Crop Breeding and\pplied Biotechnologyll: 207-215, 201 p /SOWPUEDB'%@& < BAB

O
Brazilian Society of Plant Breeding. Printed in Brazil ‘ §
o

CROP BREEDING AND
APPLIED BIOTECHNOLOGY

S g &c

Complex interaction between genotypes and growing
seasons of carioca common bean in Goias/Distrito
Federal

Helton Santos Perefta Leonardo Cunha MelpMaria José Del PeloSd_uis Claudio de FarfaAdrianeWendland

Received 12 December 2010

Accepted 22pril 2011

ABSTRACT - The objectives of this study were to assess the importance of the complex interaction between common bean
genotypes and growing seasons in the state of Goias and the Distrito Federal and verify the need for evaluation and indication of
cultivars for each seasonie¥tl data of 16 genotypes in 16 trials conducted in tveavijtg seasons (winter and rainy) eersed. The

coefficient of determination was estimated in the analyses of variance with decomposition of the genotype x environment interaction.
The complex percentage of the interaction was estimated and the Spearman correlation between seasons. Differences were detected
between seasons and presence of genotype - season (GS) interaction, with greater significance than the other double interactions
with genotypes. The correlations indicated a predominantly complex GS interaction. This predominantly complex nature of the GS
interaction calls for an assessment of the genotypes in both seasons, which may however identify cultivars with general adaptation
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INTRODUCTION and growing seasoAmong these, the growing season is
particularly important since in some states such as Minas
The socio-economic importance of common bean iSerais, S&do Paulo, Goias and Distrito Federal, there are
high in Brazil, where it is grown in several regions anthree different seasons per year: a rainy season (sowing
under greatly varied environmental conditions, given bgugust-November), no irrigation; a dry season (sowing
the climate and/or technology level. In view of thislanuary-March), with optional irrigation; and winter
diversity, the genotype - environment interaction is highlyisowingApril-July), in which irrigation is indispensable
relevant (Oliveira et al. 2005, Pereira et al. 2009, Gonc¢alvaad temperatures milder
et al. 2010). This interaction can be divided in two: ina  Ramalho et al. (1998) studied the importance of some
simple part, which is irrelevant for the classification ofactors of the G x E interaction and found that the most
genotypes, and a complex part that affects the genotygignificant interactions in the dry and winter seasons in
ranking (Cruz et al. 2004). Minas Gerais were genotype - growing season (G x S) and
Factors that affect the genotype x environmergenotype - year (G x Y), ahead of the interaction genotype
(G x E) interaction for common bean are, e.g, yleaation - location (G x L), showing that the evaluation of genotypes
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in several years and different seasons is more importargrde, Santéntdnio de Goidsinapolis, Morrinhos and
than the evaluation at various locations. Matos et al. (200C)istalina in both seasons in 2004. The experiment was
however reported that the G x L interaction was vergrranged in a randomized block design with three
important in this state. The results of Pereira et al. (2010¥plications, with plots of four 4-m-rows, evaluated for
who studied these same factors in the states of Paraigld data in the two center rows. The genetic treatments
and Santa Catarina, were different in that the G x i each experiment consisted of 16 commercial carioca bean
interaction was the least important, followed by thgenotypes (CNFG'9458, 9471, 9484, 9494, 9500, 9504,
interactionsof Gx Y and G x L. 9506, 9518, CNFE 8009, Carioca 11, BRS 9435 Cometa, BRS
For the state of Goias and Distrito Federal no reporEstilo, Pérola, lapar 81, Carioca Pitoco, and Magnifico).
were found on this subject. These states produce about The yield data were subjected to separate analysis
10 % of the national bean production (266,806 tons in 2008). variance, considering the effect of treatments and sites
This production is concentrated in the rainy (Octobeias fixed. Then the selection accuracy (SA) was estimated
December) (40 %) and winter growing seasons (Aprilaccording to Resende and Duarte (2007) by the
July) (49 %), and the mean yield in these states is tke&pressions:
highest of the country (2,296 kg-Halearly exceeding the 1
national average (1,223 kg B FEIJAO 2010). In the dry SA = ( ) J '
season, the production in these states is only 11 % of the
total, mainly because of the occurrence of the bean yelldar F. > 1; and SA =0, for < 1, where Eis the value of
mosaic virus, which practically blocks the production ofhe F test for cultivars.
common bean in this season (Del Peloso and Melo 2005). Thereafter combined analysis of variance was
The official recommendation of common bearperformed for each growing season. Combined analyses
cultivars must conform to the rules of the Ministério daf the two growing seasons were also carried out for the
Agricultura/Registro Nacional de Cultivares (MRNC)  decomposition of the genotype — environment interaction
(BRASIL 2008), which request the indication of state anth genotype x season and genotype X location-yiear
season-specific cultivars. Therefore, genotypes have bdéis case, the effects of genotypes, locations, years, and
tested in different growing seasons, to compare tls@asons were considered fixed. Whenever the ratio of the
performance of genotypes in these seasons, and abbighest by the lowest mean square was greater than seven,
all, to check the adequacy in the genotype classificatidmdicating that the residual variances were not homogeneous
in relation to these seasons. Such tests provide techniRimentel-Gomes 2000), the degrees of freedom of the
information underlying the evaluation and recommendaticaverage error and interaction were adjusted by the method
of cultivars for the rainy and winter growing seasons, whicbf Cochran (1954).
would reduce the number of experiments to be performed Means were compardyy the Scott Knott test at 10 %
and consequently simplify the recommendation of neywrobability This significance level was used to decrease
cultivars. the likelihood of non-discrimination between genotypes
The objectives of this study were to verify the existencgue to type Il erroAccording to Zimmerman (2004), this
of interaction of genotype x growing season (G x S) in therocedure is recommended when small differences are
state of Goias and Distrito Federal; assess the importaregected between treatments, as in the case of VCU tests.
of the complex G x S interaction and its effect on the ranking ~ To identify the significance of each source of
of genotypes; and to verify if genotypes must be mandatori¥sariation in the combined analysis, the contribution of
assessed in the rainy and winter growing seasons foeach one to the total variation was estimated, using the
subsequent recommendation of specific genotypes festimate of the coefficient of determinatiorfRis given
each season. by:

