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Abstract. Western flower thrips Frankliniella occidentalis (Pergande) (WFT) is a pest insect that 
can cause direct damage to greenhouse vegetables by feeding. Greenhouse sweet pepper 
(Capsicum annuum L.) shows higher direct sensitivity to cosmetic damage than to plant 
growth and photosynthesis. The fact that F. occidentalis is an effective vector of tomato spotted 
wilt tospovirus (TSWV) also increases its importance in pest management. The rapid 
development of insecticide resistance has initiated a search for more sustainable pest 
management solutions with studies focusing on biological control agents and thrips-resistant 
cultivars. In our present study, four commonly grown greenhouse sweet pepper cultivars 
were tested in three different pruning technologies during a two years experiment with eight 
replicates. Abundance of flower dwelling thrips fauna, quality composition of pepper yield 
and commercial crop value were measured to investigate the differences among cultivars and 
pruning technologies; and to assess the risk of ‘cultivar x technology’ treatments. No 
significant difference was found between the abundance of sexes and different life stages of 
WFT among cultivars. In 2006, higher number of WFT individuals aggregated in the flowers 
of the 1-branch pruned plants. Both cultivar and pruning technology were found to 
significantly affect the quality composition of pepper yield. Significantly lower amount of 
‘Grade 1’ pepper yield and significantly higher amount of ‘Damaged’ pepper yield were 
produced by non-pruned plants. Cultivar, as variable, also had a significant effect on the 
amount of ‘Damaged’ pepper yield. The results suggest that both cultivar and applied 
pruning technology highly influence the plant protection risks of pepper growing in a region 
infested by F. occidentalis. Further interdisciplinary studies are needed to develop a 
productive pepper growing system that is safe both entomologically and horticulturally. 
Furthermore we suggest the use of cultivars with different sensitivity to WFT feeding damage 
in plant breeding programs. 
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Introduction 
 
Western flower thrips (WFT) Frankli-

niella occidentalis (Pergande) (Thysa-
noptera: Thripidae), native to North 
America, is an invasive species (Morse & 

Hoddle 2006) and therefore a major pest 
of greenhouses through the world 
(Tommasini 2003, Morse & Hoddle 2006). 
In the 1980’s and 90’s WFT has 
successfully spread in Europe (Kirk 2002, 
Tommasini 2003). The presence of WFT 
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in Hungary was first detected in 1989 
(Jenser & Tusnádi 1989). Since then, F. 
occidentalis has been a widespread pest of 
greenhouse sweet pepper (Kassai et al. 
2000). 

WFT can directly damage the fruit by 
feeding on or ovipositing into the de-
veloping fruit of greenhouse vegetables 
(Tommasini & Maini 1995). As pre-
viously observed by Chau et al. (2005), 
Picket et al. (1988) and Yudin et al. (1988), 
F. occidentalis highly prefers the flowers. 
Greenhouse sweet pepper (Capsicum 
annuum L.) shows higher direct sensi-
tivity to cosmetic damage than to plant 
growth and photosynthesis (Shipp et al. 
1998b). The findings of Shipp et al. 1998b 
suggest that even a short period of high 
densities of WFT can cause a con-
siderable cosmetic damage on fruits, 
especially from the third to the fifth week 
before the harvest, when the fruits grow 
quickly (Marcelis & Hofman-Eijer 1995). 
Through cosmetic damage, thrips are the 
only known vector of Tomato Spotted 
Wilt Tospovirus (TSWV) (Mound 2002, 
2005). In case of F. occidentalis Maris et al. 
(2004b) have noted a mutualistic 
relationship between the WFT and 
TSWV, because virus-infected plants 
proved more suitable hosts for feeding, 
reproduction and development of thrips. 
At the same time, the higher population 
of viruliferous offspring of WFT is 
beneficial for the virus spread. 

