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GLOSSARY OF SYMBOLS AND ADREIEVIATIONS

Corracction Faotor

degrees of freadom

Error mean sguare

Eberhart and Russell

Froecman and Perkins

Genotype=Environnent

Perking and Jinke

Swa of squaren

Error moan square pooled over envirommente
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Yijk t Pgﬁiormance of 4% gengﬁ;pa (variety) in the
replicate of the j™ environment.
g Me%p pexrfornance of ithe Lth genotype in the
environment.
g error _aseociated with the ith genotype in
the j¥8 gnwironment.
i o 1.2. . " vy T,
J 2 152¢ ¢ ¢ oy B
E = 1,26 o o o9 X0
t ¢ nunber of genotypes
g ¢ nunbor of environnonts
r ¢t number of repliecations

sua of Yijk over the sufiix omittcd

8 of Y13 over the sufiix omitted
Similar notations are followed for ¥ 4,
Teeon ¥ 5 ond ¥,

3§ regrceasion coefficient undex ER model
regregsion apfricient wader PJ model
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$ regrecoion coefricient uader FP model
? bnpvirommental index under IR and PJ modols
¢ Environmental index under FP model.
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Second paramoter of stability under
ER and PJ modols.

Seocond parameter of stability under FP model

Deviation mean square for the iw genotype
under ER and PJ models

Deviation mean square for the
undcr FP rmodel,

l.th gonotype

Hgovalence ratio of the .:I.thl genotype
Stability variance for the .'l.th genotype.
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INTRODGCTION

Cne of tho most imporiant advances in blometricel
techniques during the last few years has been in the
investigation, eclucidation and un&ersianding of genotype-
environnent interactions., IThey sre of major importance to
the plant breeder in developing improved varieties and iad
been of ooncern to him for many years. Inspite of carly
recognition of its importance, it was regarded as imtractaoble
t11l recently. OSome frultful work had been carried oubt onliy
by the last two decaded.

“A phenctype is tike result of an interplay of a
genotype and its enviromment”. A change in enviromment
may have s greater effeot om some genotypoes than on otiers.
In othervords, there may be a ohange in the ranking of
genotypes wiien measured over varjing environnents, For
instance, & genotype 'A' nay be superior to another genotype
'B*' under one emviromaent, but inferior te it under another.
Inie interplay of genstic and nmon-gonetic effects on the
phenotypic oxpreseion is called genotype~environaent

intoraction.

In prosencee of interaction, the phenotypic valus

'P' of an individusl con be expressed as P = GeBel;



vhere G is the gempiypic value, E the envirommenital value

and IGE the interacvion batween genotype end environnent.

The enviromment of am individual is made up of every=
thing other than the genotyps of the individual, that
affects its davelopment, - Comstock and Moll (1963) classi-
fied the onviroment into two categories namely, micro ang

nacyo environqents.

Micro-enviromental differences arve those environ=
mental fluctetions, among individuals that are apparently
treated alike. Ito intoraction with the genotypes is
usuelly very cmall. HMicro~environmente are ancontrollable
and unpredlctable and honce its iateraoiion with genotypes

gould not properly be stuiied so far,

Macrowenvironment is the enviromnent which is associ=
ated with @ goneral location and period of time and is a
golieation of micro-environmenits. It ireludes coatrollakble
variables suca as the level of fertiliser appilcaticn,
soving dates, sowing density etc. A high level of iater-
action wvith maoro=-environnents would be desirable to produde
the maxinua inerease im performance. It is the maoro=
environmental deviation and its- interaction with gonotypes
that oan be isolated and tested for signiiicanoe.

Stability in performance is one of itho most desirable



properties of a gonotype to be released as a varlety for
wide oultivations ZEBreeding for stable varieties has

received much aitenticn recently.

A genotype is said to be gtable relative %0 a eet of
genotypes, 1f 4t response to differing environzents is

simllar to the gverall response.

Very many methode are now in ude to assess the relative
8%ability of genotypos. Many of them have the samo approach
and have apparently diffeyeni otability paramctors. &
oritical situdy and comnparison of all thege methods is
ofcourse very much needed at this juncture. tenoe the pre-

pent study is taken up with the following objectivess

1) o study the different techmiques for estlzation
of gonotype=cnvironzent interaction in detail.

ii) To detect which technique 15 sultable %0 which
situation. |

iii) To perform a comparative study of the different
tooknigues of estimating genotype-environaent
interaction,

iv) Illustration of tihe techniques by suitable ozanples.
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REVIEW OF GITERATURE

The exisotense of lanteraction between genotypeo and
environaenial factors had been reccgnized long ago and
verious methods have been prorposed for its statistioal
analysis from time tg bimg.

Spragus and Federer (1951) used voriance components
apprégh to separate out the eoffects of mnotypes, environ=
nents and thedr interactions by equating the obsecrved moan
oquares in the analysis of variempe %o thelr eupectations

on tie randon nodel.

YMany others &ollovwed this proseedure, Hiller, Williams
and Robinson (1959) inmtrodused the concept to plant breeding
in an experiment om cotton. Miller, Robinson and Fope (1362)
found that throe faetor interaction of varieties with cites
and years was important. Allard and Evadsihaw (1964) cmpho-

gised the importance of inmteraciions to plant treedera.

Transferamation of data wihich is a well known statistical
procedure (Dartlett, 1947 Tukey, 1949) eould scmetimes be
used t0 eliminate interaections. Mather (1971) coasidercd
whe question of scale of measuresent in detail by giving an
example in wiich interactions wore eliminated by a log trans-

formations, He pointed out that suwsh interactions should bo



brougirty ezplicitly into the analysie insplte of itrying
o climinate it. Moyloy Jones and Mathor (1958) die=
cusged how gemotypewenvironnent interactions could iaflue
ence varianses and covariances used in biometrical

gonetical madels,

Ereeding for stable varieties hag received mush
attontions A nusber of statlstical methods have been
proposed for determining the stability of poteatial varie=

ties when they are tested over a series of environmenta,

Iouio (1954) suggested "stability factor' as e oimple
measure of paenotyplo stability. It is given by S.F, = iﬁ&
where S.Fe stands for Sitability Factor, iég and'iiﬁ 1z

are the mean valups in the hipgh snd low yielding onviron=
ments respeeiively. A volue of ‘unity’ for the stability
factor indicates maximum phenotypic stability. Gemotypes
with S.F, farther awvay from unity can be considered aa
unetable. The drawback of this measure is thad 1% doee not
take the verliablility of the genotypes over the varying

envirvermenta into aoctount.

Flalsted and TPeterson (1959) adopted the procedure of
obtaining coabined analysio of variance at all locations
for each pair of variety and computed varioty X location

component of variame for cach pair. Mean value of this



variance component was then taken as a stability asasure.
Zhe variety éﬁth the sumllest mean value was considered

as tuec most stable. Tae major drawback of this procedurs
is that computation beccmes tedious with incresmpe in the

nusber of varicticd.

Wrioke (1966) developed a method to estimate the
esovalence (ﬁi) of genotypos grown under several environ=
mento,to measure the stabllity of performance. Ecovalenee (1)
is the percentage contzibution of the ith genotype to the
genotype-environgent interaction sun of squares, The varie-
ties wvith omall by valuo were conesidered to be stable. Inis
method allows the partitionipg of the genotype~environment
interaction sva 0f squares inio componente atiribubable to
the different gernotypes, bubt 4t does not-ailoy the prediction
of the porfowmance of genotypes over environmente.

Suuikia (1972) proposed ’stability vaeriance’ (<§%) ag
a measure of stability of the ith genotyps and ne developed
an 'P' test taking into account the within environmenial
component of variance (). A genotype is oalled stable
1f ite stability variaﬁoe'ia equal to within envirommentel
edmﬁonent of varianoe anﬁ large values of this variance
indicate nore stability of the genotype. 'Stability varlance'

end ecovalense are closely related.



A metiiod of partitionimg the interaction sum of squares
kad been given by Yates and Coohran (1938), though it was
largely neglected for years, Ihey regrospsed the yleld of
each varicty on the mean of all varieties. Ihey observed
that the regresmsion sum of squares accounted for a large
part of the iatermotion sun of squares, in a set of bariey

trialo.

Finlay ond Yilkinson (41963) adopted@ the game technigue
for tho amalysis of adaptation in a trial with 277 verie~-
tles of barley in ceven eavivonments. They observed that
genotype~onvironacnt inleractionswere linearly rclated to
the enviromnental effects, when thess were measured on the
gamec scale as the gonotypic effects, They defined an ideal
variety as the one with the maxinum yleld potential and
maximnus genotypic stabiliﬁy;

The regression technique of Finlay omd Wilkinson {1963)
was ilmproved upom by Eberhart and Russell (1966) by adding
another stability parazneter, namely, the deviation fron

rogresoion (Sde).

Tai (1971) presonted a method of genotypic stabllity
analyois, whore genoitype=cuvironoent intoraction of a variety
is partitioned invo two componcnts=linear regponse to environ=
nentelefiocts ( KX) and the deviations from the linear



response ( 7). A perfeotly otable variety was cheracterised
by A o=tand X= te 420 and Xe 1 0% Tal gorrespond %O
unit regrossion cosfiiciont and Sag egual t0 zZ2xo respect=
ively of Iberhert and Russeclls' model (1066)., These values
of x and » aloo had codneidence with Shuklae's definltion
of otability, where Shukla (1972) defined a genotype as
stable 1f the performance of thé gonotype is the sua of

- add;tive genetic effcet, ndditive environmental effect and
a randon error. without any interaeticon between gonotype and

environasnte

The variance componente approach and the regrossion
approach diseuseeadaﬁove did not relate to parameters in
& blometrical genetical model. A third appromch is based
on tihe fitiing of models.uvnich specify the contributions
of sgenetioy ewvironmental and gonciype—enviromnent inter=
action effects t0 tho gonsration means and varisnces uwhich
allovw for tue comitribution of additive, dominamce and
epistatic gene effeots to the gemetic amd intezaation

comporonts,

Bucio Alanis (1966) developed a mathematical model to
neasuro the gonotype~environment intersotion whaen only two
negacgygovs parents wore growm wader & lorge number of

emvironments.