0,5

c

R2= SS;

MATERIALS AND METHODS oSS,

The experiments were conducted in 2003 and 2004where: SSis the sum of squares of the source of variation
16 environments in the State of Goias and Distrito Federgland S$is the total sum of squares.
The evaluation sites were in Planaltina andVRiade, in To verify the importance of complex interaction, the
the winter and rainy season in 2003 and in Planaltina, Rg@rcentage of the complex interaction was estimated
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according to Cruz and Castoldi (1991) between pairs wfas conducted in this season (1,091 k§)laa well. In six
environments in the rainy season, between pairs of the eight winter experiments mean yields were above
environments in the winter and between pairs of environmer@$00 kg hd. This confirms the fact that in these states,
in different growing seasonfs an alternative way of higher mean yields are possible in the winter than in the
verifying the importance of complex interactitire Spearman rainy season.
correlation between the two growing seasons was estimated, The analysis of variance confirmed the existence of
based on the overall mean of genotypes in each seasoariation among genotypes and the difference between
The analysis of stability and adaptability of genotypesite-year combinationséble 2) There were also significant
for each season by the methodologimficchiarico (1992) differences between growing seasons. The average yield
was used alternatively to compare the performanfce of the rainy season was 2,070 kgthatatistically lower
genotypes in the two growing seasons. This methodolotiyan in the winterwith 2,733 kg ha (Table 3).All
assesses the stability from the risk associated to the usteractions were significanficluding genotype - season
of a cultivar based on the so-called recommendation ind€% x S), indicating a differentiaésponse of genotypes to the
related to genotype i), considering all environments, seasons. Howeveone shoulahot forget that interactions
estimated byw, = ﬁi - Z1.q) ’c\rz, wherefi, represents thecan be predominantlsimple, resulting in no change in the
mean percentage of genotypg,i;  is the standard deviatgEnotype classificationor complex, which affects the
of the percentage values associated withftigemotype; classification (Cruz et al. 2004).
Z(1.q)is the percentile of the standard normal distribution. ~ The mean percentage of complex genotype -
In this case the confidence coefficient was set at 75 %, i.environment interaction between the genotype means in
o =0.25. the environment pairs within each season was estimated
The Spearman correlation between the recommendatian77 % (79 % in the rainy and 75 % in the winter growing
index of the genotypes in each season was estimatsdason), a value slightly below the mean between different
comparing the ranking of genotypes for stability andeasons (83 %) &ble 4).The diference between these
adaptability in both seasons. estimates, although small, indicates that variations in the
Data from experiments conducted in Rierde and classification of genotypes between the seasons were
Planaltina in two growing seasons in 2003 and 2004, lyyeater than the variation within a same season and that
analysis of variance, were used to test effects of factorsainsequentlythe variation between seasontetfs the
