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Abstract

The possibility to use native Orius insidiosus (Say) (Rhynchota Anthocoridae) for control of thrips (Thysanoptera) on chrysan-
themums in tropical Brazilian greenhouses was tested. First, thrips infested potted chrysanthemums in cages, cultivars ”White
Reagan” (WR) and “Yellow Snowdon” (YS), were exposed to the predator O. insidiosus. The number of thrips/plant increased
from 2.0 to 7.0 thrips after six weeks on control plants in the absence of O. insidiosus, while thrips numbers decreased from 2.0 to
0.2 thrips/plant in the presence of the predator on YS. Similar results were obtained for the chrysanthemum cultivar WR. Next, an
experiment was carried out in a commercial chrysanthemum greenhouse with the same two cultivars and with a natural infestation
of thrips. The predator was introduced five times at rates of 1.5 or 2.0 Orius/m? (in total 9.5 Orius/m?). Thrips sampling was done
by tapping two plants per flower bed per week, and by then counting thrips and predators. The average number of thrips decreased
from 4.7 to 2.5 thrips/plant on YS and from 2.8 for 1.1 thrips/plant on WR after the first release. O. insidiosus reached a popula-
tion peak in the sixth week after planting, with 0.5 Orius/plant on YS and 0.7 Orius/plant on WR, respectively. Thrips numbers
decreased to 0.3 thrips/plant on Y'S and to 0.4 thrips/plant on WR seven weeks after planting. At this time no injury of thrips was
found on chrysanthemum. Nine weeks after planting (chrysanthemum flowering period) the insecticide delthamethrin was sprayed
for general pest control, and predatory bugs were eliminated from the greenhouse, resulting in a strong population increase of
thrips. We conclude that thrips can be controlled effectively in tropical Brazilian chrysanthemum greenhouses with the native
predator O. insidiosus, but that the selection of insecticides for control of other pests needs to be done carefully. Only those pesti-
cides that are compatible with the use of the predator should be used to make commercial thrips biological control in greenhouses
possible.
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Introduction

Biological control and integrated pest management
(IPM) are reliable crop protection strategies and are
economically profitable endeavours for growers of
greenhouse crops, mainly in Europe, Asia and North
America (van Lenteren, 2000a). Recently, studies were
initiated to use IPM in greenhouses with ornamentals in
the tropics (Bueno, 1999, 2000; Bueno ef al., 2003). In
tropical ornamental greenhouses, the favourable climate
for growing ornamentals also provides an optimal cli-
mate for the development of pests, which usually appear
earlier and develop more quickly than under the field
conditions. This is a particular problem for intensive
greenhouse monocultures with minimal interference of
negative climatic factors (Parrella et al., 1999). Thus,
until recent, frequent sprays were needed for pest con-
trol in greenhouses, which resulted in pesticide resis-
tance. Pesticide resistance makes pest control difficult
and pesticides create other problems such as the pres-
ence of residues in the crops, contamination of the envi-
ronment, and risks for the growers and consumers. In
Brazil, the negative effects related to chemical control
in commercial flower crops are increasing both the sci-
entific community's interest and the grower’s motivation
for development of biological control of pests in orna-
mental greenhouses. The Brazilian work is based on the
great international progress in use of biological control

in ornamentals, such as in poinsettia (Hoddle et al.,
1997), gerbera (Fransen, 1992; van Lenteren, 2000),
chrysanthemum and roses (Parrella ef al., 1999).

The most important pests in greenhouse chrysanthe-
mum crops in Brazil are species of thrips (Thysanop-
tera). Of the nine species of thrips that develop to pest
status in Brazilian greenhouses, Frankliniella occiden-
talis (Pergande), Frankliniella schultzei (Trybom) and
Thrips palmi Karny are among the most important in
flowers crops, in addition these species also create very
serious problems in other horticultural crops (Bueno,
1999; Monteiro et al., 1999; Monteiro et al., 2001a,
2001b).

The main natural enemy of thrips found in Brazilian
greenhouses is Orius insidiosus (Say) (Silveira, 2003).
Its characteristics make it a very efficient predator, be-
cause it frequently inhabits the same sites as thrips, can
survive some time without the presence of prey and is
relatively easy to mass produce. O. insidiosus it is
commonest Orius species in Brazil, and several studies
of its behaviour and biological characteristics have been
conducted under Brazilian greenhouse conditions (e.g.
Bueno, 2000; Argolo et al., 2002; Mendes et al., 2002;
Silveira, 2003).

