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AssTrAcT. Breeding values (BVs) for four plant (bloom date, fruit development period, fruit density, and blind node
propensity) and five fruit (weight, blush, shape, soluble solids, and titratable acidity) traits of 28 peacRiunus persica
(L.) Batsch (Peach Group)] genotypes used as parents in the Texas A&M University peach breeding program were
predicted using best linear unbiased prediction (BLUP). Data from seedlings of 108 families developed from 42 peach
parents were analyzed by using a mixed linear model, with years treated as fixed and additive genotypes as random
factors. The precision of the predictions was high for most parental genotypes, as indicated by the correlationg)(r
between predicted and true BVs and the standard error of the predictions (SEP). In most cases, the higher the number
of progeny, the better the agreement between predicted and true BVs for that parent. Parents with observations from
more than 30 seedlings had a+=0.90 and smaller SEPs. For all traits analyzed, the lowest precision (low and high
SEP) was observed for ‘Flordaking’, whose predicted BVs was based only on pedigree information.

The simplest method of selecting superior individuals asd true breeding values, and when the model has been correcthys
parents in a breeding program is to choose them based on theiameterized, it maximizes the probability of correctly ranking
own performance. For highly heritable traits, this procedureany two individuals (Taylor, personal communication). How-
more efficientthan any other procedure (Falconer, 1989; Hansehesr, to our knowledge this procedure has not been used widelys
1983). Nevertheless, the efficiency of phenotypic selectionantside of animal and forest tree breeding, and to date only oneg&
discriminating among superior individuals decreases as the hegport on its application in fruit crops was found in the literature.
tability decreases, and becomes very inefficient for traits with I®LUP was used to estimate the general combining ability (GCA)
heritability values (Falconer, 1989; Hansche, 1983; Hesse, 1985)d the specific combining ability (SCA) effects for date of
Other procedures of parent selection such as those basedpmming in applesNlalus sylvestrigL.) Mill. var. domestica
progeny testing (Cotterilland James, 1984; Pepper and Namko®&uagkh. Mansf.] (Tancred and Zeppa, 1995).

1978; Wilcox and DeLorenzo, 1983), combining ability estima- BLUP assumes that genetic values are unobservable randomg
tions (Cox and Frey, 1984; Gordon 1980), and direct predictiefiects and that genetic variances and covariances are knownz.
of breeding values (Henderson, 1977, 1983; White and Hod§@ce for the latter assumption this is never the case, this tech-2
1988) are more reliable than selection based on phenotype amilyye is in practice only an approximation of BLUP (Kennedy,
and are especially suitable for ranking superior individuals f881). However, under normality, replacing the unknown vari-
traits with low heritability (Falconer, 1989). ances by their restricted maximum likelihood (REML ) estimates

At first, progeny testing appears to be the ideal methodretults in a very close approximation of BLUP (Gianola et al.,
parent selection and the easiest to evaluate potential par&ags).
because the mean additive genetic value of an individual iswhite and Hodge (1989), White et al. (1986), and Huber
directly sampled in the individual’s offspring. In practice, how:L994) have addressed the application of BLUP to forest tree <
ever, it has the serious disadvantage of increasing the generatiggrovement programs. Since fruit and forest trees share several<
interval, because the parents cannot be selected until the offspcmrmgmon breeding difficulties (long generation time and large
have been measured (Falconer, 1989). In fruit tree and nut crppest size), prediction of breeding values could be a suitable
which normally are long generation crops and require large areption for fruit tree crops, where selection is based mainly on
for plant evaluation, this is a major disadvantage of progeimglividual performance. To illustrate the use of BLUP, the
testing (Hansche, 1983). breeding values of 28 peach genotypes used as parents in

