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ABSTRACT

The objective of this work was to use a partialldlao evaluate the combining ability of 14 soybegnotypes and
recommend superior combinations. Seven of the geesthad high oil yield; other seven exhibited rentee to
sudden death syndrome and they generated 49 hyibraigliallel cross without reciprocals..plants of each cross
and the parents were evaluated for the followiragtsr number of days to maturity (NDM), oil contémthe seeds
(OC), grain yield (GY) and oil yield (OY). The r#sundicated the existence of genetic variabilitythe parents
and progeny for all the traits. The rank of the @ats based on the means was similar to the ran&dan general
combining ability (GCA) for all the traits. The gjiic combining ability (SCA) and the GCA were #igant for all
the traits, with a predominance of additive effedke parent with the highest GCA and mean for GG the
cultivar A 7002; on the other hand, the lowest ealuwere found in Pl 520733 and IAC 100. The crogststhe
highest olil yields were those involving parent AZ,0except when it was crossed with IAC 100.
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INTRODUCTION extracted in the process of crushing the graihes t
meal, the main source of protein for animal feed
Soybean is the oilseed crop that occupies th@rieu and Parente 2009).
largest area in the world and represents 60% &f the germplasm banks, the phenotypic variability
oilseed production (Sudaric et al. 2008). It is onés large for oil content, from 6 to 27%. Brazilian
of the main sources of vegetable oil. Brazil has thcultivars have the seeds with oil content of 18 to
large diversity and yield of crops that can be use5% with an average of 20%. Therefore, it is
to produce vegetable oil, opening a uniqugossible to obtain, through crosses and selection,
opportunity for a new energy alternative, biofuelsnew soybean genotypes with higher oil content in
Of the five top cultures with the huge potential fo the seeds. Farias Neto and Vello (2001) reported
the production of biodiesel (oil palm, canola,that the predominance of genetic additive variance
castor bean, peanut and soybean), in the shondicated the possibility of obtaining transgressiv
term, soybean presents the best perspectiveegregants for oil content.
because it yields an average 0.6 tlodoil in a Sudden death syndrome (SDS), caused by
four month period) and because it already haBusarium solanif. sp. glycines is a root disease
logistic, industrial, storage and distributionthat, despite being present in some areas of Brazil
networks in place. Furthermore, another produdince the 1980’s, has only started to cause serious
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losses in the 1990's. Therefore, the use of registaMATERIALS AND METHODS

cultivars is a fundamental component in the

integrated management of SDS. Due to th@etween December 2007 and February 2008
probable polygenic nature of genetic resistance toiparental crosses were performed between the
this disease and the large environmental influenaseven parents with SDS tolerance (group 1 9r G
in the manifestation of symptoms, coupled withand the seven parents with high oil yield (group 2
the fact that there are no efficient chemical obr G,), selected based on the evaluations in
cultural methods of control, SDS has become greenhouse and field trials in the 2005/2006 and
major concern to soybean farmers and researche2606/2007 seasons by the Sector of Applied
in the regions where it occurs (Fronza et al. 2004)Genetics to Autogamous Species, Department of
Because of the demand from the oil-chemistrGenetics, ESALQ/USP, in Piracicaba — SP. It was
industry and, recently, with the possibility ofngi  designed as a partial diallel with a total of 49
soybean oil as a biofuel, it has becomerosses, which were conducted in the greenhouse.
fundamental to develop new genetic material witiafter obtaining the F seeds from the partial

a higher oil yield and also tolerance to the mainiallel, these were sown in November 2008 for the
root diseases. One recommended strategy is tR€08/2009 season in hills with a spacing of 0.8 m
adoption of an integrated management system 0.8 m. Each plot was composed of 12 hills, with
which the utilization of resistant/tolerant cultisa each hill having up to six seeds, followed by
is an indispensable component. Therefore, thghinning, leaving one plant per hill, which
objective of this work was to evaluate through aonsisted of the SHDT method (Single Hill
partial diallel the combining ability of 14 soybeanDescent Thinned) proposed by Vello (1992). The
parents and their superior combinations. parents used are shown in Table 1.

Table 1 — Parents used in the partial diallel between s@enotypes with SDS tolerance and seven genotyjtles
high oil yield.

Parentstolerant to SDS Genealogies High oil yield parents Genealogies

1- USP 14-10-38 Conquista x FT-Estrela 8- USP 70.006  Foster x FT 79-3408

2- USP 14-01-20 FT-Cristalina x IAC-4 9- USP 70.057 Kirby x FT-2

3-USP 14-07-05  IAC-4 x FT-Estrela 10- USP 70.004 (F%?fegtl)m x Foster) x (IAC Foscarin 3
4- USP 14-13-1% FT-Estrela x Forrest 11- USP 70.109 (IAC-6 x UFV-4) x Hartwig

5- P1 5207383 12- USP 70.080 (Coker x Primavera) x (Vicoja x IAC-10)
6- IAC 100 IAC 78-2318 x IAC 12 13- A 7002 Suprema x F92-1473

7- M-Soy 8001 i 14- USP 70.13 (Pa}ranagmana x Jackson 4028) x
(Primavera x Forrest)

®Experimental lines developed by the Sector of AgplGenetics to Autogamous Species, Department obties, ESALQ,

USP. ®Genotypes described in GRIN (Germplasm Resourcesniiation Network) as moderately resistant to SDS.