Orius predators have been released in several crops at
variable rates and the rates depend, among others, on
the type of crop and the level of thrips infestation. In
horticulture, release rates between 1 and 2 predators/m’
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per release usually are used, resulting at the end of the
crop cycle in a release of 3 to 6 Orius/m’ for a satisfac-
tory control (Van den Meiracker and Ramakers, 1991;
Jacobson, 1993; Ramakers and Rabasse, 1995; Sanchez
et al., 2000; Tavella et al., 2000; Tommasini, 2003). In
chrysanthemums, the release rates of O. insidiosus
ranged from 0.9 to 2 Orius/m’ per release, totaling be-
tween 3 and 12 Orius/m’ (Del Bene, 1994; Parrella and
Murphy, 1996; Reinhart, 1999).

The objectives of the research described in this paper
were to determine if an O. insidiosus strain native to
Brazil (1) was able to significantly reduce the numbers
of Caliothrips phaseoli Hood (Thysanoptera Thripidae)
in the laboratory, and (2) could be used for thrips control
in cut chrysanthemums in commercial greenhouses under
tropical conditions in Brazil.

Materials and methods

Laboratory predation experiment with O. insidiosus

An experiment to verify the potential control effect of
O. insidiosus was done in the laboratory (25 £+ 2°C, 70 +
10% RH, and 12 hours photofase). Two-weeks old
chrysanthemum plants cv. “Yellow Snowdon” (YS,
yellow flowers) and “White Reagan” (WR, white flow-
ers) were used. These plants were kept in acrylic cages
(dimensions 30 x 30 x 60 cm), and were infested with
the pest thrips C. phaseoli. To mimic conditions of
commercial chrysanthemum production, each cage
contained four pots with one plant/per pot of WR,
and four pots with two plants/pot of YS. Six cages
were prepared for each cultivar. Chrysanthemum plants
were infested with twelve adult thrips. After one week
one mated female of O. insidiosus was introduced in
three cages for each cultivar, and in the other three
cages per cultivar no predator was released. The release
of one mated female of O. insidiosus was repeated after
two weeks. So, the treatments were: (a) “White Reagan”
with thrips, 3 cages; (b) “White Reagan” with thrips and
O. insidiosus, 3 cages; (c) “Yellow Snowdon” with
thrips, 3 cages; and (d) “Yellow Snowdon” with thrips
and O. insidiosus, 3 cages. The number of thrips/plant
was counted on two plants placed in the opposite cor-
ners of each cage, alternating corners were used at each
successive count. Counting was done weekly during six
weeks. Visual observations about injury caused by
thrips to the plants were done throughout the experi-
ment.

Commercial greenhouse predation experiment with
O. insidiosus

The release and evaluation of effectiveness of O. in-
sidiosus as biological agent for thrips control was done
in a commercial greenhouse of 600 m” with a cut chry-
santhemum crop, at Fazenda Terra Viva - Group Scho-
enmaker, Santo Antonio de Posse, SP, Brazil. The ex-
periment was carried out from March 28 to June 20,
2002. The growing season of chrysanthemum plants
from transplanting to harvest was 12 weeks in this
greenhouse. The temperature in the greenhouse ranged
from 20 to 33°C, with a general average of 24.7°C, and
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the RH was from 30 to 77%, with an average of 56.6%.

In the greenhouse, 24 chrysanthemum beds (12 on
each side of a corridor) of 13 x 1.3 m (17 m” each) were
planted, consisting of 15 beds with YS and nine with
WR. The choice for these cultivars was based (1) on
their commercial importance and (2) on previous obser-
vations of the growers that YS is stronger infested by
thrips than WR. Transplant of seedlings was on March
28. The planting densities were 63 plants/m” for YS and
36 plants/m” for WR. All the normal culture measures
were applied including fertilization and fungicide appli-
cation between April 15 and June 15 for control of
white rust, Puccinia horiana P. Hennings, alternating
sprays of the fungicides mancozeb (Persist SC, 500 mL/100
L water), chlorothalonil (Mancozeb, 500 mL/100 L water)
and azoxystrobin (Amistar, 30 mL/100 L water). Also, two
treatments of the insecticide deltamethrin (Decis 25 CE,
50 mL/100 L water) was applied at the flowering stage.
Thrips sampling was done weekly during the whole
growing season. Sampling consisted of tapping plants
above white trays and immediate counting of the in-
sects; counted individuals were then collected and
stored to determine the species names later. Two plants
per week per cultivar per flower bed were sampled, be-
ginning two weeks after transplant of seedlings, so from
April 11 to June 20. Sampling was always done imme-
diately before the releases of predators. Plants were
regularly visually inspected to evaluate thrips injury.