Bueio Alanig and Hill (1966) extended the sbove model
to include ¥, betueen tuwo homozygous parentse

Perkine and Jinks (1968,2) extended the technique of
‘Bueio Alanis (1966) smd Bueio Alanis and H1l1 (1966) to

cover mezny inbred lines nd arosces mmong then.

Porking and Jinks (1968,b) further extended the methodo=-
logy to & large number of miscellancous F1'3 which msy not
have any systematic relationship with one another by redefin-
ing tﬁe apdel for individusal !5 a9 F(il) obbained by cerousing
pareunte Pi and Pla

Bucio Alanis, Perkins end Jinks (1969) extended the
codel of Bucio Alanis end Hill (1966) to include T, ond the

baekerooses B‘l md 52._

In 21l the a?ave caseg, the genotypo=cuvironment inier-
aption component was linearly related to the environzental
values. It was found that the phenotypie mean of any gener=
ation derivable from two inbred parerts grown under any
environument could be predicted from the parentel and Py gener-

stions,

This approach is suporior in its predietive véne acroso
generationsg and this is ndd possible from alternative appro-

aches of Pinlay and Wilkinson (1963), Sberhort and HRussell (1966)
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and Perkins and dinks (1968, a & b). i

Breese (1969) applied this technique to yield data in
herbage plants. It could give a remarkably acourzte pro=-
diction of the relative response over very wide range of

environnents.

Using plant helght in Ficotiana rustica Jinks and
Perking (1970) showed that the means of F,, B, =nd B 2
families could be saxisfaatogﬁy prediocted from estimates of
the parameters obiained from the parental an Hggrfamili%@.
They further extended the methodology to ¥y hybrids in a
diallel set.

The amajor wesknesses of the regresaio:

(196%), Eberhart and Fussell (1966) end .}
(1968) were pointed out by Freeman md Perkins (i971).
They criticized the impropor choice of sums of sguares end
degrees of freedom znd diso of measure of environment in

the works quoted above,

Fripp end Caten (1971) mede a comparative siudx of
the three regression approachea of Fberhart and Eusséil,f
(1966), Perkins znd Jiuks (1968) end Freemun and Perkiné
(1971). -

Rawlo mad Dag (1978) adopted the regression approach
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of Iberhart and Iussell (1966) and suggested the reciprocal
of the modulus of the regression coefficieant ag stabllity
index. A variety was termed eté}e, if the octability index

was unity.

Shuldda (1972) veparamotrised the model of Perkins and
Jinks (1968) by taking deviation af'individual regressim
coefficients from the mean of alllregreasién coefficients.

Then the problem of testing the éguélity of rogressim coe=
fficicnty became equivalent to testinz the presence of the
non-additivity term introduced by %this reparametzisatioci,
provided, the environuentdl effects were fized. Further, the;
coasidered an extensioca of the modél by taking a covariate,gzjg

h environ-

which i3 o measure of some oheracteristie of the jt
ment, into account., He obaerved that atability wae rendored
for soms genctypes by taking a cqyariame into account, =md
coneluded that the insigbility was due to the linear effect
of the covariate, |

Sapate and Atale (1983) proposed §, = ——tmme X 100

i 1+ 1b
as the stability index of the ith genotype where bi

th gonotype in Eberhart and

is the
regrossion cneffieie@t of the &
Rassell (1966) meodel, A valus ef.iooﬁ indioates the mosi
stehle'variety, and zere, the most unstable one, They propodsed
the parcentage of the coeffieient o£ determination as a secoad

measure of stability.



12

Thote, Sapate and Jehegirdar (1983) pointed ocut that
the zdoptavility of Freeman and Yerkios (1971 ) model basad
on the linecr relatioaship between genotype~environucnt
interaction and cavironment was rarely poosible end restri-

cted its scope.

Sepate and Thote (1933) showed that regrossing phonoe
typle effeet instead of menotype-environment interaction asg
done by Fraeman and Perkins wag bound to affeot the estimate
of regression osocfficient ( ﬁ:) by aa§ amount equal to the
combined regression ecoeffiolent ( PP ). They suggosted that
the remnking of genotypes by the regressim coefficient could
be made after subtrasting the combined regresnsion eoeffi-
cilent from the individual regression coefficicnis.

Fripp and Caten (1971) found that significant part of
the genotype-cuvironment interaction was aceounted for by
differences in linear sensiitivity of genotypes. They also
obuegrved that = single control genotype eould well be used

tc assess the environment,

Perkine and Jinks (1971) cobgerved that resciims of
genotyras to environments were specific to the charscter
under study aid the genotype;environmant interection would
differ for difforemt kinde of environmental varichles,

Fripp (1972) concidered difforent environzental
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megsures for the regressicn approach and observed that the
bias in using non-independent measure was very omall and
that the linearity of regrescion reduces with inecrease in
distance of the environmentzl moasures from the genotypeé
under gtudy, MNe found that a single assossument genotype
could very satisfactorily be used ag the environmental

measure,

Porkins and Jinke (1973) investigated the statistioal
and blomeiricsl geneticel advanteges and disadvantages of
uging dependent mad 1ndepgndent assegenents ¢f the environe-
mentsl values with imbred lines. They coneluded that ranking
of the genotypes by the regression coefficlients could satig-

factorily be made using the dopendent environmental measures.

Hardwick and tood (1972) showed that the blas in the
eotimate of regressiom coefficient of gonotypes on environ=-
mental mesn reduces with increase in the number of genotypeas
and the ratic of variatim between environment to the error

mean sauare, They algo considered cultiple llnear‘regreséion

on a nunber of eavironmentgl vaviables,

Shukkla (1983) proved theoritically that the regression
coefficient under Perkine and Jinks model is estimated as
a relative measure=relative to the other genotypes in the

trial, ile suggesied that the bilas in the estimates of
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regrension.coafficients would be reduced with large numbers
of genotypes and environments. He alaso considered mltiple

regression on a number of environmental variables.

Principzl component analysiz of the suzm of squares and
sum of products matrix of the genotypaes over environnents
was carried out by Perkins (1972) and found that the score of
each genotype in the firat principal conponent was dizeotly
related to the regression coefficient of the genotype on the

noa=independent environmentzl measure,

Preoemen and Dowker (1973) observed that prineipal
ecomponent enalyeis ecorld i1dentify the genotypes as wall as
environmeants vhich gave significant contribution to the

interantion.

Preeman (1973) discussed the various methods of stydying
genotype-cavironuent interaction and suggesied multiveriate

analysia,.

Pripp and Caten (1973) examined the relationship between
genetical éystema deteranining mean expressiocn and sensiti-
vity to ohange in cnvironment for the character dikeryotic
grovih rate in Sehyszophyllum gommuna., They pointed out the
drawback in studying the genetiec relationship botween two

characiers without reforence to the environment,



MATERIALS AND METHODS
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MATERIALS ARND MBT«0DS

. tecondary data had beer upsed for the present atudy.
The following diffevent sets of data had been utilised
for the compariscn of different methods of cetinating
stabillty paramaters.

1« Uboervations on'mean ears per plant (caloulated from
five plants in a plot) from an experiment of ten varieties
of parley tried at five different locations in randomised
block design witi three repllecations in each location form
thae firet et of data. Tasy are taken from Singh and
Chowduiory €1977)e Tae mean deta averaged over replications

are given in table 3.1,

Zable 3.1. ‘'Mean ears per plant’ of ten varieties of
barley osver five locations,

Varie- Tooations

ties I~1 I~II  I~IIX I-1V I~V
1e 43413 30473 23.40 26,77 31,70
2 38407 3343 24417 24460 29,50
30 29.60 43.83  33.67 28,83 27,00
4, 40.33 26,13 26,60  29.90 29,50
5 4147 40443  27.97  32.43 27440
6. 33443 36,73 28,27 32427 36,70
T 40,70 34420 264,97 27,00 29,63

Be 3227 27.60 22450 2327 2450

o ) S R A A IR e S A WA A T .




D i W S O LM TR e e S S AmbALS S ety 2 - - -

Yarie=- - Locations

vies L1 I~11 I~II1 I-1IV I~V
9. 36,27 27457 24447 24497 31,60

0. 30,23 32,43 28483 17.87 32,40

D s W WPl 4 b WP w— iy e Sy

2 1o pecond sot of duta is based on an expsriment on
‘25 omarsnth genotypes, condusied in rendomised block desiszn
with two replicatioha and repeated in 11, seasonsd, in the
departuent of Olarlculture, College of Horticulture, The

data werc taken from Devadas, V.S« (1082), Only the means
‘over repircations in each semson and the corresponding analysls
of variance was avallzble, The character selected was

‘length of S5iR leaf on 30tk day of scwing's. ‘{ue mean data

averaged over replications are given in table 3.2

3» The third set of data was from Indira, P. (1982)s The
data wore generated from em experiment of 15 cbilli geno=-
types in a aplit=~plot oxperimont with four levels of ethephon
8prays in the maimrpots., ZThers were tiwee replications.

Tae fovr etiephon levels were taken as four environzents.

The character choscn was *the number of deys to fivet fruit
set’y waloh alone showed interaction betweon genotypes and
environnents, Ine crror mean squares in the four main plots

vere not homogeneoul and that was the reason for selecting



11 seasons.