The experimental design was randomizedetween the planting and the date when the plants
complete-blocks with six replications. Each crosseached the Rstage; grain yield (GY) in g.plaht
was represented by 72, Fplants. Sixty-three evaluated at maturity; oil content in the seed (%
genotypes were evaluated, consisting of 49 cross€C), which was evaluated using the nuclear
and 14 parents. Due to the extent of the blocksnagnetic resonance (NMR) (the evaluation of oil
each was subdivided into three experimental seteontent in k seeds was interpreted as being
Each set had 21 genotypes and three commaorrespondent toFplant performance due to the
checks: MG/BR-46 Conquista (Conquista), FMT-nuclear maternal inheritance of the character,
Tucunaré and UFVS 2002. The common checkbliranda et al. 1984); oil yield (OY) in g.plaht
allowed the evaluation of block uniformity and, if obtained as the product of grain yield and oll
necessary, to adjust the means and the effectieentent in the seeds divided by 100 (g pfarithe
error mean square, according to Federer (1956nalyses of the data were carried out using the
The evaluated traits were: the number of day t8AS® computer package (Statistical Analysis
maturity (NDM), which comprehended the periodSystem) (SAS Institute Inc 1999) and also the
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GENES computer package (Cruz 2006). With th(RESULTS AND DISCUSSION

means adjusted, if necessary, the analyses of

variance were performed according to theAn analysis of variance was performed to verify
randomized complete-block design with more thaihe check effects in the proposed design. The
one plant evaluated per plot (Ramalho et al. 2005purpose of adjusting using common checks is to
The statistical procedures adopted for the ana|ysé§duce the residual standard deviation and increase
of variance also involved the unfolding of thethe experimental precision (Pimentel Gomes
genotype source of variation into the parentggOOO). The source of variation sets was Significant
crosses and the parent vs. crosses contrast. (p<0.01 and p<0.05) for the NDM and GY traits,
From the means obtained for all the traits, a éliall respectively. Therefore, it was necessary to adjust
analysis was performed according to model 2he means through an environmental correction for
(Griffing 1956), involving the parents and’$ those traits. After adjusting the data, an analgsis
without reciprocals (Geraldi and Miranda Filhovariance was performed in randomized complete-
1988) for a partial diallel in which the generalblock design with the information within the plot
combining ability (GCA) and specific combining of F plants and parents, evaluated in hills (Table
ab|||ty (SCA) were estimated to predict theZ) The coefficients of variation were 1.9, 12.5, 2
potential and combining ability of the crossesand 14.2% for the traits NDM, GY, OC and OY,
The comparison of means was made through tH@spectively, and were similar to those in the

means grouping by the Scott and Knott (1974)terature (Lopes et al. 2002 and Vieira 2009).
method. They were adequate for an experiment with hills,

showing good experimental precision (Pimentel
Gomes 2000).

Table 2 - Analysis of variance of fplants (crosses) and parents, in hills, for ta@ggmumber of days to maturity
(NDM), grain yield (GY), oil content (OC) and oilgld (OY). Soybean, ESALQ, Piracicaba-SP, Year Z2089.
M ean squares

NDM GY oC oY
sV DF (days) (g.plant) (%) (g.plant)
Replications 5 63.03** 4974.27** 1.89** 128.06**
Treatments 62 306.62** 4157.40** 3.21** 92.56**
Crosses (C) 48 265.07** 3702.87** 2.05** 82.13*
Parents (P ) 13 482.19** 5888.96** 7.71% 136.25**
PvsC 1 18.21 3464.86** 0.27 25.43
Error 309 6.61 202.64 0.33 10.24
Within crosses 2895 75.79 2154.41* 1.77 93.57*
Within parents 809 83.55 2024.78 3.00 87.39
Parent mean 134 107.9 21.17 21.77
Cross mean 135 115 21.08 22.64
Overall mean 135 113.4 21.10 22.46
CV (%) 1.9 12.5 2.7 14.2

Notes: * and ** significant at 5 and 1% probabilitgspectively, for the F test.

The sources of variation parents (P) and crosséise Anhembi Experimental Station, which also
(C) between the plots were significant (p<0.01)belonged to ESALQ. Table 3 presents the
using the F test for all the traits evaluated, shgw comparison of the means of the parents and
variability in the parents and crosses. The cohtrasrosses with the Scott-Knott test in the F
P vs. C was significant only for the GY trait, with generation for all the traits evaluated.

crosses being superior to parents, having a highér relation to the NDM trait in group 1, the easlie
mean. With this, it was possible to obtainmaturing parent in the whole experiment was Pl
progenies that were superior to the parent§20.733 (5). PI's usually did not have the same
transgressive genotypes. Lopes et al. (2002) alsmlaptation as selected genotypes indicated for the
reported that Fplants were more productive thanregion.

the parents while evaluating soybean genotypes in
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Table 3 - Comparison of means in the eneration, in hills, for the traits number of day maturity (NDM), grain
yield (GY), oil content (OC) and oil yield (OY). $bean, ESALQ, Piracicaba-SP, Year 2008/2009.

