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Abstract

To evaluate how weather conditions affect the life cycle of a bulbous plant species, a method-
ology is proposed here using Crocus cambessedesii, a plant that is endemic to Mallorca and
Menorca. Data from an experimental field study conducted from 2007 to 2013 in the south west
of Mallorca is taken together with meteorological observations from Palma Airport, located
about 10 km away from the site. The bias in the observations between the Airport and the field
site is discussed, as well as the importance of performing meteorological measurements in situ
to have a better knowledge of the local processes. It is found that flowering and fruiting periods
start when the mean temperature is between the range of 16-20◦C and 10-14◦C, respectively.
In addition, a certain amount of soil water content is needed (it has been raining during the
previous days). These results are in agreement with those obtained for Crocus sativus, exten-
sively studied for economic interests. Finally, some recommendations are made to apply this
methodology to plants in other locations or other species.

Key words: Crocus cambessedesii, flowering and fruiting periods, soil water content, local temperature, representativeness of a
surface station

1 Introduction

Ambient conditions strongly influence the life cycles
of most organisms. Particularly, the reproduction, pho-
tosynthesis, leaf fall or flowering and fruiting periods of
the plants can be delayed, advanced or shortened in time
depending on the environmental factors such as temperature
or rain. Phenology is a branch of ecology that studies the
relation between the ambient conditions and the biologic
phenomena that occur periodically associated to rhythms
of the seasons. Several studies have been performed in
order to evaluate the phenology of different plants. For
instance, the climatology analysis of Peñuelas et al. (2002)
showed that the flowering and fruiting periods in Cardedeu
(NE of the Iberian peninsula) were earlier in 2000 than in
1952, whereas the leaf fall was delayed. This was related
to a change in the temperature and precipitation during the
1952-2000 period. Similarly, Lobell et al. (2007) studied the
effect of the temperature and the precipitation on California

crops from 1980 to 2003. They found that the amount of
production of some crops, such as grapes or almonds, was
very much affected by the precipitation.

In this work, the attention is focused on geophyte
plants, which are herbaceous and perennial plants with an
underground nutrient reserve organ. It allows them to survive
in unfavourable weather periods (von Willert et al., 1992)
while they lose the aerial part. When the environmental
conditions become favourable, the underground reserves
allow these plants a new cycle of growing. The phenology
of geophytes can be modelled with suitable meteorological
parameters, mainly those related to the temperature (Eppich
et al., 2009).

As an example of geophyte plants, Crocus
cambessedesii is studied in this work (Figure 1). The
genus Crocus, from the Iridaceae family, has more than one
hundred species, a lot of them of ornamental interest and
others exclusively wild (Harpke et al., 2013). In the Spanish
flora there are six species of Crocus plus the cultivated Cro-
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Figure 1. An example of Crocus cambessedesii in the field site
where observations are conducted.

cus sativus, four of them (including Crocus cambessedesii
and Crocus sativus) bloom in autumn and the other three
species in spring (Pastor-Férriz et al., 2013). As an example,
Crocus sativus is one of the most appreciated in the kitchen
and in medicine, because it is the source of saffron. Spain is
the main world producer of saffron and it is processed and
exported as a specie around the world (Mathew, 1984). Due
to its commercial interest, a lot of studies about its life cycle
have been performed (Negb et al., 1989; Molina et al., 2004,
2005).

Crocus cambessedesii is a plant that is endemic to
Mallorca and Menorca (Alomar et al., 1997; Rosselló and
Castro, 2008), typically found in a large variety of ambient
conditions: in rock fissures near the coast or on mountain
slopes, and less frequently in open areas of Olea europaea
scrubland and Pinus halepensis forests, as seen in Pastor-
Férriz et al. (2013). This plant has a corm as its subterranean
storage organ (here we use the term bulbous in a very broad
sense) which has a tunic with parallel and vertical fibers;
their leaves are very narrow, about 1 mm wide and up to
15 cm long, with a white central stripe along the leaf axis.
Flowers and leaves appear at the same time directly from
the corm and it looks as if the flowers emerge from the soil.
The flowers are 5-8 cm tall, with six subequal white or pale
lilac tepals with prominent purple stripes on their external
part. They have three stamens with yellow anthers and the
style has three reddish-orange divided stigmatic branches
(Figure 1).

