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Asian pear tree breeding for subtropical areas of Brazil.

Abstract — Introduction. In Sao Paulo State in Brazil, there is a demand for pear tree varieties that
present fruit complementary characteristics and high adaptation for a subtropical-tropical climate.
Thus, our study aimed at evaluating variety selections with better fruit quality and mainly adapted
to the different areas of the Sao Paulo State. Materials and methods. Crosses among Asian [Pyrus
pyrifolia (Burm.f.) Nakai] and European (P. communis L.) pear cultivars were made in Brazil from
1992 to 1998 aiming at finding new pear types for subtropical areas of the country. The first inter-
specific hybrids of the IAC pear breeding program were planted in various regions of Sao Paulo State,
at latitudes from 21° 11’ S to 24° 11’ S and (11 to 200) chilling units (CU). About 20 phenological
characteristics were evaluated. The hybrids and their parents were genetically characterized through
RAPD markers. Results and discussion. In the progeny of ‘Okusankichi’ X ‘D'dgua’, the mean age
for the first bearing and fruit development period (FDP) were 3.8 years and 137 days, respectively.
The fruit characters early ripening, rounded shape, russet-brown skin and crisp flesh were dominant
in all crosses of Asian X Asian and Asian X European pear trees. Twenty-six hybrids were selected,
of which twelve are still being tested in a subtropical-tropical climate (0-80 CU). Their main char-
acteristics are fruit with rounded, oblate, oblong or pyriform shapes, russet-brown or green skin, and
crisp or soft flesh, and plants with medium-high vigor, an upright-spreading form and a fruit devel-
opment period of from (110 to 160) days. Conclusion. The precocity of hybrids is highly dependent
on the parental characteristics and the environmental conditions. A fruit development period close
to that of the earliest parent was obtained. In F1 generations from crossings among Asian and Euro-
pean pears, certain characteristics were dominant. The RAPD analysis was efficient at identifying cul-
tivar genotypes, selections and hybrids of pear from different botanical groups.

Brazil / Pyrus communis / Pyrus pyrifolia/ hybrids / tropical zones /
adaptation / climatic factors / cold / pomology / RAPD

Sélection de poiriers asiatiques pour les régions subtropicales du Brésil.

Résumé — Introduction. Dans I'état de Sao Paulo au Brésil, il existe une demande pour des variétés
de poiriers qui présenteraient des caractéristiques de fruit complémentaires et seraient bien adaptées
aux climats subtropical et tropical. Notre étude a donc cherché a évaluer des variétés sélectionnées
ayant une bonne qualité du fruit tout en étant spécialement bien adaptées aux différents environ-
nements de ['état de Sao Paulo. Matériel et méthodes. Des croisements entre des cultivars de poi-
riers asiatiques [Pyrus pyrifolia (Burm.f.) Nakai ] et européens (P. communis L.) ont été effectués au
Brésil de 1992 a 1998 afin de trouver de nouveaux types de poiriers pour les régions subtropicales
du pays. Les premiers hybrides interspécifiques de poiriers créés par un programme d’amélioration
de I'TAC ont été plantés dans diverses régions de I'Etat de Sao Paulo, situées entre les latitudes de
21° 11' Sa 24° 11' S et présentant (11 a 200) unités de froid (UC). Environ 20 caractéristiques phé-
nologiques ont été évaluées. Les hybrides et leurs parents ont été caractérisés génétiquement par
des marqueurs RAPD. Résultats et discussion. Dans la descendance du croisement ‘Okusankichi’ x
‘D'agua’, 'age moyen pour la premiere mise a fruits a été de 3,8 ans et la période de développement
du fruita duré 137 jours. Les caracteres de précocité du fruit, forme arrondie, peau de couleur reinette-
brun et chair croquante ont été dominants dans toutes les croisements de poiriers asiatique X asia-
tique et poiriers européen X asiatique. Vingt-six hybrides ont été sélectionnés dont douze sont tou-
jours a l'essai en climat subtropical-tropical [(0 2 80) UC]. Ils ont principalement un fruit de forme
arrondie, oblate, oblongue ou pyriforme, une peau de couleur reinette-brun ou verte, une chair cro-
quante ou molle, et leurs plants sont de vigueur moyenne 2 forte, ont un port vertical et la période
de développement du fruit dure (110 a 160) jours. Conclusion. La précocité des hybrides se révele
fortement dépendante des caractéristiques parentales et des conditions environnementales. La
période de développement du fruit obtenue est proche de celle du parent le plus précoce. Dans la
génération F1 des croisements entre poiriers asiatiques et européens, certaines caractéristiques se
sont révélées dominantes. L'analyse des RAPD a été efficace pour identifier les génotypes des cul-
tivars, les sélections et les hybrides de poiriers appartenant aux différents groupes botaniques.
Brésil / Pyrus communis / Pyrus pyrifolia/ hybride / zone tropicale /
adaptation / facteur climatique / froid / pomologie / RAPD
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1. Introduction

Pear tree cultivars are classified as European
and Asian types. European pear is popularly
described as being more pyriform than
Asian pear, having greenish-yellow skin and
melting flesh. Asian pear is usually identified
as being more globose and having russet-
brown skin and crisp flesh.

