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Phenological growth stages of loquat tree (Eriobotrya japonica (Thunb.) Lindl.)
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Summary

Conservation, characterisation and utilisation of minor fruit tree species is an important objective for
diversification of agro-food production. One such fruit tree is the loquat, a tree that originated in China
but is well adapted to the Mediterranean area. The conservation and utilisation of suitable germplasm
requires an accurate characterisation and evaluation of the material. A first step in characterisation is to
use phenotypic traits. This paper describes the phenological growth stages of loquat tree using the ex-
tended BBCH scale. Seven principal growth stages (PGS) for bud, leaf and shoot development, inflores-
cence emergence, flowering, fruit development and fruit maturity and 31 secondary growth stages are
described and compared with a previous scale based on Fleckinger classical methodology. An example
of application of the extended BBCH scale for characterisation of loquat cultivars from IVIA germplasm

collection is reported.
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Introduction

Minor temperate and tropical fruit trees have gen-
erally been relatively neglected by the scientific and
agricultural communities. They have been considered
to be low income crops and there has been little ge-
netic improvement of existing cultivars. These crops
still maintain a wide genetic base that makes them
suitable for cultivation in marginal areas. The conser-
vation, characterisation and utilisation of these minor
species is an important objective, allowing diversifi-
cation of agro-food production by the use of a greater
number of species (Morico, Grassi & Fideghelli,
1998). The collection and conservation of suitable
species has only just started and much remains to fill
gaps in existing collections.

One minor fruit tree species is the loquat
(Eriobotrya japonica (Thunb.) Lindl.). The centre of
origin of E. japonica has been accepted as the middle
and lower valley of the Daduhe river in China (Zhang,
Peng, Cai & Fang, 1993). From there it spread to Ja-
pan as an ornamental tree and, later in the 18" cen-
tury, to the botanical gardens of Paris and Naples
through Mauricio Island (Rodriguez, 1983). In the 19%
century, selections of cultivars with larger fruits were
available, and the fruits were used for human con-
sumption. The loquat is well adapted to the Mediter-
ranean basin, in the same areas that citrus crop are
grown (Ll4cer, Aksoy & Mars, 1995). It is cultivated
mainly in China, Japan, India, Pakistan, Madagascar,
Reunion Island and Mauricio Island; in Mediterranean
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countries such as Spain, Turkey, Italy, Greece and Is-
rael; in the United States (mainly California and
Florida); and in Brazil, Venezuela and Australia.
Within each of these countries the loquat has a nar-
row distribution range since flowering and fruit set
occurs in winter, and it requires a humid and warm
climate. Loquats require optimum average tempera-
tures above 15°C, no frosts and no strong winds. The
preferred orchard orientation is south to southeast (in
the northern hemisphere) at heights lower than 400 m
(Rodriguez, 1983).

Spain is the leading country for loquat production
in the Mediterranean area. About 3700 ha of orchards
produce about 35 000 mt of fruit, more than 50% of
total Mediterranean area production. Also, there are
many trees scattered in small family orchards or gar-
dens all over the eastern or southern parts of Spain.
The Valencia region accounts for 65% of whole
Spain’s production. About 80% of Spanish produc-
tion is exported to foreign countries, principally to
Italy, Portugal and France (Llacer et al., 1995). To
improve loquat culture and preserve genetic resources,
a varietal collection of 50 accessions was established
in 1993 at the Instituto Valenciano de Investigaciones
Agrarias (IVIA); 64 % of which were native to Spain
(Espinosa et al., 1997).

The conservation and utilisation of such germplasm
requires accurate characterisation and evaluation. A
first step is define, by phenotypic markers, visible traits
that are highly heritable and are expressed in all en-
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vironments (Morico et al., 1998). This includes phe-
nological events such as budbreak, flowering and fruit
ripening, which are closely regulated by the seasonal
climate. The establishment of the important pheno-
logical stages also aids better orchard management
and the timing of cultural practices such as thinning,
growth regulators application or treatments to control
pests, diseases and physiological disorders.

Espinosa et al. (1997) defined the phenological
stages of the loquat using the classical Fleckinger scale.
The BBCH phenological scale (Bleiholder, van den
Boom, Langeliiddeke & Stauss, 1991;
Lancashire ez al., 1991) is now the accepted system
for a wide range of crops and weeds. The BBCH-
scale is a decimal two-digit scale, divided into princi-
pal (0 to 9) and secondary growth stages (0 to 9) and
based on the well-known cereal code developed by
Zadoks, Chang & Konzac (1974). For some crops, a
three-digit scale is used. The basic principles of the
extended scale were published by Hack et al. (1992),
since when it has been officially accepted by the Eu-
ropean Plant Protection Organization and manuals for
different crops, weeds and countries were produced
by Bleiholder et al. (1996), Hack et al. (1997) and
Meier (1997).

