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ABSTRACT - The objective of this study was to assess the representativeness of the test environments used by the maize
breeding program of Embrapa in the first phase of genotype evaluation. Ear weight of 378 hybrids froma diallel of 28 open-
pollinated varieties (OPVs) evaluated in ten environments were used. The following environments were evaluated: two
growing seasons (1991-92 and 1992-93), at three locations (Sete Lagoas, MG, Londrina, PR, and Goiania-GO); in two
growing seasons (1991/92 and 1993/94) in Aracaju-SE; and in two growing seasons (1992-93 and 1993-94), in Ponta
Grossa-PR. The complex part of the interaction accounted for nearly 75% of the genotype by environment interaction (G x E).
The environments of Londrina-91/92, Ponta Grossa-93/94 and Aracaju-93/94 differed from the others and also from each
other, as shown by stratification analysis. The phenotypic correlation between genotype means in the pairwise grouped
environments, interpreted as coefficient of genotypic determination, indicated that non-genetic causes were responsible for
64.40% of the mean phenotypic variances. The results confirmed the discrimination of three major environmental groups,
representing the Northeast (Aracaju), Central Southeast (Sete Lagoas, Goiania and Londrina) and South (Ponta Grossa)
regions.
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INTRODUCTION

A quantification of the percentage of the complex
part of genotype by environment interaction (G x E) is
very important to outline breeding strategies and to
choose the test environments as well as the genotypes,
according to the adaptability to a particular
environmental condition (Vencovsky 1978).

When the complex part of the interaction is
predominant, a genotype with superior performancein

one environment will probably not perform as well in
another, resulting in significant differences in yield,
simply because of the genotype choice. The component
of the G x E aside from the complex part is called the
simple part of the interaction. When the simple part is
predominant, the risk of selecting awrong genotypeis
much lower because, even if theyield islower, theranking
of cultivars would not change from one environment to
another.
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In most casesin theliterature, the complex part of
the interaction was the major component of the total
interaction, and sometimes even confused with the G x
E. Even in studies where the G x E caused some
inconvenience in the selection but was not partitioned,
the difficulty was due to the inconsistency of the
cultivar responseto environmental changes. The answer
to this question would enable breeders to determine
the environment where trials should be conducted in
the most practical, inexpensive and efficient way within
a subset of environments grouped by non-significant
interaction, based on the similarity patterns of the
genotype response and other aspects.

The objective of this study was to verify the
representativeness of the main environments used in
the maize breeding program of EmbrapaMilho e Sorgo,
for thefirst year of evaluation of hybrids

MATERIAL AND METHODS

Data from 441 treatments were used. The
treatments comprised 28 open-pollinated populations
(P), the 378 interpopulation hybrids (F;) obtained from
adiallel cross of these 28 populations, the first selfing
generation (S;) of each of the 28 populations, and 7
checks (see Pacheco et al. 2002a for a detailed
description of treatments). Trials were conducted in
experimental areas of the Brazilian Agricultural Research
Corporation (EMBRAPA), in the growing seasons of
1991/92 and 1992/93, at the following EMBRAPA
centers: Centro Nacional de Pesquisade Milho e Sorgo
(CNPMS) in Sete Lagoas (MG), Centro Nacional de
Pesquisade Soja (CNPSo) in Londrina (PR) and Centro
Naciona de Pesquisa de Arroz e Feijdo (CNPAF) in
Goiania(GO), representing the Southeast (Londrina) and
Mid-West (Sete Lagoas and Goiania) regions. Twotrials
were conducted at the Centro de PesquisaAgropecuéria
dos Tabuleiros Costeiros (CPATC), in Aracaju (SE),
representing the Northeast region, (growing seasons
of 1991/92 and 1993/94) and two other trials were
conducted at the headquarters of the Servico de
Negdcios Tecnol dgicos (SNT — Ponta Grossa), in Ponta
Grossa (PR), representing the Southern Region (growing
seasons of 1992-93 and 1993-94), totaling 10
environments. The experimental conditions and data
collection and analysis are described in detail by
Pacheco et al. (2002b).
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Environmental effects were considered random
factors, since the geographical distribution of the
experiments constituted a representative sample of the
environmental conditions of maize-growing areas in
Brazil. Popul ation effectswere considered fixed factors,
since the populations represented a selected set of the
best and/or most promising populations of the corn
breeding program of the CNPM S, and are unlikely to be
a representative random sample of the populations of
the Maize Germplasm Bank (BAG).