Parent selection based on their predicted breeding valuesgrasiously reported genetic study (Souza et al., 1998a, 1998b)
been applied commonly in animal breeding using the best lineare calculated for 9 traits and are discussed in this paper.
unbiased prediction or BLUP (Henderson, 1977, 1983). In con-
trast to the other procedures, BLUP makes use of all information Materials and Methods
on individuals for which records of phenotypic values and pedi-
gree are available. Regardless of distribution of the data point©One hundred and eight families from crosses among 42
collected, BLUP maximizes the correlation between predictpdrents (1178 seedlings) were evaluated in 1993, 1994, and 1995.
S Although 13 fruit traits and 6 plant traits were evaluated (Souza
Received for publication 23 Feb. 1999. Accepted for publication 27 Mar. 20@t. al., 1998a, 1998b), data for only 9 traits (fruit density, blind
This paper represents a portion of a PhD dissertation in plant breeding submjiigele propensity, date of full bloom, fruit development period,
by the senior author. The cost of publishing this paper was defrayed in part b)ﬁt weight, percent soluble solids concentration (SSC), fruit
payment of page charges. Under postal regulations, this paper therefore muﬁ%réetable acidity, fruit blush, and fruit shape) are presented in this

hereby markeaddvertisemensolely to indicate this fact. . . ;
Current address: EMBRAPA/CPAMN, Cx. Postal 1, Teresina, PL, Brazil. paper. The resulting nine traits measure all of the characters
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studied initially in the previous genetic studies and represeris the random vector of residuals of length N; and

important commercial traits for peach improvement. Of these u 0 u AG? 0
traits, three had moderate to high heritabilities>(h65; date of _ _ a

. 4 X E = and Va =
full bloom, fruit development period, and fruit blush) whereas six 0 v 0 162
had low heritabilities (h<0.45). The heritability estimated for all !

the traits was in the narrow sense (Henderson, 1977, 1983). Th&he predicted breeding values were obtained by using best
seedlings were 3 and 4 years old when evaluated except for thiosar unbiased prediction (BLUP) (Henderson, 1977, 1983). The
evaluated for blind node propensity of which 45% were evaluaf@@cedures were as described by Boldman et al. (1995) and Souza
at 4 and 5 years of age (Souza et al., 1998a, 1998b). Of thetd. (1998a).

parents analyzed in the initial study, only 28 are discussed herein

to simplify the presentation. A detailed description of the plant Results and Discussion
materials used in this study and a complete description of the
evaluation procedures are in Souza et al. (1998a, 1998hb). Correlations between the predicted and true Bysdnd the

SramisTicAL ANALYsIs. With the exception of fruit titratable standard error of the predictions (SEP) over all the traits consid-
acidity and fruit blush, the data were transformed (Box and Cexed herein indicate precise predictions of BVs for most parents 5
1964) to improve normality. The predicted breeding values weiieble 1). The greatest precision was for the parents with the £
transformed back to the original scale (Souza et al., 1998a). highest number of seedlings. Those with more than 30 seedlingsz

e

The analyses were performed using the following mixed lindzad a meanyof at least 0.90 and lower SEPs. ‘Flordaking’ had 2
model: the lowest precision, since its breeding values were estimated=
y =XB + Zu + 2v + e, wherey is the vector of observations ofonly from pedigree information. g
length N;B is a vector of length p containing fixed effectss a The best parents for individual traits are easily selected (Table =
vector of length g containing random effects (breeding values®) from their individual BVs for the traits. Thus, for early bloom S
is a vector of length g containing uncorrelated random perman@mbpic Beauty’ is best, for low fruit development period (FDP) =
environment and nonadditive genetic effects; X is the known'Gloldcrest’ and ‘Springold’ are best, for high fruitweight TX3588- =
X p matrix relating observations in Y to element§;iZ is the 2 is best, for high SSC ‘Dixiland’ and ‘Redskin’ are best, and so
known Nx g matrix relating observations in Y to elements;in on. Unfortunately the breeder’s job is to combine the best values;&
Q
Table 1. Chilling requiremerthumber of crosses and seedlings evaluated, and range and mgéor @fach parent. g
No. of No. of Range g‘;
Chilling crosses/ seedlings/ of Mean %
Parent requiremeht parent parent Ny I 3
Brighton 750 6 75 0.90-0.96 0.93 ‘5
BY9-1041 750 2 22 0.80-0.93 0.87 5
Carymac 750 3 30 0.82-0.93 0.87 %
Cherrygold 650 5 52 0.89-0.96 0.93 8
Dixiland 750 4 45 0.87-0.95 0.91 S
Earligal 600 8 67 0.91-0.96 0.93 g
Fireprince 850 8 89 0.93-0.97 0.95 3
Flameprince 850 1 15 0.85-0.91 0.88 %
Flordacrest 350 5 52 0.89-0.96 0.92 Q
Flordaking 450 0 0 0.57-0.60 0.58 g
Gaschina Nov. 750 6 67 0.91-0.96 0.94 &
Goldcrest 750 2 30 0.83-0.94 0.89 -
Goldprince 650 10 99 0.92-0.97 0.95 ol
Juneprince 650 9 113 0.93-0.97 0.94 8
Loring 750 4 38 0.86-0.94 0.91 2
Redskin 750 2 20 0.78-0.92 0.85 §
Scarletpearl 750 2 20 0.60-0.85 0.77 @
Springold 850 5 70 0.91-0.96 0.94
Stoneyhard 850 1 7 0.62-0.85 0.72
Summerprince 800 12 117 0.93-0.97 0.95
Sunland 750 5 70 0.90-0.96 0.93
TexRoyal 650 21 243 0.95-0.97 0.96
Texstar 550 1 10 0.69-0.88 0.78
Tropic Beauty 150 5 53 0.91-0.96 0.93
TX3189-1 550 7 82 0.91-0.96 0.94
TX3588-2 550 4 50 0.87-0.95 0.91
Y11-5 550 3 45 0.91-0.95 0.93
Y4-55 650 5 65 0.90-0.96 0.93

