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Does temperature stress induce nectar
secretion in Mediterranean plants?
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SUMMARY

We studied the effect of temperature on nectar secretion in Thymus capitatus, a typical labiate of phrygana (i.e. the
garrigue of the East Mediterranean Basin). Experiments were carried out at controlled temperatures in a climatic
chamber. We measured the nectar standing crop of the flowers at the end of the first day of their anthesis. All nectar
values (i.e. volume per flower, sugar content and concentration) increased with temperature up to 38 °C, as long
as the plants were not water stressed. However, in the open and under normal temperate conditions (i.e. at
relatively low temperatures) nectar secretion depended more on changes in solar irradiance than on temperature.

Under the same conditions, nectar secretion in Ballota acetabulosa, a species that is sympatric and coflowering
with 7. capitatus, was affected neither by light nor temperature. Since in the wild these two species are found in
different microhabitats (full sun and shade, for T. capitatus and B. acetabulosa, respectively), we attribute the
differences we observed to the differential natural adaptation of the plants to these factors. We conclude that 7.
capitatus is very well adapted to the Mediterranean conditions. By performing optimally as a nectar source at high
temperatures, it can support a very large insect fauna that visits its flowers for nectar. It is in fact a temperature-
induced cornucopian species.
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INTRODUCTION

Nectar secretion rate is temperature dependent
(Fahn, 1949; Shuel, 1952; Huber, 1956; Corbet,
1978, 1990; Jakobsen & Kristjansson, 1994). In most
of the cases studied, nectar secretion rate decreases at
low temperatures (but see Kropdcovda &
Haslbachovd, 1970, where the nectar secretion rate
of Trifolium repens correlates negatively with tem-
perature). Normally, the highest nectar yield is
secreted at a particular temperature, that differs from
species to species. For QOenothera biennis
(Onagraceae) this temperature is 24 °C, whereas for
Borago officinalis (Boraginaceae) it is ¢. 23-5°C
(Huber, 1956). Jakobsen & Kristjansson (1994)
found that the temperature for optimum yield can
differ even between clones of the same species, e.g.
between 10 and 18 °C for Trifolium repens (cf. also
Shuel, 1952). It is worth mentioning that most
studies in the literature have focused on species of
temperate systems, where temperatures rarely ex-
ceed 28 °C. Thus the effects of higher temperatures
on nectar secretion are largely unknown. High
temperatures during flowering are very common in
arid ecosystems such as the mediterranean. (Note the
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distinction between mediterranean = Mediterranean
climate type, and Mediterranean referring to the
Circum-Mediterranean Basin; see di Castri &
Mooney, 1973.)

Mediterranean climate is characterized by mild
winters and very hot summers, with a high water
deficit during summer (Aschmann, 1973; Maheras,
1983). In such a climate many plant species flower
relatively early, before high summer (Petanidou et
al., 1995). As a consequence, in the mediterranean
areas, pollen is the major reward for pollinators, and
rates of nectar production are low (Herrera, 1985;
Petanidou & Vokou, 1990, 1993 ; Petanidou & Smets,
1995). Since high temperatures are a feature of the
mediterranean climate, we hypothesize that the
nectar secretion of species highly adapted to
mediterranean conditions will not be suppressed at
high temperatures, as long as the plants are not water
stressed. Therefore, we expect that the temperature
of optimal nectar yield will be much higher than
24 °C, as found by Huber (1956). We asked two
principal questions: (1) Is nectar secretion influenced
by high temperature ? (2) What is the relative role of
temperature vs. light in influencing nectar secretion?
We tested our hypotheses primarily on Thymus
capitatus Hoffmans. et Link (Labiatae), but also
studied Ballota acetabulosa (L..) Bentham. These two
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Table 1. Nectar production of Thymus capitatus under controlled temperature conditions in climatic chambers,
expressed as the mean volume and concentration per flower during the first day of anthesis (nectar standing crop

