13.80 18.57 -0. 41 

F4 - 6.83 t -14. 75 17.29 -4. 25 

Mean -6.81 -12.74 16.92 -3. 21 

25°C 
Low High 

pH pH 

12.11 -18. 9 5 

140 26 -1 7. 29 

11.99 -1 7. 92 

14. 67 -18.44 

13.26 -lB.15 

30°C 
Low High 

pH pH 

1 8. 09 - 2 0. 0 0 

14.26 -1 8 .26 

1 6. 79 -1 7. 4 3 

19. 44 -20. 41 

17.14 -19.02 

35°C 

I\) 

N 
I-' 

Low 
pH 

11.20 

13. 68 

12. 20 

13.25 

12.58 



Table 6 3 :, Mean coleoptile length (mm), additive genetic 

component (di)' linear regression (bi) linear 

interaction co-efficients, ( fi) and ·aevia'tion 

from linear slopes (~2d.) for the six parental 
l. 
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lines in the different temperature environments. 

Genotypes 

1. Sonora- 64 

2. Sonalika 

3. Janak 

4. Jupatica- 70 

So Penkty 

6. Mexipak- 65 

Mean. 

1. Sonora- 64 

2. Sonalika 

3. Janak 

4. Jupatica- 70 

s. Penl{ty 

6. Mexipak- 65 

Mean. 

1. Sonora- 64 

2. Sonalika 

3. Janak 

4. Jupatica- 70 

s. Penkty 

6. Mexipak- 65 

Mean. 

Mean 

59007 

65.58 

62.15 

44.99 

82.81 

51. 74 

61.06 

1980 

-1.99 

4 .. 52 

1.09 

-16.07 

21.75 

-9.32 

19 81 

64.22 -3.25 

69. 24 1. 77 

71.55 4.08 

58.26 -9.21 

84. 26 16. 79 

57.29 -10.18 

67047 

61.11 

60.25 

65. 05 -

56. 23 

83.95 

54.39 

63.50 

198 2 

-2o 39 

-3.25 

1.55 

-7.27 

20.45 

-9.11 

b. 
l. 

0.67 

0.71 

o. 59 

1.46 

1.25 

1.32 

1.00 

o.33 

o. 29 

0.41 

-0.46 

-0.25 

-0.32 

0.12 0.2a 

o.64 o.36 

o. 51 o. 49 

1.34 -0.34 

1.30 -0.30 

1. 49 -0. 49 

1.00 

0.61 0.39 

o.42 o.58 

o.ss 0.42 

1.42 -0.42 

1.38 -0.38 

1.59 -0.59 

1.00 

3. 62 

3. 69 

21.44 

4. 59 

9.17 

5. 73 

8.,04 

6.27 

1. 49 

11.22 

3.24 

7., 9 2 

6.35 

6.08 

0.29 

2.19 

5.97 

2.94 

15.80 

6.42 

5.60 
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Analysis of variance (m. s.) and joint 
regression analysis of gxe interactions for 
~ole~p~ile length in six parental lines grown 
7n different temperature environments. Figure 
in the marginal column indicates the item 
used as denominntor in the variance ratio. 

Item d. f. 1980 1981 1982 
ms tested 
against item 

1. Genotype ( G) 
o•• ••• o•• 

5 497. Gl 532.44 617.97 11 

2. Environment (E) 
o•• ••• • <•. 

8 764.17 9 23.17 919.93 11 

3. 
..... ••• • ••• 

GxE 40 21.83 16. 52 39.16 11 

Loi,i X Low 

4. Het 0 of 
Regression 2 4 .. 63 11.25 22.55 5 . . :~ •• •*• s. Remainder 14 16.14 34. 63 41. 67 11 

High x i-I:i.qh 

6. Bet. of 
Regression 2 12.97 20.44 12.60 7 

••• ••• ••• 
7. Remainder 14 23. 79 44.94 51.32 11 

Low X High 

8. Het. of • ... , •• 
Regression 1 132.67 197. 60 105. 39 9 .,,. 

9. Remainder 7 21. 32 11.64 12. 67 11 

10. Reps. in E 9 4.02 66.11 2.97 

11. Error 45 3.97 11.26 9.45 

• indicates significant at 5% level. 

•• indicates significant at l 'X. level. 