“Chilling requirement (CR) measured in chilling units as estimated by the relative blooming time of standard cultivarsn@@(R56aCR),
Flordaking (450 CR), Texstar (550 CR), JuneGold (650 CR), Harvester (750 CR), and Springold (850 CR).
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of all the traits into one individual. Thus, these data need toibadvertently, have taken. This is reflected in the fact that the

examined from a multitrait perspective.

early ripening cultivars are the earlier blooming cultivars in areas

EARLY RIPENING AND LARGE-FRUITED GENOTYPES. In the me- such as the San Joaquin Valley of California.

dium and low chill stone fruit production regions one of the major Among the genotypes in this study that have a predicted BV
objectives is the development of large fruited (fruit weight >1068ss than —10 for FDP, most also have negative BVs for fruit
g), early ripening (FDP <80 d) peach cultivars. Unfortunatelyeight. The best parent for this double objective would be
there is a negative correlated response for fruit weight wh&oldprince’. It has a high negative BV for FDP (-11.7) and a
selection is for early ripening genotypes (Souza et al., 1998msitive BV for fruit weight (5.2). Other possible parents would
This correlated response#80% (—4.6 g) of the response exbe those that either have a near zero BV for fruit weight and high
pected from direct selection for fruit weight (14.2 g). Thisegative BV for FDP (‘Springold’, ‘Cherrygold’, ‘'Summerprince’,
correlated response can be somewhat alleviated by also seletBogrlet Pearl’ and ‘Texstar’) or a high positive BV for fruit
for earlier bloom, which has a positive correlated response fegight and a near zero BV for FDP (TX3588-2, BY9-1041,
fruit weight (Souza et al., 1998b). This is the approach that pedatring’, and ‘Sunland’). These results reveal that genetic corre-
breeders in regions where an earlier bloom is possible, perhagisns indicate only general tendency (Hill and Leath, 1975).