The main objective of this work is to study how
the ambient conditions affect the flowering and fruiting
periods of Crocus cambessedesii. Observations from an
experimental field study conducted from 2007 to 2013 are
used, together with meteorological data from an automatic
surface weather station close to the field site belonging
to the Spanish Meteorological Agency (AEMET). Studies
involving biological and meteorological processes are
difficult due to the lack of knowledge of the biological
processes and their non-lineal response to the environ-

Table 1. Description of the stages during the fruiting period of
Crocus cambessedesii according to the size of the fruit.

Fruiting
Characteristics

stages
0 no fruit
1 fruit around several millimetres above the ground
2 fruit around several centimetres above the ground
3 the capsule is growing but it is not mature
4 fruit is mature
C fruit is collected

ment. However, understanding this relation is important
for economic reasons (profitability of a harvest) or for
knowing the ability of a plant to live under extreme ambient
conditions (adaptation to the climate change), among
others.

The paper is organized as follows. Data used are
explained in section 2, whereas sections 3 and 4 are de-
voted to the analysis of the flowering and fruiting periods,
respectively. The discussion of the results is done in section
5 where they are compared to those obtained for Crocus
sativus. Finally, the conclusions are given in section 6.

2 Data used and period of interest

2.1 Field measurements

During 2007-2013 an experimental field study took
place in a flat elevated area in the south west of Mallorca
(see location in Figure 2 with a black dot). This area is about
120 m above sea level in a protected natural area with a large
variety of endemic plants. The main objective of the experi-
mental field study was to further inspect the plant life cycle of
Crocus cambessedesii. Weekly observations were conducted
from September to November and from February to March,
corresponding to the flowering and fruiting periods, respec-
tively.

We selected a sample of 30 individuals, which is a usual
sample size in phenology studies (Blionis et al., 2001; De-
bussche et al., 2004; Morin et al., 2009), and each plant was
marked when the floral buds started to emerge from the soil.
It was considered that the flowering started when any of the
30 randomly selected plants started to bloom in the field site
and it finished when the flowers on the plant had withered.
Since the observations were weekly, these dates might have
an error of up to about 4-5 days. The same methodology was
considered for the fruiting period. During 2013, the fruiting
period was further studied and every week the 30 randomly
selected plants were classified in 6 stages depending of the
size of the fruit, as seen in Table 1. Stage 0 corresponds to
no fruit, whereas in stage C the fruit is collected for a further
laboratory analysis. It was found that the fruit is a capsule
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Table 2. Statistics computed from the period January 2008 to May
2013 for different automatic surface weather stations of the AEMET
network (see locations in Figure 2). In parenthesis the temperature
at the Airport corrected by the elevation (0.65◦C / 100 m) and con-
sidering that it is about 110 m of altitude below the stations over the
plateau. The bias is referred to the Airport station.

Location Mean value Mean bias
Airport 15.6 (14.9) -

Tmean (◦C) Llucmajor 15.8 0.2
Cap Blanc 16.4 0.8

Airport 21.1 (20.4) -
Tmax (◦C) Llucmajor 20.8 -0.1

Cap Blanc 20.4 -0.5

Airport 10.1 (9.4) -
Tmin (◦C) Llucmajor 10.9 1.1

Cap Blanc 12.3 2.5

Precipitation
(mm day−1)

Airport 0.69 -
Llucmajor 0.70 0.01
Cap Blanc 0.60 -0.13

and it produces up to 26 seeds but only an average of about
60% are viable.

