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The parametric restrictions of the Gardner and Eberhart diallel

analysismodel: heterosisanalysis

José Marcelo Soriano Viana

Abstract

Theparametric restrictionsof thediallel analysismodel of Gardner and Eberhart (anaysis|l) were studied in order to addressthefollowing
questions: i) doesthe statistical model really haveto berestricted?ii) Do the restrictions satisfy the genetic parameter values?iii) Do the
restrictions make analysisand i nterpretation easier? Objectively, the answersto these questionsare: i) no, ii) not al, andiii) they facilitate
the analysis, but the interpretation is the same as for the unrestricted model. The main conclusion was that the restrictions of the

Gardner and Eberhart model rel ated to specific he'rerosiseffec’ts,jg=I S =0(’ #j), foral j, do not satisfy the parametric values. The

Gardner and Eberhart’ sestimators of the variety heterosiseffects, the specific heterosiseffectsand their variances, differ from those of the
unrestricted model . Any analysisusing the unrestricted model and that of Gardner and Eberhart should lead to the sameinferences, at | east
for those based on assessment of the population effects expressed as deviations from the average value, the heteroses, the average
heterosisand the variety heteroses (the correl ation between the estimates of thetwo modelsis 1). Thelimiting factor for the use of the
unrestricted model isthelack of formulasfor computing the sumsof squaresand for estimating the estimabl e function variances.

INTRODUCTION

The importance of quantitative genetic analysis for
breedersisreflected by thelarge number of publicationsin
which thisapproachisused. Thediallel genetic design and
itsvariousmodifications have been used by breederstoeva u-
ate the potentia of populations for intrapopulational im-
provement and the usefulness of parentsininterpopulational
breeding programs, and to select inbred linesin hybrid de-
velopment programs. Although severd strategiesfor didldic
anaysis have been proposed, few of them are commonly
applied. The best-known methods are those devel oped by
Jnksand Hayman (1953) and Hayman (1954a,b, 1958), both
exclusively for homozygous parents, that by Griffing
(19564a,b), valid for any species, that by Kempthorne and
Curnow (1961), for circulant diallel cross, that by Gardner
and Eberhart (1966), normally used when the parents are
open-pollinated popul ations, and those by MirandaFilho and
Gerddi (1984) and Gerddi and MirandaFilho (1988), which
are adaptationsof the Gardner and Eberhart and the Griffing
methods, respectively, for partial dialels. Of these, the
Griffing (1956b) and Gardner and Eberhart (1966) methods
aredoubtlessthe most frequently applied.

Themain reasonsthat justify thewidespread use of the
Griffing (1956b) method are its generality, since the par-
ents can be clones, pure lines, inbred lines, or populations
of a self-pollinated, cross-pollinated or intermediate spe-
cies, and the ease of analysis and interpretation; the latter
also characterizes the method devel oped by Gardner and
Eberhart (1966). The genetic interpretation of parameters
inthe Gardner and Eberhart and the Griffing modelsand the

relaionshi p between them have been discussed by Vencovsky
(1970) and Cruz and Vencovsky (1989), thereby making the
methods more accessible to breeders. However, the para-
metric restrictions associated with these statistical models
have not yet been examined in depth. Doesthe model neces-
sarily haveto be restricted? Do the restrictions satisfy the
genetic parameters? Do the restrictions help to make the
andysisand interpretation easier? The objective of thisstudy
wasto answer these and other related questions.

MATERIAL AND METHODS

Thesamediallel analyzed by Gardner and Eberhart
(1966) was considered here (Tablel), althoughitisnot an
ideal database because the tests on variety heterosis and
specific heterosis are not significant at the 5% level.