Crosses NDM (days) GY (g.plant™) OC (%) OY (g.plant™)
1x8 140t 114 ¢ 20.70 « 19.70 «
1x9 133 ¢ 115« 21.751 21.971
1x10 136 ¢ 121t 21.19 « 24.38 |
1x11 135« 130t 21.17 « 24.56 |
1x12 136 ¢ 151 ¢ 21.35¢ 31.87:
1x13 142 ¢ 133t 22.02'1 26.33 1
1x14 139t 126 20.94 « 22.99 |
2x8 141 ¢ 131t 21.52 « 23.531
2x9 135« 110 ¢ 21.49 ( 21.751
2x10 135« 123 ¢t 21.45 « 23.96 |
2x11 133 ¢ 142 ¢ 21.53« 29.66 ¢
2x12 136 ¢ 162 ¢ 21.64 « 33.21¢
2x13 140t 142 ¢ 22.20 1 28.55 ¢
2x14 140t 134t 21.15¢« 26.05 1
3x8 140t 128t 20.53 « 23.76 |
3x9 136 ¢ 104 ¢ 21.67 « 20.01 «
3x10 136 ¢ 115« 21.41 « 18.96 «
3x11 136 ¢ 137t 21.54 « 25.27b
3x12 137 ¢ 146 ¢ 22171 29.54 ;
3x13 141 ¢ 122t 22.42 1 24.20 |
3x14 142 ¢ 141 ¢ 21.55 27.12 ¢
4x8 140t 123 ¢t 21.21 « 24.70 |
4x9 137 ¢ 103« 21.09 « 18.35«
4x10 137 ¢ 108 ¢ 21.20 « 20.96 «
4x11 132 ¢ 109 ¢ 21.33 ¢ 19.19«
4x12 134 ¢ 125¢t 21.46 « 25.851
4x13 142 ¢ 136t 22.24 | 30.36 ¢
4x14 140t 130t 21.37 « 26.50 |
5x8 122 ¢ 55¢ 19.58 « 11.24 «
5x9 119 f 47 € 20.83 « 8.19 ¢
5x10 119 f 55¢ 20.45 « 14.00 ¢
5x11 121 ¢ 73 ¢ 21.10« 15.56 «
5x12 119 f 87 ¢ 20.45 « 17.03 «
5x 13 123 ¢ 91c 21.99 1 20.54 «
5x 14 118 f 59 ¢ 19.29 « 12.05 «
6x8 139t 107 ¢ 19.04 « 19.88 «
6x9 133 ¢ 96 ¢ 19.62 « 17.24 «
6x 10 133 ¢ 96 19.58 « 18.31 «
6x11 134 ¢ 103 ¢ 20.05 ¢ 18.83 «
6x12 133 ¢ 119 ¢ 19.4td 23.44 |
6x 13 139t 128t 20.75 « 25.57 |
6x14 137 ¢ 108 ¢ 19.77 « 21.03 «
7x8 136 ¢ 122t 21.19 « 23.23 1
7%x9 139t 103 ¢ 20.74 « 20.74 «
7x10 136 ¢ 124 ¢ 21.48 27.53 ¢
7x11 135« 113 ¢ 21.23 « 22.52 1
7x12 135« 135¢t 21.31« 2738 ¢
7x13 143 ¢ 133t 22.33 1 27.24
7x14 137 ¢ 121t 21.16 « 24.74 |
Parents
1-USP 14-10-38 138t 108 ¢ 20.78 « 21.60t
2 - USP 14-01-20 142 ¢ 142 ¢ 21.53 « 28.51 ¢
3 - USP 14-07-05 143 ¢ 117 « 21.31« 23.66 |
4 - USP 14-13-16 139t 111c 20.93 « 21.80t
5- Pl 520.733 110 ¢ 16 f 17.66 « 2.62 ¢
6-1AC 100 134 ¢ 115« 17.99 « 17.81«
7-M-SOY 8001 138t 125¢t 21.29 « 25.151
8 - USP 70.006 138t 109 ¢ 21.76 | 21.01 «
9 - USP 70.057 130 ¢ 86 ¢ 21811 16.95 «
10 - USP 70.004 123 ¢ 101 ¢ 22.34 | 20.94 «
11-USP 70.109 130 ¢ 100 ¢ 22.09 1 21.931
12 - USP 70.080 134 ¢ 151 ¢ 21.52 « 31.31¢
13- A 7002 145 ¢ 104 ¢ 23.90 ¢ 25.68 |
14 - USP 70.123 136 ¢ 125t 21.42 « 25.86 |

