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Abstract: The Mediterranean Region is the major area devoted to olive tree crop, and
therefore a study of olive flowering is of great interest for the European Community. On
the other hand, olive pollen is one of the main causes of pollen allergy in the
Mediterranean area. Olive flowering is affected by climatic factors such as temperature
and photoperiod, which vary geographically in latitude and altitude. Temperature has
been used to study those processes that lead to flowering in the olive tree. The aim of
the present paper is firstly the comparison of the flowering full bloom dates in two
Mediterranean areas, Sicily (Italy) and Cordoba (Spain), located in the same latitudinal
band (37-38° N) and to calculate the heat requirement until flowering by determination
of different threshold temperatures and methods of heat accumulation. A delay of the
full flowering dates in the Spanish compared with the Italian olive groves was observed.
The most suitable threshold temperatures were carried out in a 7°-15°C range by
considering the heat accumulation start on 1 January in each olive grove. In particular,
some causes were indicated as responsible for the different threshold temperatures
recorded in the 2 study areas: First, the different climatic conditions (continental and
insular climate) secondly the different cultivars present in the olive groves.
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INTRODUCTION On the other hand, the spread of this crop is leading to
negative consequences for environmental health. Olive
The Mediterranean Region is the main area in thmllen is one of the main causes of pollen allergy in the
world devoted to the olive tree croPléa europaed..), Mediterranean area [8] and is the principal cause of
where it is one of the most important agriculturabllergy in several parts of Andalusia (Spain) [11].
activities [7]. This crop has an increasing economiMoreover, this is a problem which is recently increasing,
interest for the European Community, and overall for itaverall in rural areas due to the European Community
two most important olive oil producers - Spain and ltaly policies that favour the cultivation of olives in areas
for the management of agricultural policies (stockraditionally devoted to different crops.
management, price formation, etc.).
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Knowledge and forecasting of the flowering behaviour MATERIALS AND METHODS
provides useful data for both forecasting olive fruit yields
[15, 17] and useful information to manage and prevent Study areas.Two different areas were studied over six
allergic symptoms [10]. years (1999-2004): the region of Sicily, Italy; and the

Flower phenology has been widely used by several aprovince of Cordoba in Andalusia, Spain. Data from three
thors to study the flowering in plant species of economigive groves were used in each area. These sampling sites
interest. This discipline focuses on the timing of flowewere chosen according to their location within a close
development as a recurring biological event, the causeslafitudinal band between 37.43° N in the southern part
the timing of flowering with respect to biotic and abiotiqPriego de Coérdoba, Spain) and 38.06° N in the northern
forces, and the inter-relationship between phases of tpart (Ficarra, Italy). Both study areas are characterised by
same species [21]. In phenology, the olive flowering Mediterranean climate. Due to this fact, similar average
period may be described by several developing phasest@mperatures are registered during the first semester in
“phenophases” reflecting the percentage of opened floweth areas - 13.8°C in Sicily and 12.8°C in the Cdérdoba
ers with respect to the total tree canopy [22]. Likewisgrovince. The slight difference of 1°C between both study
several authors have recently affrmed that the polleareas could be related to the higher altitude and level of
emission period indicates the main phase of the olivntinentality of the Spanish compared to the Italian area.
reproductive cycle [4, 16, 19]. In fact, the correspondendéhe main features of each olive grove are shown in Figure
between the olive pollen season and the main flowerirlg Taking into account the different cultivars in each olive
phenological phase has been fully demonstrated by seyrove, the Italian olive groves were represented by
eral authors [12, 13]. “Biancolilla” in Ribera (Agrigento), “Nocellara” in

Olive flower phenology is characterised by an annu&astelvetrano (Trapani), and “Minuta” in Ficarra
cycle, including bud formation during the previougMessina). In the Spanish olive groves, the “Picual’
summer, dormancy during the cold period, budburst icultivar was the most representative in Castro del Rio,
late winter, and flower structure development fronwhereas “Picudo” and “Hojiblanca” were the two main
budburst to flowering in spring. Of all the factorscultivars in Baena and Priego de Cordoba (Spain),
affecting plant development, temperature and photoperiogspectively.
exert the strongest effect on vegetation development and
especially on flowering [5]. The variation in temperature Determination of main flowering dates.Phenological
and photoperiod due to altitude and latitude makes eadypservations in the field were performed in order to
spring generative phenophases differ geographically [2determine the main flowering dates of the olive crops.
30]. Pronounced differences in olive flowering dates havehe olive tree phenophases proposed by Maillard (1975)
been reported in the Mediterranean area, both between
different countries [12] and at the regional level [17]=
Temperature has been widely accepted as the mg
important factor affecting processes that lead to flowerir-.
in olive trees. A vernalization or chilling period is{
required in the period prior to flowering [20, 27].0. ..
Afterwards, the determination of heat requirements in thz==_"
first developing phases of plants has been expressed—-—

T

C ; - Ficarra + .