••• indicates signif icant at 0.1 % level. 

r\Jo. 
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Table 65: Kean coleoptile length (mm) additive genetic 
~omponen~ Cd1 ), linear regression (b ) linear 
interaction coefficients r and deviitions from 
linear slopes (~2d . i . 1) for the six crosses of F 2 
generations in different temperature environments 

Cross No. r'iean d. 
1 

b. 
1 F\ 

-2 
S d 

1980 

Cross 1 69. 25 4.15 1.06 -0.06 4.92 

Cross 2 57.03 -8.07 1.02 -0.02 2.17 

Cross 3 64.73 -0.37 o. 71 o. 29 8 .97 

Cross 4 56.92 -8018 o. 62 o.38 14 .. 74 

Cross 5 65.11 0.01 1.24 -0.24 4.39 

Cross 6 77.57 12. 47 1.35 -0.35 6. 22 

~iean 65.10 1.00 6.90 

1981 ~ 

Cross 1 73.22 2.33 1.12 -0.12 8. 29 

Cross 2 61.53 -9.36 1.08 -0.08 3.11 

Cross 3 68.94 -1.95 o.64 o.36 8. 76 

Cross 4 72.1 7 1. 28 o. 63 0.37 6. 32 

Cross 5 70.55 -0.34 1.31 -0.31 4.22 

Cross 6 78.90 8.01 1.22 -0.22 8.97 

Nean 70.89 1.00 6.61 

1982 -
Cross 1 72. 77 5.53 1.09 -0.09 12. 71 

Cross 2 55.93 -11.31 1.02 -0.02 3.91, 

Cross 3 63.19 -4.05 o. 71 o. 29 2. 74 

Cross 4 60.45 -6. 79 o.s3 0.47 3.93 

Cross 5 73.95 6. 71 1.36 -0.36 8.67 

Cross 6 77.13 9. 89 1. 29 -0. 29 4.32 

Mean 67.24 1.00 6.05 



Table 66: 

225 

Analys~s of variance (m.s.) and joint regression 
?nal¥sis of gxe interactions for coleoptile length 
in six crosses of F generations grown in diffe­
rent. temperature 2 environments. Figure in the 
marginal column indicates the item used as deno­
minator in the vuriance ratio. 

Item d. f. 1980 1981 1982 ::ns tested against 
item No • 

Genotype ( G) 
. ::, . • •• • •• 1. 5 329. 70 367. 43 315.11 13 

Environment (E) 
.. . . • •• • •• 2. 8 624.19 899. 70 803.10 13 

3. GxE 
., ,;. . • •• • •• 40 32.56 32.90 37.08 13 

Low x Low 

4. Regression 1 17. 29 21.19 8.47 5 . "' . • •• ••• 5. Remainder 7 51. 66 59.14 62.34 13 

Hiqh x High 

6. Regression 1 96.97 112.13• 141. 67• 7 · 

• •• 7. Remainder 7 32. 9 7• 19.00 3_1. 55 13 

High x Low 

8. Regression 1 21. 76 9.34 14. 75 9 

•• •• • ••• 
9. Remainder 7 41. 73 50.25 69. 25 13 

Lm'7 X Hi gh ( Hi gh x Low) 

• ••• • •• 
10. Regression 2 51. 67 81.55 59. 21 11 

11. Remainder 14 12. 74 7.96 4.13 13 

12. Reps. in E 9 4.23 3.19 7. 26 

13. Error 45 10.92 6.45 8.94 

• significant at 5% level. indidates 
•• indicates significant at 1 % level. 

••• indicates significant at 0.1 % level. 
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Table 67: Mean coleoptile length (mm) additive genetic 
component <ct1 ), linear regr~ssion (b

1
), linear 

interaction coefficient, ri and deviations from 
1 · -2 inear -slopes ( S d ) for the six crosses of F 

i 3 
gen~rations in different temperature environments. 

Cross No. Mean di b. 
1 fi 

-2 
s c1 

1980 -
Cross 1 71. 76 6.97 1.12 -0.°12 0.1s 

, Cross 2 59. 24 -5.55 1.06 -0.06 4. 29 

Cross 3 62.15 -2.64 o. 77 0.23 12. 70 
Cross 4 57.13 -7 .. 66 o. 61 0.39 19.04 

Cross 5 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 

12.Ql 
Cross 1 75.14 4.05 1.04 -0.04 7.97 

Cross 2 62. 67 -8.42 1.02 -0.02 4. 5,0 

Cross 3 66.33 -4.76 o.89 0.11 10.24 

Cross 4 71. 55 0.46 o. 69 o.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 

1982 

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 o.ao 0.20 2.16 

Cross 4 62.19 -5.32 o. 73 0.21 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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'l'able 6B: Analys~s of variance (ms) and joint regression 
~nalysis of gxe interactions for coleoptile len~th 
in six crosses of F'3 generations grown in different 
temperature environments. :Pigure in the marginal 
column indicates the item used as denominator in 
the variance ratio. 

