Prediction of genetic gain from selection indices for disease resistance
in papaya hybrids

Marcelo Vivas?, Slvaldo Felipe da Slveira?, Messias Gonzaga Pereira®

ABSTRACT

In order to select superior hybrids for the concentration of favorable alleles for resistance to papaya black spot,
powdery mildew and phoma spot, 67 hybrids were evaluated in two seasons, in 2007, in a randomized block design with
two replications. Genetic gains were estimated from the selection indices of Smith & Hazel, Pesek \&/iBialkes,

Mulamba & Mock, with selection intensity of 22.39%, corresponding to 15 hybrids. The index of Mulamba & Mock
showed gains more suitable for the five traits assessed when it was used the criterion of economic weight tentatively
assignedTogethey severity of black spot on leaves and on fruits, characteristics considered most relevant to the
selection of resistant materials, expressed percentage gain of -44.15%. In addition, there were gains for other
characteristics, with negative predicted selective percentage gain. The results showed that the index of Mulamba &
Mock is the most efficient procedure for simultaneous selection of papaya hybrid resistant to black spot, powdery
mildew and phoma spot.

Key words: combined selection, genetic resistangsperisporium caricaee, Sreptopodium caracae, Phoma
caricae-papayae.

RESUMO

Predicédo de ganhos genéticos para resisténcia a doencas por indices
de selecdo em hibridos de mamoeiro

Com afinalidade de selecionar hibridos superiores para concentragao de alelos favoraveis a resisténcia de mamoeiro
a pinta-preta, oidio e mancha de phoma, foram avaliados, em duas épocas, em 2007, 67 hibridos simples, em delineamentc
de blocos casualizados com duas repeticdes. Os ganhos genéticos foram estimados a partir dos indices de selecdo d
Smith & Hazel, Pesek & Bakadilliams e Mulamba & Mock, com intensidade de selecao de 22,39%, correspondendo
a 15 hibridos. O indice de Mulamba & Mock evidenciou ganhos mais adequados para as cinco caracteristicas avaliadas,
guando utilizado o critério de peso econdmico atribuido por tentativas. Em conjunto, as severidades da pinta-preta em
folhas e em frutos, caracteristicas consideradas de maior interesse para a selecao de materiais resistentes, expressara
ganho percentual de -44,1586¢m disso, registraram-se ganhos para as demais caracteristicas, com ganho percentual
seletivo predito negativo. Conclui-se, portanto, que o uso do indice de Mulamba & Mock é o procedimento mais
eficiente para selecdo simultanea de hibridos de mamoeiro resistentes a pinta-preta, oidio e mancha de phoma.

Palavras-chave selecdo combinada, resisténcia genétigaerisporium caricaee, Sreptopodium caracae, Phoma
caricae-papayae.

Received for publication on Mard6", 2012 and accepted on Novembef',12012.
! Biologist, Master Doctoral $udent at Universidade Estadual do Norte Fluminense Darcy RibeienidaAlberto Lamego, 2000, Parque Califérnia, 28013-600, Campos dos
Goytacazes, Rio de Janeiro, Brasil. mrclvivas@hotmail.com (corresponding author).
2 Agronomist, DoctorLaboratério de Entomologia e Fitopatologia, Universidade Estadual do Norte Fluminense Darcy RilmirdaAlberto Lamego, 2000, Parque Califérnia,
28013-600, Campos dos Goytacazes, Rio de Janeiro, Brasil. silvaldo@uenf.br
3 Agronomist, Doctor Laboratério de Melhoramento GenétiMegetal, Universidade Estadual do Norte Fluminense Darcy RibairenidaAlberto Lamego, 2000, Parque
Califérnia, 28013-600, Campos dos Goytacazes, Rio de Janeiro, Brasil. messias@uenf.br

Rev CeresVicosa, v59, n.6, p. 781-786, nov/dez, 2012



782 MarceloVivaset al.

INTRODUCTION correlations between traits (Smith, 1936, Hazel, 1943,
. L) has b q ibed Williams, 1962, Cruz & Regazzi, 2004ilarinho et al., 2003).

h Pap?y;a Carica Papaya f') asd een _:edscrl ? aS_Recentlyselection indices have been used for obtaining
:St ot tour ESpe,CfSI ° ,pO\;]V ery I(;“ | ew _unglhybrids that add favorable alleles for different traits of
(Ascomycota, ryS|P ges) n t e.wor vu aI’IO_pS‘fIS interest to the papaya crop (Ide, 2008).
papaya, Van der Bijl in SouthAfrica; Phyllactinia . . . .

