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Abstract 

There is very little information concerning the role of substances secreted by pronubial insects that inhibit pollen germination in the pollination process of plants. Bees inevitably coat their down with pollen freed from the anthers while searching for floral nectar, or pollen grains. The stereotyped behaviour of bees during the pollen collecting activity involved structures suitable for the gathering and transport of pollen (legs, metasomal sterna). The pollen used in our germination experiments was sampled on flowers belonging to plants including blueberries, strawberries and wild brambles cultivated in a protected area. Standard laboratory methodology has been used for the germination test in vitro. Our study shows honeybees and bumblebees beginning to deactivate the pollen in three steps: the first one during the grooming of pollen spread on the body, the second during the loading of pollen in the corbicula, and the third step is during the storage of pollen in the cell of the colony. Mason bees, instead, deactivate pollen only during the pressing process of the pollen discharged in the previous foraging foray.
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INTRODUCTION


Normally the reproductive process of plants involves in flowers pollination and fertilization. The mechanism of pollen germination, and of fertilization process, is complex and conditioned by many biochemical events which occur in more or less brief timeframes (Pinzauti, 1991; Rondinini and Pinzauti, 1994; Rondinini et al., 2000). 

 Frequently, negative fruit-set to the plants is attributed to the complete lack, or insufficient pollination of the female organs of the flower. The eventual economic damage resulting from this phenomenon is often blamed on the absence of bees on the flowing bloom period, or adverse meteorological or climatic conditions. However, apart from this, the rial process needs to be preceded by two important point: 1) the transported pollen must bee vital on the stigma (Pinzauti, 1982); 2) pollen grains reach the top of the stigma in great number (mass effect) (Pinzauti, 1991). 

 Many substances, in nature, have antibiotic proprities who can to inhibit pollen vitality. Pinzauti (1972) demonstrated that often also a fungicidal treatment carried out during flowering, or even before, can result in the deactivation of the germinating power of the pollen present in the anthers. Insecticide treatments are obviously more toxic for that pollen. In Italy we intend to propose pollination service as a normal agricultural practice, for this topic is important to carry out a study into the natural deactivation of pollen, something never before discussed in documentation.

Normally, when the flowers bloom they provide the bee with the “nectar” of vital pollen in its most germinating state. Visiting the successive flowers, this pollen adhering to the hair-body of the insect, by elettrostases, is deposited onto the stigma before being gathered again and again (Pinzauti et al., 2002). The bees which gather pollen, vice versa, tend to favour the emission of pollen from the anthers and carry out a series of stereotypated behaviour, using parts of the anatomy designed for the gathering and transport of pollen (legs, stomach, torso or head). The pollen which should be stored in the nest, to avoid increasing of humidity, must be deactivated thereby losing its germinating properties.

 The little documented information available is not really aimed about deactivation of pollen, the secretion of germination inhibiting substances by the insects, but more on the general observations on antibiotic substances which in nature include fungi and bacteria often found within the nest. This could be considered as an evolved reply favouring the health of the brood. That the antibiotic properties of the secretion is also negative to the germination of the pollen is obvious.

Deactivation of pollen by insects
 

 Some researchers (Battie et al., 1984, Battie et all., 1985; Battie et al., 1996) have revealed the fact that pollen localised on the dorsal tegument of some ants loses vitality due to the substances secreted by the metapleural glands. These substances, extremely antibiotic, appear to be extremely efficient in impeding the growth of bacteria and fungi. More specifically, Harriss and Battie (1991) verified that the vitality of rape pollen (Brassica rapa L.) on the dorsal section of social wasp thorax (Vespula germanica F.) and honeybees (Apis mellifera L.) reduce the germinating potential of the pollen without contact with the anal or oral fluids of these insects. The same authors also noted an even more effective inhibiting action on a bee without sting, the Trigona carbonaria Smith. With regards again to the honeybees, Lavie, in 1960, conducted a profound investigation which highlighted the presence of such inhibiting substances in elevated quantities on the heads of worker honeybees and more reduced levels on the thorax. In particular Lavie encountered a notable quantity of antibiotic substances in the pharyngeal gland secretions: the antibiotic potential of these substances present on the heads of the worker bees was higher in the spring-summer period compared to autumn-winter. Furthermore, the same author highlighted that the pharyngeal glands of the worker honeybees secreted also an anti-germination substance found always in the granules of pollen accumulated in the cavities in the third set of legs or that stored in the honeycomb. Pinzauti et al, in 2002, revealed the loss of vitality of the pollen collected, and carried into the nest by several bees. Suitable ethological observations were carried out in female of Osmia cornuta and Bombus terrestris, confirming, instead, in the subsance, what already show from Lavie (1961) in Apis mellifera.