Adjusted means of treatments involved in the
diallel were used for the analysis. Joint analyses of
environments, two at atime, were performed to estimate
the complex part of interaction (C), using software
Genes (Cruz 1997). The methodol ogy was based on the
expression of Cruz and Castoldi (1991):

7“(17/)‘ 00, x100
0,

where: C (%) is the percentage of the complex part of
interaction; r; isthe phenotypic correlation between the
means of the same genotype, in two environments; Q;
and Q, are the mean squares of genotypes in
environments 1 and 2 ; Q;, is the mean square of
interaction between genotypes and environments,
considering environments 1 and 2.

The stratification methodology of Lin (1982) was
used, as proposed by Cruz and Regazzi (1994). It consists
of the estimation of the sums of squares of the
interaction between genotype and environments pairs,
with subsequent grouping of the two environmentswith
smaller and non-significant interaction, based on the F
test. The process is then repeated, in an attempt to
include a new environment in the first group of two
environments, thus grouping the environments in
groups of three, then four , and so on, until the Ftestis
significant, indicating that no other environment can
be included. The process should then be restarted with
the still ungrouped environments.

C(%) =

RESULTSAND DISCUSSION

Despitethelarge number of treatments, the efficiency
of the lattice compared to the randomized block design
was low (Table 1). The performance of the lattice design
wasbestin Aracaju - 91/92 (44.54%) and poorest in Ponta
Grossa - 92/93 (0.08%). The use of a randomized block
design would result, in the mean, in mean squares that
would exceed the effective errors of | attice by 15.73%.
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Table 1. Effective errors of the lattice design, values of the F test for the mean squares of treatments, efficiency of the lattice compared
to the randomized block design, coefficient of variation and overall mean yield of ears, in the 10 evaluation environments

Environment L ocation Growing season Effectiveerror F Efficiency C.V. (%) Mean(kgha?)
1 Sete Lagoas 91/92 78792240 2.83** 11273 1505m 5002.90
2 Londrina 91/92 171303100 2.64** 121.16 23.22h 563594
3 Goiania 91/92 970851.60 3.99** 116.18 1345m 732736
4 Ponta Grossa 92/93 77961850 7.42%* 100.08 9.071 972812
5 Aracgu 91/92 598172.80 2.74%* 1444 2157m 358528
6 Sete Lagoas 92/93 80779290 5.87** 12146 1040l 8640.34
7 Londrina 92/93 666806.20 5.57** 1083.72 1153m 7080.16
8 Goiania 92/93 654484.60 3.49** 10265 16.29m 496089
9 Ponta Grossa R/HA 1236070.00 5.08** 11272 1457m 763250
10 Aracgu R/HA 1693573.00 3.4 ** 12203 1590m 818571
Mean 990832.20 11573 1511 6867.91

** significant by the F test, at 1% probability

I, m and h represent the classification of C.V.(%) in low, medium and high, respectively, according to Scapim et al. (1995)

The coefficient of variation (CV) ranged from
9.07% to 23.22%, allowing the following classification
of the experiments, according to Scapim et al. (1995): 2
environments - low; 7 environments - medium, and 1
environment - high. The mean CV of 15.11% is below
the mean of 16.22% estimated by the authors for the
trait ear yield, based on 66 other maize breeding trials.

