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Morimi Kobayashi (1972)

[ Problems in the utilisation of Eristalis cerealis as pollinator ]

Shokubutsu Boeki 26: 473-8

Recently we see many discourses on pollinators, because, due to the increase of the non- and imperfectly pollinated flowers, the production level has become unstable and the quality of the products has gone down. The reasons for these are that the population of the pollinators has gone down so that the number of visits to the plants which need cross pollination has gone down, because of development and the wide and frequent use of agricultural chemicals. 


Particularly for the cultivation of garden plants such as most of the deciduous fruit trees and fruit vegetables the role of the pollinator, both for products and for seed collecting, is important. Especially the rapid development of forced culture on strawberries, melons and water-melons in greenhouses has an influence on fruition and quality of the fruit, because the flowering period is in winter and if it is not in the winter the indoor conditions limit the pollinators’ activity. So in order to solve the problem we have to do artificial pollination. These days the economic and worker’s burden for this in apple and pear orchards has reached its limit. 


So we want to use pollinators positively and protect them. Here, citing some case studies, I want to discuss some problems of propagation and use of Eristalis cerealis, of whose usefulness as a pollinator and a possibility of mass propagation have recently been made known. On this occasion I want to say that this study of propagation and use of this species are a single research assignment helped by the Ministry of Agriculture. I also thank the following people: Dr Junichi Shibukawa, the Director of Iwate Prefecture Garden Plant Experimental Station, who instructs me every now and then; Nara Prefecture Agricultural Experimental Station, Kagawa Prefecture Agricultural Experimental Station (Miki Branch), Tottori Prefecture Agricultural Experimental Station (Saihaku Branch) Saga Prefecture Agricultural Experimental Station, Gunma Prefecture Garden Plant Experimental Station and Ibaragi Prefecture Garden Plant Experimental Station, who work jointly with us to transport this species and to test its use on green-house vegetables.   

I   Visitors to the apple orchard

Miyamoto also showed the many results of the ecological study of visitors (1960) but there are many other case studies on visitors to deciduous fruit trees because of necessity. Tsugawa et al (1967) recognized 158 species as visitors to apple orchards in Aomori Prefecture. They said that the most important pollinator is the family of Apidae. Maeda et al (1965) think that Osmia (Osmia) taurus Smith, 1873 is important. So far Apis mellifera L. has been represented as a powerful pollinator, however, as things have become clearer we have understood that not only Hymenoptera but also Diptera are important as pollinators. Which significant pollinators visit which flowers depends on the area, environment and plants. In some area Hymenoptera exceed Diptera, and vice versa. Table 1 shows the first to fourth most frequent visitors to the apple orchard for ten years from 1962 from Kobayashi’s experiment (1971) to find the significant species among the visitors. It was only twice that Hymenoptera ranked first; this Hymenoptera (Apis mellifera L.) was artificially introduced; and the role of the other flower bees as pollinators remained lower than the second. 


Among Diptera which are seen as important pollinators the role of the Syrphidae comes first, especially because Eristalis cerealis Fabr. comes first in 6 out of ten years. Their visiting rate (50.5% max. in 1966 to 21.3% min. in 1971) is far higher than that of the flower-visiting bees. It is an undisputed fact that pollination in the apple orchard is boosted by lower visiting rate insects such as the Apidae family and Syrphidae family. However, recently these families decreased in both variety and quantity, and at the same time a larger insect tends to appear as a pollinator.  The number of pollinators is poorer in the orchard in the flat land than on the mountain. Among the pollinators in the flat land orchard, I think Eristalis cerealis Fabr. is quite important as a pollinator considering its visiting habit and the amount of pollen sticking.

II  The conditions as a pollinator

When we use an insect as a pollinator it has to fulfil at least the following conditions. 

