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Abstract. In order to find a low-budget, easy-to-use biological control method against thrips (Thysanoptera: 
Thripidae) and aphids (Sternorrhyncha: Aphididae) in greenhouse pepper (Capsicum annuum Linnaeus), we 
introduced non-selected mass collected arthropod assemblages from alfalfa (Medicago sativa Linnaeus) and 
nettle (Urtica dioica Linnaeus) to seven experimental tunnels. In control tunnels the pest management 
consisted of conventional chemical treatment. Comparing sweet pepper yields revealed that experimental 
tunnels gave a similar amount of commercial end-product as the control ones. Arthropod species 
composition of alfalfa and nettle proved to be a suitable source of diverse arthropod assemblages. A mass 
collected, non-selected assemblage of arthropods has a great potential to become a useful preventive method 
to control thrips and aphids in greenhouses, but site-specific, case-to-case studies are recommended to check 
the efficiency and reliability of this new approach. 
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Introduction 
 
Sweet pepper (Capsicum annuum Linnaeus) is one 
of the most significant greenhouse crop grown 
under plastic tunnels in Hungary. The most im-
portant aspects of plant protection are measure-
ments against thrips (Thysanoptera: Thripidae) 
and aphids (Sternorrhyncha: Aphididae), since 
both pests cause serious damage to the crop either 
directly by feeding on the pepper or indirectly by 
transmitting viruses (Budai 2002, 2006). 

Before 1989, thrips control of greenhouse 
sweet pepper was limited to Mediterranean onion 
thrips (OT) Thrips tabaci Lindeman control. When 
the western flower thrips (WFT) Frankliniella occi-
dentalis (Pergande) was introduced in Hungary 
(Jenser & Tusnádi, 1989), as an invasive alien spe-
cies, it became the number one pest of many 
greenhouse crops (Kassai et al. 2000, Hataláné & 
Kiss 2001). The main problem of controlling WFT 
is that regular application of the same pesticides 
can lead to pest population resistance and high in-
secticide residue (Immaraju et al. 1992, Brodsgaard 
1994, Robb et al. 1995, Zhao et al. 1995, Ferencz & 
Balog 2010). 

According to various studies (i.e. van Lenteren 
2000), there are many advantages of biological 
control over chemical one: resistance builds up is 
less easier; its higher efficiency against thrips; no 

need for pre-work or pre-harvest intervals; no 
harmful residues; reduced impacts on the envi-
ronment; no phytotoxicity; and lower demand for 
manual labor (van Lenteren 2000). In Hungary, 
however, only 30-40 hectares of the 2000-2500 hec-
tares of polytunnel pepper are under biological 
control. Commercially available predators, mainly 
predatory mite Neoseiulus (Amblyseius) cucumeris 
(Oudemans) (Acarina: Phytoseiidae) and minute 
pirate bug Orius laevigatus (Fieber) (Heteroptera: 
Anthocoridae), are used together to combat thrips 
infestations (Budai et al. 2006) but none of these 
are native species to Hungary (Bozai 1997, Kon-
dorosy 1999, Ripka 2006).  

To increase the range of thrips antagonists, the 
common crab spider Xysticus kochi (Thorell) (Ara-
neae: Thomisidae), was tested as predator of F. 
occidentalis, based on the studies of Bogya & 
Markó (1999), Tóth & Kiss (1999), Samu & Szinetár 
(2002). Isolated single-plant experiments (Nagy et 
al. 2007, Zrubecz et al. 2007, Nagy et al. 2010), as 
well as farm-sized studies in plastic tunnels (Bán 
et al. 2007) have both concluded that X. kochi col-
lected from alfalfa (Medicago sativa Linnaeus) and 
raised in the laboratory can reduce the damage of 
F. occidentalis. Since field collection, selection and 
laboratory rearing of X. kochi required consider-
able time and labor; and the rate of spider mortal-
ity  during this process proved to be high, we con- 
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sider this control method as inappropriate. 
The time needed for collection and storage can  

be reduced by introducing the whole collected ar-
thropod assemblages immediately into the poly-
tunnels without any prior selection. Mass-
collection and immediate introduction are easy 
and cheap for the farmer; since the use of sweep 
net requires no special skills, nor imposes any ex-
tra cost on the production. Non-selected captures 
may contain other predators (Orius spp., Aeo-
lothrips sp., Coccinellidae, Araneae, etc.) beside the 
common crab spider. Introducing these arthro-
pods in greenhouses might be useful, since they 
prey on thrips and other pests as well (Balázs & 
Mészáros, 1989, Zrubecz et al. 2007, Bosco et al. 
2008, Fathi et al. 2008). Furthermore, introducing 
more spider species results in a more diverse spi-
der assemblage, which may control pests more ef-
ficiently than a single spider species alone 
(Riechert 1999, Sunderland 1999). 

An advantage of a diverse predator assem-
blage is that its species have different environ-
mental demands, different predatory strategies 
and dwell on different parts of the plant (flowers, 
fruit or foliage). When combined, the various spe-
cies may supplement each other successfully 
(Broodsgaard & Enkegaard 1995, Budai 2000, Fathi 
et al. 2008, Snyder et al. 2008, Dib et al. 2011). 
Competition enhances diversity and results in a 
more stable population that is more capable in re-
ducing the level of pest infestation and to keep it 
effectively low (Sunderland 1999). Native Orius 
species are more acclimatised to environmental 
conditions of the region, than the commercially 
available non-native species. As a consequence 
Orius spp. have the potential to maintain the 
number of thrips low in polytunnels throughout 
the whole growing season, whereas non-native, 
mass-reared species were reported to have com-
pletely disappeared by the end of the pepper 
growing season (van de Veire & Degheele 1992, 
Tommasini & Maini 2001, Bosco et al. 2008). 

We have to calculate with the competition 
among the predator species as well, because intra-
guild predation might reduce the efficiency of bio-
logical pest control (Hodge 1999, Sunderland 1999, 
Messelink et al. 2011). Predation between two 
predator species and cannibalism also are influ-
enced by the availability and density of food. 
Where pests are abundant, the primary targets of 
predators are the pests themselves (Wittmann & 
Leather 1997, Tommasini et al. 2002, Fathi et al. 
2008). While non-selection involves the introduc-

tion of pest species together with predators in 
polytunnels, thus reducing the efficiency of bio-
logical control, a more diverse prey-predator as-
semblage can increase the growth rate and repro-
duction rate of predator populations (Messelink et 
al. 2008, Messelink et al. 2010). 

Our study aimed to estimate the biological 
control potential of using mass collected and non-
selected arthropod assemblages in commercial 
greenhouse pepper plantations, comparing their 
efficiency with each grower’s own plant protection 
technology. 

 
 

Material and methods 
 

Locations 
We studied commercial pepper plantations (225-400m2, 
0.055-0.098 acres) in Jászság and Gödöllő regions of Hun-
gary in 2006 and 2007. There were seven locations in both 
years, with two (an experimental and a control) polytun-
nels of the same size in each location. Overall, there were 
28 polytunnels examined during the survey period. Poly-
tunnels displayed the same number of plants, pepper va-
riety, method of growing and production technology 
within pairs; whereas pest management methods were 
different. Peppers were planted in polytunnels from early 
April to early May. Sweet pepper harvesting started at 
early June and lasted until the first sign of frost in late Oc-
tober to early November in all locations. 

