Genetics and Molecular Biology, 23, 2, 387-393 (2000)

Yield stability in maize Zea may4..) and correlations among the parameters
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Abstract

Assessment of the stability and adaptability of a genotype to different environments is useful for recommending cultieava for k
conditions of cultivation and should be a requirement in breeding programs. TwentyZeairesy$..) cultivars were tested at eight
locations in Minas Gerais by the National Center for Maize and Sorghum Research (CNPMS) of the Brazilian EnterprisettoaAgricul
Research (EMBRAPA) for two years. The experiments involved a randomized complete block design in which three procedures wel
used to analyze cultivar stability and adaptability. The level of association among the parameters obtained by the tra@amethod
assessed using Spearman’s rank correlation. Hybrids ‘DINA 170’, ‘G-96C’, ‘C 505’, ‘DINA 70’ and ‘C 435’ had a mean yiald greate
than 6,000 kg/ha. Eberhart and Russell’'s regression coeffigjanbé negative and correlated significantlg ®01) with Lin and Binn's
superiority index (ff, indicating that the most responsive cultivars tended to have smélleidnot correlate with Huehn’s nonparametric
measurements®and $ nor with Eberhart and Russelis? (P= 0.05), but correlated positively with*(P< 0.05), indicating that
superior genotypes (with lowe)) Pould also be stable, a finding not commonly reported in the literature. The stability pararfiegfs, S

S® ando,?, correlated positively among each other (P01), indicating that the stability estimates of the Huehn’s nonparametric model did
not add important information to those obtained by the Eberhart and Russell's method. Estimates from the Huehn’s methpd, howev
showed that stability estimates from nonparametric models are useful alternatives to parametric models. ‘DINA 170, vgresitad a
general mean, was characterized as a cultivar adapted to favorable environments, and was among the most productikenin the diffe
environments assessed. The cultivar ‘G-96C’ showed medium adaptation to all environments (ideal cultivar) and had good stabilit
Cultivars ‘C 505’ and ‘C435’ were alternatives for ‘G-96C’. ‘DINA 70’ showed good adaptability but had low stability.