Item 

1. Genotype (G) 

2. Environment (E) 

3. GxE 

l 79 

8 

1432 

Cross 1. Hioh x Low 

4. Regression 

s. Remainder 

29 

203 

Cross 2. High x Low 

6. Regression 

7. Remainder 

Cross 3. LowxLow 

8. Regression 

9. Remainder 

Cross 4. LowxLow 

10. Regression 

11.~Remainder 

29 

203 

29 

203 

29 

203 

Cross s. High X High 

12. Regression 

13. Remainder 

' 29 

203 

1980 

"',,. 
29 7.16 

0 " • 
423.60 

co• 
24.00 

I) ., • 

49.34 

2 .. 31 

111 QI., 
37.66 

5.14 

•o• 
14.16 

!. :lo. 
9 • .:S4 

15.67 
••• 39. 50 

••• 61. 22 
•o• 

59.04 

1981 1982 

••• 315.65 • •• 290.10 
••• 556.30 • •• 513.00 
••• 24.38 • •• 29.07 

• •• 69.17 

4.17 

••• • •• 47.15 102.15 . ,.. . . . . 
8.97 3.86 

eo• ••• 21. 64 20.75 
••• 11.12 ••• 9.15 

22.79 20.5s 
••• 41. 73 • •• 63.92 

40.93 13. 67 
" . . 

48.93 ••• 67.11 

ms tested against 
item No. 

26 

26 

26 

26 

26 

26 

26 

9 

26 

11 

26 

13 

26 
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Table 68: (contd.) 

Item d. f. 1980 1981 1982 ms tested against 
item No. 

Cross 6. I-IighxHlgh 

14. Regression 29 
• :J. • •• • •• 41. 75 78.92 60.55 15 

15. Remainder 203 ••• • C: • .. .. 
17.50 14. 59 15. 73 26 

160 Crosses X 
r,;nv ironmen ts 40 ••• • •• • •• 12.22 12.13 12. 48 26 
Lo\.•J x Low 

17. Regression 1 16.64 8.25 7. 23 18 
18. Remainder • $$ 0 ••• 7 14.95 17.16 11.23 26 

H·i gh x Hi qh 

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

Remainder 7 14.93 18.04 21. 55 26 
I-Iiqh x Low 

•• •• ••• 21. Regression 1 51.75 29. 76 71.92 26 

22. Remainder 7 5. 73 5.29 1.34 26 

Lowx High VSo (High x Low) 

23. • ••• •3• Regression 2 29. 24 55.25 . 49. 3 26 
• 24. Remainder 14 7. 64 2.95 5.16 26 

25. Reps. in E 9 4o32 o. 79 1.83 

26. Error 1611 6.73 4.19 2.9 7 

• indicates significant at 5% level. 
•• significant at indicates 1 "' i"<.> level. 

••• indicates significant at 0.1 % level. 
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Table 69: An~lys~s of variance (ms) and joint regression 
?nul~sis of gxe interactions for coleoptile length 
in six crosses of F 4 generations grown in different 
tempera~ur~ environn1ents. Figure in the mcJrginal 
column indicates the item used as denominator in 
the variance ratio. 

Item 

1. Genotype (G) 

2. environment (E) 

3. GxE 

d. f. 

179 

8 

1432 

Cross 1. High x lm;1 

4. Regression 

s. Remainder 

29 

203 

Cross 2. High x Low 

6. Regression 

7o Remainder 

29 

203 

Cross 3. Low x Low 

8. Regression 

9. Remainder 

29 

203 

Cross 4. Low x Low 

10. Regression 

11. Remainder 

29 

203 

Cross 5. High x High 

12. Regression 

13. Remainder 

29 
203 

1980 · 1981 1982 ms tested ogai­
nst item Ifo • 

••• 356.01 • •• 404.13 • •• 39 5. 73 
o•• 

319.16 . ". 447.05 
. ,;, . 

502.60 
••• .. ~ . 

35.94 37.36 

... ... ·~· 
128.16 97.22 70.55 

!•• ••• .$. 
18.~7 15.12 17.34 

·~· ... . .. 
95.23 61.22 49.35 

••• •o• 9.76 3.95 7.43 

••• 22. 76 1 7. 21 34. 73 
••• ••• • •• 28.24 51.76 15.34 

18.76 21.70 30.55 
••• ••• • •• 57.63 49.00 73.33 

••• 
15.24 67.19 39. 90 

••• ••• • •• 51.16 53.93 76.24 

26 

26 

26 

26 

26 

26 

26 

9 

26 

11 

26 

13 
26 



Ti:lble 69: (contd. ) 

Item cl. f. 1980 1981 

Cross 6. IIiqh X High 

14. Regression 29 
"1) • • •• 59. 27 98.16 

15. Remainder 203 
Iii 3 Cl 

16. 2 .. •· 
12.90 

16. Crosses X 
Environments 40 • Iii • · .... 

21. 69 30.83 

Low x Low 

17., Regression 1 14. 63 28.00 
18. Remainder ,., " . ,, 0 • 

7 24.28 49.1 7 

r'. h ~ig X High 

19. Regression 1 6. 39 16. 45 
20. *I). • •• Remainder 2 35.64 51. 56 

Eigh x Low 
~ ~ .. ... .. 