interest (genotypes, locations, seasons and years) dimal genotype ranking when considering evaluations in
their interactions, without any confounding. The estimatedifferent years and locations.
of RZ and the Spearman correlation were obtained in the  Another way to verify the importance of the interaction
analysis, by the procedure described above. of the complex part is to estimate the Spearman correlation
The statistical analyses were performed using theetween the means of genotypes in both seasons. This
softwares Genes (Cruz 2007) and Sisvar (Ferreira 1999)estimate was significantly zero (0.10), indicating that the
complex interaction part is predominant, affecting the
RESULTSAND DISCUSSION genotype ranking (Cruz et al. 2004).
The yield means in each growing season showed
The mean yield of the experiments ranged from 1,09lbat the best-performing genotypes were not the same in
to 3,853 kg h3, indicating great environmental variation.both seasons. In the rainy season best genotypes were
The coefficient of variation (CV) ranged from 9 to 25 % CNFC 9518, CNFC 9471 and CNFC 9508l{[€ 3 - analysis
indicating good experimental accuracylife 1). In this with confounding factors). In the wintethe best were
sense, the estimates of selection accuracy (SA) confirmB&S Estilo, CNFC 9458, CNFC 9518, Carioca Pitoco, and
the good accuraggince the estimates of 10 experimenttapar 81. Interestinglynly line CNFC 9518 performed well
were considered high or very high (above 0.7), three weireboth seasons, confirming the observation of differential
moderate (0.5 to 0.7) and three low (below 0.5), accordiggnotype performance in different season.
to the classification proposed by Cargnelutti Filho and  The Spearman correlation estimate between the
Storck (2009). Of the eight experiments conducted in thecommendation index of the genotypes in the two periods
rainy season, the yield of only two was higher thawas -0.18, non-significant, showing variation of the most
2,500 kg hd, and the experiment with lowest mean yieldstable genotypes in the two growing seasombIer 3).
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Table 1 Summary of the analyses of variance for grain yield (k@) ha 16 experiments with carioca common bean

Season' Location State MSg? MSe’ F* Mean’ CcV* SA’

. Planaltina DF 200,893* 91,425 2.20 2,359 13 0.74
Winter/2003 .

Rio Verde GO 494,769** 117,006 423 2,710 13 0.87

. Planaltina DF 69,367 189,169 0.37 2,106 21 0.00
Rainy/2003 .

Rio Verde GO 332277** 88291 376 1891 16 086

Winter/2004 Planaltina DF 338,856 263,357 1.29 3,853 13 0.47

Rio Verde GO 225480%* 91,255 247 3,075 10 0.77

Santo A. de Goias GO 191,454 139,165 1.38 2,729 14 0.52

Anapolis GO 567,112 318,029 1.78 2,843 20 0.66

Morrinhos GO 194,686 201,545 0.97 1,745 25 0.00

Cristalina GO 1,298,155%* 311,833 4.16 2,551 22 0.87

Rainy/2004 Planaltina DF 412,128** 102,792 4.01 3,480 9 0.87

Rio Verde GO 1,097,641** 145,613 7.54 2,708 14 0.93

Santo A. de Goias GO 269,968** 22,412 12.05 1,091 14 0.96

Anapolis GO 475,057** 107,186 443 2,307 14 0.88

Morrinhos GO 172,761 97,059 1.78 1,687 18 0.66

Cristalina GO 582,644** 36,981 15.76 1,286 15 0.97

! Growing season/year; 2Mean square of genotypes; > Mean square of the error; * Value of the F test for genotypes; > Overall mean (kg ha'); CV
— Coefficient of variation (%); 7 Selection accuracy; *, ** significant at 5% and 1% by the F test, respectively.