(1) number of visiting times should be high

(2) large amount of pollen sticking

(3)  low mobility to other flowers 

(4)  endurance of a lower temperature

(5)  harmless to men and animals

(6)  possesses few natural enemies

(Table one is translated in the Japanese text)

In order to increase the effect of pollination the pollinator has to love the flower of the target crops. But sometimes some insects, whose visits though frequent, are not suitable for pollen sticking when we take into account the purpose of their visit and their body structure. Especially the tendency to visit other flowers is always a problem. For example Apis mellifera L. in an orchard tends to move around and the staying rate in the host orchard is apt to be low.


Though it varies with the crop, the weather of the flowering period of fruit trees can be unstable, and forced vegetables grow in low temperature. So the activity of the pollinators is limited. The pollinator should multiply well and should not have natural enemies. Osmia (Osmia) taurus, known as a powerful pollinator, does not multiply well, and Maeda et al (1965) think the reason for this is natural enemies. In the case of this pollinator in the field, and if they have more natural enemies, the effect will inevitably go down. Of course, if the pollinator is harmful to men and animals we should not use it even though it is good.     

III  The effect of the use of pollinators on fruit trees and greenhouse strawberries

As for the use of this species (Eristalis cerealis Fabr.), at first we started testing it on apples in 1965, but after that we proceeded to test on greenhouse vegetables from 1970.  We have also extended our study on long distance transporting of Eristalis cerealis Fabr., and on the effect of the use of them on greenhouse strawberries, watermelons and melons.


First I ‘ll show the effect of the use (of Eristalis cerealis Fabr.) on apples. Table 2 shows the comparative results of pollen mediating ability between Eristalis cerealis Fabr. and two other pollinators. Generally speaking Eristalis cerealis Fabr. and Apis mellifera L. are similar in their effect. Actually the result of the examination in the case of mass release of the pollinators  - twice: one at the flowering period and the other in the full bloom period in 20 a (2000m²)  - the centre flowers’ fruiting rate of Kôgyoku (variety of apple, Jonathan) is 28.4% higher than that of an orchard  where no insects were released. Also, the seed fruition rate is c.14% higher.


Table 3 shows the case study of Eristalis cerealis Fabr. being released in three sites in Iwate Prefecture in 1972. The subject of the study was Star King Delicious (variety of apple). The basis of release was 1000 insects per 10 a. The centre fruit fruition rate was the same as that of artificial pollination orchard and much higher than the non-released orchard. From the result of the release test with different quantities of insects we know it is an excellent mediator. So we expect to use it in apple orchards. 


Now, we want to check its effect on greenhouse strawberries. Table 4 shows the result of the experiment involving Eristalis cerealis Fabr.‘s release in Forced Culture Institution, No14 Tôhoku. The released area produced fewer malformed fruits. The mass released area produced far fewer malformed fruits and a greater quantity of fruit. 


Table 5 shows the test result on effective use of Eristalis cerealis Fabr. in four 198 m² wide green-houses in the local field. We could not find the relationship between the number of the insects and the number of the harvested fruits, but we found that the malformed fruits appeared fewer in released greenhouse and far fewer in the green- house where additional insects were released. 


Among the results of the joint experiments, the result of transporting Eristalis cerealis Fabr. which we know so far is as follows: when we sent them as matured larvae, their death rates were 0.5% in Saga Agricultural Experimental Station, 0.8% in Tottori Agricultural Experimental Station (Saihaku Branch) and 0.4% in Kagawa Agricultural Experimental Station (Miki Branchi). The result shows that the possibility of distant transporting of larvae is good. But we have to think about the evenness in maturity of the larvae.


The actual example of the effects on the use of the transported larvae is shown in Table 6 ,7 & the graph. In any case the effect on the prevention of deformed fruits is high in the released area. We also see the higher commercial value in this project as the size of the fruits is bigger and the form is standardized. 