: : . . o . The objective of this study was to predict genetic
caricaefolia, Viégas in Brazil,Oidiopsis haplophylli . : .
M Rul ; higdvaillula taurica (Lev gains for resistance to papaya black spot, powdery mildew
(Magnus) Rulamort, anamorp ellulataurica (Lev.) and phoma spot, and select superior hybrids for

G. Arnaud, inAustralia, India and Portugal, and . .
) . . . . concentration of favorable alleles for resistance to these
Sreptopodium caricae, Liberato & RV Barreto in Brazil. diseases

Of these, the specieS, caricae is commonly observed,
causing symptoms of powdery mildew on leaves of papa
in northern Espirito Santo (Liberato et al., 2004). mATERIAL AND METHODS
Another fungal disease, which was once considered The experiment was conducted in the Macuco Farm,
secondary and that currently comes up constitutin@alimanAgricultural Company S/A, Linhares, Espirito
the main disease of the crop, is papaya black sp8anto, 21 m altitude. The region is located at latitude 19°
caused byAsperisporium caricae (Speg.) Maubl. The 15'and longitude 40° 10', with annual rainfall of 1100 mm,
disease may cause severe production losses, &yerage maximum temperature from 30.7 to 34 °C and the
reducing the photosynthetic area dhe leaves, and average minimum temperature from 15.8 to 18.0 °C (Suzuki
especially commercially depreciating the fruitset al. 2007)A total of 67 F hybrids were evaluate@he
(Rezende & Martins, 2005). hybrids were derived from the crossing of parents from
Phoma spot, caused [8ragonosporopsis carical  the groups Solo and Formosa with the tester genotypes
(Sydow & P Sydow)Aveskamp, Gruyter &erkley, (Syn. ‘Sunrise Solo’ ‘72/12’ (Solo group) and ‘JS 12’,
Phoma caricae - papaya&fil) Punith) (Aeskamp etal., ‘Americano’, ‘Maradol’ and ‘Sekati’ (Formosa group); as
212),, is considered the second most important postell as the crosses of the hybrid ‘UENF/CALIMANOY1’
harvest disease in Brazil (Rezende & Martins, 2005). Theith the genotypeémericano, Maradol, Sekati and
fungus is quite widespread in tropical climates witiTailandia (Bble 1).
various symptoms. Phoma spot has proved difficult to The experiment was arranged in a randomized block
control in commercial areas of the Calimfsgricultural  design with two replications and 20 plants, arranged in
Company S/A, in Linhares, Espirito Santo. double rows (10 plants in each row), spaced at 2.0 x 1.8 m.
The selection of resistant genotypes is a sustainalilae spacing between the treatments, sideways, was 3.6
alternative for the control of diseases in papaya crom. The four central plants of each row were selected for
However the complete resistance has not been observedaluations. Because the genotypes came from a
in commercial genotypes of the species that have alreaglrmplasm collection and also to ensure production of
gone through cycles of selectiony#s et al., 2010, 2012). fruits and seeds, biweekly sprays of fungicides
There is, howeverthe possibility of crosses generataecommended for the crop were carried out during the
hybrids that provide higher levels of resistance to fungabnduction of the experiments. Until 60 days before the
diseases. Thus, the improvement of the crop can contribtitst evaluation, the following active ingredients were
to the selection of resistant genotypes and/or to point asgirayed:pyraclostrobin (16/04, 23/04 and 21/05) and
best hybrid combinations, using the hybrid vigehich is  chlorothalonil (30/04). Before the second evaluation the
also known as heterosis. Marin et al. (2006) reported thallowing active ingredients were sprayedoxystrobin
heterosis is a common effect in papaya hybrids, whigi0/07 and 17/08ghlorothalonil (03/08), lime sulfur (10/
confirms the assumptions about the manifestation @8) and methyl thiophanate (27/07).
heterosis for traits related to resistance to diseases. Two evaluations were performed: the first in late May
The identification of superior genotypes requiregand the second in lafagust 2007. It was evaluated the
selection methods, capable to exploit efficiently théncidence of leaves with powdery milde® ¢aricae) (10)
available genetic material, maximizing the genetic gain iand phoma spoP(caricae-papayae) (IMP). The severity
relation to the characteristics of interest. In this contextf black spot (SPP) and phoma spot (SMP) were estimated.
the selection indices can generate a genotypic aggreg&8PP was estimated in percentage, with the leaf axil attached
on which selection is practiced, acting as an additiontd first flower opened, based on a diagrammatic scale with
characterresulting from the combination of certain traitspercentage valuesf 0.2, 1.6, 3.5, 5.4, 7.6 and 12. 8% of
chosen by breeders, in which they wish to pursudiseased leaf areadifa et al. 2008a). SMRPas estimated
simultaneous selection, allowing separate superiin the leaf on the axil immediately below the first open
genotypes, regardless of the existence, or not, fibwer, using the diagrammatic scale wipercentage
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values of 1, 3, 6, 11, 17 and 30% of diseased leaf aré&r.74%, which was obtained when the economic weight
(Terra et al. , 2008b). Since at that moment there was was assigned tentatively (PTWith the allocation of
scale to estimate the severity in fruits, black spot lesiomgonomic weights for the genetic variation coefficient
were counted on the surface of the fruit, at the stage 1(@Vg), genetic standard deviation (DPg) and heritability
ripening. Subsequentlthe numbers of black spot lesions(h?), the predicted percentage gains were -56.10, -48.72
on the fruits were converted into injured surface aresnd -49.63, respectivelplthough DPg and hhave
(PPF), based on the average estimate of lesions, whigkpressed the smallest combined percentage gains, they
corresponded to 0.26% per lesion. were those with the best distribution of gains among the
The data (average of the two evaluations) wergree diseases evaluated. Thus, DPg arzbhtributed
subjected to analysis of variance to obtain matrices @ further reduction of means for all diseases, which makes
means, phenotypic and genotypic variances anfe criterion of economic weight the one with the greatest
covariances, necessary for the estimation of the gaigficiency to select plants with lower means of black spot
from the selection indices. The selection indices used #xd powdery mildewOn the other hand, the criterion of
predict the gains were the Classic of Smith (1936) angpitrary weights, tentatively assigned (PT), proved to be
Hazel (1943), the one proposed by Pesek & Baker (196@)ore suitable for the simultaneous selection of the three
of Williams (1962), and the one suggested by Mulamba §jseases.
Mock (1978). The selection intensity applied was 22.39%, pgyla et al. (2002) evaluated the total predicted gains
corresponding to 15 hybrids. The economic weights usgding various selection criteria for six growth traits in half-
were: a) genetic variation coefficient (CVQ); b) genetigj, tamilies ofEucalyptus camaldulensis and concluded
standard deviation (DPg); c) heritability)tand d) values ht the classic selection index of Smith (1936) and Hazel
tentatively assigned (PT) of magnitudes of 10, 10, 100(,1943) is promise for the improvement of multiple