Individuals of O. insidiosus were obtained from the
Biological Control Laboratory of the Department of
Entomology, Federal University of Lavras, MG, Brazil.
Individual predators were transported to the greenhouse
area in glass vials mixed with the inert medium ver-
miculite inside an icebox. Releases were made by
walking along the corridors between the chrysanthe-
mum beds and applying the contents of the vials in an
homogeneous way over the plants. Adults (males and
females) and nymphs were introduced in a proportion of
8 adults:2 nymphs. In total five releases of O. insidiosus
were made during the chrysanthemum crop cycle (fig-
ure 1). Similar release rates (1.5 or 2.0 Orius/m®) were
used as those proposed by Gilkeson et al. (1990), Tellier
and Steiner (1990), Jacobson (1993), Del Bene (1994),
Parrella and Murphy (1996), Rubin et al. (1996) and
Reinhart (1999).

Data analyses

The developments of populations of thrips and O. in-
sidiosus in the laboratory were evaluated by simple
comparison of the graphs representing the population
dynamics; no statistical tests were applied as differences
were very obvious. For the greenhouse experiment, data
were analyzed (after tests of homogeneity of variance
and normality) with ANOVA (F tests) with a 10% sig-
nificance threshold.

Results
Laboratory predation experiment with O. insidiosus

The experiment in the laboratory showed the capabil-
ity of O. insidiosus to dramatically reduce populations
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Figure 1. Production cycle of chrysanthemum and release rates of O. insidiosus. Fazenda Terra Viva, Santo Antonio

de Posse (SP). March 28 to June 20, 2002.

of the pest thrips species C. phaseoli. The number of
thrips per plant increased more than 3 fold (from 2.0 to
7.0 thrips/plant) in YS (figure 2A) in the absence of the
predator between the first and the fifth week, whereas
the numbers decreased more than 10 fold (from 2.0 to
less than 0.2 thrips/plant) in the presence of O. insidio-
sus (figure 2A). Concerning damage, the plants of YS
maintained in cages without O. insidiosus showed ex-
tensive injuries, such as silvery lesions on the leaves,
branches and sprouts, and also contained feces of thrips,
while these symptoms were much lower or absent in the
presence of the predators.

The thrips population was generally lower on WR
than on Y, but that is suppposed to be the result of the
lower thrips infestation early in the experiment (figure
2B). The thrips numbers on WR in the presence of O.
insidiosus were similar as observed on YS (figure 2B).
The number of thrips, initially around 1.0 thrips/plant,
reached a maximum of 4.5 thrips/plant in WR in the ab-
sence of O. insidiosus, whereas the number decreased to
less than 0.2 thrips/plant in the presence of the preda-
tors. However, the WR plants did not show the same
injuries as YS, not even in the absence of O. insidiosus.
This result confirms the observations of the commercial
growers that WR generally shows less injury as a result
of thrips infestation than YS does. Based on these re-
sults and the experience of growers, we suppose that
WR is both partly resistant and tolerant to thrips.

Commercial greenhouse predation experiment with
O. insidiosus

A higher number of thrips was found on cultivar YS in
the first six weeks (1.5 to 4.7 thrips/plant) when com-
pared to WR (0.7 to 2.8 thrips/plant), and these numbers
were significantly different in the second, third, fourth
and 11™ week after planting (figure 3). The finding that
thrips numbers are lower on WR is in accordance with
the laboratory experiment and with experience of the
growers. With the development of the plants, the differ-
ence in the number of thrips/plant decreased between
YS and WR ,and in the seventh week after planting the
WR showed significantly more thrips/plant (1.7) com-

pared to YS (1.3).

