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SELECTION FOR LATER FLOWERING IN SOYBEAN (Glycine max L.
Merrill) F, POPULATIONS CULTIVATED UNDER SHORT DAY CONDITIONS*

Antonio Carlos Baido de OliveitaCarlos Sigueyuki Sediyafand Cosme Damido Criiz

ABSTRACT

Several different selection strategies were used to estimate expected gain of days to flowering and other related characters in
two F, soybean (Glycine max (L.) Merrill) populations. The sample originated from crosses of lines whose seeds do not
contain the three lipoxygenase isozymes with the commercially cultivated IAC-12. IAC-12 is a gene carrier for an extended
juvenile period. This study was conducted during the winter of 1994 in Vicosa, Minas Gerais. The plants were grown under
natural photoperiod. One population was grown in a heated greenhouse, and the other in the field under natural temperature
conditions. Lower temperatures early in the field planting caused a delay in flowering. Delayed flowering caused a broader
amplitude in all characters evaluated, and resulted in higher selection gains for the field-grown plants than for the greenhouse-
grown plants. Direct selection for number of flowering days proved to be efficient for improving this character in both popula-
tions. Gains were also obtained for other characters. Interactions of temperature and photoperiod and temperature and
genotypes affected soybean flowering time and produced alterations in other correlated agronomic characters, including
productivity.

INTRODUCTION ery of these recessive alleles permits their elimination, pro-
ducing better smelling and tasting soybean cultivars. One
Soybean is a typical short-day plant (Kilen anaf the objectives of the soybean breeding program devel-
Hartwig, 1971; Criswell and Hume, 1972), in which eacbped at the Federal University of Vigosa is to develop cul-
cultivar generally shows narrow adaptation ranges for saitrars with an increased juvenile growth period and an
isfactory production (Hartwig, 1970; McBlain and Berimproved bean quality, i.e., seeds without the three
nard, 1987). There are some soybean genotypes, howelipgxygenase isozymes.
that have an above average juvenile period (Hinson, 1989; Number of flowering days in soybean is a charac-
Kiihl and Garcia, 1989). These differences are very inteter that affects directly plant height, number of nodes,
esting for breeding research because they have a wide ramgguring time, lowest pod insertion, leaf area, lodging
of adaptation and also allow planting period flexibility. degree, and mainly grain yield, as well as other important
The beany flavor and smell, which are characteriggronomic characters of that crop (Gopani and Kabaria,
tic of soybean products, result mostly from the associatid®70; Whigham and Minor, 1978). Therefore, the knowl-
of short-chain carbon compounds with proteins. This &dge of an efficient selection strategy to increase gain in
caused by the catalytic action of lipoxygenase isozymeeybean time to flowering is of fundamental importance
(LOX1, LOX2 and LOX3) on polyunsaturated fatty acidto obtain new cultivars adapted to a larger variation of
like linoleic and linolenic acids in soybeans (Axelrodenvironments.
1974). Among the short-chain carbon compounds created  The present study was developed to investigate
by the effect of these enzymes, hexanal is considered ttaious selection strategies to obtain an increase in the
main cause of beany flavors (Olivatral, 1982). Lipoxy- number of flowering days and other related characters in
genase isozymes of soybean seeds are inherited in sintple soybean fpopulations conducted under different en-
Mendelian form. Alleles responsible for the absence @fronmental conditions.
LOX1, LOX2 and LOX3 are recessive. Mutants without

these lipoxygenases have been found in world germ plasm MATERIAL AND METHODS
collections (Hildebrand and Hymowitz, 1982; Kitamura
et al, 1983; Kitamura, 1984; Maadkt al, 1987). Discov- Two F, populations originated from crossbreeding

lines whose seeds do not contain the three lipoxygenases

isozymes (null triple), and the commercially cultivated
*Part of a thesis presented by A.C.B.O. to the Federal University of Vi 0|AC-12, which has a Ionger juven”e periOd’ were used in
(Vicosa, MG) in ‘:)artial fquiII);ne.nt.o{‘ tHe requirements for thetyDoctogaﬁﬁ!S StUdy' 'I"he'seszop'uIanons were studied in \ﬁ(;osa,
degree. Minas Gerais, in the winter of 1994, under natural photo-
'Departamento de Fitotecnia, Universidade Federal de Vigosa, 36571-0@eriod and different temperature conditions. One experi-
?Qg;iz@"r"ngn u‘?\:ﬁ” Send correspondence to A.C.B.O. E-maifnent was conducted in a heated and ventilated greenhouse