Parametric values of the components of the
Gardner and Eberhart (1966) model

We consider apolygenic system, with k genes, each
with two allelic forms and no epistasis, and N non-
endogamic populations in Hardy-Weinberg equilibrium
involvedinadiallel. The genotypic mean of populationj (j
=1,2,..,N)is

k k
M; = El m; + El [(2p; - Da + 2(p; - p3)d] =m+y,
where m; is the mean of the genotypic values of the ho-

mozygotesrelativetolocusi, p; isthe frequency in popu-
lation j of thelocusi genethat increasestrait expression,
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a isthedifference between the genotypic val ue of the ho-
mozygote with highest expression and m;, d. isthe devia-
tion due to dominance relative to locusi, and v, is the ef-
fect of population .

Interpreting M, isthe same asinterpreting v, because
m isaconstant. The mean or the effect of apopulationis
anindicator of itssuperiority relative to other popul ations
intermsof thefrequency of thefavorable genes. If thereis
no predominant overdominance, the higher the genotypic
mean or the effect of apopulation, the greater the frequen-
ciesof the genesthat increasetrait expression.

The average of the genotypic means of the diallel’s
parentsis

E(M) =M, =é| m +g| [(2p - Da +2(p, - p2)d] =m+V

where p; isthe average frequency of thelocusi gene that
increasestrait expression, p? isthe average genotypic fre-
guency of the homozygote of greatest expression relative
tolocusi, andV isthe average of the population effects.

The genotypic mean of the hybrid between popula-
tionsjandj’ is

K k
Mj; = EI m; +i§| [(p; +py - Da + (p; + by - 2P Py p;)d]

And the heterosis expressed inthe hybridis

Da+(p; +p; -

M, + M,
i i 2

K
= El (P - py)°d

If thereis dominance, the heterosisin the hybrid of
parentsj andj’ indicatesthe degree of divergence between
them. The higher the value of a heterosis, the greater the
differencesin genefrequency between the popul ations.

The mean of the heteroses expressed in the hybrids
of the genitor j (variety heterosis of parentj) is

k -
H, =E(H;) = EI (P% - 2P Pigy + P )d:
j fixed

wherep, ;, isthe average frequency of thelocusi genethat
increases trait expression in the diallel’s parents, except
the genitor j, and p?, ;, isthe average genotypic frequency
of the homozygote with highest expression relativeto lo-
cusi inthediallel’s parents, except the genitor j.

The heterosis of a population is null when the gene
freguenciesin the population are equal tothe averagefre-
guenciesintheother diallel’sparents. Therefore, the higher
the absolute value of the heterosis of a population, the
greater the differences between the gene frequencies in
the population and the average frequencies in the other
diallel’sparents, i.e., the higher the divergence compared
to the other genitors.

Theaverage heterosisis

k —
H=E(H;) =E(H)=M_-M =X (zpzi '%j% Pi pl_o)] d

where

.._E(MJJ)__: m + Z [(2p| 1)&"‘

(Zpl 2 pu pl (j)J d:|

isthe genotypic mean of the hybrids.

If there are differences in the gene frequencies be-
tweenthedialel’s parents, the average heterosis should be
used to evaluate the existence and predominant direction
of deviations due to dominance. If the null hypothesisis
confirmed, this provesto be the absence of dominance or
bidirectiona dominance. A value above zero meansthat the
dominance effects are predominantly positive (the genes
with somedegree of dominance arethosethat increasetrait
expression). Unidirectional negative dominance is indi-
catedif H islessthan 0.

The genotypic mean of the hybrid between genitorsj
andj’ canbeexpressed as

k k
My = T m+3 T [(2p;- )3+ 2(p; - )] +
+l§‘, 2 la+2 2)d]+
2i=|[( p; - Da + 2(p; - p;) d
+ E (pi - pi)?di=m+ l\/. +lv., +H.
i< M S 2ViT oV ii
But,

k kK [
H+H+H, = ,z_:| (P - py)?d - ;l {-szi +

1 5 3 — o
* N(N - 1) J§|<j Z2P Py 205 Py - Plig *

2

+ 2Py Prgy - Py - 20 IO--}di =H; -S;

where S; isthe specific heterosis of populationsj andj’,
asdefined by Gardner and Eberhart (1966).