Materials and Methods

Plant material consisted of 43 accessions from the
germplasm collection at the IVIA located in Moncada
(Valencia, Spain), latitude 39° 34' N, longitude
00° 24' W. Data were recorded from two to three adult
trees (4-5 yr old) per accession. Twenty five of those
accessions were native cultivars. All trees were grafts
onto seedlings planted at 3 x 2 m in an orchard on a
sandy loam soil of pH 7.8. The mean annual rainfall
at this location is 430 mm (230 mm between April
and October) and the average temperature is 16.4°C
(19.9°C between April and October). The height above
sea level is 55 m. The orchard was watered by drip
irrigation as required.

All measurements and observations were made over
two growing seasons, from September to September
in 1996/1997 and from October to June in 1997/1998.
Measurements were made two-three times per wk
between September and May, and once per wk from
June onwards. Representative trees were photographed
to illustrate the primary and secondary phenological
stages.

Results

Phenological stages of loquat tree (Extended
BBCH scale)

The phenological stages of loquat tree according
to growth stage identification keys for mono- and di-
cotyledonous plants (Hack ez al., 1997) are presented.
The vegetative phase of the loquat tree lasts from the
preceding autumn to the summer. The generative phase

occurs in autumn and winter and there is no clearly
demarked phase of leaf fall. Leaf senescence occurs
throughout the year. To distinguish events during the
vegetative phase, three mesostages (1-3) are used
corresponding to autumn, spring and summer growth,
respectively. Mesostage 0 is used for the generative
phase.

Principal growth stage 0: Bud development

010  Dormancy in autumn: leaf buds are closed
and covered by brown scales and grey-
whitish fuzz (Fig. 1: 010).

011  Beginning of leaf bud swelling; bud scales
begin to elongate and separate.

013  End of leaf bud swelling.

017  Beginning of bud break: first green leaf tips
just visible (Fig. 1: 017).

019  Green leaf tips between 5 and 10 mm above
bud scales.

020  Dormancy in spring: leaf buds are closed
and covered by brown scales and grey-
whitish fuzz.

021  Beginning of leaf bud swelling; bud scales
begin to elongate and separate.

023  End of leaf bud swelling.

027  Beginning of bud break: first green leaf tips
just visible.

029  Green leaf tips between 5 and 10 mm above
bud scales.

030  Dormancy in summer: leaf buds are closed
and covered by brown scales and grey-
whitish fuzz.

031  Beginning of leaf bud swelling; bud scales
begin to elongate and separate.

033  End of leaf bud swelling.

037  Beginning of bud break: first green leaf tips
just visible.

039  Green leaf tips between 5 and 10 mm above
bud scales.

Principal growth stage 1: Leaf development

110 Autumn growth: green leaf tips more than
10 mm above bud scales; first leaves
separating (Fig. 1: 110).

111 First leaves unfolded.

115  More leaves unfolded, but not yet at full
size (Fig. 1: 115).

119  First leaves fully expanded.

120 Spring growth: green leaf tips more than
10 mm above bud scales; first leaves
separating.

121  First leaves unfolded.

125  More leaves unfolded, but not yet at full
size.

129  First leaves fully expanded.
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010 017

311 319

507 601

701 709

Fig. 1. The major phenological growth stages of loquat tree

130

131
135

139

Summer growth: green leaf tips more than
10 mm above bud scales; first leaves
separating.

First leaves unfolded.

More leaves unfolded, but not yet at full
size.

First leaves fully expanded.

Principal growth stage 3: Shoot development

311

S5
319

321

325
329

Beginning of shoot growth in autumn: axes
of developing shoots visible (Fig. 1: 311).
Shoots about 50% of final length.

Shoots about 90% of final length

(Fig. 1: 319).

Beginning of shoot growth in spring: axes
of developing shoots visible.

Shoots about 50% of final length.

Shoots about 90% of final length.

331

335
339

110 115

501 504

605 607

805 807

Beginning of shoot growth in summer: axes
of developing shoots visible.

Shoots about 50% of final length.

Shoots about 90% of final length.

Principal growth stage 5: Inflorescence emergence

500

501

503
504
505

507

The thicker inflorescence buds are closed
and covered by green scales

Beginning of swelling of inflorescence
buds; bud scales begin to separate

(Fig. 1: 501).

Bud burst: beginning of development of
flower cluster.

Branches of flower cluster begin to elongate
(Fig. 1: 504).

Flower cluster fully expanded; some
terminal flower buds begin to swell.
Beginning of flower bud break: sepals
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slightly open, first white petals just visible
(Fig. 1: 507).

509  Most flowers with petals, forming a
hollow ball.

Principal growth stage 6. Flowering

600  First flowers open.

601  Beginning of flowering: c. 10 % of flowers
open (Fig. 1: 601).

605  Full flowering: at least 50 % of flowers
open, first petals falling (Fig. 1: 605).

607  Flowers fading: majority of petals fallen

_(Fig. 1: 607).

609  End of flowering: all petals fallen (fruit

set).

