ENTOMOPHILOUS POLLINATION IN HIGHBUSH BLUEBERRY
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Abstract

Pollinators of highbush blueberry (Vaccinium corymbosum L. (cv. Herbert and cv. Goldtraube)) were studied in a mountain area of Friuli (north-eastern Italy; 1000 m. s. l.). The insect species visiting blueberry and the number of specimens visiting the flowers at different times of the day were noted. The effect of entomophilous pollination on blueberry production was also assessed by comparing fruit setting and dropping, weight, size and seed number in blueberry branches which either had or had not been put into net bags.

Insects visiting this plant include bumblebees (Bombus spp.), hoverflies (Eriozona syrphoides (Fall.), Syrphus ribesii (L.), Volucella bombylans (L.)) and Apis mellifera L..

The most active pollinators are Bombus pratorum (L.) and Bombus terrestris (L.); the bell-shaped corolla prevents short tongued pollinators from reaching nectar glands. Honeybees from hives about 500 m away, were not particularly attracted by blueberry and visited other flowering plants.

Even if flowers are self-fertile, the lack of entomophilous pollination caused:

1. lower fruit setting (45% in net covered branches and 78% in free-pollinated ones);

2. higher fruit dropping (62% in net covered branches and 24% in free-pollinated ones);

3. lower size (cv. Goldtraube: 0,61 vs 0,91 g; cv. Herbert: 0,41 vs 0,94 g in net covered and free pollinated branches respectively).

Introduction

The flowers of highbush blueberry are 6-10 mm long and the calyx is made up of 5 elements; the white petals of the flower are united to form a tubular or bell-shaped corolla, that hangs open end downward before pollination (McGregor, 1976; Pesson and Louveaux, 1984). The flowers are self-fertile; but the highbush blueberry benefits greatly from cross-pollination as there is usually a quantitative improvement in production (Bounous, 1996). It must be remembered, however, that the degree of self-fertility differs from cultivar to cultivar.

There is a meagre amount of data published on the pollination of V. corymbosum in Europe; in fact most of the research has been carried out in North America and regards the numerous species of the genus Vaccinium or their crosses. As the structure and size of the flowers is different in the various species and cultivars the data published must be evaluated with care.

In the surveys carried out in Canada (Winston and Graf, 1982), New Zealand (Macfarlane, 1992) and Italy (Bolchi-Serini, 1992) bumblebees were shown to be the most frequent pollinators. In the United States, on the other hand, this crop was found to be more frequently visited by solitary bees and in particular by species of the genus Andrena (Batra, 1997; MacKenzie and Eickwort, 1996). In conclusion, in Australia (Goodman and Clayton-Greene, 1988) and Poland (Jablonsky et al., 1983), honey bees are the most numerous of the insect visitors, and have proved to be efficient pollinators.

These confusing results can be attributed both to the different climatic and environmental conditions in which the research was carried out (presence or absence of domestic honeybees, number and species of wild pollinators, composition of the competitive flora), and the secretion of nectar and the length of the corolla, which vary in different cultivars. Therefore before evaluating the different results, all these elements which could justify the apparent contradictions in the conclusions reached by the different authors, must be  considered.

Materials and methods

The research was carried out in Ravascletto (a mountainous area of Friuli-Venezia Giulia, north-eastern Italy; 1000 m a.s.l.) during the years 1998-2000. Two cultivars of V. corymbosum (Herbert and Goldtraube) were growing in the same plot of land, as well as raspberry and red currant with a limited overlapping of flowering time.
In one square meter of rows the main groups of pollinators visiting the blueberry flowers were sampled at different times of the day and at different phases of flowering; these were divided into: bees (honeybees and bumblebees), wasps, other Hymenoptera (Andrena spp. and Halictus spp.), hoverflies and others (“flies”, Bombyliidae, Empididae and Coleoptera).

In addition, during the entire flowering period of the crop, data was gathered regarding climate and the main plant species present in the neighbourhood and within the area studied that attract bees.

During the three years of the study no more than 40 fixed hives were situated within a range of 3 km of the area studied; the nearest hives were at a distance of 500 m.

Before the flowers opened some branches were covered with a fine plastic net to stop the entrance of insects. In this way fruit from branches with free pollination could be compared with that from covered branches, measuring the differences in fruit setting, fruit dropping, weight, and diameter and number of seeds.

Finally, the main pollinators visiting the flowers of V. corymbosum were trapped and identified.