Table 2 Summary of the combined analysis of variance, with decomposition of the G x E interaction, for grain yield)(ky 1
experiments with carioca common bean, in the state of Goids and in the Distrito Federal, in the rainy and winter growing seasons, in
2003 and 2004

Sources of variation df MS P value R? (%)
Blocks/Environment 32 294,439 0,043 1.6
Genotypes (G) 15 758,354 0,000 1.9
Location-year (LY) 7 39,132,041 0,000 46.4
Season (S) 1 84,543,834 0,000 14.3
GxLY 79)! 536,352 0,000 72
GxS (79)! 899,922 0,000 1.7
LYxS ) 9,880,655 0,000 8.4
GxLYxS (79)" 508,890 0,000 6.8
Error (355)" 196,319 - 11.8
Total 767

Mean 2.401

CV (%) 16

! Interaction and the adjusted error according to Cochran (1954).

For example, genotype CNFE 8009 was tHe®st stable which was approximately four times higher than G x S,
in the winter and 15in the rainy season. indicating that genotype assessments in multiple locations/

The coeficient of determination (B (Table 2) shows years are more important than evaluations in the two
that the effect of location/year (46 %) was about thregrowing seasons éble 2). In a study on the rainy and dry
times larger than the season effect (14 %), indicating thatowing seasons in the states of Parana and Santa
the variation between location/year is greater than amofRgtarina, Pereira et al. (2010) found a little relevant G x S
growing seasons. It is worth remembering that the yesnteraction, accounting for only 0.9 % of the total variation,
effect is confused with the location effect. while LY x G interaction was responsible for 5.9 %.

The G x S interaction accounted for 1.7 % of the total The analysis of the data set underlyingsigaration
variation, similar to the value of genotype source adf the factors yealocations and seasons showgghificant
variation. Howeverthe interaction involving the most differences for all sources of variationa@e 5 - no
important sourcef genotype variation was G X1(7.2 %), confounding). Sources of variation of locations and years
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Table 3 Mean grain yield (kg h§ in the wintey and rainy growing seasons and overall mean, and estimates of recommendation ideicdfiarico () for the 16 common
bean genotypes, assessed in 16 experiments and mean grain yield*Ylgf ttee same genotypes evaluated in eight experiments

Analysis with confounding of the factors Analysis without confounding of the factors
Mean' Stability (o;) Mean'