2.2 Meteorological observations

In the field site, there are no atmospheric measurements
but there are three automatic surface weather stations from
the AEMET network in the surroundings. Llucmajor and Es
Cap Blanc (labelled as LL and CB in Figure 2) are in the
plateau where the experimental field study took place, but
located at 4 km and 10 km away, respectively, to the NE and
SW. Neither of them cover the 2007-2013 period and they
are not very representative of the field conditions. Llucmajor
is located inside the town of Llucmajor and Es Cap Blanc is
about 700 m away from a cliff and very much influenced by
the sea. Therefore, data from the Airport, about 10 km away
from the field to the W, was taken.

From high-resolution mesoscale simulations, the 1.5 m
temperature in the field (a dot in Figure 2) is about 1 K
colder than in the Airport (labelled as A in Figure 2a) dur-
ing the day and about 2 K warmer during the night (Fig-
ure 2b). This is in agreement with a similar case described
in Cuxart et al. (2007) or in Jiménez et al. (2008) through
satellite-derived land-surface temperatures. This bias in the
temperature can be related to the fact that the Airport is lo-
cated at an altitude of about 110 m below the site where the
measurements are taken (in the plateau, see Figure 2). Con-
sidering a linear decrease of the temperature with height of
0.65◦C / 100 m in the Airport, the differences in the eleva-
tions of the Airport and the field site would explain that the
temperature in the field site is about 0.7◦C colder than at the
Airport.

Besides, the physical mechanisms that take place over
the plateau and in the center of the Palma basin are not the
same and they can help to explain the temperature differ-
ences, specially under weak wind conditions. Cuxart et al.
(2007) found that during night-time, the air flows down the
slopes and accumulates in the center of the Palma basin
(where the Airport is placed) and a cold pool is formed.
Cold pools are not formed over the plateau but the lo-
cal heterogeneities (different soil uses or small topograph-
ical depressions among others) induce different nocturnal
coolings over this flat area (Figure 2b), as was found in
Martı́nez et al. (2010), for the Duero river basin. Dur-
ing the day, the Palma basin is influenced by the sea
breeze from May to October that it is enhanced by the
mountain slopes that close the Palma basin (Cuxart et al.,
2014). Once the sea breeze is set, the 1.5 m temperature
in the center of the Palma basin stops warming whereas
over the plateau, the radiative warming continues until the
afternoon.

To quantify the bias between the plateau (field site and
surface stations LL and CB) and the center of the basin (sur-
face station A) in Figures 2c and 2d, the monthly maximum
and minimum temperatures for the three locations are com-
pared from January 2008 to May 2013. The corresponding
mean values computed over this period are shown in Ta-
ble 2, together with the bias considering the Airport as a
reference.

Figures 2c and 2d show that the largest differences be-
tween the Airport and the stations in the plateau are in winter
and in summer time whereas during the rest of the year the
temperatures for the three surface stations are similar.

During the day, the averaged maximum temperature at
the Airport (20.4◦C, corrected by the altitude) is the same as
in Es Cap Blanc, whereas it is 0.4◦C colder than in Llucma-
jor, a location less influenced by the sea. Due to the fact that
the surface station of Llucmajor is located inside the town,
the urban heat island might explain the warmer maximum
temperatures in Llucmajor than in the rest of the stations (Es
Cap Blanc and the Airport once the temperature is corrected
by the altitude). During the night, the coldest minimum tem-
peratures of the Airport are related to the nocturnal strong
cooling of the centre of the Palma basin (cold pool forma-
tion). This results in a negative temperature bias during the
day and positive and large during the night (Table 2). Re-
garding the precipitation, there are no significant differences
between the three surface stations (small bias in Table 2).

To sum up, it is appropriate to use data from the Airport
to represent the weather conditions in the field site, but con-
sidering a bias of about -0.2◦C and 2◦C for the maximum and
minimum temperatures, respectively, with approximately the
same amount of precipitation.