Table 3.2, HMean length of 51 1eaf (en) on 30! day of cowing of 25 amavanth genotypes in

- W ST Yy e

s i S Sy

Gepo= N Environnente
types By Fa 53 By 5 Zg = Fg B0 1
1. 12,22 9,23 B420 Te12 8435 1179 9425 0.96 9.03 11.51
2, 1217 12453 Beb4 4.09 11.77 10,77 9.67 19407 - 12429 1623,
3 1330 11.34 0635 10415 9.88 1151 11.38 10.44 11.93 15.39
4o 1132 13,05 10.17 11.62 10.61 10.74  9.77 11.18 12,65 16,33
6. %e11 11.12 10.77 7.28 10.68 12,93  T.57 12,08 9445 14.06
Te 700  4.55 6,67 387 6.24 504 3,69 560 532 9617
Be Se14 13,07 11422 12,23 13,14 G.81 Q.50 13,36 11.68 20.13
Fe 4e25 11.27 10.01 5,61 10.08 13.01 10,08 12.35 12.24 15.63
10, 1177 10,95 13.74 11.48 11.78 11,27 9.78 " g.04 10,72 13.84
11e 9,36 10.59 9,22 6,56 10,30 0,25 8462 9e4% 10,98 9,00
12 10.58 10.37 8.03 Tel4 5¢58 7.05 5.58 11.08 10.84 9,99
13, 12.34 10.64 G462 054 0,52 353 683 11,31 11.80 15.99
4. 1758 1355 10.35 6.53 17.651 12.32 0,74 1634  13.67 1732
15 12.23 12,02 14,55 10,62 10.75 13,06 10,50 11.92 171.42 16.65
16. 15.29 1153 10.47 8492 11.59 11654 Te40 11.95 10.65 12432
i7. 13,16 14.0%0 10,67 6.49 Q.45 2,60 9,30 13.60 13,30 15.06
18, 70025 1167 13.43% 7e5% 10,55 13.84 11,67 14.30 13.45 16433
19, 1175 1431 2.4 6655 8,97 11424 655 10.04 11,20 16,09
20, Ge86 6403 605 3,03 6440 6.86 3,89 712 6490 9.60
21. 1050 T.76 7 <50 7.0 726 7¢32 755 7.18 5¢ 70 8492
22 10,41 7.28 4.1 4,58 723 Ge78 ~ To00 8.04 765 11440
23 10,89 9.15 G,02 4,64 9.10 725 - 8.%0 8444 0,03 11,06
24, 10.86 11,07 7 .24 6,61 8425 7¢83 Be25 G.05 7.64 9,77
25. 5463 4433 5468 4.82 4462 5675 535 668 Se30 775

LT



18

thic peculiax type of duta. The nean date averaged over

replications are given in~tab1é 3.3; '

Toble 3.3, ‘Mean number of days to £irst frult set’of
15 ohllli genotypes in four environments.

. . § . . . . - . . . i
- - - - prpap— > -

Geno- Environments -

types By E, E2 EB
1. 81,07 5180 T 57,00 1 56453
2. 61453 61.07 63493 62427
Je 38453 51,00 54433 55093
4e 48.93 52473 ' 56080 ‘ 56,07
5 44,73 50413 57433 55467
6 435447 52440 55«00 56 &7
Be 4713 50.20 5433 56453
Se 475420 5% 400 56487 56473
10, 42407 54407 - -+ 56480 . . - 55,93
1. 44433 52420 56420° 56447

12, 45,00 51493 56460 57.07
13, 43,40 52407 54420 ' 56427
4. "43.T3 - 52,13 55453 5533
15. 47.00 52440 55453 57.00

wty S0 smracy S-ap acn i o S e EIP At W AN SONCDY D BE-CELA E £ G- A G SRl i O v S D 4 g e e, SN P S S S 2 Rl gy iy A 2 S Wy amp BN S O B
. . M v )

----------

Analysis of variance was perforued in cach of the
environnent’ in-all the three sets-of -data. Homogenity of
error variances in different environments was tested using

Bartlett’s test, in cach case.
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Unweighted analyols of variance of the data in first
two cets, pooled over the difforent enviromments in each
czge was carried out to itest the significance of CGE intex-
gotion. teighted analyeis was performed im tie third sed
of data for the pame purpose sincc the error variances were
found to be heterogenecous in the different environments.
Tobloa 3ed4.1 and 3.4.2 roupectively give the detaile of the
unveighted end weipghtod annlysis of variance of the data

poeled over the diffcrent environaents.

Table 3.4¢1s Unweighted anclysis of variance of pooled

data.
Source ag 55 Ms
| L8
Total t-‘i i=1 301 Yié i c.Fl
Genotypes (@) t=1 = Y.2
iemq i. - CoFe

8
- = y2
BEnvironments (B) =1 j=1 Y.j -~ Cols

t

GB interaction  (t~1)(s~1) Total 55 - Genotypes &5 MS,
~ Dnvironments 58

Pooled error a(t=1)(r=1)

4hﬁh




R

Whero, .
gz’% 2 2
GOP. =] j_r::'i 351 Yj-jg
- et

Significance of GB interaciion was tested using the
F - ratio, T = MSy/SZ,

Table 3¢4+2¢ Weighted analysis of varisnce of the pooled

data
Jource - ) &8
| 2
Total i 8y = ©
Invironnents 1 S y.pfeo
T =144
L. 2
Genotypes - 21 (351 wéxij)
)
W
=14
GBE interaction (1) Total 85 = Invironaents S5 =

Genotypes S3

- A O Aoy — 1y ) B e P wly

The termo ia the enalysis of variance were obtaoined

as followgs

x ]
“ﬁ e "5 s WREXe s 2 1s the error mean gquare in the
Gj j '

jth environuent and r is the number of raplications in ceach

environnent.,
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Sj » Cpude 55 for the jth environnent,

By = Total for the 3*° environment

Bignificance of GE interaction was testod using

2

the XxX“ test,

2 i - e I 1.&2
R “

(5=1) (3=1) (n=4)

dtf. (n’t‘B)

there B = The nunber of d.f. on which the error mean
sQuare i9 baged in ecach environuacni.
I = Interaciion sz of squares.
(nce the GE interaction wae found significant, stability
qf oach genotype w2a gsseesed from the mean performance over
the different onviromments by tho different methods as

followuss
1+ Eberbart aga Ruggell model

Y.!.ja /"i . ‘biijq- " 43,
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Whaere

4 = Mean of 1™ yariocty over all enviromments

b.!. = rogrescion coefficiont that measurss ths
response of ith variety to varylng enviromments

Ig e Lnvirommental lndex, obtained as devietion of
~ the mean of all varietiee at the ;jt‘h envirorment
from the grand mean

and 5’. j w Doviation from regression of the if’h variety in

the §*B enviromment.

I ja which are the independent vaeriable on which Y.l 39

are regreosed, were obtalmed as

= -
Wheroe =1 ij GV = by 5%1 1373
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2 8 2 2
G h¢ - X
Vi ° =1 13 .t‘ '
8 3 2
Y T
. bl %;71 %-33 = }% - 5
=1

Since the error variances were heterogeneous in the
third set of datn, only 323 §,.2 wae caloulated instead
) jn—&j—— .

2 g=2
of Sdi .

The deteiled analysies of variance under ER @model is

given in table 3.5.

Table F«5« Analysis of varianco under ER model (CGenerel).

souree g S8 MS
t B ¥ 2
. I 2
Varictles t=1 o Zla. " O S,
mvironments+ B=1}+ + = 2 b 2
Varieties X 1{8'1)Et*1gx o= Yié - =7
Enviromsents |  t(s=1) i=1 J=1 i=i=s
2
Environnent 1 1 ("% Ti484)
?linear) T _jg=1 Ad
9 r
1.
=1 4
Variety X fnviron= (t=1) <& ( =¥, .1 )?
: - M5
ment (lincar) Ist 3 373 et R
B 1 2 t0 environnmente

553 3 ‘(1inear)



Source . af S8 MS
(gm2) = =y P MS,
Pooled doviation tlag=2 is1 35 ij 3
g 2
Variety 1 (s=2) '5%% é;s
. &2
Variety t (o~2) 5%% t]
Pooled error s{t-1)(x=1) 562
~

D il W Syn Sy W N G S o) T e SV W A T S S A S g - A b S i

8 2
\here xd and 5‘{—;1 ‘%3 are as defined above,

liere, the SS dud to environment and varieties X environ-
nents interaction is partitioned into SSz dus to environments
(linear), varieties X envirvonments (linear) opd deviation
from the regreasion model with d.f. one, (t=1) and t (s=2)

respestively.

The following P tests vere made use of:

MS ‘
(1) P = M—-—-f + to test the equality of regression
at

coafficionts.

(2) F = 2'%1 J2 /E=2) o to teot the individual deviation
42 from rogression -

2
Se
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A variety with unit regression coefficient (bi = 1)
2 .. 2
and-sdi not eighificantly different from zero (Sdi = 0)

could be considered as otable.

To test whether the rogrossion coefficl ente of individuzl
varieties differcd siznlifioantly from unity, tie followlng
't’ teot wao applied . '
bi~1
S5 (b)

| | i
there S8 (b) = [”_L__&__&S' uo fvg Oéed a v_iati,on]
: - 4
3::1 d

.2, Perkins apd Jinko medel(PJ model)
Yij n}'tﬂrdi# E:]’gij*"ij'

k¥hore
J* e grand mean of all genotypes over all
environacnto,

3 ® additive goenetic effeot of the 1thgenotype.

3° additive snvironaental effeot of Jth
environmient.

& 3 s OB interaction effect of the ith.genotype
at the jth environment.

The effeots are defined as followé:

-
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¥
i
(3.1 = == -}A
2 EY. -
R s
gi,‘j EYj'J-ﬁga-ij +}A

8y j wvap further defined ap

813 °® ﬁi 5‘—3 + Jij g0 that the model becomes
+ £4; '
Yij v Mo a; +~ L1 ﬁi) Eﬁ . élj * 6y

The regressior coefficient under this model is nothing
but that in ER model reduced by unity. 8612 remaing exactly

gsame a8 that of the IR modol.

The analyais of variance under this model,adopting eariier
notations is given in table 3.6,
.Table 3.6. Analysis of variasnoce under PJ model.

gl el SN . P ot O Sy A5 O VR A S S ik S Gally dpp W D S A D

Source af s MS
Genotyps (t-1) £ Yiz - Yooa
1 — ———
8 8t
Environnents =y, .2 2
(Joint regressiocn)(s=1) j= - Y.,
Genotype X Environ t B 2 .2
ment interaction > S. Y.t,j - 22 Y, -
(6xE) (t=1)(5=1) i1 joi 101 70
B 2
Y, 2
E1'—j— * YO.
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Source af 85 M8
2

Hetorogenity among (y.q) i 2, Yij (Eli - E;; )
rozressions i=1 |J=1 v - st

2 1

J=1 ¢

= 53 due to envirommento
Remainder (t~1)(s=2) (GxB) S5 -55 due to
heterogenity
2

Error a{t=9)(r=1%) 5
- e g = e .. . Lod - . % -

Heregythe GE interaction SE is partitioned into two
components, viz, heterogenity ambng regroseions with (t=1) 4 £

and remainder SS with (t=1) (o=2) af.