Aside from its pest status in high-
value crops (like greenhouse sweet 
pepper), WFT rapidly develops a 
resistance to insecticides (Immaraju et al. 
1992, Brødsgaard 1994; Zhao et al. 1995); 
which fact has promoted a search for 
more sustainable pest management 
solutions. Therefore different tactics and 
tools, including the search for thrips-

resistant species/cultivars, were de-
veloped to control or to keep under the 
economic threshold the population of F. 
occidentalis in different crops. In case of 
greenhouse sweet pepper, Fery and 
Schalk (1991) and Maris et al. (2004a) 
showed that thrips resistant accessions of 
C. annuum L. exist. Maris et al. (2003a, 
2003b) demonstrated the benefits of 
thrips-resistant (TR) accession in 
connection with TSWV spreading. 
Different experiments were carried out to 
find biological agents, including spider 
mites like Amblyseius spp. (Shipp & Wang 
2003) or Hypoaspis spp. (Berndt et al. 
2004), anthocorid bugs (Tommasini 2003), 
nematodes (Ebbsa et al. 2004), inver-
tebrate pathogens like Beauveria bassiana 
(Al-mazar'awi et al. 2006) and even 
spiders (Zrubecz et al. 2007), to control 
the different life stages of western flower 
thrips. 

In our former experiments (data not 
yet published), we found that scars on 
pepper fruits frequently appear on 
adjoining surfaces (e.g. between leaves 
and fruit or between two pepper fruits). 
Although we did not find any reference 
in literature to deal with the possible 
effects of foliage modification in green-
house sweet pepper; Venzon et al. (2000) 
showed that F. occidentalis prefers hidden 
areas on a plant surface. In our current 
study, we investigated (1) what effect 
common foliage modification (i.e. 
pruning) has on the cosmetic damage 
caused by Frankliniella occidentalis, (2) 
whether thrips susceptibility of the three 
commonly grown cultivars in a Hun-
garian horticultural region shows any 
difference, and (3) what quality and 
economic consequences these factors 
have. 
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Materials and methods 
 
Experimental set-up 
In both years (2005 and 2006) the 

experimental site was located in Jászfényszaru, 
Hungary at N: 47.57982 and E: 19.72564. The 
experiment was a complete block design in every 
single year with eight replications according to 
the following directions. 10 beds filled the 
greenhouse and the experiment was carried out 
on the 8 central beds (i.e. 8 replications). A single 
bed consisted of a twin-row with plants spaced 
25 x 25cm and 60cm space was left between two 
beds. Three commonly grown sweet pepper 
cultivars, ‘Keceli Fehér F1’, ‘Cecil F1’ and 
‘Century F1’ were hand transplanted in budding 
stage to the unheated, passively ventilated 
greenhouse. ‘Keceli Fehér F1’ was used as a 
sensitive, while ‘Cecil F1’ and ‘Century F1’ as less 
sensitive cultivars to the damage of F. occidentalis. 
Sensitivity was classified by agricultural 
consultants in accordance with the experiences of 
farmers in the region. Cultivars were given the 
three most common pruning technologies (1-
branch pruning, 2-branch pruning and no 
pruning) during the growing season. 
Combinations of a cultivar and a pruning 
technology (further on referred to as 
'Treatments') were placed in a fashion so that 
each 'Treatment' was found only once in the 
perpendicular (between beds) and in the parallel 
(within a bed) neighborhood of each other. One 
'Treatment' consisted of twenty plants. Since a 
single bed contained all treatments (3 cultivars x 
3 pruning technologies, all together 9 treatments) 
therefore our experiment was arranged in a 
complete block design. In 2006, the ‘Keceli Fehér 
F1’ seeds did not hatch so we had to replace this 
cultivar with an accession hereinafter called 
‘Candidate’. Other parameters of the 
experimental set-up were the same in both years. 

 
Data collection and analysis in 2005 
The sampling period lasted from 17 June to 

26 August with five harvests. Peppers were 
harvested in every 10-14 days according to the 
fruit-ripening schedule, and were classified 
according to the Hungarian sweet pepper 
qualification protocol and commercial value. 
Pepper yield thus was ranked into four different 
quality classes (Table 1). The total amount of 
pepper yield was measured for each commercial 
category per 'Treatment' per harvest. The total 

number of a certain commercial class was 
multiplied by the price the farmer obtained on 
the market (Table 1), and the quantity of pepper 
yield and commercial value served as basis for 
further statistical analysis. 

Blossom fauna was monitored eight times 
(weekly) by blossom sampling in the sampling 
period mentioned above. Five pieces of fully 
opened flowers per each 'Treatment' were placed 
into 30ml vials filled with 50% propanol solution. 
Blossom parts were removed and the propanol 
solution was filtered with a 7x7cm-ize filter 
paper. After filtration, the number of different 
sexes and life stages of the F. occidentalis adults 
and other visible organisms were separated and 
counted under a stereomicroscope (20x). Data 
were pooled for further statistical analysis. 