at the end of a 14 h day) : the number of nectar-empty flowers is also noted

Mean volume

Date Mean concentration
(July Group of "T'emperature _ n Blank
1993) plants °C) (1) SE n (° w/w) SE n flowers
8 A 28:0 0-10 0-02 19 62:2 1:72 15
9 A 28:0 0-10 0-01 24 60-6 1-29 24
10 A 250 0-11 0-03 8 53-8 3-34 7
11 A 19-0 0-08 0-01 9 39-3 1-92 9
12 A 19-0 0:09 0:02 12 382 3-59 12
13 A 227 0-08 0-01 16 43-1 279 15 1
14 A 25:0 012 0-02 19 530 2:77 19
15 A 280 0-09 0:02 25 558 1-92 22 1
16 A 30-5 0-19 0-02 18 562 1-86 18
17 A 33-8 0-22 0-02 11 568 279 11
18 A 367 0-20 0-03 12 582 191 12
19 A 387 0-06 0-01 15 632 1-46 14
13 B 227 011 003 5 51-6 1-55 5
14 B 250 0-10 0-02 12 647 1-37 11
15 B 280 0-10 0-01 12 620 0-89 12
16 B 30°5 0-13 0-01 7 60-8 0-83 7
17 B 338 013 0-00 3 657 1-85 3
18 B 367 0-13 0-02 5 646 1-26 5
19 B 387 0-06 0-01 8 69-6 1:67 8
20 A+B 400 0-06 0-01 21 591 1-46 19
21 A+B 380 0-06 0-01 15 647 1-24 11 2
22 A+B 380 014 0-02 10 561 390 10
23 A+B 397 011 0-02 31 537 2:90 26 3
24 A+B 39-2 0-09 0-04 5 50-3 7:65 4 1
25 A+B 383 015 0-03 15 480 4-90 12 2
26 A+B 41-8 0-13 0-04 12 56-2 480 9 2
27 A+B 452 023 0-07 11 477 617 9 2
28 A+B 435 0-10 0-02 14 563 316 11 3
29 A+B 455 0-06 003 6 441 11-22 3 3
39:0 011 563 11 2

0-03

13 338

labiate species are both found in the Mediterranean
region. If our hypothesis is correct, we expect that
high temperatures of mediterranean magnitude (i.e.
> 30 °C) may induce nectar secretion.

MATERIALS AND METHODS

The species studied

T. capitatus and B. acetabulosa are typical species of
phrygana, the vegetation type that occupies the
driest parts of the East Mediterranean area. Both
species flower in June, i.e. late in the flowering
season. The flowers of both species are pink, of gullet
tvpe. Those of T capitatus are deeper and larger (see
Petanidou & Vokou, 1993, for descriptions). The
two species differ in habit: T. capitatus is a woody
perennial characterized by seasonal dimorphism and
small, dark green leaves, whereas B. acetabulosa is an
herbaceous perennial with relatively large, soft, non-
aromatic leaves. In the wild they occupy different
habitats: 7. capitatus grows in places which are very
dry and sunny, whereas B. acetabulosa is always part
of the understorey vegetation, often in stands of
Pinus halepensis Miller.

For each species c. 25 plants were selected at
random in the wild (from the Nature Reserve of I.
and A. Diomedes Botanical Garden of the Uni-
versity of Athens, Athens, Greece). The site is
described in Petanidou & Vokou (1993), Petanidou
& Ellis (1993), and Petanidou et al. (1995). Plants
were grown in the National Botanical Garden of
Belgium from January 1992. During the winter they
were grown under glass in a heated glasshouse, and
then in the summer they were moved out of doors
and watered regularly. Preliminary observations in
1992 allowed us to pinpoint the exact time of the
flowering peak, which was during July. The experi-
ments and observations reported in this paper were
made in July 1993.

The experiments

Experiments were carried out both indoors and
outdoors. In the indoor experiments (conducted in
climatic chambers) we tested the effect of high day
temperatures on nectar secretion of 7. capitatus. The
outdoor experiments enabled us to estimate the
relative effects of temperature and light on the nectar
secretion of the two species.