21. Regression 1 82. 63 104.10 

22. Remainder 7 15.13 • •• 27.94 

Low vs., High Vs. (Hi qhxLow) 

••• • 23. Regression 2 55. 23 41., 63 

24. Remainder 14 9.14 7.33 

25. Reps. in E 9 6.24 1.04 

26. Error 1611 7.19 9.23 

• indicates significant at 5% level. 

••indicates significant at 1% level • 

1982 

• •• 88.44 
eo• 

23. 10 

• •• 32. 69 

12.09 
• • $ 

47.33 

12. 32 . '" . 
59. 70 

",,. 
95.35 

•• 26.66 

• •• 29.,05 

8.15 

2.38 

a. 76 

•• • indicates significant at 0.1% level. 
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m. s. tested agai-
st i t e m Noo 

15 
26 

26 

18 

26 

20 

26 

26 

26 

26 

26 



•rable 70: 

Cross No. 

Cross 1 
Cross 1 

Cross 2 

Cross 3 

Cross 4 

Cro s s 5 

Cross 6 

rir.ean 

Cross 1 

Cross 2 

Cross 3 

Cross 4 

Cross 5 

Cross 6 

f.r.ean 

Cross 1 

Cross 2 

Cross 3 

Cross 4 

Cross 5 

Cross 6 

Mean 
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Mean coleoptile length (mm) additive genetic 
~omponen~ (di)' linear regr~ssion (b. ), linear 
i~teraction coef~icient, ~- deviati~ns from 
linear slopes ( S d.) for th~ six crosses of F 
generations in different temperature environm~n l:s •. 

Mean d . b. pi -2 
:1. l. s d 

1980 -
70.62 5.89 1. 09 -0. 09 4.93 
59. 49 -5.24 1.03 -0.03 3.67 
64.32 -0.41 0.12 0.28 13. 74 
55.30 -9. 43 o. 71 0.29 12013 
67 .. 10 2.37 1.32 -0.32 4. 76 

71. 55 6.82 1.14 -0.14 5.93 
64.73 1.00 7.53 

12.fil 
71.54 -0~ 39 1. 09 -0. 09 0.11 

60.27 -11.66 1.08 -0.08 5.34 

68094 -2.99 0.81 0.19 12. 74 

75.23 3.30 0.72 0.28 6.20 

77.64 s. 71 1.12 -0.12 4.14 

77.95 6.02 1.19 -0.19 7.95 

71.93 1.00 7 •. 58 

1982 

71. 53 4.76 1.06 -0.06 11.22 

52.93 -13.84 1.03 -0.03 3.04 

63 .. 14 -3. 63 o. 73 0.27 0.16 

62.57 -3.20 0.82 0.18 2. 75 

74.14 7.32 1.21 -0. 21 7. 24 

76. 29 9.52 1.51 -0.51 4 .93 

66.77 1.00 4. 89 



Fig. 8: Regression of individual genotype means on 

environmental means in 1980. 

(A) Parents: 

( 1) Sonora- 64 

(2) Sonalika 

(3) Janak 

(4) Jupatica- 70 

( 5) Penkty 

( 6) He xi pale- 65 

(B)' (C) and (D) Crosses: 

(1) Sonora- 64 x penkty 

(2) sonalika x Mexipak- 65 

( 3 ) Sonora- 64 x Janak 

(4) sonalika x Janak 

(5) Jupatica- 70 x Penkty 

(6) Mexipak- 65 x Penkty 
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Fig. 9: Regression of individual genotype means on 

environmental means in 1981. 

( A) Parents: 

(1) Sonora- 64 

( 2) Sonalika 

(3) Janak 

(4) Jupatica- 70 

( 5) Penkty 
( 6) Mexipak- 65 

( B)' (C) and {D) Crosses: 

( 1) Sonora- 64 X Penkty 

(2) Sonalika x rriexipak- 65 
( 3) Sonora- 64 x Janak 
( 4) Sonalika X Janak 

(5) Jupatica- 70 x Penkty 

( 6) Mexipak- 65 x Penkty 

/ 
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Fi g. 10: Regression of individual genotype means 

on environmental means in 1982. 

(A) Parents: 

( 1) Sonora- 64 
( 2) Sonalika 
( 3) Janak 
( 4) Jupa tica- 70 

( 5) Penk ty 

( 6) Nex i p ak:- 65 

( B )' (C) and (D) Crosses: 

( 1) Sonora- 64 x Penkty 

(2) Sonalika x Mexipak- 65 
( 3) Sonora- 64 x Janak 

( 4 ) Sonalika x Junak 

(5) Jupatica- 70 x Penkty 

(6) Mexipak- 65 x Penkty 
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Fig 0 11. Distribution of the linear regression coefficients 

(bi) among the 30 families of F
3 

and F 
4 

for the 
Cross 1. 

Fig. 12. Distribution of the linear regression coefficients 

(bi) among the 30 families of F
3 

and F
4 

for the 
Cross 2. 

