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Abstract. — The effect of irrigation and artificial nutrient supply on nectar secretion and nectary
structure of three of the main Labiatae species occurring in a phryganic community (viz. Satureja
thymbra, Stachys cretica, and Thymus capitatus) was studied. Experiments were carried out on
potted plants taken from the wild, along with control plants (untreated or/and naturally growing).
Only T. capitatus clearly secreted a higher nectar volume and sugars after treatment, whereas
the yield of S. thymbra did not increase significantly when plants were irrigated or artificially
supplied with nutrients. The case of S. cretica was more complicated showing different trends
depending on the time of the year. Conclusions are: (i) nutrient supply does not always enhance
nectar secretion in the poor-soil phrygana; (ii) irrigation is more important in increasing per
flower nectar secretion than fertilization; (iii) nutrient supply results in the presence of
nectarless flowers; (iv) nectar analyses made on three plants show that neither of the treatments
affects amino acid concentration of the nectar, but they result in either glucose excess in the
nectar of woody species (viz. S. thymbra, T. capitatus) or in sucrose excess in the nectar of
herbaceous species (S. cretica). Most of these results can be explained through a differential
resource allocation of the water-stressed plants grown in the wild on the one hand, and the
treated plants on the other. This difference stems from the fact that woody species clearly
distinguish between growth and reproductive phases, whereas in herbaceous perennials the
growing phase overlaps with reproductive phase and blooming. Under conditions of artificial
nutrient supply, plants may continue to allocate to vegetative growth rather than to pollinator
allurement; on the contrary, wild growing plants may invest exclusively in pollinator allurement.
It is assumed that the approach of the summer is very critical and conclusive for a shorter life
cycle of the species. Some intraspecific differences in nectary structure were found as a result of
the treatments. However, because these differences were not consistent either with the treatment
effects on nectar secretion or with the nectar characteristics studied, it is concluded that the
observed differences may be mere intraspecific variations normally occurring in nature.
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1 Introduction

Much primarily descriptive work has been published on patterns of floral nectar secretion. Nectar
secretion has been reported as a function of time in the season, time of day, flower age, flower
location on the plant, flower size, plant size, plant location, weather conditions, nectar removal
from flowers, defoliation and soil moisture. These phenomena have been reviewed by
Zimmerman (1988). In addition, several authors reported that nectar secretion can be influenced
by artificial fertilizing with several nutrients. Among the nutrients that positively enhance nectar
secretion are potassium, phosphates, and boric acid (reviewed by Beutler 1953). On the other
hand, water availability may also enhance nectar secretion as was recently reported by Wyatt et
al. (1992). The authors found that Asclepias syriaca that has been first subjected to an early-
summer drought, dramatically increased its nectar volume after watering with the equivalent of
about 10 cm of rain, without a substantial change of its nectar concentration. On the other hand,
Petanidou et al. (1995a) found that Capparis spinosa flowers secreted more nectar during the
years of higher precipitation, but of a significantly lower concentration.

Areas of low rainfall have, indeed, an equally low nectar secretion, especially when low
rainfall is combined with summer drought; this particularly holds for the Mediterranean climate
area where the mild and wet winters are followed by dry and very hot summers (Aschmann 1973;
Herrera 1985; Petanidou & Smets 1995; Petanidou & Ellis 1996). An additional limiting factor
that may halt nectar secretion in Mediterranean ecosystems is suspected to be the nutrient-poor
soils, especially as to nitrogen availability (Christensen 1973 Diamantopoulos 1983). The latter
is limited by the frequent fires, and a slow, season-dependent decomposition rate.

Phrygana, the counterpart of the garrigue in the East Mediterranean Basin, occupies the driest
parts of the precipitation gradient in the whole Mediterranean region; among the weather
conditions prevailing there, the long-lasting water deficit has been considered as very harsh for
nectar secretion (Herrera 1985; Petanidou & Vokou 1990). The latter two authors argued that
under the Mediterranean climatic conditions it is very likely that pollen versus nectar has been
selected to constitute the major reward to pollinators. Indeed, in a well-studied phryganic
community consisting of 133 insect-pollinated species, 13.5% of the species did not produce
nectar at all, while only 7.5% of them produced >0.5 pl nectar per flower (Petanidou 1991;
Petanidou & Smets 1995). The main and consistent nectar producers of this community were the
Labiatae, supporting with their nectar a fairly high number of bees, and making the maximal
contribution to the apiculture potential of these landscapes (Petanidou & Vokou 1993 Petanidou
& Smets 1995; Petanidou & Ellis 1996).

In this paper we examine whether water shortage and nutrient-poor soil are, indeed, the
causal factors for the observed low nectar secretion in phrygana. We asked whether water- or
nutrient-limitation does affect nectar secretion in phrygana. Our hypothesis is that if, indeed,
nectar secretion is water-limited in plants growing in the wild, then artificial water supply will
enhance nectar yield. In addition, if nectar secretion is further nutrient-limited in phrygana, then
artificial fertilization will increase its nectar secretion. In parallel, these changes in nectar yield
arc expected to be accordingly reflected in the structure of the floral nectaries. Indeed, there is
evidence that nectar secretion increases with nectary size within a family (Fahn 1949; Dafni et al.
1988 Petanidou. Goethals & Smets unpublished). We tested our hypotheses on three Labiatae
species. grown in the wild and in transplants. We selected Labiatae to experiment on, because, as
mentioned above, they are the highest nectar producers in the phrygana, therefore the easiest to
handle the nectar. Besides, Labiataec are the most common representatives of phrygana, and the
most important species for apiculture (Petanidou & Vokou 1993; Petanidou & Smets 1995;
Petanidou & Ellis 1996).
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