Following the behaviour observations on gathering and storage of pollen by honeybees (Apis mellifera L.), bumblebees (Bombus terrestris L.) and masonbees (Osmia cornuta Latr.) (Pinzauti et al, 2002) the authors as carried out, in same specie of bees and plants, germination pollen test to know the level of pollen deactivation.

MATERIALS AND METHODS
The observations were collected during the period 1998-2000 in the experimental farms of the Pisa University, (Agricultural Faculty located in the Tombolo Ex Tenuta - S.Piero a Grado, Pisa). The pollen used in the experiments was produced by plants in a protected zone including blueberries, strawberries and wild brambles.

The vitality of the pollen in the laboratory was verified regularly by: 

a) pollen descending from the anther; 

b) pollen present on the bodies of the bees involved (with the exclusion of those with pollen accumulated in the cavities or gastric brush);

c) pollen present in the legs cavities of Bombus terrestris; Apis mellifera and in the gastric brush of Osmia cornuta;

d) pollen just deposited in the nest: in the case of Osmia cornuta also pressed or non-pressed pollen. 

The culture pabulum used for the germination tests in vitro (standard methodology) resulted in the following composition: 0,15 g of agar; 1,5 g of saccharose; 10 ml distilled water.

 The observations with an optical microscope were carried out every two hours (x24) reading four random surfaces on the Petri dish.

With regards to Osmia cornuta an effective inhibiting activity was verified with finely chopped female heads in various stages of physiological development:

a - females in diapause at + 4 (C;

b - virgin females emerging from the cocoon (at 1, 2, 3 days);

c - nesting females after coupling.

For each treatment, by means of a Polytron of buffer Tris sensor (hydroximethyl-amino-methane) – HCl 20mM at pH 7.4, the homogenised blend was passed through a centrifuge at 5000 rpm for 15 minutes at 4(C.

Data were statistically analysed by analysis of variance (ANOVA) and significantly different means were separated by using Duncan test at 0,05 probability level (Sokal and Rholf, 1981)

RESULTS AND DISCUSSION


 Observations on the insect’s behaviour: the insects under examination were studied in a greenhouse, followed by means of specific markings from the contact with the flowers until their return to the nest, whilst recording on video-cassette the collection, accumulation and transport of the pollen (Pinzauti et al., 2002). 

 Apis mellifera and Bombus terrestris: whilst gathering pollen the workers move about the flower with a series of rhythmic movements, close near to the opening anthers. Once their down is coated with pollen, with the tarsus brushes of the first pair of legs, they begin to scrape the pollen from their heads whilst emitting a substance secreted from the oral tract (A), the pollen then passes to the tarsal brushes of the second pair of legs to be added to that already collected in the dorsal down. The pollen is again dampened (B) and passes to the third pair of legs where it is transferred (again dampened – C), from one tarsal brush to the bristles of another until being inserted in the auricle (the cavity in the upper part of the tarsal). Then, with a rhythmic movement of the tibia-tarsal, from the top to the bottom, the tiny granule of pollen is forced out of the mass of pollen directly into the pollen basket (corbicula) where it accumulates with the pollen already attached to each hair reaching significant dimensions (about 7 mg of weight). Upon reaching the nest the worker discharges its load from the basket onto the cells in the pollen store where, other younger workers take care of the final storage with a final dampening (D).

 Osmia cornuta: the females of O. cornuta whilst gathering pollen scrape, with the gastral brush (a series of linearly aligned bristles – see Felicioli and Pinzauti, 1994a), the pollen directly from the anther in a circular and zig-zag movement; no dampening of the pollen was observed during this operation. Once a scorstockpile of pollen sufficient for transport is gathered, the osmia flies towards the nest and proceeds directly to the store of pollen. The artificial nest used for the experiment, a NTAA type (Felicioli and Pinzauti, 1994b), has an 8 mm tunnel just slightly larger than the body of an O. cornuta female. In this case at the beginning of nesting the female deposits the pollen by entering backwards (with the head towards the exterior). Once the pollen is deposited at the end of the first cell in the tunnel, with the aid of the third pair of legs, the insect returns to the collection of pollen from the flowers. When again loaded it returns to the nesting tunnel where it begins the pressing process, carried out with the head (in particular the clypeus) where the pollen is dampened with oral secretions (1). It then leaves the tunnel and re-enters to carry out the next deposition of pollen gathered in the previous visit. And so on for almost the entire day with an apparently stereotypical behaviour until the quantity of pollen reaches a pre-established level (sufficient to ensure the development of the larvae). The female then deposits an egg on the mass of accumulated pollen an begins to construct a dividing wall with damp earth. The bee continues this behaviour until more cells are complete (in the artificial nests around 10 per tunnel to a maximum of 30) before final closure with a double layer of damp earth at the exit of the tunnel.