INTRODUCTION The second strategy for reducing G x E interaction
involves selecting cultivars with a better stability across a
Cultivar interaction with environmental factors (lo- wide range of environments in order to better predict be-
cation, year of planting, soil type, level of technology used, havior (Eberhart and Russell, 1966; Tai, 1971). Various
etc.) is an important consideration for plant breeders. Thanethods use the G x E interaction to facilitate genotype
effects that cultivars and environments exert on cultivar-characterization and as a selection index together with the
environment interactions (G x E) are statistically nonad- mean yield of the cultivars. Parametric models based on
ditive, indicating that differences in yields among culti- simple linear regression analysis are among the most
vars will depend on the environment (Yeteal, 1997). widely used to identify superior cultivars, and include the
Consequently, selection procedures based on the meamethod proposed by Eberhart and Russell (1966), which
yield of cultivars in a given environment are less efficient interprets the variance of the regression deviatiof (
(Hopkinset al., 1995). as a measure of cultivar stability and the linear regression
There are two possible strategies for developing cul-coefficient 8,) as a measure of the cultivar adaptability.
tivars with low G x E interaction. The first is subdivision or Although regression is widely applied, the fact that the
stratification of a heterogeneous area into smaller, moranean of all the cultivars in each environment is taken as a
homogeneous sub-regions, with breeding programs aimedheasure of the environmental index and is used as an in-
at developing cultivars for specific sub-regions. However, dependent variable in the regression may be considered a
even with this refinement, the level of interaction can re- serious limitation to this procedure because there cannot
main high because breeding area does not reduce the intdve independence among the variables, especially when the
action of cultivars with locations on years (Eberhart andnumber of cultivars is less than 15 (Becker and Léon,
Russell, 1966; Tai, 1971). This approach is also costly. Allard1988; Crossa, 1990). Furthermore, the variation of the
and Bradshaw (1964) classified the environmental variationsestimates of the regression coefficient is usually so small
for which stratification is not effective as unpredictable. that classification of the genotype for stability and adapt-
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ability is difficult (Fariaset al, 1995). Yueet al. (1997) 90 and 1990/91 were used. Twenty maizea(mays..)
considered the need to satisfy the assumptions of normalkultivars with an early maturity and normal height from
ity, the homogeneity of variance, and the additivity or lin- research companies and public and private universities were
earity of the effects of genotypes and environment as fur-assessed. The National Maize Experiment is coordinated
ther limitations of parametric models. by the National Center for Maize and Sorghum Research
Lin and Binns’ (1988) methodology, although infre- (CNPMS) of the Brazilian Enterprise for Agricultural Re-
guently quoted in the literature, is a good alternative forsearch (EMBRAPA).
the assessment of cultivar performance in the G x E inter- Five of the 10 experiments were carried out in 1989/
actions. Their method does not have limitations inherent90 and the remaining five were carried out in 1990/91. In
to the use of regression. It characterizes the genotype$989/90, the experiments were conducted in Rio Paranaiba,
with a single parameter jiby associating stability and Uberlandia, Sete Lagoas, Capinépolis, and Vigosa and, in
productivity, and defines a superior cultivar as one with a1990/91, they were conducted in Uberlandia, Capinépolis
performance near the maximum in various environments(at two locations in the same county), Coimbra, and Lavras.
(Lin and Binns, 1988; Helgadottir and Kristjansdottir, Alllocations are counties in the State of Minas Gerais, Bra-
1991). This definition of superiority is similar to the zil. Since the experiments were carried out in different
breeder’s objective, since a superior cultivar should beplaces and under different soil and climatic conditions, each
among the most productive in the greatest possible numwas considered as a distinct environment. Each trial was
ber of environments (Farias al., 1995, 1997). laid out in a randomized complete-block design with three
Stability estimates from nonparametric models basedreplications. The characteristic assessed was grain yield (kg/
on the relative classification of the cultivars in a given setha) standardized for 14.5% moisture.
of environments do not require previous assumptions and The statistical procedures adopted for the adaptabil-
are good alternatives for parametric measurements (Nassdy and stability analysis of the genotypes were those pro-
and Hihn, 1987; Hilhn and Nassar, 1989). Huehn (1990aposed by Eberhart and Russell (1966), Lin and Binns (1988),
proposed as stability measures the nonparametric statisand Huehn (1990a).
tics S, S@, and $¥ based on the classification of the As described by Eberhart and Russell (1966), the be-
genotypes in each environment, and defined stable cultihavior of the cultivars was assessed by the mogelny +
vars as those whose position in relation to the others rel; + §; +&;, where ¥, = observation of the i-th (i =
mained unaltered in the set of environments assessed. Ig) cultivar in the j-th (j= 1, 2, ...n) environment, m = gen-
addition to not having the limitations of the parametric eral meanf}; =regression coefficient; + environmental
models, this model reduces or avoids the biases causeiddex obtained by the difference among the mean of each
by points outside the adjusted regression equation (outli-
ers), and the stability parameters are easy to use and inteenvironment and the general mea21 (= 0),0; =the
pret. The addition or removal of one or a few genotypes
probably causes less variation in estimates of the stabilityegression deviation of the i-th cultivar in the j-th environ-
parameters than in parametric models. Finally, this ap-ment and; = effect of the mean experimental error.
proach can be used for other purposes, such as selection The Lin and Binns’ (1988) model uses thpaam-
in competition and breeding programs, when the order of
genotype classification is of fundamental importance eters obtained by the expressmn:FZ (X - Mj)?/2n to
(Huehn, 1990a).
The level of association among the adaptability or sta-assess the superiority of the cultivar, wheredRiperior-
bility estimates of different models is indicative of whether ity index of the i-th cultivar, X=yield of the i-th cultivar
one or more estimates should be obtained for reliable prein the j-th environment, M= maximum response obtained
dictions of cultivar behavior, and also helps the breeder toamong all the cultivars in the j-th environment, and n =
choose the best adjusted and most informative stabilitynumber of environments. This expression was further par-
parameter(s) to fit his concept of stability (Duarte and - N -
Zimmermann, 1995). titioned into P=[n(X;.- M)2 + Z (Xij - M; + M)2/2n,
The objective of our study was to determine pheno-
typic stability of grain yield in maize cultivars and evaluate where X = Z X.,/n and M = Z M/n, X; = yield mean of
the level of association among the stability parameters de-
rived using the models suggested by Eberhart and Russethe i-th cultivar in the n environments and M = mean of