Means followed by the same letter in the columnsatdiffer statistically from each other by theo8eKnott test at 5% probability.
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In this study, this Pl was statistically different,involved P1 520.733 (5) with the lines USP 70057
through the Scott-Knott test at 5% probability,(9), USP 70006 (8) and USP 70123 (14). Some
from all the other parents and crosses and wasosses such as USP 14-13-16 (4) x A 7002 (13),
grouped separately. In group 2, the earlied-Soy 8001 (7) x USP 70004 (10), M-Soy 8001
maturing parent was the line USP 70004 (10)7) x USP 70080 (12) and M-Soy 8001 (7) x A
which presented the same mean as the crossA302 (13) stood out because they were present in
between Pl 520.733 (5) with the genotypes USkhe grouping with the highest means for OY but
70006 (8), USP 70109 (11) and A 7002 (13). Thaot for GY. This was due to high oil contents in
earliest maturing crosses were the ones thd#hese crosses.

involved P1 520.733 (5) with the lines USP 70123The trait OC, the parents from group 2, selected
(14), USP 70057 (9), USP 70004 (10) and USHor the diallel, which possessed the genes for high
70080 (12). The late maturing parents were Ail content, had the highest means, with the
7002 (13) from group 2 and USP 14-07-05 (3) anéxception of parents USP 70080 (12) and USP
USP 14-01-20 (2) from group 1; they did not70123 (14). Parent A 7002 (13) had the highest
statistically differ from each other and did naddal mean (23.90%) and was statistically different from
differ from the crosses USP 14-07-05 (3) X USRall the parents and crosses. The parents with the
70123 (14), USP 14-01-20 (2) X USP 70006 (8Jowest means for OC were Pl 520.733 (5) with
and the crosses of cultivar A 7002 (13) with thel7.66% and IAC 100 (6) with 17.99%. The crosses
genotypes M-Soy 8001 (7), USP 14-13-16 (4)with the highest mean values for OC were those
USP 14-10-38 (1) and USP 14-07-05 (3). Inthat involved parent A 7002 (13), except when it
general, crosses with the Pl generated earlyas crossed to IAC 100 (6), and the cross USP 14-
maturing progenies, while crosses with the parera7-05 (3) x USP 70080 (12). The crosses with the
A 7002 (13) originated late maturing progenies|owest means were those that involved parent IAC
with exception to its cross with the PI. 100 (6), except when it was crossed to cultivar A
For the traits GY and OY, the parents with the/002 (13), and also the crosses Pl 520.733 (5) x
highest valuesper se were USP 14-01-20 (2) USP 70123 (14) and Pl 520.733 (5) x USP 70006
(group 1) and USP 70080 (12) (group 2). Thé&8).

crosses that stood out for these traits, but did nGable 4 shows the analysis of variance of the
statistically differ from these parents were thepartial diallel for all the traits evaluated. It sva
crosses that involved the USP 14-01-20 (2) witltoncluded that the additive variance, expressed by
the genotypes USP 70080 (12), USP 70109 (11he mean squares of the GCA, was comparatively
and A 7002 (13); the line USP 70080 (12) withhigher than the non-additive variance. However,
USP 14-10-38 (1) and USP 14-07-05 (3); and ththe non-additive effects and the additive effects
cross USP 70123 (14) x USP 14-07-05 (3). Thisnanifest between the parents in groups 1 and 2
last one could be an indicator of a good specifisvere also significant. The GCA is of great
combining ability. The parent with the lowestimportance to the breeders that work with
mean for GY and OY was PI 520.733 (5), whichautogamous plants because if there is additive
statistically differsed from all the other pareatsl variance, it will contribute to selection progress
crosses. The crosses with the lowest means aland will be present in subsequent generations.

Table 4 - Analysis of variance for the partial diallel ofettparents from groups 1 and 2 and their hybrid
combinations for the traits number of days to mgtyNDM), grain yield (GY), oil content (OC) andlgield (OY)
using the Griffing (1956) mehtod adapted for aiphdiallel. Soybean, ESALQ, Piracicaba-SP, Yedd&0009.

NDM GY OoC oYy
sV DF (days) (g.plant) (%) (g.plant)
Treatments 62 308.79** 4213.49** 3.21* 92.64**
Groups (G1 vs G2) 1 27.43** 756.00** 38.19* 108.77**
GCA-Group 1 6 2512.31* 31119.17** 17.23** 576.77*
GCA - Group 2 6 487.97** 7779.90** 6.15** 245.05**
SCA 49 22.78* 552.78** 0.42* 14.37**
Residue 309 1.1 33.77 0.0545 1.71

Notes:** significant at 1% probability, by the Fste

Braz. Arch. Biol. Technol. v.57 n.2: pp. 178-186atApr 2014



Dial Soy with Oil and Resistance to SDS 183

The formation of base-populations fromsimilar to the order based on the estimated effects
genetically superior parents from two groups wasf GCA for all the traits. In other words, tper se
viable and should deliver satisfactory gainsdevelopment of the parents was indicative of their
through the selection of individuals in segregatingy; effects in such a way that when this association
generations. was true it was easier to correctly select the
The GCA occurs mainly due to additive varianceparents (Lopes et al. 2002). This corroborated
and additive x additive epistatic variance and théreeder’'s practice of selecting parents with high
SCA results from the dominance genetic varianceneans to cross.