 

Pest management in the surveyed polytunnels 
Arthropods collected from alfalfa and nettle (Urtica dioica 
Linnaeus) were introduced to polytunnels on a weekly 
basis after a temporary storage (up to 120-180 minutes) in 
linen bags (25 sweeps/ bag). In year 2006 there were 
seven introductions to all surveyed tunnels from 7 July to 
24 August, entering the content of 150 sweeps every time 
in each polytunnels. In the year 2007, a preventive ap-
proach was established: we started introducing arthropod 
assemblages in early May. There were 9-14 introductions 
between 2 May and 15 August in the experimental tun-
nels; introducing the contents of one sweep per 10 pepper 
plant every time. (E.g.: plant density of 2,000 peppers/ 
polytunnel - introduced the content of 200 sweeps per oc-
casion.). Considering a density of 5 pepper plants per m2 
in tunnels, we set the density of mass-collected arthro-
pods to 50 sweeps per 100m2 of pepper by introducing 
the contents of one sweep per 10 pepper plants. In some 
experimental polytunnels the growers decided to sup-
plement our method with a conventional one for control-
ling the number of aphids, cotton bollworms and thrips 
(Fig. 1.). 

Pest management of control polytunnels in both 
years varied according to  each farmer’s own conven-
tional practice (Fig. 1). 

We considered zero control the following locations: 
Jászfényszaru 2 and 3 in year 2006; and Gödöllő and 
Jászfényszaru 3 in year 2007, because there were no pesti-
cide applications. 
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Figure 1.   Frequency of thrips and Orius spp. (adults+larvae) individuals per pepper 
flower per location in experimental polytunnels (treated with a mass collected and non-
selected arthropod assemblage) and in control polytunnels in 2006 and 2007. (* Sept 5: 
10.8; Sept 12: 15.58; ** Aug 29: 10.46; Sept 5: 14.06; Sept 12: 19.04) 

 
 
Arthropod assemblages of alfalfa and nettle 
We sampled alfalfa fields and nettle patches to evaluate 
the species composition of the mass collected arthropod 

assemblages. In 2006, 7 samplings from different locations 
were done, weekly, between 7 July and 24 August, when 
the content of 25 sweeps were analyzed. In 2007 there 
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were 11 samplings done from single location far away 
from surveyed polytunnels between 10 April and 15 Au-
gust, with an average interval of 10 days between sam-
plings (mowing dates of alfalfa: 18 May and 20 June). In 
each sampling date the contents of 10 sweeps in 5 replica-
tions were analyzed. The collected material was pre-
served in 70% ethyl alcohol. Samples were sorted under 
stereo-microscope. Anthocorids (Orius spp.), spiders 
(Araneae), coccinellids (Coleoptera: Coccinellidae) and 
thrips (Thysanoptera) were counted and determined to 
genus or species level. We identified the Orius species ac-
cording to Péricart (1972), spiders according to Heimer & 
Nentwig (1991), coccinellids according to Bährmann 
(2000) and thrips according to Jenser (1982). 

 

The impact of mass collected, non-selected arthropod as-
semblages on sweet pepper pests 
We evaluate the potential of mass collected arthropod as-
semblages against sweet pepper pests by analyzing 
thrips, aphid and Orius content of pepper flowers and 
also by the crop yield at the end of the growing season. 

Fifty randomly selected pepper flowers were col-
lected weekly from each polytunnel. Flowers were put 
into plastic vials containing 70% ethanol. Depending on 
the planting time and the state of pepper plants, flower 
sampling was made between 13 July and 14 September 
2006; and between 2 May and 12 September 2007. In 2006, 
flowers were sampled nine times, and a total of 450 flow-
ers were collected from each greenhouse; whereas in 
2007, there were 14-19 samplings, with a total of 700-950 
collected flowers per greenhouse. A total of 18,100 flow-
ers were sampled and examined during the two-year sur-
vey period. The content of flowers was analyzed under 
stereo-microscope. The number of thrips, aphids and 
Orius bugs were recorded; thrips and Orius adults were 
identified to species level. 

In both years, we received the summarized yield re-
sults per quality classes (Extra class: diameter and length 
of pepper are 6 cm and 10 cm without damage; I. class: 
diameter and length of pepper are 5 cm and 9 cm without 
damage; II. class: diameter and length of pepper are 4 cm 
and 8 cm with only small damage) from the farmers from 
four locations. 

 

Statistical analysis 
Normality of data was checked by the Kolmogorov-
Smirnov adjustment test and a Levene test was used to 
verify the homogeneity of variance. To compare thrips, 
aphid and Orius numbers collected from sweet pepper 
flowers in experimental and control tunnels Mann-
Whitney U-test were used. Statistical analyses were calcu-
lated using STATISTICA 6.0 (StatSoft1.). 

 
 

Results 
 

Predatory arthropod assemblages and thrips 
populations of alfalfa and nettle 
The frequency of Orius nymphs captured by 
sweeping method was smaller in alfalfa (16-35%) 
than in nettle (38-57%). There were more adults on 

both plants than nymphs (Table 1, Table 2). Three 
Orius species were present in alfalfa and nettle, 
and Orius niger (Wolff) was the dominant species 
in both, with an abundance of 58-82 %. Orius 
minutus (Linnaeus) was the second most abundant 
species with an abundance of 17-34% and Orius 
majusculus (Reuter), was represented with a few 
individuals per captures. 

Most spiders captured with sweep net were 
juvenile (53-78%) in both alfalfa and nettle and the 
frequency of adult spiders was 10-21% (Table 1, 
Table 2). We recorded eleven spider families from 
alfalfa in 2006, and thirteen families in 2007; with 
family Thomisidae dominating the captures (42%, 
and 35% of total spiders in both years), with genus 
Xysticus being the most frequent one in this family 
(77-78%). From nettle eleven spider families were 
recorded in 2006, and Thomisidae and Philodro-
midae families represented half of the total num-
ber of captured spiders; while in 2007, fourteen 
spider families were recorded, and 48% of the total 
number of spiders belonged to family Philodro-
midae. 

Most coccinellid beetles were adults in both al-
falfa and nettle (89-100% of the catch) (Table 1, Ta-
ble 2). From alfalfa nine coccinellid species were 
collected in both years and four species (Hippo-
damia variegata (Goeze), Coccinella septempunctata 
(Linnaeus), Propylea quatuordecimpunctata (Lin-
naeus), Coccinula quatuordecimpustulata (Linnaeus)) 
represented 70% and 97% of the total captures in 
2006 and 2007 respectively. In nettle only two coc-
cinellid species were found in 2006 and seven spe-
cies in 2007; C. septempunctata (39%) and P. qua-
tuordecimpunctata (36%) were the two dominant 
species. 

Thrips captured were mainly adults: 76-78% in 
alfalfa (Table 1) and 63-64% in nettle (Table 2). In 
alfalfa the captured thrips belonged to six genera 
in 2006 and seven genera in 2007; and one fifth of 
the total capture (frequency: 21-23%) was preda-
tory thrips from genus Aeolothrips. Most phyto-
phagous thrips were from genera Thrips and 
Frankliniella. In nettle samples, five thrips genera 
were identified in 2006 and seven genera in year 
2007. Nettle samples were dominated each year by 
Thrips genus with a frequency of 85-90%. 