Principal growth stage 7: Fruit development

701  Fruit size ¢. 10 % of final size (Fig. 1: 701).
705  Fruit size ¢. 50 % of final size.

709 Fruit size c. 90 % of final size (Fig. 1: 709).

Principal growth stage 8: Maturity of fruit

801  Beginning of fruit colouring (colour break).

805  Increased, cultivar-specific fruit colouring
(Fig. 1: 805).

807  Fruit ripe for picking (Fig. 1: 807).

809  Fruit ripe for consumption: fruit has typical
taste and firmness.

Comparison of phenological scales
The above BBCH phenological stages for loquat
are compared below with those defined by the
Fleckinger scale (Espinosa et al., 1997).

Fleckinger scale BBCH Scale
A:  Dormant bud 500

B:  Swelling bud 501

C,: Bud burst 503

C,: Cluster development 504

C,: Cluster fully expanded 505

D:  Petals just visible 507

E:  Stamens just visible 600

F:  Flowering 601, 605
G:  Petals fallen 607

H:  Fruit set 609

I: Development of fruit 701, 705, 709

Example of application of the extended BBCH scale
Jor characterisation of cultivars

Fig. 2 shows a phenogram using the BBCH scale
for the phenological stages relating to flower and fruit
development for the earliest (Cardona) and latest (San
Filipparo) cultivars in the collection. This illustrates
the variation between cultivars. Data are the averages
of three growing seasons. Table 1 summarises the in-
tervals between stages in days.

The duration of the phenological stages differed
between cultivars. The beginning of swelling of the

Table 1. Durations in days of the phenological stages

of flower and fruit development in the earliest

(Cardona) and latest (San Filipparo) varieties of loquat
in the IVIA collection

Phenological stages

Variety 501-601 601-701 701-801 801-809 Total
Cardona 40 56 104 2 227
San Filipparo 71 87 64 21 243

inflorescence bud (code 501) and the beginning of
flowering (code 601) occurred between 2—6 wk ear-
lier in Cardona than San Filipparo, the start of fruit
development was 11 wk earlier, and fruits matured
4Y, wk earlier. In total, fruit maturation in Cardona
and San Filipparo occurred within 227 and 243 days
from the beginning of inflorescence bud swelling, re-
spectively (Table 1). The other cultivars in the collec-
tion were intermediate between these two cultivars.

Fig. 2 also shows the dates of beginning of leaf
development in autumn, spring and summer (codes
110, 120 and 130, respectively). Leaf development
in Cardona started 8 days earlier than in San Filipparo
in autumn, 25 days earlier in spring, and 21 days ear-
lier in summer.

Discussion

The loquat tree differs from other Rosaceae fruit
tree species in that it has persistent leaves, three flushes
of growth per year, flowering occurs during autumn
and winter, and fruit harvest occurs during spring.

Other authors have focused on a single cultivar to
define phenological stages (Melgarejo et al., 1997).
The use of the BBCH scale in this study has allowed
all cultivars of the loquat collection to be described.
Using data for more extensive collections has advan-
tages. For instance, the range of cultivars allows to
find principal and secondary stages in different vari-
eties at the same time, which implied only one obser-
vation per week and contributed to a better descrip-
tion.

The BBCH scale has several advantages over the
Fleckinger scale in fruit crops. The Fleckinger scale
has only 11 stages which mainly describe inflores-
cence development (PGS 5). It does not define the
flowering and fruit development processes (PGS 6
and 7) particularly well. Also, there are no descrip-
tions of bud, leaf and shoot development (PGS 0, 1
and 3), or fruit maturity (PGS 8). Many growth regu-
lators or pesticide applications are applied during these
stages and they are completely defined by the new
digital extended BBCH scale.

The extended BBCH scale has allowed varieties in
the IVIA loquat collection to be better characterised.
It has established, for instance, that the inflorescence
development and flowering stages (PGS 5 and 6) are
longer in late varieties than early ones. On the other
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CARDONA
BBCH codes 501 110 601 701 120 801 809 130
L I I 1] | ] 1] L1 1 1 L1 ]
Days 4 22 14 9 3 23 19 25
Sep. Oct. Nov. Dec. Feb. Mar. Apr. May Jun.
SAN FILIPPARO
BBCH codes 501 110 601 701 120 801 809 130
| L1 | 1 | ] | | [ 1 1l I I
Days 20 30 1 25 28 1 22 15
Sep. Oct. Nov. Dec. Feb. Mar. Apr. May Jun.

Fig.2. Varietal differences in the phenological stages of flowering and fruit and leaf development in the loquat. Comparisons of the earliest (Cardona)

and latest (San Filipparo) varieties in the IVIA collection

hand, the fruit growth and maturity stages (PGS 7 and
8) take longer in early varieties than in late ones (Fig. 2;
Table 1). This is probably because the fruit develop-
ment of early varieties takes place in winter and fruit
ripening in March-April, when average temperatures
are lower than in May, when the late varieties ripen.
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