This showed that for the expression of thdn relation to the NDM trait, the parents with the
evaluated traits, the additive, dominance antiighest geffects were USP 14-07-05 (3) and USP
probably epistatic variances were important14-01-20 (2) for group 1 and A 7002 (13) and USP
According to Assman (1999), significant F valuesr0006 (8) for group 2. These parents contributed
for GCA and SCA indicated the existence ofthe most for obtaining late maturity plants. Parent
variability due to additive and non-additive genePl 520.733 (5) (group 1) and USP 70004 (10) and
action, respectively. USP 70109 (11) (group 2) contributed the most to
In general, comparing Table 3 to Tables 5, 6, 7 anglarly maturity and had a negativeedfect (Table

8, the order of the parents based on the means wa)s

Table 5 - Estimates of the effects of General Combing Api{iECA) and Specific Combing Ability (SCA) using
Griffing, method 2, adapted by Geraldi and Miramdlaio (1988), i generation, using hills, for number of days to
maturity. 7 x 7 partial diallel. Soybean, ESALQrd@icaba-SP, year 2008/2009.

USP USP USP USP USP USP
Gi\G; 70006 70057 70004 70109 70080 A 7002 70123 GCA effect
SCA effect (s;) Si (9iy)
USP 14-10-38 1.0¢ -2.1¢8 2.1z 0.3¢ 0.2 0.67 0.8 -1.6 2.21
USP 14-01-20 1.3¢ -0.7¢ 0.4¢ -2.2¢ -0.3¢ -1.97 121 112 2.84
USP 14-07-05 -0.52 -0.7 0.5¢ -0.1¢ -0.24 -1.8¢ 2.2 0.3C 3.7¢
USP 14-13-16 0.7¢ 2.5¢ 2.8t -2.8¢ -1.97 0.3¢ 1.5¢ -1.1¢ 2.4¢
Pl 520.733 -0.97 -0.15 1.1z 2.3¢ -0.7 -2.3¢ -4.15 2.3¢ -13.7¢
IAC 100 1.9¢ -0.24 1.0¢ 1.2 -0.7¢ -0.4z 0.7¢  -1.7¢ 0.2
M-SOY 8001 -2.97 3.8t 2.1z 0.3¢ -0.7 1.67 -1.1f -1.61 2.21
Si -0.3¢ -0.7 -5.1¢ 0.3¢ 2.1z 1.94 -0.7
GCA effect (gi) 2.1 166 2.9t 22; 11 451 12
SD. (Sii) = 0.3¢
SD. (Sii) = 0.4z
SD. (gi) = 0.1z

For the GY trait, the GCA data (Table 6)and USP 70109 (11) for group 2. The parents IAC
corroborated the data obtained from the mear00 (6) and PI 520.733 (5) (group 1) and USP
(Table 3), because the two highest values of GCA,0006 (8) and USP 70123 (14) (group 2) had the
USP 14-01-20 (2) and USP 70080 (12) were alslmwest amount of favorable alleles for oil content
the highest means in the Scott-Knott test. In groum the seeds, presenting negativeftects.

1, the extreme negative effect of Pl in the traiFor the OY trait (Table 8), the parent that
stood out, indicating that this genotype had fewecontributed the most for obtaining high oil yield
adapted alleles than the other parents. On the othend that had the highest amount of favorable
hand, IAC 100 was the only other parent in thalleles (higher geffects) were, respectively, in
group with a negative effect, mainly due to itsgroup 1, USP 14-01-20 (2), M-Soy 8001 (7) and
insect resistance and not productive performanc&SP 14-10-38 (1) and, in group 2, USP 70080
In group 2, USP 70080 (12) was the mos(12), followed by A 7002 (13). The parents that
promising parent because it presented the highdstast contributed to oil yield were, respectivety,
concentration of favorable alleles for grain yield. 520.733 (5) and IAC 100 (6) (group 1), as well as
In relation to the OC trait (Table 7), the parentdJSP 70057 (9) and USP 70004 (10) (group 2),
with the highest geffects were USP 14-01-20 (2) presenting negative gffects.

and USP 14-07-05 (3) for group 1 and A 7002 (13)
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Table 6 - Estimates of the effects of General Combing Api{iECA) and Specific Combing Ability (SCA) using
Griffing, method 2, adapted by Geraldi and Mirarfeitho (1988), E generation, using hills, for grain yield
(g plant). 7 x 7 partial diallel. Soybean, ESALQ, Piraciaé®P, year 2008/2009.