 
The potential number of predator arthropods and 
phytophagous thrips introduced from alfalfa and 
nettle 
In 2006, the capture of Orius bugs from alfalfa was 
the highest in July, while in 2007  from  late July to 
 
 
 
 



Application of mass-collected, non-selected arthropod assemblages to control pests of greenhouse sweet pepper 
 

143 
 

Table 1.  Detailed composition and the relative number of collected individuals of Orius species, spider families and 
genera, predatory coccinellid beetles and thrips genera collected with sweep-nets from alfalfa (Hungary, Jászság 
and Gödöllő regions, 2006-2007). 

 

 2006 2007 
  mean ± SE ind.  mean ± SE ind. 

nymph 
adult 

16.87%±5.75% 
83.13%±5.75% 

37 
177 

nymph 
adult 

35.83%±10.46% 
64.17%±10.46% 

461 
719 

O
ri

us
 

O. niger 
O. minutus 
O. majusculus 

58.75%±10.16% 
31.40%±6.44% 
9.85%±4.77% 

126 
43 
8 

O. niger 
O. minutus 
O. majusculus 

82.13%±7.12% 
17.49%±6.91% 
0.38%±0.38% 

571 
146 

2 
Juvenile 
Subadult 
Adult 

78.03%±4.38% 
1.19%±1.19% 

18.54%±3.43% 

77 
1 
18 

Juvenile 
Subadult 
Adult 

72.97%±7.68% 
15.53%±4.86% 
10.82%±3.54% 

533 
117 
71 

A
ra

ne
ae

 

Thomisidae 
Xysticus spp. 
Misumena spp. 
Others (2 genera) 

Tetragnathidae 
Theridiidae 
Lycosidae 
others (7 families) 

 

42.87%±5.86% 
78.18%±11.90% 
15.06%±7.68% 
6.75%±4.43% 

10.45%±3.43% 
8.75%±3.42% 
6.35%±3.22% 

31.58%±5.42% 

40 
28 
8 
4 
12 
9 
9 
26 

Thomisidae 
Xysticus spp. 
Misumenops spp. 
others (6 genera) 

Theridiidae 
Linyphiidae 
Philodromidae 

Tibellus spp. 
Philodromus spp. 

Araneidae 
Araneus spp. 
Mangora spp. 
others (4 genera) 

Lycosidae 
others (7 families) 

35.76%±8.19% 
77.40%±4.75% 
10.16%±3.33% 
12.44%±4.74% 
15.36%±4.28% 
14.19%±6.75% 
12.78%±3.60% 
50.21%±10.15% 
49.79%±10.15% 
9.61%±2.91% 

37.08%±12.71% 
32.33%±13.39% 
30.59%±11.10% 
5.27%±2.93% 
7.03%±1.45% 

274 
220 
41 
13 
86 
115 
92 
59 
33 
49 
10 
30 
9 

57 
48 

Larvae 
Adult 

0.00% 
100.0%±0.00% 

0 
47 

Larvae 
Adult 

7.86%±3.73% 
92.14%±3.73% 

49 
313 

C
oc

ci
ne

lli
da

e 

Propylea qua. 
Coccinella. sep. 
Hippodamia var. 
Coccinula qua. 
others (5 species) 

29.14%±8.09% 
17.63%±4.77% 
13.84%±5.15% 
9.18%±6.25% 

30.21%±8.32% 

10 
10 
10 
5 
12 

Hippodamia var. 
Coccinella sep. 
Propylea qua. 
Coccinula qua. 
others (5 species) 

42.85%±12.53% 
31.07%±10.77% 
16.81%±5.97% 
5.89%±2.49% 
3.37%±1.61% 

157 
72 
46 
22 
16 

Larvae 
Adult 

23.11%±8.31% 
76.89%±8.31% 

156 
754 

Larvae 
Adult 

21.17%±7.27% 
78.83%±7.27% 

782 
3445 

Th
ys

an
op

te
ra

 Frankliniella spp. 
Thrips spp. 
Aeolothrips spp. 
Odontothrips spp. 
Haplothrips spp. 
Sericothrips spp. 

39.10%±8.56% 
31.73%±10.54% 
21.40%±2.89% 
6.57%±3.52% 
0.73%±0.64% 
0.47%±0.43% 

401 
151 
139 
58 
3 
2 

Thrips spp. 
Aeolothrips spp. 
Frankliniella spp. 
Sericothrips spp. 
Odontothrips spp. 
Haplothrips spp. 
Chirothrips spp. 
Limothrips spp. 

50.29%±9.61% 
23.48%±6.08% 
17.06%±5.31% 
5.81%±1.82% 
2.01%±1.19% 
0.79%±0.52% 
0.29%±0.26% 
0.27%±0.26% 

1787 
909 
472 
225 
36 
11 
3 
2 

 
 
mid August. The calculated introduction rate (50 
sweeps per 100m2) resulted in 162 and 294 Orius 
bugs per 100m2 in 2006 and 2007 respectively (Ta-
ble 3). Sweeping nettle yielded the highest number 
of Orius species from late May to late June in 2007 
(41-81 individuals/100m2). 

Spiders however, had a more even distribu-
tion throughout the whole season in alfalfa and 
nettle in both years (Table 3). The lowest spider 
capture resulted in 8 and 10 individuals per 100m2 

in 2006 and 2007 respectively; but the average 
number of spiders introduced was 40-80 individu-
als per 100m2. 

Similarly to spiders, coccinellid beetles were 
present in alfalfa quite evenly during the collec-
tion period. From spring and from second half of 
summer in July and late August, we introduced at 
least 20-30 individuals per 100m2 (Table 3). Nettle 
provided a relatively large number of coccinellid 
beetles but only from mid to late May, so in this  
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Table 2.  Detailed composition and the relative number of collected individuals of Orius species, spider families and 
genera, predatory coccinellid beetles and thrips genera collected with sweep-nets from nettle (Hungary, Jászság 
and Gödöllő regions, 2006-2007). 

 

 2006 2007 

  mean ± SE ind.  mean ± SE ind. 
nymph 
adult 

38.79%±12.28% 
61.21%±12.28% 

45 
53 

nymph 
adult 

57.26%±9.02% 
42.74%±9.02% 

153 
150 

O
ri

us
 

O. niger 
O. minutus 
O. majusculus 

64.33%±13.75% 
33.14%±14.08% 
2.53%±2.02% 

31 
20 
2 

O. niger 
O. minutus 

65.55%±10.52% 
34.45%±10.52% 

106 
44 

Juvenile 
Subadult 
Adult 

74.36%±5.73% 
4.37%±1.74% 

16.65%±5.07% 

151 
9 
26 

Juvenile 
Subadult 
Adult 

53.41%±6.55% 
17.40%±4.11% 
21.81%±4.28% 

392 
109 
135 

A
ra

ne
ae

 

Thomisidae 
Xysticus spp. 
Misumenops spp. 

Philodromidae 
Philodromus spp. 
Tibellus spp. 

Araneidae 
Araneus spp. 
Araniella spp. 
others (3 genera) 

Theridiidae 
Theridion spp. 
Enoplognatha spp. 
unindetifiable 

others (7 families) 

27.70%±3.96% 
55.48%±13.97% 
44.52%±13.97% 
24.44%±6.45% 
83.02%±11.08% 
16.98%±11.08% 
18.39%±4.75% 
58.89%±13.23% 
17.94%±7.32% 
23.17%±7.32% 
11.62%±4.42% 
35.52%±17.18% 
34.00%±15.29% 
30.48%±15.69% 
17.85%±4.54% 

 
 

49 
26 
23 
51 
44 
7 
29 
17 
6 
6 
27 
7 
12 
8 
30 

Philodromidae 
Philodromus spp. 
Tibellus spp. 