Finaly,
ij,=m+%vj+ ;vj +H;; -m+%v+ % v, +

+H+H +H; +S;

Thediscussion about specific heterosesis redundant
for heterosisanalysisinvolving the assessment of divergence
between genitor pairs, athough it provides moreinforma-
tionthan the H;, values. For onegene and populationswith
p; valuesof 0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9and 1,
the correlation between H;; and S;; is approximately 0.84
for any degree of domi nance (d/a# 0). If thereisunidirec-
tional negative dominance, thelowest §; valuesidentify the
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populations with the greatest gene frequency differences
between themselvesand in relation to the average frequen-
ciesinthediallel’sparents. The highest val uesidentify popu-
lationswith the smallest genefrequency differences, but with
genefrequenciesdifferent from the average frequenciesin
the dialel’s parents. When there is unidirectional positive
dominance, thelowest S; values are associated with popu-
lations having the smallest differencesin genefrequencies,
but which show differencesin their genefrequenciesrela-
tiveto the average frequenciesinthediallel’s parents. The
highest valuesindicate popul ationswith the greatest differ-
encesin gene frequencies between themselvesand inrela-
tion to the parental group. Independent of the direction of
the dominance effects, specific heterosis values close to
theaveragevalue (S =-2H) or near zero, when expressed as
deviationsfrom the average effect, indicate popul aionswith
small genefrequency differences between themselvesand
inrelationto the average frequenciesin the parental group.
The specific heterosis of populationsj andj’ isthereforean
indicator of the divergence between them (as H;;) and of
their divergenceinrelationtothedialel’ sgenltors

The analysis of heteroses, variety heteroses or spe-
cific heterosesisalso redundant when assessing the aver-
age heterosisfor the predominant direction of deviations
dueto dominance. If geneswith some degree of dominance
increase trait expression, the heteroses and variety het-
eroses are predominantly positive and the specific het-
eroses are al or nearly all negative. Negative heteroses,
variety heteroses and positive specific heterosesindicate
unidirectional negative dominance.

Based on the previousresults, the phenotypic means
of population j and the hybrid from populationsj andj’ are

Yi=m+v+§
and

+ Ly +

- 1
Yp=m+ < 212

2 vit 2 Vi
tH+H+H +§; +§

vV, +

+H +QJ J

whereg and §; arethe average errors associated with the
phenotypic meansof parent j and the hybrid between popu-
lationsj andj’.

The gtatistical model s above are not those defined by
Gardner and Eberhart (1966) becausethere are no restric-
tions associated with them. These equationstherefore de-
fine an unrestricted model. Normally, the unrestricted
model isused to provide estimates of popul ation genotypic
means, of heteroses, of average heterosis, and of variety
and specific heteroses, while the restricted model of
Gardner and Eberhart (1966) is used to estimate popul a-
tion effects expressed as deviationsfrom the mean effect,
heteroses, average heterosis, aswell asthe effects of vari-
ety and specific heteroses. Nevertheless, the interpreta-
tionsare absol utely equivalent, aswill be shown.

Thegenotypic means of apopul ation and ahybrid can
be defined asshown below since E(S;) =S =-2H:

M -m+%v +%vJ +H+H+H,+S,tV+tS

:(m+\7_)+§(vj-v_)+%(vy -V)+H+(H-H) +

3_) =M + lv*. + lv*j, +

+(H -H) +(S; - >Vit 5

+H+H*J.+H*J.,+S*“.,

wherev’; = M; - M istheeffect of population j expressed
asdeviation fromthe average popul ation effects, H'; isthe
effect of the heterosisof populationj, and S, isthe effect
of the specific heterosis of populationsj andj’.

SinceM ,Hand S are constants, thereisno differ-
ence at all between the interpretation of the estimates of
the population genotypic means, the variety heterosesand
the specific heteroses in the unrestricted model, and the
interpretation of the estimates of the population effects
expressed as deviationsfrom the average, the variety het-
erosis effects and the specific heterosis effectsin the re-
stricted model.