)
Table 2. Predicted breeding values (BV), and standard error of the predictions (SEP) of 28 peach genotypes for full bldbdedatepment period, %
fruit weight, soluble solids, titratable acidity, fruit blush, fruit shape, fruit density, and blind node propensity. 9
Q.
Date 2
of Fruit Blind 3
full dev. Fruit Soluble Titratable Fruit Fruit Fruit node i
bloonY period wt” solidg acidity* blusH shapé density propensity 13
Genotype BV SEP BV SEP BV SEP BV SEP BV SEP BV SEP BV SEP BV SEP BV SEP -E
Brighton 51 21 42 6.7 -0.3 43 -085 053 -034 034 064 057 “-08.2 0.39 0.5 3.7 2.9 (§D'
BY9-1041 2.1 30 -01 9.4 109 6.1 13# 075 033 048 051 081 a5 03 0.79 0.22 12 24 -8
Carymac 3.0 3.0 4.1 9.5 1.0 6.1 067 075 -030 048 080 082 -02 03 1-1@21 -54 39 ‘é“
Cherrygold -1.4 23 -1614 7.2 =29 47 -043 058 -0.12 037 146 061 -03 0.2 059 0.16 1.9 3.1 %
Dixiland 7.9 24 166 7.9 3.8 5.2 380 063 094 041 -3.03 068 -05 02 -019 018 -338 3.3 3
Earligal 7.1 21 -199 68 -118 44 -217 055 -073 035 191 058 -04 0.2 -051015 -23 0.6 9‘;
Fireprince 8.0 20 -1.9 6.5 5.1 39 -015 047 -08D30 0.78 054 -05 0.2 0.17 0.14 3.9 25 °
Flameprince 7.7 3.2 1115 10.6 -7.3 3.9 10t 047 032 030 -125 085 -0.1 03 -0.03 020 1%1 35 ?D-
Flordacrest -18.83 2.2 -54 7.2 5.1 48 -020 059 01660.39 252 0.62 0.4 0.2 112 0.16 1.0 1.0 g
Flordaking —12.7. 6.6 -7.2 220 -34 9.7 -044 115 ™54080 198 1.70 0.3 0.5 053 041 -30 6.2 _8
Gaschina 2
Novembre 154 2.2 95.5 7.0 -7.0 43 -095 053 037 034 -319 059 -08 0.2 122 015 109 28 §
Goldcrest 0.5 27 -393 85 -9.9 57 -018 0.70 -048 044 3850.73 0.3 0.2 198 020 244 39 g
Goldprince -2.5 20 -11.7 6.5 5.2 40 -0.92049 025 031 122 054 -03 0.2 -0600.14 -25 2.6 f,
Juneprince 3.7 20 -98 6.4 2.7 40 -082 05 -002 032 057 054 -04 0.2 -0.06 0.28 -0.04 2.4%
Loring 1111 25 -11 8.5 9.5 5.4 025 066 -090 042 -170 072 -09 02 -170 017 -4.0 3.1 §
Redskin 7.9 3.1 17133 10.0 10.k 6.6 256 081 -005 052 -220 087 03 03 -159 0.22 25 4.2 N
Scarletpearl 1014 4.0 -12.0 13.0 0.4 7.5 044 090 017 060 209 109 -01 03 -037 0.28 2.4 4.8 .E
Springold 25 22 -28i7 7.1 -5.1 44 -043 054 024 035 2170060 -0.1 0.2 157 0.16 83 29 ;%
Stoneyhard 156 4.2 15.6 134 1.8 8.4 0.82 102 -348 067 -349 116 -08 03 -080 030 -6.2 54 «
Summer =
prince 2.5 20 -131 6.3 2.2 39 -037 047 -0.20 0.30 13.0253 08 0.2 005 014 44 2.6 3
Sunland 100 22 41 6.9 120 45 066 055 -034 035 124 059 -01 0.2 1.00 016 -3.0 3.1 g
TexRoyal -3.6 17 -6.9 5.6 -2.9 32 -056 039 607D25 164 046 0.3 01 -042 012 -6821 §
Texstar -1.0 38 -11.7 119 -2.6 7.7 -113094 -069 061 085 104 -06 03 106 027 -48 3.8 A
Tropic
Beauty -34.4 23 0.6 7.3 -3.0 46 -0.36 057 1140037 249 0.62 1.6 0.2 139 016 -96 29
TX3189-1 -134 21 -178 6.7 -182 42 -12%7 052 -049 033 27 0.57 0.955 0.2 196 014 41 2.8
TX3588-2 -1.2 2.3 -1.2 7.5 240 51 172 063 028 040 -0.29 0.65 0.6 0.2 0.44 0.16 4% 3.3
Y11-5 -7.1 24 -6.1 7.6 0.1 44 -051 054 049 035 060 0.63 0.3 0.2 0.45 0.16 | -9&89
Y4-55 0.5 22 -19p 70 -122 45 -047 056 048 036 103 059 -0.1 0.2 077 016 1473.0

ZIn the original scale, date of full bloom is expressed as the number of days from 1 Jan.; fruit development period irfdélyofronto first ripe; fruit weight in grams;
percent soluble solids; titratable acidity in efLtbf juice; fruit blush (0 = 0% to 9% red color, 9 = 90% to 100% red color); fruit shape (4 or lower = large suture bulge,
large and pronounced tip, 9 = round or slightly oblong fruit with no suture or tip); fruit density is expressed as nunitsgresf20 cm of 1-year-old shoots; blind node

propensity as a percentage of blind nodes.

