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ABSTRACT

The objectives of thisresearch were: a) evauate heterosisfor agronomic traits; b) identify associations
among the traits; ¢) estimate genetic divergence among parents and verify its predictive vaue of hybrid
performance. A 10 x 10 diallel experiment was carried out at two localities. Number of days to flowering
(NDF), plant height at flowering (APF), number of daysto maturity (NDM), plant height at maturity (APM),
oil content (%0L), one-hundred seed weight (PCS), agronomic vaue (VA) and seed yield (PG) were
evaluated. Genotype x locality interaction influenced the analysis; varieties and heterosis effects were
significant for most traits. Positive values of heterosis were found for most traits, especialy PG. Heterosis
for NDF was for earliness. %0L showed to be controlled essentialy by additive genes. VA can be used for
indirect selection for PG. Parental mean predicted hybrid performance better than Mahaanobis distance

(D?); however, for some traits, this predicting ability was not sufficiently accurate.
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INTRODUCTION

Recently, some research has been done with the
objective of verifying heteross occurrence in
soybeans. Theexigencedf highly heterotic crosses
can serveasanincentiveto makepossibletheuse
of soybean commercid hybrids. Specificdly in
soybeans, for the commercid hybrid to becomea
redity, two requirements are fundamentd: the
presence of heterosis for seed yield and an
economica method of production of hybrid seeds
in wide scde (Paschd and Wilcox, 1975).

The manifestation of the heterosis depends on
the genetic divergence of the parents and on the
type of gene action involved in the control of the
trait. Thegenetic divergence among cultivarscan
be inferred through the heterotic pattern
manifested in aseries of crosses. If the heterosis
manifested in the cross is high, it is concluded
that the two parents are genetically more
divergent than two genotypes that manifested
amdl or no heteross in the cross (Hdlauer and
Miranda Filho, 1988). Studies with molecular
markersand coefficient of parentage have shown
that the genetic variability aone is not a good
indicative of heteross (Manjarrez-Sandova et
al., 1997). However, heterosis has been
mentioned as a good indication of the genetic

diversty (Cernaet d., 1997), and it can beuseful
in the choice of parentsin breeding programs.

Genetic diversity is an important factor for
expresson of heterogs. Low vaues of heteross
can result from an accentuated genetic Smilarity
among the cultivated genotypes. In aresearch by
Hiromoto and Vdlo (1986), it was observed that
only 11 ancegtors have collectively contributed to
8% of thegenepoal of Brazilian soybean cultivars
Beddesincreasng thegenetic variahility in adapted
genotypes, the establishment of heterotic gene
pools is of great importance to increase the
heteratic levels Theintroduction of germplasmin
agradud and orderly way isequaly necessaxry to
increesethegeneticvariability (Vdloetd., 1984).

The vaues of heterosis in soybeans are very
variable for the different agronomic traits of
interest, especidly for seed yidd. Severd works
have pointed positive heteross for this trait.
Nelson and Bernard (1984) evauated 27 hybrids
and they found five superiorsfor seed yidd, with
values between 13 and 19% of heterossin
reldion to the superior parent. Pogtive vaues of
26.1% on the mean for a group of hybrids with
vaues up to 68% superior to the best parent were
obtained by Chaudary and Singh (1974). For plant
height, esimates of heteross are variable but are
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predominanthy pogdtive (Raut e d., 1985; Frere
Filho, 1988). A large number of crosses with
heterods for reduction of the number of days to
flowering, or in other words, for earliness, were
found (Campos, 1979; Freire Filho, 1988; Nass,
1989). Negative heterogs for number of days to
maturity nas also found by Raut et d. (1985).
Negdtive or non-ggnificant heteross for waght
of one hundred seeds hasbeen reported (Chaudary
and Singh, 1974; Paschd and Wilcox, 1975; Ndson
and Bernard, 1984; Gadag and Upadhyaya, 1995).
Agronomic vaue presented positive (Nass, 1989)
and negative (FreireHIho, 1988) vauesof heteross
Inthefirg case, probably dueto the associaion of
number of seeds and seed yidd and, in the second
case, due to the high occurrence of diseases,
reducing the scores of agronomicvaue. Inrdaion
to ail content, there are few works developed in
genotypes adapted to the Brazilian conditions. In
cultivars, theoil content typically osallatesbetween
18 and 22%. Nelson and Bernard (1984) did not
find agnificant valuesof heterogsin severd soybean
hybrids in different years. Gadeg and Upadhyaya
(1995) obtained, among 16 hybrids evauated for
oil percentage, only one with postive heterossin
relation to the parentd mean.

Another important parameter in plant breeding
IS the correlation between traits. Different traits
of agronomic importance can be correated to
each other in different magnitudes (Cruz and
Regazzi, 1994). The knowledge of correlations
dlows the plant breeder to use this additiond
information to discard or to promote the
genotypes of interest, mainly through the
correlated response to the selection.

The objectives of thiswork were: ) to evauate
the heterogisfor traits of agronomic importance;
b) to identify associations among the most
important adaptative and agronomic traits; c) to
estimate the genetic divergence among the
parents, and to verify if it isagood indication of
the hybrid performance.

MATERIAL AND METHODS

In the present work, ten soybean genotypes
were used as parents, including three cultivars
[IAC 100 (1), Hartwig (2) and Conquista (3)],
and seven inbred lines. Of these, fivelines[USP
1-11 (4), USP 2-16 (5), USP 11-14 (8), USP
5-19 (9), and USP 6-6 (10)] were developed
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by the Section of Applied Genetics for
Autogamous Species of the Department of
Genetics of ESALQ/USP. The other two lines
[MTBR-95-123800 (6) and M TBR-95-123247
(7)] were originated from the breeding program
of EMBRAPA/Fundacdo Mato Grosso. Except
for Hartwig, MTBR-95-123800 and MTBR-
95-123247, the studied genotypes are adapted
to the conditions of the State of S&o Paulo. The
IAC 100 cultivar presentsresistanceto insects;
the lines USPs and Hartwig have genes for
multiple resstance to different races of soybean
cyst nematode - NCS (Heterodora glycines);
MTBR-95-123800, MTBR-95-123247, and
Conquigta carry genes for long juvenile period
or tolerance to photoperiod, high yield and
res stance to soybean stem canker (CHS; caused
by the fungus Diaphorthe phaseolorum f. sp.
meridionalis).

Theexperimentswere devel oped at two locdities
ESALQ and Anhembi Experimental Station,
both located in State of S50 Paulo, Brazil, South
22°42' 30" latitude, West 47°39'00” longitude
and 543 meters above sea level. The area in
ESALQ has a high fertile soil (kandiudafic
eutrudox, “terraroxaedruturadaeutroficd’), with
clay texture, and a hilly relief. In the Anhembi
Experimenta Station, located about 60 km from
the ESALQ, the soil (typic udifluvent, asoil type
commonly found in Brazilian savannahs or
“carrados’) is dystrophic dluvid, with acidity
neutraized by lime application, and hasflat relif.

TheF, seedswereobtainedin 1997/98inatropical
greenhouse (thin net cover), according to a
completedidld mating system, without redprocas
In 1998/99, 54 treetmentsweretested, ten parents
and 44 F_ hybrids, becausethecrossMTBR-95-

123247 x USP6-6 did not produce sufficient

Seeds. The seeds were placed to germinate in
controlled environmenta conditions; seedlings
were transplanted into plastic cups (200ml

volume), containing soil as substratum, and

trangplanted to the field on the 10" of November
1998. The experiments were conducted in a
completely randomized design. Each plot was
represented by a hill with one individud plant,

gpaced by 0.80 mx 0.80 m. This procedure was
carried out for dl thetrestmentswith the objective
of avoiding any lossof hybrid seed. Accordingto
seed availability from 12 to 30 plants for esch
trestment were grown in each place.



Crop Breeding and Applied Biotechnology, v. 1, n. 3, p. 229-244, 2001

Datawere collected inindividud plants, for the
following traits number of days to flowering
(NDF), plant height at flowering (APF), number
of days to maturity (NDM), plant height at
maturity (APM), oil content (%0OL), one-
hundred seed weight (PCS), agronomic value
(VA, notesfrom 1to 5), and seed yidld (PG, in
g/plant). Theexploratory analyssof the datawas
made in SAS LAB of the SAS program (SAS,
1996). Datatransformation wasmadeto correct
deviations in relation to normality and
homogeneity of variances.

Theindividud anaysisof variancefor each place
andthejoint andyssweredeve oped congdering
thefixed effectsof genotypesand locdlities The
andyds of the didld followed the methodology
proposed by Gardner and Eberhart (1966), with
the following complete model: Y;, = m + (v, +v.)
I2+q(h+h+h+s)+'e , whereY, isthe
observed meen of a parent or hybrid; ‘e, isthe
experimenta error; m corresponds to the effect
of the generd mean of the trait in the didldl; v
and v are effects of the varieties (parents); ‘his
the average heterosis of thetrait in the didld; h
and r} are effects of heterosis of the parenta
varietiesi and j; and s; isthe effect of specific
heterosis of the crossij. The variable g assumes
the vaue zero for the parents and the value one
for the hybrids. The sums of squares and the
parametersof the model were calculated by least
sguares method, weighted by the number of
observations of each treatment.
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The comparison of the parenta means was done
through thetest of Tukey at 5% probability and the
meansof the crossesweretested by the procedure
of Scott and Knott (1974) at 5% probebility. The
genotypic, phenotypic and environmental
corrdaionsamong traitswere obtained through the
variance and covariance components, asdescribed
by Vencovky and Barriga (1992).

Theedimatesof genetic divergenceamong parents
were based on al the eight traits, through
Mahdanobis generdized distance, using the
program Genes (Cruz, 1997). The distance is
defined by the expression: I, =d’ Y** d, where
D?, is the distance of Mahdanobis between the
parentsi and j, d isthe vector of the deviations or
differencesamong themeansof theparentsfor eech
trait, d isthetrangpostion of thisvector and Y-t is
the inverse of the matrix of resdud variances and
covaiancesamong thetraits Thegrouping andyss
was carried out using the caculated digances by
the method UPGMA, and was presented as a
dendrogram, usng the NTSY Sprogram.