(1966), Lin and Binns (1988) and Huehn (1990a). the maximum response in the n environments. According
to Lin and Binns (1988), the first part of theeRpression
MATERIAL AND METHODS guantifies the genetic deviation and the second quantifies
the G x E interaction.
Data from a group of experiments from the Early Huehn (1990a) proposed the use of the parameters

Genotypes National Maize Experiment carried out in 1989/S®, S®, and $? as stability measurements based on the
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classification of genotypes in various environments, whereefficients equal to one would have an average adaptation
n to all environments. Thus, genotypes with variances in re-
SO -rp0[n(n-1)/2], $9=Z (-1)*/n-land § = gression deviations equal to zero would have highly pre-
A 1=t dictable behavior, whereas with a regression deviation
2 [ - O, where &, = mean of the absolute differences greater than zero, they would have low predictability be-
= cause of the environmental stimulus.
among the classification of the i-th cultivar in the n envi- ‘DINA 170’ had a high general mean (Table I) and a
ronments, f = classification of the i-th cultivar in the j-th regression coefficient greater than one (Table Il1), thus
environment, n = number of environment&) Svariance  characterizing it as a cultivar adapted to environments with
of the classifications of the i-th cultivar in the environments, a high level of technology. In environments with a low level
N of technology, the yield potential of this cultivar would
r.= 2 ry/nand $9 = sum of absolute deviations in yield not be fully exploited. The level of variance in the stabil-
= ity regression deviations was greater than zero, indicating
units of each classification relative to the mean classificationlow predictability. This fact, however, should not adversely
The significance tests for the'&and $? statistics  influence decisions regarding the use of this genotype be-
were determined as suggested by Nassar and Huhn (198¢pause it had a high determination coefficieht:(80%).

and Huhn and Nassar (1989). i@alues associated with The ‘G-96C’, ‘C 505’, ‘C 435’ cultivars had regres-
g sion coefficients equal to one, regression deviation vari-
S®and $?were obtained by the expressigo= = Z™, ances equal to zero and high determination coefficients
i=1 .
(Table 111). Therefore, they had an average capacity for ad-
wherem=1, 2, =[S™ - E (§)]2/ V(S), E(§™) = aptation to all the environments and were highly predict-

expected value (= mean) of% and V(S™) = S™ vari- able. According to Eberhart and Russell (1966), they could
ance. The significance test for the null hypothesis that allbe considered ideal cultivars, since they maintained good
the genotypes are equally stable was done using a chi-squaperformance in environments with low yields. This con-
distribution with g degrees of freedom. The stability pa- cept of an ideal genotype has been questioned by Hilde-
rameters were compared using Spearman’s rank correlatiobrand (1990), who suggests that breeders should find geno-

(Steel and Torrie, 1980). types capable of maintaining good yield in unfavorable en-
vironments or those excellent in variable environments,
RESULTS AND DISCUSSION rather than select materials with a regression coefficient

equal to one. Hildebrand (1990) stated that these geno-

The differences in the classification of the cultivars types may yield less in unfavorable environments than those
in the various environments indicated the presence of G xwith low regression coefficients, and less in favorable en-
E interactions (Table 1). This was confirmed by the sig- vironments than those with higher regression coefficients.
nificant effect of the cultivar x environment interaction in The cultivar ‘DINA 70’ had a regression coefficient
the joint analysis of variance (Table Il) and indicated the equal to one, but had a regression deviation variance greater
need to assess the response of the cultivars to envirorthan zero and a relatively low determination coefficient
mental variation. Taking the mean general yield as the firsi(r> = 79.0%). In view of its low predictability, care should
parameter for the assessment of the cultivars, ‘DINA 170’,be taken when recommending it for general adaptability.
‘G-96C’, ‘C 505, ‘'DINA 70’ and ‘C 435’ gave the best Genotypes with high mean yields and a specific adapt-
yields, with mean yields greater than 6,000 kg/ha (Tableability to unfavorable environments were not identified by
). ‘DINA 170’ had the lowest yield variation among the the regression analysis (Tables | and Il1). The only cultivar
environments. with a regression coefficient lower than one was ‘DINA