The eavironments Joint regression)SS wita (s~1) df in
this case is tite same as the enviromments (linear) SS of
Bberhart and Russell, witn df =1. - Similarly, 85 due to
heterogenity among regrensioms in this case 18 equal to
the variety X environment (linear) S5 of ER model, voth
with af = (t~1). The poolad deviation S5 with t (g=2) df
in the former oase 15 equal to the remainder SS with (t=1)(e=2)
df in thls case,.
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%, Preeman srd_Porkins podel (FP Hodel)

The envirommental index io the deviation of the mean
value of the genotypes at tho particular enviromment from
the grend mean, in the case of both the medele dlocussed
eorlier. Freemsn ond Porkins (971) propooed other methods
for cotimating envircmmcntal index.

(1) woing a seperate replication for measuring the
environment.

(2) voing o single ascessment genotyre.

In the first and third cots of data, the third repli-
cation was used for assessing the envirommont and e other

two replications were uped for measuring the G5 interaction.

In the second sct, one of the 25 genotypes, which was
8 VOry colsioR ong, was taken as the ascesenent genotype.
The cbservations on this genotype was ineluded in the ecati-

nation of GE interaction also,.

The symbol Zé wvae used for the onvirommental indmx thus.

obtained, to indleate that it is an indcpendent neasuwo.

FP nodel is notually an sxtensicn of PJ model and is
given by

Yj-ﬁ s [Me ﬁ1+ﬁzjogj+}3dizj gé_dij



}* = mean of all genot;ypes over all enviromicents.

dy= affect of i genotype.

ith th

B 4 = regresoion coefficicat of
environnent.

genctype in the }

P = combined regrossion coefficient (equel to mean
. 0f all ?)1 e

F’d a difference between the regression coefficient
1 of ith genotype end the combined regression
coefficiont (ie. By =B)e It is the coefficient

for the regression of 844 On te,ZJ.
g i3 deviation of the :L?’h genotype from the regression
On zj s

5‘-] = deviation of ths mean of all genotypes in the jw
environment from the combined regression line

Ky a = Geviation of the 1B

genotype from its linear
regression on 24 in the 12 onvironnent minus S 3

(19. crij - d;j ).

The tuo parsueters of stability were computed as

2
b:.;z;i,ia;;/:gz

2 8 J
2 2
Sdi 3::1 i] sg
3“2 r
2 2
wherse -ZS o - b, 2 ¥, and
2 8 2 P
Y Y
= -
G;ii ] =1 43 i,

29
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892 is tce pooled error mean square vhich is obtained

from the first tuc replications.

Anzlysis of variance takes the form as given in table
37 bolow.
Iable 3.7. Analysis of variance under FP nodel {Gencrel).

A —— -

Source ag 58 , M5
' SR 2 2
Gemotypoo (6) (t=1) 7oy M., R
b ol rat
g 2 2
Enviromments (E)(s=1) .;j}g‘l I.3e - Yoos
% et

Combined regress~ . (SE%Y.j,Zj)a
f =}

ion
' 2
TS 3
j=1 4
fgzizzgienyal (s=2) Hy subtraction from &
i1 2 _Yi.i»2 - 2l t
Genotype X enviran= =1 §=1 =2 iel ~“ra
ment interaction : o 2
(GxE) (t=1)(e=1) 2 ¥ b
. 331 .jl L 4 eoe
re et
letorogenity t {8 )2 8 p)
- ) = ‘> ¥14.2 ( Y. 2.
ggggﬁsregre' (t=1) i=1 =1 #de? _ 55% ode 3)
<] 2
T2 rt £ g2
=1 d % ,J
(GxE) residual(t=1)(g=2) By subtraction from (GxE)
Pooled error sl(t~1)(zr=1) 5 2

- - - v Pk e -—— - Vo S-Sy elrls SEED
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ore, the SS due to envirommente with df (s=1) is
partitioned into S5 dus to combined regression with ome &g
and:eﬁvironmental ropidusl with 4f (s~2). The interection
S5 is divided into S5 dus to heterogeniiy anoemg Pogressions
and (€xE) reeidusl with Af (%=1) and (t=1) (e=2) respectively.

The significance of cach item was tested by wing

F ratio agalnst the rooled orror mesn SQUATS.

The sbove throe mothods ugsed the theory of regresclon.
The SS due to Gﬁ interaction was spdit wp into componenis
attributable to the different gemoiypes im the followlng
two mothode. '

1« ‘ricke (1966) sugzested occovalence ratlo as the percente

age contribution of a genotype to the S8 due to GE interaction.

" de. Ecovalence for 1thgenotype is

Bi = 521(213 - Yi - !.j + X )2 expreased as
Je 5 =

percentage of the total of =il h&a.

T 5

A varlety bhaving least ecovalence was considered mosd
stable and a varlety with large eocovalence value, least
Etableq

2

2e *Stability variance', Gy of gt genotype aa per

Shukla (1972) io
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G’_i = . i N ) (1-,-1) %1 (Yié - E__;j;& - Y.J - o.)
T (e ) i 10(te2) ) T ot

8 2
S, ,-¥% -7 .+ Y ) ]

iy ke d 2
© is 331 A —'E'a B
The meoan of 6_.12 8 give %ue interaction mean BQURTES,

2

A variety having 63"~ value leds than tie within environmental

2 ig estimated an the pooled error mean

2

varieneo - 2 (@—

square) or hav..ng negative Gy~ velue vas defined as stable.
I

Furthermore, an I test given by F = w-g-;_ with af (s-1,
of{t=1) (r=1)) wvan used to test the significance of 6‘5:2 *

512 could be expresced as a linear funetion of ¥

ae shown below:

2 1 E-. (t=1) w, =~ < w]
N B T B C TP €T 7] R~ S 3

1 E,(t-ﬂ WxI « I ]
Bl ey YLy v AT
(5=1)(t=1)(1=2) 05

It I

100(e=100t=2) "2 e TI(eo1) t8)

2 . Wi" B

\ & - 2
Voere -w; = = (=¥, =Y, %0
&t st

100 5=\, =2)
I

(s=1){t=1)(3=2)



33

A method sugcested in the present study is to fora
different éroupﬂ of genotypes so that the GE interaction is
not significant within any group, but significant between
any two groups. The gepotypes within any group could be
considered as having same stabllity ox similar response’

to differing environments,

The @plit up of the interaction SS between L groups

is given in table 3.8.

Table 3.8 ©OSplit up of intevaction &S (Cenczal),

Intoraction ag 88
vithin group 1 (t4=1) (a=1) i,
Within group 2 : (t,=1) (e=1) i,

L . ] ®

[ ] - O' L]

. ’ . .
¥ithin group k (t,=12 (5=1) I,
Betuween group (k=1) (5=1) By subtraction
Total (t=1) (o=12 1

lhere Iu? the SS due to interaction within the u'® group
48 given by ‘
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t By 2 t | & t
L = 2 2 - - (P )P
R O I = fo1 Lo w o1 i=q 1
2
1 t c]
@  rmm— EY‘
Etuiéil j=1 *d
o 2 2
Iw 5 y. L] Y - SY.Q + Y.
S cmde T S =
tﬂ. 2 142p400elk 10 the number of genoctypes in tne uﬁh
k
group 00 that 355 by ° te

Efficienoy of the various stabllity parameters was
aagessed in the light of this grouping.

Correletion coefficient was ealoulated for cach pair
of stablility paramcterd to seec whethor there is any agrec-
ment between them or not. Correlaticn coefficient was also

cbtained between the enviromaental indices used.



RESULTS
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RAESULIS

The results obtained by tke varicus enalyses of the
three sets of data used in the present study are given

bolows

4«7« Multilocational triel of ton barley varieties,

The mean data for the charascter 'number of ears per
plant’ (average for five plants) of ten harley'varietiea
in five locationo averaged over thres replications are

glven in table 3;1.

The eyror meamn squares (EMS) in the analymes of
variance carricd ouvt in the five different lovcations were

as folloums
Iocation 1 2 3 4 5
EMS 26,514 44.172 16.457 23.500 37.272

Taey were found to be homogeneous using Bartlett's
teet. (:x?a 5011 at 4f = 4J). Hence the analysis of
variance of the data pooled over the five locations (given

in teble 3.1) was performed and is providsd in table 4.7e1e

Ihe variety X location interaction was found signi=
ficant at 5% level. Stability paremciters were, thorefore
estinated under differont methods.
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The apalyeis of wariance under ER model iz given in
table 4¢1+2. Variety X location (linear) component was non=-
slgnificant, Pooled deviation from regression was signi-
ficant at 5% level. Thip wvac beocnuse of tho significonce of
devietion from regression for varictios 3 and 0. Ihe
deviation from rogression wap significant for none of the

other varietlios.

The analyeis of varionce under PJ model for the same
data 18 given ln table 4413 ﬁeterogeﬁ;ty among regre=
seiona was not significant and the remainder part of the

variety X location intercetion wao significant,.

One of the three replications in each location was wsed
for the meassre of cuvironmnent uader FP model. Tae remaining
two replieaﬁiona were used for ihe snalysls of variance and
the same is given in table 4.1.4. From the table, it could
bo inferred that het@rog@ﬁgty among regressions was pot
significant and the remsinder part of the variety X location

interaction was siznificant in this ease also,

The epvironzentel indices IJ andg ZJ are given in
tablo 4e1e5. Eberbart and Russell (1066) ond Forkins and

Jiniks (1968) wsed the seme onviromuental indices. A corre-

lation coscfricient of 0,97 was obtained betueen IJ aﬂﬁ'za

which showod that they were in olose agrecment.
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Stability paremeters for the ten varieties under the
thrce models are pf'ovided in table 44140, sdg valves are

gane for ER ond PJ models.

None of the rograseion coefficiente wae found signi=

ficante

The values of w and 6"12

significance of 6‘32 are given in table 4ele7. Only verie=-

tics 3 and 10 had significantly high cf

and F valuee for tesiing the

values. The b{is
wvere alao higa for these varietiocs. 63_2 could be obtainsd
from W, by tie rolotion, G3° o 149725 W = 2.1917. .

Correiaticn coefficients beiween the various paire of
atability peraneters are given 1n table 4.,1.8 A correlation

coafficient of unity wae ohtained betueen ¥y and 12 .