VI  The mass propagation of Eristalis cerealis Fabr. and its problem

In 1966 the possibility of the artificial propagation of Eristalis cerealis Fabr. was discovered and because of the effectiveness of the example the artificial propagation in mass is in progress. In the case of raising it artificially, the food differs between an adult and a larva. The food for the adult is the pollen of apples, narcissus tazetta L.var.Chinesis Roem or camellia japonica L. is effective. The days to the commencement of oviposition are the fewest when we raise them with the camellia pollen. The longest life expectancy of this artificially raised insect is about 40days. But we have to bear in mind that this flower horsefly* lives in a low temperature so if we raise it in a high temperature the death rate will go up or the efficiency of the oviposition will go down.  (in Table 8) 


Vegetarian food is relatively good to raise the larvae. We add some preservatives and nutrient to it. Table 9 shows the ingredients of the food. 10 &11 show the results by ingredients 1 in Table 9.    


Whichever food we use, our aim is to meet the farmers’ demand by raising them in mass, so they must be raised economically and efficiently. So if we raise some 100,000 or 1,000,000 of them in each unit, we must prepare pollen to meet their needs when they become adults. There can be more improvement in food for larvae. Among these foods one based on barn grass is efficient, but if we want to be more economical nutrient added sawdust is a possibility.   It is not impossible to raise for an individual as raising them itself is quite easy with simple materials and a place, but if they are going to be supplied for multiple purposes, I think an administrative consideration is necessary in a joint project or industrial production.

V  The use of Eristalis cerealis Fabr. and its problem

As above I studied Eristalis cerealis Fabr. as a pollinator from an apple orchard which previously had a problem, but we can use it as a pollinator for not only deciduous fruit trees but also for crops in general such as vegetables and flowers. It would be wrong to assume that the use of Eristalis cerealis Fabr. as a pollinator is limited to fruit trees.


Recently a demand has been growing for Eristalis cerealis Fabr. as a pollinator to improve the quality of fruit trees such as apples and pears, and forced fruits such as greenhouse strawberries, melons and watermelons. However, our study on the propagation and use of this species is promoted as a single wholly subsidized study, so (if you are going to do research) we hope that you will join ours. When it is put to practical use then it will be dealt with as an administrative task.


This species has no homing instinct so we use it as an expendable. Normally if we use insects as pollinators it would be preferable to collect them later, but on the other hand it has a benefit of omitting them from raising and controlling. 


When we use them in the orchard, for example in the apple orchard, the appropriate forecast of the flowering period is necessary. The target of the orchard is fruition of the centre fruit so the releasing time should be the flowering period of this flower. As for the quantity of the released insects, from the result so far a minimum of 1000 insects per 10a is said to be appropriate, but this point is still open to further discussion. Also there is a problem with spraying agricultural chemicals in relation to the releasing period. The schedules of pesticide in every area do not include the flowering period and just before the flowering period in order to protect insect visitors. Or even if they include those periods the spray is the minimum for the same reason. But we must practice some pest control without spraying before releasing when we use this insect.


In the case of greenhouse strawberries the quality of the fruit depends on its variety and pest control, so we have to consider these facts. Moreover the quality of fruits, especially in forcing culture, is affected by low temperature, so the improvement of a heat retention method, and building materials for the greenhouse has to be questioned. 


The use of this species for greenhouse vegetables, unlike using it in the orchard, seems to be efficient, because it is shut out from the outside world so that the released insects are used entirely. In this case putting the net in the ventilation hole/window to prevent the insects from flying away is necessary.  A ventilator can be more economical as we only need this material in a limited place. But on the other hand we need to check the effect of the use of the insects without using these materials. 


In principle we use the insects in an adult stage, but if we consider supplying them, the distance from the supplier become a problem. If the transporting time is short, tranporting them in adult or pupal stage is possible, but if it is far away we should transport them in the lava stage, and they turn into pupae and then emerge at the actual site. It is necessary to adjust the condition in the raising period or transporting time in order for them to emerge simultaneously.  