2.3 Observational period

In order to better characterize the flowering and fruiting
periods, in Figure 3 the winter (December, January, Febru-
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Figure 2. (a, top left) Simulated 1.5 m temperature at 1230 UTC on 28th January 2008, together with the topography (lines). The squares
indicate the location of the automatic surface weather stations from the AEMET network. The field where the observations of Crocus
cambessedesii are conducted is indicated with a black dot. The same in (b, top right) for 29th January 2008 at 0200 UTC. (c, bottom left)
Monthly averages of the maximum temperature observed in Palma Airport, Llucmajor and Es Cap Blanc (labelled as A, LL and CB in the
maps above). The same in (d, bottom right) for the minimum temperature.

ary) and autumn (September, October, November) averages
are computed for 2007-2013 for the mean, maximum and
minimum temperatures and the accumulated precipitation at
the Airport. The horizontal line indicates the corresponding
climatology values (1972-2000).

It is found that the coldest falls were in 2007 and
2010 and the warmest during 2009 and 2011, according
to the averaged mean, maximum and minimum tempera-
tures during the 1972-2000 period. However, the precip-
itation during fall was greater than the climatology value
(Figure 3b) and it was more variable during winter. There
are some years with larger or smaller values than the cli-
matological ones, indicating humid and dry periods, respec-
tively.

Furthermore, this classification agrees with the seasonal
bulletins (available on the AEMET website) over Mallorca
that are made considering all the automatic surface observa-
tions of the AEMET network. Therefore, the characteristics

of the seasons found in Figure 3 are also valid for the region
where the experimental field study took place.

3 The ambient conditions that favour the flower-
ing period

The ambient conditions during the measured flowering
periods (2007-2013) are analysed using daily temperatures
(mean, maximum and minimum) and the precipitation. Fig-
ure 4 shows the temporal evolution of the daily mean tem-
perature and accumulated precipitation for 2007 and 2009,
as an example of cold and warm falls, respectively (accord-
ing to Figure 3). The measurement at the beginning of the
flowering period for each of the two years considered is also
included in the plot (vertical line).

It is found that the flowering period starts when the daily
mean temperature has decreased about 10◦C in comparison
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Figure 3. Winter time (December, January, February in blue) and autumn (September, October, November in red) averages during 2007 to
2013, together with those over the 1972-2000 period (horizontal lines), computed from daily values of: (a, top left) mean temperature, (b,
top right) accumulated precipitation, (c, bottom left) maximum temperature and (d, bottom right) minimum temperature.

to the summer values (Figure 4a). However, it starts 24 days
earlier in 2009 than in 2007, indicating that the temperature
is not the only relevant parameter. Figure 4b shows that the
flowering period starts after a period of rain followed by sev-
eral days without rain, for both selected years. Thus, Crocus
cambessedesii needs a certain quantity of humidity at ground
level to initiate the flowering period.

In Figure 5 data during the whole experimental field
study are considered. Weekly averages of the daily mean
temperature and the accumulated precipitation are taken to
better compare these years. Also, the X-axis has been nor-
malized by the initiation of the flowering period measured in
the field. As Lobell et al. (2007) pointed out, monthly values
certainly mask extremes that might be important to the har-
vest. To keep the daily extremes as much as possible and to
have a smoother time series, weekly averages are considered,
with the same temporal interval as the field measurements.

During all the years, flowering starts when the mean
temperature decreases 4-6◦C in comparison to the summer

values. Besides, Tmean = 16-20◦C, Tmaximum = 22-26◦C
and Tminimum = 12-16◦C, considering weekly averages. It
is also found that the flowering period starts about 10-30 days
after rainy days (Figure 5b), depending on the intensity of the
rain (the more rain, the later the flowering starts). Thus, a cer-
tain quantity of soil water content is needed for actual evapo-
transpiration and normal metabolic activity although the ter-
rain cannot be waterlogged. The lack of precipitation in the
previous days may also be important and it is also a trigger-
ing factor for flowering in many species.