Theridiidae 
Enoplognatha spp. 
Theridion spp. 
unindetifiable 

Thomisidae 
Xysticus spp. 
Misumenops spp. 
Misumena spp. 
others (3 genera) 

Araneidae 
Araneus spp. 
Mangora spp. 
others (2 genera) 

Salticidae 
Heliophanus spp. 

others (9 families) 

48.10%±3.34% 
99.27%±0.39% 
0.73%±0.39% 

13.31%±3.23% 
59.34%±12.67% 
12.50%±4.86% 
28.16%±11.41% 
12.03%±2.17% 
50.21%±9.36% 
28.83%±8.79% 
13.79%±5.23% 
7.17%±4.52% 
9.95%±3.17% 

59.18%±12.43% 
30.96%±12.18% 
9.86%±5.83% 
6.04%±2.49% 

100.00%±0.00% 
10.56%±1.68% 

325 
322 

3 
85 
55 
11 
19 
85 
32 
35 
10 
8 

60 
28 
27 
5 

50 
50 
31 

Larvae 
Adult 

0.00% 
100.0%±0.00% 

0 
5 

Larvae 
Adult 

10.68%±9.89% 
89.32%±9.89% 

64 
95 

C
oc

ci
ne

lli
da

e 

Propylea qua. 
Hippodamia var. 

87.50%±12.50% 
12.50%±12.50% 

 

4 
1 

Coccinella sep. 
Propylea qua. 

others (5 species) 

39.71%±10.31% 
36.55%±11.59% 
23.74%±10.90% 

65 
20 
10 

Larvae 
Adult 

36.74%±5.29% 
63.26%±5.29% 

483 
818 

Larvae 
Adult 

35.12%±5.26% 
64.88%±5.26% 

765 
1415 

Th
ys

an
op

te
ra

 Thrips spp. 
Frankliniella spp. 
Aeolothrips spp. 
Haplothrips spp. 
Odontothrips spp. 

90.82%±5.40% 
5.86%±3.46% 
2.79%±2.35% 
0.26%±0.26% 
0.26%±0.26% 

769 
24 
21 
2 
2 

Thrips spp. 
Frankliniella spp. 
Haplothrips spp. 
Aeolothrips spp. 
Sericothrips spp. 
Aptinothrips spp. 
Odontothrips spp. 

85.49%±4.55% 
7.04%±2.78% 
4.13%±2.33% 
1.85%±1.06% 
0.82%±0.75% 
0.65%±0.58% 
0.03%±0.03% 

1269 
90 
15 
31 
6 
3 
1 

 
 

short period we introduced a high number of in-
dividuals (60 individuals per 100m2). 

Large number of predatory thrips were col-
lected from alfalfa from early July to early August; 
when 90 and 140 individuals per 100m2 were in-
troduced in 2006 and 2007 respectively (Table 3). 
Nettle samples offered a negligible number of Aeo-
lothrips intermedius (Bagnall) in both years. 

Non-selected collection of arthropods from al- 

falfa might prove to be most dangerous in late 
May, after the second mowing in early June and 
also in late July because of the high number of 
phytophagous thrips. In this case we may intro-
duce as many as 347-946 phytophagous thrips per 
100m2 (Table 3). In nettle the abundance of phyto-
phagous thrips increased from late May to late 
June and we may introduce a number of 214-778 
individuals per 100m2. 
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Table 3.  The mean (mean ± SE) number of predatory arthropods and phytophagous thrips in sweep-net collection (50 
sweeps) captured and introduced in polytunnel pepper, per 100 m2 of pepper stand (Hungary, Jászság and Gödöllő 
regions, 2006-2007). 
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7-Jul 12 26 8 26 72 7-Jul 46 68 0 0 778 
13-Jul 26 8 8 18 70 13-Jul 20 46 8 0 686 
20-Jul 102 24 34 94 282 20-Jul 32 58 2 6 366 
27-Jul 162 26 6 90 760 27-Jul 16 60 0 0 346 

10-Aug 66 50 4 42 256 10-Aug 2 76 0 0 42 
17-Aug 34 44 26 6 78 17-Aug 70 70 0 36 298 

2006 

24-Aug 26 20 8 2 18 24-Aug 10 10 0 0 40 
10-Apr 1± 1 34± 5 20± 4 1± 1 46± 15 20-Apr 8± 6 40± 8 6± 2 0± 0 15± 4 
20-Apr 0± 0 30± 2 4± 3 6± 2 34± 8 2-May 6± 3 43± 8 6± 4 0± 0 65± 11 
2-May 2± 1 68± 11 34± 13 15± 3 383± 42 10-May 3± 2 73± 17 5± 2 0± 0 37± 13 
10-May 5± 3 31± 5 24± 2 42± 11 305± 32 22-May 41± 8 61± 9 67± 32 1± 1 214± 63 
31-May 3± 2 96± 30 1± 1 14± 4 197± 22 31-May 48± 8 60± 12 61± 10 0± 0 445± 56 
11-Jun 58± 8 87± 16 23± 7 56± 11 946±269 11-Jun 73± 5 40± 11 10± 2 14± 5 461± 59 
11-Jul 13± 3 27± 3 35± 6 143± 17 224± 23 21-Jun 81± 16 47± 14 2± 1 7± 3 408± 26 
24-Jul 294± 24 130± 13 72± 12 373± 23 347± 35 3-Jul 15± 3 71± 22 1± 1 0± 0 225± 55 
1-Aug 258± 36 73± 16 51± 11 130± 15 317± 35 11-Jul 15± 5 69± 14 1± 1 2± 1 180± 57 
8-Aug 291± 38 83± 11 66± 14 122± 9 289± 29 24-Jul 10± 2 89± 11 0± 0 7± 4 75± 14 

2007 

15-Aug 255± 26 65± 9 32± 10 7± 3 247± 36 1-Aug 3± 1 84± 19 0± 0 0± 0 34± 17 
 

 
The impact of non-selected arthropod assemblages 
on Orius and thrips populations of sweet pepper 
flowers 
Three native Orius species were found in both 
years in experimental and control polytunnels 
(Table 4). In year 2006, in Boldog 1, O. laevigatus 
has been released by farmers but the recapture 
was scarce. O. niger was the most abundant spe-
cies in experimental and control polytunnels, with 
a presence of 86% and 71% respectively in 2007. In 
year 2006, O. minutus was the second most fre-
quent Orius species in pepper flowers (10-15%) 
and O. majusculus (7-19%) in year 2007. 

Phytophagous thrips represented 95-99% of 
the total thrips population of polytunnel samples. 
In 2006, Ae. intermedius showed an extremely low 
number, but in the following year their number 
increased up to 2.86% of thrips population in ex-
perimental polytunnels and 5.35% of thrips popu-
lation in control polytunnels (Table 4). In experi-
mental polytunnels, in 2006, the dominant thrips 
species was F. occidentalis, with 50% occurrence, 
while in 2007, F. occidentalis and T. tabaci had the 
same occurrence rate with 39-40% respectively. In 
control tunnels, in 2006, phytophagous thrips 

were F. occidentalis, T. tabaci and Frankliniella in-
tonsa (Trybom) with nearly similar abundance of 
28-33%, while in 2007 the dominant species was T. 
tabaci, with a rate of 44%. 