temperature accumulation by means of parameters suct= iz sl fi A e 7
Heat Units, which are usually expressed as Growir e T Y
Degree Days (GDD). Their determination is useful fo ..~ [ ey Y n
achieving a better understanding of the flowering season =~~~ " ' i
development in several plant Species, and for fOfeCﬁStiﬂg/ince Olive grove Coordinates  Altitude sea-distance  Cultivar in
when flowering will occur. The determination of the mosf&®™ location (m.asl) (km) _the grove
suitable threshold temperature in different geographicﬁlafliyg)emo Ribera  13.27°¢ 400 6  Biancolila
locations by means of heat accumulation has been
described by several authors [17, 18, 28, 29]. el Coselemane  Zam 55 MNocelara

The aim of the present study is to compare the fullssina Ficara  14.75F 400 5 Minuta
flowering dates and the corresponding heat requiremerit) 38.06°N
in olive groves from Spain and Italy from 1999 to 2004csrdoba Castro del Rio 4.48°W 300 108 Picual
In particular, two aims were considered: 1) to verify th€™" 370N
“similarities/differences” among flowering dates in olive{grso® Baena LN 7 Pleudo
groves Ioca@ed in remote areas at the same Igtltude; 2).19... bregode  418W 800 79 Hojblanca
investigate in each study area the relationships betwesiin) Cordoba  37.43°N

heat amount (GDD) from the dormancy period and the

. . Figure 1. Main features of the six olive groves: the Provinces and
full bloom dates, by the determination of different threshol cations, coordinates and altitudes (m. a.s.l.), cultivars present in the

temperatures and different methods of heat accumulatiogroves.
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were applied to the phenological observations. According Moreover, twenty different Threshold Temperatures
to this author, the phenological observations wer@T) from 3 to 22°C were used to obtain the optimum
performed weekly on 10 olive trees from each olive grovireshold value required to identify the full flowering
during the whole of flower development in order tadays; the threshold temperature values were considered as
determine the exact flowering start date from diredhose temperatures above which the amount of “useful
observations. In this connection, an average of theat”is accumulated for the development of olive flower
phenological stage for each olive grove and date watructures in any geographical area.
determined, and a trend line representing the phenologicalThe determination of the most suitable TT for heat
evolution in time for each olive grove was plotted. Thaccumulation in each olive grove and the evaluation of
phenophase in which most of the flowers over the traébe different GDD calculation methods were carried out
canopy are open is defined as full bloom so the timinprough the method of the RMSE considering its
corresponding to this phenophase start was consideredralg@bility in the threshold temperature estimation [28].
the main flowering date. Finally correlation and regression analyses were carried
out among the principal geographical parameters of every

Analysis of the GDD calculation methods and study area (Altitude, Latitude, Longitude and Sea-distance
threshold temperatures determination. Up to seven of the stations) and the best TT recorded.
different GDD calculation methods were utilized to
determine the daily GDD in each area. Yearly GDD Meteorological data. Minimum and maximum tem-
amounts were carried out, considering 1 January as theratures obtained from 6 meteorological stations located
start date, and the days of maximum flowering as the finaéxt to the 6 olive groves were used to calculate GDD.
dates. The 3 ltalian stations were provided by the Agrometeo-

Method 1: Single Triangle Method [33] draws arological National Network (RAN), while the Spanish
straight line between a day’s minimum and maximurmeteorological data were provided by the Plant Health
temperature, assumes the next day’'s minimum tempef@ervice of the INIA (National Institute of Agronomic
ture is the same, and draws another line to that poiftesearch). The height of each meteorological station was
forming two sides of a triangle. This method assumes thieat standardised by each national network.
temperature curve is symmetrical around the maximum
temperature. RESULTS

Method 2: Single Sine Method [26, 33] uses a day’s
minimum and maximum temperatures to produce a sineFigure 2 shows the flowering maximum dates in the 6
curve over a 24-hour period, and then estimates degregeas of the two regions studied. Generally, a delay of 10-
days. 15 days in the Spanish region compared to the Italian

Method 3: Allen Method [2] was obtained from theolive groves was observed in the first years, while since
modified sine wave method. The model provides for th2003 the differences were reduced. All study areas
reconstruction of the daily thermal cycle by a sine curvghowed similar flowering dates in the first 2 years while
on the basis of the daily maximum and minimunan advance was observed in 2001 and 2002. The advance
temperatures. recorded in 2001 was particularly evident in Agrigento

Method 4: Wit Method was initially presented by Witand Castro stations, where it was of about 12 and 10 days
el al. [32] and uses a cosine function for the period fromespectively in comparison to the other areas. In Messina,
the time of minimum temperature to the time othe maximum pollination was recorded with a large delay
maximum temperature, and another cosine function froduring 2003 and 2004 in comparison to the preceding
the time of the maximum temperature to the time ofears, probably due to a particular climatic trend
minimum temperature the next day. characterized by a warm year (2001) and by two colder

Method 5: Wilkerson Method [31] assumes a changgears (the last two).
from night to day temperature at sunrise +2 h and the
night temperatures are linear with time. In addition to the’ "] M Ny e s
current day’'s TMAX and TMIN, the method requires the, ;. | M -
TMAX and TMIN of the previous day and the TMIN of _ M ]
the following day. 19 May m

Method 6: Parton-Logan Method [25] divides the day
into two segments and utilizes a truncated sine wave M|
daylight and an exponential decrease in temperature at,
night.