The adaptability and stability of a genotype are use-556’, which had the lowest mean yield, the greatest vari-
ful parameters for recommending cultivars for known ance in the regression deviations and the lowest determina:
cropping conditions. Eberhart and Russell (1966) proposedion coefficient of all the cultivars assessed. Cultivars ‘C
an assessment of cultivar response to environmenta#25’, ‘C 411’, ‘BR 201, ‘HATA 1000’ and ‘AG 303’ had
changes using a linear regression coefficient and the variyields similar to or above the general mean of the experi-
ance of the regression deviations. The cultivars are groupechents (5,748 kg/ha) and had adaptability and stability pa-
according to the size of their regression coefficients, lesgameters defined as ideal by Eberhart and Russell (1966).
than, equal to, or greater than one and according to the  In an alternative procedure for assessing the behav-
size of the variance of the regression deviations (equal téor of genotypes in genotype-environment interactions pro-
or different from zero). Those cultivars with regression posed by Lin and Binns (1988), the superiority of a geno-
coefficients greater than one would be more adapted tdype may be assessed by the superiority indgxdefi-
favorable growth conditions, those with regression coef-ned as the deviation of the i-th cultivar relative to the geno-
ficients less than one would be adapted to unfavorableype with maximum performance in each environment. The
environmental conditions, and those with regression co-superior genotype would be that one with the lowest P
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value, that one which remained among the most produc-action (Table Ill). However, this genotype contributed only
tive in a given set of environments. The estimate;of P 1.8% of the total value of the interaction (Table IlI).
could be partitioned into a portion attributed to genetic Huehn (1990a) proposed that the stability of a culti-
deviation, thais, the sum of the squares of the genotypes.var in response to environmental changes could be assessed
This would be troublesome to breeder’s since it does nobased on its classification in various environments. Three
necessarily imply alteration in the genotypes ranking or innonparametric stability measurement§(&@ and $%)
the portion attributed to genotype x environment interac-were proposed such that the i-th cultivar could be consid-
tions. In this case, the cultivars of greatest interest wouldered stable in n environments under analysis if its classifi-
be those with the lowest¥alues, most of which would be  cations were similar in all environments, i.e., it would cor-
attributed to genetic deviation (Lin and Binns, 1988). respond to maximum stability. For a cultivar with maximum
Cultivars ‘DINA 170, ‘G-96C’, ‘C 505, ‘DINA 70° stability SV =5@=8®=0.
and ‘C 435’ had the greatest mean general yields (Table I) Thex2 value for the ® statistic is a measure of the
and the lowest;Ralues, with its most part attributed to the homogeneity of the;8 values of all the cultivars. It was
genetic component. The exception was ‘DINA 170’, which not significant (P = 7.1%), indicating that there was no dif-
had the greatest part of Rhat was attributed to the inter- ference in stability among the genotypes (Table IIl). The
cultivar with the lowest ® value was ‘C 411, followed by
‘G-96C’, ‘C 505’, ‘C 425’ and ‘AG 405’; all except ‘AG
405’ had mean yields above the general mean for the ex-

Table II - Joint analysis of variance for periment (Tables | and I1). On the other hand, ‘DINA 170’,
the yield (kg/ha) of 20 maize cultivars in 10 environments. ‘DINA 70’, ‘C435’ and ‘|R-31" had mean yields above the
Source of variation Degrees of freedom Mean squares general mean but relati\{ely highl)S/aIues and, conse-
guently, showed low stability.
Block/environments 20 1,643,639 The genotypes;8 were significantly different (R
Cultivars 19 6,764,587 * 0.01). The cultivar stability evaluated by thegé&lues
E:‘I’t'izlzr:;“fgfvimnmems 131 f%;gg‘;: coincided with the classification of the cultivar stability
Eror 280 '577 628 given b_y SV (Table 11). The_ st_ablllty of genotypes based on
the estimates of;® was similar to that estimated by the
**P <0.01 (F-test). two previous measures (Table Ill). According to Huehn

Table lll - Estimates of the stability parameters proposed by Eberhart and Russell (1966),
Lin and Binns (1988) and Huehn (1990a) for grain yield (kg/ha) of 20 maize hybrids evaluated in 10 environments.