RESULTSAND DISCUSSION

In the individual andysis of variance, the mean
sguares of the genotype effect was significant
(p<0,050r p<0,01) for dl traits, indicating
presence of variability among the treetmentsthat
composed thedialéd. Inthe combined analyss,
the effect of locdities was equaly sgnificant,
except for thetraits APF and PCS; however, the

Table 1 - Meansof the parentsfor the traits number of daysto flowering (NDF), plant height at flowering
(APF), number of days to maturity (NDM), plant height & maturity (APM), oil content (%0L), one-
hundred seed weight (PCS), agronomic value (VA) and seed yield (PG), 1998/99.

Parents NDFY APF NDM
days cm days
ESALQ
1: IAG100 64.20 c 47.10 hc 13020 ¢
2: Hartwig 4550 e 28.86 d 11250 a
3: Conquista 65.00 hc 62.82 a 138.09 d
4: USP1-11 5333 d 42.08 ¢ 127.17 bc
5: USP2-16 53.70 d 35.60 cd 12330 b
6: MTBR-95-123800 7210 a 63.00 a 154.40 f
7: MTBR-95-123247 67.82 b 63.11 a 14582 e
8: USP11-14 54.25 d 36.00 cd 126.38 hc
9: USP5-19 53.45 d 4155 ¢ 126.44 bc
10: USP6-6 65.44 hc 55.67 ab 134.67 cd
ANHEMBI
1: 1AG100 63.80 b 4520 ¢ 129.90 b
2: Hartwig 4550 d 2943 d 12300 a
3: Conquista 63.56 b 58.11 b 13856 ¢
4: USP1-11 53.86 c 43.00 ¢ 126.71 ab
5: USP2-16 53.56 ¢ 3933 ¢ 12333 a
6. MTBR-95-123800 68.60 a 57.73 b 14964 e
7: MTBR-95-123247 67.14 ab 70.00 a 14388 d
8: USP11-14 55.30 ¢ 37.00 cd 129.00 b
9: US5-19 5343 ¢ 41.86 ¢ 12329 a
10: USP6-6 63.80 b 53.90 hc 12922 b

APM
cm

5450 ¢
31.86 e
66.73 b
85.25 a
74.10 ab
70.70 b
72.55 ab
41.88 d
75.67 ab
61.33 hc

54.20 hc
34.43 d
62.00 bc
91.50 a
76.56 ab
77.00 ab
82.67 a
52.00 c
88.57 a
65.11 b

%0L PCS VA PG
% g scores 1-5 g/plant
1935 b 10.87 d 240 b 8348 b
22.78 ab 15.81 ke 206 b 4845 ¢
22.80 ab 1961 a 2.64 ab 86.25 b
23.78 a 17.43 ab 292 ab 12303 ab
22.80 ab 14.73 ¢ 265 ab 11473 b
2124 b 1425 ¢ 310 a 13469 ab
22.73 ab 17.35 ab 286 ab 17432 a
2322 ab 15.98 hc 213 b 76.68 bc
23.77 a 17.08 b 273 ab 8123 b
22.93 ab 1454 ¢ 281 ab 13941 ab
18.48 ¢ 10.19 e 255 b 106.46 hc
21.02 b 16.73 hc 157 ¢ 57.80 ¢
22.48 ab 20.07 a 294 ab 14296 b
22.62 ab 18.26 ab 243 b 11598 hc
22.16 ab 15.73 bc 289 ab 100.90 hc
21.46 ab 14.80 ¢ 350 a 189.20 ab
2312 a 1753 b 350 ab 21663 a
21.60 ab 1497 ¢ 225 b 99.51 hc
2339 a 18.45 ab 271 b 87.34 ¢
21.07 b 1297 d 250 b 10755 hc

YMeansfollowed by the same letter do not differ by Tukey test at 5% probability.
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Table 2 - Meansof the hybridsfor thetraits number of daysto flowering (NDF), plant height at flowering

(APF), number of days to maturity (NDM), plant height a maturity (APM), oil content (%0OL), one-
hundred seed weight (PCS), agronomic value (VA) and seed yidd (PG), 1998/99.

ESALQ ANHEMBI

F1 NDFY  APF NDM APM %0L PCS VA PG NDF APF NDM APM %0L PCS VA PG

1X2 5111 f 27.05d 11995 b 3411 e 2116d 1406 d 2.18c 85.79 ¢ 50.30 f 3130 f 12350 a 4010 e 1961 b 1271 g 2.03d 90.53 d
1X3 65.00 a 47.25b 13400 e 5400 c 2155d 1499d 250b 121.950b 6257 a 5243 b 13571 d 6271 c 21.04b 1363 g 3.07b 16839 b
1X4 5450 e 3575c 12488 c 7788 a 2239 c 1398d 3.06a 166.23 a 56.00 c 40.13d 12875 ¢ 9150 a 2157 a 1426 f 256¢c 13871 c
1X5 58.00 ¢ 4333 c 12933 e 79.67 a 21.28d 1463d 2.83a 12127 b 56.44 ¢ 4244 d 12756 b 9525 a 2068 b 13.80 g 2.67c 18228 b
1X6 6238 a 45.67 b 12925 e 5425c 21.05d 1398d 269a 15203 a 59.67 b 4233 d 129.00 ¢ 56.00 ¢ 2129 b 1480 f 267c 16568 b
1X7 6489 a 5522 a 137.00 f 59.22 c 21.82d 1541 d 294a 189.14 a 61.78 a 5333 b 13525 d 66.63 c 2041 b 1488 f 3.00b 20381 b
1X8 59.80 ¢ 5140 b 13220 e 4820 c 2274c 1770 c 2.88a 11682 b 5825 c 3788 e 13175 c 5125 d 1976 b 1808 d 2.63c 12479 c
1X9 58.67 ¢ 4133 ¢ 12689 d 63.00 b 2248 ¢ 1500d 2.78a 12514 b 56.11 c 3722 e 12656 b 8589 b 2222 a 1535 f 3.06 b 13386 c
1X1064.45 a 56.15a 14026 g 63.00 b 21.20d 1812 c 3.26a 19148 a 63.94 a 5288 b 13893 e 6641 c 2010b 1587 e 3.63a 20858 b
2X3 5350 e 3450d 127.00 d 4350 d 2363 a 1755c 250b 98.50 ¢ 5233 d 4329d 12938 ¢ 5500 d 2212 a 1828 d 2.64c 23298 a
2X4 4914 g 31.00d 11900 b 6257 b 2341 b 1487 d 271a 13758 b 4878 f 3411 e 12456 a 7478 b 2257 a 1593 e 250c 17611 b
2X5 49.00 g 27.86 d 11586 a 6457 b 2323 b 1454d 279a 12473 b 4971 f 3457 e 12414 a 66.71 c 2188 a 1565 e 2.50c 121.66 c
2X6 51.75 f 3225d 12488 c 40.00 e 2220 c 17.13c 2.06 c 85.97 ¢ 5150 e 3538 e 12638 b 4325 e 2157 a 1625 e 213d 10563 d
2X7 5413 e 40.88 ¢ 12975 e 4550 d 2361 a 1754 c 263b 13770 b 5225 d 36.75e 12950 ¢ 5025 d 2229 a 1658 e 250c 14182 c
2X8 4944 g 31.06 d 12612 d 36.12e 2315 b 2136 a 2.09c 71.36 ¢ 4981 f 3063 f 12469 a 3763 e 2177 a 1943 ¢ 1.91d 81.80 d
2X9 4950 g 30.17 d 11667 a 5500 ¢ 2427 a 1532d 250b 109.46 c 4875 f 3013 f 12313 a 5750 c 2287 a 16.77 e 2.63¢c 95.50 d
2X1052.20 f 3050 d 12789 d 3690 e 2319 b 1913 b 2.25c 74.22 ¢ 51.64 e 36.82 e 12836 c 4236 e 2264 a 19.05 ¢ 218d 96.28 d
3X4 6189 b 5814 a 13256 e 8833 a 2343 b 1882b 2.89a 11064 b 59.13 ¢ 4843 c 13314 d 9643 a 2253 a 1870 d 3.00b 153.02 c
3X5 6175 b 59.75a 12975 e 91.00 a 2299 b 1632 c 275a 16812 a 6043 b 5314 b 12914 ¢ 99.00 a 2266 a 1789 d 2.71c 166.74 b
3X6 64.89 a 5344 b 14022 g 5744 c 2198 c 1802c 278a 14132 b 62.14 a 4657 ¢ 13771 e 5843 c 21.74a 1796 d 3.00b 164.01 b
3X7 6622 a 6222 a 14244 g 6522 b 23.05b 1980 b 2.89a 194.06 a 6488 a 67.63 a 14225 e 7911 b 2235a 2007 ¢ 3.69a 25581 a
3X8 59.57 ¢ 49.57 b 13543 f 60.14 ¢ 2251 c 2221 a 250b 13291 b 5786 ¢ 5129 ¢ 13914 e 6414 c 21.03 b 2572 a 3.07b 15207 c
3X9 59.67 ¢ 5317 b 131.00 e 86.00 a 2295b 1804 c 258b 14798 a 56.17 ¢ 50.67 ¢ 130.67 ¢ 62.00 c 2268 a 20.82 ¢ 2.75c 19133 b
3X1065.29 a 59.50 a 14271 g 6157 b 2257 c¢ 2282 a 3.00a 18445 a 60.57 b 57.86 b 13871 e 7757 b 2216 a 2224 b 3.71a 30211 a
4X5 51.60 f 37.64 c 12445 c 8364 a 2301 b 1698 c 295a 14256 b 5191 e 3791 e 12518 a 8382 b 2250 a 1679 e 245c 13407 c
4X6 56.67 d 50.33 b 131.33 e 86.67 a 24.05a 16.69 c 2.92a 15332 a 5550 d 47.38 c 13475 d 9113 a 2227 a 1698 e 3.50a 18279 b
4X7 59.00 ¢ 58.18 a 13250 e 89.45a 24.09 a 1715c 3.14a 21072 a 58.85 c 53.85b 13525 d 109.08 a 2283 a 1836 d 3.46a 227.28 a
4X8 5307 e 4293 c 13193 e 7736 a 2284 b 2256 a 2.89a 16344 a 5338 d 4554 c 13592 d 9162 a 2211 a 2294 b 335a 15055 c
4X9 5129 f 3814 c 12314 c 7329 a 2501 a 1819 c 279a 116.09 b 51.33 e 4467 c 12633 b 9533 a 2365a 2190 ¢ 3.00b 15597 b
4X1056.12 d 49.60 b 13635 f 88.06 a 2234 c 21.02a 3.06a 18133 a 5492 d 4354 d 13815 e 9685 a 2261 a 2155 c 3.62a 21557 a
5X6 56.38 d 37.83c 12588 d 70.75b 2330 b 1554d 256b 131.03 b 56.33 ¢ 4283 d 12633 b 9117 a 2204 a 1616 e 250c 17499 b
5X7 59.75 ¢ 5275 b 13225 e 8725 a 23.69a 1700 c 3.00a 199.38 a 59.67 b 49.00 ¢ 132.00 ¢ 81.00 b 2238 a 17.04 e 3.17b 16533 b
5X8 5417 e 37.00 ¢ 132.00 e 7467 a 2259 ¢ 2159 a 3.00a 15411 a 54.00 d 4233 d 13183 ¢ 9150 a 21.72a 21.08 ¢ 3.17b 20173 b
5X9 5333 e 38.30c 12364 c 7742 a 2402 a 1591d 275a 106.64 b 5420 d 4813 ¢ 126,60 b 10140 a 2203 a 1751 d 240c 17577 b
5X1058.00 ¢ 5483 a 13383 e 8650 a 2263 c 19.18 b 3.17a 200.66 a 5757 ¢ 46.43 c 13486 d 9829 a 2163 a 2055 c 3.57a 19860 b
6X7 64.80 a 57.22 a 13840 f 6510 b 2291 b 1778 c 3.20a 23247 a 63.44 a 5863 b 13667 d 7038 c 21.79 a 1682 e 3.56a 258.04 a
6X8 60.75 b 4725b 13575 f 48.00 c 21.71d 2343 a 250b 14388 b 62.83 a 41.40d 13483 d 50.00 d 2034 b 20.68 c 2.67c 14546 c
6X9 56.50 d 43.83 ¢ 130.17 e 80.50 a 2328 b 1653 c 275a 189.92 a 5320 d 4550 ¢ 12933 ¢ 9483 a 2257 a 1699 e 292b 18644 b
6X106345 a 56.73 a 13500 f 57.36 ¢ 2286 b 2012b 2.82a 17207 a 60.50 b 49.80 ¢ 13167 ¢ 6200 c 2156 a 1831 d 2.83c 17350 b
7X8 6244 a 5756 a 14233 g 6233 b 2237 c 2174 a 3.1la 18048 a 6238 a 56.25 b 141.00 e 6575 c 2054 b 2152 ¢ 3.44a 21586 a
7X9 59.14 ¢ 5417 a 13543 f 86.17 a 2285b 1968 Db 2.64b 16781 a 60.71 b 56.33 b 13629 d 105.14 a 2256 a 21.49 ¢ 3.36a 224.96 a
8X9 5233 f 39.00 ¢ 13083 e 66.50 b 2225 ¢ 2335 a 3.00a 146.76 b 53.83 d 47.17 ¢ 13083 c 91.00 a 2234 a 2477 a 3.00b 166.40 b
8X1061.31 b 5231 b 13262 e 5469 ¢ 24.09 a 1640 c 265b 190.74 a 5773 ¢ 4655 c 13070 ¢ 6564 c 2187 a 1845 d 286c 18441 b
9X105530d 4390 ¢ 13260 e 7622 a 2393 a 2173 a 295a 16082 a 57.00 ¢ 49.78 ¢ 13750 e 10533 a 2293 a 2263 b 3.35a 19424 b