Thus, the statistical model sthat describe the pheno-
typic meansin thediallel table can be expressed as

Yi=M +Vi+§
ad
Y= M_+%V*j+%v"j,+Hjj,+e1J M +%v + % +

tH+H +H; + S +§;

The restricted model defined by these equationsis
not the same as that proposed by Gardner and Eberhart
(1966) since the parametric restrictions are different. The
restrictions necessarily associated with the restricted
model described hereare

(|) Z V=0, (||) 2 H’, =0, and (iii) Zl zls* =0
=<y =
sinceE(v') =E (H ) =E(S;) =0, yielding three restric-
tions.
Therestrictions of the Gardner and Eberhart (1966)
model are

(|)Zv —0(||)ZH-—O(|||)2 ZS* =0

=I<j =1
N
and (iv)jyzzls*jj, =0(’ #j), foralj,

giving N + 2 linearly independent restrictions.
Thedifference between thetwo restricted modelslies
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intherestrictionsshowninitem (iv), which do not satisfy

the parametric valuesof S,

N

since_vzls*”, =H", (" #])), for

g
al j. If therestrictionsin (iv), of which N - 1islinearly
independent relative to the first three, are not coherent to
the parametric values of the effects of specific heterosis,
why werethey cons dered by Gardner and Eberhart (1966)?
Theanswer isthat without them, the normal equation sys-
tem X’ XB°=X"Y is, asin the unrestricted model, consis-
tent and undetermined, which makesit impossible to de-
fine formulas for estimating the variances of the effects
and the contrasts of effectsand for cal culating the sums of
squares. If theformulas could not be defined, the method-
ology would have amore limited use, especially for soft-
ware developerswho are normally not specialistsin quan-
titative genetics and linear models. The problem of miss-
ing formulas in the original paper, another fact that cer-
tainly limited its use, was corrected in a later article
(Gardner, 1967).

Since the restricted and unrestricted models de-
scribed here are the same, the estimable functionsin one
arethe estimablefunctionsin the other. Thismeansthat in
the unrestricted model, the population effects expressed
asdeviationsfrom the mean effect can be analyzed, ascan
be the effects of variety and specific heteroses. In there-
stricted model, popul ation genotypic meansand variety and
specific heteroses can be analyzed. However, therearedif-
ferences between these model sand that proposed by Gardner
and Eberhart (1966), not in relation to the analysis of vari-
ance nor to the testable hypotheses or to the estimable func-
tions, but related to the estimators of severa estimable
functions and their variances. In any applied model, the
tested hypothesesin the analysisof variance are:

1. Hyyy: equality of the treatment means (parents and hy-
brids); testing this hypothesisimpliestesting that there
are no differences in the gene frequencies between
genitors (p; = p; for al i andj).

2. Hy,: equality of the population means (M; =M for all
j) or equality of the population effects (v, =V for all j)
or nullity of the population effects expressed as devia-
tions from the average effect (v, = O for al j); if the
hypothesis H;) was rejected, testing this hypothesis
impliestesting the equality of the effects of populations
with different genetic structures. The regjection of Hy,,
indicates gene frequency differences between the
dialel’sparents, but its acceptance does not indicate the
contrary.

3. Hyg: nullity of the heteroses; if there are differencesin
the gene frequencies between popul ations, testing this
hypothesisisequivalent to testing that thereisno domi-
nance (d, = 0for any i).

4. Hyy: nullity of the average heterosis; aredundant testin
relation to Hy; athough the statistics are associated with
different degrees of freedom for the numerator.

