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ABSTRACT - This study aimed to estimate the repeatability coefficient and determine the minimum number of samples
required for effective selection for yield of custaapple. Wenty pogenies wer evaluated in randomized blocks, five
replications and four plants per plot. Theifts wee collected, counted and weighed gviavo days of the yeaEstimates of

the repeatability coefficients wembtained by the methods of analysis of varianSR©\A and principal components - PC.

The estimates from the repeatability analysis of biennial data are higher than those based on individual years. The estimates
of the PC method weraccurate even in the first hast, unlikeANOVA. Four biennia wes sufficient to ensereffective

progeny selection of custard apple.
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INTRODUCTION plant and has a purely environmental origin. The other is
partly due to environmental, partly to genotypic variation
In the breeding of perennial species the coefficierand is useful to describe differences between plants.
of repeatability is an important parameter because itallows  The environmental conditions under which plants
effective early selection of superior plants and/or progeniese grown, the trait nature and genetic properties of a
(Dias and Kageyama 1998). The analysis of repeatabilipopulation are factors that affect the estimate of
describes the correlation between successivepeatabilityAccordingto Cruz etal. (2004), repeatability
measurements of a trait and can serve as a basis for ¢tberesponds to the maximum possible value of the broad-
estimation of the likelihood that the initial superiority orsense heritabilityConsequentlywhen the variance caused
inferiority of a genotype will remain over time and/or spacéyy the permanent environmental effects is minimized,
When a trait of the same plant is measured ¢ timesgpeatability approaches the heritability estimate. Thus,
the mean of these ¢ observations is an unbiased estimalmr repeatability coefficient provides information about
of the genotypic value for this trait (Falconer 1989). Thehe heritability of a traitAnother advantage is that high
reason is that the phenotypic variance can be split intepeatability values indicate the possibility of predicting
two components. One is the temporal variation, reflectingpe real individual value with a relatively small number of
differences between successive measurements of eacthasurements (Cornacchia et al. 1995). Therefore,
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knowledge of the repeatability coefficient allows argeneral mean,g effect of thef plant under permanent

efficient use of resources and time in the evaluation phasgvironmental influence of (i=1, 2, ..., 20 progenigs), a
Several studies on repeatability are found in theffect of the {' replication (j = 1, 2, .. ., 5) ang|=

literature for a variety of perennials such as coffee (Fonseegperimental error associated with observatign Y

etal 2004), Barbados cherry (Lopes et al 2001), cocoa (Dias The repeatability coefficient by the method of

and Kageyama 1998, Carvalho et al 2002), peaamnalysis of variance was estimated as:

(Albuquerque et al 2004) and grape (Souza Ledo and Costa covyy & &2

2003). For the widely appreciated custard apitepnas r= ﬁ:? =gl

quamosal.), grown in many regions of Brazil, studies V) o erog

related to genetics and breeding of this species are rarendrere the genetic variance among progenies was given

nonexistent (Silva et al 2007). by
The objectives_ .of this s_tu.dy were to estime_lte and ., (OMP— OMR)
compare repeatability coefficients and determine the e .
minimum number of growing seasons required for an
effective selection for custard apple yield. and the residual variance tﬁ/g =QMR wQate and
QMR are the mean squares associated with the progeny
MATERIAL AND METHODS effect and random variation, respectivelgdn the number
of evaluation periods.
Plant material and experimental development To estimate the repeatability céiefent by the

technique of principal components, a correlation matrix

The experiment was conducted on the experimentgly, o o, genotypes was determined for each pair of
farm Rafael Fernandes (lat 5° 11’ S, long 37° 20’ W and a}lﬁeasurements (or trial period), given by:

18 m asl) of the Universidade Federal Rural do Semi Arido

(UFERSA).Twenty custard apple progenies were selected Lp..p
for vigor in orchard nurseries of small fruit growers in the p L p
municipalities ofAracati-CE, Mossoré-RN and Serra do R=| .
Mel-RN. The seedlings were planted in October 2000, in p p 1

60 x 60 cm x 60 cm pits, at a spacing of 5.0 mx 4.5m. The i 1

cultural practices were performed according to th@ubsequentlthe eigenvalues and associated normalized
recommendations for the crop to ensure good health agi@envectors were determined. Of these, the eigenvectors
adequate nutritional status of the plants and microsprinkl@hose elements have the same sign and magnitude are
irrigation applied whenever necessary close to those that express the trend of genotypes to maintain
The progenies were evaluated in randomized blockéle position in relation to others over the years. The
five replications and four plants per plot. Since the traif@roportion of the eigenvalue associated with this eigenvector
were evaluated over a |Ong period, the p|0ts Werlé the es}imate of the repeatability Coefficient, given by
subdivided:; the progenies were evaluated at the plot aniere: A is the eigenvalue associated with eigenvector
the growing seasons at the subplot level. The fruits weyé0se elements have the same sign and similar magnitudes
harvested per plant every two days during the entire  TO obtain the coéitient of determinationR?) and
fruiting period, and later counted and weighed. Thithe number of measurements needed to predict the

procedure was applied in all six growing seasons. genotypic value of the progeny)q) as related to the
desired accuracyhe following expressions were used:
Satistical-genetic analysis e, ~ R’ (I-F)
= o= UZ 17
The estimates of the repeatability coefficients were 1+r(M-1) I1+7Mm=1)

obtained by the methods of analysis of variafldOVA  All tests were performed using the statistical program SAS
and principal components - PGvo sources of variation 9.1 (SAS Institute 2003).