Y Means followed by the same letter do not differ by the test of Scott-Knott at 5% probability.

effect of the genotype x locdlity interaction was
not sgnificant for the trait %0L. The differentia
performance showed by mog of thetratsindicated
the need to congder the specific locdity when
studying genetic parameters.

Study of the means

The parenta means formed different groups for
dl thetraits, by the Tukey test a 5% of probability
(Table 1). The earliest genotype was Hartwig,
for flowering and maturity, mainly in ESALQ.
MTBR-95-123800 was the latest genotype in
thetwo locdlities. Hartwig was a so the genotype
with smaller APF and APM, which can be
explained by thelack of adaptation of thiscultiver.
On the other hand, USP 1-11 (ESALQ),
MTBR-95-123247 (ESALQ and Anhembi) and
Conquista(Anhembi) werethe tallest genotypes.
USP 1-11 hasindeterminate growing habit, while
MTBR-95-123247 and Conquista present genes
for photoperiod tolerance, being adapted to areas
of low lditude. These factors can explain ther
largest plant height.
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For %0L, the means ranged from 18.48%
(Anhembi) to 23.78% (ESALQ); the USP 1-
11 and USP 5-19 parents exhibited the largest
means, while|AC 100 had the smallest means
in the two locdities. It is interesting to obsarve
that some parentshave presented va uesfor %0L
superior to 22%, whilein current cultivars the all
content has varied between 18 and 22%, with
genera mean around 20%. Redricted variahility
for il content exigsin the genus Glycine, which
is pointed out as the main difficulty in obtaining
genetic gains for this trait (Guangyu, 1993).
Because of this, the use of induced mutations has
been recommended to increase the varigbility for
%O0L (Mehetre, 1996).

PCS ranged from 10.19g to 20.07g; the
cultivar Conquista presented the largest seed
size in the two localities, while IAC 100
presented the lowest value for PCS. Low
values of PCS and %OL are expected in
cultivarswith insect tolerance (Pinheiro, 1993).
For VA, the means varied from 1.57 to 3.50,
with the line MTBR-95-123800 being the best
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parent. For PG, there was wide variaion among
the parents from gpproximately 48 to 174g/plant
in ESALQ, while this variation was from 58 to
217g/plant in Anhembi. The genotype MTBR-95-
123247 showed superiority inrelaiontotheother
parentsin both locdlities.

The parent Hartwig showed low vaues for most
of thetraits This can be explained by the lack of
adaptation of this cultivar to loca conditions. It
was chosen as parent because of its genes for
multipleressanceto severd racesof soybeancyst
nematodes (Anand, 1992).

The use of the Scott-Knott test for comparison
of meansamongtheF, hybrids (Table2) dlowed
their partition in groups without overlapping to
facilitate the understanding and the visudization
of the best combinations. In earliness terms, the
best crosses were IAC 100 x Hartwig (1 x 2),
Hartwigx USP 2-16 (2 x 5), and Hartwig x USP
11-14 (2 x 8), in both localities. For APF and
APM, the cross Conquistax USP 2-16 (2 x 5)
presented the tallest plantsin the two locdlities.

For %0L, four groups were formed in ESALQ
andonly twoin Anhembi. Thebest crosswasUSP
1-11 x USP 5-19 (4 x 9), with 25.01% of ail in
ESALQand 23.65%in Anhembi. Itisinteresting
to congder that thetwo parents of thiscrosshave
aso showed the highest %0OL among the parents.

The trait PCS presented wide variation, with the
largest seed size occurring in the crosses
Conquisax USP 11-14 (3x 8) in Anhembi, USP
11-14 x USP 5-19 (8 x 9) in ESALQ and
Anhembi, and MTBR-95-123800 x USP 11-14
(6x8) INESALQ. For VA, thefollowing crosses
showed the best plants: Conquistax MTBR-95-
123247 (3 x 7) and Conquistax USP 6-6 (3 x
10), in Anhembi; IAC 100 x USP 6-6 (1 x 10),
USP 2-16 x USP 6-6 (5 x 10) and MTBR-95-
123800 x MTBR-95-123247 (6 x 7), in both
locdlities. Itisinteresting to notice thet the crosses
with the highest scores for agronomic vaue were
aso among the highest yidding, standing out
Conquistax USP 6-6 (3 x 10) in Anhembi, USP
1-11 x MTBR-95-123247 (4 x 7) in ESALQ
and MTBR-95-123800x MTBR-95-123247 (6
x 7) inthetwo locdities. Still obsarving Table2, it
can beverified that thelocdity Anhembi presented
the highest vaues and the best discrimingtion of
thehybrids, duetotheformation of different groups

for mogt of the traits. %OL was an exception
whith vaues dightly inferior to those obtained in
ESALQ. This last fact is evidence of postive
specific interaction with ESALQ for oil content.

Heterosis

Theheterossof thehybridsin rdaiontothemean
of the superior parent (HGS) and to the parental
mean (HMG) are presented in Tables4 and 5
respectively for ESALQ and Anhembi. For
NDF, there was heterosis in the sense of
reduction of thetrait (earliness), and lower values
were presented by hybrids 13 and 16
respectively than the parent mean, in ESALQ
and in Anhembi. Even for the hybrids with
significant values, the heterosis was of low
magnitude, with the maximum of 12% in relation
to the parenta mean. In Brazil, selection of
genotypes with determinate growth habit and
toleranceto photoperiod has been accomplished
in order to facilitate the adaptation of soybeans
to low (< 15°) latitudes (Kiihl and Almeida,
2000), thus reducing the variation for NDF. For
the trait NDM, there were crosses sgnificantly
superior and inferior to the parental mean,
however no onewas later than the latest parent.