The normality of the data was checked with 
the Kolmogorov-Smirnov adjustment test. A 
Levene test was used to verify the homogeneity 
of variance. Univariate analysis of variance was 
conducted to analyze the influence of year, 
cultivars, and pruning technologies. Multiple 
comparisons were carried out by least significant 
difference (LSD) test. A significance level of 0.05 
was used to reject the null hypothesis. Statistical 
analysis was carried out with STATISTICA 6.0 
(StatSoft®). 

 
Data collection and analysis in 2006 
The long winter and severe cold of 2005 

shifted the whole growing season with three 
weeks; so the sampling period lasted from 5 July 
to 25 August. The number of harvests was 
reduced to four. Classification of pepper yield 
and determination of its commercial value was 
the same as in 2005, using the prices reported in 
Table 1. In 2006, blossoms were sampled four 
times in the sampling period but other methods 
did not differ from those of 2005. Data analysis 
was the same as in 2005. 

 
Induced touching surface experiment 
In this sub-experiment, we attached a single 

leaf with a soft rubber band to pepper fruits for 
two weeks, between the fifth and third week 
prior to harvest. On removing the leaves from the 
fruit surface, we marked the formerly covered 
area. Peppers were harvested according to the 
fruit-ripening schedule. The damaged surface 
was measured with percentage estimation; with 
treated or untreated fruit surfaces being one 
hundred percent. Data were pooled for further 
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analysis. This experiment was carried out with 
‘Century F1’ and ‘Keceli Fehér F1’ cultivar plants 
in twenty replications and the whole experiment 
was repeated three times. Data analysis was the 
same as mentioned before. 

 
 
Results 

 
The effects of treatments on species 

composition of the blossom dwelling 
fauna 

In 2005, the dominant species of 
pepper blossoms were Mysus persicae 
(49%), F. occidentalis (46%), Aelothrips spp. 
(3%) and Orius spp. (1%). Percentage 
values in brackets represent the average 

of 576 samples. The following inverteb-
rate morpho-taxons and species account 
for less than 1% of the total amount of 
invertebrate blossom-dwelling fauna: Fly 
larvae, ants, F. intonsa, Thrips tabaci, other 
unidentified thrips species, parasitic 
wasps, Coccinella spp., bugs, Collembola 
spp., and spider mites. In 2006, the total 
number of samples was 288. F. occidentalis 
accounted for 77% of the blossom fauna. 
Contrary to the results of the former year, 
Mysus persicae represented only 22% of 
the blossom dwelling fauna. Other taxa, 
except for F. intonsa, T. tabaci, Coccinella 
spp., bugs, and Collembola spp. were 
represented similarly as in 2005. 

 
 

Table 1.  Local market prices of greenhouse sweet pepper in two years per 
different quality classes (A) and parameters of qualification (B). (Ft = 
Hungarian Forint). 

 

  A   

Date of harvest Grade1 Grade2 Grade3 Grade4 

2005     

23-Jun 346 Ft 246 Ft 192 Ft 153 Ft 

03-Jul 223 Ft 192 Ft 146 Ft 100 Ft 

15-Jul 115 Ft 100 Ft 77 Ft 77 Ft 

28-Jul 100 Ft 77 Ft 54 Ft 46 Ft 

07-Aug 77 Ft 54 Ft 54 Ft 50 Ft 

2006     

05-Jul 259 Ft 223 Ft 170 Ft 116 Ft 

18-Jul 134 Ft 116 Ft 89 Ft 89 Ft 

31-Jul 116 Ft 89 Ft 63 Ft 53 Ft 

15-Aug 89 Ft 63 Ft 63 Ft 58 Ft 

  B   

Parameters Grade1 Grade2 Grade3 Grade4 

length [mm] 100 80 70 <70 

diameter [mm] 60 50 40 <40 

other 
requirements 

blossom end rot, sun 
burnt or insect damaged 
spots are not allowed 

smaller damages to the 
surface are allowed 
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We found that a significantly larger 