Cultivar Eberhart and Russell (1966) Lin and Binns (1988) Huehn (1990a)
Deviation Contribution to
_— interaction (%)
B (%)  0%,/1000  R/10000 Genetic Interaction g s® s
C505 0.99 91 -15.15 85.26 58.82 26.44 2.95 5.6S (3) 24.04(4) 3.66 (6)
BR 201 1.20 2 51.31 151.43 134.37 17.06 1.90 6.02 (7) 26.54(8) 3.7C (7)
U502 1.28* 86 306.95"  227.80 174.88 52.92 5.92 7.56(12) 40.27(11) 5.83(1§
HATA 1000 111 9%5 -68.78 148.27 129.81 18.46 2.06 5.96 (6) 25.6C (6) 3.77 (8)
AGROMEN 2010 1.09 78 412,90 188.14 130.62 57.52 6.44 6.4S (9) 29.82(9) 4.04(10)
C425 1.08 0 50.30 121.92 97.37 24.55 2.74 573 (4) 24.04(4) 354(5)
C431 0.87 69 43110 234.98 150.29 84.69 9.48 7.87(15) 43.33(14) 4.67(12
AGROMEN 2012 0.82 71 293.33"  219.17 187.75 31.42 351 7.62(13) 43.21(13) 4.77(13
DINA70 115 79 439.46"" 92.26 70.37 21.89 244 8.93(18) 58.84(18) 7.39(19
DINA 556 0.43* 18  1284.70™ 503.09 328.12 174.97 19.61 10.09(19) 83.33(19) 7.82(20)
GO873 0.82 76 210.25 22233 167.45 54.88 6.14 576 (5) 2492 (5 3.32(3)
Cc411 1.05 9% -84.29 131.69 105.97 25.72 2.87 44S (1) 152¢ (1) 3.1€ (2
G-96C 1.02 91 -11.15 73.40 47.60 25.80 2.88 5.0¢ (2) 1894(2) 3.05(1)
IR-31 0.95 61 870.66™  159.90 122.35 37.55 4.19 8.24(17) 4899(17) 6.61(18
DINA 170 151 90 246.45" 25.08 8.90 16.18 1.80 7.42(11) 43.82(15) 6.42(17
C435 1.02 83 66.73 102.82 72.63 30.19 3.37 6.80(10) 32.89(10) 4.18(11
AGROMEN 2005 0.81 8  -4243 264.67 211.50 53.17 5.95 6.04 (8) 25.7¢(7) 4.0C (9)
AG 303 0.89 82 123.50 178.74 130.23 48.51 5.43 7.96(16) 46.49(16) 5.77(15
IAC 100B 0.94 e 353.97"  293.00 246.22 46.78 5.23 7.78(14) 43.16(12) 4.83(14
AG 405 0.97 R0 -14.51 22852 185.11 4341 4.86 573 (4) 2307 (@) 3524
Total 29.93ns 45.28+

*P < 0.05, **P< 0.01 {-test) for the hypothesfg = 1.*P< 0.01 and ns, nonsignificang(test). *P< 0.05, P< 0.01 (F-test).
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(1990a,b) & and $? are functions only of the stability teraction concepts of the classification they represent are
measurements whereas the numerical valu®agSleter-  strongly related to that of selection in which breeders are
mined by yield and stability simultaneously. interested, i.e., whether the best cultivar in one environ-
The correlation among the adaptability or stability es- ment is also the best in other environments. In conclu-
timates of the different models may indicate if more esti- sion, nonparametric stability measurements seem to be
mates should be obtained to improve confidence in the preuseful alternatives to parametric measurementsdivale
diction of cultivar behavior. The Spearman’s rank correla- 1997), although they do not supply information about
tion between th@; regression coefficient and the superi- genotype adaptability. Miranda (1993) suggested that S
ority index (P) was negative and significant{(®.01). This  and $? are easier to apply and interpret th&h S
estimate indicates that more responsive genotypes tended

to have lower Pralues. Similar results were obtained in ACKNOWLEDGMENTS
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(Phleum pratensé..) (Helgadottir and Kristjansdéttir, The authors thank Embrapa - CNPMS for allowing the use
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1995, 1997). RJid not correlate with;8, S® or 6%, but