The presence of dominance in the sense of the
reduction of vegetative and reproductive periods
in soybeans has been reported by several
authors, induding workswith Brazilian genotypes
(Campos, 1979; FreireFilho, 1988; Nass, 1989;
Bonato and Velo, 1999). Smilar results were
obtained for the traits APF and NDM. Seven
hybrids with sgnificantly lower vaduesand 12
with higher values than the parenta mean were
detected for APM in ESALQ, whilein Anhembi
there were three inferior and 19 superior to the
APM parenta mean. In the two locdities there
was a smal number of hybrids with postive
heterogsin relation to the superior parent. Most
of the parents presented means under 80 cm for
APM. Thisresult can be consdered satisfactory
if compared with the minimum limit of 60cm of
APM for commercid crops, where dengity of
plantsishigher. Hence, crosseswith APM amilar
to the parents can be considered adequate in the
experimenta conditions of this study.

For oil content, dmost dl the crosses did not
differ gatidticdly from the parenta meen. This
indicated that thetrait is controlled predominantly
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Table 3 - Percentage of heterosis in relation to the superior parent (HGS) and to parental mean (HMG)
for the traits number of days to flowering (NDF), plant height at flowering (APF), number of days to
maturity (NDM), plant height a maturity (APM), oil content (%OL), one-hundred seed weight (PCS),
agronomic vaue (VA) and seed yidd (PG), 1998/99.

NDfF(Days) APF (cm) NDM (days) APM (om) %0L (%) PCS () VA (scores 1 a5) PG (g/plant)

F HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG
X2 -2040 * -6.83* -4256* -2877 * -7.87* -116 3742 * 2101 * -713* 045 1104 5.44* -8.99 -211 2.76 3005 *
X3 0.00 062 -2478 * -1403 -2.96 -0.11 -1907 *  -1091 -5.48 2271  -2357* -164 -5.17 -0.72 4138 * 4369 *
X4 -1511 * -7.26* -2410 * -1983 * 4.09* -296* 865* 1145 * 58 * 383 -1980* -120 5.00 1520 * 3HI12* 6100 *
X5 -9.66 * -161 -8.00 4.80 -0.67 2.04 751* 2390* -6.68 0.97 -0.65 1434 6.92 1221 5.70 237
1X6 -1349 * -847* -2751* -1706* -1629* -9.17 2327 * 1334 * 092 3.71 -1.91 1131 * -1331 * -2.27 1287 3936 *
X7 -4.32* -170 -1250 * 0.21 -6.05* -0.73* -1837 * 6.77 -4.02 371 -1119* 9.22 * 2.82 11.88 8.50 46.73 *
1x8 -6.85* 0.97 9.13 2371 * 154 3.05 -1156 0.03 -2.06 6.85* 1075 3185 * 1979 * 2707 * 3994 * 4588 *
1X9 -8.62* -027 -1224 -6.74 -2.54 -1.12 -1674 * -3.20 -5.45 426 -1216 * 7.37 1.85 8.35 4990 * 5195 *
1X10 -1.52 -0.57 0.87 9.28 416* 591* 2.72 8.78 -754* 029 2461 * 4264 * 1602 2521 * 373k * 7181 *
2X3 1758 * -317  -4508 * -2473 * -8.03 * 136 3481 * -1175 3.66 370 -1046 * -0.87 -5.17 6.41 1420 4625 *
2X4 -7.86* -055  -2634* -1260 642* -0.70 -26.60 * 6.86 * -1.59 053 -1470 * -1055 * -6.94 9.03 1183 6046 *
2X5 7.69* -121  -2175 % -135%6 -6.04* -173 -128 * 2188 * 191 195 8.01 4.74 512 1823 8.72 5288 *
2X6 -82*  -119 * -4881* -2078* -1912* -643* 4342 * 2199 * 254 0.87 833 1304 * -3347 * -2010* -3617 * -612
X7 -2019 * -447  -3B23* 1111 -1102 * 046 3728 * 1284 3.61 3.72 i1 5.81 -833 6.57 -2101 * 23682 *
2X8 -8.87* -0.88 -1373* -4.22 -0.20 559* -1375 * -2.03 -0.29 0.66 3364 * 3436 * -173 -0.26 -6.95 1405
2X9 -7.40* 0.05 -27.39 * -1430 -7.73*  -2.35 2731 * 230 2.09 426 -1034* -6.87 -8.33 4.39 3475 * 6881 *
2X10 -2024 * -590 -4521* -2783 * 5.03* 348* -3984 * -2081* 117 148 2099* 2605* -2000 * -7.69 -4676 *  -2098
3X4 -4.79* 460* -7.44 1085 * 4.01* -0.06 3.62 1625 -1.47 0.61 -3.98 1.67 -0.95 4.05 -1006 5.74
3X5 -5.00* 4.04 -4.88 2142 * -6.04* -072 281 * 224 * 083 083 -1678 * 494 * 3.77 4.04 4654 * 6730 *
3X6 -10.00 * -534* -1517 * -1504 * 918* -412* 1875 * -1640 * 361 0.20 808 * 6.46 -1039 -3.15 4.92 2198 *
3X7 -2.35 -0.28 -141 -1.18 231 0.35 -10.09 6.34 1.07 122 0.98 7.13 0.88 5.05 nx 48% *
3X8 -8.35* -0.09  -21.09 * 0.33 -1.93 242 -9.87 1076 -3.05 217 1331 2484 * -5.17 5.01 5409 * 6314 *
3X9 -8.21 * 0.74  -1536 189 5.13* -0.9 1366 2079 * 346 -1.44 800 * -1.67 -5.28 -3.67 7157 * 7671 *
3X10 -0.24 0.10 -5.28 0.43 3.35 4.65 -1.73 -3.84 -1.53 -1.26 1641 * 3367 * 6.67 1011 3231 * 6348 *
4X5 -3.91* -358* -1057 -3.10 213 -0.62 -1.89 4.97 -3.24 -1.20 -2.57 5.62 1.30 6.15 1588 1992
4X6 -2141 * -9.65* -2011* -4.20 -1494 > -671* 1.66 1115 112 6.83* 425 535 * -5.91 -3.05 1383 1898
a7 -1300 * -2.60 -7.81 1062 * 913* -293* 4.93 1338 1.28 3.56 -1.60 -1.38 7.53 8.52 2088 4173 *
4X8 -2.17 -1.34 201 9.96 * 3.74*  407* 926* 2170 * 399 -2.83 2047 * 3506 * -0.82 1476 * 328* 6368 *
4X9 -4.06 * -3.95 -9.36 -8.78 316* -289* -1403 * 891 513* 515* 437 541 -4.49 -1.28 -5.64 1367
4X10 -1425 * -651* -1090 * 148 1.25 4.15* 3.29 2015 * 6.08* 436 2062 * 3151 * 4.87 6.78 3007 * 3819 *
5X6 -2181 *  -1037 * -3095* -2326* -1847 * -9.34* -4.52 -2.28 219 580* 553 7.26 -1734 * -1087 -2.71 5.07
5X7 -11.90 * -166  -1642 * 6.88 930* -172 1775 * 1899 * 3091 4.06 -2.04 5.98 4.76 8.82 14.37 3795 *
5X8 -0.15 0.36 2.78 3.35 445*  574* 0.76 2876 * 272 -1.83 3511 * 4064 * 1321 2665 *  34R * 6L *
5X9 -0.68 -0.46 -7.81 -0.71 222 -0.99 231 3.38 1.05 3.17 -6.83 0.07 0.83 2.28 -7.05 8.84
5X10 -11.38 * -2.64 -150 2016 * -0.62 3.76* 1673 * 27174 * -1.30 -1.03 3024 * 3106 * 1259 1594 * 4393 * 5791 *
6X7 -1012 * -737*  -9.33 -9.25 -1036 * -7.80* -10.2 911 0.79 421 245 1250 * 3.23 7.32 BB * 5046 *
6X8 -1574 * -384 -2500* -455 -1208 *  -3.30 21 1472 ¢ 649 2.34 4657 * 549 *  -1935 * -4.31 6.82 3613 *
6X9 -2164 *  -1000 * -3042 * -1614 -1570 *  -7.30 6.39 10.00 -2.06 3.45 -3.20 5.54 -11.29 -5.62 4100 * 7591 *
6X10 -1199 * -7.73*  -9.96*  -4.39 -125% *  -6.60 <188 *  -1311 * 031 3.49 3837 * 076+ -9.09 * -4.67 2343 2555
7X8 -7.92* 231 -8.80* 1614 -2.39 4.58 -1408 * 895* -3.67 -2.66 2628 * 3042 * 8.64 2473 3.53 4381 *
X9 -1279 * -246  -1417 * 351 -7.13*  -0.52 1388 * 1627 -3.87 -1.72 152 * 1431 * -7.71 -5.46 -3.74 3133 *
8X9 -3.53 -2.82 -6.13 0.59 3.47 3.50 21 1315 -6.43 5.32 3669 * 4123 * 1000 2365 8067 * 8587 *
8x10 -6.32* 244 -6.03 1413 * -1.52 160 -10.83 5.98 3.77 4.42 2.64 7.49 -5.64 7.50 3682 * 7653 *
9X10 -1550 * -698* -2114* -9.68 -1.53 157 073 1127 0.67 2.50 2721 * 3743 * 4,89 6.50 1536 4577 *

* significant at 5% probability by thet test.

by geneswith additive effect. Smilar reultshave
been obtained by other authors (Nelson and
Bernard, 1984; Gadag and Upadhyaya, 1995).
PCS presented about haf of the crosses with
positive heterogsin relation to the parental mean.
The cross MTBR-95-123800 x USP 11-14 (6
x 8) stood out in both locdities, with heterosis of
46.57% in ESALQ and 38.09% in Anhembi, in
rel ation to the superior parent. For VA, eight and
fifteen hybrids showed positive heterosis in
relation to the parental mean, respectively in
ESALQ and Anhembi. Only thecrosslAC 100
X USP 6-6 (1 x 10) was superior to the best
parent in the two locdlities.