(progenies and season) were used in the statistical model:

Yij=H+g +3g+g;, whereY=observation referring to the

ith plant in the " measurement (growing seasop)=
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RESULTSAND DISCUSSION vary in intensity and between genotypes, so the analysis

The results obtained BYNOVA, based on annual of variance use(_:i to gst_mate _the u_s_ual repeatability
co]efflment may fail to eliminate this additional component

harvests, showed that in most situations the estimates ? . ) o
. - ir<d experimental error which would lead to an underestimation
the repeatability coefficients were lower when the firs

growing season was taken into consideratioabld 1). of repeatabilityHowever the principal component method

These values were expected, since not all plants had be %aglllgles the cyclical behavior of a trait into account and makes

producton  h ! growing season,probeply due 1 ST S0SebLY o ore e
genetic effects. Similar results were observed for coffee, " . . .
where the repeatability estimates based on annual dgfanotypgs In the first gr_owmg seasons for the s_elect|on
. : . of, superior plants, resulting in cost and time savings.
increased when the first growing season was excluded R , ) i
(Bonomo et al 2004). The.blen'mal analysis proved spltable.for crops with
The repeatability coefficients were higher wherf? clear biennial effect. Thus, as this applies for custard
estimated by PC than ByNOVA, even when including apple, the estimates of the coefficients of repeatability
the first growing season ble 2). It may be noted that, and of determinationR?), as well as the number of
based only on the yield data of the first and second growifigeasurements required for ea@hwere studied using
season, the repeatability chieient byANOVA was 0.27 ANOVA and PC considering the biennial fruit yiel@lles
and 0.65 by PC. Thus, by the PC technique just oreand 4).
measurement is enough to reach a coefficient of The repeatability estimates obtained by this method
determination of 80%, which would ensure an effectiverere higher than those based on annual data
and early selection for fruit yield of superior custard applmeasurements, in which, considering the second and third
progenies. Cornacchia et al. (1995) reported similar resuliinnium usinANOVA (Table 3), the repeatability estimate
for pine and Lopes et al (2001) for Barbados cherry ~ was 0.78 an€&? above 90%Another interesting result is
In perennial species such as custard apple with &mat by the PC, reliability (> 90%) was achieved with only
oscillating production mode, with high yield and floweringwo measurements &ble 4).These results reinforce the
in one year and a decline in the following, the effect caea that the grouping of growing seasons helps to

Table 1 Estimates of the cof€ients of repeatability f ) and of determinationR¢) and of the number of measuremen@oo, by the
method of analysis of variance for fruit yield data of 20 custard apple progenies

Nr. of measurements to obtain R’

o o) 2
Years Nr. of growing seasons v R (%) 30 85 920 95 99

1% and 2" 2 0.27 42.82 10.68 15.14 24.04 50.75 264.41
2" and 3" 2 0.52 68.60 3.66 5.19 8.24 17.39 90.65
3™ and 4™ 2 0.26 4121 11.41 16.17 25.68 54.21 282.45
4™ and 5t 2 0.55 71.36 321 4.55 7.22 15.25 79.45
5" and 6™ 2 0.49 65.81 4.16 5.89 9.35 19.74 102.84
1% to 3 3 0.41 67.47 5.79 8.20 13.02 27.49 143.23
2 g 4th 3 0.28 54.13 10.17 14.41 22.88 48.30 251.66
3 to 5 3 0.45 70.87 4.93 6.99 11.09 23.42 122.05
4t to 6 3 0.58 80.72 2.87 4.06 6.45 13.61 70.91
1% to 4 4 0.23 54.69 13.25 18.77 29.81 62.94 327.96
2md o 5t 4 0.40 72.64 6.03 8.54 13.56 28.62 149.14
3" to 6 4 0.50 79.84 4.04 5.72 9.09 19.19 99.99
1%t 5™ 5 0.33 71.27 8.06 11.42 18.14 38.29 199.51
2" to 6 5 0.45 80.07 497 7.05 11.20 23.64 123.18
1%to 6™ 6 0.38 78.59 6.54 9.26 14.71 31.06 161.84
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Table 2 Estimates of the coféients of repeatability f ) and of determinationRf) and of the number of measuremen@oo, by the
method of principal components for fruit yield data of 20 custard apple progenies

Nr. of measurements to obtain R’