No significant differences in the number of Orius per
plant between cultivars were found (figure 3). The larg-
est numbers of O. insidiosus per plant on WR were
found between the fifth and eighth week after planting
(0.2 to 0.7 Orius/plant). In the same period, YS had
somewhat lower numbers of Orius (0.06 to 0.4/plant).
The same quantities of Orius/m* were released, but the
density of plants/m® in WR (36/m”) was lower than in
YS (63 plants/m®), and this might have resulted in the
somewhat higher density of O. insidiosus per plant on
cultivar WR.

After the first release of predators (2 Orius/m?, or 0.03
Orius/plant, Fig. 3A), a strong reduction of the thrips
population was found on YS three weeks after planting
(from 4.7 thrips/plant to 2.5 thrips/plant). After the sec-
ond, third and fourth releases of the predator, the thrips
population decreased to 0.3 thrips/plant in YS in the
ninth week after planting. The predator population
reached a maximum number of 0.5 Orius/plant on this
cultivar six weeks after planting, and we found on aver-
age 29 Orius/mz/bed. Since until that week 3.5
Orius/m® (figures 1 and 3A) had been released, we may
conclude that the predators had multiplied to about eight
times their original number between the second and the
sixth week after planting in the chrysanthemum beds of
YS.

The number of thrips/plant decreased from 2.8 to 1.1
after the first release of O. insidiosus on WR (figure
3B), and had decreased to 0.4 thrips/plant nine weeks
after planting. The number of O. insidiosus reached 0.7
Orius/plant six weeks after planting, or 26 Orius/m*. So
on WR, O. insidiosus increased more than seven times
in population size between the third and the sixth week
after planting.

At the end of growing season, during the flowering
period of chrysanthemum (figures 1 and 3), two sprays
with the insecticide deltamethrin were applied, one in
the ninth and the other in the 11™ week after planting.
These sprays were necessary because other pests at-
tacked the crop, e.g. the coleopterans Diabrotica spe-
ciosa (Germar), Cerotoma sp., Astylus variegatus
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Figure 2. Average number of O. insidiosus and thrips per chrysanthemum plant in presence and absence of preda-
tors, in YS (A) and WR (B) in the laboratory. Temperature 25 + 2 °C, RH 70 = 10%, 12 hours photophase.

(Germar) and Lagria villosa (F.). These insects cause
severe direct damage to the flowers, which makes them
unmarketable. Although these coleopteran pests were
controlled by the sprays, the negative result was that
also the beneficial predators disappeared from the
greenhouse after the first insecticide application on both
cultivars (figure 3). The insecticide sprays affected bio-
logical control negatively, and still present thrips were
strongly attracted to the opening flowers of chrysanthe-
mum at that time. As a result of the elimination of the
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predators, the pesticide resistant thrips populations grew
fast after the ninth week of planting (figure 3).

The weekly spray of different fungicides for control of
the white rust disease in the crop did not appear to affect
biological control, since the predators increased in
population size and controlled the pest (figure 3). The
fungicides mancozeb, chlorothalonil and azoxystrobin
are known to be selective to adults and nymphs of O.
insidiosus under field tests and can be characterized as
class 1 (causing less than 25% death of a natural enemy,
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Figure 3. Population dynamics of thrips and O. insidiosus in chrysanthemum cultivars YS (A) and WR (B). Small
letters indicate weeks when significant differences were observed among cultivars (F Test).

Biobest, 2001, 2004), or non-toxic for these predators.
The only exception is the effect of mancozeb on
nymphs of Orius, which is classified as risk class 2
(slightly toxic, causing between 25-50% death, Biobest,
2001, 2004).

Finally, our results showed that a certain amount of
thrips can be tolerated in the crop, because injury was
not observed on the leaves or on the flowers until two
weeks before the harvest, and this injury was the result
of the application of insecticides that killed the preda-
tors. In general terms, injury was due to the unbalance
between pest and natural enemy caused by chemical
control. Our finding that a certain amount of thrips can

be tolerated in the crop is in agreement with results ob-
tained by Del Bene (1994), who obtained good plant
quality with a control level of three thrips per chrysan-
themum branch.

Discussion and conclusion

Based on the results from the laboratory experiments,
the observations in the commercial greenhouses and
growers experiences, we suppose that the chrysanthe-
mum cultivars YS and WR differently influence thrips
development because of differences in plant resistance
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and or tolerance; WR is more resistant and/or tolerant to
thrips than YR. Jager et al. (1995) stated that antibiosis
represents 60% of the resistance found in chrysanthe-
mum plants, and that the other 40% was due to other
resistance sources.