. with 15 to 18C minimum and 28 to 3Z maximum tem-

’Departamento de Fitotecnia arfDepartamento de Biologia Geral, . .
Universidade Federal de Vicosa (UFV), Vicosa, MG, Brasil. peratures. The field experiment, conducted under natural
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conditions, had average minimum and maximum temperan selection in another character, was presented by Eberhart
tures of 10.4 and 24’8, respectively before and during(1970) and uses the following expression:
the flowering period. Other characters evaluated included . .
number of days from emergence until flowering (DEF), GS,xy = (Xsv - Xoy ) Py = DS, OHy,
number of nodes at flowering (NNF), height of the plant
at flowering (HPF), number of pods per plant (NPP), numvhere
ber of seeds per plant (NSP), and weight of seeds per pl&8,,, = gain by selection in character Y, when selection
(WSP). is based on character X;

Predictions of expected response to selection wexg, = average of character Y, from individuals selected on
determined for a selection pressure of 10%, using the feharacter X;

lowing strategies: Xoy = Original average of character Y,
2, = heritability of character Y, on an individual plant, and
Direct response to selection DS, = indirect selection differential for character Y based

on selection of character X.
The direct response to selection for each character
was determined using the following equation (Eberhamesired gain index-based selection
1970):
Pesek and Baker (1969) suggested a selection in-

GS, =DS, . %, dex in which the economic weights of the characters could

be substituted by the gains desired by the breeder for each

where character selected, since these weights would be easier to
GS, = prediction of direct gain in X; determine. Formulation of the desired gain index requires

2, = heritability of character X for an individual plant; knowledge of expression of the expected gains for the vari-
DS, = selection differential of character X selection, whereus characters, given in the following equation:

DS, = Xgy - Xoxs GE)i
Ag=—F—"
where o)
Xgx = character X average of selected individuals, and
Xox = original average of character X. where
Ag = expected gain vector;
Correlated response G = dimension matrix n x n of genotype variances and

,qovariances among the characters;
The expected response of character Y, which 5= dimension vector n x 1 of the estimated coefficient
called correlated response, when character X is selecteuiex, and

was determined by two methodologies: i = selection differential, in standard deviation un&@(
of index I.
a) Correlation-based method In the methodology suggested by Pesek and Baker

This method, cited by Silva (1982), Pirchner (1983)1969),Agd is substituted f&g , which is the vector of
Falconer (1987), Venkovsky (1987), and Cruz (1990), irthe desired gains, and b is estimated by the expression:

cludes the following parameters: .

] (oF
— — 1
GSy =i-h.15.0q, b=G Agdi—
where o
GS/ = selection gain in character Y, with selection for As the scala& does not affect the proportionality
character X; 0 I 0

i = selection differential in units of phenotypic standardf b's, b can be estimated bss G™ [\ gd

deviation, which is a percentage of the selected individu-

als; Estimation of the index coefficients, when done in

h, = square root heritability of character X; this manner, optimizes the gain in each character, accord-

rs = genotypic correlation between characters X and ¥g to its importance, which is defined by the breeder. Al-

andog, = genotypic standard deviation of character Y. though this method does not require the establishment of
economic weights for each character, economic weights

b) Heritability and selection differential-based method can be estimated after the vector b is obtained, using the

Another method to predict gain of a character, basedjuation:
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O O Table |
— -1
a=G [PDb Predictions of direct and indirect selection gains (%) for six characters in
h an F; soybean population obtained from the cross TN x ‘IAC-12’,
AW er? . . . conducted in a greenhouse in the winter of 1994, in Vicosa, Minas Gerais,
a = dimension vector n x 1 of the economic weight esti- using heritability and selection differentials.
mates, and _ _ - _
P = dimension matrix n x n of phenotype variances apd" " Drect Indirect selection gain in
covarianc_es between characters. _ _ gain DEE NNF HPF NPP NSP WgpP
This study assumed that the vector of desired gains
would be equivalent to the genotypic standard deviationﬁﬁrz ;-2 e 4.4 :;‘ 3263 3231 4238
for each character, because Crosbil.(1980) and Vieira | \o¢ 25 6 106 175 A 125 122 142
(1988) obtained satisfactory results with this assumptionypp 27.1 73 113 112 . 248 249
NSP 22.4 48 84 103 199 - 195
RESULTS AND DISCUSSION WSP 47.3 17.1  20.9 20.5 39.9 40.7 E