Conclusion

I made some points about the mass propagation of this species citing the experimental result, though I could not say enough because of limited space. In any case I think farming in the facilities will develop more in future, and if so they will try to increase production by introducing technology carefully. However, no matter which method they use to grow the crops, pollinators are essential for the crops which require cross pollination. So the study of pollinators should be developed farther. If we keep the significant pollinators of which mass propagation is possible, the product will not be affected even if the natural population of the pollinators goes down. It is also important to establish the mass propagation method to return them to nature.
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Table 2

The fruition results of three different visitors (1966) 

Area, Species
Released insects
Pollination 

of provided flower cluster* 
Cluster of flowers provided for experiment
Number of flowers in the clusters
Cluster of flowers which had fruits
Fruition in the cluster of flowers

(%)
Centre fruition

(%) 

Eristalis cerealis Fabr.
10
76
43
221
32
74.4
32.6

Apis mellifera L.
10
79
46
214
35
76.0
37.0

Osma(Osma)

cornifrons

(Rodoszkowski,1887)
10
53
46
220
45
97.8
52.0

Pollination flower provided

with insect prevention 
-
57
50
250
12
24.0
8.0

Insect prevention 
-
-
45
230
5
11.1
4.4

Natural
-
-
50
280
17
34.1
10.0

Variety for experiment: Kôgyoku (apple variety: Jonathan) mature tree, treated on 10th May, conducted the research on full bloom period 1st June. * Iwai (apple variety: American Summer Pearmain)   

Table 3

The effect of Eristalis cerealis Fabr.’s release on apples (1972)

Variety
Tree
Flower cluster
Centre flower
Fruition of centre flower (%)
Side flower
Fruition of side flower

(%)
Fruition of flower cluster

(%)

Star King Delicious
1
50
50
94.0
201
61.2
100


2
50
50
94.0
212
57.1
100


3
50
50
82.0
193
17.6
100

Subject  A

(Artificial pollination orchard)
1
50
50
86.0
197
21.3
100


2
50
50
92.0
198
17.6
100


3
50
50
88.0
191
30.9
100

As above B
1
50
50
54.0
199
14.1
72


2
50
50
30.0
200
16.5
72


3
50
50
40.0
190
13.6
60

As above C
1
50
50
76.0
186
66.7
100


2
50
50
66.0
194
56.7
98


3
50
50
60.0
176
56.8
90

Table 4

Malformed fruit rate in greenhouse strawberries (1972)

area
plant
Fruit harvest 
Right shape fruit
Malformed fruit
Right shape fruit (%)
Malformed fruit (%)

20 insects
10
103
99
4
96.1
3.9

10 insects
10
116
110
8
94.8
5.2

Non-release

(subject)
10
77
67
10
87.0
13.0

Table 5

Malformed fruit rate in greenhouse strawberries (1972)

Green-house number
Number of released insects
Test plant
Grand total of Harvested fruit
Right shape fruit
Malformed fruit
Right shape fruit (%)
Malformed fruit

(%)

No 1
300
60
1,821
1,636
185
89.8
10.2



g
19,359
17,553
1,806
90.7


No2
360
60
1,584
1,409
175
89.0
11.0



g
15,468
13,675
1,793
88.4


No3
420
60
1,679
1,535
144
91.4
8.6



g
19,309
17,861
1,448
92.5


Non-release
60
1,990
1,400
590

29.6


g
17,410
14,295
3,115



Table 6

Harvested fruits per 10 plants (Tottori Agricultural Experimental Station {Saihaku) branch} and Iwate Garden plant experimental Station)
Treated area
Over 5g in weight
Under 5g in weight
Total


Number of fruit
Weight

(g)
Weight index (%)
Average weight
Number of fruit
Weight

(g)
Number of fruit
Weight

(g)

Traditional area
158
1,521
100
9.6
155
589
313
2,110

Eristalis cerealis Fabr. area
200
2,218
146
11.1
77
317
277
2,535

Table 7

Research on harvested greenhouse strawberries per 3m² (10 plants)

(Saga Agricultural Experimental Station and Iwate Garden Plant Experimental Station)
Test area
Quality
Total of fruits
Total weight (g)
Average weight(g)
% of

malformed fruits
%of Commercialisation

1. 