YResults transformed back to the original scale.

*Variable not transformed.

W) = large negative BV and = large positive BV.

YUsed as standard cultivar for determining time of blooming and ripening.
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Therefore, the presence of a high genetic correlation betweenand high SSC peach cultivar is difficult due to the negative
traits does not necessarily mean that these traits must increasemelated selection response of SSC to selection for early ripen-
decrease together or vice versa. ing (Souza et al., 1998b). In fact, among the parents with a high
To be commercially viable, these genotypes, also need to haggative BV for FDP (BV less than —10), ‘Scarlet Pearl’ is the
attractive fruit (high red blush, round shape), fruit with goaghly one with a positive, although small, BV for SSC. In this case,
flavor (SSC >15%) and moderate titratable acidity (betweent& negative correlated response is equal to the response to direct
and 8 meq malic acid/mL juice), and the tree must be productsedection for higher SSC. Thus, the best approach would probably
[fruit density=1.3 fruit per 20 cm and a low propensity (<40%be to use those genotypes that have a high positive BV for SSC
for blind node development]. and little effect on FDP (TX3588-2 and BY9-1041). Neverthe-
ATTrACTIVENESS. All of the 10 potential parents for developiless, within this germplasm base, it may be impossible or at least
ing large fruited, early ripening cultivars have positive or nearery difficult to select simultaneously for short FDP and high
zero BVs for blush except for ‘Loring’. Of these, six had BVs f@SC. Perhaps the best approach would be to lower the titratable
blush >1.0 and three >2.0 (‘Springold’, ‘Summerprince’, aratidity of the short FDP genotypes so the sugar:acid ratio is
‘Scarlet Pearl’). Only three had positive BVs for fruit shapealanced to allow full expression of the sugars present. This
(‘Summerprince’, TX3588-2, and BY9-1041) with the othershould be relatively easy since selection for early ripening tends o
either near-zero (‘Goldprince’, ‘Springold’, ‘Cherrygold’, ‘Scarto lower the titratable acidity of the population (Souza et al.,
let Pearl’, and ‘Sunland’) or highly negative (‘Loring’ andl998b).
‘Texstar’). The best parent for these traits is ‘Summerprince’ thatProbucTiviTy . Given that the mean value for fruit density is
has a high positive BVs for both blush and shape. Other useftdater than the required density for a full commercial crop (2.0
materials would be those with a near zero BV for fruit shape ared 1.3 fruit/20 cm) and the mean percentage of blind nodes is
high positive BV for blush (‘Goldprince’, ‘Springold’, lowerthan the desired minimum level (34% vs. 40% blind nodes),
‘Cherrygold’, ‘Scarlet Pearl’, and ‘Sunland’) or conversely witkhere is little need to select for fruit density or against blind node
a high BV for fruit shape and a near zero BV for blush (TX358Bropensity (Boonprakob et al., 1994; Byrne, 1986; Souza et al.,
2, and BY9-1041). ‘Loring’ as a parent would produce progei@98a; Werner et al., 1988).
with poorer than average values for both fruit shape and blush.FuLL BLoom paTE. The date of full bloom is flexible as long as
Fruir QuaLity . Good flavor is a concept that is difficult tothe genotype is productive. In areas where frosts during full
define and consequently difficult to select. Nevertheless, mapdoom are not a production constraint, early blooming can be
factors in determining fruit flavor are SSC and titratable acidityombined with short FDP to develop earlier ripening genotypes.
The goal of the Texas A&M University stone fruit breedin@here are four genotypes that have high negative BV for date of
program is to develop peach cultivars with a SSC >15% antul bloom: ‘Tropic Beauty’, ‘Flordacrest’, TX3189-1, and
moderate level of titratable acidity (6 to 8 meq malic acid/mElordaking’. Of these, only TX3189-1 has a highly negative BV
juice) (Byrne et al., 1991). This should give an acceptable suffarfruit weight whereas the others are near zero. The remaining-:

awid ylewlarem-jpd-awirid;/:sdiy wol papeojumo

d

to acid balance and allow picking of the fruit at a firm stadlree all have near-zero to slightly negative BVs for SSC, FDP, &
without excessive acidity. The goal of developing a short F@Rd blind node propensity, and positive to highly positive BVs for &
o
Q
Table 3. Selection indic&®r three trait groups and three parental groups for breeding early ripening commercial peach cultivars adapted to mec%un
and low chill regions. g
Potential Early and f\)
parent sizé Attractiveness Quality” Composité o
High negative BV for FDP and positive or near-zero BV for fruit weight §
Goldprince 415 2.8 -17.6 26.7 S
Springold 39.6 14.7 -10.1 44.2 @
Cherrygold 255 4.3 -4.7 25.1 <
Summerprince 17.1 27.1 2.6 41.6 2
Scarlet Pearl 15.1 11.0 4.1 30.2 3
Texstar 16.6 -3.9 —6.6 6.1 8
Near-zero BV for FDP and high positive BV for fruit weight *
TX3588-2 75.6 7.3 216 104.5 ’
BY9-1041 30.8 10.6 15.6 57.0
Loring 19.6 —23.7 17.3 13.2
Sunland 34.2 5.9 15.0 55.1
High negative BV for bloom time
Tropic Beauty 26.6 38.9 —26.4 39.1
Flordacrest 13.8 211 -12.9 22.0
Flordaking 16.9 16.4 -14.7 18.6
TX3189-1 5.6 30.1 —26.4 -1.9

“Selection index 3 (BV x weighing factor).

YEarly and size = weighing factors for FDP (—7.5 d), fruit weight (5 g), and bloom time (-15 d) are —2.0, 3.0, and —1\@&hgspecti
*Attractiveness = weighing factors for blush (2.5 units), and shape (1.0 unit) are 6 and 15, respectively.

wQuality = weighing factors for soluble solids (1.0%), and titratable acidity (—1.0 metj-an& 15 and —15, respectively.
YComposite is the sum of the three other columns.
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Table 4. Simple linear correlation$ ¢f predicted breeding values (BV) parent for most of the quality traits.
on parent phenotypic values for nine plant and fruit characteristics of The wide range in the predicted BVs for most traits and the
peach. failure of any given genotype to be outstanding for all characters,
suggests that before choosing the best individuals as parents, the
breeder should weigh each trait carefully according to his goals.

Simple linear correlatiorr)

Characteristic 1993 1994  Overall Theoretically, the most efficient option is the selection index
Date of full bloom 0.86 069 085 (Falconer, 1989), where the predicted BV for each traitis properly
Fruit development period 0.82 0.78** 0.80 weighted according to their relative economic importance. The
Fruit weight 0.3F 0.29° 0.13°  index is constructed to improve the aggregate breeding value,
Soluble solids 0.67**  0.67** which is a particular combination of all the characters to be
Titratable acidity 0.4% 0.44°  improved (Falconer, 1989). One difficulty in applying the selec-
Fruit blush 0.90* 0.78" 08T  tjonindex in peach is the lack of a procedure to effectively weigh
Fruit shape 0.27 0.27°  the characters of economic importance. An option could be to
Fruit density 0.2 0.16° 0.17°  establish the economic weight considering the proportionality of
Blind node propensity 0.12 - 014%  the characters involved (Baker, 1986). For example, in the case of
R 77 Nonsignificant or significant & < 0.05, 0.01, or 0.001, respec-developing an early ripening peach cultivar, the three most £
tively. important traits would be FDP, fruit weight, and time of bloom. %

