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Almond Bloom in a Changing Climate
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Abstract
Almond shows an extended blooming season. Later blooming cultivars avoid the possibility of late
frosts and also benefit from temperatures more favorable for pollination and fertilization. For these rea-
sons, the almond breeding program of Zaragoza has mainly pursued the development of very late blcom-
ing cultivars, and also cultivars showing a wide range of bloom times.

Introduction

The Mediterranean climate is character-
ized by very low rainfall during late win-
ter and early fall. Thus, almond (Prunus
amygdalus Batsch syn. P. dulcis (Mill.)
D.A. Webb) is a nut species adapted to this
climate (9) due to its specific requirements
in relation to rains. Rains during the fall
disrupt harvesting operations. Rains dur-
ing bloom interfere with pollination, re-
ducing the activity of pollinating insects.
As a consequence, a high negative correla-
tion has been found in California between
the total rainfall in February and final crop
level (2). Heavy rains over long periods
are not typical for present growing regions
during almond bloom, but a climatic
change may disturb almond pollination if
there is a shift of the main rainy season to-
wards the almond blooming time (15). The
global climatic change now in progress has
affected rainfall patterns, leading to
greater threats to the almond bloom.

Almond shows an extended blooming
season when all cultivars are taken into ac-
count (12). Later blooming cultivars avoid
damage from late frosts and also benefit
from more favorable temperatures for pol-
lination and fertilization. The almond
breeding program of Zaragoza (6) has pur-
sued not only the development of very late
blooming, but also of mid blooming culti-
vars, thus opening the possibilities of se-
lecting a bloom season from a wider cal-
endar range. This paper summarizes
progress in delaying bloom in almond and
the strategy of breeding new cultivars in

order to widen the cultivar choices with
regard to bloom time.

Materials and Methods

Phenological stages were recorded in
1997 for a collection of commercial culti-
vars and seedlings of the Zaragoza breed-
ing program according to Felipe (4). Dates
of the different blooming stages were es-
tablished depending on the approximate
percentage of opened flowers (Fig. 1). For
the study of the possibilities of later
bloom, the cross ‘Felisia’ x ‘Bertina’ was
chosen because both parents are very late
blooming (Fig. 1). ‘Felisia’ is a release
from our breeding program (13), selected
because of its self-compatibility and late
bloom. It is derived from the cross “Titan’
x ‘Tuono’, and although “Titan’ is a seed-
ling of “Tardy Nonpareil’, it has broken the
linkage shown in the ‘Tardy Nonpareil’
progeny between late bloom and low pro-
ductivity (7). ‘Bertina’, a local cultivar, is
probably a chance seedling distinguished
because of its late bloom. Almond bloom
is rated according to the almond descrip-
tors (8) on a rating scale from 1 (very
early) to 9 (very late) by comparison to de-
fined reference cultivars.

Results and Discussion

Figure. 1 shows the blooming time of
several almond cultivars in Zaragoza in
1997. This bloom season was both earlier
and shorter than usual due to high temper-
atures during this period. Bloom date
changes from year to year depending on
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the climatic characteristics, mainly tem-
perature, but the sequence of blooming of
the different cultivars often remains the
same, with typically small shifts (5). Thus,
the coincidence of bloom for two cultivars
may change depending on the year. In this
evaluation reference cultivars for almond
bloom (8) are identified with their rating,
but the difference observed between refer-
ence cultivars 1 and 2 is very small where-
as that between reference cultivars 2 and 3
is larger, demonstrating that year-to-year
shifts may produce a closer or more distant
grouping of the different cultivars for
bloom time depending on the temperature
evolution (1).

The reference cultivar for very late
blooming (‘Tardy Nonpareil’) is not in-
cluded in our collection, but its bloom time
could be approximately that of ‘Ferralise’
(7). ‘Felisia’, a cultivar recently released
from our breeding program is, thus, be-
yond this blooming scale. Because of this
cultivar, and the presence of other very late
blooming seedlings in breeding progenies
(7, 14), this bloom scale has become inap-
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plicable with revision recommended at the
X GREMPA (Group de Recherches et d’E-
tudes Méditerrenéen pour 1’Amandier)
Colloquium in Meknés (Morocco) in Oc-
tober 1996.

Blooming of the first cultivar, ‘Constan-
tini’, started on January 26, and that of the
last selection, G-1-27, finished on March
22, giving a continued blooming period of
approximately two months. A wide choice
among the old commercial cultivars (Fig.
1) and new seedlings is now available.
However, no self-compatible cultivars are
found among the early blooming ones, re-
stricting the scope of this choice when self-
compatibility is looked for.

A wide distribution of bloom time is ob-
served among the different seedlings from
the cross ‘Felisia’ x ‘Bertina’ (Fig. 2). Se-
lections shown in bold in Fig. 2 are self-
compatible, late blooming, of good kernel
quality (11), and of high productivity.
They are under evaluation for possible cul-
tivar release, but they have also been
crossed with early blooming cultivars in
order to benefit from the peculiar trans-
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Figure 1. Bloom time of several aimond cultivars in Zaragoza in 1997. Names in bold are ref-
erence cultivars (8) on a 1 (very early bloom) to 9 (very late bloom) scale. Percentages in-

dicate the amount of flowers opened.



ALMOND BLOOM IN A CHANGING CLIMATE

mission of blooming time in almond, both
quantitatively (10) and qualitatively (14),
with the late blooming allele (Lb) being
dominant over earlier blooming (14). The
use of late-blooming cultivars with unique
geographical origins has also allowed the
accumulation of genes with additive ef-
fects conferring extremely late bloom time
(14). These selections appear to be het-
erozygous for this Lb allele (3) and further
widen the possibilities of selecting culti-
vars with very extended bloom periods.
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Figure 2. Bloom time of several almond selections in Zaragoza in 1997. Selections in bold are

being used in further crosses.
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