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Studies on Use of Pollinators for Tomatoes and Eggplants in Protected Culture

Mitsuharu Hikawa

Summary

Artificial treatment for fruit set is necessary for the commercial production of tomatoes and eggplants in greenhouses. A

European bumblebee species Bombus terrestris has generally been used as a pollinator of greenhouse tomatoes in Japan.

However, because the exotic bumblebee might disturb natural ecosystems should it be inadvertently introduced, its use in

agricultural production has been restricted since the establishment of the Invasive Alien Species Act in 2006. A honeybee,

Apis mellifera was not established though it was introduced at the Meiji era. A stingless bee, Melipona quadrifasciata,

individuals originating from tropical and subtropical regions of South America might not establish populations in Japan

because most do not have sufficient ability to thermoregulate their nest and can not overwinter in the temperate zone.

Therefore, their use as alternative pollinators for the production of tomatoes and eggplants in greenhouses were examined. As

the result, A. mellifera, can not exhibit buzz-pollinating behavior that was not effective for the pollination of tomatoes with

united poricidal anthers. But A. mellifera was effective for the pollination of eggplants when the amount of fertile pollen was

sufficient. M. quadrifasciata exhibits buzz-pollinating behavior that was effective for the pollination of tomatoes and

eggplants. However, when the amount of fertile pollen of eggplant reduced in winter even if which pollinator was used, the

pollination efficiency was insufficient. Thus, the effects of daytime heating on the amount of fertile pollen of the eggplant

were examined. As the result, it was shown that daytime heating was the practical method as able to increase the fertile pollen

efficiently by a small amount of fuel consumption. In addition, it was shown that the pollinatiing by A. mellifera in

greenhouses equipped with an air inflated membrane structure was effective. And the possibility for the year-round using of A.

mellifera in the forcing culture eggplants was shown.

The main results are as follows.

1 The use of B. terrestris

1 Method of setting up hive in summer

Even if the highest temperature in greenhouse became 37-38 , the temperature of the hive surroundings could be
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maintained to less than 30 by setting up the hive in less than 60cm of the pit that had been dug in the underground. As the

result, it was shown that the hive could be used for about two months on tomatoes and eggplants cultivation in summer.

2 Tomatoes

The correlations of the weight of fertile tomato pollen with an average daily temperature are higher than those of maximum

and minimum temperatures. Also, the highest negative correlation between fertile tomato pollen weight and average daily

temperature occurs during the 5-day period from the 10th to the 6th day before flowering in the summer season. The relation

was as follows: y =-1.185x+34.952 (r2=0.52, y: weight of the fertile pollen per anther, x: average daily temperature occurs

during the 5-day period). And, B. terrestris could set tomato fruits at more than 60% under the average daily temperature of

28 .

3 Eggplants

The quality of eggplant fruits set by artificial treatment was higher for B. terrestris compared with the pollination by 4-

chlorophenoxyacetic acid in rain protected culture. When B. terrestris was introduced into rain protected culture in autumn

and summer, the the yields and fruit quality of eggplants were improved extremely.

2 The use of A. mellifera

1 Tomatoes

The rate of fruit set and the seed number of tomato were increased for A. mellifera compared without other pollination in

protected culture. But the rate of fruit set, the seed number and the weight of tomato fruits by the pollination of A. mellifera

were much lower than those of the pollination of B. terrestris. Therefore, A. mellifera could not use as a pollinator of tomatoes

2 Eggplants

The effects of pollination by A. mellifera on yield and quality of eggplants were examined in forcing cultures controlled at

the lowest temperature of 15 . The rate of unmarketable fruits pollinatied by A. mellifera was lower than that of B. terrestris

though the yields of both were equal. When fertile pollen weights per anther were increased 0.6mg or more, the rate of

unmarketable fruits pollinated by A. mellifera became equal with that of B. terrestris. The fertile pollen weights of the

eggplants cultivated in greenhouses where controlled at the lowest temperature at 18 were increased not less than 0.6 mg

per anther.

3 The use of M. quadrifasciata

1 Tomatoes

To evaluate the pollination efficiency of M. quadrifasciata were examined on tomatoes cultivated in protected culture (the

flowering period from May to March). We compared differences in the rates of foraged flowers, pollen weights foraged from

anthers, rates of fruit set of tomatoes, seed number of tomato fruits and yields of tomato fruit weight between M.

quadrifasciata and the bumblebee, B. terrestris. When the amount of tomato pollen was sufficient, there were no differences

in pollination efficiency between M. quadrifasciata and B. terrestris; however, the rates of foraged flowers, the rate of fruit set

and the yields were significantly reduced in M. quadrifasciata compared with B. terrestris when fertile tomato pollen

decreased markedly during the hottest period in summer.  These results indicate that M. quadrifasciata can be used as a

suitable pollinator of tomatoes if sufficient amounts of fertile pollen are provided.

2 Eggplants

Pollination efficiencies of M. quadrifasciata and B. terrestris on eggplants of forcing culture (the flowering period from

September to June) were evaluated. Both of M. quadrifasciata and B. terrestris did not have a significant difference for

quantity and quality of harvested fruits. It was concluded that the use of M. quadrifasciata as a pollinator of eggplants foe

forcing culture could be effectively used as substitution of B. terrestris. 

4 The use of pollinator for eggplants during low temperature seasons

1 Effects of daytime heating on production of fertile pollen 

Fertile pollen weights of eggplants cultivated in greenhouses heated to above 25 during daytimes in winter increased,

and, as a result, the yields of normal fruits increased. The heating (above 25 ) of three hours around noon (11:00AM to

2:00PM) was almost equal to the heating effects in daytime (9:00AM to 5:00PM). 
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2 Effects of temperature on germination of pollen in ager medium

Incubation at 25 above one hour effectively promoted the pollen germination rate and the pollen tube elongation on agar

medium.  

3 Improvements of the yield and the quality of fruits by daytime heating 

The pollination efficiencies used by B. terrestris were improved by the temperature in greenhouse which kept at above

25 during 3 h (11:00AM to 2:00PM) within daytime in winter. Under this temperature, the yield and the quality of fruits

were satisfactory compared with the conventional practice by the aqueous solution of 4-CPA. 

4 Pollination efficiencies of A. mellifera in greenhouses equipped with an air inflated membrane structure 

For the use of A. mellifera as a pollinator from late autumn to early spring, it is necessary to rise the temperature in

greenhouses as much as possible. Recently, a double vinyl film was developed to improve heat insulation. The greenhouses

equipped such double vinyl film can be used, A. mellifera will be able to be used for the pollination of the forcing culture all

the year round.
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