Theratio of 2.86 times between the largest and the
smallest effective error is well below the ratio of 7:1,
indicated by Gomes (1990) as a threshold to perform
combined ANOVA from trials with different residual
mean squares.

The complex part of interaction (values abovethe
diagonal in Table 2) accounted for amean of about 75%
of the G x E, indicating differences in the ranking of
populations among environments. By the significance
of the F test for the G x E in the environments, considered
two by two, it was observed that the responses were
always different (p<0.01) when the environments 2, 9
and 10 wereinvolved (Londrina- 91/92, Ponta Grossa-
93/94 and Aracaju-93/94).

Due to the imbalance of growing seasons, it was
not possibleto perform the analysis of variance, which
would provide results on the genotype-year interaction,

Table 2. Part of the complex genotype x environment interaction, according to Cruz and Castoldi (1991), in % (in bold above the main
diagonal) and estimates of simple correlation coefficients between genotype means, of the 10 pairwise environment combinations (in

bold below the main diagonal)

1 2 3 4 5 6 7 8 9 10 Mean

1- SetelLagoas(91/92) 841" 692 722° 832 654 786 84 752" 782" 76.6
2-Londrina(91/92) 015 760" 812" 785" 863" 843" 837" 877" 859" 831
3-Goidnia(91/92) 047 040 695 691 633 743 766 746" 807" 726
4- PontaGrossa(92/93) 0.38 034 051 689" 647 64.3 654 69.3" 770" 703
5-Aracgu (91/92) 030 017 042 036 706" 775 849 690" 70.8" 747
6- Setelagoas(92/93) 0.46 025 058 058 032 610 6076 734 791" 694
7 - Londrina(92/93) 034 0.25 045 057 031 060 714 758" 66.7" 727
8- Goidnia(92/93) 0.30 018 0.37 049 026 053 046 65.2° 706~ 736
9- PontaGrossa(93/94) 021 021 03 048 022 043 032 038 85.1" 75.0
10-Aracaju (93/94) 0.16 024 027 037 019 035 045 030 028 771
Mean 031 024 043 045 028 046 042 036 032 029

“and ™ interaction between genotypes and the pairwise environment combinations, significant at 5% and 1% probability by the F test,

respectively
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considering all locations. However, the estimates based
on dataobtained in different years at the same location
(values in bold in Table 2) show that G x E was non-
significant in Goiania only, indicating the strong
contribution of the effects of different growing seasons
tothe differential genotyperesponse. It is possible that
the genotype-year interaction at a samelocation ismore
important than the genotype-site interaction in a same
year. Vencovsky and Torres (1988) found that these two
forms of interaction were not correlated and may have
distinct genetic bases.

It may seem strange that sometimes alower value
for the complex part of interaction was significant, e.g.,
68.9% among environments4 and 5, whileamuch higher
one, e.g., 84.9% among environments 8 and 5, was not.
It must be stressed, that although the data in Table 2
referred specifically to the percentage of the interaction
between genotypes and environments, considered
pairwise, the F test was based on the total magnitude of
the G x E dueto complex causes.

The agreement of estimates of simple correlation
coefficients between genotype means (phenotypic
correlation) in the pairwise combinations of the 10
environments (Table 2, below the main diagonal), with
estimates of the respective percentages of the complex
part of interaction was good. Comparing the means, on
the sides of Table 2, it can be noted that the higher the
correlation, the lower the contribution of the complex
part, as expected.

The correlation coefficient between phenotypic
means of genotypes (r;) was estimated by the following
expression:

. cov(F . F,) _
CEYTE) v
where: Cov (F1, Fy)isthe covariance between means of
the same genotypein environments 1 and 2; V(F,), V(F,)
are the phenotypic variances of the genotype means
within the environments 1 and 2, respectively.
If the environments were considered random, it

can be assumed that Col(F7,. F,)=G (), Where G ., is
the component of genetic variance between genotype
means in the mean of the two environments.