In order to quantify the relation between the duration
of the flowering period and the ambient conditions, lin-
ear regressions are computed in Figure 5c. The parameter
∆T = Tinitial−Tfinal (Tinitial and Tfinal are the weekly av-
eraged mean temperatures at the beginning and ending of the
flowering period, respectively) is used to evaluate whether
there is a relation between the temperature and the dura-
tion of the flowering period. It is found that the longer
flowering period does not always correspond to the larger
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Figure 4. Daily values of (a, left) mean temperature and (b, right) precipitation from 1st September to 18th November (Julian day from 245
to 322). 2007 and 2009 are taken as an example of cold and warm autumns, respectively, according to Figure 3. The vertical lines indicate
the day when flowering started for each year.

∆T (Figure 5c in blue, r2 = 0.13 and p = 0.55). Regard-
ing the accumulated precipitation, Figure 5c (in red) shows
that it is better correlated with the duration of the flowering
period (coefficient of determination r2 = 0.35 and statisti-
cal significance p = 0.29) than the temperature parameter,
although the correlation and the statistical significance are
still weak. Therefore, in some years, the longer flowering
period might correspond to the greater accumulated precip-
itation.

It is important to mention that the duration of the flower-
ing period is computed for the whole plant population. Thus,
the plants are more synchronised during the years with short
flowering periods (all the plants start flowering at nearly the
same time) and less synchronised during the years of longer
flowering periods. Severe weather conditions (for instance
rain) might be responsible for losing the synchronism be-
tween the plants of a field, but further field measurements
are needed to properly determine the reasons.

4 The ambient conditions that favour the fruiting
period

A similar analysis as the one explained in the previous
section is made for the fruiting period.

Figure 6 shows the time series of the daily mean tem-
perature and precipitation for 2010 and 2012, as an example
of a warm and cold winter, respectively (Figures 3a, 3c and
3d), and 2008 and 2010 as an example of dry and wet win-
ters, respectively (Figure 3b). For all the years, the fruiting
period starts nearly at the same time. This happens when the
temperature has increased around 1-4◦C with respect to the
winter values (Figure 6a). The precipitation is again a trig-
gering factor since the fruiting period starts after some rainy
events (Figure 6b) and when there is enough soil water con-

tent. Therefore, the fruiting period starts later in the driest
year (2008).

If observations of the whole experimental field study
are considered (Figure 7), it is found that the fruiting period
starts when Tmean = 10-14◦C, Tmaximum = 13-18◦C and
Tminimum = 2-8◦C, considering the weekly averages. All
the years follow a similar pattern although the fruiting pe-
riod starts with a difference of 30 days between the year that
starts the earliest (February 11th, 2013) and latest (March
11th, 2008).

The effect of the ambient conditions on the duration of
the fruiting period is evaluated in Figure 7c. It is found that
the accumulated rain is a key factor to determine the duration
of the fruiting period (lineal regression with r2 = 0.87 and p
= 0.021). As a result, when there is more rain, the fruit-
ing period is longer and the plant synchronism is reduced.
However, the mean temperature has no correlation with the
duration of the fruiting period (r2 = 0.005 and p = 0.907).
This might indicate that the temperature is more steady dur-
ing the fruiting period (end of February and beginning of
March) than during flowering (end of October and beginning
of November).

4.1 Evolution of the fruit growth

During the fruiting period of 2013, weekly observations
of the percentage of plants in each of the stages of Table 1
were performed. The temporal evolution of these percent-
ages is shown in Figure 8. As time advances, the percentage
of plants with higher stages increases while the percentage
of plants with lower stages decreases. Stage 2 is the longest,
indicating that once the fruit appears it is around several cen-
timeters above the ground for about 4 weeks. Afterwards,
the growing (stage 3, 2.5 weeks) and mature stages (stage 4,
2 weeks) are shorter.
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Figure 5. Weekly mean values of (a, top left) daily mean temperature and (b, top right) precipitation when the field measurements have
been conducted, for 50 days before and after the initiation of the flowering (indicated with a black vertical line). The measured day of
the initiation of the flowering and its corresponding duration (in parenthesis) for the years studied is shown in the top right corner in (a).
(c, bottom) Correlation between the duration of the flowering period and the accumulated precipitation during those days (in red) and the
temperature difference (∆T = Tinitial − Tfinal, in blue, where Tinitial and Tfinal) are the weekly averaged mean temperatures during the
beginning and ending of the flowering period, respectively.

