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30 0,086 0,695 0.0598
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Studies on Biological Control of Spider Mites on
Greenhouse Vegetables by the Resistant Strain
of Phytoseiulus persimilis ATHIAS-HENRIOT

Hiroshi NAKAO

Hokkaido Central Agricultural Experiment Station,
Nganuma, Hokkaido 069—13, Japan

Summary

Studies on biological control of spider mites by use of the resistant strain (hereafter called the
DAS:-strain) of Phytoseiulus persimilis ATHIAS-HENRIOT which was introduced from West Germany
were conducted on greenhouse vegetables. The results obtained were as follows.

1. Toxicity of some chemicals to the DAS-strain of Phytoseiulus persimilis
Toxicity of chemicals was assessed by adult female mortality at 72 hr after treatment and by the
developmental rate of eggs laid on the treated leaf-disk during the test period.
(1) Non-toxic chemicals to the DAS-strain of P. persimilis
1) Non-toxic pesticides to the DAS-strain
Fenitrothion; for aphids and thrips
Buprofezin; for greenhouse whitefly
Imidacloprid; for aphids
2) Non-toxic fungicides to the DAS-strain
Chlorothalonil, polycarbamate, triadimefon, manzeb - metalaxyl, triflumizole, manzeb, fosetyl -
manzeb, oxine-copper - kasugamysin, procymidone, captan and fenarimol.

3) The resistance level of the DAS-strain against fenitorthion increased with the replications of the
fenitrothion treatment. However, it diminished to the level before the selection by the pesticide, if
the selection was stopped for about 4—6 months.

(2) Toxic chemicals to the DAS-strain of P. persimilis

1) DDVP was toxic to the adult stage of the DAS-strain. Since residual toxicity was decreased in
a short period, the eggs of this strain could survived and developed.

2) Toxicity of chinomethionat was not high, but activity of adult female was diminished and
oviposition ratewere decreased.

3) Contact toxicity of permethrin was so high that mortality at dilution 1,710,000 was 100%.
Furthermore, residual effects on all stages of the DAS-strain were continued over 50 days, when
permethrin (dilution 1,72,000) was sprayed on the kidney bean leaves. Therefore, when the DAS-
strain are inoculated, application of synthetic pyrethroid insecticides should be avoided.

2, Biological control of the two-spotted spider mites Tetranychus urticae KocH by the DAS-strain of
P.persimilis on cucumber plants cultivated in a vinyl house
(1) Under chemicals spraying condition, i.e. 7 times of fungicide applications and 4 times of fenitroth-
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ion applications, the DAS-strain effectively controlled the spider mites population, when females of 7.
urticae and the DAS-strain were introduced at the ratio of 10:1 in a cucumber vinyl house(5.4 X 20m).
Furthermore, the DAS-strain could suppress the prey population more effectively if the first fenitroth-
ion application was done on the seventh or tenth day after the DAS-atrain introduction. In these
two cases, the leaf damage indices (LDI) did not exceed 2.0 during the course of experiments, although
the LDI level at the time of the DAS-strain introduction was 1.3.

(2) Under chemicals spraying condition, i.e. 8 times of fungicide applications and 6 times of fenitroth-
ion applications, when the DAS-strain were introduced at the ratio of 10:1 (7. urticae females:the
DAS-strain females), the LDI level at the time of the DAS-strain introduction were 0.5 or 0.8, the
DAS-strain effectively controlled the spider mites population and the yield of cucumber was not
affected.

(3) Under the above conditions, the DAS-strain more effectively controlled the spider mites popula-
tion and the yield of cucumber was not affected, when they were introduced at the ratio of 20:1 (7.
urticae females: the DAS-strain females), the LDI level at the time of the DAS-strain introduction was
0.5.

3. Mass production of the DAS-strain of P. persimilis
(1) Method of a mass production
A system for mass production of predators was developed.

1) A cage made with a thin sheet of hard, transparent plastic (vinyl chloride) and a sheet of paper
were deviced for rearing predatory mites.

2) Detached kidney bean leaves with petiole infested by spider mites are placed into the cage and
the petiole is pulled through the small hole made on one side of the cage. The space between the
petiole and the edge of the hole is stuffed with a bond used in wood craft.

3) The bottom of the cage is closed with a sheet of paper.

4) Predatory mites are introduced into the cage through the window which was cut in the top of the
cage and also closed with a sheet of polyethylene film.

5) Then the petiole is inserted into the water and nutrients of a small hydroponic system.

6) An additional supply of prey is possible through the window if the leaves within the cage
deteriorated and, or the number of prey mites decreased.

7) According to this method, 100 —200 adult of the predatory mites per cage was able to produce by
non-expert laborer for 15 days under 22+17C.

(2) Storage and distribution of the DAS-strain of P. persimilis by the cage

1) About a half of the adults females of the DAS-strain survived for 60 days, when they were stored
with kidney bean leaflets infested with sufficient prey at 5°C. After the storege, the DAS-strain could
increase again under the conditions of 15C.

2) At 10°C, about a half of the adult females of the DAS-strain survived for 90 days. After the
storage, the DAS-strain could reproduce under the conditions of 12°C.

3) The DAS-strain massproduced in the cage were kept in a refrigerator at a controlled tempera-
ture of 9°C. If the cages were packed into a polyethylene bag to avoid drying, predators suvived more
longer(3—6days) than without the bag.
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4) In the course of storage period, the DAS-strain could reproduce again, when they were supplied
additional prey under high temperature.