 
Impact of non-selected arthropod assemblages on 
Orius bugs, phytophagous thrips and aphids of 
sweet pepper flowers 
Orius 
In 2006, the totals of 3,150 pepper flowers each 
were collected from both the experimental and 
control polytunnels for analyses. The number of 
Orius individuals (adults and nymphs) from pep-
per flowers was 391 (mean ± SE: 0.12 ± 0.01/ 
flower) in experimental polytunnels, and 273 
(mean ± SE: 0.08 ± 0.01/ flower) in control poly-
tunnels. The number of Orius bugs was signifi-
cantly higher by 43% (Mann-Whitney U-test: 
U=1430, N1=N2=63, p=0.0065) in experimental 
polytunnels than in control ones. In the case of 
Jászfényszaru 1 and Pusztamonostor location, sig-
nificantly higher number of Orius spp. was re-
corded in experimental polytunnels than in con-
trol, but similar differences were not detected in 
the other locations (Table 5). 

 
 
 
 
 
 



Bán G. et al. 
 

146
 

Table 4.  Relative frequency (mean ± SE) of Orius spp. and phytophagous thrips populations of ex-
perimental and control polytunnels (Hungary, Jászság and Gödöllő regions, 2006-2007). 

 
 

  experimental 
polytunnels 

control 
polytunnels 

year  mean±SE ind. mean±SE ind. 
Orius larvae 
Orius adult 

56.86% ± 6.29% 
43.13% ± 6.29% 

240 
151 

58.68% ± 8.27% 
41.32% ± 8.27% 

172 
101 

O. niger 
O. minutus 
O. majusculus 
O. laevigatus 

76.30% ± 4.56% 
15.82% ± 3.72% 
7.25% ± 2.28% 

0.00% 

117 
23 
11 
0 

80.19% ± 3.13% 
10.71% ± 2.32% 
7.73% ± 3.05% 
1.39% ± 1.39% 

83 
10 
7 
1 

Thrips larvae 
Thrips adult 

44.96% ± 4.77% 
55.04% ± 4.77% 

1582 
1940 

41.31% ± 4.29% 
58.69% ± 4.29% 

659 
1015 

20
06

 

Aeolothrips intermedius 
Thrips tabaci 
Frankliniella occidentalis 
Frankliniella intonsa 
other species 

0.52% ± 0.16% 
21.76% ± 2.10% 
49.56% ± 5.44% 
19.45% ± 3.35% 
8.70% ± 2.87% 

11 
452 
949 
402 
126 

1.91% ± 0.63% 
31.44% ± 4.10% 
33.05% ± 4.16% 
28.60% ± 6.32% 
5.00% ± 1.25% 

21 
264 
301 
390 
39 

Orius larvae 
Orius adult 

50.16% ± 5.00% 
49.84% ± 5.00% 

401 
352 

47.01% ± 4.30% 
52.99% ± 4.30% 

337 
383 

O. niger 
O. minutus 
O. majusculus 
O. laevigatus 

86.29% ± 2.23% 
6.08% ± 1.73% 
7.68% ± 2.01% 

0.00% 

302 
26 
24 
0 

71.64% ± 4.53% 
8.91% ± 1.68% 
19.45% ± 4.77% 

0.00% 

288 
36 
59 
0 

Thrips larvae 
Thrips adult 

46.65% ± 4.35% 
53.35% ± 4.35% 

5251 
5786 

44.39% ± 5.04% 
55.61% ± 5.04% 

3179 
4197 

20
07

 

Aeolothrips intermedius 
Thrips tabaci 
Frankliniella occidentalis 
Frankliniella intonsa 
other species 

2.86% ± 0.87% 
39.96% ± 6.69% 
39.57% ± 7.77% 
14.86% ± 2.64% 
2.76% ± 1.02% 

105 
1796 
2751 
926 
208 

5.35% ± 1.41% 
44.73% ± 5.80% 
25.84% ± 4.84% 
22.00% ± 3.17% 
2.07% ± 0.52% 

170 
1987 
845 
1102 
93 

 
 
In year 2007, the totals of 5,900 pepper flowers 

each were collected from both the experimental 
and control polytunnels for analyses. Orius popu-
lations of experimental and control polytunnels 
showed no significant difference (Mann-Whitney 
U-test: U=6168.5, N1=N2=118, p=0.1302). The 
number of Orius individuals (adults and nymphs) 
from pepper flowers was 753 (mean± SE: 0.13 ± 
0.01/ flower) in experimental tunnels, and 720 
(mean ± SE: 0.12 ± 0.01/ flower) in control tunnels. 
In the case of Boldog 1 and Boldog 2 location, sig-
nificantly higher number of Orius spp. was re-
corded in experimental polytunnels than in con-
trol, but similar differences were not detected in 
the other locations (Table 5). 

 

Thrips 
In year 2006, the number of phytophagous thrips 
was significantly (Mann-Whitney U-test: U=1493, 
N1=N2=63, p=0.0162) higher by 112% in the ex-
perimental tunnels than in the control ones. The 
number of thrips individuals (adult and larvae) of 
pepper flowers in experimental tunnels was 3511 

(mean ± SE: 0.11 ± 0.20/ flower) and 1653 (mean ± 
SE: 0.52 ± 0.07/ flower) in control tunnels. Loca-
tion–based analyses showed significantly higher 
phytophagous thrips population in the experimen-
tal tunnel only in Jászfényszaru 2 location, but 
similar differences were not detected in the other 
locations (Table 5). In location Jászfényszaru 2 and 
Boldog 2 thrips population dynamics were differ-
ent between experimental polytunnels and control 
ones (Fig. 1); and in both cases the average thrips 
infestation exceeded 1 thrips per flower (Table 5). 

In year 2007, the number of phytophagous 
thrips was higher by 51% in the experimental tun-
nels than control ones, but it was not significantly 
different (Mann-Whitney U-test: U=6274, 
N1=N2=118, p=0.1895). The number of thrips indi-
viduals (adult and larvae) of pepper flowers was 
10,932 (mean± SE: 1.85 ± 0.14/ flower) in experi-
mental tunnels and 7,206 (mean ± SE: 1.22 ± 0.07/ 
flower) in control tunnels. This was due to the 
high number of thrips from two locations Jászfé-
nyszaru 2 and Jászfelsőszentgyörgy; there were 
4080  more thrips in experimental tunnels than in 
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Table 5.  The average number (mean ±SE) of thrips, aphids and Orius spp. (adults+larvae) per pepper flower per 
location in experimental polytunnels (treated with a mass collected and non-selected arthropod assemblage) 
and in control polytunnels in 2006 and 2007. (S = significant; NS = nonsignificant). 