Henece, G‘f hod the sang ccefficient of correlation with
otiner paremetere es V; had vith them. The regression cogffi-
aients bsand bo showed negative correlation with L-Ji. Sd‘e

and W, were highly correlated.

Bam:ing of varicties by the stability parameitery eéuld
be taken a8 a ¢lue for grouping them so that interaction
vithin any group is imigniﬁoant, bud between any two groups
ia significent. The oplit up of the inwraetit;n S8 obtained
by thoe grouping is given in table 4eteY.
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2 valuss

It was observed that grouping based on wi or a3
vas most efficient. When variety 3 alone was geperated,
the @B interaction for the rest of the varieties were found
to be ineignificent., This implied that all other varieties

had similar responae to the differéng envixonments,

4e2. Multiseasonal iris] of 25 amaranth genotyros.

Ine data on 25 amaranth genotypes over - 11 seasons,
averaged over iwo replications for the character: 'length
of £ifth leaf on 30th day of sowing' are provided in
table 3.2

The éaasonwise gnalyols of the data gava:tne following EMS.

Season % 2 3 4 5 7 78 9 10 1
EMS 2670 1632 415 4042 3443 3404 2445 235 3488 1486 4495

Baritlett’s test showed them to be homogeneous
(352 s 18.04 at Adf =10). The analyaie of variance of the

pooled data over the 11 seasons is given in table 4¢2.1e

Tae GE interaction was significant at 5% level., There=
foré, otability paremoters were estimated by different mothods.
[The analysis of variance under ER model iz given inm table
4422, The pooled deviation was significant at 5% 1ev§i vhen
compared asainst pooled erxor amd the GE interaction (lineér)
component wao significant at 5% level when compared agalnst

pooled deviation. Doviation from regression was significant
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for varieties 8, 9, 12, 14, 17 and 19 and this was the

roeason for the significance of pooled deviatiem .,

The anaglysis of variance unier PJ model is given in
182013 4.2.5

Remalnder torm was significant at 5% level when compared
againset pooled error. Hetegogeﬁity anm g regresslms was
slgnificant in comparison with pooled cerror, but it was not
significznt whon conpared agelnst remainder mesn square ab

5% level.

Ag there were only two roplicatims in cach season, one
replication a8 a whole could not be talten for asssssing the
environoent in FP medsl. Hence, the measn values of one of
the 25 genotypes, walch was considered ao a popular variety,

was talken aps the envivonmental measure,

Anzlysis of variance under FP model is given in table
4.2.4o The regrecasions were heterogeneouws. Significauce
of environmental residusl indiczted olither that the eunviron-
mental indices could not assess the environment adequately
or that the regressim model was inadequate, Neviation
from regression component (interaciion residuzl) was £ 8o

oignificant at 5% level.

The environoeudal indices Ij and Zj are given in
table 4,2.5. A correlatim cocfficient of 0.93 was obtained



40

betuecen the two. indices and this high correlation restricted

the need for PP model,

The rezrescion coefficients and Sh?'values under the
three wodels are givon in table 4,2.6, The regressim
ooeffioients for varieties 2 and 14 were significant as per
t=tent,

2

The walues of Hi amd G{ end F values for testing the

2 arpugiven in teble 4.2.7. The varietias

significance of 63
2, 8y 9,.12, 14, 17 and@ 19 were found to have significantly
highcyiz value, Deviation mean agquarcs were significant
for all varilciies amoug these except variety 2. But °*t°
values identified only varieties 2 and 14 as having sigai-
ficant regression coefficients.

552 could be obtained from ¥y by the relatim
2

Gy 2 0., 7750 ‘.‘Ji = 0,1262,

The correlatim coefficlents between the various pairs
of stability parameters are given in table 4,2.8. Coeffi-

clent of correlatica betusen w& end 612

was unity. Regre-
gsim coefficients anl Wy values did not shes high corree
lation, whereas V, & hal high correlation with S,° values,
b and b 2 am §,°

1
as well as gﬁ were highly correlated.

The ranking of genotypes based on the wvarlous stability

parameters ecould be used as a elue for grouping them so
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that interzction within any group ie .insignificant and
that betuvoen any tuo groups is significant. && md .5&2
values gave good grouping, Out of the 25 genotypes, 20
‘senotypes exeluding genotypes 8, 9, 12, 14 and 17 foraed

a group. 1The 5plit up of the intesractim 53 into the groups
io given in thle 4.2.9, The grouping showed the officiency
of Y, and 6;° in giving rolevent information about the

performance of genotypes over varying envigoqmenta.

4.3, Tweigl of 15 ehilli genofgge g under four varging
levels of eihephone

The meau data averaged over three replicatica of
15 ohilli genotynes in four ouvironments for the charagter

‘nunber of days to first fruit set' ave given in table 3,3,

The following 18 are obtained by the enalyses of

varionce at the foir environnentso.

Bnvironaent 1 2 3 4
S ) 17.2969 06,4338 2,6217 0.7611

Bartlett's teot showed that thgy are hetercgeneous
( 52 = 62,1207, af = 3). The GE intersotion was found o
be signifioant when weighted analyzis of varisonece wao
eerried out (% -3?.76. daf = 25),

The analysis of varianoce under ER model is given in
table 4.,3.1. The pooled deviation asz well as individual



4<

deviation SS oould not be teasted for their significance
since the pooled error wean square was not availdle, The
GE interastion (linsar) sum of aguares was tested for
pignificanece against.pooled deviation measn square and was
found significent, This meant that the linear regression

coefficients accounted for & major part of the GE interaction,

Analysis of variance under PJ model is given in table
4.3.2, In the abeence of pooled error rean sguare, the
significance tests of the varicus items vwas mot possible.
Hetarogeﬁity apong regressions was signifioant when compared
with residudl mesn square, This is an indication for the
linear regression coeffioiénta to account for a large pard

of GE interactim.,

The eavironmental indices under FP nmodel were estimated
using one of the thrce replicaiions.‘ The other two repli-
eations were used for the analysis of verisnce and is given
in teble 4.3.3. Sinoce the pooled error mean sgquare could
not be found, the tests of significance of variaio items
were not pcssible here =zlao, Heteregeé?ty anm g regressimn
was found significant w&en tested againsgt interaction
residual which implied that linesr regressior coefficlients

oould account for a major part of the GBE interzotim,

The environmental indices I:j and ZJ are given in
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table 4,3.4. A correlation coefficlent of 0,9986 between

them showed that they were in close agrecuent,

1
Regreossion coefficients bi, E)i and bi and deviatim

' I
@ean - squaros ‘Yi 2 ong 2 5;_12 are givem .in table
R =1 53 ,
4e%.5%5. Regressioni coefficient was siguificent for genotype 2.

The walues of wi and G"iz are given in table 4.3.6.
Variety ‘2' bad the largest values for W, and 612. The
F teat for 6_12 vas not possible since pooled error mean
square vwas not gvailable. 6‘12 qould be obtained from bfi
by the reiation,

610 = 0.6155 1y ~ 0.2931.

The correlation coefficient between the varlous palrs
of stability parameters we given in tdle 4e5.7. Wi and
G632 had a correlatic coefficlent eaial to unity md hence
both of them had the sane correlation with the othelr stabi=
lity parameteré. wi' had negative cqrrelaﬂ.m vith the |

regression coefficientea,

Renking of varieties by ithe stability parameters was
tsken?a clue fé:r grouping them so that interaction within
any group is insignificant but botween any two groups is
significant, Welghted gmaj.ysis of variance was used for

grouping, All the varictics except variely '2' could be
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groupad'tdgether 50 that interaction was insiguificant
within the group, Genotype '2' hzd the largest wi and
612 values, Also, regression coefficient was significant

for genotype 2 ounly.

. The split up of interantion?ﬁz within and betwsen
groupa odtained by the welghited analysis of variance is
given in table 4,3.8.
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Tavle 4+1.1 Poocled analysis of variance for barley

varieties.
Sourge dag o5 MS P
Totel 49 1664.6838
Varietics 9 28205232 31 039 15
Ioocstions 4 750.9464  187.,7366
Varicties X : , o
Locations 36 631.2142 17,5337 1.7709
Pooled error - 60 9.201

* <
- - Yy R W T S S b g R

eSignificant at- 54 levelo




Toble 4'1029

barley varicties,

- 46

Anslyels of veriunsce under IR model for

W il . . G

ey -

Source as S6 S F
Totel 49 166446838
Vﬂi’i gtian 9 282.52%2 31 «39 15

' Environmenta +

(Varioties E

 Bnvizomments) 40 138241605 |
Environmento | ‘
(1inear) 1 75049464
Varieties X
Invironaents _
(1inear) 9 105.0146 11,6661 046651
Pooled devi- " o
ation 30 526, 1995 175400 17715
Variety 1 3 3945585 13,1862 103318
?&2‘18"‘6&7 2 2 007787 0.2596 0.0262
Variety 3 3 1706705 566902 5e7450%
Variety 4 3 77 43722 25,7907 2,6649

- Variety 5 3 5245997 17.5332 17709
Variety 6 3 46,8805 15.6268 15783
Variety 7 3 35407 1.1802 0.1192
Variety 8 3 32778 11259 0. 1157
Variety O 3 313284 10.4428 1.0547*”
Varioty 10 3 100, 1927 3343976 343732
Pooled error G0 9,901

* Significant ot 5% level,
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Iable 4.1eJ. Analysis of variaﬁce under PJ model for
| bariey varieties.

Souree ’ ar 88 MS

Varieties 9 2B2.5252 5143910

Bnvirounents ‘ :

(joint regre= 4 750.9464 187.7370

gsion)

Varicetics X '

Environmonta 36 6?1.2142

Haterogenlity .

gmong rogress- 9 105.0146 11.66860 0.5987
~ loms '

Remainder 27 52641995 19,4800  1.9684"

Yyvror g0 ’ 94901

#* Significant at 59 level.



48

Table 4.1¢4. Analysiso of varisnoe wider FP model for

barley varieties.