5. Hys: equality of the variety heteroses (H, = H for all j)

or nullity of thevariety heterosiseffects (H'; = O for all
J); if there are differences between the gene frequen-
cies of the parents and if there is dominance, testing
this hypothesisisto test that the degree of divergence
of each populationin relation to the other diallel’s par-
entsisaconstant. B

6. Hye: equality of the specific heteroses (S; =S =-2H
for al j and ') or nullity of the specific heterosis ef-
fects (S = O0for all j andj’); if there are differences
between the genefrequenciesof the parentsand if there
is dominance, testing this hypothesisisto test that for
all pairsof populationsthe magnitude of the divergence
between themsel ves and between them and the diallel’s
parentsisaconstant.

In relation to the estimable functions, the following
must be emphasized: all the estimablefunctionsin theunre-
stricted model ared so estimablein the Gardner and Eberhart
(1966) model, even though thereciprocal isnot true. Since
in the latter the normal equation system is consistent and
determined, the elements of the estimator of the parameter
vector which are the estimators of the variety and specific
heterosis effects are exclusive of thismodel.

RESULTS AND DISCUSSION
Theanalysisof variance of thediallel table (Tablel)

isvalid for the unrestricted and the Gardner and Eberhart
(analysisll) models(Tablell). Atthe 5% level of signifi-

Tablel - Mean grainyield (bushels/acre) of six corn
populations and their hybridst.

1-M  2-HG 3-GR 4-BR  5-K  6-K,
1-M 910 %88 a1 %3 5 1007
2-HG 917 @7 971 M1 1054
3-GR 879 1013 916 1033
4-BR %6 %4 1027
5-K 913 1016
6-K, %2

From Gardner and Eberhart (1966).

Tablell - Diallel analysisof grainyield (bushels/acre) of six
corn populations and their hybrids, based on the
unrestricted and Gardner and Eberhart (1966) models.

Source of Degreesof ~ Sumof Mean F  Probability
variation freedom  sguares square

Treatments 20 473.17 23.66 333 0.0002
Varieties 5 23423 46.85 6.60 0.0001
Heterosis 15 23894 1593 224 00141
Average 1 11544 11544 1626 0.0002
Variety 5 59.72 119 168 0.1527
Specific 9 63.78 709 100 04515
Error? &0 426.00 710

1The degrees of freedom and the mean square are provided by Gardner
and Eberhart (1966).
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cance, thetests showed that i) there are differencesin the
genefrequencies between the popul ations, which justifies
theinequality between their effects, ii) the deviations due
to dominance contributeto theindividua genotypic vaues
for yield, iii) there are no differences between the variet-
ies in their degree of divergence relative to the other
dialel’sparents, andiv) thereare no differencesin the de-
gree of divergence between population pairs and between
the pairs and the diallel’s genitors. These resultsindicate
that the populations chosen for an interpopulational im-
provement program should be those with higher frequen-
ciesof the genesthat increaseyield.

Intheanaysisaccording to the Gardner and Eberhart
(1966) model, the variety sum of squares is the sum of
squares attributable to the hypothesis of equality of the
population effects, allowing for an absence of dominance
or the presence of only average heterosis. Conseguently, it
is only possible to use the quotient between the variety
mean square and the error mean squareto test the Hy, hy-
pothesisif thereis no dominance or if thereisonly aver-
age heterosis. Indeed this was the situation described by
Gardner and Eberhart (1966). Therefore, thetest isadequate
and has al so been considered in the unrestricted model. If
there were evidence of differences between the variety
heteroses and/or the specific heteroses, the correct statis-
ticfor thetest of the hypothesis of equality for the popula-
tion effectswould be F = 11.195/7.1 = 1.58 (probability =
0.18). The problem in this case is to obtain the adequate
variety sum of squares (55.975 in theexamplegiven) since
thelatter isnot orthogonal relativeto the heterosis sum of
squares, and it is therefore not possible to define an ex-
pression for its calculation.

The estimates of the main estimablefunctionsin the
unrestricted model, which are al so estimabl e, as mentioned
before, in the Gardner and Eberhart (1966) model, their
variances and the variances of the contrasts between them
areshownin Tableslll and V. As stated above, analyzing
the estimates of the population genotypic means, and of
the variety and specific heterosesisequivaent to analyz-
ing the estimates of the population effects expressed as
deviations relative to the average effect, the variety het-
erosis effects and the specific heterosis effects, because
the correl ation between the function estimatesis 1.