Fig. 13. Distribution of t h e linear regression coefficients 

(bi) among the 30 families of F 3 and F 4 for the 

Cross 3o ' 

Figo 14. Distribution of the linear regression coefficients 

(bi) among the 30 families o~ F3 and F
4 

for the 

Cross 4. 

Pig. 15. Distribution of the linear regression coefficients 

(b1 ) among the 30 families of F3 and F4 for the 

Cross s. 

Fig. 16. Distribution of the linear regression coefficients 

(b
1

) among the 30 families of F3 and F 4 for the 

Cross 6. 
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DISCUS;:;ION 

Genotype-environment interaction. 

Experiment 1 to 5. 

Plant breeders are well aware of the problems posed by 

the genotype-environment interactions in breeding better 

genotypes, but until recen tly~ there was no agreement among 

them about the analytical approaches which could be used to 

provide reliable estimates of genotype-environment inter-

_ actions. Two main approaches, one purely statistical ( Yates 

and Cochran, 1938; Finlay and Wilkinson, 1963; Eberhart a nd 

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; Perkins and Jinks, 

1968a,b; Bucio Alanis et al., 1969) are now available. Goth 

types of analysis have yielded similar results in showing that 

the genotype-environment interaction component is often a 

linear function of the environmental 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 al though a si gnificant portion was 

i nde pendent of this linear component. 

The estimates of the < 2
9

, <2 <2 and 'S ~ were 0 Cl e' CJ gxe 0"" 

derived and found that the main effects and their interaction 

are highly significant in all the five experirnen ts. The 



genotype-environmental interaction component of variation 
2 
~ gxe' was however consistently the greater. It indicates 

246 

that gxe interaction 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 indel)en-
" 

dent environmental assessment is equally good as those of 

dependent environmentc:il assessment. All the four types of 

environmental assessment gave very similar results as those 

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

deviations are expected when parents are used as inde pendent 

z. estimation. 
J 

The adequacy with which the environments are assessed 

depends upon the degree of relationship between the gen otypes 

whose interactions are to be investigated and the genotypes 

used to assess the environment, and also upon t h e purposes for 

which the genotype-environmental interaction assessments are 

required. If a mere ranking of the genotypes is required 

according to the magnitude of their linear regression coeffi­

cients, p + f?d' s (when derived from the regression of a 

genotypic performance in each environment against an en viron­

mental assessment), it is only necessary for the joint reg re­

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 Perk in s , 

1971 ). 1'he joint remainder should be non-significant wh en 
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tested against the variance within genotypes and environments 

(between individuals) and the joint regression coefficient, -f should not be significantly different from one. 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 assessments 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 regression when the environmental 

measure used is the independent 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 + f3a, 
obtained with the de pendent environmental component, ej, and 

the corre spending coefficient, P, +- f14 , 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 



248 

assessment since all are highly significant and all 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-e~vironmenial differences {the linear · 

interaction coefficient, fa> were very small and non­

significant which suggested that these two aspects of the 

phenotype are under independent 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 t h e 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, 

;J-1,S , and the linear regression coefficient, pd, and t he 

total variance over environments VG+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-environme n tal 

differences, are given in table 41. The rank correlation 
1.. 

between the Pd's and aw•s is significantly negative i.e., 

the greater the linear sensitivity to environmental differences, 

t h e smaller the sensitivity to micro-environmental variation . 

'l'here is no significant correlation between the ranking s o f t he 
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total variance over environments, vG+E' and the average 

variance within environments, i}~ • Perkins and Jinks, ( 197 3) 

reported a fair degree of independence in the genetical con­

trol of sensitivity at the micro and macro-environmental 

levels. 

The estimates of number of effective factors controlling 

the differences among the 60 lines for the additive genetical 

component and fo+ 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 l 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! 

E:xperimen t 6. 

Estimates 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 part of the total phenotypic variations 

can be attributed to genetic effects. It al so 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 effects. 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 t herefore expected that effective 

selection should be possible for the character in segre~ating 

generations of hybrids among at least certain of the parents 

tested. 

Epistasis was found to be an important feature in 

10-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 tem peratures. Other 

parents did not show any non-allelic gene interactions. Non­

allelic gene interaction increases V and decreases w values r r 

(Allard, 1956). As non-allelic gene interactions were de tected 

in 10-parent di allels the regression coefficients we re l e ss 
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than one and non-significant in most of the temperature 

environments. Excluding the interacting array significant 

Wr' V r 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 dominance­

recessive relationship of the parents on the w V graphs 
· r' 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 (H1 ) were greater than that 

of additive genetic component ( D) for 20°c and 2s0 c in the 

10-parent diallel~ But in the excluding analysis H1 was lower 

in magnitude than that of Din most of the environments. The 
1 

ratio (H
1

/D) 1 indicated the presence of an overall partial 

dominance in IO-parent and 9-parent diallel. In the W , V r r 

graphs 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 when arrays showing non-allelic interac­

tions were omitted. Allard (1956) also reported that the 

over dominance shown by the ratio (H1 /D)½ might be confounded 

with the com pl em en tary type of gene action as it has been 

detected in 10-parent diallel. Kernpthrone (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 bias for D, while that in repulsion phase gave 

a downward value for D. 'l'he presence of non-allelic interac­

tion might, therefore, be responsible for the inflated values . 

of H1 and linkage might have affected D values downward 

resulting in biased upward estimates for the degree of demi-

1 

nance as indicated by {H
1

/D)~ in the 10-parent diallel. 