5) The cage can be easily packed for postage, but it is necessary to take care of tearing the paper
and striping the polyethylene film of the cage window.

6) The advantage of this cage method is that the apparatus is compact. The cage can be easily
moved into a certain environment and condition, so that the development and oviposition rates of the
predator can be controlled acording to user’s demand. Furthermore, the cage can be used directly
for distribution, for preservation and for releasing of predators to crops.

(3) Cost of mass production

1) The cost of mass production including the total labor and materials in the procedure from
cultivation of the host plants to release of predatory mites, is roughly estimated at 5.5 yen per
predator adult.

2) If there are 150 adult females in the cage, number of individuals including whole developmental
stages are estimated as at 600, so that the cost roughly equals to 1.5 yen per predator adult.

3) If enough prey were supplied, it was considered feasible to produce the predators more than 500
adults per cage. On the other hand, more than 3 cages per hour can be made by non-expert laborer.
It is feasible to reduce the cost of mass production under optimum conditions, 1.e. optimum tempera-
ture for rearing, enough prey supply and high skill of operators.

4, Biological control of the two-spotted spider mites Tetranychus urticae by releasing the DAS-strain
of P.persimilis in the mass-production cages
(1) Cucumber
1) Experiment on cucumber in vinyl house(5.4 X 20m)

Under chemicals spraying conditions, i.e. 11 times of fungicide applications and 8 times of
pesticide applications, the DAS-strain were introduced in a vinyl house by the use of the cages
equipped. The ratio of prey and predator was 20:1. The DAS-strain had established in the plants,
and thereafter dispersed widely to the plants. As a result, the yields of cucumber in which the
DAS-strain were introduced increased to 1.25 times as much as that of the plants in which acaricide
(hexythiazox + DDVP) were sprayed (one time). Furthermore it was corresponded to 1.54 times
of that in non-acaricide and non-predator applied plants(control).

2) Biological control of the two-spotted spider mites by the DAS-strain massproduced in the cages
in a commercial cucumber vinyl house(6.0 X 50m)

(D The DAS-strain massproduced in the cages were well established and dispersed in a commercial
cucumber vinyl house for a period. However, predators drastically decreased after the application
of DDVP for controlling aphids. This failure suggested that it is necessary to establish a full
program of chemical application for other insects pests and fungal diseases in order to ensure the
biological control of spider mites by the use of the DAS-strain in the commercial cucumber vinyl house.

@ Reproduction of the DAS-strain were affected by high temperature conditions, i.e. more than
30 °C for many hours, more than 33 °C over 4 hours in vinyl house. For the practical use of
the DAS-strain, such high temperature conditions should be avoided.

(3) Experiment on the effect of high temperature on the reproduction of the DAS-strain of P.

<y

Py

e

L e wr

-T2

Eoa B

- 3

N

B XY

- 3

PRy

— : W



WAL EFIEHEF Y A7) SR & B REREE S S = o Y B bIC BEY H AT 75

persimilis

The oviposition, hatchability and immature survival of the DAS-strain decreased under the
constant temperatire of 31°C. Under temperature varying condition, such effects were also detected
when the temperature exceeded 33°C for more than 4 hours.

5. Avairavility of the DAS-strain to other crops

(1) The effect of the two-spotted spider mites on yield of strawberry was evaluated. The yield
decreased when the number of spider mite females exceeded 2 per leaflet.

(2) Symptom of leaf damage of strawberry by the spider mites was not clear from the view of leaf
surface. Therefore, it was difficult in this plant to know the timing of introduction of predators for
controlling spider mites.

(3) The DAS-strain could suppress two-spotted spider mites on melon when they were released by the
use of the cages at the ratio of spider mite females : the DAS-strain females=10:1. However, as
shown in strawberry, it was difficult to evaluate leaf damage by the use of LDI used generally in

cucumber plants.

6. Systems model

{1) A systems model by using a personal computer, which had been developed by Saito et al. (1986),
was improved to simulate the biological control processes. This model successfully simulated the
processes and results of some experiments mentioned before, when the value of mean daily tempera-
ture (measured in the vinyl house) was decreased to 85% and the number of predator introduced was
decreased to 80%.

(2) The model was further improved to simulate the change of plant resources and leaf damage by
spider mites. Then the model became to be able to simulate the leaf damage index of cucumber
plants.

1) By using the new version of systems model, the number of prey and predators as well as the leaf
damage index in the experiment of biological control at the ratio of T. urticae : the DAS-strain=10:
1 was fairly simulated. However, the experiment at the ratio of 7. wrticae : the DAS-strain—20:1
did not agree with the simulation data.

2) Comparison between acutual data and simulation data revealed that the discrepancy between
them was caused by invasion of the DAS-strain from the other experiment plots, i.e. the plot of 10:
1 to 20:1.

3) In consideration of above results, the DAS-strain of P. persimilis can effectively control T.
urticae in cucumber plants in the situation as follows: leaf damage index 0.5 ; at the ratio of 7. urficae
- the DAS-strain=10:1 and,” or 20:1, leaf damage index 0.8 ; at the ratio of 7. wrticae : the DAS-
strain=10:1.

Rep. Hokkaido Prefect. Agric Exp. Stn. No78,1—75.(1992)
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