Genotype Genotype Genotype

Overall Winter Rainy Winter C? Rainy Overall Winter Rainy
BRS Estilo 2,602a  3,027a 2,178b  BRS Estilo 105.61 1 103.32 3  Pérola 2,942a 3,167a  2,718a
CNFC 9518 2,593a  2,844a 2,342a CNFC 9518 101.50 5 10945 1 BRSEstilo 2,910a 3,102a  2,718a
CNFC 9471 2,512a  2,735b  2,290a CNFC 9471 96.52 7 10633 2 CNFC9%71 2,877a 2,981b  2,773a
CNFC 9458 2,495a  2,922a 2,067b CNFC 9458 10393 2 9890 7 Iapar 8l 2,869a 2,954b  2,783a
Carioca Pitoco 2,46la 2,887a 2,034c Carioca Pitoco 10196 4  88.75 14  CNFE 8009 2,848a 3,423a  2,273b
Pérola 2,455a  2,714b  2,196b  Pérola 9437 11 100.11 5  CNFC 9500 2,836a 2,886b  2,787a
lapar 81 2,450a  2,797a  2,103b Iapar 81 9893 6 9041 11 CNFC9518 2,821a 3,042a  2,599a
CNFC 9506 2,436a  2,695b 2,178b CNFC 9506 9559 9 99.66 6  Carioca Pitoco 2,818a 3,041a  2,595a
CNFE 8009 2,410a  2,930a 1,890c CNFE 8009 103.09 3 8492 15 CNFC9%484 2,791a 3,160a  2,423b
CNFC 9500 2,372b  2,509b  2,236a CNFC 9500 88.43 15 102.15 4  CNFC9504 2,771a 2,864b  2,679a
CNFC 9504 2,320b  2,624b  2,015¢ CNFC 9504 9476 10 89.89 12  Magnifico 2,765a 3,117a  2,413b
CNFC 9484 2,313b  2,642b  1,983¢c CNFC 9484 91.37 14 9359 10 CNFC 9506 2,732a 2,715b  2,750a
CNFC 9494 2,305b  2,619b 1,991c CNFC 9494 93.83 13 9483 9 BRS 9435 Cometa 2,694a 2,879  2,509b
Magnifico 2,301b  2,669b  1,934c Magnifico 9436 12 89.71 13  CNFC 9458 2,689 2,994b  2,385b
BRS 9435 Cometa 2,276b  2,445b  2,107b  BRS 9435 Cometa 8225 16 9738 8 CNFC 9494 2,617b 2,789b  2,446b
Carioca 11 2,121c = 2,672b  1,571d Carioca 11 9591 8 72.69 16 Carioca 11 2,385¢ 2,878b 1,892¢
Overall' 2,401  2,7733A  2,070B - - - - - Overall 2,772 2,999A  2,546B

! Means followed by the same letter are equal (Scott-Knott, a=0.10); 2 Classification of the genotype for stability in each growing season.
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Table 5 Summary of the combined analysis of variance, with 4 times higher than the G x Y interaction. Ramalho et al.

decomposition of the G x E interaction, for grain yield (kg)hia . 0 . .
eight experiments of carioca common bean, conducted in Rg998) found Restimates of 1.9 % for the G x S Interaction,

Verde (Goias) and Planaltina (Distrito Federal), in 2003 and 200k.9 % for G x Y and 1.6 % (non-significant) for G x L, and
concluded that assessments in more seasons and years

2
Source of variation  df MS P value (};,) are more important than assessments at more locations.
Block/Environment 16 222530 0,061 15 Although these authors focused on dry and winter seasons
Genotypes (G) 15 434,084 0,000 2.8 in Minas Gerais, and this study on rainy and winter growing
Locations (L) 1 11,970,937 0,000 5.1 seasons in Goias and the Federal District, results were
Seasons (S) 119,710,937 0,000 8.4 similar. The reason is that dérences between growing
Years (Y) 1 98,384,627 0,000 41.8 conditions in the rainy and dry growing seasons are smaller
GxL 15 297,980 0,007 1.9 than diferences between growing conditions in the winter
GxsS 15 615,081 0,000 39 especially in terms of temperature and water supply
GxY 15 408,843 0,000 26 On the other hand, the results of Pereira et al. (2010)
LxS 1 1877682 0,000 038 differed from those of this study and of Ramalho et al.
Lx¥ 117,031,137 0,000 7.2 (1998), in that the G x L interaction was most important (5
SxY ! 661,178 0,029 0.3 %), followed by the G x Y (3 %) and G x S interaction (1.5
GxLx$ 15 2993320007 19 %). However it is important to remember that this study
GxLxY 15 347,146 0,002 22 . o .
GxSxY 5 350.09 0,001 23 was conducteq in Parana and Santa Qatarma, in the rainy
LxSxy 11961102 0,000 08 and dry growing seasons, and that in these states the
GxLxSxY 15 408942 0,000 26 difference between growing seasons is much smaller
Error 240 136,113 . 13.9 especially in relation to temperature and water supply
Total 383 during the growing period.
Mean 2772 For the analysis without confounding factors, the
CV (%) 13.6 mean estimate of the complex percentage of G x E interaction