Tne 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 nume rous minor genes 

that do not display dominance. The diallel analysis indicates 

that these non-dominance genes control a relatively significant 

part of the total genetic variability. It also indicates 

that epistasis is a common feature of the system. It appe a rs 

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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di 5tributed among the 10-parents. If that is the case, 

inter crossing among selected lines derived from different 

hybrids should provide opportunity for progress beyond that 

offered by the h b ·d Y ri between any single pair of parents. 

The present diallel cross analysis gave sufficient idea of 

the probable outcome of selection of these polygenes, and 

the non-allelic gene intera ctions indicate that immediate 

effect of selection between and within lines will be possib le. 

The diallel study indicated that genotype-environment 

interaction was a common feature. Both additive (D) and do­

minance (H1 ) genetic variation were found to interact with 

the temperatures. The epistatic effects al so showed signi­

ficant interaction with temperatures. Jinks and Mather (1955), 

Jinks and Stevens (1959), 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 eff ective in 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! 

Experiment 7. 

J i t 1· 2 on sea 1.ng text CX,, ) of Cavalli (1952) based on 

3-parameter estimate indicated that non-allelic. gene interac­

tion was a part of the genetic system that controls the mea..Tl 

expression of different generations of the crosses studied. 

Chi-square based on 6-parameter estimate was significant in 

few crosses only. In those cases trigenic or linked digenic 

epistasis might be involved (Hi11; 1966). 

The estimates of the 6-pararneter for the various gene 

effects showed that additive and dominant gene effect made a 

major contribution to variation in most of the crosses. 1~e 

sign of d estimate is not important as it depends on P1 and 

P
2 

(d = ½ P
1 

- P
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 

ab solute rnagni tude 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 eff ects of 

gene might be considerably modified by the environmental 

changes. Moreover, the standard error attached with the h 

eff ect was high which was due to the differential eff ects of 
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en vi ronmen ts on tl1 · · e gene responsible for the dominance 

expression. Robinson and Comstock (1955) thought that 

genotype-environment interaction would increase the standard 

error of h estimate. 

With regard to the individual epi static effects, the 

absolute 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 D and H estimate was significant in all the crosses. It 

indicated that 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 tl al. (1974) found that dominance was more 

i mportant than additive variation. 

Dominance relationship as measured by potence ratio 

method was found to be similar in the F1 , F2 , F3 and F4 

generations in most of the crosses whereas in a few crosses 

the degree=s of dominance in the P1 generation and in the P2 , 



256 

F3 and F4 generations were dissimilar. This dissimilar 

expression of dominance was due to the confounding effects 

of the 1:>pistasis gene action for which the h 2 , h 3 and h 4 

values were either lower or higher than that of the corres­

ponding h 1 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 al., 1970). Dominance rela-
1, 

tionship as measured by (H/D ) ' 2 showed partial dominance to 

complete dominance in these crosses. 

An effective factor has been described by Math~r (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, or at the lower limit a single 

gene. The number of effect:tve factors were calculated by the 

following four different methods of estimation as developed 

by Castle and wright, 1921; Mather, 1949; and Burton, 1951. 

The estimate K1 is based on certain assum ptions Ci) all genes 

are equally important; (ii) one parent has all the minus genes 

and the other parent has all the plus genes; (iii) no linkage 

exists between parental genes; (iv) gene effects comb ined 

additivity; Cv) degree of dominance for all the plus genes is 

simil a r and (vi) no interaction exists between pertinent 

non-allelic genes. Failure of one o f these assumptions listed 

above to be fulfilled in the parents will under estimate the 

number of effective factors. That the K
1 

estimates were low 
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in all the crosses was due to the fulfilment of the assumption 

listed in this paragraph. The K
2 

estimates, however, gave 3 

to 7 eff ective factors in different crosses • . It indicated t h at 

K2 provided better estimates than K
1

• The K
2 

estimate remain 

unaffected in cuses where the plus and the minus gen es in 

t he parents were not iso-directionally distrib uted ( Mather, 

1949). 

Broad sense heritability was high in all the crosses • 

. It indicated that a major 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 interaction! 

Sxperimen t 8. 