As any method of sampling insects visiting a crop can emphasise one aspect or another of the activity of the different groups of insects, it was decided to verify – using three different observational criteria – whether there was agreement between the surveys carried out. Consequently the problems arising from the inability to carry out an equal number of daily and spring-summer repeats due to the weather conditions (frequent changes in sunshine during the day, sudden thunder storms, prolonged periods of bad weather, etc.) which prevented the fixed timetable to be followed were averted.

Results and discussion

Insects sampled from flowers (identification)

Apidae, (especially the genus Bombus) is the most frequent group of insects visiting flowers of highbush blueberry, while the other Hymenoptera, the few hoverflies and some Coleoptera are only occasional (table 1). The presence of honeybees was quite rare all the years of the investigation even though some hives were present only a few hundred metres away (the nearest about 500 m).

Table 1: Hymenoptera found on highbush blueberry.

HYMENOPTERA




Family
Species
Frequency on blueberry



1998
1999
2000







Andrenidae
Andrena sp.
-
-
+







Megachilidae
Osmia cfr. rufa (L.)
-
-
+







Apidae
Apis mellifera (L.)
+
+
+


Bombus terrestris (L.)
++
++
++


Bombus pascuorum floralis (Gmel.)
+
++
-


Bombus pascuorum pascuorum (Scop.)
+
+
-


Bombus pratorum (L.)
+++
+++
++


Bombus soroeensis proteus Gerst.
++
+
++


Bombus humilis appeninus (Vogt)
+
+
-


Bombus lapidarius lapidarius (L.)
+
+
-


Bombus lucorum (L.)
-
+
+


Bombus monticola hypsophylus Skor.
+
+
-







DIPTERA










Syrphidae
Eriozona syrphoides (Fall.)
-
-
+


Syrphus ribesii (L.)
+
-
+


Volucella bombylans (L.)
-
+
+







Legend: +++ = very frequent;

                ++ = frequent;

                  + = not very frequent;

                   - = absent.

Percentage of the insect visitors sampled on highbush blueberry

During the three years of the observation different survey methods were used giving the following results (table 2):

Table 2: Average percent of the main visitors found on highbush blueberry during the three year survey, using different methods.
Year
Honeybees
Bumblebees
Andrena-
Other
Wasps
Hoverflies
Other




Halictus
Apoidea


insects

1998
12.9
68.6
1.9
1
1.1
14.5
0

1999
6.1
82.6
0.9
0
2.3
7
1.1

2000
3.8
77.7
2.5
0.1
0.4
11
4.5

AVERAGE
7.6
76.3
1.8
0.4
1.3
10.8
1.9

Trend of pollinator visits

From figure 1 it can be seen that total number of pollinators and bumblebees is highest, as was to be expected, when the plants are in full flower (70-80% of flowers open) (figure 1). Even the honeybees, though less numerous, visit the crop with greater intensity at full anthesis, while the number of hoverflies seems to increase during the final days of observation (40-50 % of the flowers open and a great number already set).

In regard to the frequency of the visits over the period of a day, it was noted, during three years of observations, that the highest average number of total pollinators and of bumblebees is found between 10 a.m. and 2 p.m. with a peak at 12 o’clock noon. Thus, in general, all pollinators and bumblebees visited the crop more frequently during the hottest hours of the day.
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Figure 1: Trend of the percentage of open flowers of highbush blueberry, the number of total pollinators and of bumblebees found during the flowering period (1999).

Competing flora

The flowers competing with highbush blueberry in the area examined, consists mainly of, in addition to blackberry and raspberry (only during the last phase of flowering) Taraxacum officinale L., Trifolium repens L. and T. pratense L., Salvia pratensis L., the Umbelliferae Aegopodium podagraria L. and Heracleum sphondylium L. not to mention Lamium album L., Knautia arvensis (L.) Coult. and Lotus corniculatus L.. These species were normally visited by honeybees, while, as already mentioned, the latter were rarely seen on blueberry. Honeybees together with other wild Apoidea were found even on Geranium pratense L. and Ajuga reptans L. which are of limited apiarian interest.

The blueberry is considered to be of only occasional apiarian interest, though its nectar has a high concentration of sugars (21%). The pollinators are only minimally influenced by the competing flora. In fact the elongated shape of the corolla hinders or makes it difficult for insects with a short tongue to reach the nectar so “long tongued bumblebees” are advantaged. This difficulty of sucking up the nectar is confirmed by the low intensity of visits by Apoidean hymenoptera with short tongues (genera Andrena and Halictus) and the presence of lateral holes on the corolla made by “short tongued bumblebees” (Bombus terrestris L. and Bombus lucorum L.) who, using this method, can reach the nectar easily.