100 and 100, respectively the characteristics IO: IMP" characteristics, as it surpasses other selection criteria in
SPRSMPand PPFThe magnitudes of Piefer to optimal o5 of total gains, when the economic weight is

values to obtain gains for all characteristics randomly,gioplished, in each characteristic, as equivalent to the
obtained after assignment of different magnitude$,.qtic variation between families

Analyses were performed using the software GENE Comparing the total gains predicted by different

(Cruz, 206). selection criteria applied to progenies HEdcalyptus
camaldulensis, Paula et al. (2002) found that the index
RESULTSAND DISCUSSION based on desired gains of Pesek & Baker (1969) yielded

The predicted percentage gain for the selection indeimilar results to those of other selection criteria. However
of Smith (1936) and Hazel (1943) allowed the obtaining dfi this study this index yielded simultaneous positive
negative gains for the five characteristics assessdilgT gains for most characteristics when using the criteria CVg,
2). The largest combined predicted percentage gain wadPg and has economic weights€ble 2) The percentage

Table 1.Parents and respective heterotic groups of 67 papaya hybrids. Linhares, ES, 2007

Tester Group Male Parent ()

Solo ‘Maméao Roxo’
‘Sunrise Solo 72/12’ Formosa ‘Americano’, ‘Costa Rica’, “&ilandia’, ‘Mamao Bené’, ‘Maradol’, ‘Maradol GL

and ‘Sekati’;

‘UENF/CALIMANO1’ Formosa ‘Americano’, ‘Maradol’, ‘Sekatiand ‘Tailandia’

Solo ‘BSA, ‘Golden’, ‘C GB’, ‘C M5’, ‘C SG’, ‘Diva’, ‘Grampola’, ‘KS B\, ‘KS PV’,
JsS 12 ‘Sao Mateus’, ‘SS’, ‘'SS PT’, ‘diwan et'and ‘Waimanalo’.

