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ABSTRACT - The goal of this work was to determine the combining ability of three white oat parental genotypes (UPF 18, URS21
and URS 22) and to estimate the heterosis bf/Brids in two conditions, with and without water stress. The results indicate a large
effect of the environment on the evaluated characters (cycle, leaf area, plant stature, grain yield per plant, main panicle weight and
number of grains of the main panicle). The condition without stress was the most efficient for the selection of superior genotypes.
Based on the general and specific combining ability cultivar URS 22 was shown to be indicated for cycle and staduction,

while UPF 18 lead to increases in leaf area, main panicle weight and number of grains of the main panicle. The specific cross URS

22 x URS 21 was the best for the selection of superior genotypes.

Key words: Avena sativa L;.combining ability; hetessis.

INTRODUCTION In oat breeding, as well as for any other species, the
correct selection of parental genotypes is an important
Oat (Avena sativd..) is among the six major cerealsstep for the development of genotypes adapted to the
worldwide, being the fifth most cultivated cereal in Brazildifferent environmental conditions. The understanding of
with an average area of 125 thousand hectares. The curittstgenetic basis allows the improvement in thes adility
average yield in Brazil is 1,946 kg-h#&Faostat 2009). to tolerate abiotic stresses. Reports have indicated that
However the yield in some areas of the Southern Regiagenetic gains for grain yield are obtained more efficiently
are below average due to adverse environmentalsuperior environments, i.e., those leading to better yields.
conditions. Also, the task of developing genotypes with a higher yield
Plant breeding programs have concentrated theinder stress has been a difficult one, due to the lower
efforts in the development of high genetic potential anideritability of the character under selection (Byerlee and
stable performance in diverse environments. Thieoya 1993, Trethowan et al. 2002).
evaluation of the genetic potential of cultivars and their ~ Diallel crosses and the evaluation of combining
combining ability are essential to the programsuiccess, ability in white oat are limited by the difficulty in performing
since good hybrids generate superior segregatirgtificial crosses and the need for the evaluation of a high
populations (Kurek et al. 2001). number of parental genotypesi¢iva et al. 2005)The
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general and specific combining ability estimates allow the  The plastic recipients of each plot were filled with
prediction of favorable alleles in a given genotype (Castigliosoil already corrected for fertilitiNitrogen fertilization was
et al. 1999)Also, the estimate or quantification of heterosiperformed at the beginning of tilling, by applying 100 kg
is an important component of the combining ability; howehver ha' of urea.Two fungicide applications were performed
heterosis effects vary as a function of the selectiamsingTebuconazole (Folicur50 ml hal), one at the onset
environment (Ud-Din et al. 1992). of the disease and another 20 days a#éso, two
Parental genotypes with high general and specifinsecticide applications were performed using Malationa
combining ability were identified by Lorencetti et al. (2005)(Malation 500 CE, 600 ml hg at an interval of 15 days
using diallel analyses in white oat. Regarding heterosiafter the detection of insects. The pots were maintained
not always did parental genotypes with high averageget until the beginning of flowerind\fter the flowering
result in superior hybrids (Lorencetti et al. 2006). Theeriod, the genotypes were subjected to the following
stability of GCA and SCA for plant grain yield in two yeardreatments: i) without water stress, where the soil was
of wheat cultivation showed that GCA was not affectethaintained close to its maximum water storing capacity
by years, while SCAvas otherwise stronglyfatted (\alério  (field capacity) by irrigating the plants every other day
etal. 2009). and ii) treatment without water stress, where the recipients
The present work had as its objective to perfornvere watered every 14 days up to their field capacity
diallel crosses between three white oat cultivars in order  Based on the analysis of variance, the square sum
to determine GCA, SCA and, faybrid heterosis under of treatments were partitioned into general (GCA) and

water stress conditions. specific (SCA) combining ability=or the partitioning, the
method 2 of Griffing (Griffing 1956) was used, based on
MATERIAL AND METHODS the statistical model of fixedfet:ts:Yi,- = u+G+ Gj + Si

+ &, whereXj: hybrid combinatiori (# j ) or parental (i =)

The experiment was performed in the greenhouseean valuey: general meanG; andG;: effects of the
belonging to the Centro de Gendmica e Fitomelhoramergeneral combining ability associated to the i and j-ith
from the Universidade Federal de Pelotas (UFPel), locatpdrental, respectivel$;: specific combining ability effect
in Capéo do Ledo Countyinter 2008Three oat cultivars: for the crosses between parents i and4 { g Jmean
UPF 18, URS 21 and URS 22, and the three hybrids resultiegperimental errofl he estimate of heterosis was performed
from the diallel crosses between them were studied. Thased on a model similar to the one proposed by Matzinger
hybrid seeds were obtained in the cold season of 20@& al. (1962) and described by Gardner and Eberhart (1966)
through the artificial crossing of parental genotypethrough the expressioi; (%) = [( - ) / ]* 100, where:
reciprocally since no maternalfeict was ever detected in Hy: heterosis regarding the parental me&s; . hybrid
white oats. meanMP: parental mean [(parental 1 + parental 2)4].