Eberhart and Russel (1966) defined both the linear (bi) 

-2 and non-linear (S d) functions of the genotype-environment 

interaction as "stability parameters" pi (Linear regression) 

and s2 d (deviation from the regression) re spec ti vel y. They 

emphasized that the phenotypic expression (Y) of a pnrticular 

genotype Ci) in a specific environment (j) depends on the mean 

expression ( fa i ) , the linearity of response of the genotype 

to change in the environment ( pi 1 ) and the extent of residual 

deviations from the regression ( ~ . . ). Perkins and Jinks 
. 1J 

( 19 68b) ob served that these two components of the genotype-

environmental interactions are independent and presumably 

subject to the control of different genetic systems. In the 

present material significant regression items as well as 

heterogeneity of regression indicates that bi and s2d is under 

genetic control. 

The non-significant correlation between mean, bi and s2d 

was obtained in all generations. Busch il al. (1976) reported 

a non-significant association between mean and s2d wh ereas 

Joarder tl tl• (1978) £ound significant association between 
-2 

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&•, 1976; Joarder et 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; Paroda and Hayes, 1971; Joarder et Q.!_., 1978). 

Previous investigations of pure breeding lines and their 

F
1

' s (Perkins and ,Jinks, 1968a and b; Perkins, 1970; Paroda 

and Hayes, 1971; Joarder and Eunus, 1977) and in one inst~nce 

the F2 and first backcross generations (Bucio Alanis tl al., 

1969 and Joarder tl al., 1978) have shown that mean perfor­

mance and linear (bi) and non-linear <i2d) sensitivity to the 

environment are controlled at least in part by different 

genetical systems and that mean 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 F 3 and F 
4 

generations of six 

crosses which were chosen to contrast in their performance and 

in their linear (b1 ) and non-linear (s2d) sensitivities. 

The comp:,onents d., b. and s2d in th F F d 
i i e 2' 3 an F4 

generations as summarized in the result leave no doubt that 

the differences in coleoptile length and in linear (bi) and 

non-linear ( s2 
d) environmental sensitivities among the six 

parents is consistantly ref lected in the properties of the 
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advanced generations of the six crosses among them. It is 

also apparent that the non-significant correlation between 
~2 

mean performance and linear {bi) as well as non-linear (S d) 

sensivivity shown by the parental lines is also consistantly 

maintained in the advanced generations. A very similar 

result has been reported by Bains (1976) in wheat yield. 

A clear evidence of segregation for differences in 

linear (bi) sensitivity ar.1ong the F 3 and F 
4

· families from t h e 

crosses where parents differ in respect of linear (bi) sen­

sitivity (cross 1 and 2) whereas little evidence of segrega­

tion for differences in linear (bi) sensitivity among the F3 

and F
4 

families where both parents of the cross had either a 

high or a low sensitivity to the environment (crosses 3, 4 

and S). This has been clearly demonstrated in figures 11-160 

Furthermore this segregation is symmetrical around a mean value 

that corresponds with the mean of the parents of each cross. 

A very similar result was found in wheat yield as reported by 

Bains (1976). In cross 6, though both parents had a high 

linear (bi) sensitivity to the environment, evidence of recom­

binations of genes controlling the linear {b.) sensitivity was 
l. 

clear (Fig. 16). It implies that though both the paren ts of 

cross 6 (~1exipak- 65 x Penkty) possesses similar linear (b.) 
1 

sensitivity to the environment, the genes determining this 

character was essentially different. fo~ this a wide range of 

b 1. values were found among the F
3 

and F fan'1· 1 · f 6 · 4 , ies o cross • 
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-2 As regurds non-linear (S d) sensitivity there was no 

clear cut pattern of segre gation in advanced generations as 

was found in the case of b. values. But it is clear that 
1 

this character is under genetic control and inheritance pattern 

is not simple and straight forward. Bu.sch et al. (1976) 

-2 reported that s d are inherited sirjply 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 

c.-2 
(bi) and non-linear (S d) 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 !::l:, &• 

(1978) observed in different crop plants that both linear (bi) 

-2 
ar1d non-linear ( S d) components are under genetic control and 

are at least in part subject to different genetic systems. 

These authors showed that it was possible to accurately predict 

tl1e linear (bi) function of advanced generation of a cross 

between pairs of pure breeding lines from those observed in the 

parental and F1 generations. In the present investigation the 

relative performance and relative linear (b . ) and non-linear 
l. 

Cs2
d) sensitivities to t he environment as well as in their 

patterns of segregations for sensitivity, the properties of 

the advanced generations of the six crosses were expected from 

the corresponding properties of their parents. All aspects are 
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clearly under genetic control and can, therefore, be selected 

for crosses initiated from appropriately chosen parents. 