Germinating potential of the pollen


 From the observations it was seen that the inhibition of the germinating activity of the pollen demonstrated by various in Apis mellifera (Lavie, 1961; Sasaki, 1985; Harris and Battie, 1991), begins from the moment of gathering of the pollen and is effected by the dampening with oral secretions in various phases of gathering and storing of the pollen. Table II shows the differences between pollen germination tests in strawbarry and wild brambles with the pollen collected, and trasported in the nest, by Apis mellifera, Bombus terrestris and Osmia cornuta (the last before and after pressing process). In table III and IV are reported data about strawbarry pollen germination collected by Osmia in different stage/period.

 Also the tests of the inhibiting activity on the germination of the pollen, carried out using heads of the tree bees species demonstrated that the heads of this insects contain substances capable of deactivating the germinating potential of the pollen. As the matter of facts no pollen germination has been observed in all the utilized females. These antibiotic substances, in the Osmia cornuta, were present in all of the females also when they were ovispawning or still in diapause.

 In conclusion it was possible to demonstrate that the bees observed, though advisable to consider a similar behaviour from others, deactivate the pollen at different times. The honeybees and bumblebees begin to deactivate the pollen as during gathering followed at different times, with a final operation in the nest cells. The masonbees gather pollen continuously without passing to other insects and deactivate the pollen after deposition in the nest and during the pressing process. One factor fundamental to the deactivation of the pollen is the mandible secretions carried out by the females of the three species observed, also if with O. cornuta, one cannot discount eventual facial sprays.
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Treatments
Strawberry pollen (%)
Bluberry pollen (%)



Pollen (from stame)
86,12a
90.81a

Pollen (from stame) + tris pH 7.4
81,04a
74,81a

Table I . 1998: pollen germination test (average percentage), in vitro, of stame pollen and the same + tris pH 7.4 (n. = 48) (Duncan test P< 0,05).






Treatments
Strawberry pollen (%)  
Wild brambles (%)

Pollen (from stame)

84,36
89,14

Pollen from honeybee body
80,22
86,24

Pollen from bumblebee body
77,54
88,64

Pollen from honeybee curbicola
46,68
52,16


Pollen from bumblebee curbicola
54,23
53.22

Pollen in the honeybee nest-cell
 8.36
9.46

Pollen in the bumblebee nest-cell
10,26
10,82

Pollen from masonbee scopa
80,32
------

Pollen with out masonbee nest pressure
66,42
------

Pollen under masonbee nest pressure
15,20

------

Table II. Honeybees, bumblebees, masonbees (2000): pollen germination test (average percentage in vitro, for 

several pollen conditions (n. = 24).

Treatments
Strawberry pollen (%)
Bluberry pollen (%)

Pollen (from stame)
84,36b
76,77b

Pollen + bee heads extract (females in nesting activity)

80,22a
44,25a

Table III. Osmia cornuta Latr. 1998: pollen germination test (average percentage), in vitro, in two different pollen conditions (n. = 48) (Duncan test P< 0,05).

Treatments
Strawberry (%)

(1998)
Wild brambles (%)

(2000)

Pollen (from stame)

92,57e
83,95e

Pollen + one drop tris pH 7.4

83,47d
76,61d

Pollen + heads extract 

(female in cocoon refrigered 4 (C)

17,51a
28,55b

Pollen + heads extract (virgin female after 1 day born)
24,61b
20,07a

Pollen + heads extract (virgin female after 2 day born)

23,37b
20,85a

Pollen + heads extract (virgin female after 3 day born)

34,72c
61,07c

Table IV. Osmia cornuta Latr. 1998: pollen germination test (average percentage), in vitro, in several different pollen conditions (n. = 48) (Duncan test P< 0,05).
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