In Brazil, the majority of commercial cul-
tivation is of the European type, from Pyrus
communis L. species: ‘Packham's’ “Triumph’,
‘Red Bartlett, ‘Willliam's’ [1, 2], ‘D'dgua’
(Water pear), ‘Schmidt’ and other hybrids:
‘Kieffer’ and ‘Triunfo’ 3, 4]. However, in the
Southeast States, there is a tendency for a
rapid increase in Asian pear cultivation [5],
based on the ‘Atago’, ‘Housui’, ‘Kousui’,
‘Nijisseiki’, ‘Okusankichi’ [P, pyrifolia (Burm.f.)
Nakai] and “Ya Li’ (P. ussurienses Max.) cul-
tivars. In Sao Paulo State, the largest pear-
growing areas for Asian types are mainly the
President Prudente [22° 07" S; 20 chilling
units (CU)] and Sorocaba (23° 30’ S;
100 CU) regions, where 50000 plants are
being cultivated [3, 6]. Of the twenty Asian
pear cultivars tested, only the above cited
presented relative success. In Sao Paulo
State, there is a demand for other varietal
options that present fruit complementary
characteristics and high adaptation for a
subtropical-tropical climate.

Thus, new studies of pear breeding were
started with the aim of developing variety
selections with better fruit quality and
mainly adapted to the different areas of the
Sao Paulo State. This paper presents a sum-
mary of the data obtained on crosses from
Asian pears X European pears (1992-1998)
and a previous description of the twelve
interspecific selections being tested in a sub-
tropical-tropical climate.

2. Materials and methods

From 1992 to 1998, about 14500 crosses
were made involving ‘Atago’ x ‘D'agua’ (IAC
193MAS and IAC 294PIN), ‘Okusankichi’ x
‘D'agua’ TAC 193GUA, 293MAS and 194PIN),
‘Shinko’ x ‘D'agua’ IAC 394), ‘Okusankichi’ x
‘Housui’ JAC 494), ‘Kousui’ X ‘D'dgua’ (IAC
196), ‘Nijisseiki’ x ‘D'agua’ (IAC 297),
‘D'agua’ x 'Shinseiki’ (IAC 397), ‘Okusank-
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ichi’ x ‘Kousui’ (IAC 498), and ‘D’dgua’ JAC
393), ‘Housui’ (JAC 493), ‘Taiwan Nashi-C’
(IAC 593), ‘Manshu Mamenashi’ (IAC 693)
and ‘Ya Li’ (IAC 793) combinations.

About 3100 seedlings were obtained.
The selection process started very early,
even before the first fruit set, in the green-
house. So, 38% of the hybrids were elimi-
nated in initial development phases. The cri-
teria for screening were based on modern
agricultural requirements such as plant vigor
and low need for special care for cultivation
and chemical treatments, eliminating seed-
lings with symptoms of physiological anom-
alies and high susceptibility to diseases.
These criteria ensured that fruits of good
quality were selected.

‘D’agua’, with parentage unknown, is a
European type, with early ripening, yellow-
ish-green skin, oblong-pyriform, juicy flesh,
and poor keeping quality for fresh fruit. It
is well adapted to a warmer climate and
shows excellent blooming and fruit set. ‘Tai-
wan Nashi-C' (P. Calleryana Decne.) and
‘Manshu Mamenashi’ (P. betulaefolia Bunge)
are rootstock cultivars.

After extraction, the pollen was dried out,
submitted to a germination test and stored
in a cold, dry chamber. It was applied on
stigmas with small paintbrushes. The seeds
extracted from mature fruits were stratified
for 40-90 days. The emergence and the ini-
tial development of seedlings were carried
out under greenhouse conditions for
10 months. The hybrids were cultivated at
densities from (833 to 1 333) trees-ha™! in the
five regions: Pindorama (21° 11’ S; 11.4 CU),
Monte Alegre do Sul (22° 41’ S; 39.6 CU),
Limeira (22° 33’ S; 24.1 CU), Artur Nogueira
(22° 34’ S; 24 CU) and Guapiara (24° 11’ S;
200 CU).