For these traits, it could be argued that a decrease of 7.5d in FDP%
blush, shape, titratable acidity, and fruit density. ‘Tropic Beautg'’5-g increase infruitweight or a 15-d decrease in bloomtime all =
would be the best parent for early bloom, high blush, and roural/e the same economic value. Thus, to give them the same valug
shape without adversely affecting the FDP or fruit size but it aisdhe index, these traits would be assigned the relative weights of =
transmits higher titratable acidity, which is undesirable especiallg.0, 3.0, and —1.0 respectively. This approach can be used forth@
in the early ripening genotypes, which have lower soluble soligsits related to attractiveness (blush and shape) and quality (SSC5
than the later ripening genotypes. ‘Flordacrest’ and ‘Flordakingnd titratable acidity). For these traits equivalent economic values %‘
would also be useful as they would not increase titratable acidityuld be an increase of 2.5 units of blush (scored from 0 = 0% to ©
to the extent that would ‘Tropic Beauty’ but these parents woul@% and 9 = 90% to 100% blush), 1.0 unit of shape (scored on a-
be less effective in transmitting desirable fruit shape and ealjo 9 scale), 1% in SSC, or a decrease of 1 meq malic acid/mL i |nm
blooming than would ‘Tropic Beauty’. titratable acidity. Hence, the respective weighing factors would

L ATE-BLOOMING GENOTYPES FOR THE LOW- AND MEDIUM -CHILL  be 6, 15, 15, and —15 (Table 3).
PRODUCTION ZONES. In production zones where frosts during The composite indices for early/size, attractiveness, and qual-
bloom are probable, later blooming cultivars generally fruit moity simplify parental choice and help understand the limitations of
consistently (Okie, 1998). There is a general association betwt#egs germplasm (Table 3). The early/size index allows direct
date of full bloom and chilling requirement in peaches (Mufiozamparison of the various combinations to obtain this goal and
al., 1986; Sherman and Rodriguez, 1987; Topp and Sherniadicates thatthe better parentswould be ‘Goldprince’, ‘Springold’,
1989) and consequently relative bloom time is used commonly@herrygold’, TX3588-2, BY9-1041, ‘Sunland’, and ‘Tropic
estimate the chilling requirement of peach genotypes and thgdauty’. Within these parents there is a wide range in both
zones of adaptation (Sherman and Rodriguez, 1987). Althowdtiactiveness (‘Tropic Beauty’ with 38.9 to ‘Goldprince’ with
many later blooming genotypes fruit poorly under medium chill8) and quality (TX3588-2 with 21.6 and ‘Tropic Beauty’ with
conditions either due to insufficient chilling to break dormancy e£26.4). The best parents for fruit quality are among those with
due to higher temperatures during late versus early blooearzero BV for FDP and high positive BV for fruit weight, while
(Edwards, 1987), there are some peach cultivars that bloom th&eparents with the poorest quality have either high negative BVs
and still set as heavily as earlier blooming genotypes (Byria; FDP or high negative BVs for bloom time. In contrast, the
unpublished data; Zebge and Rumayor, 1995). parents with the best attractiveness have high negative BV for