WFT population developed in the sweet 
pepper blossoms in 2006 than in 2005 
(Table 2 A). This significance of year 
appeared in the different sexes and life 
stages of WFT (ANOVA, F=55.27, df= 1, 
p=0.00; F=94.69, df= 1, p=0.00; F= 9.52, 
df= 1, p<0.01; female, male, and larvae 
respectively). According to ANOVA, 
pruning technology also had a significant 
effect on the abundance of WFT females 
(F= 5.47, df= 2, p<0.01). Detailed analysis 
of the abundance of females (Table 2 B) 
shows that this difference appears only in 
2006, when significantly lower amount of 
females aggregated in the blossoms of 
non-pruned plants than both in the 
flowers of 1-branch pruned plants. 
Pruning technology does not seem to 
have a significant effect either on the 
abundance of males or larvae of WFT 
(Table 2 B). 

In 2005 (Table 2 C), significantly more 
WFT larvae developed in the flowers of 
‘Cecil F1’ than in the flowers of ‘Century 
F1’ or ‘Keceli Fehér F1’ cultivars. 
Contrary to the abundance values of 
2005, in the next year there was no 
significant difference between the 
average numbers of WFT larvae counted 
in the blossoms of ‘Cecil F1’ and ‘Century 
F1’ cultivars. The effect of cultivar was 
noted significant in 2005 on the number 
of M. persicae. In the blossoms of ‘Keceli 
Fehér F1’ more aphids were counted than 
in the blossoms of ‘Century F1’ (mean ± 
SD) (8.36 ± 16.33 and 5.55 ± 10.51 
respectively). The abundance value of M. 
persicae measured in the flowers of ‘Cecil 
F1’ (mean ± SD) (6.63 ± 11.05) did not 
differ significantly from the abundance 
values measured for the other two 
cultivars. 

Effects of the touching surfaces 
To prove our former hypothesis that 

touching surfaces are the take-offs of 
cosmetic damage by WFT; a stimulating 
experiment was carried out. ANOVA has 
proven that fastening a leaf to pepper 
fruits had a significant effect (F= 71.15, 
df= 1, p= 0.00) on the size of the damaged 
surface. We did not find significant 
differences between cultivars (Table 3); 
differences appeared only between the 
treated and non-treated surfaces. 

 
Effects of cultivar and pruning on the 

quality composition of harvest 
Similarly to the abundance of WFT 

counted in blossoms, quality composition 
was also influenced by the year (Table 4 
A). In 2005 (Table 4 B), a higher amount 
of ‘Grade 1’ pepper yield was harvested 
from plants pruned to 1-branch than 
plants pruned to 2-branch or non-
pruned. No-pruning technology in-
creased the ‘Damaged’ pepper yield in 
comparison to the 1- or 2-branch pruning 
technologies. Mean values of ‘Grade 2-4’ 
pepper were not affected by the 
modification of the foliage. Similarly to 
the results from 2005, in 2006 the greatest 
amount of ‘Grade 1’ pepper yield was 
harvested from plants pruned to 1-
branch (Table 4 B). In this year, pruning 
technology also influenced ‘Grade 2’ 
pepper yield; resulting in a higher 
amount of ‘Grade 2’ pepper yield from 
non pruned-plants. In case of ‘Grade 4’ 
and ‘Damaged’ quality classes, we found 
a significant difference only between the 
mean values of pepper harvested from 1-
branch-pruned plants and non-pruned 
plants. ‘Grade 3’ pepper yield was not 
affected by pruning. 
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Table 2.  The influence of year (A) pruning technology (B) and cultivar (C) on the mean values of 
different sexes and life stages of Frankliniella occidentalis 

 