Theseresults showed that the populations4 and 6 are
superior to the othersin terms of frequency of favorable
genes and can be used in intrapopulational improvement
programs, and that the dominance effects are predominantly
positive. Asthere are no significant differences between
the variety heteroses and the specific heteroses, both can
also be used in areciprocal recurrent selection program.
The heterosi s estimates show that the popul ationswith the
greatest genefrequency differencesare2 and 6, and 3 and
6. If the hypotheses of equality of the variety and specific
heteroses were rejected, the following inferences would
till hold: i) population 6 is the most divergent from the
other parents, and would necessarily be chosen for an

Tablelll - Estimates of the population genotypic means(M ), variety
heteroses (H ), populatlon effects expressed as devjations from
the average effect (V" ), variety heterosis effects (H ;) and the
variances of these and other linear combinations of the parameters,
relativeto grain yield (bushels/acre), in the unrestricted model.

Population l\,/\lj ﬁj Q‘j ﬁ’j

1 910 401 145 -118
2 917 547 -075 028
3 879 537 -455 018
4 %6 425 415 -094
5 913 325 115 194
6 %2 879 375 360

V(M)=7.10

V(H)=355

V()=592

\“/(ﬁ )=189

V(\“/ 0)= V(I\“/l, M) =V (@ -07,)=14.20

V(A,-FL) =V - Fr,) =454

TablelV - Estimates of the heteroses (H i), average heterosis (H)
specific heteroses (SJ ), specific heterosis effects (S'” ) and the
variances of these and other linear combinations of the parameters,
relative to grain yield (bushels/acre), in the unrestricted model.

Parents I,-\|ij éj, AS*”-,
1x2 745 72 316
1x3 165 1292 -254
1x4 150 1195 -157
1X5 235 -10.10 028
1x6 710 -10.89 -051
2x3 290 -1313 275
2x4 295 -119 -158
2X5 260 -11.31 -093
2X6 1145 -800 238
3x4 905 -5.76 462
3x5 200 -11.81 -143
3x6 11.25 -810 228
4x5 145 -11.24 -0.86
46 630 -11.93 -155
5x6 785 -9.38 100
H 519

V(M) =166

V(H;)=1065

V(H, -H,)=17.75

\“/(ﬁ H,)=21.30

V(s,J )= 1108

V(S’ )=445

V(s, sj )= V/(\S/J{ s*,, )=10.93

V(SJ Sﬁl )=V (S - SJI ) =767

interpopulational improvement program, ii) the populations
which diverge most between themselvesandinrelationto
the parental group are3and 4, and 1 and 2, iii) populations
1land 3, and 2 and 3divergeat asmal rate, but have differ-
ent genefrequenciesrelativeto the averagefrequenciesin
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the parental group, andiv) the genefrequenciesin popula-
tions1and5, and 1 and 6 come closeto the average values
for thedialel’s parents.

TablesV and VI show the estimates of the parameters
for the model devel oped by Gardner and Eberhart (1966).
The differencesin adjustment relative to the unrestricted
model are limited to the estimates of the variety and spe-
cific heterosis effects and their variances. The variances
associated with the estimates of variety heterosisand their
contrasts are considerably smaller for the functions ob-
tained by adjusting the unrestricted model. On the other
hand, the estimates of the variances of the specific hetero-
siseffectsand their contrasts are smaller for the functions

TableV - Estimates of the popul ation effects expressed as
deviations from the average effect (\'/‘*j), variety heterosis
effects (H";) and the variances of these and other linear combinations
of the parameters, relative to grain yield (bushels/acre), based
on the Gardner and Eberhart (1966) model.