USP USP USP usP USP USP
G\ G, 70006 70057 70004 70109 70080 A 7002 70123 Si GCA effect (giy)
SCA effect (Sii)
USP 14-10-38 -5.0¢ 9.3¢€ 6.82 10.0¢ 1.0¢ 5.27 0.4f -19.C 8.2¢
USP 14-01-20 08z -6.7¢ -227 11.0C 11.0( 3.1¢ -2.64  -7.1¢ 19.3¢
USP 14-07-05 7.0C -3.5¢  -1.0¢ 15.1¢ 4.1¢ -7.64 13.5¢ -13.8¢ 10.1¢
USP 14-13-16 8.4f 1.91 -1.€4 -6.3¢  -10.3¢ 12.87 9.0C -6.91 3.74
Pl 520.733 -8.91  -34t  -4.0C 8.27 2.21 184t -11.3¢ -0.64 -46.9(
IAC 100 -1.27 1.1¢ -7.3¢€ -6.0¢  -10.0¢ 11.0¢ -6.7¢ 9.64 -2.5¢
M-SOY 8001 3.3¢€ -2.1€  10.2i -6.4¢ -4.4¢ 5.7¢ -4.0¢  -1.0¢ 7.88
Sii -2.1€ 1.7z -0.3€ -128z -1.82 -244% 0.91
GCA effect (gi,) -2.6z -16.0¢ -7.5:% -1.8C  18.1¢ 6.01 3.8¢
S.D. (Sii) = 2.0z
S.D. (Sii) = 2.31
SD.(gi) = 0.7t

Table 7 - Estimates of the effects of General Combing Api{iECA) and Specific Combing Ability (SCA) using
Griffing, method 2, adapted by Geraldi and Mirafidao (1988), i generation, using hills, for oil content (%). 7 x
7 partial diallel. Soybean, ESALQ, Piracicaba-S&5n2008/2009.

UsP USP USP uUsP uUsP uUsP
G\G, 70006 70057 70004 70109 70080 A 7002 70123
SCA effect () Sii GCA effect (giy)
USP 14-10-38 -0.24 0.4¢ -0.1z -0.21 0.0¢ -0.2¢ -0.07 0.1 0.2t
USP 14-01-20 0.2¢ -0.07 -0.17 -0.1¢ 0.07 -0.3¢ -0.1€  0.2¢ 0.5t
USP 14-07-05 -0.7 0.1Z -0.2 -0.1z 0.61 -0.1z 0.2¢ 0.0¢ 0.5¢
USP 14-13-16 0.17 -0.2¢  -0.21 -0.14 0.1 -0.11 0.2¢ 0.1 0.3¢
Pl 520.733 -0.2 0.6: 0.z 0.7¢ 0.2¢ 0.8 -0.66  -0.8¢ -0.81
IAC 100 -0.4 -0.14 -0.24 0.17 -0.32 -0.07 0.2¢ 0.3¢ -1.2¢
M-SOY 8001 0.1 -0.64  0.04 -0.27 -0.07 -0.04 0.0z 0.41 0.37
Si 0.52 -0.06 035 -0.02¢8 -0.37 0.04 0.04
GCA effect (gi) -0.41  -0.0¢  0.02 0.0z -0.0¢ 0.91 -0.34
S.D. (Sii) = 0.1t
S.D. (sii) = 0.17
SD.(g) = 0.0t

Table 8 - Estimates of the effects of General Combing Api{iECA) and Specific Combing Ability (SCA) using
Griffing, method 2, adapted by Geraldi and Miradao (1988), i generation, using hills, for oil yield (g.plaht
7 x 7 partial diallel. Soybean, ESALQ, Piracicalia-gear 2008/2009.

USsSP USP USP UskP UskP A UsSP
G\G, 70006 70057 70004 70109 70080 7002 70123 GCA effect
SCA effect (s;) Sii (giy)
USP 14-10-38 -2.6t 1.97 1.8t 1.17 3.& -0.21 -1.5¢€ -2.1¢ 1.47
USP 14-01-20 -1.44 -0.8¢ -1.1¢ 3.6¢€ 2.5 -0.61 -1.11 -0.4¢ 4.0¢
USP 14-07-05 1.8 -0.1 -3.6¢ 1.77 1.3¢€ -2.4k 2.4¢€ -0.23 1.5¢
USP 14-13-16 2.84 -1.1¢ -1.07 -3.7 -1.72 4.31 2.4k -0.9¢ 0.97
Pl 520.733 -1.01 -1.7 1.5¢ 2.217 -0.94 4.1 -2.3¢ -0.9t -8.64
IAC 100 0.71 0.4z -1.0¢ -1.37 -1.44 2.21 -0.3¢ 0.41 -1.72
M-SOY 8001 0.0¢ -0.0t 4.21 -1.6€ -1.4€ -0.0¢ -0.€ -0.21 2.2¢€
Si 0.0¢ 0.7z -0.34 -1.07 -1.08 -3.6< 0.5¢
GCA effect (gi)  -1.57 -3.92 -1.3¢ -0.58 4.1% 2.62 0.6:
S.D. (Sii) = 0.8z
S.D. (Sii) = 0.97
S.D.(g)= 0.2