 
A 

Year 
female 

(mean* ± SD)# 
 

male 
(mean* ± SD)# 

 
larvae** 

(mean* ± SD)# 

2005 3.82 ± 1.12a  0.28 ± 0.20a  2.34 ± 1.04a 

2006 6.31 ± 2.72b  1.39 ± 0.96b  1.59 ± 1.78b 

 
B 

Technology 
female 

(mean* ± SD)# 
 

male 
(mean* ± SD)# 

 
larvae** 

(mean* ± SD)# 

2005          

1-branch 4.07 ± 3.11a  0.26 ± 0.53a  2.33 ± 2.95a 

2-branch 3.85 ± 2.80a  0.25 ± 0.57a  2.21 ± 2.51a 

no pruning 3.54 ± 3.00a  0.33 ± 0.61a  2.46 ± 2.78a 

2006          

1-branch 7.30 ± 8.75a  1.68 ± 3.53a  2.04 ± 4.29a 

2-branch 6.47 ± 6.84a,b  1.41 ± 2.42a  1.32 ± 3.37a 

no pruning 5.15 ± 5.78b  1.09 ± 2.01a   1.40 ± 4.06a 

 
C 

Cultivar 
female 

(mean* ± SD)# 
 

male 
(mean* ± SD)# 

 
larvae** 

(mean* ± SD)# 

2005          

Cecil F1 3.67 ± 2.94a  0.27 ± 0.56a  2.93 ± 3.13b 

Century F1  3.99 ± 2.85a  0.25 ± 0.51a  1.91 ± 2.16a 

Keceli Fehér F1  3.79 ± 3.13a  0.32 ± 0.63a  2.17 ± 2.78a 

2006            

Cecil F1 6.57 ± 6.69a  1.21 ± 2.05a  1.05 ± 2.43b 

Century F1 6.40 ± 8.70a  1.69 ± 3.38a  1.44 ± 4.06a,b 

Candidate 5.95 ± 6.21a  1.28 ± 2.60a   2.27 ± 4.83a 
 

 

# Values within a column followed by the same letter (as in the header) are not significantly different (least 
significant difference LSD test, p>0.05). N = 576 (2005), N =288 (2006), N = 144 (comparison of the years) 

* Average of eight replicates, five sweet pepper flowers per replicate. 
** mixed cohort (both first and second larval stages included); larvae were not identified, thus values in this 

category might be distorted by larvae belonging to other thrips species. 
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Table 3.  Induced touching surfaces experiment: the 

effects on the mean percentage (in decimal 
fraction form) of the damaged surface of 
greenhouse sweet pepper fruits 

 

Cultivar Treatment 
Damaged surface 

(mean* ± SD)# 

Century F1 treated 0.28 ± 0.27a 

Century F1 control 0.01 ± 0.01b 

Keceli Fehér F1 treated 0.36 ± 0.29a 

Keceli Fehér F1 control 0.03 ± 0.05b 

 

 
Aesthetical damage was caused by Frankliniella occidentalis. 

Data in the table refer to the percentage of total treated 
or untreated fruit surface. 

#Values within a column followed by the same letters are not 
significantly different (least significant difference LSD 
test, p> 0.05). N =120 

*Average of sixty replicates per cultivar, one sweet pepper 
fruit per replicate 

 
 

Cultivars have also resulted in 
significant differences among average 
pepper yields harvested. In 2005, the 
smallest amount of ‘Grade 1’ pepper 
yield was harvested from ‘Keceli Fehér 
F1’ (Table 4 C). This cultivar however 
produced significantly higher amount of 
fruit in quality classes ‘Grade 3-4’ and 
‘Damaged’. In case of ‘Grade 2’, the 
average pepper yields of ‘Century F1’ 
and ‘Keceli Fehér F1’ cultivars were 
significantly different. Similarly to the 
results of 2005, ‘Cecil F1’ and ‘Century 
F1’ yielded higher amount of ‘Grade 1’ 
peppers than ‘Candidate’ plants in 2006 
(Table 4 C). In the case of ‘Grade 2’ 
pepper, the results were reversed. All 
three cultivars produced different 
amounts of ‘Grade 3’ pepper, but in the 
case of ‘Grade 4’ pepper yields differed 
significantly only between cultivars 
‘Century F1’ and ‘Candidate’. In 2006 no 
difference was found among ‘Damaged’ 
pepper yields of the different candidates. 

The effects of cultivar and pruning on 
commercial crop value 

Based on the analysis of 144 samples, 
year as variable highly affected 
(ANOVA, F= 46.44, df= 1, p= 0.00) the 
mean values (± SD, in Hungarian Forint) 
of the commercial crop value produced 
per harvest per replication in both years 
(139.52 ± 24.12 for 2005 and 173.51 ± 36.88 
for 2006). 