AN oy emn W Ol S S I 2 S S Atk Ay Sk o SO e N SN S iy S T S sl S S B3

Source ar 558 ME ¥ig
Varieties 9 505-4759

Eavironnsnis 4  1467.10864

Combined regresp=

jon 1 1266 .6813

Eaviromenial . :

rogidunl 3 1705051 56,8350 3.68086
Variety X

Environzent

Interzetion 36 1747.7956

Hoterogonity emong ,

regresaions 9 13355849 148428 0.2483
Intoraction |

residunl 27  1614.1747 53,7842 4.,0073%
Byrop 45  1342,6954 14.9188

o A e : - [ —

#*Significant at 5% level,



Iable 4e1e5e

varictico,.

snvironmental indices I
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. 4,4
3 and j for barley

L iocatien 13 ) _ 33
1 54877 54760
2 2.845 2,650
) 3 -4 048 =462 10
4 ~34942 =5,140
5 =0,732 0.940
Table 4e1ebe  bye P b, S.2 and 8,2 for barley
1 F3r Vit Vg a :
varietiea.
Variety by Ry by 5,2 séia
1 15640 05640  1.0303  3.3995 =3.0277
2 1.4111 0.4111 102307 =0.5414  ~=B.4566
4 0.8552 -0.1448  0,7605 16,0007  B.4243
5 143000 0.3000 0.8315 7.7432 35.0481%
6 0.5072 =0.4928  0.,2768. 5.5368 242386
7 1.3475 03475 142509 =8.,6098  9,9056
8 0.8979  =0,1021  1,0072 =B.6794 «7.3786
9 0.9452 =0,0548  1.0059 0.6528 18,5133
10 0,7865 ~0.2135 23,6076  2.0571

0.6641

-——ay
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Table 44147 ﬂi, oy amd F values for testing the

significance of 5}_2&3. for barley varieties.

W BB O v e o= s = - - wh uren

Variety h’fi (;12 ¥

1 10,0518 17,6355 147812
2 241342 2,0180 042038
3 51,5320 6040052 '6,0605"
4 12,5048 2244740 2,2699
5 044043 7.7432 ‘146522
6 10,3167 545368 1.8340
7 1.9975 1.7493 01767
8 Ge6432 ~0,9229 =0.0932
9 449992 7.6693 0.7746
10 1644159

30.1885

- ¥ Sy W g, v Wy - -

3.0490"
¥ Bignificant ;t 5% level. o

Correlation coefficients between the
various pairs of stability pavameters for
barly varieties.

- rmad

Table 4418

Stability paerameters between Coefficient of

which correlations were ‘pbtained. " eorrelation
b, and U ~0,6193
4 07747 =
bi and bi bl
4, and sdia 049871 =
b;. Bm Wi -9.57}8
wi and Séiz 0.8088
!
Sdi2 and sdia 0.790G =»
W and ¢3° 1.0000 »

# Sianﬁc.oth ab &% Level

i . O Sl Ay




Table 441.9« Split up of intoraction S5 for barley

varieticn, ’
Interaction ag SS Mg F
Vi thin group 32 409.9524 12,8104 1.2938

Between groups ! : .
(Variety 3 Vs. Reot): 4 221.2818 5543205 5456874

. &
Total 36 651,212 17.5337 147709
e A1l varieties cxecps verioby 3 vere wiihin one group
* Significant at 5% level,

Table 44241+ FPooled anclysis of varizsuce Lfor emaranth -

Zenotypess
Souree af S$ MS F
Total 274 26194594
Genotypes 24 1212,7981  50.5400
Seasons 10 693.6711 . 69.3671
Genotypes X Seascns 240 712.9902 - 2,9708 1.8432‘
Fooled exror 264 . 1.6113

. tam - A O o D ik wlery G W S R S SRR

*Significant at 5% level.
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Table 4.242.
amarants genotypes.

Analysio of varionce under ER model for

il A - xh Wt-val eulls W AP KD WP G I3 ully LI

Source a2 59 M3 P

Zotal 274 2619.45%4 .

Geno types 24 1212, 7981 50.5400

. Epvirorments ¢
- (genotypes X 250 1406.,6613

environmenta)l

Environzents

(linear) 9 69346711

Genotypes X »

envirorments (linear)24  104.8591 4 43691% 1.643’5ﬁ

Pooledfleviation 225 608,1312 2.,6584 1.6493

Gonotype 1 9 16,9104 1.8769 1. 1657
by 2 Q 1545548 1.5061 0.9344
", 4 9 157716 1e7524 1.0872
X 5 9 24 45534 2.7282 1.,6926
os 6 9 15,6032 167337 10756
5 7 9 8.0612 0.8957 0.5557,,
+s B 9 1000733 111192 65,8086,
ss 10 9 20+ 1342 223382 13397
e 11 9 13,764 1 1.5294  0,9488
s 12 9 352486 3.9165 2,4290%
s 13 9 547106 0.6345 043937
.y 18 9 60,6651 6.7406  4.3820%
o 15 9 14,8189 1.6465 10216
ve 16 9 24,2708 2.6068  1,6731
s V7 9 333532 547059 242992%
e 18 9 27,0847 340094 1.8071
[ B ] 19 9 28.5730 30 1748 109697{5
s 20 Q 2.5012 02779 0.1724
09 21 9 119141 1.3238 0.8213%

Y 22 9 16,6968 1.8552 11510

e 23 9 9.8851 1.0983 0.58%4
v 24 9 12.9567 144441 0.8359

——t3_ . 82 9 _6.8783 00,7642 044742 _

Pooled exror 264 1.0118
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Table 4.2.3¢ Ahalysis of variance under PJ model Zor
amaranth genctypesS.

o - Sy S A g D SO £ A ) 208 T - A -

Source “ af ' 8B KS P
Cenotypes 24 - 1212,7981 50,5332
Invironments

(joint regre= 10 693.6711 69,3671

saion) ‘ :

Genotypos X ' .

Environments 240 © 712.,9902

lleterogenty '
auong regre= 24 - 104.8591 443691 1.5519
selony ’ ’
Reaainder 216 608,1311  2,8154  1,7467
Fooled error 264 . - 1.6118

- - -t o e b .
i !
.

- *Significant at 5% level. .
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44244« Analysies of variance uader FP mcdel for

-anaranth gerotypes.

54

- O

vource : as 88 MS P
Genotypse 24 1212.7981  50.5400
Bnvironnents 10 693,671 £9,35671

Combined regre-

osion 1 603,7168 603,7168
Envirenmental , 6o #
rosidual 9 8949543 546549 6.2011
Genotypes ¥ Envirom=

nent interaction 240 71249802

Hoterogenity , R
among regroaciecns 24 116,3228 4483468 147546
interaction ) #
residunl 216 59646674 247623 1.7138
Error . 264 1.6418

%#S8ignificant at 5% level.



Table 4.2.5. Invironaental indices I, amd 3, for

aparanth genotyrsd.

SBnvironuent I

SHvEEOm I
1 1400 1,57
2 0.78 1,93
3 20,15 =196
4 263 6451
5 =022 1417
6 0.08 0.17
7 -1.58 =093
8 « 1,96 3,83
9 073 1,07

10 0450 169
11 5045 5463
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i
Toble 442460 byy Py o By o 83 2 ¢ and sa12 for amaranth
genotypes.

Genotype by ﬁi ‘35. Sd 2 8 (; e
-—— m— — S S
1 0.,8683  =0,1312  0.4412  0,2671  0.3046
2 1.8198 0.8198 1.0000 . =0,1057 =1.6118
3 0.9182  =0,0811 044550  0,0550  0.2347
4 0.9333  =0.0667 0.4144  0.1406  0.8097
5 0.9504  =0,0496  0.4330 1.1164  1.7008
6 102428 0.2428  0,5583  0.1219 142245
7 0.7885  =0.2115 0.3324 =0,7161 <=0,0973
8 1.1031 0.,1031  0.4866  9.5074 10.4788
9. 1.0272 0.0272  0.5618  6.6172  6,1716
10 0.4770  =0.5230  0.,1540 0.6264 1.0483
19 0.5378  =0.4622 043335 =0.0824 =0.4932
12 11167 0.1167 044854  2,3047  3.3821
13 145333 045333  0.7050 =0,9773  0.4384
% 1.9355 0.9355 1.0008  5.1228  4.9388
15 0,9182  =0,0818  0.,3461  0,0347 1.2248
16 0.7398  =0,2602  0.3177 1.0850 1.5872
17 069343  =0,0657  0.4750  2.0941  2.1405
18 103028 0.3028  0,6382 143976 1.8542
19 1.,4091 0.4099 046027 1.5630  3.4186
20 08452  =0.,1548  0.3910 =1,3339 =0,9253
21 03451  =0,6549  0.1439 =0,2880 =0,1643
22 101134 0.91134  0,5936  0.2434 =0.0633
23 11287 0.9287  D.587T1 =0.5134 <=0.6256
24 0,7064 ~0.2936 0.3683 =0.1677 =0.2278
25 =0.6416 -0, 7526

'
l

043584

0.1601

=0 08475

—— i



Table 44247,

ty s

of 61 Sv for ammranth genotypes,

i d-am an b Sy

57

612 aﬁﬁ ¥ valuss fbr_teating the significance

ol St ol Sy T O

1. 1541

Gonotype Wy 512 be
1 24319 17555 1.0892&
2 464930 33529 2,0802
3 2+ 1319 15230 02449
4 22320 1,6806 0.9931
5 34624 2.5541 1.5846
;) '2.,4085 17374 1.0079
4 ' 13090 0.8653 065493
-8 14.089% 10,7897 6.6942%
9 10,3920 7 «9245 4 49166*
-40 " 3.6986 1248822 17244
19 ‘27071 240153 1.2503
12 409880 . 3e7 365 2.1382%
13 18920 13371 0.8220
14 11.8822 9.0795 5 5631%
15 241083 15048 05336
16 " B.36562 2,721 1.6327
17 446905 345029 201751%
18 T A41458 3.0338 1.9133
19 4,0559 344791 2 1585%
20 04435 0.2146 0+ 1337
21 " Je3441 244525 145278
22 243840 1.7184 1.0661
23 14520 0.9961 0.,6180
24 241650 15487 0.,9650
25 " 245670 1.,8602




Table 4.2.8.

58

Correlation coefficients between various

pairs of stability parameters for amaranth

genotypes.