About 20 phenological characteristics
were evaluated: plant vigor, architecture,
sanity, type and amount of buds, time and
intensity of flowering and fructification; fruit
format, color of the film, pulp type, flavor
and aroma, maturation cycle and frigorifica-
tion. The hybrids and their parents were
characterized through RAPD markers. The
young leaves for molecular analyses were
collected from original seedlings. The DNA
extraction and analysis of the results were
carried out as outlined by Sawazaki et al. [4].
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3. Results and discussion

We used 3137 plants originated from cross-
ings and from open pollination. Of these, 38%
were eliminated because they presented
severe symptoms of physiologic anomalies
and common diseases of the culture. The
elimination of hybrids, in the initial phase of
development, is a very polemic action to mel-
iorate fruitfulness; it is conjectured, because
of the risks of the loss of promising material,
mainly referring to the superior characteris-
tics of the fruit. Even with such a risk, it was
opted to discard the undesirable material,
because the selection of cultivars highly
dependent on intensive cultural and chem-
ical treatments is not justified anymore.

In all the places of cultivation, the hybrids
developed appropriately, with a medium
mortality of 3.2% in relation to the total pop-
ulation.

3.1. Juvenility

The juvenile period varied from (2 to
8) years, depending on the crossing and
environmental conditions. According to Li
[7], in pear crosses of the P. pyrifolia
(Burm.f.) Nakai species, involving early X
early, early x late and late X late parentages,
the juvenile period was (4.43, 5.03 and 6.05)
years, respectively. In P. communis L. and
P. ussurienses Max. crosses, the juvenile
period may vary from (7 to 12) years [8]. In
our research, the average length of the juve-
nile period was slightly lower than that cited
in the literature. For the IAC 194PIN (‘Oku-
sankichi’ x ‘D'agua’) progenies, cultivated in
Pindorama, the average length of the juve-
nile period was 3.8 years. Hybrids from the
same cross (IAC 193MAS and IAC 193GUA),
when cultivated in Monte Alegre do Sul and
Guapiara, presented averages of (4.2 and
5.2) years, respectively. In Pindorama, some
12% of the hybrids of progeny from IAC
193PIN bloomed in the second year of cul-
tivation. In 8 years, about 96% of these
hybrids fruited. A tendency of shortening of
the juvenile period occurred in the proge-
nies whose parents presented an early fruit
development period. For open-pollinated
descendants of ‘Housui’ and ‘D'agua’, the
average length of the juvenile period was,
respectively, (3.4 and 3.5) years. Visser et al.

[9], studying thirty-three P. communis prog-
enies, reported that the juvenile period is
controlled by a quantitative genetic inherit-
ance, with significant additive action.

3.2. Fruit-ripening season

The descendants of IAC 194PIN presented
early maturation of fruits, inherited from the
female parent ‘D'dgua’, with early maturity.
‘D'agua’ and ‘Okusankichi’ fruits ripen in
December-January and March-April, respec-
tively, with an average fruit development
period of (125 and 185) days, depending on
the place of cultivation. In these descend-
ants, 100% of the hybrids presented a FDP
shorter than 180 days, which means that
they were earlier than the male parent ‘Oku-
sankichi’. This was also verified by Crane
and Lewis [10], in P. communis F1, whose
descendants had been much earlier matur-
ing than the parents had. In the progeny IAC
194PIN, it was verified that (52, 33 and 15)%
of the hybrids presented a fruit development
period inferior or equal to (130, 131-150,
and 151-180) days, respectively. Statisti-
cally, the fruit development period average
was 137 days.

3.3. Fruit shape

Pear cultivars present diversified fruit shapes.
The most common are the round, oblate,
ovate, oblong, conical, pyriform and long
ones. In our research, it was opted to classify
the pears into: globose, oblate, oblong and
pyriform shapes. In the hybrid progenies,
the dominance of the globose shape, a char-
acteristic inherited from the Asian parents,
was evident. In the ‘Okusankichi’ x ‘D'agua’
progeny, it was verified that (42.3, 26.9, 19.2
and 11.5)% of the shapes were globose,
oblong, oblate and pyriform, respectively.
The dominance of the rounded over the
pyriform shapes was observed by Zielinski
et al. [11] in P. commumnis progenies. Similar
results have been reported by Li [7], who
observed 49.2% of rounded shapes when
crossing oblong with round pears.

3.4. Fruit skin color

The Asian pears, ‘Okusankichi’ and ‘Atago’,
at harvest had greenish-brown russet skin.
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Description of the major fruit characteristics of twelve new Asian pear selections tested at the Instituto
Agrondémico (IAC). Campinas, SP, Brazil, 2004.