In general, the genotypes (not adapted to BraziliaRiracicaba (22°42'30") tended to be early maturing
conditions) such as PI 520.733 (5), wherand, consequently, grew less and had low
cultivated in intermediate latitudes, such asagronomic performance for the grain and oil yield.
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Similar results were found by Lopes (2002). In thieextraction of highly adapted and resistant
work, the exotic genotype was selected mainly as@enotypes.

source of resistance genes fer solani f. sp. For the OC trait, the crosses that presented the
glycines The parents USP 14-01-20 (2) and UShighest § estimates were Pl 520.733 (5) x USP
14-07-05 (3) from group 1 and the parents A 70020109 (11) followed by Pl 520.733 (5) x A 7002
(13) and USP 70080 (12) from group 2 mos{(13) and PI 520.733 (5) x USP 70057 (9), showing
contributed for obtaining the best individuals forthat these crosses were better than expected based
the main traits evaluated such as grain yield, obn the GCA, because the parent Pl 520.733 (5)
content and oil yield. presented negative gffect for OC. The crosses
After identifying the superior parents, based omwith the lowest ;s estimates were USP 14-07-05
GCA, it was interesting to verify the estimates of(3) x USP 70006 (8), Pl 520.733 (5) x USP 70123
the SCA to orient the development of biparenta{14) and M-Soy 8001 (7) x USP 70057 (9),
hybrid populations with the highest productiverespectively, indicating good complementarity
potential. The interpretation of the SCA effectis with each other for the trait. For the QY traiteth
deviation of the hybrid in relation to what would crosses that presented the begt estimates
be expected based on the GCA of its parents. F@positive SCA), in other words, crosses with more
the NDM trait, the crosses that demonstratedariability, and that could generate high oil yield
dominance tendencies for earliness were thog#ants, were Pl 520.733 (5) x A 7002 (13), USP
with negative gestimates, standing out Pl 520.73314-13-16 (4) x A 7002 (13) and USP 14-01-20 (2),
(5) x USP 70123 (14), USP 14-13-16 (4) x USRespectively, while the crosses with the lowest
70109 (11), M-Soy 8001 (7) x USP 70006 (8) anastimates forjs(worst SCA) were USP 14-13-16
Pl 520.733 (5) x A 7002 (13). The crosses thaf4) x USP 70109 (11), followed by USP 14-10-38
presented the highest SCA effects for NDM werdl) x USP 70006 (8) and USP 14-07-05 (3) x USP
M-Soy 8001 (7) x USP 70057 (9), USP 14-13-167/0004 (10).

(4) x USP 70004 (10) and USP 14-07-05 (3) XSome crosses had parents witQ gf opposite
USP 70123 (14). For the GY trait, the crosses witBigns, whose combination resulted in a high s
highest § estimates (better SCA) were,such as M-Soy 8001 (7) x USP 70004 (10) for
respectively, Pl 520.733 (5) x A 7002 (13), USPGY; Pl 520.733 (5) x USP 70109 (11) for OC;
14-07-05 (3) x USP 70109 (11), USP 14-07-05 (3YSP 14-01-20 (2) x USP 70109 (11) for OY, as
x USP 70123 (14) and USP 14-13-16 (4) x A 7002vell as Pl 520.733 (5) x A 7002 (13) for these
(13). It was expected that the combination betweethree traits. This fact was important because these
USP 14-07-05 (3) and USP 70123 (14), as well asombinations could generate transgressive
between USP 14-13-16 (4) and A 7002 (13) wouldegregants, if the additive effect of one parewnt an
result in a superior hybrid, because the parentbe epistatic effects complementary from the other
showed high GCA estimate. parent acted in the same direction for the
The combination Pl 520.733 (5) x A 7002 (13)maximum expression of the traits (Sharma and
presented the highest estimate for SCA, indicatinBhul 1994).

good complementarity of these parents. Howevein relation to the SCA of parent i with himself (s
this did not guarantee a good combination if th@nd g), these estimates had an important genetic
mean of this cross was low, which was the case, aseaning in sign and magnitude. A negative sign
shown in Table 3. For this case, the occurrence afidicated the existence of positive dominance. The
possible transgressive segregants was expectewgnitude of s was an indicator of genetic
when this population was advanced todivergence of parent i in relation to the group of
homozygosis and was constituted of a mixture athe other parents being tested in the diallel.
pure lines. For the success of a breeding prograniherefore, the higher the effect in absolute value
the ideal would be to evaluate the lines extractethe further the allelic frequency of parent i would
from this population in the presence of thebe from the mean allelic frequency of the parents
pathogen to select more adapted and resistaabd, consequently, the higher the divergence in
lines, originated from the PI. If the adaptationswa relation to the others (Cruz and Regazzi 1997).