Formosa ‘Maradol’

Solo ‘BSA’, ‘Baixinho Supet, ‘C AM’, ‘Golden’, ‘C GB’, ‘C M5’, ‘C SG’, ‘Diva’,
) _ , ‘Grampola’, ‘'KS PV, ‘Taiwan et’, ‘Mamé&o Roxo’, ‘Séo MateusSs’, ‘'SS PT’,
Americano ‘STZ - 52’,‘SS 783", ‘ST’ and ‘Waimanalo’

Formosa ‘Costa Rica’ and ‘Sekati’
‘Sekati Solo ‘Golden’, ‘CAM’, ‘C SG/, ‘SS’, ‘Diva’, ‘C M5’ and ‘C GB’

Formosa JS 11'e 'JS 12’
. , Solo ‘SS72/12', ‘Golden’, ‘CAM’, ‘C SG’, ‘SS’, ‘Diva’, ‘C M5’, ‘'SS PT’ and ‘Taiwan et’.
Maradol

Formosa ‘JS 12’

() C = Caliman; BSA= Baixinho de SantAmadlia; KS = Kapoho Solo, and SS = Sunrise Solo.
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value of the predicted gain for these characteristics glbpulations. They found that the selection indices of
together was positive in all the chosen criteria anillulamba & Mock (1978) and/illiams (1962) were among
surpassed the estimates of combined gains, which weéhese that provided the best gains in all traits. The
expressed by the other selection indices used. authors discussed further that these indices have the
The index ofWilliams (1962) provided simultaneous advantage of not being affected by the inequality of
genetic gains in all criteria used as economic weigdiil€l trait variances, as well as not requiring the estimation of
3). Howeverthe lagest percentage gains were achievedenetic parameters. In this stuiyvas possible to obtain
when CVg and PT were used as economic weight. Batisfactory gains for the five traits assessed with the
contrast, Granate et al. (2002), examining the feasibility sklection indices of Smith (1936) and Hazel (1943),
using the selection index ®¥illiams (1962) in popcorn Williams (1962) and Mulamba & Mock (1978).
using the CVg as economic weight, concluded that this The estimates of predicted gains by the method of
coefficient did not allow the obtaining of estimates oMulamba & Mock (1978) showed that it was the index
predicted simultaneous gains in traits of greater interetftat provided, in magnitude, the largest combined
in that crop. In this studyot only CVg and PTbut all  predicted percentage gain (-65.21), when the criterion CVg
other criteria of economic weights used for the index afias used as economic weighable 3). Howeveramong
Williams (1962) showed combined negative percentagbe choices of economic weights used to obtain gains by
gains. HoweverDPg and Hindicated gains below those the selective index of Mulamba & Mock (1978), the
provided by the other criteria for characteristics related frbitrary weights tentatively assigned (PT) were those
black spot, although for powdery mildew they have showthat provided the best distribution of gains for the five
the greatest gains &ble 3). traits assessed, with negative predicted selective
Crosbhie et al. (1980) compared the efficiency opercentage gain. Thus, similarly to that found by Santos
various selection indices and predicted gains for eaetal. (2007), the index of Mulamba & Mock (1978), based
of them in improving cold resistance in two maizeon arbitrary weights, led to the best results for the selection

Table 2.Estimates of the percentage gains for simultaneous selection based on four criteria of economic weights (1) for five traits (2)
evaluated in 67 papaya hybrids derived from crosses between the tester genotypes ‘JS 12’, ‘American’, ‘Sekati’, ‘Maradol’ and ‘SS 72/12’

i SMITH & HAZEL ESEK & BAKER
ral

CVg DPg h2 PT CVg DPg h2 PT
IPM -0.96 -1.20 -1.18 -0.84 0.57 0.39 0.51 0.43
IMP -3.14 -3.84 -3.77 -3.01 0.36 1.2 0.15 -0.10
SPP -5.78 -8.40 -9.94 759  19.17 -1.07 18.92 18.4
SMP -17.39 -10.28 -11.29 -17.97  -5.79 14.11 -5.10 -5.33
PPF -28.83 -25.00 -23.45 -28.33  7.08 45.66 1.65 -7.67
Total Gain -56.10 -48.72 -49.63 -57.74  21.39 60.29 16.13 5.73

(1) CVvg = genetic variation cdéfient; DPg = genetic standard deviatiord,=hheritability and PT= weights tentatively assigned (10, 10,
100, 100 and 100).

(2) IPM = Incidence of powdery mildew; IMP = incidence of phoma spot; SPP = Severity of black spot; SMP = severity of phoma spot,
and PPF = area of fruit damaged by black spot.