 

year location polytunnel thrips/flower aphid/flower Orius/flower 

Jászfényszaru 1. experimental 
control 

0.64 ± 0.18 
0.44 ± 0.09 

NS 
0.01 ± 0.01 
0.03 ± 0.01 

NS 
0.19 ± 0.03 
0.03 ± 0.01 

S 

Jászfényszaru 2. experimental 
control 

2.32 ± 0.29 
0.86 ± 0.27 

S 
2.23 ± 0.50 
0.31 ± 0.15 

S 
0.03 ± 0.01 
0.00 ± 0.00 

NS 

Jászfényszaru 3. experimental 
control 

0.55 ± 0.15 
0.56 ± 0.29 

NS 
0.02 ± 0.01 
0.02 ± 0.01 

NS 
0.21 ± 0.03 
0.17 ± 0.03 

NS 

Boldog 1. experimental 
control 

0.87 ± 0.31 
0.63 ± 0.21 

NS 
0.01 ± 0.00 
0.00 ± 0.00 

NS 
0.10 ± 0.03 
0.06 ± 0.03 

NS 

Boldog 2. experimental 
control 

2.23 ± 1.20 
0.01 ± 0.00 

NS 
2.45 ± 1.30 
5.73 ± 1.41 

NS 
0.02 ± 0.01 
0.01 ± 0.00 

NS 

Pusztamonostor experimental 
control 

0.67 ± 0.16 
0.70 ± 0.13 

NS 
0.03 ± 0.01 
0.07 ± 0.02 

NS 
0.16 ± 0.03 
0.07 ± 0.02 

S 

2006 

Jászfelsőszent- 
györgy 

experimental 
control 

0.53 ± 0.14 
0.47 ± 0.15 

NS 
0.01 ± 0.00 
0.02 ± 0.01 

NS 
0.16 ± 0.02 
0.25 ± 0.05 

NS 

Gödöllő experimental 
control 

1.12 ± 0.16 
1.51 ± 0.23 

NS 
0.04 ± 0.01 
0.17 ± 0.08 

NS 
0.35 ± 0.03 
0.33 ± 0.03 

NS 

Jászfényszaru 2. experimental 
control 

3.00 ± 0.51 
0.47 ± 0.09 

S 
0.26 ± 0.06 
1.30 ± 0.42 

NS 
0.01 ± 0.00 
0.02 ± 0.01 

NS 

Jászfényszaru 3. experimental 
control 

0.72 ± 0.09 
1.00 ± 0.15 

NS 
0.03 ± 0.01 
0.05 ± 0.01 

NS 
0.23 ± 0.03 
0.35 ± 0.03 

NS 

Boldog 1. experimental 
control 

0.82 ± 0.18 
0.52 ± 0.06 

NS 
0.19 ± 0.06 
0.02 ± 0.01 

NS 
0.11 ± 0.02 
0.01 ± 0.00 

S 

Boldog 2. experimental 
control 

0.69 ± 0.11 
0.72 ± 0.11 

NS 
0.02 ± 0.01 
0.01 ± 0.00 

NS 
0.10 ± 0.02 
0.04 ± 0.01 

S 

Pusztamonostor experimental 
control 

1.50 ± 0.19 
1.64 ± 0.25 

NS 
0.06 ± 0.02 
0.06 ± 0.02 

NS 
0.13 ± 0.02 
0.15 ± 0.02 

NS 

2007 

Jászfelsőszent- 
györgy 

experimental 
control 

4.43 ± 0.57 
2.66 ± 0.24 

NS 
0.08 ± 0.02 
0.04 ± 0.01 

NS 
0.01 ± 0.00 
0.02 ± 0.01 

NS 
 

Compare experimental versus control tunnel at each location with Mann-Whitney U-test; significance level: p = 0.05 
 
 

control, in contrast with 2006, thrips infestation 
level exceeded the average of 1 thrips per flower 
in four experimental and control tunnels (Table 5). 
Location–based analyses showed significantly 
higher phytophagous thrips population in the ex-
perimental tunnel only in Jászfényszaru 2 location 

 

Aphids 
In 2006 we found no significant (Mann-Whitney 
U-test: U=1797.5, N1=N2=63, p=0.3376) difference 
between the average size of aphid populations of 
pepper flowers in experimental and control poly-
tunnels. The number of aphids collected from 
pepper flowers in experimental polytunnels was 
2134/flower (mean ± SE: 0.68 ± 0.23/ flower), and 
2777/flower (mean ± SE: 0.88 ± 0.32/ flower) in 
control polytunnels. Location–based analyses 
showed significantly higher aphids population in 
the experimental tunnel only in Jászfényszaru 2 
location, but similar differences were not detected 
in the other locations, although the average num-

ber of aphids was exceptionally high at location 
Boldog 2 (Table 5). 

In 2007 we found no significant (Mann-
Whitney U-test: U=6411.5, N1=N2=118, p=0.2636) 
difference between the average size of aphid 
populations of pepper flowers in experimental 
and control polytunnels. The number of aphids 
was 615/flower (average ± SE: 0.10 ± 0.02/ flower) 
in experimental polytunnels, and 1506/flower 
(average ± SE: 0.26 ± 0.07/ flower) in control ones. 
In location Jászfényszaru 2 there were 982 more 
aphid individuals in control polytunnels than in 
experimental ones. A location-based analysis 
found no significant difference between the aver-
age size of aphid populations of experimental and 
control tunnels (Table 5). 

 
The impact of mass-collected arthropods on pep-
per yield 
We found no significant difference between the 
economic value of pepper harvested in experimen- 
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Table 6.  Crop results per quality types (measured in kilograms) in experimental polytunnels (treated with a mass 
collected and non-selected arthropod assemblage) and in control polytunnels in 2006 and 2007. 

 

year location polytunnel Extra I. II. Total 

Jászfényszaru 1. experimental 
control 

973 
1,067 

273 
358 

1,108 
1,033 

2,354 
2,458 

Jászfényszaru 2. experimental 
control 

1,270 
1,242 

1,563 
1,585 

1,131 
1,399 

3,964 
4,226 

Boldog 2. experimental 
control 

1,148 
760 

2,191 
2,217 

498 
849 

3,837 
3,826 

Jászfelsőszentgyörgy experimental 
control 

1,825 
2,002 

1,106 
1,026 

588 
511 

3,519 
3,539 

2006 

Total experimental 
control 

5,216 
5,071 

5,133 
5,186 

3,325 
3,792 

13,674 
14,049 

Jászfényszaru 2. experimental 
control 

1,592 
1,183 

1,770 
1,431 

1,868 
1,460 

5,230 
4,074 

Boldog 1. experimental 
control 

2,700 
2,750 

840 
840 

560 
560 

4,100 
4,150 

Boldog 2. experimental 
control 

4,110 
4,050 

350 
660 

355 
542 

4,815 
5,252 

Jászfelsőszentgyörgy experimental 
control 

1,398 
1,502 

657 
511 

603 
465 

2,658 
2,478 

2007 

Total experimental 
control 

9,800 
9,485 

3,617 
3,442 

3,386 
3,027 

16,803 
15,954 

Grand total 
experimental 
control 

15,016 
14,556 

8,750 
8,628 

6,711 
6,819 

30,477 
30,003 

 
 
tal and control polytunnels. During the two-year 
experiment, in all surveyed locations, pepper yield 
of experimental polytunnels was higher by 1.58%, 
compared to the control polytunnels (Table 6). The 
quality and quantity of the pepper yield of the ex-
perimental and control tunnels were similar in 
both years. The amount of extra and first class 
quality pepper was higher by 3.16% and 1.41% in 
experimental polytunnels; while the amount of 
second class pepper collected was higher by 1.61% 
in control polytunnels. 