The parental and;Fhybrid genotypes were sown in the analyses were performed with the Genes software (Cruz
the cold season of 2008 and conducted in random block306).
with split plot design and three repetitions, using the factors
water stress (with and without stress) and genotype (URESULTS AND DISCUSSION
18,URS 21, URS 22, UPF 22 x URS 21, UPF 21 x URS 18 and
URS 22 x UPF 18) treated as plots and subplots, respectively ~ Since significant differences ¢20.05) were detected

The following characters were evaluated: 1) cyclebetween the treatments with and without water stress for
CYCLE (expressed in days, period between the emergeralecharacters, the genotypes (parents amgisrids) were
and maturation); 2) flag leaf area - LA (measured iR, cmsubjected to an analysis of variance for each stress
obtained by the product between flag leaf width andondition. There were significant differences(@.05) for
length); 3) plant stature - PST (measured in cm, equivalegit evaluated characters, with the exception of grain yield
to the distance between the soil and panicle tip, excludipgr plant (PG) and main panicle weight (MPW) in the water
the awns); 4) grain yield per plant - GYP (measured istress condition.
grams, obtained from the grain weight); 5) main panicle  The square sum for genotypes was partitioned into
weight - MPW (measured in grams) and; 6) number @&CA and SCA(Table 1). It was observed that G@Ad
grains of the main panicle - NGP SCA effects were significant (P < 0.05) for all characters in
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Table 1L Summary of the analysis of variance for each water stress condition, for a diallel cross with three cultivars (URS 22, URS 21
and UPF 18) and their respective fiybrid combinations (without reciprocals) for six charactémswhite oat

Without stress

N\% df CYCLE LA PST GYP MPW NGP

MS ¢ MS ¢ MS [} MS ¢ MS [0} MS ¢
Genotype 5 8.00* - 997.27* - 475.95* - 9.5% - 1.88* - 1472.88* -
GCA,) 2 3.8 0.40 1406.21 255.87  550.93 105.61 4.89 -030 4.13 0.76  3159.56 507.71
SCA 3 108 8.99 691.31 564.47  425.96 403.08 12.57 6.17  0.38 0.05 348.42 -272.58
Error 10 1.81 126.84 22.88 6.40 0.33 621.00
CV (%) 1.12 16.16 4.18 29.02 19.53 28.75

With stress

NA\% df CYCLE LA PST GYP MPW NGP

MS [0} MS [0} MS [0} MS [} MS [0} MS [0}
Genotype 5 16.10* - 353.09* - 173.21* - 1.06 - 0.39 - 499.88* -
GCA(y 2 15.20 2.68 831.23 142.77 35.11 -6.30  0.50 0.01 0.05 -0.03 50.77 -45.88
SCA, 3 16.70 14.89 3433 -83.04  265.28 198.66 1.44 1.00  0.61 0.39 799.29 519.11
Error 10 1.81 117.37 66.62 0.44 0.22 280.18
CV (%) 1.16 17.95 8.00 51.62 28.04 26.91

MS = mean square. ¢, and ¢, = estimate of the component associated to general and specific combining ability, respectively. * Significant at 5 %
probability by the F test. CV (%) = coefficient of variation. Cycle (CYCLE), in days; flag leaf area (LA), in cm?; plant stature (PST), in cm; grain
yield per plant (GYP), in grams; main panicle weight (MPW), in grams; and number of grains of the main panicle (NGP).