Selection

IAC 193-18
(‘Atago’ x ‘D’agua’)

IAC 193-122

(‘Atago’ x ‘D’agua’)

IAC 194-15
(‘Okusankichi’ x ‘D’agua’)

IAC 194-132
(‘Okusankichi’ x ‘D’agua’)

IAC 293-5
(‘Okusankichi’ x ‘D’agua’)

IAC 294-13
(‘Atago’x ‘D’agua’)
IAC 294-117
(‘Atago’x ‘D’agua’)
IAC 394-11
(‘Shinko’x ‘D'agua’)
IAC 394-14
(‘Shinko' x 'D’agua)
IAC 394-115
(‘Shinko’x ‘D'agua’)
IAC 394-119
(‘Shinko’x ‘D'agua’)

IAC 494-12
(‘Okusankichi’ x ‘Housui’)

Description of the major fruit characteristics

Large (250 g), globose, golden-brown russet skin and covered with small and sparse light yellow lenticels
(similar to IAC 293-5).

Flesh is white, crisp, sweet and juicy with medium sugar content (13 °Brix). It has excellent quality and
ripens in mid-March, together with *Okusankichi’.

Medium (190 g), globose-oblate with a light golden-brown russet skin with small lenticels.

Flesh is tender-crisp, white, juicy and sweet (14 °Brix). Ripens early March.

Very large (350 g), globose-oblong, brown russet skin with conspicuous creamy lenticels.

Flesh is crisp, transparent-white, juicy and sweet (14 °Brix) and with very few stone cells. Ripens mid-
January.

Medium (210 g), oblong-pyriform, golden-brown to orange-brown russet skin with small creamy lenticels.
Transparent-white flesh is crisp, firm, juicy and sweet-acid (14 °Brix). One of the earliest-ripening
selections. Ripens in early January.

The most promising selection, temporarily named Alegria (Happiness). Medium-to-large (255 g), globose,
moderately oblate, golden-brown to orange-brown russet skin with small and sparse light yellow lenticels.
Crisp flesh is juicy and sweet (13 °Brix), excellent for fresh eating, one of the best. Ripens mid-February,
140 + 10 days after full bloom.

Medium (150 g), globose-oblate, golden-brown russet skin with large and conspicuous creamy lenticels.
Flesh is crisp, white, firm and very juicy and sweet (14 °Brix). Ripens mid-April.

Medium (160 g), globose-oblong (similar to "Seleta’), golden-green russet skin with very creamy lenticels.
Crisp flesh, transparent-white, very sweet and juicy (14 °Brix) and few stone cells. Ripens mid-March.
Very large (335 g), globose-oblong, brown russet skin with creamy lenticels.

Flesh is white-creamy, crisp, with few stone cells and sweet and juicy (12 °Brix). Ripens mid-April.
Medium (180 g), globose, bronze-brown russet skin with small white creamy lenticels.

Flesh semi-crisp, slightly creamy, very juicy and sweet (12 °Brix). Ripens late-April.

Medium (155 g), globose-round, golden-brown lightly green skin with small creamy lenticels.

Crisp flesh, white-creamy, very juicy and sweet (12 °Brix), with few stone cells. Ripens mid-March.

Large (390 g), globose-oblong, dark-brown russet skin with large and creamy lenticels.

Crisp flesh, white, sweet and juicy (12 °Brix) and very few stone cells. It has excellent quality and ripens in
early January.

Large (260 g), globose-round, light golden-brown russet skin with prominent creamy lenticels, especially
at the calyx end.

Flesh is tender-crisp, transparent-creamy, very juicy, sweet (12 °Brix) and medium stone cells. Ripens late
February to early March.

Later, after maturation, these pears had skins
with golden tonalities. On the other hand,
European pears presented, in the majority,
greenish fruits and, at harvest, turned yel-
lowish when completely mature. The brown
skin is dominant in hybrids from combina-
tions of Asian X Asian and Asian X European

fruits showed greenish skin, and a recessive
character [11].

3.5. Flesh, flavor and aroma

The Asian pears, with firm and crisp flesh
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pears. This also occurred in open-pollinated
European and Asian pear progenies. White
et al. [12] reported high heritability (0.55) for
the russet trait, in Asian X Asian and Asian X
European progenies. In descendants of the
open-pollinated ‘D'dgua’, the majority of
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characteristics, differ greatly from the Euro-
pean pears that are soft and melting. In TAC
progenies, the crisp and gritty flesh and
sweet taste showed a dominant relationship
to the typical characteristics of the European
pears. In the crossings of Asian x Asian pears,
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the descendants presented 100% crisp fle-
shes. White et al. [12] reported high herita-
bility for crisp flesh (0.89), medium for juicy
(0.21) and aromatic (0.36) and low for sweet
(0.07) and astringent (0.01), in crossings
involving different Asian and European
pears.