10 Eristalis cerealis Fabr./3m² released area
Right shape
181
2,560
14.1
9.5
93.1


Mal-

formed
19
191
10.0




Rotten

fruit
4
-
-




Total
204
2,751
-



2.

5 Eristalis cerealis Fabr./3m² released area
Right shape
124
1,416
11.4
28.3
78.8




Mal-

formed
49
381
7.8




Rotten

fruit
9
-
-




Total
182
1,797
-



3.

Non released area

(contrast)
Right shape
94
1,168
12.4
30.2
72.6


Mal-

formed
41
442
10.8




Rotten

fruit
2
-
-




Total
137
1,610
-



Graph

Effect of Eristalis cerealis Fabr.ICU release on prevention of malformed fruits

(Kagawa Agricultural Experimental Station Miki Branch and Iwate Garden Plant Experimental Station)

translation on the Japanese text

Table 8

Oviposition of the matured Eristalis cerealis Fabr. fed by different pollen (1968)  

Food
Number of insects
     Sex
Days until 

Oviposition
Oviposition period
Total eggs
Survived days of the longest lived insect 



  F
  M





Narcissus pollen + honey
50
20
30
15
8
1,875
40

Apple pollen* + honey
60
20
40
10
14
2,130
38

Camellia pollen + honey
50
25
25
8
18
1,897
38

*Star King Delicious (variety)

Table 9

The ingredients of artificial food for raising the larva of Eristalis cerealis Fabr.

(1966)

      Food
                    Ingredients (g)


         I
        II
        III

Water
1,300ml
300ml
500ml

Propin’on** (propion?) Acid Soda
20
1
5

Anhydrous acetate
2
-
-

Casein (Soybeans)
300
-
-

Milk Casein
30
-
-

Sawdust
10
200*
-

Barn grass
-
-
200

Ebios (Common Japanese digestive

tablets)  
10
10
5

Agar
80
-
50

*Weight of tightly squeezed sawdust soaked in water 

**Japanese pronunciation says propin’on but The Dictionary of Chemistry has not the word propin’on so I guess it may be a misprint in the Japanese text.

Table 10

The course of the artificial raising of Eristalis cerealis Fabr.

Research
First generation
Second generation
Third generation
Fourth generation

Tested eggs
450
160
100
254

Oviposition date
21st May
7th July
6th September
24th October

Hatching date
23rd May
9th July
8th September
27th October

Larvae collection date
13th June
22nd July
24th September
5th November

Larvae collection rate (%)
84.4
83.1
78.0
93.7

Pupation starting date
15th June
23rd July
25th September
6th November

Pupation peak
16th June
25th July
26th September
8th November

Pupation ending date
21st June
30th July
3rd October
15th November

Pupation rate(%)
87.0
98.0
100.0
99.0

Emergence Starting date
23rd June
3rd August
3rd October


Emergence peak date
26thJune
5th August
5th October


Emergence ending date
28th June
10th August
11th October


Emergence rate(%)
78.0
100.0
99.0


Table 11

The measurement of the growth of artificially raised Eristalis cerealis Fabr.

Stage
Measured part
First generation
Second generation
Third generation
Fourth generation
Average

Larva
Average length: mm
14.5
15.1
15.1
14.2
14.7


Average weight: mg
101.6
84.9
110.0
116.7
103.3

Pupa
Average length: mm
11.0
11.0
10.9
11.4
11.1


Average weight: mg
90.5
94.6
92.9
99.6
94.4

Adult
Open wings length:mm
22.7
22.8
21.3
-
22.3

Adult
Open wings length of outdoor insects:

mm
19.4
19.7
18.8
-
19.3