Several peach breeding programs are trying to develop lak@om time.
blooming peach genotypes adapted to their medium chill produc-There is no parent that has highly desirable BVs for all the
tion areas to overcome production constraints of damaging cohdts. Several parents have good selection index values for early/m
weather during bloom (Perez, personal communication; Rasesiae and high attractiveness that would indicate that developmg Q
personal communication; Van Rooyen, 1988). If bloom time wasmmercial cultivars with desirable combinations of these traits 8
strongly associated with chilling requirement, this would not Iskould not be difficult. Unfortunately, these parents do not have
possible. As with many associations, there are exceptions antiét desired quality characteristics. Thus, it will be difficult to
does appear possible to select for high fruit density and latembine all three groups of traits into one cultivar with the present
bloom. Among the genotypes considered herein, two have bgédimplasm. The appropriate approach would be to intercross
high BV for late bloom (10.0 and 15.1 d) and high fruit densiselected parents from each group with complementary and over-
(2.0 and 1.2 fruit/20 cm): ‘Sunland’ and ‘Gaschina Novembrall positive indices, followed by selection and intermating of the
respectively. The other genotypes that have a BV for late blopnageny for two or three generations.
>7 d (‘Stoneyhard’, ‘Loring’, ‘Scarlet Pearl’, ‘Fireprince’, Although BVs are useful to quantify the relative breeding
‘Redskin’, ‘Dixiland’, and ‘Flameprince’), have either a nearvalues of specific genotypes and to help analyze breeding diffi-
zero or a negative BV for fruit density (Table 2). Althougbulties, the use of phenotypic values to select parents among fruit
‘Gaschina Novembre’ is an excellent parent for the combinatibreeding is more common since it is much easier information to
of late blooming, late ripening, and high fruit set, it would beallect. In general, if the narrow sense heritability is high,
poor parent for fruit quality traits such as good shape, high lection based on phenotype is effective (Falconer, 1989;
blush, large size, or high SSC. ‘Sunland’ would be a much bettiansche, 1983). In this study, three traits (date of full bloom, fruit
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development period, and fruit blush) had narrow sense heritabiWest Lafayette, Ind.
ties >0.65. The predicted breeding values of these three trHgderson, C.R. 1977. Best linear unbiased estimation and prediction
were well correlated with their parental phenotypic values (Tablender a selection model . Biometrics 31:423-447.

4), indicating that the less expensive approach of using phelﬁgrjderson, C.R. 1983. Estimation of variances and covariances under
' . . ; ; ultiple trait models. J. Dairy Sci. 67:1581-1589.
typic selection would be effective. This reflects the relative eal_sl'é'sse] C.0. 1975. Peaches, p. 285-335. In J. Janick and J.N. Moore

O.f mar."pUIat'.ng these traits In a breedlng pOpUIa‘.t'on' The Othe('éds.). Methods in fruit breeding. Purdue Univ. Press, West Lafayette,
six traits (fruit weight, SSC, titratable acidity, fruit shape, fruit,4

density, blind node propensity) have low narrow sense heritahjiliy R.R., Jr. and K.T. Leath. 1975. Genotypic and phenotypic correla-
ties and generally had poor correlations between the predict@éns for reaction to five foliar pathogens in alfalfa. Theor. Appl. Genet.
breeding values and parental phenotypic values. The only chars:254-258.

acter that had a significant correlation was SSC but unfortunatiiyper, D.A. 1994. Optimal mating designs and optimal techniques for
only 1 year of data were available (Table 4). For these traits, tm@alysis_of quantitative traits in forest genetics. PhD diss. Univ. Fla.,
BV would give a better ranking of the genetic value of the parenfgainesville. _ o -
than would their phenotypic value and, therefore, the selectlgnnedy, B.W. 1981. Variance component estimation and prediction of

- ; : . breeding values. Can. J. Genet. Cytol. 23:565-578.
eg:mency would be enhanced and the genetic gain more pred!lﬁ-ﬁoz CgG J. Sepulveda, J Garzia-Huidobro and W.B. Sherman
able. LG, J v Je , .B. .

| d mid-chill h breedi in th 1986. Determining thermal time and base temperature required for fruit
Most low- and mid-chill peach breeding programs in th&jeyelopment in low-chill peaches. HortScience 21:520-522.

United States use multiple, but independent selection programfe, w.R. 1998. Handbook of peach and nectarine cultivars: Perfor-
for each trait. In these programs, breeders are usually aware of tignce in the southeastern United States and index of names. USDAZ.
difficulties resulting from undesirable genetic correlations amonggr. Hdbk. 714. S
traits. However, little attention has been focused on findiRgpper, W.D. and G. Namkoong. 1978. Comparing efficiency of bal- =
solutions or ways to alleviate these difficulties, and improve thenced mating designs for progeny testing. Silvae Genet. 27:161-169.
efficiency of their work. The results discussed in this papaheérman, W.B.and J. Rodriguez. 1987. Breeding of low-chill peach and =
indicate that parent’s predicted BVs can be used to select the ggﬁgtarme for mild winters. HortScience 22:1233-1236.

individuals and to manage problems due to undesirable gen za, V.A.B., D.H.Byrne, and J.F. Taylor. 1998a. Heritability, genetic o
correlations and phenotypic correlations, and predicted selection response of sev-3
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