between pairs of environments in the same season was 67
represented 5.1 % and 41.8 % of the total variatiofp (68 % in the rainy and 67 % in the dry), lower than the
respectively (sum of 46.9 %), similar to the result of thenean between different season pairs (80 %), confirming
analysis with confounding (46.4 %)dBle 2).This shows the diference between growing seasonal(€ 4).The
that the difference between years was much greater thestimated Spearman correlation obtained between the
the diference between locations. Howeueis important  genotype mean in the two growing seasons was -0.22 (non-
to mention that in the confounding analysis the numbeignificant).
of sites was higher than required by current regulations
for the registration of common bean cultivars and in the yncLUSIONS
analysis without confounding the number of sites was
very close to the required (three locations in two years per  The results indicate a difference between the winter
growing season)With an increase in the number ofand rainy growing seasons in the states of Goias and the
locations, the significance of the source of variation coulistrito Federal, and that the complex interaction between
also rise. genotypes and seasons is marked, causing a significant

The season source of variation explained 8.4 % shift in the genotype classification. The conclusion was
the variation. In a study at three locations in the dry ardtawn that the assessment of genotypes in the winter and
winter growing seasons in Minas Gerais, Ramalho et ahiny growing seasons is indispensable for a
(1998) found the season source of variation to be the mestommendation of cultivars for both seasons in Goias
important, explaining 19 % of the total variation, comparednd the Distrito Federal. Results also showed that the
to 17 % and 11 % for the factors locations and years. indication of specific cultivars for each season can be

The genotype x location (G x L), genotype - year (G advantageous. Howeveit is possible to identify
Y) and G x S interactions were significant and accountegenotypes with broad adaptation to the two growing
for 1.9 %, 2.6 % and 3.9 % of the total variatioalfle 5), seasons, e.g., CNFC 9518, without reducing the mean grain
i.e., the G x S interaction is twice as high as the G x L ayield. In addition, there are other factors that call for the
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selection and recommendation of a same genotype for b@Barros 2008), and the high costs associated to the release
growing seasons, such as the low utilization rate @f new cultivars and seed production for each season
common bean seeds by farmers, which is about 13 8éparately

Interacdo complexa entre genétipos e épocas de
semeadura de feijoeiro comum carioca em Goias/
Distrito Federal

RESUMO - Os objetivos deste trabalho foram avaliar a importancia da interagdo complexa entre genétipos de feijoeiro
comum e épocas de semeadura em Goias e Distrito Federal e verificar a necessidade de avaliagdo e indicagdo de cultivares
para cada época. Utilizaram-se avaliagdes de produtividade de grdos de 16 geno6tipos em 16 ensaios conduzidos em duas
épocas (adguas e inverno). O coeficiente de determinagéo foi estimado nas anélises de variancia com decomposicao da
interac@o gendtipos x ambientes. Foi estimada a porcentagem complexa da interacao e também a correlacao de Spearman
entre épocas. Detectaram-se diferencas entre épocas e presenca de interagdo genotipos x épocas (G x E), com maior
importancia quando comparada as outras interagdes duplas com genotipos. As correlagdes mostraram interacdo G x E
predominantemente complexa. Os resultados indicam a predominancia de interagao G x E do tipo complexa e, consequentemente,
a necessidade de avaliagdo de gendtipos nas duas épocas, entretanto, com a possibilidade de indicar cultivares com adaptagéo
geral.

Palavras-chave Phaseolus vulgarimteracéo genoétipos x ambientes, Annicchiarico

REFERENCES Cruz CD and Castoldi F (1991) Decomposi¢édo da interacdo
genétipos x ambientes em partes simples e compRewista

Annichiarico P (1992) Cultivar adaptation and recommendation Ceres 38 422-430.

from alfafa trials in Northern ItalyJournal of Genetics and cruz CD, RegazziAJ and Carneiro PCS (2004ylodelos
Plant Breeding 46: 269-278. biométricos aplicados ao melhoramento genéticEditora

s ~ UFV, Vigosa, 480p.
BarrosACSDA (2008) A estatistica da producado de sementes no

Brasil: indicativos do crescimento da agricultura brasildzeED  Del Peloso MJ and Melo LC (200%)otencial de rendimento
News 12 16-18. da cultura do feijoeiro comum. EmbrapaArroz e Feijéo,
SantoAntbnio de Goias, 131p.

