
Table 1. Number of days with a mean temper-
ature >12.5C and heat units that have to ac-
cumulate before flowering for the earliest and
latest olive variety and the mean of the Córdoba
World Collection.

zEach number is the mean of 10 years.
y
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Abstract. The date of full bloom for olive (Olea europaea L.) tree varieties planted in
the World Collection in Córdoba, Spain, has been determined from 10 years of data.
The full bloom dates were analyzed using three methods to develop a model predicting
flowering time. The method of heat units accumulated before flowering was the most
accurate. The heat accumulation periods were determined from phenological and tem-
perature data. Prediction methods were evaluated for the earliest-flowering variety, a
model variety representing the mean values for the collection, and the latest-flowering
variety. The most appropriate threshold temperature for heat accumulation has been
confirmed to be 12.5C; it can be used to predict the flowering time in olive.
For most deciduous fruit trees, floral ini-
tiation occurs in the summer, with subse-
quent winter low temperatures satisfying the
chilling requirement. Hartmann (1951) sug-
gested that low temperatures played a fun-
damental role in floral initiation in olive,
which occurs after the winter cold period.
However, recent research (Navarro et al.,
1990; Rallo and Martin, 1991) indicated that
floral initiation in olive begins in late sum-
mer and early fall as in the other fruit trees.
Taking this recent information into consid-
eration, we have evaluated various time pe-
riods for determination of heat accumulation
until flowering for each olive variety in the
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Córdoba olive collection. The cold and heat
requirements for olives are now only partly
defined (Hartmann and Porlingis, 1957).
Hartmann and Whisler (1975) determined that
12.5C was the optimum temperature for
Fig. 1. Coefficients of variation of the number o
threshold for various dates of beginning of heat ac
for anthesis in olive. Data are for the mean of the
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flowering of olive trees grown in a green-
house. The formation of floral buds was nor-
mal with this temperature, and it was inhibited
above 15C. The 12.5C temperature is higher
than 7C, which is considered the optimum
temperature for most fruit trees for dormancy
release.

The objectives of this paper were to: 1)
determine the most appropriate threshold
temperature for olive anthesis, and 2) eval-
uate flowering time prediction models based
on the air temperatures recorded during the
f days with a higher mean temperature than the
cumulation, and for various threshold temperatures
 collection.

1205



Table 2. Correlation coefficients between the flowering time of various olive varieties and the mean maximum temperature of selected months.

zf: no. days from 1 Apr. until the date of full bloom; Tm: mean maximum temperature of March; Ta: mean maximum temperature of April; r2: coefficient
of determination.

Fig. 2. Mean cv and SE of the number of days with a higher mean temperature than the threshold
for all dates of beginning of heat accumulation evaluated and various threshold temperatures for
anthesis in olive. Data are for the mean of the collection.

Fig. 3. Coefficients of variation of the number of days with a mean temperature > 12.5C for various
dates of beginning of heat accumulation in the earliest-flowering olive variety, the mean of the
collection, and the latest-flowering variety. The data were obtained by the number-of-days method.
heat accumulation period.
Flowering time has been recorded for ol-

ive trees planted in the World Collection in
Cordoba, which is composed of >170 va-
rieties obtained from various countries (Ca-
ballero and Eguren, 1986). Flowering dates
were taken in 1973, 1976, 1977, 1978, 1982,
1983, 1985, 1986, 1987, and 1989. Daily
mean, maximum, and minimum tempera-
tures were obtained from the Córdoba airport
for 1973-89. The airport is located 2 km
from the World Collection. Phenological data
were taken on all 170 varieties every 3 days
as described by Barranco et al. (1992).

The three methods described by Tabuenca
and Herrero (1965) were used to predict the
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flowering time based on: 1) Number of days
with a higher mean temperature than the
threshold temperature for heat accumulation,
starting at the date the heat accumulation pe-
riod began until full bloom. 2) Heat units
accumulated starting at the date of beginning
of heat accumulation until full bloom. The
heat units were calculated as the difference
between the daily mean temperature and the
threshold temperature for anthesis. Methods
1 and 2 require that the number of days and
the heat units accumulated (until full bloom)
must be constant. 3) Correlation between the
mean maximum temperature of selected
months and the date of full bloom.

Method 1, number of days, was used to
HO
determine the threshold temperature for an-
thesis. First, the number of days with mean
temperatures higher than the threshold for
anthesis and their coefficients of variation
(cv) were determined for the whole collec-
tion, assuming 10, 11, 12, 12.5, 13, or 14C
as the threshold temperature for anthesis and
taking various dates as the starting points for
the heat accumulation period. A graphic rep-
resentation of the cv was obtained from De-
cember to April each 15 days. In the graphic
representation of the cv in relation to thresh-
old temperatures, Castonguay et al. (1984)
obtained curves composed of two character-
istic segments: in the first one, a rapid drop
of the cv is observed; in the second, the
decline is much less pronounced. The point
of inflection is defined as the optimum sta-
tistic threshold. The interpretation of these
curves is somewhat subjective.