In 2005, different treatments (i.e. 
combinations of different cultivars and 
pruning technologies) also affected the 
averages of this indicator (ANOVA, F= 
8.55, df= 8, p= 0.00). The highest amount 
(mean ± SD, in Hungarian Forint) was 
produced by the 1-branch pruned 
‘Century F1’ plants (Table 5). The mean 
commercial crop values of 2-branch or 
non-pruned ‘Century F1’ plants and 
technological variations of ‘Cecil F1’ 
plants did not differ significantly from 
the commercial value measured for 
‘Century F1 x 1-branch’. As it is 
presented in Table 5, ‘Keceli Fehér F1’ 
plants produced the lowest amounts of 
commercial crop values, regardless of 
foliage modification. 

In 2006 cultivars combined with 
different pruning technologies also was 
found to have an effect on commercial 
crop value (ANOVA, F= 3.26, df= 8, p< 
0.05). The best commercial crop values 
were yielded among the 1-branch pruned 
cultivars (Table 5), with ‘Cecil F1’ 
ranking first. In 2006 we found only 3 
major differences between the mean 
values of commercial crop value: 
‘Candidate x 2- branch’ and ‘Century F1 
x 2-branch’ treatments did not differ from 
each other significantly but both did from 
the ‘Cecil F1 x 1-branch’ combination. 
Our  statistical  analysis  did  not  find 
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difference among other ‘cultivar x 
pruning technology’ treatments in 2006 
(Table 5). 
 
 

Discussion 
 

In our present study, the effects of 
cultivars combined with three different 
pruning technologies were examined on 
the blossom-dwelling population of F. 
occidentalis. Effects of each ‘Treatment’ (a 
cultivar in combination with a pruning 
technology) were assessed by two of the 
basic economical indicators in a decision 
making procedure, namely the 
marketability of pepper yield and 
commercial crop value. 

 
Effects of cultivar 
Although de Kogel et al. (1997) 

proved that certain WFT biotypes may 
overcome the protective properties of 
resistant cultivars, later works, focused 
on the control of TSWV and WFT, noted 
that having resistant cultivars repre-
sented a milestone in an integrated pest 
management program (Culbreath et al. 
2003, Morse & Hoddle 2006). Maris et al. 
(2003b) in a choice experiment reported 
that less F. occidentalis specimens visited 
resistant peppers (TR) than susceptible 
ones. While WFT showed a poor 
population development on resistant 
accessions, feeding scars were also visible 
on resistant plants – in this setting thrips 
had to access to susceptible (TS) pepper. 
In their successive paper, authors men-
tioned above (Maris et al. 2004a) des-
cribed the effects of TR plants on F. 
occidentalis. According to their findings, 
TR accession decreased oviposition and 
increased larval mortality. Moreover, 

thrips show a lower preference and a 
reduced residence time on TR plants, 
which also contributes to the lower 
numbers of thrips on the TR phenotype. 
Similar findings were noted when plants 
were placed at a distance of 30 x 30 cm. 
Based on personal reports of local 
farmers, ‘Keceli Fehér F1’ cultivar is 
highly sensitive to thrips damage. The 
present work did not measure re-
productive fitness of WFT, but abun-
dance data show no clear difference in 
susceptibility or resistance among culti-
vars (Table 2 C). Although there were 
some significant differences among larval 
populations of WFT in some cases; we do 
not reckon that any difference between a 
cultivar and another is in connection with 
the reproductive fitness of WFT. At the 
same time the observation of farmers 
proved correct because we found that 
‘Keceli Fehér F1’ produced twice as much 
damaged pepper yield under the same 
pest pressure (Table 4 C) which led to 
about a 28% decrease in the commercial 
value. These findings suggest that in a 
plant breeding program, the suscepti-
bility of the fruit for feeding damage is 
also an important factor as much as the 
reproductive fitness of the F. occidentalis. 
The fact that the damage was measured 
in 2005, when thrips pressure was low 
(less than 1 female specimen per flower), 
supports our above statement. 