The evolution of the mean temperature and the pre-
cipitation is also included in this plot. The increase in the
percentage of plants in stages 3 and 4 is simultaneous to
an increase in the daily mean temperature (Figure 8a). A
similar pattern is found for the precipitation (Figure 8b).
This might indicate that the plant needs a certain quantity
of soil water and warm temperatures for the maturing of the
fruit.

This type of plot is useful to check how the ambient con-
ditions affect the temporal evolution of the different stages of
the fruiting period. However, these observations were only
made during 2013 and more measurements are needed to
reach a more general conclusion.

5 Discussion

A summary of the temperature ranges found during
the fruiting and flowering periods is shown in Table 3. The
Airport temperatures are corrected with a mean bias of
+0.5◦C, -0.3◦C and +2.0◦C for the mean, maximum and
minimum temperatures derived from Table 2 to have an
estimation of these ranges at the field site.

Table 3 shows that the temperatures obtained for Crocus
cambessedesii are similar to those derived in Molina et al.
(2005) for Crocus sativus through laboratory experiments.
The field experiments with Crocus sativus carried out in
Geracello (Sardinia, Italy) and Capitone (Abruzzo, Italy) by
Gresta et al. (2009) showed that the precipitation was also
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Figure 6. The same as Figure 4 but during the fruiting period. 2010 is taken as an example of a warm, dry winter, 2012 as a cold winter and
2008 as a dry winter, according to Figure 3.

Figure 7. The same as Figure 5 but during the fruiting period.
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Figure 8. Evolution of the percentage of different fruiting stages (described in Table 1) measured from 11th February (Julian day 42) to
25th March 2013 (Julian day 84) together with the evolution of some meteorological variables (thick black line): (a, left) mean temperature
and (b, right) precipitation.

Table 3. Optimal temperature ranges computed from the automatic surface weather station at the Airport (see location in Figure 1) when
the fruiting and flowering of the Crocus cambessedesii are measured in the field (2007 - 2013 period). These values are weekly averaged
and they are extracted from Figures 5 and 7. The temperature at the field site is indicated in parenthesis, considering a mean bias of +0.5◦C,
-0.3◦C and +2.0◦C for the mean, maximum and minimum temperatures obtained from Table 2. The temperature ranges of the flowering
period of Crocus sativus obtained by Molina et al. (2005) are also included in bold.

Flowering period Fruiting period
(October-November) (February-March)

Tmean (◦C) 16 - 20 (16.5 - 20.5) 10 - 14 (10.5 - 14.5)

Tmax (◦C) 22 - 26 (21.7 - 25.7) 13 - 18 (12.7 - 17.7)
Molina et al. (2005) 23 - 27 -

Tmin (◦C) 12 - 16 (14.0 - 18.0) 2 - 8 (4.0 - 10.0)
Molina et al. (2005) < 17 -

a key parameter to trigger the flowering, apart from
the temperature. They found that once the temperature range
is adequate for the initiation of the flowering, a certain soil
water content is needed (it has rained some days before), in
agreement with our findings (Figure 5). However, hydric
stress is a known flowering trigger mechanism in many
species (for instance, the Arabidopsis described in Ausı́n
et al., 2005, or in tropical trees discussed by Sakai et al.,
2006) and this fact might explain the loss of synchronism
between plants when there is more rain and the flowering
period is longer (Figure 5c).

Similar results are found for the fruiting period (Fig-
ure 7). It starts when the winter temperatures warm up to a
certain range (Table 3) and there is enough soil water content
(it has been raining a few days before). Figure 7c also shows
that the precipitation is a key parameter to determine the
duration of the fruiting period (the more rain, the longer the
period) related to a loss of synchronism between plants.