Table 3.Estimates of the percentage gains for simultaneous selection based on four criteria of economic weights (1) for five traits (2)
evaluated in 67 papaya hybrids derived from crosses between the tester genotypaAméBidd), Sekati, Maradol and SS 72/12

Trait WILLIAMS MULAMBA & MOCK
ral

CVg DPg h2 PT CVg DPg h2 PT
IPM -0.74 -1.04 -1.14 -0.77 -0.35 -1.15 -0.97 -0.52
IMP -3.13 -4.38 -4.30 -2.88 2.21 -4.24 -3.69 -2.23
SPP -6.45 -2.94 2.21 -7.18 -8.82 315  -10.56 -15.43
SMP -18.94 -7.85 -8.13 -19.60 -8.69 -8.68 -11.61 -12.75
PPF -21.13 -9.00 -10.38 -19.27 -45.14 -11.2 -31.27 -28.72
Total Gain -50.39 -25.21 -26.16 -49.70 -65.21 -28.42 -58.10 -59.65

(1) CVg = genetic variation cdafient; DPg = genetic standard deviatiord,=hheritability and PT= weights tentatively assigned (10, 10,
100, 100 and 100).

(2) IPM = Incidence of powdery mildew; IMP = incidence of phoma spot; SPP = Severity of black spot; SMP = severity of phoma spot,
and PPF = area of fruit damaged by black spot.
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Table 4.Means of the top 15 papaya hybrids selected by the index of Mulamba & Mock (1978)

_ Trait Evaluated
Selected Hybrid

IPM IMP SPP SMP PPF
‘Americano XWaimanalo’ 68.84 54.3 0.01 291 0.08
‘Maradol x Sunrise Solo 72/12’ 80.90 70.95 0.02 3.44 0.06
‘UENF/CALIMANO1 x Tailandia’ 84.33 79.97 0.02 1.38 0.16
‘Maradol x Sunrise Solo PT’ 85.20 80.75 0.02 3.10 0.16
‘Maradol x Caliman M5’ 84.41 73.23 0.03 2.66 0.11
‘Sekati x Golden’ 82.53 76.56 0.03 4.01 0.10
‘Americano x Sdo Mateus’ 83.59 76.89 0.03 4.77 0.07
‘Sunrise Solo 72/12 x Grampola’ 83.82 79.71 0.02 5.51 0.10
‘Maradol x Diva’ 83.61 82.66 0.02 3.29 0.25
‘UENF/CALIMANO1 x Maradol’ 84.46 74.04 0.03 1.63 0.29
‘Americano x Baixinho de Sanfemalia’ 86.16 75.37 0.02 5.22 0.15
‘Sunrise Solo 72/12 x Sunrise Solo’ 79.48 75.60 0.03 2.56 0.43
‘Maradol x Golden’ 84.02 77.89 0.02 3.93 0.25
‘Sekati x Caliman GB’ 83.01 77.70 0.03 4.68 0.11
‘Americano x Sunrise Solo’ 87.32 83.38 0.02 5.36 0.08
X, 83.67 78.78 0.04 5.00 0.27
X 82.78 75.93 0.02 3.63 0.16

S
1 IPM = Incidence of powdery mildew (%); IMP = incidence of phoma spot (%); SPP = Severity of black spot (%) = SMP severity of phoma
spot (%); and PPF = area offruit injured by black spot (%).

of hybrids. Based othis criterion, the top 15 papayafor the selection of superior hybrids, the selection index

hybrids were selected §ble 4). proposed by Mulamba & Mock (1978) gave the greatest
Using the index of desired gains, proposed by Pesgkins and the best gain distribution for the different

& Baker (1969), to obtain genetic gains for the main traidiseases, therefore, in the conditions of this experiment,

related to production and fruit quality of papaya, Ide (2008he most suitable procedure for the selection of superior

selected the hybrids ‘JS12 x Caliman SG’, ‘Sunrise Softybrids resistant papaya.

72/12 x Mama&o Bené’, ‘Sunrise Solo 72/12 x Costa Rica/,

*JS 12 x Sunrise Solo 72/121d \JS 12 Taiwan'et. Inthis CONCLUSION

study these hybrids were submitted to analysis of disease The selection index proposed by Mulamba & Mock

resistance, which was not previously evaluated. (1978) is the most efficient procedure for simultaneous

Among the hybrid parents, some are important SOurcgg|ection of papaya hybrids resistant to black spot,
of resistance to the diseases evaluated. Ide etal. (2001) 8g@{,dery mildew and phoma spot.
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