 
Effects of pruning 
Horticultural research focuses on 

spacing versus shoot-per-plant to reach a 
better coverage of soil by leaf canopy 
(Cebula 1995) and on maximizing yield 
and income per square meter in a 
glasshouse environment (Borka 1971, 
Dasgan & Abak 2003). The use of double 
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rows has been known for reducing the 
amount of cull fruits. This is primarily 
due to the lack of sunburned fruits (Kahn 
& Leskovar 2006) because plants in 
multiple-row arrangements shade each 
other (Locascio & Stall 1994). Jovicich et 
al. (2003) experimentally proved that no-
pruning technology resulted in saving 
about 25% of labor and in a lower 
percentage of fruits with blossom-end 
rot. They also reported that, compared to 
pruned plants (pruned to 2-brances), 
non-pruned ones yielded a higher 
amount of extra large peppers. We have 
to note that either none of the works 
mentioned were carried out in an 
environment infested by F. occidentalis or 
the authors simply did not mention this 
factor. We were also surprised to find 
that the applied entomological or plant 
protection literature does not seem to 
focus on this issue. 

In the present study, we found that 
applied phytotechnology had no effect on 
the abundance of different sexes and life 
stages of WFT. In 2006, there were 
significantly fewer females in the flowers 
of non-pruned plants than in those 
pruned to 1-branch (Table 2 B). This 
finding might be explained by non-
pruned plants having higher flower 
production (Jovicich et al. 2003), which 
means that higher numbers of female 
WFTs aggregated in the flowers of plants 
pruned to 1-branch. In contrast to the 
statements of Jovicich et al. (2003), the 1-
branch technology produced significantly 
higher amount of extra large (Grade 1) 
pepper than the no-pruning technology. 
Their experiment was a bit different, for 
it dealt with many other cultivars as well. 
The other significant effect of phyto-
technology was the decrease in the 
amount of damaged pepper yield pro-

duced with the 1-branch technology 
(Table 4 B). 

 
Further work 
The first year we witnessed clear 

differences among the various combi-
nations of cultivars and pruning techno-
logies. In 2006 introduction of a new 
cultivar was necessary, and the long 
winter postponed the growing season. 
Although this postponement resulted in 
lower market prices in 2006 (Table 1), the 
average commercial crop value was 
higher in this year than the year before. 
This phenomenon can be explained by 
the higher yield harvested in 2006. These 
findings call for a wider and continuous 
application of experiments in a longer 
growing period to find a safe way for 
greenhouse pepper growing in a F. 
occidentalis-infested region. Horticultural 
experiments clearly show that a pro-
ductive and cost effective pepper 
growing technology (Jovicich et al. 2003) 
may carry certain plant protection risks. 
Consequently, further studies of an 
interdisciplinary nature are needed to 
develop pepper growing systems that are 
safe both entomologically and horti-
culturally and are also productive. We 
also suggest that the sensitivity of a 
cultivar against the feeding damage of 
WFT has to be considered in plant 
breeding. Our study did not aim to 
clarify if the larvae or the mature 
specimens are responsible for the 
extensive cosmetic damage, our results 
(less larvae resulted in less pepper yield 
damaged in 2006) and other works 
suggest that the larvae might be the key 
factor in the fruit damage. Venzon et al. 
(2000) and Tommasini (2003) noted that 
F. occidentalis larvae prefer hidden areas 
and that regardless of the vertical lo-
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cation within a plant these larvae 
(especially in the second stage) are most 
abundant on the leaves (Shipp & Zariffa 
1991). Horticultural experiments show 
that non-pruned plants develop more 
nodes (Jovicich et al. 2003) and this leads 
to an increased number of leaves on 
single plants (Kahn & Leskovar 2006). 
These findings, along with the increased 
amount of damaged pepper yield in the 
non-pruned technology combined with a 
larger damaged surface under the leaves 
in our research support our hypothesis 
that dense foliage is attractive to thrips; 
and that cultivar and touching surfaces 
between fruits and leaves are potential 
plant protection risks. Shipp et al. (1998a) 
determined economic injury levels (EIL) 
for 2-branch pruned blocky type Bell 
peppers with a plant density of 2.5 plants 
per square meter. They suggested that 
the concept of EIL is not a proper way to 
measure the risks of a given pest because 
of its subordination to many other 
factors. Our findings suggest that not 
only EIL depends on many other factors 
but the amount of damaged fruit yield 
caused by WFT under a certain level of 
pest pressure does as well. In order to 
supply decision making in plant pro-
tection of greenhouse sweet pepper with 
more accurate data, a wider range of 
experiments with interdisciplinary app-
roach are highly recommended. 
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