Population 0 A,
1 -145 -1475
2 075 0.350
3 -455 0.225
4 415 -1175
5 -115 -2.425
6 375 4500

V()=592

V() =296

V@, -0,)=14.20

V(A -Fr)=7.10

Table VI - Estimates of the b\eteroses (I/-\|”,; values below the diagonal),
specific heterosis effects (S values above the diagonal), average
heterosis (H) and the variances of these and other linear combinations
of the parameters, relative to grain yield (bushel Sacre),
based on the Gardner and Eberhart (1966) model.

Parents 1 2 3 4 5 6
1 3385 2200 -1040 1060 -1115
2 745 2865  -1415 0515 1410
3 16 29 4810 0990 133
4 150 2% 905 0140 2215
5 235 260 200 145 0585
6 710 1145 1125 630 785

A=519

V(A)=166

V(H;)=10.65

V(A - A =17.75
V(A -Fp.) =2130
V(S;)=426
V(S;-5;)=1065

A

V(-5 =701

normally estimated by the Gardner and Eberhart (1966)
model. However, the correlation between the estimated
valuesof H'; and S;; are of high magnitude (1 and 0.96,
respectively). Hence, theinferencesthat can be established
tend to be the same as those obtained previously. If there
were any statistical difference between the specific het-
eroses, only one inference would not conform with the
results of the unrestricted model: the estimates of S'; in-
dicate that populations 4 and 5, and 2 and 5 are the least
divergent between themselvesand in relation to the paren-
tal group.

CONCLUSIONS

N
The restrictionsjgI S;; =0(’ #j), foral j, of the

Gardner and Eberhart (1966) model do not satisfy thepara-
metric values of the specific heterosis effects. Conse-
guently, the estimators of the effects of variety heterosis,
specific heterosis and their variances differ from those of
theunrestricted model. Anayses using the unrestricted and
the Gardner and Eberhart (1966) model s should lead to the
same inferences, at least in the assessment of population
effects expressed as deviations from the average effect,
the heteroses, the average heterosis and the variety het-
eroses (the correlation between the estimates of the two
modelsis 1). The use of the unrestricted model islimited
by thelack of formulasfor cal culating the sums of squares
and thevariance estimatesfor estimable functions, although
thisdoes not exclude the possibility of devel oping the ap-
propriate softwarefor analysis. In conclusion, it isgener-
aly quite safeto use the Gardner and Eberhart model.

RESUMO

O objetivo deste trabalho foi discutir as restrigbes
paramétricasdo modelo deandisediaéicade Gardner & Eberhart
(andlisell), visando responder as seguintes questdes, entre outras:
i) 0 modelo estatistico tem que ser restrito?; ii) as restricbes
satisfazem osval oresdos pardmetros genéticos?, eiii) elastornam
a andise e ainterpretacdo mais faceis? Objetivamente, estas
questdes podem ser assim respondidas: i) n&o; ii) nem todas, eiii)
aandisesm, masainterpretagdo € amesmado modeloirrestrito.

N
As principais conclusdes sio: asrestrigdes ~ S; =0 (' #]),
i =1

paratodo j, do modelo de Gardner & Eberhart ndo satisfazem os
valores paramétricos dos efeitos de heterose especifica; em
conseqiiéncia, os estimadores dos efeitos de heterose de
populacao, dos efeitos de heterose especificaede suasvariancias
diferem daquelesdo model o irrestrito; asandlises considerando
osmodelosirrestrito ede Gardner & Eberhart devem conduzir as
mesmas inferéncias, pelo menos em relagéo as decorrentes da
avaliacdo dos efeitos de popul agdo expressos como desviosem
torno do efeito médio, das heteroses, da heterose média e das
heteroses varietais (a correlacdo entre as estimativas dos dois
modelos é 1); o fator que limita 0 uso do modelo irrestrito é a
inexisténciade formulas parao cé culo das somas de quadrados e
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dasedtimativasdasvarianciasdasfungdesestimavei's, emboraisto
néo impossibilite o desenvolvimento de software’ paraautoma-
tizagdo daandlise.
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