For PG, most of the crosses (33 in ESALQ and
26 in Anhembi) were superior to the parentd
mean. Therewere 18 hybridsin ESALQand 17
in Anhembi with positive heterosisin relation to
the superior parent. The trait PG presented the
most expressve values of heteross among the
sudied traits, with postive vaues in reaion to
the superior parent of up to 111.33% (Table 3).
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In generd, there was heteross for dmost dl
traits in different magnitudes, with pogtive or
negeative vaues, indicating the contribution of
genes with non-additive effects. Heteros's for
seed yield was positive and the most expressive
vaues. Thisfact together with the pogtivevaues
previoudy obtained by other authors (Kunta et
al., 1985; Raut et al. 1985; Nass, 1989; Moro,
1990) can justify the future use of commercid
hybrids in soybeans.

Diallel analysis

The mean squares of the analyss of variance of
the dialel, model 4 of Gardner and Eberhart
(Table4), obtained individualy by locdity, were
ggnificant for the effectsof varigiesand heteross,
except for the heterosis effect of %O0L in
Anhembi. However, for %0L in ESALQ only
the average heteross was not sgnificant, while
in Anhembi, the average and specific heterosis
were sgnificant. The average heteross was not
sgnificant for APF, NDM, APM and VA in
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Table 4 - Percentage of heterosis in relation to the superior parent (HGS) and to parenta mean (HMG)
for the traits number of days to flowering (NDF), plant height at flowering (APF), number of days to
maturity (NDM), plant height a maturity (APM), oil content (%0OL), one-hundred seed weight (PCS),

agronomic vaue (VA) and seed yidd (PG), 1998/99.

NDF (days) APF (cm) NDM (days) APM (cm)

%O0L (%) PCS(g) VA (scores1to 5) PG (g/plant)

|51 HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG HGS HMG
X2 21.16* -7.96* -30.75* -16.12* -493*  -233 -26.01* -951 -6.71*  -071 24.06* 559 -2059* -1.73 -14.96 10.22
1X3 -1.93 -1.74 9.78 150 -2.05 111 115 7.94 -6.42 2.72 -3207* 9389 431 11.80 17.79 35.03*
1X4 -12.23*  481* -11.23 -9.01 -0.89 0.35 0.00 2560*  -4.68 4.92 21.90* 027 0.49 294 19.60 24.72
1X5 -11.53* 381 6.10 0.42 -1.80 0.74 24.42*  4569* -6.65* 179 -12.28*  6.50* -7.69 -1.94 71.23*  7582*
1X6 -13.02* -9.87* -26.67* -17.74* -13.79* -7.70*  -27.27* -1463* -0.77 6.63* 0.02 1848*  -2381* -1185 -12.43 12.08
X7 -7.99* 5.64* -2381* -7.41 -5.99*  -1.20 -1941*  -264 -11.74*  -1.90 -15.09*  7.41* -14.29* -0.83 -5.92 26.16*
1X8 8.70* 2.18 -16.21* -7.85 142 178* -5.44 -3.48 -8.51 -1.40 20.76*  4374* 294 9.38 17.23 21.18
1X9 -12.05*  4.27* -17.65* -1449* -257 -0.03 -3.03 20.32*  -5.03 6.11 -16.83* 7.18* 12.57 16.09 2574* 3814
1X10 022 0.22 -1.89 6.73 6.95* 7.23* 2.00 11.33*  -459 165 2238*  37.09* 4216* 4356* 93.95* 94.94*
2X3 -17.66*  -4.02 -2551* -111 -6.63*  -107 -11.29 14.07 -161 169 8.91 -0.66 -10.24 17.05 6298*  132.10*
2X4 -9.43* -1.81 -20.67*  -581 -1.70 -0.24 -1828* 1876* -0.23 3.44 -12.74*  893* 2.94 2500* 51.85* 10268*
2X5 -7.17* 0.38 -12.11 0.55 0.66 0.79 -12.86 2022*  -1.24 136 6.47* -3.60 -13.46* 1210 20.58*  53.32*
2X6 -24.93* 973* -38.72* -1882* -1555* -7.29*  -4383* -2237* 051 154 -2.87 3.10 -39.29* -16.20* -44.17* -14.47
2X7 -22.18* -7.23* -4750* -2608* -999*  -295*  -39.21* -14.17 -3.59 1.00 5.43 -3.23 -2857* -1.41 -3454* 335
2X8 9.92* -1.17 -17.23*  -7.80 -334*  -1.04 -27.64* -12.93 0.78 215 16.14*  2258*  -15.28 -0.23 -17.79 4.00
2X9 8.76* -1.44 -28.03* -1548* -0.13 -0.01 -35.08* -6.50 -2.23 2.99 9.11* -4.67 -3.29 2250* 934 31.59*
2X10  -19.07* 551 -31.69* -11.63 -0.66 179 -34.94* -14.88 7.49* 7.60 1385* 2828* -12.73 7.18 -10.47 16.46
3X4 9.78 * 0.71 -16.66 -4.21 -391* 038 5.39 2564*  -0.40 -0.08 6.81 -2.42 189 1167 7.04 18.19
3X5 4.92* 3.20 -8.55 9.07 -6.79*  -1.38 29.32*  4290* 081 155 -10.82 -0.03 -1.82 -6.94 16.64 36.76 *
3X6 9.41* 5.95* -19.86* -19.59* -7.97*  -443*  -2412* -1593 -3.32 -1.07 -10.49*  3.04 -14.29*  -6.90 -13.31 -1.25
3X7 -3.38 0.73 -3.39 5.57 -1.13 0.73 -4.30 9.37 -3.35 -1.99 0.02 6.76 5.36 14.44 18.08 42.28*
3X8 8.97* -2.64 -11.75 7.84 0.42 4.01* 3.46 1253 -6.45 -4.57 2820*  46.83* 431 1826* 6.38 25.44
3X9 -11.63* -3.98 -12.81 137 -5.69*  -0.19 -30.00* -17.65 -3.05 -1.13 3.76 8.11* -6.60 -2.81 33.84* 66.16*
3X10  -5.06 -4.88 0.44 331 0.11 3.60* 19.14* 2205 -143 177 10.85* 34.66* 26.15* 36.44* 111.33* 141.21*
4X5 -3.62 -3.35* -11.84 -7.91 -1.21 0.13 -8.40 -0.25 -0.55 0.49 -8.04 -1.21 -15.03 -7.68 15.60 23.63
4X6 -19.10*  -936* -17.93* -593 -9.95*  -248 -0.41 8.16 -155 106 -7.00 274 0.00 18.07* -339 19.79*
4X7 -12.36* 273 -23.08* -470 -5.99*  -0.03 1922*  2526*  -1.27 -0.19 0.54 2.60 -1.10 16.77* 491 36.66 *
4X8 -3.46 -2.19 5.90 1385* 5.37* 6.31* 0.13 2769*  -2.27 0.00 2561* 3803* 37.78* 4304* 2981* 39.73*
4X9 4.69* 4.31* 3.88 5.27 -0.30 1.07 4.19 5.88 110 2.79 1870*  19.32* 1053 16.67 3448*  5343*
4X10  -1391* -6.64* -19.22*  -10.14 6.91* 7.96* 5.84 2368* -0.05 3.52 18.02*  3802* 4462* 4671* 8587* 92.88*
5X6 -17.88*  -7.77* -2580* -11.74 -1557*  -7.44* 1840* 1874*  -0.55 104 2,67 5.82* -28.57* -21.74* -751 20.64
5X7 -11.13* 113 -30.00* -10.37 -825*  -1.20 -2.02 174 -3.22 -1.16 2.81 243 9.52 -0.87 -23.68* 414
5X8 -2.35 0.79 7.63 10.92 2.20 4.49* 1952*  4235*  -1.96 -0.71 3399* 37.31* 9.62 2324*  99.93*  101.32*
5X9 120 132 14.97 1855* 265 2.67* 14.48 2281* -584 -3.29 5.12 243 -16.92 -14.33 7420*  86.75*
5X10 -9.76* -1.89 -13.86* -0.40 4.36* 6.79* 28.38* 3876* -2.38 0.08 3058* 4316* 2363* 3255* 84.66* 90.55*
6X7 -7.52* -6.52* -16.25* -820 -867*  -687* -1487* -11.85 -5.77*  -225 -4.07 4.03 179 179 1911 27.16
6X8 -8.41* 143 -28.28* -12.59 -9.89*  -322*  -3506* -2248* -583 5.53 38.09* 3891* -2381* -7.25 -23.12*  0.77
6X9 -2245*  -12.81* -21.18* -8.62 -1357* -522*  7.07 1455*  -350 0.66 -1.93* 219 -16.67* -6.13 -1.46 34.84*
6X10 -11.81* -861* -13.73*  -10.77 -1201* -557*  -1948* -12.74 0.49 141 2375* 3190* -19.05* -556 -8.30 16.94
7X8 -7.10* 188 -19.64* 514 -2.00 334* -2046* -2.35 -11.18* -8.15 2276*  3240* -179 1957*  -0.36 36.56 *
7X9 957* 0.71 -19.52* 0.72 -5.27* 203 1871* 2280* -354 -2.98 16.46*  19.44*  -4.08 8.05 3.84 48.01*
8X9 -2.65 0.98 12.68 1963* 142 3.72* 274 2947*  -451 0.70 3422*  48.18* 1053 20.86* 67.22*  7811*
8X10  -9.52* -3.06 -13.64 241 114 123 0.81 12.09 128 2.55 2324*  3209* 1455 2057*  7147* 78.12*
9X10 -10.66* -2.75 -71.65 3.97 6.41* 8.91* 1892*  37.08* -1.96 3.17 22.67* 4407*  2342* 2849* 80.61* 99.33*

"Significant at 5% probability by thet test.

ESALQ nor for NDM and APM in Anhembi.
For PG, in Anhembi, the specific heterods was
not sgnificant.