3.6. RAPD

For genetic characterization of parents and
their hybrids, clear separation was evident
among the different genotypes. The obtained
dendrogram was confirmed by the principal
coordinate analysis and separated the gen-
otypes into three main groups, clearly dis-
tinguishing the Asian genotypes from the
occidental ones: (1) the Asian pears and
their hybrids; (2) the occidental pears and
the descendants of ‘D’agua’; (3) the root-
stocks and their descendants.

These results confirm the effectiveness of
RAPD methodology for cultivar identifica-
tion, selections and hybrids belonging to dif-
ferent botanical groups [4, 13].

Twenty-six hybrids were selected, and
twelve of them are still being tested in a sub-
tropical-tropical climate (0-80 CU). These
hybrids are TAC 193-18, TAC 193-122, IAC
194-15, IAC 194-132, IAC 293-5, IAC 294-13,
IAC 294-117, TAC 394-11, IAC 394-14, IAC 394-
115, TAC 394-119 and IAC 494-12 (table D.

4, Conclusions

(D The hybrids from ‘Okusankichi’ x
‘D'agua’ had an average juvenile period of
(3.8 and 5.2) years in warmer and colder
regions, respectively. The precocity of
hybrids is highly dependent on the parental
characteristics and the environmental con-
ditions.

(2) In crosses involving pears of different
maturing periods, fruit development period
means closer to the earliest parent were
obtained.

(3) In F1 generations from crossings among
Asian and European pears, dominance of
the globose shape, russet-brown skin, crisp,

gritty and sweet flesh, and light aroma were
observed.

(4) RAPD analysis is efficient at identifying
cultivar genotypes, selections and hybrids of
pear from different botanical groups.
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Seleccidon de Pera asiatica para las areas subtropicales de Brasil.

Resumen — Introduccion. En el Estado de Sao Paulo, Brasil hay una demanda por variedades
de peras que presenten caracteristicas complementarias y alta adaptacién a climas de tipo sub-
tropical-tropical. De esta forma, este trabajo tuvo por objetivo evaluar selecciones de variedades
con mejor calidad de fruta y principalmente observar cual de ellas se adaptaria mejor en las dife-
rentes regiones del Estado de Sao Paulo. Material y métodos. Cruces entre cultivares de pera
asidtica [P. pyrifolia (Burm.f.) Nakail y pera europea (P. communis L.) fueron realizados de 1992
a 1998 con la finalidad de encontrar un nuevo tipo de pera que se adaptara mejor en las regiones
subtropicales de Brasil. El primer hibrido interespecifico de pera criado por el IAC fue plantado
en varias regiones del Estado de Sao Paulo, entre las latitudes 21° 11' Sy 24° 11' S y horas frio
(HF) entre 11 y 200. Fueron caracterizados geneticamente, por medio de marcadores RAPD, el
hibrido y sus parentales. Resultados y discusion. En la descendencia de 'Okusankichi' x
'D'agua’, la edad promedia para la primera produccién y el periodo de desarrollo de fruta (PDF)
fueron 3.8 anos y 137 dias, respectivamente. Los caracteres de fruta madurez precoz, forma
redondeada, cascara café-rojiza y pulpa crocante fueron dominantes en todos los cruces de pera
asidtica x asidtica y asidtica x europea. Fueron seleccionados veinte y seis hibridos de los cuales
12 todavia estan bajo estudio en clima subtropical-tropical (0-80 HF). Sus principales caracte-
risticas son frutas redondas, oblicuas o periformes, cascara café-rojiza, pulpa crocante o carnosa,
planta con vigor medio a alto, forma vertical extendida y PDF entre 110 y 160 dias. Conclusion.
La precocidad de los hibridos es altamente dependiente de las caracteristicas parentales y de
las condiciones ambientales. El periodo del desarrollo de la fruta de los hibridos es mas corto
en comparacion al de los parentales. En la generacion F1 de los cruces entre perales asidticos
y europeos, algunas caracteristicas se revelaron dominantes. El andlisis de los RAPD fue eficaz
para definir genotipos de cultivar, selecciones e hibridos de perales que pertenecian a los dis-
tintos grupos botanicos.

Brasil / Pyrus communis / Pyrus pyrifolia/ hibridos / zona tropical /
adaptacion / factores climaticos / frio / pomologia / RAPD
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