Simultaneously, it can also be proved that

V(Fl):G 217(]):6 z(1)+ (/) i(l)
and

v(F.)-6 2p(z):CY Z(z)Jr (/r)os j(z)

262

Based on a general expression proposed by Cruz
and Regazzi (1994) considering only two environments,
it can be shown that:

2 2 2 2
O )"0 cw2)™ (7 oMY g<z>)2
Based on this assumption, another, equally important
expression can beinferred:

o i(12)+6 ira(12)+6_42'(12):(0 i~(1)+G i-(z))z (i)
Thus, if the denominator of expression (i) is used to
compute the phenotypic variances, it could be replaced
by the mean values of the second expression (ii), and
wewould have:

2
O ;(2)

r.f': 2 2 2 2

\/(CY F(1)+G F(2))'(0 F(I)+G F(z)) (”l)
2 2

This new expression (iii) is still difficult to interpret,

and could finally bere-written asfollows:

7= G i) - G}m) _ .

' \/(G L)t O et G_i(m)l G )"0 wi)t O ) (iv)
In this final form (iv), it is easier to see that r;, under
certain assumptions, is an indirect measure of the
heritability coefficient (h2) and can therefore be
interpreted as an indicator of the mean fraction of the
phenotypic variance between two environments, which
is due to genotypic causes, also means, between the
two environments. Considering the genotype effects
asfixed, theinterpretation may still betrue, although r;
would correspond to a genotypic coefficient of
determination.

Thus, the highest phenotypic correlation of 0.60
between Londrina and Sete Lagoas in 1992-93,
interpreted as genotypic coefficient of determination,
indicates that 60% of the variation in the treatments
occurred due to genotypic causes. In this case, one
may say that the phenotypic value was agood predictor
of the genotypic value. However, in the mean of the 10
pairwise environment combinations, it was observed
that as a mean effect, non-genotypic causes were
responsible for 64.40% of the phenotypic variation.

Data shown in Table 3 refer to the grouping of
environments with non-significant G x E, according to
Cruz and Regazzi (1994). The environmental stratification
wasin full agreement with the above explanations and
conclusions on the complex part of G x E, evidencing
that the results of the environments 2, 9 and 10 were
different from the other seven and also from each other.

Crop Breeding and Applied Biotechnology 8: 259-264, 2008



Environmental stratification based on a 28 x 28 diallel of open-pollinated maize varieties

Table 3. Groups of environments with non-significant genotype-
environment interaction for the treatments involved in the diallel

Groups Environments¥
I 1583764
I 10
Il 2
v 9

Ywhere 1 and 6 correspond to two different growing seasons in Sete
Lagoas (MG) and, respectively, 2 and 7 to Londrina (PR), 3 and 8 to
Goiania (GO), 4 and 9 to Ponta Grossa (PR) and 5 and 10 to Aracaju
(SE)

The results of the clustering analysis represent
exactly the order in which the environments were
grouped. Thus, the experiments conducted in Sete
Lagoas-91/92 and Aracaju-91/92 were those with the
lowest G x E, and formed the first group. The two
experiments conducted in Goiania were added to this
first group followed by the environments represented
by Londrina-92/93 and Sete Lagoas-92/93 and, finally
by Ponta Grossa-92/93 (Table 3).

The three other environments were so different
that they could not be grouped. The magnitudes of
interaction were grouped in the following increasing
order of divergence: Aracaju-93/94, Londrina-91/92 and
Ponta Grossa 93/94.

It is noteworthy that these three isolated
environments had the three highest effective errorsin
common, indicating that in these experiments the
environmental influence was stronger than in the others
(Table 1). In fact, the denominator of expression (iv)
previously developed for the phenotypic correlation
coefficient showsthe importance of the average residual
component in the environmentsinvolved. Thisaverage
residual causes a decline in the phenotypic correlation
among genotype means in both environments and
increases the effects of the complex part of interaction.