The sgnificance of the mean squares associated
to the effects of varieties and of heteross(Table
4) evidenced that the varieties did not conditutea
homogeneousgroup and thet thereismanifestation
of theheterossinthe crosses. Theresultsshowed
thet additive and dominanceeffectswereimportant
inthemanifestation of thetraits. For thetrait %00OL
(Anhembi), the heterosis effects were not
significant, indicating thet inthislocdity theadditive
effects were the most importart. This is in
agreement with the non significant estimates of
HMG for most of the crosses (Table 3).

Sgnificancefor heteross of varieties and specific
heterogs indicated thet the heteross was not the
sameto dl the varietiesand that each crosshad a
different heterctic effect, asin the previous report
of Vencovsky and Barriga (1992). When the
average heterosis is not sgnificant and heterod's
of varietiesand specific heterossare, asobserved

for severd traits (Table 4), theoccurrenceof non
directiona dominance, i - e, podtivein someloc
and negdtive in others, and the existence of non
directional epistatic effects are suggested
(Vencovsky, 1970).

The trait %0L showed sgnificance for average
and specific heterossin ESALQ (Table4), while
thevariety heteros swas non sgnificant, indicating
exigence of variation among crosses. On the
other hand in Anhembi, significance was
detected only for heterossof varieties, indicating
tendency of each parent to have a particular
heterotic valuefor %0L. Theinteraction of these
effects with locditiesis certainly respongble for
the differences observed between ESALQ and
Anhembi, for oil content.

Table 5 shows the edtimates of parameters for
eachtrat. Theeffect of varieties(v,) that indicates
the potentid of each parent for useper se showed
the mogt favorable parents, in the two locdities
MTBR-95-123800(v,) andMTBR-95-123247
(v,) with larger valuesof NDF, APF, VA and PG,
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Hartwig (v,) and USP 2-16 (v;) with the earliest
cycle, USP 1-11 (v,) and USP5-19 (v,) with the
highest vaues of APM and %0L.

The average heterosis (‘h) attributed to the
group of crosses of the didld, indicated the
presence of differences in gene frequencies

Crop Breeding and Applied Biotechnology, v. 1, n. 3, p. 229-244, 2001

among parents, at least in part of theloci showing
dominance. Most of the estimates of average
heterosis occurred in the favorable sense of
expression of thetraits, inthetwo locdlities; the
only exception was for APF, with negative
vauesinthetwolocdities(Table5). Thevariety

Table 5 - Edtimates of the parameters mean (m), variety effect (v), average heterosis (i) and variety
heterosis (h) for thetraits number of daysto flowering (NDF), plant height at flowering (APF), number of
days to maturity (NDM), plant height at maturity (APM), oil content (%0L), one-hundred seed weight
(PCS), agronomic value (VA) and seed yidld (PG), 1998/99.

Effects NDF APF NDM APM %0L PCS VA PG
days cm days cm % g scores1-5  g/plant
ESALQ
m 59.480 47.578 131.896 63.455 22.443 15.764 2.629 106.228
Vi 4,720 -0.478 -1.696 -8.955 -3.098 -4.898 -0.229 -22.748
Vo -13.980 -18.721 -19.396 -31.598 0.339 0.046 -0.567 -57.779
V3 5.520 15.240 6.195 3.272 0.357 3.841 0.007 -19.977
Vg -6.147 -5.495 -4.730 21.795 1.341 1.663 0.287 16.799
Vs -5.780 -11.978 -8.596 10.645 0.355 -1.039 0.021 8.499
Vg 12.620 15.422 22.504 7.245 -1.200 -1.513 0.471 28.462
Vo 8.338 15.533 13.922 9.090 0.291 1.587 0.234 68.097
Vg -5.230 -11.578 -5.521 -21.580 -0.198 0.218 -0.504  -29.543
Vg -6.026 -6.033 -5.452 12.211 1.331 1.317 0.098 -24.997
V1o 5.964 8.088 2.770 -2.122 0.482 -1.222 0.183 33.186
h -2.919 -3.461 -2.408 6.194 0.397 2.152 0.047 32.063
hy 1.357 1.001 1.894 -7.213 0.311 -0.473 0.244 14.527
h, 0.948 -5.274 2.756 -11.741 0.134 -1.418 -0.016 -12.601
hs 3.331 2.441 3.118 -4.090 -0.290 -1.004 0.034 16.903
hs 1.102 3.330 1.208 1.652 -0.045 -0.955 0.146 8.763
hg 2.006 5.018 1.998 5.755 -0.031 -0.674 0.204 8.736
hs -2.746 -4.273 -8.067 -11.968 0.322 0.503 -0.212 5.441
h; -4,982 -4.637 -7.778 15.486 -0.161 -0.973 -0.363 -37.827
hg 3.095 7.166 6.987 -1.564 0.055 3.529 0.319 21.756
hg -4.524 -7.648 -7.488 16.135 -0.083 -1.090 -0.476  -42.401
hyo 0.413 2.875 5.372 -2.453 -0.212 2.555 0.121 16.704
Anhembi
m 58.854 47.556 131.652 68.403 21.814 15.970 2.685 122.432
Vi 4,946 -2.356 -1.752 -14.203 -3.332 -5.784 -0.135 -15.976
vy -13.354 -18.127 -8.652 -33.975 -0.794 0.763 -1.113 -64.628
V3 4,702 10.555 6.903 -6.403 0.667 4.096 0.260 20.523
Vg -4.997 -4.556 -4.938 23.097 0.810 2.290 -0.256 -6.452
Vs -5.298 -8.222 -8.319 8.152 0.343 -0.236 0.204 -21.533
Vg 9.746 10.172 17.984 8.597 -0.356 -1.173 0.815 66.765
V7 8.289 22.444 12.223 14.263 1.308 1.559 0.815 94.200
Vg -3.554 -10.556 -2.652 -16.403 0.523 -0.996 -0.435 -22.923
Vg -5.425 -5.699 -8.367 20.168 1.579 2.481 0.030 -35.091
V1o 4,946 6.344 -2.430 -3.292 -0.748 -3.001 -0.185 -14.886
E -2.640 -2.439 -0.771 12.036 0.139 2.666 0.171 45,967
h, -0.081 -0.836 0.761 -6.425 0.303 -1.400 0.017 -4.381
h, 0.367 -2.941 -1.386 -17.210 0.417 -2.874 -0.035 -16.394
hs 1.418 2.877 1.290 -5.493 -0.243 -1.098 0.114 23.598
hy 0.483 0.963 2.982 1.774 0.229 -1.183 0.345 5.536
hs 1.942 2.953 1.624 6.447 -0.179 -1.289 -0.172 11.465
he -2.473 -4.616 -7.900 -17.645 -0.124 -1.011 -0.399  -28.265
h; -2.022 -3.879 -5.189 20.268 -0.158 0.879 -0.328 -23.826
hg 2.296 4.399 4172 -6.227 -1.117 3.617 0.265 -0.104
hg -1.834 0.378 -2.051 25.560 0.382 1.666 -0.320 -8.355
hyg -0.095 0.701 5.697 -1.050 0.489 2.695 0.514 40.726
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Table 6 - Estimates of specific heterosis (s;) for the traits number of daysto flowering (NDF), plant
height a flowering (APF), number of days to maturity (NDM), plant height a maturity (APM), oil
content (%0L ), one-hundred seed weight (PCS), agronomic value (VA) and seed yield (PG), at ESALQ,

1998/99.
Effects NDF APF NDM APM %0L PCS VA PG
days cm days cm % g scores1-5 g/plant
Sz 3131 -3.193 -3.644 3.686 0.747 0.465 -0.323 -14.167
Sa -1.369 -7.691 -2.749 -1.505 0.060 -0.925 -0.344 -26.414
Sixa -3.806 -9.712 -4.502 7.367 0.164 -0.893 -0.034 7.628
Sis -1.394 -0.576 1.100 10.631 0.474 0.829 -0.187 -33.160
Six6 -1.467 -2.651 -4.468 4.637 0.277 -0.761 -0.142 -9.091
7 5.424 7.212 7.283 -18.768 0.234 0.594 0.384 51.479
Sixe 0.958 5.143 -2.560 2.595 1.182 -0.932 0.002 -31.605
Sixo 5.925 7.117 6.569 -17.199 0.293 0.441 0.399 38.590
Six10 0.777 4.351 2972 8.555 -0.436 1.183 0.245 16.739
a3 -3.109 -5.045 -1.761 3.844 0.602 0.117 0.085 5215
4 0.596 0.934 -2.390 7.912 0.362 -1.532 0.047 23.614
6 0.635 -0.656 -4.389 11.385 -0.056 -0.783 0.194 14.946
6 -2.333 -0.671 -0.856 6.237 -0.663 0.859 -0.338 -30.505
a7 4.419 8.261 8.021 -16.641 0.476 1.202 0.494 44.675
8 -1.560 0.199 -0.655 6.362 0.052 1.200 -0.355 -32.428
9 6.518 11.347 4.334 -9.350 0.544 -0.774 0.550 67.557
Sx10 0.766 -11.176 1.341 -13.436 0.154 -0.753 -0.355 -68.478
Sa 1.209 3.382 -1.991 8.588 0.081 0.116 -0.115 51.723
S5 0.018 6.542 -3.653 12.728 0.114 -1.322 -0.178 9.930
S¥6 -1.327 -4.172 1.334 -1.405 0.473 -0.557 0.041 -23.557
S 4.383 4914 7.558 -22.004 0.332 1.144 0.421 52.635
S8 -3.560 -5.984 -4.501 5.301 0.174 -0.256 -0.280 -19.284
S0 4.551 9.652 5.510 -3.436 0.359 -0.364 0.297 57.676
Sx10 0.761 -1.598 0.254 -2.111 0.183 2.047 0.074 5.952
s 2.105 -6.093 -1.577 -9.639 -0.599 0.380 -0.226 -25.878
6 -1.487 2.196 -0.183 12.814 0.864 -0.852 -0.073 -21.807
Six7 5.224 10.352 4.985 -12.775 0.638 -0.464 0.416 59.045
S8 -1.997 -3.148 -0.630 7.513 -0.585 1132 -0.140 1.004
o 4.233 4.107 5.024 -31.153 0.957 0.828 0.246 15.533
Six10 -1.866 -2.019 1.264 9.374 -1.157 1.285 -0.120 -7.417
6 -2.866 -8.751 -4.497 -1.630 0.589 -0.928 -0.351 -39.915
S 4.886 6.473 5.879 -13.507 0.718 0.454 0.355 51.883
S8 -1.990 -7.524 0.586 6.295 0.356 1.233 0.043 -4.154
S0 5.193 5.817 6.662 -25.550 0.454 -0.376 0.287 10.260
Sx10 -1.072 4.767 -0.112 9.288 0.390 0.513 0.064 16.087
Sx7 5.488 6.537 6.544 -16.234 0.366 0.293 0.746 78.281
S8 0.146 -1.682 -1.150 -0.949 -0.809 2.125 -0.266 -21.072
S0 3911 6.942 7.707 -3.044 0.139 -0.696 0.478 86.854
Sx10 -0.065 2.253 -4.430 -0.426 0.263 0.516 -0.0%4 -19.188
I8 6.217 8.931 9.436 -14.993 0.416 0.363 0.614 38.987
9 -36.041 -52.681 -49.706 114.922 2.349 -3.586 -3.430 -376.985
9 2.829 4.170 7.332 -13.036 0.161 2.226 0.684 56.381
$x10 0.873 -0.106 -7.857 0.911 1.267 -7.092 -0.301 12171
x10 2.881 3.527 6.568 -12.154 0.481 2.301 0.489 44.133