Other meteorological parameters might have been
considered to properly describe when the flowering/fruiting
periods start. It is important to take into account that
the height of Crocus cambessedesii is a few centimeters
above the ground and it is typically surrounded by other
taller plants (Figure 1). Thus, it is expected that the wind
speed or direction might not have a big impact on the flower-
ing/fruiting period. Giving that Crocus cambessedesii is very
close to the ground, the key parameter would be the ground
temperature, rather than the 1.5 m or 2 m temperature (these
are the heights where automatic surface weather stations are
placed in most meteorological networks). This highlights the
importance of not only having meteorological measurements
in the field site of temperature and precipitation (as in
other surface stations) but also measurements of the ground
temperature and the soil moisture to properly evaluate the
impact of the ambient conditions on the life cycle of Crocus
cambessedesii.

Tethys 2014, 11, 39–49 47
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Figure 9. Monthly averaged temperatures (1971-2000) at Palma Airport (red line) with the period of the observed days when fruiting and
flowering has started (black line): (a, left) maximum temperatures and (b, right) minimum temperatures. The same is shown for Albacete,
Segovia and Valencia with the measurements of fruiting and flowering periods from Molina et al. (2005).

Another important issue about Crocus cambessedesii
is that it can be found in many places in Mallorca (near the
coast, on the mountain or in flat areas) with different soil
properties and different weather conditions (Figure 2). Thus,
the flowering/fruiting periods might be advanced or delayed
depending on the temperature ranges and the precipitation
of each site.

Figure 1 of Molina et al. (2005) showed that the
plant cycle of Crocus sativus depends on the ambient
conditions. Figure 9 is shown here with their data together
with our findings with Crocus cambessedesii. During
fall (October or November) the flowering period starts
when the maximum and minimum temperatures are within
the intervals of Table 3 in agreement with Molina et al.
(2005). However, the day when the flowering period starts
changes depending on the locations. In the places with
more continental climates (with colder temperatures as in
Segovia and Albacete), the flowering period starts earlier
than in the places with a more temperate climates (such
as Valencia or Palma). The values for the fruiting period
are more spread. The maximum temperature can be from
10◦C to 18◦C and the minimum from 1◦C to 8◦C. This
results in a time difference of about 2 months between
the fruiting in the different sites. It is important to keep
in mind that in Figure 9 results from Crocus sativus are
compared to those from Crocus cambessedesii and some of
the differences might be explained because they are different
species.

6 Conclusions

A methodology is proposed to evaluate the effect of the
weather conditions on the flowering and fruiting periods of
Crocus cambessedesii, a bulbous plant species endemic to

Mallorca and Menorca. However, the analysis can be easily
extended to other plants.

It is found that the ranges of temperature when the flow-
ering and fruiting periods start are similar to those obtained
in Molina et al. (2005) through laboratory experiments with
Crocus sativus. Apart from the temperature, the amount of
soil water content is a triggering factor as found in Gresta
et al. (2009). Thus, observations indicate that the initiation
of the flowering and fruiting periods is after a period of
rain. If the precipitation is intense, some days are needed to
evaporate or infiltrate the water at ground level before the
initiation of the flowering and fruiting. Besides, the results
show that the amount of precipitation will determine the
duration of those periods (synchronism of the plants in a
field).

Considering that Crocus cambessedesii is found in
different places (from the coast to the mountains) over the
island of Mallorca, the starting of the flowering and fruiting
periods can be earlier or later than those obtained here. The
local weather conditions will also determine the duration of
these periods.

Finally, it is important to highlight that to properly
study how the ambient conditions affect the evolution of
Crocus cambessedesii or other kinds of plants, atmospheric
measurements at the field site must be carried out. Since
Crocus cambessedesii has a height of a few centimetres
above ground level, the surface temperature and the soil
moisture are more relevant to understand the life cycle,
rather than the parameters classically observed by a surface
station (1.5 m temperature and precipitation, among others).

Acknowledgements. The authors are extremely grateful for the
suggestions made by the anonymous reviewers and J. Cuxart (Uni-
versitat de les Illes Balears) and also the Spanish Meteorological

Tethys 2014, 11, 39–49 48
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