Method 7: “Cesaraccio” Method [6] uses two sine waveg
functions in daylight and a square-root decrease in
temperature at night. The sunrise hour and sunset hour ateérr
determined as a function of the site latitude and the day of
the year. Figure 2. Flowering maximum dates in the 6-year period for each station.

pry
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Figure 3. Threshold temperatures determination by RSME with different Figure 4. Threshold temperatures determination by RSME with different
GDD methods for the Italian stations. GDD methods for the Spanish stations.

In Figure 3 the Root Square Mean Errors considerirthe Messina area and in correspondence of a 12°C TT in
the GDD amounts until the maximum flowering dates arthe Trapani area.
reported for the Italian stations. In the Figure it is possible In Figure 4 the RSME characterized by different TT
to note that in general all the GDD calculation methodsnd GDD methods are shown for the Spanish areas. The
evidence a particular trend of_ the stande_\rd devi_ations, thend phenomena evidenced above by GDD methods are
values decrease at the TT increment in relation to th@ried out even in these areas, and the single sine method
calculation formula, only for two methods the standarfl confirmed as the more interpretative of the climate-
dgV|at|ons reac.h a minimum value and rise agamn withant relationships. The best TT for the Baena station is
higher TT. This mathematical occurrence permits t o . 5
identify the TT which minimizes the inter-annualrepresented by 7°C, that for Priego by 9°C and for the
variances. In this manner, the 2nd method (Single SingfStro area by 7°C. . _
was considered as the best in relation to its trend and lowin Table 1 the correlation analysis among the local
minimum values recorded. geographical characteristics of all the study areas and the
The lower variations were carried out in corresporbest TT resulting from the above climatic investigation
dence of a 11°C TT in the Agrigento area, of a 15°C TT are shown.
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Table 1. Correlation analysis among geographical parameters and thgore stable conditions than the more continental climate
best threshold temperatures (TT). characteristic of Spanish olive groves. In addition, similar

sea. Phenological differences in terms of the timing of olive

TT Longitude Latitude  Altitude . :
distance flowering in Cordoba due to the topography have been

reported previously by Fornaciat al.[12].

T 1.00 : : .

The use of heat units to determine the most suitable
Longitude 0.90 1.00 threshold temperature for a specific species has been
Latitude 0.78 0.47 1.00 widely reported. Some researchers have determined the
Altitude 056 052 042 1.00 threshold temperatures of several species by means of

_ GDD computation [29, 28]. In California, a more suitable
Sea-distance -0.83 -0.98 -0.35 0.41 1.0Ghreshold temperature interval of 10-13°C in olive trees

grown in a glasshouse was obtained. Alcala & Barranco
Table 2. Regression analysis among the best TT as dependent variafl992) determined a threshold temperature of 12.5°C for
and longitude/latitude, as independent. the World Collection of olive cultivars within the city of

Cérdoba (Spain) located in the termo-mediterranean

TT ~ Longi Lati I
ongitude + Latitude bioclimatic belt. The same threshold temperature was also

Value  Std. Error tvalue Pr(>[t)) obtained by Galaret al. (2001) in the city of Cérdoba

(Intercept) -237.500 60.310 3.937 0.020using aerobiological data. In the present paper, most of
the Spanish olive groves showed threshold values

Longitude 0.216 0.035 6.061 0.009p -1 veen 7—9°C.

Latitude 6.549 1.603 4.084 0026 The fact that all the Spanish sampling sites were
Residual standard error: 1.1 on 3 degrees of freedom located in the countryside, far from the city of Cordoba
Multiple R-Squared: 0.984 (Spain), within the meso-mediterranean bioclimatic step,

F-statistic: 48.84 on 2 and 3 degrees of freedom, the p-value is 0.005 might be the main reasons for the lower threshold
temperatures obtained compared to those reported by

The higher correlation coefficient (0.90) was carried\lcala & Barranco [1] and Galaet al.[16]. This fact has
out considering the longitude of the different stations; theeen also reported by Galébal. [17] in the Andalusia
second high value (-0.83) was that linked to the se&gion.
distance values. Other influencing parameters at a lowerThe low correlation coefficient of the latitude parame-
level of significance are latitude and altitude in decreasir{§ in comparison to the longitude can be related to the
importance; moreover, the latitude parameter inﬂuencéact that all the Study stations were chosen in a restricted
sufficiently the TT determination while the altitudelatitude rangex 38°-37.4° North).
resulted is not being very important with an r-value of - The level of continentality is reflected in a higher
0.56. temperature range which can explain the lower TT of the
The low correlation value of the altitude is determinePanish compared to the Italian groves. With respect to
by the contradictory results carried out in Italy with thdhis, a lower minimum temperature could condition the
Messina station (high altitude - high TT) and in Spaithreshold temperature of any region.
with the Priego station (high altitude - low TT).
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