In the greenhouse, O. insidiosus populations in-
creased, both as the effect of releases we made, as well
as by spontaneous immigration into the greenhouse and
as result of reproduction. Before the first release there
were already Orius individuals in the greenhouse (figure
3). Multiplication of O. insidiosus in chrysanthemum
occurred quickly, and the offspring suppressed thrips
populations already during the first weeks after their
release. Based on an estimate of already present and
immigrating Orius, the numbers to be released can be
adjusted (i.e., often lower numbers can be released than
we have done in this experiment). Tommasini (2003)
came to the same conclusion concerning Orius releases
in eggplant and sweet pepper crops in Italy. Further, re-
sults of weekly sampling of thrips and natural enemy
populations by the tapping method could prevent un-
necessary releases of predators as well as insecticide
spraying. In addition, according to van Lenteren
(2000b), the amounts of insects used are established
based on previous experience in programs with seasonal
inoculative releases. It is very well possible that the
number of O. insidiosus used for thrips control in chry-
santhemum under Brazilian conditions can be reduced,
and this would result in lower cost of biological control
without influencing its success.

Insecticide applications with deltamethrin (not selec-
tive to O. insidiosus, causing more than 75% mortality,
according to Biobest, 2001, 2004) eradicated the Orius
population. The same negative effect of broad-spectrum
pesticides on Orius populations were found by Tomma-
sini (2003). The absence of Orius, and the presence of
flowers (highly preferred by thrips, according to Beek-
man et al. 1991) lead to a strong increase of the thrips
population from the ninth to the 11™ week (figure 3). It
is clear that this insecticide should not be used in IPM
programmes for control of pests in chrysanthemums if
biological control with O. insidiosus is in use. However,
an important problem is that growers are more or less
forced to apply pesticides some weeks before harvest, to
eliminate all insects from the plants in order to meet
zero tolerance regulations enforced by the market (Par-
rella et al., 1999). The presence of insects and or visible
insecticide residues on leaves and flowers are the main
problem currently in the standardisation of chrysanthe-
mum production in Sdo Paulo State, Brazil according to
Silveira (1998). These visible insects or insecticide resi-
dues disqualify the final product, as ornamentals have a
high esthetical value and a damaged plants are unsaleable.

A very positive conclusion resulting from our research
is that, contrary to the experience with the insecticide
deltamethrin, the use of selective fungicides could be
combined very well with biological control of thrips in
chrysanthemums. This is a key positive point in the
adoption of the biological control of thrips, since white
rust, the major disease of chrysanthemum, needs inten-
sive control with fungicide sprays.
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One of the main problems for adoption of biological
control in ornamental horticulture is its cost. According
to Lambert et al. (2002), the cost of the biological con-
trol for ornamentals is larger than chemical control.
Specifically related to thrips pests, Murphy (2002)
stated that cost for thrips control is the largest amount
spent to control any pest in ornamentals. In our experi-
ment, the release of 7.5 Orius/m* (not taking the last
release into account, because it was unnecessary) would
cost US$ 3,000/ha, based on prices presented by van
Lenteren et al. (1997) (US$ 0.0404 for each individual
of O. insidiosus). Even in spite of the high potential
value of the crop, this is a high cost for Brazilian grow-
ers. We expect, however, that costs of mass producing
O. insidiosus will be lower in Brazil than in The Neth-
erlands because of much lower labour costs, but more
work is needed before a reliable cost estimate can be
made. When looking to the future of crop protection in
ornamentals, one should realise (1) the increasing occur-
rence of resistance of thrips to insecticides, (2) the non-
existence of appropriate pesticides for control of an in-
creasing number of pests in greenhouses, (3) the larger
costs of modern insecticides (van Lenteren, 1995), and
also (4) the potential risks for labourers and the envi-
ronment when recommending chemical control in ur-
banisation areas close to greenhouses. These are prob-
lems that biological control could solve and, with this
point of view, the problem of cost should be considered
in a global way.

O. insidiosus showed to be a good natural enemy for
biological control of thrips in a commercial chrysan-
themum greenhouse. However, this control method will
only be successfully applied under practical conditions
if a complete IPM programme (including chemical pes-
ticides that are safe for natural enemies) will be devel-
oped for chrysanthemums (van Lenteren, 1995). We are
currently developing elements of such an IPM pro-
gramme (Bueno et al., 2003).
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