the condition without stress, except for the charactén diverse cultivating conditions can increase the grain
CYCLE. Under water stress, there were significantield potential by allowing a better use of environmental
differences for CYCLE, LA, PSand NGPThe significance periods within short time windows, where temperature and
of GCA and SCA indicate the presence of variability amongay length are favorable to the species development
the GCA (g) effects associated with additive gene effecttAmaral et al. 1996). In this sense, cycle reduction in white
and among the SCA j{seffects associated with non-oat is considered an important adaptation charaies
additive effects. It can be observed from the analysis o due to the use of genes that reduce plant height in the
variance for the characters CYCLE, P&iid GYR a crosses, leading to an increase in grain yield as a function
predominance of non-additive gene effects in botbf lodging decreases and improved harvesting indexes
environments. This can be confirmed by the higher valuéBederizzi and Qualset 1989).
for the quadratic component associated to the SCA when Plant production is closely related to the capacity of
compared to the GCA. Howevefor the remaining maintaining high photosynthetic rates, especially by the
characters, the gene effects did not show a similar trefidg leaf, and with the intensification of grain enlargement
when subjected to the different environmental conditiongluring the reproductive period (Machado et al. 1990). For
The obtained mean values for each genotype atite character LATable 2), only the cultivar UPF 18 revealed
the diallel analysis results can aid the discussion amdvalue higher than the general mean (73.03.&tso, it
understanding regarding the gene effects involved in tiseowed the highest positive G@Alues for this character
expression of each characteor the character CYCLE, it ranging from 9.17 to 8.55 on the environments without
was observed that all parents in the condition withowand with stress, respectivelyale 3). On the other hand,
stress showed estimates equal to or above the metrg genotypes URS 21 and URS 22 demonstrated negative
however in the condition with stress, only the genotyp@CA values for the character LA, with the exception of
URS 22 expressed an inferior performance when compafd®S 21 in the condition without stress.
to the mean (dble 2). OrTable 3, through the estimate of Reductions in plant stature can increase the yield
0., it was observed that the cultivar URS 22 exhibited potential of oats, as was observed in rice and wheat, when
negative estimate for CYCLE. This result reveals that thigenes for dwarfness were introduced (Briggle éogel!
cultivar can be indicated for artificial crosses aiming t4968). Thus, by reducing plant stature, one can increase
reduce cycle, since this is a character of extreme importanggogen fertilizations without risking lodging and therefore
for the white oat crop. Thus, the adjustment in plant cyclacreasing grain yieldAnalyzing the performance of
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Table 2 Means of six characters for three parental genotypes (diagonal) and their respgtiyeids (above diagonal) in white oat

Without stress With stress

Parents
URS 22 URS 21 UPF 18 URS 22 URS 21 UPF 18
CYCLE? (days)
URS 22 119 ab' 117 a 120 ab 114 ab 111a 117b
URS 21 122b 119 ab 116 b 117b
UPF 18 119 ab 116 b
General mean 119 115
LA (cm?)
URS 22 40.84 b 7124 a 88.63 a 47.86 b 54.70 ab 67.15 ab
URS 21 68.02 ab 89.56 a 53.70 ab 62.32 ab
UPF 18 79.92 a 77.86 a
General mean 73.04 60.60
PST (cm)
URS 22 101 a 113 ab 126 cd 95a 115b 105 ab
URS 21 105 a 134d 95a 105 ab
UPF 18 120 be 106 ab
General mean 117 103
GYP (9)
URS 22 6.71¢ 1034 a 1042 a 143 a 248a 1.27a
URS 21 9.20 ab 11.09 a 0.66 a 1.28a
UPF 18 7.39 be 121a
General mean 9.19 1.39
MPW (g)
URS 22 1.72b 291 ab 2.87 ab 137a 245a 1.75a
URS 21 2.83 ab 322a 1.62a 1.71a
UPF 18 4.19a 1.68 a
General mean 2.96 1.76
NGP
URS 22 S51b 88 ab 93a 53b 87 a 56b
URS 21 80 ab 104 a 60 ab 55b
UPF 18 116 a 67 ab
General mean 89 63
! Means followed by the same letter do not differ by the Tukey test, at 5 % probability. > See codes for acronymous in Table 1.
Table 3. General combining ability (j for six characters in three white oat parental genotypes
Genotypes
Characters Without stress With stress
URS 22 URS 21 UPF 18 URS 22 URS 21 UPF 18
CYCLE! -0.46 0.53 -0.06 -0.93 -0.13 1.06
LA -10.11 0.94 9.17 -4.96 -3.59 8.55
PST -4.98 -1.75 6.74 -0.90 -0.86 1.76
GYP -0.51 0.61 -0.09 0.21 -0.09 -0.11
MPW -0.52 -0.01 0.53 -0.02 0.06 -0.04
NGP -14.24 -0.51 14.76 -0.65 2.07 -1.42

! See codes for acronymous in Table 1.