. . !DEF = Number of days from emergence to flowering, NNF = number of
Simultaneous gains were found for all charactersiodes during flowering, HPF = height of the plant during flowering, NPP

evaluated in the greenhouse, based on selection of onfynumber of pods per plant, NSP = number of seeds per plant and WSP =
one of the characters (Tables | and ”). For examp|e! Whe?FEd weight per plamFigures out of the diagonal are showing the indi-

b fd for fl . th . h ter f rect gains for each character studied (first column) when the selection was
num _er 0 gys or owerlng W?‘S € main charac _er Orpracticed in other characters evaluated.
selection, gains were achieved in other characters, includ-
ing production. In this case, when number of days for flow-
ering was selected, the expected gain in seed weight per
plant was 17.1% with use of heritability and selection dif- Table I

i 0 i _ able
f?rentlal (Table 1) and 15.0% based on the genetic Correlaredictions of direct and indirect selection gains (%) for six characters in
tion between characters (Table II). an R, soybean population obtained from the cross TN x ‘IAC-12',
Correlated response for some characters wasonducted in a greenhouse in the winter of 1994, in Vigosa, MG, using

greater than the direct response (Table ||). This is becausegenotypic correlation between auxiliary and main characteristics.

the sele_ction charz_acte_r_had lower hg_ritability values CoOMeparacter Direct Indirect selection gainin

pared with the heritability of the auxiliary character and|a selection

high positive genotypic correlation. gain DEF NNF HPF NPP NSP WSP
_ Estimated responses based on |nd|rect.select|on be{EF 76 ] 49 a4 20 22 ob

the index of Pesek and Baker (1969) fgpdpulation con- | \ne 6.8 76 - 103 50 49 51

ducted in the greenhouse (Table Ill) also had a smallexnrr 25.5 13.2 198 - 140 158 152

selection response (11%) for the number of flowering day&PP 25.4 91 147 217 - 197 27(0

than the direct response to selection for this character. B SF; ié'g ES ig'i gg'g gi-g ns 298

Cruz and Regazzi (1994) emphasized that use of a selec- ' ' ' ' i '

tion index allows gain optimization in all of the charac- :See Table I for abbreviatioriSee Table I.
ters. Therefore, when choosing the best selection alterna-
tive, the possibility to achieve gains in other characters of
agronomic importance should be considered, especially
those with high economic value, like production. The best Table I
. . . . . . able
combination Qf gans in this selectlpn strategy was num_Original averages (¥, averages of the selected plantg)(Xeritability
ber for flowering days and production for thgpBpula- (), and indirect gains (GS) predicted by the index of Pesek and Baker
tion in a greenhouse. 1969), based on selection for six characters evaluated ipsoyBean
g
Expected gain estimates by direct and indirect se- population, obtained from the cross T8 x 1AC-12, conducted in a
. . . . . . use i wi ,in Vi , .
lection for the six agronomic characters studied in the field g ¢

showed that direct selection was more efficient with usecharacter Xo Xs h? GS GS%
of heritability and selection differential methodology thal

indirect selection for all characters (Table IV). Howevet, ZEE 3;3-29 45'5 8? Olj’ ;"29
when the genotypic correlation between main and auxil-,pe 384 24 0.9 35 9.9
iary characteristics was used, indirect selection for num-npp 26.8 37.0 0.6 5.8 21.6
ber of pods and seeds per plant had higher expected galttP 56.6 79.7 0.4 9.9 17.4
percentages than by direct selection for these characterdS? 110 16.7 08 4.4 40.8

(Table V). Lower heritability values of these two charac-igee Taple | for abbreviations.
ters and greater genotypic correlation coefficients between

characters that involved number of pods and seeds per plant

were the probable causes of these results. For this reason,
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the gain prediction strategy that considers heritability amtirect selection for the number of days for flowering, con-
selection differentials should be preferred in this specisidering all selection alternatives used in this trial, are sum-
case instead of genotypic correlation between main antirized in Table VII. Under both experimental conditions,
auxiliary characteristics. direct selection had greater gain percentage, probably be-
Whenthe index of Pesek and Baker (1969) stratause of higher heritability estimates for number of days
egy was used to estimate indirect gains for the field-grovior flowering. For all applied selection strategies the ex-
plants (Table VI), selection for number of days from emepected genetic gain estimates for thpdpulation grown
gence to flowering had the smallest gains among all ap-the field were higher than those for thgpBpulation
plied selection methodologies (Table VII). For field exeonducted in the greenhouse. The genetic gains for num-
perimental conditions, indirect selection based on the dwer of days for flowering were affected by genotype limi-
lection index of Pesek and Baker (1969) was not as effations of this population and, especially, environmental
cient as other selection alternatives for gains in numberiofluences. To achieve better gains in the first selection
days for flowering. The highest gain percentages for thgcle, selection pressure could be increased, although this
other characters should be considered when deciding wauld reduce genetic variability that could be explored in

the best method. the next generations, as observed by Cruz and Regazzi
The predictions of genetic gains by direct and int1994).