. ~ 2
Years Nr. of growing seasons r R“(%) 80 85 % 05 99

1% and 2™ 2 0.65 78.45 2.19 3.11 4.94 10.44 54.40
2" and 31 2 0.54 70.44 3.36 476 7.55 15.95 83.09
3" and 4" 2 046  63.18 4.66 6.60 10.49 22.14 115.37
4™ and 5t 2 0.59  74.09 2.79 3.96 6.29 13.29 69.23
5™ and 6" 2 0.53 69.65 3.49 4.94 7.84 16.56 86.28
1% to 3™ 3 0.61 82.66 2.52 3.57 5.67 11.96 62.31
2M o 4 3 0.46 71.54 477 6.76 10.74 22.67 118.13
31 o 5t 3 0.59 81.34 2.75 3.90 6.19 13.08 68.13
4% o 6™ 3 0.60  81.82 2.67 3.78 6.00 12.66 65.97
1% to 4™ 4 0.53 81.71 3.58 5.07 8.06 17.00 88.62
2nd o 5 4 0.52 81.41 3.65 5.18 8.22 17.36 90.43
3" o 6t 4 0.60  85.75 2.66 3.77 5.98 12.63 65.79
1%to 5™ 5 0.54  85.66 3.35 474 7.53 15.90 82.84
2" o 6 5 0.55 85.68 3.34 474 7.52 15.88 82.73
1*to 6™ 6 0.56  88.22 3.20 4.54 7.21 15.22 79.30

Table 3 Estimates of the coféients of repeatability f ) and of determinationRf) and of the number of measuremen@oo, by the

method of analysis of variander fruit yield data of 20 custard apple progenies grouped in biennia

Nr. of measurements to obtain R2

Biennia Nr. of growing ; r2 %)
seasons 80 85 90 95 99
1stond j3rd_gth 2 0.34 51.25 7.62 10.79 17.14 36.18 188.53
3 _gth /5th_gth 2 0.78 87.77 1.1 1.58 2.51 5.29 27.57
15t pndj3rd _gth 5th_gth 3 0.54 78.00 3.39 4.79 7.62 16.08 83.79

Table 4.Estimates of the cofi¢éients of repeatability f ) and of determinationR®) and of the number of measuremen@oo, by the

method of principal components for fruit yield data of 20 custard apple progenies grouped in biennia

Nr. of measurements to obtain R2

Biennia Nr. of growing 7 Rr? %)
seasons 80 85 90 95 99
1stpnd /3rd_gth 2 0.50 66.34 4.06 5.75 9.13 19.28 100.47
3 _gth /sth_gth 2 0.82 89.84 0.90 1.28 2.04 430 22.39
1t _pndj3rd _gth /5th_gth 3 0.63 83.80 2.32 3.29 5.22 11.02 57.42

decrease the biennial effects in custard apple and that B&ine plant. Thus, the reliability in the selection of the best
increases the magnitude and accuracy of repeatabil@ystard apple progenies, based on the phenotypic value,
estimates. may be higher depending on the biennia to be considered,
The coefficient of determination expresses thsince the accuracy was improved in the analysis of the
accuracy in predicting the actual plant value and theecond with the third, &NOVA as well as PC.
repeatability coefficient represents the consistency of In Robusta coffee, Fonseca et al. (2004) found that
genotypic superiority in successive measurements of tfeur crops are sufficient for an effective selection of
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superior plants. The results were extrapolated to six crofigr 99%, which would be impractical from the standpoint
leading to a small gain in accuracy of individual real valu@f genetic improvement. The time and cost invested in
indicating that the sixth harvest did not contributeelation to the desired accuracy should therefore be taken
significantly to increase accuracyonsequentia higher into consideration.

number of measurements is not linearly related to an  The results show that the estimates resulting from
increased accuracy of the actual plant value, and it wowdshalysis of repeatability based on biennial data are higher
take a great number of samples to make the accuracy increasa those with individual years, and that four biennia are
significant. In this study the second and third bienniuraufficient for an effective selection of custard apple
were considered, and it was observed that a level of 95@fogenies. Moreovelthe estimates of PC analysis are
reliability can be achieved by approximately fiveaccurate even in the first growing season, uMiK©VA.
measurements, while 23 measurements would be required

Repetibilidade e niimero de colheitas para a selecao de
progénies de pinheiras

RESUMO - Este trabalho teve como objetivos estimar o coeficiente de repetibilidade e determinar o nUmero minimo de
colheitas necessarias para a sele¢do acurada para produtividade de frutos em pinheira. Foram avaliadas 20 progénies no
delineamento em blocos ao acaso com cinco repeti¢cdes, com quatro plantas por parcela. Os frutos foram colhidos, contados
e pesados a cada dois dias durante o ano inteiro. As estimativas dos coeficientes de repetibilidade foram obtidas pelos
métodos da analise de varianciANAVA e de componentes principais -.@Rinalise de epetibilidade com dados acumulados

em biénios apresentou estimativas superiores as obtidas utilizando anos individuais. O método CP gerou estimativas acuradas
mesmo nas primeiras colheitas, déatemente do método @dNAVA. Quatio biénios foram suficientes para a seleg¢édo
acurada de progénies de pinheira.

Palavras-chave Herdabilidade, componentes principafnona squamoda
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