P, did correlate positively and significantly wittgTable RESUMO

IV). The presence of a correlation betwegamid 3 seems

to indicate that superior genotypes (with lowgrduld O conhecimento sobre a estabilidade e adaptabilidade de

also be stable (with lower®. According to Huehn  comportamento de gendtipos contém informag@es muito (teis para
(1990a,b), 8 is a function only of the stability measurement arecomendacéo de cultivares para condigdes de cultivo conhe-
using corrected data, i.e., if one wants to estimate the phesidasa priori, de modo que a avaliagdo da resposta dos genotipos
notypic stability independent from yield level effects. as variacdes ambientais deve ser etapa obrigatéria em programas
The stability parameters’s S@, S® ando?; were de melhoramento. Para caracterizar 20 cultivares de milho, foram
positively and significantly correlated €0.01), indicat- reallgados de; ensaios (onq localidades do Estado de Minas
ing that the four measures were similar in classifying the S€rais: €m dois anos) no delineamento de blocos ao acaso, pelo
genotypes according to their stability under different en-Centro Nacional de Pesquisa de Milho e S0rgo (CNPMS) d?
vironmental conditions (Table V). Conseguently, only one Empresa Brasileira de Pesquisa Agropecuaria (Embrapa). Trés

. procedimentos estatisticos foram adotados para a andlise da
of these parameters would be sufficient to select the stablggiapiligade e adaptabilidade dos cultivares e avaliou-se o grau

genotypes in a breeding program. Similar results were obge associagéo entre os parametros dos trés métodos por meio da
tained in the common beafl{aseolus vulgaris..) correlagéo classificatéria de Spearman. ‘DINA 170", ‘G-96C’,
(Miranda 1993), corrdea mays..) (Veronesi, 1995), soy- ‘C 505, 'DINA 70’ e ‘C 435’ destacaram-se com produtividades
bean Glycine max(L.) Merrill) (Yue et al, 1997) and  médias superiores a 6.000 kg/ha. O coeficiente de regr@gséo (
popcorn Zea may4..) (Vendriscolo, 1998). Parameters de Eberhart e Russell foi negativo e significativamente correla-
S® and 92 are measurements of stability alone. They arecionado (P<0,01) com o indice de superioridadg (& Lin e
strongly intercorrelated with each other even in the casd3inns, indicando que os cultivares mais responsivos tenderam a
of using the uncorrected yield data But, if one adjusts ~ @Presentar menor./, nao se Co"e'ac'onozu com as medidas
the x, by the genotype effects, i.e., using the correcteda0-Paramétricas@e $ de Huehn e cora’, de Eberhart e
values ¥, then all the nonparametric measurés-§© Russell (P= 0,05), mas correlacionou-se positiva e signi-

| fectl lated h oth incl dficativamente com 8 (P<0,05), indicando que gendtipos mais
are nearly pertectly correlated among each other - inclu ‘produtivos e responsivos (com mendté#mbém podem ser esta-

ing §° (Huehn, 1990a). __ veis (com menor,8), embora tal situagio ndo seja comumente
The nonparametric stability measuremerits S© observada na literatura. Huehn afirma que as estimativad de S
and $% do not require any assumptions about the normal-indicam somente estabilidade, quando os dados s&o corrigidos.
ity of the distribution and variance homogeneity. The in- Os parametros de estabilidad®,SS@, S® e 02, correla-
cionaram-se positiva e significativamente entre st (F01),
indicando que as estimativas de estabilidade do modelo né&o-
Table IV - Spearman'’s coefficients of linear correlation among parameters pa,rametrlco ‘?'e Huehn nap acrescentaram maiores informagoes,
of the Eberhart and Russell's (1966), Lin and Binns' (1988), and Huehn's /€M das obtidas pelo método de Eberhart e Russell, a0 mesmo
(1990a) models, for 20 maize hybrids evaluated in 10 environments. ~ t€mMpo que mostram que estimativas de estabilidade de modelos
nao-paramétricos sao alternativas Uteis as estimativas de modelos
BERy SOH)}  SOH) SOH)  ER) paramétricos. ‘DINA 170’, com maior média geral, caracterizou-
se como um cultivar adaptado para ambientes favoraveis e

1 o Kok * . . . .
g(g‘i) 063 0.37 8'32** (?':i* Oogi* permaneceu entre os mais produtivos no conjunto de ambientes
S‘”EH; ' 0.96% 083 avaliados. ‘G-96C’ comportou-se como um cultivar de media
SO(H) ' 0'78** adaptacéo a todos os ambientes (cultivar ideal) e estavel, enquanto

‘C 505’ e ‘C 435’ podem ser considerados alternativos para a
IER = Eberhart and Russell; LB = Lin and Binns; H = Huehrs 6F05, ‘G-96C". 'DINA 707, também de adaptabilidade geral, carac-
**P <0.01. terizou-se como de baixa estabilidade.
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