 
 

Discussion 
 

The potential of arthropods of alfalfa and nettle as 
control agents of pests of polytunnel pepper 
Companies Biobest and Koppert suggest using 50-
1000 O. laevigatus individuals/100m2 (for preven-
tion: 50 individuals/100m2, average level of infes-
tation: 100 individuals/100m2, severe infestation: 
1000 individuals/100m2) (Ocskó 2011). Consider-
ing a density of 10 bugs per sweep and a plant 
density of 5 pepper plants per m2 the contents of 
50 sweeps are needed to introduce a sufficient 
number of arthropods into a 100m2 polytunnel. 
For an Orius-based prevention we suggest collect-
ing from any plant where 50 sweeps are found 

suitable to supply the necessary amount of 50 
Orius bugs at late May and early June. 

Due to regular mowing, alfalfa stands are in-
sufficient supplies of Orius bugs throughout May 
and June. The necessary amount of Orius bugs can 
only be collected prior to mowing (Table 3). After 
the second mowing, however, from mid-July on-
wards, more than twice the amount of Orius bugs 
that are needed to control an average thrips infes-
tation (100 Orius/100 m2) is available from alfalfa 
(Table 3). It also means that this amount has the 
potential to repress an infestation that is already 
set. Nettle on the other hand, provides a continu-
ous supply of a suitable amount of Orius bugs for 
a preventive control in polytunnels from mid May 
to late June; but it lacks the necessary amount of 
Orius bugs for reintroductions in July and August. 

Species compositions of alfalfa and nettle are 
nearly optimal, since the most frequent species of 
alfalfa and nettle, O. niger, consumes 15 thrips lar-
vae a day (Deliegorgidis 2002), and was found a 
suitable biological agent against thrips (van de 
Veire & Degheele 1992, Disselvet et al. 1995, Fathi 
et al. 2008). Orius species have the advantage of 
being able to prey on other pests of greenhouse 
pepper, such as aphids and mites (Riudavets 1995, 
Alvarado et al. 1997, Montserrat et al. 2000). Since 
the artificial introduction of Orius bugs, a preven-
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tive control, indirectly enhances the introduction 
of other Orius species, it also makes biological con-
trol more effective. Bosco et al. (2008) found that 
the artificial introduction of O. laevigatus in May in 
Northern Italy positively affected the colonization 
abilities of O. niger. The same study also proved 
that O. niger, O. majusculus and O. minutus adapt 
better to local climatic conditions, therefore their 
potential efficiency is higher than that of species 
coming from the Mediterranean region. According 
to their results, unsuitable climatic conditions 
caused O. laevigatus colonization insufficient. 
Wherever introduced into polytunnels, their pres-
ence did not exceed 37%. As many authors have 
pointed out, when compared to artificially intro-
duced Orius bugs, indigenous Orius species dis-
play a much more efficient colonization towards 
the end of the growing season, thus, when com-
bined, these two types of species (indigenous and 
non-indigenous) provide a complete cover against 
thrips throughout the whole growing season (van 
de Veire & Degheele 1992, Castané et al. 1996, 
Tavella et al. 1996, 2000, Tommasini & Maini 
2001). 

Besides being a reliable source of Orius bugs, 
alfalfa and nettle supply spiders in great diversity 
and in large numbers. Due to their generalist feed-
ing habits, spiders, when used in an assemblage of 
predator arthropods, capture a diverse prey spec-
trum (Riechert & Lockley 1984, Nyffler 1999). 
Since spiders and other predatory arthropods 
have different habitat preferences, the area left un-
controlled by predators is bordering nil (Sunder-
land 1999). The fact that the largest number of spi-
ders caught in both alfalfa and nettle are juvenile 
ones is advantageous because such spiders prey 
on small arthropods, such as thrips and aphids 
(Nyffeler et al. 1994). Bíró (2005) found that the ju-
veniles of X. kochi, depending on the stage, con-
sumed 10-20 thrips a day. 

The efficiency of biological control against 
thrips can be enhanced not only by using spiders 
and Orius bugs, but by adding Ae. intermedius 
(Fathi et al. 2008), a predatory thrips that feeds on 
small, soft-bodied prey items (Jenser 1982), and 
can consume up to 100-150 thrips larvae, or 300 
spider mites during their life (Jenser 1989). Al-
though predatory thrips are unsuitable for preven-
tion, they have a definite role as a supplementary 
treatment from July to early August and also, they 
can be obtained in large quantities from alfalfa 
fields (Table 3). 

Aphids present a serious damage by sucking 
the juice of young plants during May and June. 
This period of time is extremely convenient to col-
lect a large selection and number of ladybeetles ei-
ther from alfalfa or from nettle. The only disad-
vantage of ladybeetles is their reluctance to remain 
at the same place when preys is absent: they left 
polytunnels easily and were unsuitable for pre-
vention (Lövei 1989). When introduced to an in-
fested greenhouse, however, these beetles stayed 
until the prey was available and their consump-
tion rate can be as high as 100 aphids/adult bee-
tle/day (Lövei 1989), which means that the num-
ber of ladybeetles introduced per 100m2 of a poly-
tunnel at the time of the spring invasion of aphids 
is able to consume 2,000-6,000 aphids a day. 

Besides natural enemies, alfalfa and nettle can 
supply a relatively large number of phytophagous 
thrips into polytunnels. The threshold of potential 
damage is one thrips per pepper flower; or 2,000 
thrips per 100m2 (considering a density of 5 pep-
pers/m2 and 4 flowers/plants). Considering that 
June and July carry the largest risk, only 10-47% of 
the damage threshold can be introduced per occa-
sion. Most of those animals that contribute to such 
damage are phytophagous thrips species with a 
wide spectrum of plants to feed on (omnivores, 
such as T. tabaci, F. intonsa), and some phyto-
phagous thrips species that cause no harm to pep-
per (and are frequent on leguminous weeds of al-
falfa such as Odontothrips confusus, and Sericothrips 
spp.) (Jenser 1982). Where polytunnels are domi-
nated by native thrips species, a more fierce com-
petition between species is created and thus the 
risks of growing populations of the invasive west-
ern flower thrips are limited (Paini et al. 2008). 
One should also have to consider that the highest 
abundance of phytophagous thrips on alfalfa and 
nettle coincides with the highest abundance of 
predator arthropods that are also captured, mak-
ing the ratio of prey to predator a most beneficial 
one for the crop in question. The highest number 
of phytophagous thrips captured in two years was 
found in early June on alfalfa in 2007, with an av-
erage of 946 phytophagous thrips per 100m2. 
These were introduced into experimental poly-
tunnels. Since the preying capacity of co-
introduced predators was about 2,000 prey items a 
day (given the above mentioned consumption 
rates), these predators of mass-collected and non-
selected assemblage had the potential not only to 
control the number of freshly introduced phyto-
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phagous thrips populations, but to prey on pests 
of pepper that were already present there. 

Some phytophagous arthropods collected 
from alfalfa and nettle do not feed on pepper. Af-
ter being introduced, these species either left the 
polytunnels, or decayed within. 