- o . o o mn

Stabllity parapmeters between

Coaefiicient of

whicoh correlations voere obtalned. sorrelation

bi and Hi 03709
1
b, and b, 059701~
¥, and 8y 2 0.9638 »
by and by 0.3727
W, ond sd' 2 - 10,9017 *
N 2
55 2 and 8 0.9636 *
1 i |

¥, apd6y° 1,0000 =

e S.IIZ]'Y'\L.‘F(C-O\.V\.I:' ab 5% LQ:JP.L-

Table 4.24.9. Split up of. interaction SS for amaranth

£enotypate.
Interaction ae - Ss MS - F
« - ‘ - op wb e e ey - - - .
W thin group 190 372.4981 1.9605  1.2163
Dotveen group 50 j340.4921 6.809$ 4e2250%
Total 240 712.9502 1.8432%

249708

** All genotypes except genotypes 8, 9y 12, 14 and 17 woro

within one group. ,
* Significant at 55 level.



Inble .443. 1

oiilli genotypes.

- -y g gy S g

— e S ot TRy

Analysis of variance under ER model for

Source af 38 MS hij
Total 99 1857.8145
Genotypes 14 432,2998 '30.8786
. EBnviromments + '
(Genotypes X 45 1425.5148
tavironments)
(yironants 1 1265.4953
Genotypes X »
Envirorments %4 123,3858 848153 T7.2175
(lincar)
Fooled deviatiorn 30 3646338 1.2211
Genotype 4 2 0.9442 0.4721
’ 2 2 3.1334 . 1.5667
X 2 2 245788 12804
'y 4 2 1.4159 0.7080
'Y 5 2 6.1125 3.0563
X 6 2 143999 .0,7000
’e 7 2 345966 17993
’e 8 2 5.6330 2.8165‘
o 9 2 1.,0255  0.5128
sy 10 2 0.811% 344056
gy 11 2 0.,0474 0.,0237
0y 12 2 0.4065 02033
s 13 e 129353  0.9677
'Y 1 a2 C.7780 0.3850
) 15 2 C83127 0.4069

*Significant at 5% levels

—-
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T8ble 5e5e24

e - € T2 Wy T W

Analysio of variance uwndey PJ model for
cihilil genotypos.

cource arg S5 M3 F
Gonotynes 14 432,2998 30.8786
Environnents . .

(joint regre~ 3 126544953 421.8318

ssicn)

(enotypes X

Bavironuents 42 160,0196 3.81C0
Hotoerogenity . #
BMONE regre~ 14 123.3856 B.8153 047359
asiond

Bemainder 28 36,6330 1.3084

bl gy oy _m--)

*Significant at 5% levelis
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dable fe3eTe

chilli genotypes.

Analysis of verizmnce under FP model for

e omam ol el i S CI e A S w3 Ehap e

Source aft S5 M5 P
Genotypes 14 4000, 1150

Enviromonts 3 2853,0056

Combined regre=

goion 1 2866,9%43

Bnvironmental

reoidunl 2 16.0723

Genotype X

Enviromaent

Interaetion 42 3310784

Hetorogeuity :

among, ragrossions 14 230.1176 16,4370 4.8338*
Interaciion

residwl 28 101.8608 3.6379

#Sianificant at 5% lavel,

e S - Ay e D N A e s o =
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Table de3s4e Znvironmentel indices I3 and 23 for cuilli

£enotypcea.,
Lavironmont I'_j ZJ
1 ~7 4380 '605703
2 -0.1620 042302
3 345440 2.9367
4 440560 3.4034
fable 443.5. bye Be by ;; Cand £5. .2 for
=5 8‘2 J=1 o3
chilll genctypss.
Genot b & b B‘g = 5:;; 2
ROty o i 4 1 Edle o i
1 105919 03519 1.6%336  0.4721 0,404
2 Oe1373 =0,8637 042158  1.5667  2.6165
3 104764 0.4764 41,7952  1.2804  0.1855
4 0.6666 =D.33% 11,1318  0,7080  0,0993
5 1.0449 0.0449 141653 340563  B8.4566
6 11315 0.1115 1.3281  0.7000  0.5329
8 0.7485 ~0.2514 143376  2.8165  2.2679
g 1.2060 0,2060 1.5026  0,59128  0,5749
10 12655 0.2453 1.4068  3.0456  1.4094
11 1.0672 040672 1.0215  0.,0237  0.0127
12 1.0543 0.0543 1.0746  0.2033  1.7631
13 1.0558 0.0558 143287  0.9677  0.0037
14 140373 040373 1.,0295 043830 245517
15 143707 0.8231

0.8288 =0.1712

0.4069
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1able 4.3.6-

W end gy° for oailll genotypes.

[ -

Cenotype A &1
1 846980 5 40604
2 41,1640 25.0419
3 1345980 8.0759
8 647300 348490
5 3.9150 2,1162
6 145390 046541
7 2.5170 1.2560
8 68400 349166
g 2.8880 144845
10 T+4440 4.2683
11 0.2690 ~0.1278
12 0.4070 ~040425
13 143790 05558
14 045630 0.0533
15 2,0500 0.9687

e
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Table 4437« Correlation coefficient beiween various
- pairs of stabilily paraueters for chilli
goenotypes.

- Ty W By A - i

Stability paramneters betugen Cosfficient of
which correlations were obtained. correlation

ary vay ek alh s - iy NP SR variie -~y - - -

b, and by 0.8462
'3
W, and by ~0e5497 =
Yy end G2 1,0000 »
! 8¢ 2
Wy anﬁszcﬁ.a_ 0,2230
5=2
852 «0, 008t
W, end j:‘ﬁg 4 0.0080
=g
B¢ 2 s ¢ 2 c
5%%_12__ and %15%,12_ 0.5413 ~

Ay e Tl wb o M-my gl ekl S5 W) @y Se-ul Ay WAk SN0 D S - gk Sy b g Gl o anb TE L -

* Siﬁﬁibﬁ:ﬂ“t at 5% teve] -

for
Table 4.3.8 &plit up of interaciion :ﬁ%:ehilli genotypes,

Interaoction . af m?valua

&% [ithin group 24 - 24.0859
Bstuween group
(Genotype. 2 Voo 1 13,6743"
Rest)
Total 2 5 3T 7502

Ay S ey -

*® ALl genotypes except genotype 2 formed a single group
& Oignificant at 5% level.




DISCUSSION



DI SCUSSION

The regression appébaches by Eberhart and Pussell
(1566), Porking ané Jinks (1968) and Freemza end Perkins
(1971) do not differ very much. Althaigh they used differ-~
ent codels, the stability pavameters under all the thrae
models measure almost the same. Regarding stability, the

first two methods lead to the szme oconclusion, ouly differ-

65

ence being in the value ofthe regression cocfficient, Thet .

is, regreazion coefficient in PJ model ia cobtalned by
subtracting unity from that in ER model, Freeman and
Perking (1971) used a different measure of the environment

and comments that a value of unity or nezr to unity for the

combined regressim coefficient ( B) is nceded for meaningiul

conclusions. Bat whon fis equal to 'one', parameters
estimated under this model will be same as those uwader PJ
model. This azmmnte to saying that all the thres methods
do not differ substa tialiy,.

There had been tmch confusim on the splitting up of
the total SS and Gf into componentn, All the three methods
differ in this aspect., The partitioning of the S5 and the
correspm ding df by Freemm =znd Perkina (1971) is correct.
But nothing hai been asnticied as to what exastly was the
problen in the other two methods,
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enuirovnment

Eberhart and Ruosell (1966) partitioned the (va@%?%y ¢
variety X enviroument) SS into SS due %o environment (linear),
variety X environment (linear) and pooled deviation from
régression, The corresponding df were ons, (%=1) md t (s=2)
réspeotively. It may be noted that the 35 betwesen environ-
mente hey the same value wg that of the S5 due to environments
(lineary), the 4f being (=-1) and 'one' respectively. This
was becanse the environmental SS 1s aplit into environments
(linear) @nd environuent (non linear), the corrssponding df
being ‘one’ end (s=2) respectively. But under this model,
the 55 due fo snvironments (non linear) .beoomes zero, because
the environoontal means themselves were chosen as the environ-
mental index, The SS due to envirounent (non 1linear) or SS
due to deviatia from eonﬁined regression is included in the

SS due to pooled deviation under this model.

In the andlysis of variones, Terkins and Jinks (1968)
hed given (a=1) as the degrees. of frcedom for the SS due to
eombined'regreesion, vhich fs wrong., The SS due to combined
vecreselon should have ouly ‘one'df and (se=1) is the df for
the SS due to environments, 3But, @o pointed out earlier,
the remainder part of .the S5 due to eanvironments is zoro,
beecause of regressing the environmental means on themselves
and the corresponding df is (g=2), Though Eberhart and
Russell (19066) combined the sum ef squares due to deviation
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from combined régression along with the 5SS due to pooled
deviatio, Perkins and Jinke did not.

A defect of the Iborhart and Russell as well as
Perkins and Jinks approaches, pointed out by Frecman and
Perkins is thax of depsndence of the environmental measuze
used, on the mean of genotypes. As pointed out by Hardwiolk
and lood (1972) and Suuila (1983), though come of the basio
asgumptiots of ths regression model=like measurement of
independent varisbles free from error-sre violated in these,
these methods e well as that of Freemsn md Perkins can
very well be used for practicsl purposos, atleast in cases
where the number of genotypes is fairly large, It ngy be
pointed out that 3&2' glven as a second measure of stability,
in 211 these three models is nothing but a measure of
reliability of the first measure, namely, the regression
coefficient, '

Tae advantage of regression method often pointed out,
i3 of predictability of respm se, ‘Put thie is possible only
if the environmental measure is availsble for the environ=
ments, where the genotype ¢r genotypes are intended to be
introduced, 3But 1f the measure is chosen as the environmentel
mean as is done by Lberhart and Ruesell (1966) or Perkiuns
and Jinks (1968) or the mean of all genotypes in a replicate

not used for the estimation of parancters as done by Freecman
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ad Perkins (1971), there is no predictability, as, such

a neasure will not be availcble for a new environment.

This czn be made possible if some physical measure of the
euvironments such ag woather paraneters and soil oharacter;
ii@t;ca ere used to get the environmental index. Horeover,

in order that prediotability under linear regression nsthod

is to be satisfactory, the deviation from regressim should
be very small., In other words, the dependence of the genotype
on the envifonment should be linear, Henoe, efforts may be
made to estimato the stability parameters, with some physioal

measure of environments as the environmental index,

The stability varianee ( G3°) of Stukla (1972) can be
obtained by a linear transformatim of Wy o Wricke's

ecovelence ratio, as shown in chapter 3.