heterosis attributed to aparent (h) isaconstant
vauethat isexpressedinthecrossesthat invave
the parent expressed as a deviaion from the
average heterosis of the didld. Its sgnificance
depends on the value of the mean gene
frequency and on the dispersion of these
frequencies around the mean (Gardner and
Eberhart, 1966). The parents USP 11-14 (h,)
in ESALQ and USP 6-6 (h,,) in Anhembi, with
positive and relatively high values of h for the

traits %0L, PCS, VA and PG, were the most
promising in terms of variety heteross.

K nowledge of the specific heterosisis of great
importancefor the development of hybrid seeds,
and can aso be useful in the development of
homozygous lines, if there is significant
contribution of the epistatic additive x additive
interaction (Pimentel, 1991). Also, the
knowledge of its magnitude can help the plant
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breeder to choosethe selection method and to
identify the predominant genetic effect in the
combinations studied. In genera, the valuesfor
specific heterosis (s;) were not consistent
betweenlocdﬂm(TablaGmd?) Congdering
just PG initially, some crosses expressed
relatively high s values in the two locdities:
IAC-100 X MLI'BR 95-123247 (1 x 7),

Conquista x MTBR-95-123247 (3 x 7) and
MTBR-95-123800 x MTBR-95-123247 (6 x
7). When dl thetraitsare considered, theresults
were different in each locdity. In ESALQ, the
best crosses were the same three previondy
mentioned, and the crossUSP 2-16 x MTBR-

Crop Breeding and Applied Biotechnology, v. 1, n. 3, p. 229-244, 2001

95-123247 (5 x 7). On the other hand, the
crosses with favorable s for severa traits in
Anhembi were Hartwig x Conquista (2 x 3),
Conquistax USP 6-6 (3 x 10), and USP 2-16
x USP 11-14 (5 x 8).

Association among traits

The genotypic, phenotypic and environmental
correlaions were caculated for dl sudied traits
(Table8). Ingenerd, high vauesof genotypicand
phenatypic corrdaionsof VA with the other traits
were observed in the two localities. The
corrdaionsamong VA and NDM were high and

Table 7 - Estimates of specific heterosis (s, ) for the traits number of daysto flowering (NDF), plant height
at flowering (APF), number of daysto meaturity (NDM), plant height a maturity (APM), oil content (%0L),
one-hundred seed weight (PCS), agronomic vaue (VA) and seed yidd (PG), a Anhembi, 1998/99.

Effects NDF APF NDM
days am days

S -1.995 0.201 -1.554
Six3 0.197 1.170 0.207
Six4 -0.590 -1.664 -2.529
Six5 -1.454 0.499 -0.675
Six6 -1.339 -1.240 -2.858
Six7 1.050 2.887 3.562
Six8 -0.874 -4.349 -1.862
S1x9 2.052 -3.410 2.024
Six10 2.954 5.906 3.685
Sx3 -1.339 2.018 -0.536
Sox4 0.890 2.313 -1.128
Sx5 0.518 2.617 1.509
Sx6 -0.803 1.792 0.113
S2x7 0.224 -3.706 3.408
S8 -0.610 -1.609 -3.328
S2x9 3.393 -0.517 4,190
S2x10 -0.278 -3.109 -2.674
Saxa 1.158 -3.529 -2.993
Sax5 1.153 1.029 -3.944
S3x6 -0.239 -7.170 0.999
Sax7 2.770 7.010 5.705
Sax8 -2.644 -1.107 0.674
S3x9 0.731 -0.134 1.279
Sax10 -1.789 0.712 -1.390
Saxs -1.582 -4.735 -3.677
6 -1.098 3.102 2.263
Sax7 2.525 2.701 2.933
Saxs -1.332 2.615 1.682
X9 1.682 3.335 1.173
S4x10 -1.653 -4.138 2.277
S5x6 -1.573 -1.595 -3.105
S5x7 2.037 -2.302 2.732
S5x8 -2.026 -0.746 0.641
S5x9 3.240 6.637 4.489
S5x10 -0.313 -1.404 2.029
S6x7 2.709 5.695 3.770
S6x8 3.701 -3.308 0.013
S6x9 -0.866 2.384 3.594
S6x10 -0.491 0.340 -4.789
Srxs 3.520 4.669 6.350
S7x9 -14.836 -16.955 -28.460
Sex9 1.648 5.400 3.340
S6x10 -1.383 -1.566 -7.510
Sox10 2.955 3.259 8.371

APM
am
7.385
4.496
11.265
17.814
2.434
-27.688
-1.234
-16.668
2.195
17.453
15.214
9.950
10.355
-23.392
5.812
-24.385
-18.392
11.362
16.732
0.030
-20.034
6.827
-45.389
8.523
-20.466
10.710
-12.078
12.283
-34.072
5.781
13.551
-37.362
14.967
-25.206
10.020
-24.118
-2.664
-7.903
-2.396
-27.660
172.331
-10.654
2.322
-8.053

%0L PCS VA PG
% g scores1-5 o/plant
-1.000 0.856 -0.189 -16.795
0.358 -1.663 0.023 -21.501
0.341 -0.044 -0.460 -19.630
0.101 0.866 -0.068 25.557
1.005 2.054 -0.147 4.536
-0.680 -1.117 0.115 24.505
0.025 0.620 -0.228 -19.670
0.455 -1.904 0.555 3.728
-0.605 0.333 0.398 19.270
0.054 1.186 0.135 79.432
-0.035 -0.171 0.019 54.111
-0.083 0.914 0.306 1.273
-0.105 1.708 -0.148 -19.174
-0.178 -1.224 0.156 -1.147
0.648 0.172 -0.406 -26.324
-0.274 -2.280 0.666 1.707
0.972 -1.161 -0.539 -73.084
-0.144 -0.848 -0.317 -51.550
0.628 -0.284 -0.315 -36.212
-0.008 -0.027 -0.108 -43.369
-0.193 -1.175 0.509 30.277
-0.157 3.020 -0.076 -38.621
-0.538 -1.672 -0.045 14.974
0.001 1.463 0.193 66.571
-0.079 -0.399 -0.548 -37.338
-0.011 -0.019 0.419 6.964
-0.255 -1.896 0.309 33.292
0.379 1.219 0.226 -8.594
-0.109 0.399 0.232 11.164
-0.088 1.759 0.121 11.580
0.391 0.523 -0.294 0.772
-0.065 -1.851 0.302 -27.037
0.631 0.735 0.334 44.199
-1.092 -2.628 -0.081 32.568
-0.432 2123 0.364 -3.783
-0.359 -1.882 0.619 61.244
-0.459 0.520 -0.245 -16.493
-0.250 -2.957 0.357 38.820
-0.204 0.079 -0.453 -33.301
-1.056 -1.895 0.455 35.749
2.786 11.040 -2.464 -156.883
-0.673 0.104 0.402 35.463
0.662 -4.495 -0.461 -5.709
-0.306 -0.103 0.377 18.456
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negativeinthetwo locdlities. Exceptions occurred
for the corrdations between VA and the traits
expressed in the seeds (%0L and PCS), withlow
vauesinthetwo locdities Therefore, VA can be
congdered atrat of great importance for use in
indirect selection in breeding programsfor thetraits
NDF, APF, APM and, mainly, seed yield
(correlation of 0.81 in ESALQ and 0.94 in
Anhembi). These corrdation vaues, coupled with
the previous knowledge of the germplasm, dlow

the search of genotypic combinations for the
development of a highly desirable soybean
ideotype. Itispossbleand advisabletoincludein
the evdudtion of VA undesrable traits such as
lodging, ledf retention, shattering of pods, and plants
not well developed or poorly adapted. Another
aspect to be consdered is the resstance to the
main diseases and insects. Low VA scores could
be aitributed to the genotypes with susceptibility
to themost important diseases. High and positive

Table 8 - Phenotypic (r,), genotypic (r,) and environmenta (r.) correlations among traits, a the localities
ESALQ (above diagond) and Anhembi (below diagonal) 1998/99