Various dates to use as the start of the
measurement period for methods 1 and 2 were
evaluated for the first variety to flower, the
mean of the collection, and the last variety
to flower. Those dates that result in the low-
est cv in prediction of flowering are pre-
ferred (Tabuenca and Herrero, 1965). For
method 3, simple and multiple correlations
between temperatures of different periods of
time and flowering were evaluated. The
regression equation that had the highest
coefficient of determination was identified
for each variety.

Flowering time. The mean flowering date
of the collection (defined as the date at which
50% of the varieties of the collection have
reached full bloom) varied over the years.
The earliest mean flowering date in 1977 was
23 days earlier than the latest mean flower-
ing date in 1976. The mean flowering date
of the collection for all the years studied was
10 May. The duration of flowering (defined
as the number of days between the full bloom
date of the first and the last varieties) varied
between 7 days in 1986 and 21 days in 1977,
with 14 days as the mean for the years stud-
ied. These responses vary as a result of tem-
perature influence on commencement and
duration of flowering.

Threshold temperature for anthesis. The
method based on the number of days with a
higher mean temperature than the threshold
for anthesis was used to evaluate different
dates for the beginning of heat accumulation
(Fig. 1). Results shown are for the mean of
RTSCIENCE, VOL. 27(11), NOVEMBER 1992



Fig. 4. Coefficients of variation of accumulated heat units for various dates of beginning of heat
accumulation in the earliest-flowering olive variety, the mean of the collection, and the latest-flow-
ering variety. The data were obtained by the accumulated heat units method.

Table 3. Difference between the predicted and
actual mean flowering date of the World Olive
Collection in Córdoba, using three methods of
prediction.

zEach number is the mean of 10 data.
yTm: mean temperature.
the collection. Coefficients of variation were
higher for the threshold temperatures for an-
thesis of 13 and 14C than for the threshold
temperatures for anthesis of 10, 11, 12, and
12.5C. The lowest cvs were on 1 and 15
Jan. (Fig. 1).

The mean and SE of the cv for all the
possible threshold temperatures for anthesis
were averaged across all dates (Fig. 2). The
lowest mean cv was obtained for the thresh-
old temperature for anthesis of 12.5C. Thus,
we conclude that 12.5C is the most appro-
priate threshold temperature for anthesis in
olive. There is heat accumulation above that
temperature, and it possibly also has some
chilling effect. Hartmann and Whisler (1975)
concluded that the flowering of the olive tree
was promoted more at 12.5C than at any
other constant temperature. These authors
considered 12.5C as optimal for chilling
completion and heat accumulation for an-
thesis.

Number-of-days method. The date of the
lowest cv, 1 Jan., was the date at which the
earliest-flowering variety (‘Borriol de Cas-
tellón’) began heat accumulation (Fig. 3).
The date at which a model variety illustrative
of the mean values for the collection began
to respond to heat was 15 Jan. Finally, 1
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Mar. was the date at which the latest-flow-
ering variety (‘Verdial de Huevar’) began heat
accumulation. Table 1 shows the number of
days with a mean temperature >12.5C that
has to accumulate before flowering. The lat-
est-flowering variety needs fewer days with
mean temperatures >12.5C compared with
the mean for the whole collection because of
its late date of heat accumulation onset.

Accumulated heat units method. The date
at which the earliest-flowering variety began
heat accumulation was 1 Feb. This was also
the date at which a model variety reflecting
the mean values for the collection began heat
accumulation. The latest-flowering variety
began accumulation of heat units on 15 Mar.
The heat unit requirements of the model va-
riety and the latest-flowering variety were
higher than the earliest-flowering variety
(Table 1). The differences in the predicted
date of beginning of heat accumulation be-
tween methods 1 and 2 are 15 days for the
mean of the collection and the last variety to
flower and 1 month for the first variety to
flower (Figs. 3 and 4). These differences are
probably due to the lower accuracy of the
number-of-days method.

Mean maximum temperature method. Our
earlier work showed better predictive capa-
bility when the mean maximum temperature
of the month was used instead of the mean
temperature or the mean minimum temper-
ature of the month (unpublished). The ex-
planation is that the maximum temperatures
are nearer the optimum growing tempera-
tures in this time of year (Tabuenca and Her-
rero, 1965). Correlation coefficients were
calculated between the mean maximum tem-
perature of January, February, March, April,
and combinations between them, and the
flowering time of 10 olive varieties (Table
2). Positive and low correlation coefficients
were obtained for all the varieties in January.
Thus, the olive tree continues to accumulate
hours of low temperatures in January. The
correlation coefficients were negative and low
for all the varieties in February. The negative
and higher correlation coefficients obtained
in March suggest that heat accumulation in
March had more effect than in February on
flowering time. April is the month in which
an increase of the maximum temperature had
the greatest influence on flowering time (Ta-
ble 2).

The highest correlation coefficients were
obtained with the multiple correlation be-
tween the flowering time and the mean max-
imum temperature of March and April (Table
2). When the mean maximum temperature
of February was included in the analysis, the
correlation coefficients did not increase sig-
nificantly. The regression equations enable
prediction of the date of full bloom of each
variety based on the mean maximum tem-
peratures of March and April.

The most accurate prediction of date of
full bloom for the mean of ail varieties in
the collection was accomplished with the
method of accumulated heat units. With this
method, the deviation from the real flower-
ing date was about half that for the other two
methods (Table 3).
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