BRASIL. Instrugdo Normativa n° 25, de 23 de maio de 2006. _ . . . e . .
FEIJAO: dados conjunturais do feijdo (area, producéo e rendimento)

Anexo |. Requisitos minimos para determinacdo do valor de ) .
- Brazil - 1985 to 2007Available at <http://wwwenpaf.embrapa.

cultivo e uso de feijaoRhaseolus vulgarjspara a inscricdo no . o
. . . L . br/apps/socioeconomia/index.htmissessed on Jul. 25, 2010.
registro nacional de cultivares - RNOiario Oficial da

Republica Federativa do Brasil Brasilia, DF June 19, 2006. Ferreira DF (1999)Sistema para analise de variancia para
Available at <http://extranet.agricultura.gbr/sislegisconsulta/ dados balanceados (Sisvar)UFLA, Lavras, 92p.

. il
servietisualizarAnexo?id=1376>Assessed on No0, 2008. Goncalves JGR, ChioratdF, Morais LK, Perina EFFarias FLand

Carbonell SAM (2010) Estudo da estabilidade fenotipica de
feijoeiro com gréos especiai€iéncia e Agrotecnologia 34:
22-931.

Camgnelutti FilhoA and $orck L (2009) Medidas do grau de precisado
experimental em ensaios de competigdo de cultivares de milho.
PesquisaAgropecuaria Brasileira 44 111-117.

o ) ) Matos JW Ramalho MAPand Abreu AFB (2007) Trinta e dois
Cochran WG (1954) The combination of estimates from different ;..o 4o programa de melhoramento genético de feijoeiro comum

experiments Biometrics 10: 101-129. em Minas GeraisCiéncia e Agrotecnologia31: 1749-1754.
Cruz CD (2007)Genes v2007.0.0 aplicativo computacional em Oliveira GV, Carneiro PCS, Dias LAS, Carneiro JES and Cruz CD
genética e estatistica. Universidade FederalVigosa, (2005) Factor analysis in the environment stratification for

Departamento de Biologia Geraljcosa.Available at < http:// the evaluation of common bean cultivaGrop Breeding
www.ufv.br/dbg/genes/genes.htnisssessed on December 2007. and Applied Biotechnology 5 166-173.

214 Crop Breeding and Applied Biotechnology 11: 207-215, 2011



Complex interaction between genotypes and growing seasons of carioca common bean in Goids/Distrito Federal

Pereira HS, Melo LC, Faria LC, Diaz JLC, Del Peloso MJ, CostRamalho MAR Abreu AFB and Santos PSJ (1998) Interagdes
JGC andwWendlandA (2009) Sability and adaptability of carioca genoétipos x épocas de semeadura, anos e locais na avaliacdo de
common bean genotypes in states of the central South Region cultivares de feijdo nas Regides suhleo Paranaiba em Minas

of Brazil. Crop Breeding andApplied Biotechnology 2 Gerais.Ciéncia e Agrotecnologia 22 176-181.
181-188.

Resende MDV and Duarte JB (2007) Preciséo e controle de qualidade
Pereira HS, Melo LC, Faria LC, Del Peloso MJ, Diaz JLC and em experimentos de avaliacdo de cultivareBesquisa
WendlandA (2010) Indicacdo de cultivares de feijoeiro comum Agropecuaria Tropical 37: 182-194.
baseada na avaliacdo conjunta de diferentes épocas de semeadura.

PesquisaAgropecuéaria Brasileira 45 571-578. Zlmm(?rmann FJP (2004Estat|ﬂs~t|ca apllca({a.a pesqgllsa
agricola. EmbrapaArroz e Feijdo, Santénténio de Goias,
Pimentel-Gomes FP (200@urso de estatistica experimental 402p.

Nobel, S&o Paulo, 466p.

Crop Breeding and Applied Biotechnology 11: 207-215, 2011 215



