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Abstract

Mason bee (Osmia rufa) was introduced to the orchard pollination from 17th  to 30th April in 2000-2002. Due to very high temperatures noted in the last years the flight of Osmia rufa females was short and ended about 25th May. Females founded their nests equally with pleasure as in tubes both from reeds (of diameter 6-8 mm), as from paper (of diameter 7 mm). In the year 2000 – in every 7 days interval during of blooming period were received 3 tubes to microscopic palynological analysis’s of cells. Analysis’s showed, that pollen from orchards’ plants (apple, cherry, plum and black currant) included in them from 26% to 31%. After this period in the nests the orchard-plants pollen was only from anemophilous walnut (Juglans regia)  – to 71%. On the base of efficiency of pollen from 1 flower and mass of pollen collected in the cells made calculation of necessary density of Osmia rufa females to 1 hectare of some orchard plants pollination. 

Key words: mason bee, Osmia rufa, orchards’ pollination, pollen analysis

Introduction

Decreasing number of honey bee colonies in Poland from 2 600 000 in 1985 to 700 000 in 1997, and their weakness caused by parasite Varroa destructor and diseases paralyzing to 80-90% of brood result in the insufficient pollination of plants, especially in the spring. 

Lack of honey bees to plant pollination can be substituted by some species of solitary bees. Their rearing is very cheap and it will not demand so much work and engagement as honey bees, because solitary bees have short period of development (about 2 months). Next generation spends remaining part of the year till the following spring in cocoons.

Osmia rufa is suitable especially for orchards pollination (Bosch, Kemp 2000; Hirashima 1963; Pinzauti et. al. 1997; Torchio 1982); it visits besides over 130 species of plants (Ruszkowski, Biliński 1986). This bee winters in matured stage and after emerging from cocoons in spring without any incubation it starts flights already in the beginning of orchard blooming. Cocoons of Osmia can also be wintered in refrigerator, what makes possible utilization of this bee to pollination of later blooming plants.

The undertaken research will permit to define this bee as a pollinator of orchards on the base of observation and palynological analysis of their nests (Hodges 1952, Sawyer 1981). It will make possible better recognizing the biology of this bee and the most willingly chosen nesting materials.

The reseach on rearing and utilization of different Osmia-species is carried out in many countries from Europe (Bosch, Kemp 2000; Pinzauti et al. 1997; Wilkaniec, Radajewska 1997) to America ( Torchio 1982) and Japan (Hirashima 1963; Maeta 1978). 

Material and methods 

Cocoons of Osmia rufa were placed in orchards near box-hives filled up with nest materials (reed tubes in diameter of 6-8 mm or pepper tubes in diameter of 7 mm). In the 2000 after completing of first nests by females, 3 tubes were chosen to palynological analysis every 7 days. Tubes from 3 terms were collected. After the finishing of Osmia-flights the tubes stayed to the autumn in the orchard, and than were made their analysis. Collected cocoons were stored in the cartoon box to the spring in the refrigerator at 4°C. 

Results

Males started to emerging just after exposition of cocoons in the orchard. Females emerged accordingly 4-5 days later. Females put pollen to selected tubes already the following day after emerging. Reedy tubes were chosen most willingly but the mason bee founded its nests in paper tubes especially, when among paper tubes were placed reedy tubes, which lured females of Osmia. The advantage of paper tubes is that they are semi-transpared, sterile and have the same diameter on all length. 

Completion of first nest Osmia rufa was noted ten day since females emerging and that time tubes were chosen to research at weekly intervals. Palynological analysis of pollen accumulated in cells of nest (tubes) present Chart 1-3. Pollen of plum and cherry-tree was added up as plum-tree type, because pollen of these plants is very difficult to distinguish. 
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Very high temperature in 2000 caused that all species of orchard plants bloomed almost at the same time and the period of blooming lasted short. Therefore their pollen was found only in the first and the second term of analysis. Pollen from orchard plants amounted 31% in Osmia nests completed by 27th April and 26% - by 4th May. After 4th May such pollen was not found except anemophilous nut-tree – Juglans regia, which share in nest collected on 12th of May was 71%.

The results of Osmia rufa rearing  in 2000-2002 shows the table 1.  Emerging of imago was 93-98% except cocoons in the garden in 2001, because in the preceding year the tubes with these cocoons were thrown out on the ground by bird. Annual coefficient of population reproducing hesitated fom 1.7 to 4.5. The attempt to determine the number of females Osmia necessary to pollinate 1 hectare of apple, cherry and blackcurrant orchards shows table 2. It was based on assumption that every female assembles an average 33% of accessible pollen in flower (Szklanowska, Pluta 1984; Szklanowska et al. 1997; Szklanowska 1987) during 1 visit and provides 15 cells with pollen. Consequently the number of females necessary to pollinate 1 hectare of orchard is from about 1 000 to 3 500, as it depends on species of plant. Taking into account about 95% of bees emerging from cocoons and the female participation in population of 33%, the number of O. rufa cocoons needed to pollination of 1 hectare is about: 3 000 for apple orchard, 10 000  for cherry-tree and 
4 000 for blackcurrant. 

Conclusions

1. Mason bee (Osmia rufa) spends the winter in imago stage and in the spring in natural condition start emerging in the beginning of trees and fruit-shrubs blooming.

2. Every female founds about 15 cells in which gathered over 3 g of pollen for food to their broods. 

3. Osmia rufa in 2000 collected in their nests to 31% of pollen from orchard plants. 

4. To pollinate 1 hectare of orchard is necessary from about 1 000 to 3 500 females Osmia rufa depending on plant species. 
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Table 1

Results of Osmia rufa rearing in Pulawy 2000-2002

Year and place of experiment
Number of given cocoons
Emerging of bees from cocoons 

(in %)
Number of received cocoons after season
Coefficient of population increase

2000





Apple-orchard
4 200
98.7
12 929
3.1

Cherry-orchard
-
-
-
-

Garden
2 650
96.3
11 900
4.5

2001





Apple-orchard
3 314
98.2
12 000
3.6

Cherry-orchard
8 124
98.4
14 266
1.7

Garden
5 350
74.7
9 692
1.8

2002





Apple-orchard
3 885
98.3
12 831
3.3

Cherry-orchard
8 406
93.1
24 177
2.9

Garden
7 154
88.0
21 652
3.0

Table 2.                 

Calculation of necessary Osma rufa number to pollinate some orchard plants

Plant
Number 

of cells founded by 

1 female 

of O. rufa
Mass 

of pollen 

per 

 1 cell 

(mg)
Mass

 of  pollen collected by 

1 female  (mg)
Average mass 

of pollen 

in mg
Number of visited flowers

to fill with pollen

15 cells
Number 

of flowers 

per 

1 hectare 

(millions)
Proportion of florescence to life-span of Osmia-females
Number of 

Osmia rufa  

females

to pollinate

1 hectare
Number

 of Osmia rufa  cocoons

to pollinate

1 hectare





per one flower
collected during 

one flower visit






a
b
c
d
e
f
g
h
i
j
k

Apple
15
204
3 060
1,03
0,34
9 000
2.5
0.3
926
2 788

Cherry



0,47
0,16
19 125
20.0

3 486
10 458

Blackcurrant



0,17
0,06
51 000
19.7

1 286
3 858


 d = b × c
f = 33%     g = d : f       j = h : g : i        k = 3 × j  (33% of females in the O. rufa population) 