parents for plant stature, one can highlight the genotypagrobable contribution to the reduction of stature in their
URS 21 and URS 22, which presented mean values belpwogenies. Between the two, URS 22 did showthe

the general mean for the characted(€ 2) Also, as shown environment without stress, the lower GCA value (- 4.98),
onTable 3, they exhibited negativesgtimates, indicating suggesting its use in crosses for breeding programs.
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Regarding the characters grain yield per plantalue of the character in the progenieslévio et al. 2009).
(GYP), main panicle weight (MPW) and number of grain§he SCA estimates pointed to a unidirectional inheritance
in the main panicle (NG), it can be observed that the genefat LA, PST and NGP in the condition without stress and
mean for the environment without water stress was highter PSTunder stress @ble 4).This could be explained by
than the mean for the environment with stresbl@ 2). the fact that both parents contribute to the increase in the

Low GCA values usually do not differ between themg¢haracters, and for the remaining characters a bidirectional
which can be explained by the masking presence of smigheritance was observed. None of the parental genotypes
effect complementary genes in the parental genotypsowed negative values for all characters. Howeter
involved in the crosses (Barbieri et al. 2001). For thgenotype URS 22 provided the lowgrestimates for LA
character MPWit can be observed that the cultivar UPK-11.96) and NGP (-8.85), indicating the possibility of
18 showed a high individual mean, much higher than tle®ntributing to the increase in these characters in both
general mean for the environment without stress. Howevenvironments. For GY,Rhe lagest contribution for the
its GCAvalue (0.53) was not very highg@ile 3). Regarding improvement of the character was obtained from UPF 18
the environment with water stress, all parents showeduader no stressi(s -1.61). In this sense, the larger SCA
performance inferior to the general mean for the characteffect for grain yield was observed in the cross URS 22 x

The correct selection of parental genotypes to fortdPF 18 (1.83), revealing that both parents could be used
the crossing blocks is essential to the success of plantbreeding programs in order to develop superior
breedingprograms, and the combining abiityith the progenies.To use hybrid combinations with high SCA
presence of complementary genes, the major player in tkistimates and that at least one of the parents has;lisgh g
process. Parents presenting higher GCA must be prefergate of the major goals in breeding (Paini et al. 1996). This
to be part of crossing blocks, favoring the selection afas observed for the cross URS 22 x URS 21 for the
promising homozygous lines in self crossing speciesharacter CYCLE, where thgwalues were -2.40 and -3.09
(Miranda et al. 1988A very low g estimate indicates that (Table 4), and the galues of the parent URS 22 were -0.46
the GCA of parent, based on its crosses, does not diffeand -0.93 (&@ble 3).This situation caused a reduction in
from the diallel general mean (Cruz and Regazzi 1997). @gcle to 1.7 and 11 days (&ble 2), in the environments
the other hand, high positive or negatiyeajues indicate without and with water stress, respectiveior the
that the pareritis much superior or inferiprespectively character NGPthe same cross under stress showed s
than the other parents in the diallel schetso, a higher values of 22.84 and g gf 2.07 for the parent URS 21
g; could mean that the parent has higher frequency @fables 3 and 4) increasing the N®R7.30 (able 2).
favorable alleles for the character (Cruz &eshcovsky The gene effects can be interpreted by analyzing the
1989). Regarding the character N@ly the genotype UPF expression of heterosis for the evaluated charadters.
18 revealed superiority to the general mean for bothigher heterosis obtained from a given hybrid combination
environments (@ble 2), showing a high and positive gresults in higher probability of rescuing superior
value (14.76) for this character in ideal conditiored{& 3). individuals in the segregating populations (Cruz and
The values observed for the environment without shgse  Regazzi 1997). This can be explained by the fact that when
with the results obtained by Lorencetti et al. (2005), whegehybrid exhibits heterosis, one can say that a given level
the cultivar UPF 18 showed high number of grains pef dominance in the loci does exist and interferes on the
panicle and high GCA. character expression€kicovsky and Barriga 1992). In the

The SCA effect is interpreted as a deviation of theat crop, there is a higher focus on additive effects, since

hybrid to the expected based on the GCA values of itisey are easily transmitted to progenies and their expression
parents. Thus, low;walues indicate a performance closers stabilized by the increase in homozygosis with the
to the expected based on GCA values, while high absol@dvancing of generations.
s; values indicate a performance either higher or lowerto  For the character CYCLE, the cross URS 22 x URS 21
what is expected based on GCA values. Therefore;thevgas very informative, where the negative heterosis
estimates measure non-additive gene effects, i.e., witktimates must be considered in both environments, in
dominance or episthatic effects (Cruz and Regazzi 1997rder to obtain short cycle genotypeslfle 5). On the

The predominance of negative values on pareptal sther hand, for plant stature, all the crosses did express
effects indicate that these contribute to the increase in thesitive estimates, indicating height increases in their
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Table 4. Estimates for the &fcts of the specific combining ability (SCA) for six characters in three parental genotypes and their
respective hybrids, in white oat