Logically, these are very good measures of stability
so far as we define, genotypes having sinilar sensitiviiy
to differing environaents, as stable, Ofoourse, there 18 no

prediciablility for these parameters,

A method of forming groups of genotypes such that
interaction of genotypes with environments is insignificant
within any group, but sigeificant between any two groups,
is suggested in the present study, The genotypes so ineluded
in a group will have same sensitivity to differing environ-
mente and thus‘oan bs seld to be relatively stable, The
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ranking of the zenotypes by the different stability pare-
meters had been discussed in this context in the illustrat-

 ive exanples,

23 can be used as measures of stabllity in

‘Hiﬁiaﬂd 7]
almogt all situations., The regresaion aoefficlent can |
conveniently be used\aa a measure of relative sensitivity of
a genotype to the environzernt, only if 1% accoants for all
or most of thé GE interaction, The. grouping technique oan
be uged effectively to verlfy the comparative effifiency of
the variais stability paranzters as well as to identify

gonotypes of same stabllity.

5:1. Mulitiloeationzl triel of ten barley varieties.

In the anéiyses of variances under ER, PJ and PP models,
heterogeé@tylaqong regréesions was not significant and
doviatim from regression was significant as sesn from
tables 4.1.2., 4.1.% end 4.1.4. This showed the inadequacy
of the linear regresslon coefficients to account for the
GE interaction, Henoe the regressim approach railed to
glve any relevant inforzmatim ou the relative stability of
genotyres. By the method of grouping of genotypes, it wys
found that the GE interactim amm g 2ll the genotypes cxecept
genotype '3' waa insignificant and that of genotype '3° Va.
rest was significant, That is, 21l the genotyres ezcept
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genotype '3’ showed pame seneitivity to environmental
changes, <§12 vas significant for genotypes '3"and *10°.
Wi wvas also large for thess two genotypes., It may be noted
that genotype 10, which was included in the group of other

2 conpared to

genotypes had smaller values of Wi and 63y
genotype '3', UNone of thé regressim ocoefficients was

found signiffoant. Thls means that ¥, and o3° could be
oserved as better goasuraes of gtability thanithe regression
coefficients estimated under the three models,

The correlation coefficlent batwsen Wy and Sd2 of IR
model was ashigh as 0,987. This could be explained es
follows, Since the rogression could not explsin the iater-
action SS to any significance, the major portimx of the
interactimn SS was coatained in the de%iatian froma regreosion
58 hé@ henca in Saa valueg, Wi is nothing but the contri-
butlon of the 1th genatype to the interaction sum of squares

end hence -the high correlaticxn.

The correlation coeffioient betwesn the environmental
means and the eavironmenial indices of FP model was 0,97,
Invironmental means could very wall be used instead of the
different measure used in FP model as they had o correlation
coefficient near to unify. It might Pe noted that the
correlation cosfficient betwesn b and b was only 0.77; ,Thia
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was becanse of the difference in the genotypie means based

on three z2nd two replications in the itwo wmodels.

Se2. Multiseasonal itrial of 25 emaranth genotypes.

The heterogeﬁ@ty enm g regrossia s vas significant
under ER snd ¥P models. Bat it was not significent under PJ
model because of the wrong partitioning of the df. The
deviation uean sguares of genotypes 8, 9, 12, 14, 17 and
19 wore significant, when compared sgainst pooled errorx
mean square, as ssen from i=ble 4,2,2, This was the reason

for tho significance of pooled deviatim,

Among the 25 genotypes, 20 genotypes except genotypes
B, 9, 12, 14 and 17 could be grouped together by uszing the
grouping technigue evolved. Within the group, 1njeraotian
was nounsignificent showing that those genotypes had similar
rosponne to differing environments. The ranking of geno=
types based on VY, end &> was the efficient guide in
grovp formatim, It nmight be noted that there were seven
genotypes vith significant 6;° velues of which tuo, heving
low Cfia valueg, could be grouped with the rest so that the
GE interzctim within group was not significant,

In this example, the deviatim from regression was
gignificant in all the three regression wmethods, This meozat
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that a major poriim of interzotion was contalned in the
3&2 or s&a values and hence the eorrelation of qaa and

s&a with W, was very high (.96 and 0.90).

. The environmental means and the eavironmentael indices
of FP model had a correlation coefficient equal to 0.93.
The oorrelatica coefficient botween b md b was dlso high
(0.97). This was bocause the means of the genotypes uced
in all the methods were same, that 1s, based on two repli-
catimao., Here aleo, all the three regresciocn methods did
not differ in neasuring stabllity parameters,

5¢3 _‘}‘ﬂ.ai 0f 15 chilll penotypes over foar envirvonments.

In the absence of the pooled error wemn sgquare, the
teats of slgniricance of varions items in the enalyses of
varianee were not possible snd the second parameter of -

atability could not be obtalned under ER, PJ end IP modela,

Regreaolon cecefficient was significant for variuvty
‘2° only. wis and 6‘12 o were highest for this variety,
The technique of grouping could group all varieties except
variety '2' together so that intersctim was not sigai~

ficant within 'the group.

The oorrelation'coeffidient botween b and b was 0.85,

There was negative correlation between W, s end bs and
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also between ﬂis and 353 though not wvery high. The
correlation coefficient. betwoon Wi and ;%;{aii‘ wag very
lowve 7The low valuss otf tho correlation eoe??gcienta.in
this case could not be explained in the abaence of the
gignificance teste for heterogeﬁ@ty among regressions
and deviation from regreaaion;

A correlation coecfficient of 0.9986 between environ-
nental means end environzental indices under FP model
shioved thet the environmental means cowld very well bs
uged as the meacure of environment and hence the three
regression methods did not differ in the measure of

Btability .

- The following conolusjons eould be drawn by the
analyses of the date:

There uas very.high correlation coefficient between
the environmentel indices of FP and ER as well as PJ
models., In sucir situations, there is no nuch difference
emong the three regression models, provided the genmotyple

means are measured with same precision,

then one replication es a whole is kopt apart for the
envirormental measure as in the case of FP model, the
genotypic mean is measured in each environment from the

remadning replications, Iae preclision in the estimate of
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genotypic means becomes lower in euch situations, That is
conotypic means with less preolsion compared to ER or PJ
models, were regressed onm an emvironmeniel measure which

has very high lincer relationship with that of the models

of Eberhart and Russell or Psrkins end Jinke, under FP
pnodel. This smounts t0 saying that ER or PJ models seemp
better compared %o that of FP model, in cass, one replication

is wed ontirely for the environmental measure,

If the lincar regressions expiain a lions share of
the GB interaction, the correlation coefficient between
Rt or <5i2 and the regression coefflcients will ke high,
If the regreasions caznnoh explaln any significant portion
of GB imteraction, thers wlll bhe high correlation betwoen
Sda or 3:32 and W, or ,612.

Although some of the tests could not be performed
duc to the hetarogeﬁ?ty ol exror variances in the oxanple
of ¢hilll genotypes, all the stability parametcra considered
wore found qulte satiofectory in the light of ths grouping
method. S%ill, efforts will have to bo pade for obtaining
statietically valld stablility parameteré vien the error

variances become hetorogeneons.
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SUMMARY

Different technigues of estimating stability of
genotypes were otudied im detail with special refereonce
to the regression apvroaches 6£ Eberhart and Russell
(1966), Perkine and Jinks (1968) and Frecman and Ferking
(1971), ecovalence ratio of Hricke (1966) and stability
variance of Shukla (1972). The three regression approaches
do not differ very much. The mistakes crept into tue
analysis of variancc of FPerking and Jinko (1968) were
identified amd the correct analysis of variance was provided.
Diffioultien encountercd in case of heterogedity of error
variances in the different environments-were pro jected

through an example.

Fornation of groups of genotypes such that GE inter-
action io imsignificant within any group, but significant
botween any two aroups wao puggested in tolo study. The
genotypes coning in a group have slmilar sensitivity. iec.
A génotype of a group is stable in relation to the other

genotypes in tae group thus formed.

Shukla‘'s stability varicnoe wae oxpressced as & linear

. function of tricke's soovalence ratie.

A1l the stabliity parameters were agsessed for efficl-
enoy in the 1light of the grouping method suggested in the
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precent work, in three different sets of data. Correlation
coefficionts among different stebility parameters were also

used for ocomparicon.

then the number of genotypes is large, any of tue three
regrossion aprroaches could very well be used, in case the
regreasion explains a large part of the GE Interaciion. If
the regressionr does not explain a major portionr of the GBE
interaction, the ecovalence ratieo or the stablility variance
eould bec made use of. Tho grouping method can be adopted in
any aituation and ccovalence ratio or stability variance ean

be bebiter guides for grouping.

Regression teechnique using the physical measures of
environments aa the enviropmentel index i suggested for

future worke.
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ABSTRACT

The genotyplie stability analyscs of Lberhart and
Russell (1966), Perkins and Jinks (1968), Froepan and
Pericing (197%), Wrieks (1966) and Shukla (1972) were studied
in detail. The miptakes in the analysis of varianece af
Perikins and Jinks (1968) weére corrected, Tae first three
. anglyses wich used ths theory of regrossion donot differ
substantially. These eould satisfactorily be used with large
number of zenotypes, érovided. the rograession oxpleins a
large part of the genotype—=envirenment interactlenr, On the
otherhend, when the rogresaion cannot explain & large part of
the genotyps—emvirommont interaetion, Wricke's ecovalence
ratio and Shukla's stabllity variamoe could satisfactorily
be unod.

Shukla's stability veriance waas expressed as a linear
function of lYricke's edovalence ratio. Tncse two stability

measures could be uped effectively in aimost all situations.

Formation of groups of genotypes cueh thot the genotype=
environment interaciion is ineignificent within any group,
but significant betwcen any two groups was suggested in this
study. Tho genotypoe in amy group have similar sgenaitivity
to differing environments end any one of tiem is dsfined as
stablo in riation %o those in the group. Tae diffsrent
stablility parcmetcors were assessed for efficiency using this

method by making uge of three different sets of data.