still not sufficient to release these lines asThe parents USP 14-10-38 (1), Pl 520.733 (5) and
cultivars, the identification of lines more adaptedJSP 70057 (9) had negative, $sn other words,
than the original Pl and that retained resistance positive dominance for most traits evaluated,
SDS could be crucial to a new cycle of crosses arekcept for OC in USP 14-10-38 (1); for NDM in
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Pl 520.733 (5), as well as for QY in USP 70057Cruz CD, Regazzi AJ. Modelos biométricos aplicados ao
(9). On the other hand, parents USP 14-01-20 (22: melhoramento genético. 2nd e_d. Vlgqsa: UFV; 199_7.
USP 14-07-05 (3), IAC 100 (6), USP 70080 (12) rslzzvggéolgrograma Genes: Biometria. 1st ed. Vigosa:
a”?' USP 70123 (14) presented POS“W“’S most Farias’Neto jT, Vello NA. Avaliagdo de progénigg &
traits evaluated, except for GY in USP 14-01-20 Fss € estimativas de pardmetros genéticos com énfase
(2) and USP 14-07-05 (3); for NDM in IAC 100 para porcentagem de éleo, produtividade de graitsoe
(6) and USP 70123 (14) and for OY in USP 70080 em sojaCiénc Agrotec2001; 25: 812-820.
(12). The most divergent parents, which presente'EPf;lfeszgVT- Augment desigridaw Plant Rec1956; 55:
positive dominance, in other words, with a highly ronzz-sl V, Vello NA, Camargo, LEA. Genetic analysis of
negative swere, respegtlvely, _USP 7004 (10) and: soybearyw resistanée Iﬁjsa?iuﬁ solanif. sp. glyciryes
IAC 100 (6) for the trait NDM; A 7002 (13) and  Genet Mol Biol2004; 27(3): 400-408.
USP 14-10-38 (1) for GY; P1520.733 (5) and USRseraldi 10, Miranda Filho JB. Adapted models for the
70080 (12) for OC, as well as A 7002 (13) and PI analysis of combining ability of varieties in patti
520.733 (5) for the OY trait. On the other hand, diallel crossesBraz J Genet1988; 11(2): 419-430.
the least divergent parents with negativé>'iffing B. Concept of general and specific combgin
dominance (low and positive;)sfor the traits g?é'l'téc'inlgglg,t'gh 4t6°3_‘31'ggel crossing systemaustr J
NDM, GY, OC and OY were, reSpeFt'Vely’ USPLopes ACA, Vello NA, Pandini F, Rocha MM, Tsutsumi
14-01-20 (2) and USP 14-07-05 (3); USP 70123 cy. variabilidade e correlagbes entre caracteres em
(14) and IAC 100 (6); USP 70123 (14) and A 7002 cruzamentos de sojaci Agric 2002; 59(2): 341-348.
(13); USP 70109 (11) and USP 14-01-20 (2). Miranda MAC, Suassuna Filho J, Bulisani EA,
It would be important to highlight that although Mascarenhas HAA,, Tisseli Filho O, Braga NR. Efeito
the most promising crosses had the possibility of Matermal e do genotipo sobre o teor de Gleo e taman

. ) . . de sementes em sementgsdE soja. In: Il Seminério
generatlng ) the lines with 9009' agronomiC  yacional de Pesquisa de Soja: Anais do Il Seminério
characteristics for the evaluated traits (NDM, GY, Nacional de Pesquisa de Soja; 1984; Londrina, Brasil
OC and QY), they should be still tested for their Londrina: Embrapa-CNPS; 1984. p. 308-317.

ability to combine these traits with SDS resistanc®imentel Gomes F. Andlise conjunta de experimentos em

and characterize them. blocos ao acaso com alguns tratamentos comuns. In:
Pimentel Gomes F, editor. Curso de estatistica
experimental. Piracicaba: Degaspari; 2000. p. 330-34

CONCLUSION Ramalho MAP, Ferreira DF, Oliveira AC. Experimentacao
em genética e melhoramento de plantas. 2. ed. &avra

UFLA, 2005, 322 p.

There was Va“.ab”'ty in the parents an(.j.pmgen§as Institute. SAS System: SAS/STAT. 8th ed. Cary;
for all the traits evaluated. The additive an 1999

dominance genetic effects were both importantscott AJ, Knott MA. Cluster analysis method for gringp
However, the additive variance was comparatively means in the analysis of varian&ometrics 1974; 30:
higher than the non-additive variance, indicating 507-512.

the possibility of obtaining transgressiveShana SK, Phul PS. Combining ability analysis in

segregants for the evaluated traits. The parett wit Z%beam”dia” J Genet Plant Breed394; 54(3): 281-

the higheSt_ general Combining abi"ty and higheséudaric A, Vrtaric M, Sudar R, Duvnjak T, Jurkovic G.
mean for oil content was the cultivar A 7002. The pyreeding soybean for improved oil quantity and iyal
lowest values were found in Pl 520733 and IAC In: IV Central European Congress of Food: Proceeding
100. The crosses with the highest oil yields were IV Central European Congress of Food; 2008; Cavta,

those that involved parent A 7002, except when it Croatia. Cavta; 2008. p. 149-154.

was crossed with IAC 100. Vello NA. Ampliagdo da base genética do germoplasma e
melhoramento da soja na ESALQ/USP. In: | Simpdsio
Sobre a Cultura e Produtividade da Soja: Anais do |
Simpésio Sobre a Cultura e Produtividade da Soja;
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