1'his analysis as carried out, illustrates the power of 

the analytical techniques now available 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 is under 

genetic control, breeders would be able to select suitable 

genotypes in advanced generations by growing them under diffe­

rent environmental conditions. 
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srn-:r"'} ARY 

Genotype-environment interaction for coleoptlle length 

was studied in five separate experiments. The environments 

used were different temperatures and different nutritional 

mediums. Genotype-environment interaction was found to be 

opcru'!:ive and detected in all the experiments. A signifi­

cant part of the variation 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 of 

independen'c assessment, namely, replicate samples of indivi­

dual of each genotype, replicate samples of inbred lines and 

the parental varieties. As far the significance of the 

heterogfmeity of regression and remainder items in the joint 

regression unalysis and the ranking of the genotypes on the 

basis of their linear regression coefficients are concerned, 

it made no differences whether the derendent or any one of 

the three independent measures of the environmental values 

was used. 

The correlation over genotypes between mean performance 

and linear sensitivity was low and non-significant and the 

number of effective factors of the largely independe nt 
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genetical systems controlling two aspects of phenotype have 

been estimated to be 3 to 8 . 

Diallel cross: 

Genotype-environment i n teraction shown by coleoptile 

len;th of wheat Triticum aestivum L. em Thell, was studied 

in 10-parent diallel over five different temperature environ­

mcm ts. Results showed that the character studied was poly­

genically controlled and both additive and dominance compo­

n ents of genetic variations were important in the inheritance 

of these c h aracters. The con tribution of additive gene 

eff ects were greater compared to that of dominance gene effects. 

The total phenotypic va r iance was found to be almost 

entirely due to genetic eff ect and the heritability estimates 

were noted to be hi gh ln all the five temperature environments. 

Hyman's analysis of variance indicated that item a and 

item b were consistently significant in all the temperature 

environments. Among the b items b
1

, b
2 

and b
3 

were also 

significant in all the five temperature environments. 

·rhe 10-parent diallel showed si9nificant non-allelic 

interactions whereas analysis excluding the interacting analysis 

(Jave si gnificant regression which did not deviate from unity. 

The distribution of array points in the w , V graphs showed 
r r 

three distinct groupings in most of the environments showing 
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most dominant, less dominant and recessive parents. 

Non allelic gene interaction detected by wr, Vr graphs 

were of complementary type. 

On an average the degree of dominance was partial in 

10-parent diallel and partial or complete dominance in analysis 

excluding interacting array. 

Interaction between the additive cornponen t and the envi­

ronment was greater than that of the dominance component in 

the different environments. 

Si!'lqle cross: 

Cavalli's (1952) joint scaling test detected non allelic 

gene interaction in all the environments. 

High 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. 

Non-isodirectional distribution of polygenes resulted in 

the estimation of a single effective factor when calculated 

as n1 , n 2 and K1 whereas, K2 estimates indicated that 3 to 7 

effective factors were involved in controlling the character 

over different environments. 

• 
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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 crosses additive , 

x additive {i) and dominance x dominance Cl) and additive x 

dominance (j) of all the three interaction components occured 

significantly in addition to d and h effects. 

. . f. t ")(,, 2 
S1.gn1 ·1.can 

1
. 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 

ciominance in majority of t he 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 significa'l"lt. 

Genotype-environment inte raction was found to play an 

i mportan t 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
2

, F
3 

and F 4 

generations of Triticum aestivum L. em Thell. showed 'that 

genotype-environment interactions were operative in parental, 

F
2

, F
3 

and F
4 

generations and a major portion of these inter­

actions in all the generations (parental, F
2

, F3 and F4 gene­

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 

as well as heterogeneity of regression indicate that linear 

-2 (bi) and non-linear (S d) components were under the control 

of different genetic system. 

The non-significant correlation between mean, stability 

(bi) and response { s2 
d) was obtained in all the generations. 

-2 
The components d 1 , bi and S din the F

2
,F3 and F 4 generations 

indicate that the differences in coleoptile length and in 

linear Cb1 ) ·and non-linear (s2d) 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
3 

and F
4 

families from 

the.crosses where parents differ in respect of linear sensiti­

vity (cross 1 and 2) whereas there was little evidence of 
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segregation for differences in linear (b.) sensitivity 
l. 

amc.,ng the F 3 and F 4 families where both parents of the 

cross had either a 'high' or a 'low' sensitivity to t h e 

environment Ccross 3, 4 ~1d 5). Moreover, these segregations 

were symmetrical around a mean value that corresponds with 

the mean of the parents of each cross. In cross 6 though 

both parents had a 'high' linear (b
1

) sensitivity to the 

environment an evidence of recombinations of genes contro­

lling the linear (b.) sensitivity was found. It indicates 
l. 

that thou gh both the parents of cross 6 (Mexipak - 65 x 

penkty) possess similar linear sensitivity to the environ­

ment, the genes determining this character were esseni:ially 

different. 

-2 Regarding non-linear (S ·d) sensitivity no clear cut 

pattern of segregation was found though it was present in 

the case of bi values. But this character is under genetic 

control. 
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