Table IV _ Table VI _

Predictions of direct and indirect selection gains (%) for six characters inOriginal averages (), averages of the selected plantg)(Xeritability
an F; soybean population obtained from the cross TN x ‘IAC-12’, (h?), and indirect gains (GS) predicted by the index of Pesek and Baker
conducted in the field in the winter of 1994, in Vigosa, MG, using (1969) based on selection for six characters evaluated ip soybean

heritability and selection differentials. population obtained from the cross TN x ‘IAC-12’, conducted in the
field, in the winter of 1994, in Vigosa, MG.

Character  Direct Indirect selection gainin — —

selection Character Xo Xs h? GS GS%
gain DEF NNF HPF NPP NSP WSP
DEF 68.0 80.9 1.0 12.9 18.9

DEF 315 - 287 282 212 212 19{8 NNF 8.5 11.2 0.9 2.4 28.3

NNF 42.8 36.7 - 39.0 315 32.3 308 HPF 33.2 48.5 1.0 14.6 44.Q

HPF 77.6 68.4 72.6 - 50.8 51.9 49|5 NPP 48.1 116.2 0.1 7.3 15.3

NPP 15.8 9.9 129 10.4 - 15.4 148 NSP 87.8 213.2 0.2 24.3 27.1

NSP 29.2 175 233 18.7 28.6 - 279 WSP 18.6 45.3 0.6 17.1 92.0G

WSP 95.7 48.7 68.5 57.6 88.1 89.1 1

1See Table | for abbreviations.

!See Table | for abbreviatior’See Table .

Table V Table VII

Predictions of direct and indirect selection gains (%) for six characters in  Gain prediction (GS) and gain prediction in percent (GS%) for the
an k; soybean population obtained from the cross TN x ‘IAC-12’, number of days from emergence to flowering in twedybean popula-

conducted in the field in the winter of 1994, in Vigosa, MG, using tions that originated from the cross TN x ‘IAC-12’ conducted in a
genotypic correlation between auxiliary and main characteristics. greenhouse and in the field in the winter of 1994, in Vicosa, MG.

Character Direct Indirect selection gainin Greenhouse Field

selection Strategy
gain DEF NNF HPF NPP NSP wdp GS  GS(%) GS GS(%)

DEE 29.7 ) 245 9257 209 205 192 Direct selection 2.9 7.6 20.8 30.6

NNF 36.7 335 B 36.7 28.9 293 28l Indirect selection *NNF 1.7 4.4 19.5 28.7

HPE 66.3 59.0 62.6 . 518 522 49l | Indirectselection NNF 1.9 4.9 16.7 245

NPP 12.8 830 83.F 88.4 ) 19.3 505 Indirect selection HPF 1.3 3.4 19.1 28.2

NSP 23.8 842 88.F O2.F 198 _ 56.3 Indirect selection HPF 1.7 4.4 17.2 25.4

WSP 78 4 787 846 874 521 56.2 i Indirect selection NPP 0.9 2.3 14.4 21.2

Indirect selection NPP 0.74 1.96 14.2 20.9

!See Table | for abbreviatiorfSee Table EGain predictions realized with Ind!rect select!on NSP 0.78 2.06 14.4 21.1p

genotypic correlation estimates above 1.0. Indirect selection NSP 082 216 13.93 20.5

Indirect selection WSP 1.04 2.75 13.48 19.88
Indirect selection WSP 0.95 2.52 13.04 19.2
Indirect selection 1§ 1.85 4.87 12.86 18.9p2

* See Table | for abbreviation¥3S,, = DS, . I?; 2GSy =1 . Ik
. Ogy; *Selection index of Pesek and Baker (1969).

s
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CONCLUSIONS Criswell, J.G. andHume, D.J.(1972). Variation in sensitivity to photo-
period among early maturing soybean straap Sci. 12 657-
. . . . 660.
The strategy tha_-t achieved the h|ghe§t gains IN NUPxshie, T.M., Mock, J.J. and Smith, D.S. (1980). Comparison of gains
ber of days for flowering, for both,Bopulations evalu- predicted by several selection methods for cold tolerance traits of two

ated, was direct selection. The greater gains were because Mmaize populationCrop Sci. 20649-655.

; ; BF - Cruz, C.D. (1990). Aplicagdo de algumas técnicas multivariadas no
of the hlgher herltablllty for number of days for flowerlng. melhoramento de plantas. Doctoral thesis, ESALQ/USP, Piracicaba,

The most effective characters to indicate later flow-  gp
ering plants were number of flowering nodes, evaluatemuz, C.D. andRegazzi, A.J.(1994).Modelos Biométricos Aplicados

in the greenhouse, and number of nodes and plant heigEt hao '\éeA'hoigf;oe”t: Genéti;UF\_/v 'm?fr?nsa_Uni\/feésitééi_a, ViGOEa-d
in ﬂowering, measured in the f|e|d er aAI']EI,' SOIIS( 15 623.9_63;3;08 affecting efficiencies of breeding methods.
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