Characters
Genotypes .
Effect (S;) CYCLE LA PST GYP MPW NGP
Without stress
URS 22 Si 0.59 -11.96 -5.34 1.44 -0.19 -8.85
URS 21 S2, 1.59 -6.89 -7.72 -1.21 -0.10 -7.48
UPF 18 S33 -0.20 -11.47 -10.30 -1.61 0.17 -2.51
URS 22 x URS 21 Si2 -2.40 7.38 2.75 1.05 0.47 13.82
URS 22 x UPF 18 Sis 1.20 16.53 7.92 1.83 -0.09 3.88
URS 21 x UPF 18 S -0.79 6.40 12.69 1.38 -0.25 1.14
With stress
URS 22 S 0.70 -2.80 -7.03 -0.37 -0.34 -8.92
URS 21 S» 1.09 0.29 -6.68 -0.53 -0.28 -7.05
UPF 18 Ss3 -1.29 0.14 -0.70 0.05 0.01 6.85
URS 22 x URS 21 Si2 -3.09 2.66 13.01 0.97 0.63 22.84
URS 22 x UPF 18 Sis 1.70 2.95 1.05 -0.21 0.05 -4.99
URS 21 x UPF 18 So3 0.90 -3.24 0.35 0.10 -0.07 -8.72

1 See codes for acronymous in Table 1.

Table 5. Heterosis over the average of parental values estimates, in %, for six characters evaluated in three white oat hybrids

Characters
Hybrids CYCLE' LA PST GYP MPW NGP
Without stress
URS 22 x URS 21 -2.90 30.89 8.98 29.95 27.64 33.50
URS 22 x UPF 18 0.84 46.79 14.24 47.77 -2.84 11.46
URS 21 x UPF 18 -1.24 21.07 19.27 33.76 -8.29 6.28
With stress
URS 22 x URS 21 -3.47 7.72 20.96 136.56 63.56 54.57
URS 22 x UPF 18 1.73 6.81 4.89 -4.31 14.69 -6.60
URS 21 x UPF 18 0.86 -5.26 4.01 36.35 3.63 -13.55

1 See codes for acronymous in Table 1.

progenies, an undesirable feature in oat breedinguperior genotypes since high associations were found
Regarding the character flag leaf area, the estimatlestween grain yield and panicle weight (Lorencetti et al.
detected a critical reduction when hybrids were subject@d05).

to water stress. The heterosis estimates for the characters A higher genetic gain is expected when the selection
GYP, MPW and NGPpointed to high values in the crossis made in the absence of water stress, since quantitative
URS 22 x URS 21 for both environments, with a highlightharacters such as grain yield per plant, main panicle weight
for the environment with water stress. Howevke high and number of grains per main panicle did suffer with
heterosis observed for the character GYP in thadverse effects of the stress, causing difficulties in the
environment with stress (136 %), does not express a larggdection also, the genotypes studied can be successfully
increase in the character when the average of the hybused in artificial hybridizations such as URS 22 for cycle
under stress is compared to the average withouditlT and stature reduction and UPF 18 for increases in leaf
2). The remaining crosses in the condition without stressea, main panicle weight and number of grains of the main
showed negative heterosis estimates, i.e., did not shpanicle This study demonstrated that the combination
increases for the character MPWhe character MPW URS 22 x URS 21 is very promising for the development of
could be a viable alternative for the efficient selection ajenotypes with short cycle and yield component increases.
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Analise dialélica em cultivares de aveia branca
submetidas ao estresse hidrico

RESUMO - O objetivo do trabalho foi determinar a capacidade combinatoria de trés genitores de aveia branca (UPF 18, URS21

e URS 22) e estimar a heterose dos hibridasas condi¢cdes, com e sem estresse hidrico. Os resultados indicaram grande efeito

do ambiente solkeros caracters avaliados (ciclo, @a foliar, estatura de planta, pducao de graos por planta, massa da panicula
principal e nimero de grdos da panicula principal), sendo o ambiente sem estresse o mais eficiente para selecdo de genotipos
superiores. Com base nas capacidades geral e especifica de combinagao, a cultivar URS 22 mostrou-se apropriada para reducao
do ciclo e da estatura enquanto UPF 18 exibiu é@msentos da &a folia; massa da panicula principal e nUreate grédos da

panicula principal. O cruzamento especifico entre URS 22 e URS 21 mostrou ser 0 mais promissor para selecdo de genotipos
superiores.

Palavras-chave Avena sativd..; capacidade combinatoria; hetese.
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