Our findings show that collection of non-
selected arthropod assemblages from nettle should 
be done between mid-May and late June; while be-
tween June and mid-August was done on alfalfa 
due to the unfavorable effect of mowing. The two 
different stands can complement each other well 
in supplying beneficial agents against thrips and 
aphids. Planting alfalfa is highly recommended for 
farmers so that he can introduce a mass collection 
of arthropods of his own and co-ordinate effec-
tively the timing of collection and mowing to in-
troduce the maximum number of predators into 
his polytunnels. Thus alfalfa is as useful for collec-
tion of beneficial arthropods as nettle even during 
the spring season. According to Samu (2003), non-
mowed alfalfa stripes yield up to 53% more spi-
ders, when compared to mowed ones. Therefore a 
stripe-system of mowing is recommended in order 
to increase the number of predator arthropods col-
lected and introduced. 

 
The potential of mass-collected arthropods as con-
trol agents of pepper pests  
Based upon Biobest’s and Koppert’s aforemen-
tioned suggestion of 50-1,000 Orius/100m2 (con-
sidering 5 peppers/m2 and 4 flowers/pepper 
plants) the calculated number is 0.025 individu-
als/flower for prevention, 0.05 individuals/flower 
for moderate infestations and 0.5 individu-
als/flower for severe ones. 

The amount of Orius bugs needed to control 
an average level of thrips infestation was exceeded 
in five experimental polytunnels in both years; 
whereas there were only four control polytunnels 
in 2006 and three in 2007 where the average num-
ber of Orius bugs reached or exceeded this level. 
The level of infestation, however, remained below 
the economic threshold of 1 thrips per flower in 
these polytunnels, except in locations Gödöllő and 
Pusztamonostor, where severe infestations took 
place early June in 2007 (Table 5, Fig. 1). 

According to our findings, a continuous pres-
ence of 0.05-0.1 Orius bugs per flower (i.e. 1-2 in-
dividuals/m2) can successfully keep the number 
of thrips below the level of economic importance. 
In the case of a sudden increase of thrips invasion, 
however, the above mentioned number of Orius 

bugs (0.025 individuals/flower or 0.5 individu-
als/m2) is not sufficient, especially in the case of 
the western flower thrips. Similarly, van Schelt 
(1999) in the Netherlands, Tommasini & Maini 
(2001) in Italy and Weintraub et al. (2011) in Israel 
have also found 1-2 O. laevigatus per square meter 
a sufficient measure to combat thrips infestation in 
greenhouse sweet pepper. Chamber et al. (1993) in 
Great-Britain, however, used five times more bugs 
(5-10 individuals/m2) to effectively control the 
number of thrips for a prolonged period of several 
months. 

Given that no Orius bugs were artificially in-
troduced to and no pesticides were applied in two 
zero control polytunnels at locations Gödöllő and 
Jászfényszaru 3 in 2007, their exceptionally high 
Orius density (see Table 5: 0.35 individuals/flower 
amounting to 700 individuals/100m2) suggests 
that these arthropods must have naturally immi-
grated from either outside or perhaps, from ex-
perimental polytunnels nearby. From late June to 
early July the number of Orius sp. approached 1 
per flower in these locations (2000 individu-
als/100m2), which was twice the number deemed 
suitable to control a severe infestation (Fig. 1). 
Bosco et al. (2008) found that the number of O. 
laevigatus peaked 10-15 days after introduction at 
0.36 individuals/flower, but none of them was 
present for more than six weeks. The number of O. 
niger peaked throughout July and August at 0.32-
0.70 individuals/flower. 

The likelihood of the natural immigration of 
native Orius bugs is supported by the fact that in 
2007, the second most frequent species of experi-
mental and control polytunnels besides O. niger 
was not O. minutus that occurred both in alfalfa 
and nettle, but O. majusculus, with an occurrence 
rate of 7% and 19%, respectively (Table 4). Bosco 
et al. (2008), conducting a survey in Northern-
Italy, in continental climatic conditions similar to 
those found in Hungary also proved that two 
most frequent bug species of greenhouse pepper 
were O. niger and O. majusculus, that immigrated 
into polytunnels not treated with pesticides 
around late June or early July. 

Provided that the amount of pesticides used 
remained under a certain level, introduction of ar-
thropods to experimental polytunnels actually 
could affect the species composition of natural 
enemies of control polytunnels as well. This might 
be due to ability of Orius bugs to migrate among 
polytunnels very easily. In the year 2007, there 
was a notable increase in the number of Orius 
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bugs in most of the control polytunnels, and this 
change took place one to two weeks after the ar-
thropods had been introduced to experimental 
pepper stands (Fig. 1). The findings of Bosco et al. 
(2008) also support Orius migration: he found that 
the frequency of O. lavigatus reached 4% in poly-
tunnels that were not artificially introduced. 

Aphids presented no significant threat in any 
of the polytunnels in any of the years; although in 
some cases during the May and June, invasion of 
aphids peppers were treated with paraffin oil. Not 
only this treatment decreased the chance of a viral 
infection, it also cut back the number of aphids to 
a level where the regular introduction of lady-
beetles had a complete control over them. 

Crop yields of 2006 and 2007 reveal that crop 
safety was not enhanced by tripling the amount of 
pesticides used; and also, that in experimental 
polytunnels, the lack of chemical treatment and 
the presence of larger thrips populations did not 
result in having less marketable pepper crop; that 
is using a mass collected and non-selected assem-
blage of arthropods means gaining the same profit 
for the producer. The fact that no pre-harvest in-
tervals were needed and the lack of a pesticide 
budget on the other hand proved advantageous 
and might serve as an argument for biological con-
trol, although at present the number of producers 
sticking to conventional ways is large. 

It can be emphasized that since no selection 
takes place prior to introduction, the assemblage 
of arthropods may contain pests (virus vectors) 
which may damage peppers. Also, arthropod as-
semblages collected in alfalfa, nettle or in any 
other plant stands do not guarantee the necessary 
amount and species composition of predator ar-
thropods. Our results serve as a suggestion as to 
the use of natural enemies. The use of an assem-
blage of arthropods costs very little but it is not an 
ultimately successful control method of pests. Due 
to the improving resistance of western flower 
thrips against pesticides, conventional pest man-
agement on the other hand does not provide 100% 
efficiency either (Brodsgaard 1994; Zhao et al. 
1994; Kontsedalov et al. 1998). Our experiment 
showed that phytophagous arthropods introduced 
alongside beneficial predators caused no further 
harm to the peppers. We do believe that using an 
assemblage of arthropods as a preventive meas-
ure, supplying perhaps with environmentally 
friendly methods of pest control (Gentz et al. 2010) 
whenever much needed has the potential of keep-

ing the pest populations in pepper polytunnels at 
an acceptable level. 

Further studies of arthropod assemblages are 
suggested in order to find the most suitable collec-
tion of predators to use. This process may take 
years, especially where polytunnels and their sur-
roundings have been under the pressure of chemi-
cal treatments for a prolonged period. Since first 
introductions in May usually requires larger num-
ber of predators, while following-up collections in 
June and July are bountiful in predators and the 
ratio of predators to prey items is more favorable, 
we suggest creating a data-pool of suitable dates 
of introduction and dosage, on the basis of the 
phenology of the plant that supplies the assem-
blage of arthropods. 

Experimental locations where no chemicals 
have been applied for years demonstrate well that 
a suitable environment, and the phenomenon of 
natural enemies migrating into polytunnels, pro-
vide the cheapest and best method of prevention a 
producer can ever have to control pests effectively. 
When producers decide to quit chemical treat-
ment, the use of arthropod assemblages can prove 
to be the first successful step in achieving the 
above described optimal state. 
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