This showsthetrend of formation of three major
groups, representing the regions Northeast, Central
Southeast and South. Similar resultswould be expected
in experiments conducted in Sete Lagoas, Londrinaand
Goiania, even if one of these three locations were
eliminated. The Maize Breeding Program of the CNPM S
could probably benefit if Sete Lagoas, Londrina or
Goiania were replaced by another representative
location of the South, North and Northeast, or any other
location with a different adaptation condition from the
three major groups mentioned above. Furthermore, the
extent of the environmental influence represented by
Ponta Grossa must also be evaluated, to adapt
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genotypes to conditions in the south of the country and
of Aracaju with a view to the Northeastern region. The
program should be focused on breeding for broad or
specific genotype adaptation to these three major regions.

Inasecond analysis, theseresultsratify the choice
of Sete Lagoasfor the headquarters of the national corn
breeding program, where the majority of the
multidisciplinary team and research support is based,
and where climate conditions allow crop cultivation in
two growing seasons per year. More recently the
selection and evaluation of specific lines at sites with
diverging and controlled conditions, such as low and
high Al*** and / or phosphorus levels, have contributed
to the development of more stable hybrids and
synthetics, resulting from the crossing of linesthat are
efficient under stress conditions and responsive to
improved cultivation conditions. In the coexisting
activities of both cultivar establishment and evaluation
at the CNPM S, the same human and financial resources
are used. Due to the increasing economic difficulties,
pressing on the public research institutions of
agriculture and animal husbandry, the probable
tendency is a shift towards prioritizing activities of
cultivar establishment rather than of evaluation in the
facilitiesin Sete Lagoas.

CONCLUSIONS

The complex part of the interaction accounted for
about 75% of G x E. Differentiated responses were
mainly caused by the environmentsin Londrina-91/92,
Ponta Grossa-93/94 and Aracaju-93/94. The stratification
ratified this information and showed that these three
different environments differed from each other. The
phenotypic correlation between genotype means in
pairwise grouped environments, interpreted as
coefficient of genotypic determination, indicated that
non genetic causes were responsible for 64.40% of the
mean phenotypic variation. The results confirm the
discrimination of the environments in three major
groups, representing the Northeast, Central Southeast
and South. In view of the ease of setting up and
conducting trials in the environment of Sete Lagoas
and for being representative of the Mid-West and
Southeast regions, this location is considered
particularly advantageous, so that it is suggested to be
given priority for the early phases of generating
genotypes.
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Estratificacao de ambientes usando dados de um
dialelo de 28 populacdes de milho

RESUMO — O objetivo deste trabalho foi verificar a representatividade dos ambientes utilizados pelo Programa de
melhoramento de milho da Embrapa na avaliacéo inicial de materiais. Foram utilizados dados de peso de espigas, de 378
hibridos de umdialelo de 28 popul agGes, obtidos em 1991/92 e 1992/93, em Sete Lagoas-MG, Londrina-PR, e Goiania-GO;
em 1991/92 e 1993/94, em Aracaju-SE, e em 1992/93 e 1993/94, em Ponta Grossa-PR). A parte complexa representou cerca
de 75% da interagéo genotipos x ambientes. Londrina-91/92, Ponta Grossa-93/94 e Aracaju-93/94 provocaram respostas
diferenciadas, ratificadas pela estratificagdo, que ainda mostrou que esses trés ambientes foram divergentes entre si. A
correlagao fenotipica entre médias de geno6tipos nos ambientes agrupados dois a dois, interpretada como coeficiente de
determinagdo genotipico, indicou que causas ndo genotipicas foram responsaveis por 64,40% das variagOes fenotipicas
médias. Os resultados confirmam a discriminagdo dos ambientes emtrés grandes gr upos, representando as regides Nordeste,
Centro-Sudeste e Sul.

Palavr as-chave: interagéo gen6tipos x ambientes, estratificagdo de ambientes.
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