Fruit setting and fruit dropping

Fruit setting of this was far superior on the free branches, by an average of 77% in 1999 and more than 80% in 2000 (table 3). Fruit setting on the isolated branches was very poor in 1999 (30,5%), while in 2000 values of slightly above 60% were noted. The differences in fruit setting are highly significant (p<0,001 in both years).

The differences are even more evident for fruit that has reached ripeness, and for fruit fall (significant at p<0,001). In particular, on the isolated branches fruit fall was equal to 53,2% and 70,2% respectively in 1999 and 2000, compared to 27,6% and 20,6% on the free branches (table 3).

Table 3: Average percent of set flowers and ripe fruit on 10 isolated and 10 free branches.



% fruit set
% ripe fruit
% fruit fall

Year

pollination
pollination
pollination
pollination
pollination
pollination



obstructed
free
obstructed
free
obstructed
free


average
30,5
77,5
14,5
57,0
53,2
27,6

1999
±(
9,2
13,5
6,4
18,6
12,8
15,5


t-test
p< 0,001
p< 0,001
p< 0,001


average
61,2
87,0
18,1
69,2
70,2
20,6

2000
±(
6,7
2,6
2,8
10,2
4,9
10,7


t-test
p<0,001
p<0,001
p<0,001

The pollinators thus play a decidedly favourable action on fruit setting, and hindering pollination by isolating flowers led to successive fruit fall.

Weight of 100 fruits

In highbush blueberry there is a significant difference in the weight of fruit derived from free or obstructed pollination, this was very marked in 1999 (table 4). In addition, from the data it can be seen that the variety Herbert, during the two years showed greater differences than Goldtraube. Besides, it should be noted that a lot of the fruit produced on the branches covered by net were not commercial due to their small size and paucity of seeds (3-4). These berries were also slower to darken and ripen than larger sized fruit.

Table 4: Weight (g) of 100 berries of highbush blueberry from isolated and free branches.

Year/cultivar
pollination
pollination


obstructed
free

1999



cv. Goldtraube
61,2
104,6

cv. Herbert
40,7
108,0





2000



cv. Goldtraube
61,5
77,3

cv. Herbert
42,5
80,5

Diameter and number of seeds in the fruits

The diameter and number of seeds in relation to the two types of pollination showed always significant differences (table 5). These differences are greater in the variety Herbert than in Goldtraube (both in 1999 and 2000), even though the intensity of visits by pollinators was similar in both cultivars.

Table 5: Average diameter and average number of seeds of 100 berries from obstructed and free pollination.

Year/cultivar

Diameter
N. seeds



pollination
pollination
pollination
pollination



obstructed
free
obstructed
free








1999






cv. Goldtraube
average
10,43
12,77
14,91
16,6


±(
2,06
1,80
8,29
7,26


t-test
p<0,001
p<0,05








cv. Herbert
average
8,59
12,63
8,15
12,45


±(
1,88
2,20
4,30
5,85


t-test
p<0,001
p<0,001








2000






cv. Goldtraube
average
10,29
11,22
12,55
14,7


±(
1,80
1,48
4,80
5,20


t-test
p<0,001
p=0,001








cv. Herbert
average
8,72
10,93
14,79
20,19


±(
1,42
1,55
5,25
5,30


t-test
p<0,001
p<0,001








Conclusions

In the highland area considered there is a wide variety of wild insect pollinators which carry out an important role in the pollination of small fruits.

The highbush blueberry is assiduously visited by bumblebees, which make up more than 75% of all the pollinating insects. The honeybees are not very frequent (less than 10% of all the insects observed) as is also true for the hoverflies; other Apoidea are present only in unsignificant numbers. The role of the bumblebee in the pollination of that fruit is consequently far more important than that of the honeybee.

It appears that without pollinators a satisfactory quality and yield of the crop cannot be obtained: in fact, comparing the isolated and free branches, fruit set increased by 55-60% to more than 80% and fruit fall was reduced by 60% to 20-25%; even the weight, the diameter and the number of seeds in the fruit showed a notable difference.

The action of the wild pollinators brings considerable benefits to the development of the fruit and the entire production, besides this, however, the orchard must contain at least two varieties that are compatable with each other.
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