NDF APF NDM APM %0L PCS VA PG
NDF rF 0.71 -0.92 0.25 -0.94 -0.24 0.63 0.23
o 0.71 -0.93 0.26 -0.99 -0.24 0.70 0.24
re 0.30 -0.23 0.10 -0.22 -0.35 -0.29 -0.43
APF re -0.29 -0.94 0.40 -0.26 -0.46 0.66 0.60
re -0.28 -0.95 0.40 -0.27 -0.49 0.71 0.62
re -0.69 -0.03 0.59 -0.08 0.29 0.20 0.06
NDM re -1.02 -0.85 -0.44 0.10 -0.50 -0.76 -0.68
re -1.03 -0.88 -0.45 0.12 -0.51 -0.84 -0.71
e -0.74 0.15 -0.18 -0.23 -0.287 0.26 0.00
APM rF 0.32 0.42 -0.32 -0.07 0.23 0.99 0.71
re 0.33 0.43 -0.33 -0.06 0.24 1.07 0.74
re -0.40 0.08 -0.10 -0.26 -0.19 0.02 0.06
%O0L re -0.38 0.19 -0.08 0.59 0.35 -0.14 0.00
1 -0.39 0.19 -0.09 0.64 0.39 -0.17 -0.01
re -0.39 0.18 0.14 -0.33 -0.28 0.09 0.05
PCG re -0.33 -0.18 -011 0.29 1.08 0.17 -0.07
re -0.33 -0.16 -0.11 0.30 1.17 0.17 -0.06
re -0.04 -1.06 -0.43 -0.16 -0.66 0.19 -0.15
VA rF 0.67 0.66 -0.76 0.75 0.19 0.08 0.75
re 0.70 0.69 -0.80 0.79 0.22 0.09 0.81
re -0.13 0.29 -0.14 0.21 -0.04 -0.07 029
PG re 0.31 0.87 -0.92 0.61 0.18 0.09 0.90
re 0.32 0.90 -0.94 0.62 0.20 0.09 0.94
re 0.02 0.25 -0.23 0.30 0.03 0.03 0.31

correlations between VA and PG were aso
obtained by other authors(Unéda:Trevisoli, 1999;
Y okomizo et d., 2000).

Besides VA, the traits APF and APM also
presented high correlations with PG. NDM
presented anegative corrdaion of high magnitude
with APFand PG. Smilary, but with higher values,
negetive correlation occurred between NDF and
NDM. This indicated the tendency of early
flowering genotypesto show along reproductive
period. It is probable that these correlations are

dependent of the genotypesinvolved.

The correl ations between PCSand PG were not
ggnificant, asprevioudy reported intheliterature
(Giliali, 1979; Bravo et d., 1981). However, the
farmers have preference for large-seeded
cultivars because of appearance and the
posshility of correlation with seed yield, thet they
believe to be sgnificant. This has induced the
plant breedersto select alarge seed szeand for
this reason, some cultivars present PCS of 20g
or more, in years of normal development, with
sowing at recommended time. As expected, the
sdection for large or amdl dze seeds, withim
certain limits, did not affect seed yidd (Hartwig
and Eduards, 1970; Tinius et d., 1992).
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Genetic distance and prediction of hybrid locdlities, with the correlation of the distance
performance matrices of 0.94. The il content trait explained,
in both locdities, more than 80% of the existing
The estimates of Mahalanobis' generalized genetic diversty among the parents. The traits
distance (D?) were obtained for ESALQ and APF and PCS explained about 5% of the
Anhembi. In generd, they were smilar between diversty in each one. The largest distances, in
ESALQ Anhembi
CONQUISTA CONQUISTA
-ul)ll T T I33!76I T T I67|£ﬂl T T Im:!-24l T T I13!Lg9 -]_Iugl T T I3]_le T T |a1|%| T T Ig!gal T T T |

Figurel - Clustering of the parentsby Mahaanobis generaized distance (D?) and cophenetic correlaions
(r). Locdities ESALQ and Anhembi, 1998/99.

Table9 - Correlaionsof themeansof the hybridsfor eight traitswith Mahdanobis' distance (D?) between
the parents, parentd mean (MG) and heterosisin relation to parental mean (HMG). Correlations between
heterosis in relaion to parental mean and Mahaanobis distance (HMG x [?). Locdities: ESALQ and
Anhembi, 1998/99

NDF APF NDM APM %O0L PCG VA PG
ESALQ
D -0.30* -0.34** 0.23 -0.43** 0.06 -0.13 -0.55** -0.40**
MG 0.90** 0.80** 0.75** 0.85** 0.71** 0.46** 0.51** 0.78**
HMG 0.21 0.67** -0.22 0.78** 0.41** 0.78** 0.66** 0.54**
HMG x D? -0.47** -0.47%* -0.23 -0.35** 0.16 -0.12 -0.48** -0.43**
Anr21embi
D -0.34* -0.44** 0.32* -0.46** -0.09 -0.34* -0.47** -0.37*
MG 0.90%* 0.82** 0.56** 0.81** 0.74** 0.47** 0.52%* 0.59**
HMG 0.18 0.49** -0.37* 0.80** 0.34** 0.71** 0.62** 0.57**
HMG x D’ -0.39** -0.57** -0.34* -0.31* -0.12 -0.33* -0.30 -0.31*

*, ** significant at 5% and 1% probability, respectively

the two locdities, occurred among Hartwig (2) probably because of thelack of adaptation to the
and thetwo linesMTBR (6 and 7). Brazilian environmental condiitions.

Three main groups wereidentified: thefirst group In order to identify the ability of I esimates to
was formed by four linesUSP (USP 1-11, USP predict hybrid performance, smple correlations
5-19, USP 2-16, and USP 11-14); the second among these values were obtained. The samewas
groupincluded the parentsUSP 6-6, MTBR-95- mede to veify the influence of the parenta mean
123247, MTBR-95-123800, Conquista, and (MG) and of the heterosis (HMG) in this
IAC100; and Hartwig was in an isolated group performance (Table 8). The corrdaions between
(Fgure 1). Hartwig is a North American cultivar D2 and the mean of the hybrids were negative and
introduced recently as a source of resstance to ggnificant, with two exceptions: the trait NDM,
soybean cyst nematode and presents very low which presented positive and significant
vaues for some traits, especidly APM and PG, corrdaionin Anhembi, and the ail content, with
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non ggnificant corrdations in the two locdities
(Table 8). The occurrence of negative
correlations, suggestsat first, that the best hybrid
may result from crosses among more sSimilar
parents. However, the very low values of these
correlations indicated this kind of prediction is
not possible. Even for the trait %0L, that has
explained morethan 80% of the genetic diversity
among the parents, these correl ations were not
significant. In the same way, D? was not ableto
explain a sgnificant portion of the heterogs in
relation to the parental mean (HMG). Barroso
(2000) found negative correlation between
Euclidian parental distance and hybrid
performance for seed yield in soybeans.

The parental mean was positively correlated
with hybrid performancefor al thetraits, inthe
two localities, while the heterogs in relation to
the parental mean (HMG) was positively
correlated in mogt of thetraits, except from NDF
and NDM (Table 9). The predictability of the
parentd mean (MG), inferred from the values
of correlations, was larger than from D? for all
thetraits, except VA in ESALQ. Besides, MG
showed better predictability than HMG for
NDF, APF, NDM, %OL and PG. This is
probably due to the fact that the means of the
hybridsfor thesetraits are influenced mainly by
additive effects. Other works have presented
high values of correlation between parental mean
and hybrid performance (Barroso, 2000).
However, for the trait APM, the correlations
with MG and HMG had similar magnitude. On
the other hand, among the traits PCS and VA,
the largest correlations were with HMG,
indicating predominance of dominance and
epistatic effects. The use of predictions based
on the parental mean presents, as well as 7,
the advantage of being done previoudy to the
accomplishment of the crosses. The higher the
vaue of correlaion with hybrid performance,
the better the predictive ability of the sudied
parameter. For some traits as NDF, APF, and
NDM the correationsobtained with the parental
mean were above 0.80. However, for PG,
which is the most important trait in soybean
breeding programs, the correlations were 0.78
in ESALQ and 0.59 in Anhembi, and could be
consdered to haveintermediate predictivevaue
in choosing the crosses to be done.

CONCLUSIONS

Positive vaues of heterosiswere found for most
of the studied traits, and the largest frequency
and most expressive values were obtained for
seed yidd. The heterogisfor the number of days
to flowering was negetive, indicating presence
of dominance effects for earliness. The ail
content trait showed to be determined
essentially by genes of additive effect. The
scores of agronomic valuewere agood criterion
of indirect selection for seed yield. The parental
mean was ableto predict with greater efficiency
the hybrid performance than the Maha anobis
generdized distance. However, for sometraits,
this predictability was not sufficiently high.
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RESUMO

Desempenho decar acter esagronOmicosem
um sissema dialélico F, em soja

Os objetivos desta pesquisa foram: @ avdiar a
heterose para caracteres de importancia
agrondmica; b) identificar associagies entre os
caracteres, c) estimar a divergéncia genética
entre os parentais e verificar sua eficiéncia na
predicdo do desempenho dos hibridos. Um
diddo 10 x 10 foi estudado em dois locais.
Foram avaliados numero de dias para o
florescimento (NDF), altura da planta no
florescimento (APF), nUmero de dias para
maturidade (NDM), altura da planta na
maturidade (APM), teor de 6leo (%0L), peso
de cem sementes (PCS), vaor agrondmico (VA)
e produtividade de gréos (PG). A interacdo
gendtipos x locais e os efeitos de variedades e
da heterose foram significativos para a maoria
dos caracteres. Vdores positivos de heterose
foram encontrados para a maioria dos
caracteres, especiamente PG. A heterose para
NDF foi paraprecocidade. A %OL mostrou ser
determinada essenciamente por genes de efeito
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aditivo. O VA demongtrou ter potencid paraa
seleco indireta de gendtipos mais produtivos.
A médiadosgenitoresfoi cgpaz de predizer com
maior eficiéncia o desempenho dos hibridos do
queadiganciade Mahdanobis(D?); porém, para
alguns caracteres, estacapacidade preditivando
fol suficientemente dta
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