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With an important place in the berry fruit group, 
strawberry (Fragaria sp.) (Rosaceae) is cultivated in many 
parts of the world. The perennial, herbaceous, evergreen 
strawberry is a plant rich in taste, vitamin and mineral 
material. It can be found in markets in the months before 
other fruit species, has very high allure and vitamin C 
content which has led to this fruit being very popular in 
markets in some countries and being sold for high prices 
(Erenoğlu et al., 2000). 

In Turkey, strawberry cultivation began in the 1970s and 
has rapidly increased especially in recent years. Turkey's 
strawberry production of 353 thousand tons is third place 
after production from the USA and Mexico (TZOB, 2015). 

Strawberry cultivation is found in a large portion of 
Turkey due to varying climatic and soil characteristics. 
However, the largest portion of Turkey's strawberry 
production comprises production from the Mediterranean, 
Marmara and Aegean Regions. In 2014, Turkish production 
was led by Mersin with 132,556 tons, following with Aydın 

at 62,859 tons and Antalya in third place with 56,412 tons, 
and these provinces were followed by Bursa, Manisa, 
Konya, Elazığ, and İzmir (TZOB, 2015). 

In addition to economic problems in strawberry 
cultivation, problems related to plant protection have an 
important place. The main pests for strawberry are red spider 
mites and thrips with the most important of these in Antalya 
being Frankliniella occidentalis Pergande (Thysanoptera: 
Thripidae) (Keçecioğlu and Madanlar, 2002). Known as the 
Western Flower Thrips (WFT), F. occidentalis was first 
identified in Turkey on vegetables in Antalya in 1993 (Tunç 
and Göçmen, 1995) and reported a short time later in 
Çukurova (Atakan et al., 1998), İzmir (Yaşarakıncı and 
Hıncal, 1997) and the southeast Anatolian region (Göven 
and Özgür, 1990; Efil et al., 1999; Yıldız and Özpınar 1999).

As intervention against F. occidentalis generally 
involves intense pesticide application, resistance in 
observed against pesticides, which causes cultivators to use 
even more pesticides (Immaraju et al., 1992; Brodsgaard, 
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Plant protection has an important place among problems related to strawberry cultivation. Red spider mites and thrips are 
the main pests observed on strawberries, and among these, the most important for Antalya province is Frankliniella 
occidentalis (Pergande) (Thysanoptera: Thripidae). This study was performed in 2017 and determined the population 
change and in-greenhouse distribution of Frankliniella occidentalis with direct counts on flowers and blue traps in three 
strawberry greenhouses in Serik county in Antalya province. The research was completed in three different greenhouses, 

nd rdwith 25 blue sticky traps in the 1st greenhouse with 4 da size and the 2  greenhouse with 3.5 da size and 15 traps in the 3  
greenhouse with 2.5 da size. Traps were collected each week, with the numbers of thrips recorded. On dates when the 
traps were changed, the thrips found on plants were counted by examining ten flowers on three plants below or close to 
the blue sticky traps by eye or with a loupe with counts performed until the day of harvest. At the end of the study, the pest 
population reached a certain level from the start of flowering in November in the three greenhouses, and then fell in the 
middle of December. From the middle of December, the population began to increase and this increase continued until 
the strawberries were harvested. The number of pests per trap varied from 0.6 to 1904.2. When the whole production 
season is considered, the mean pest numbers per trap in the three greenhouses were 287.2, 72.3 and 271.27 thrips/trap. 
The number of pests per flowerhead varied from 0.0 to 2.5. When the whole production season is considered, the mean 
numbers of pests per flowerhead in the greenhouses were 0.26, 0.08 and 0.16 thrips/flowerhead. In light of the data 
obtained in the study, and considering the economic damage threshold value recommended by previous research results, 
it was concluded there is no need for chemical intervention against F. occidentalis in the region. 
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1994; Espinosa et al., 2002; Herron and James, 2005; Dağlı 
and Tunç, 2007; Gao et al., 2012; Dağlı, 2018). 

These applications have direct negative effects on 
beneficial insects and indirectly cause environmental 
pollution. These problems have led to the necessity to apply 
integrated and biological intervention methods.

In Turkey, thrips intervention comprises a significant 
portion of biotechnical intervention methods. Determining 
the population change and in-greenhouse distribution and 
assessing the threshold of population density will be 
beneficial in deciding about interventions. As stated by 
Binns and Nyrop (1992), deciding is an important aspect of 
current Integrated Intervention Programs, and will continue 
to play an important role in maturation of integrated 
intervention programs in the future. It is important to know 
the number and distribution of pests in an area when deciding 
about precautions to take against these pests. This may be 
determined with a good sampling method.

In this study, population variation and in-greenhouse 
distribution graphs were created for pests with the aid of blue 
traps and direct thrips counts on flowers in three strawberry 
greenhouses in Kadriye neighborhood of Serik county in 
Antalya province. 

Materials and Methods
This study was completed in Kadriye Municipality 

linked to Serik county in Antalya where strawberry 

production is intensely practiced. The main materials in the 
trial were F. occidentalis populations, strawberry plants and 
blue sticky traps.

The study was completed in high tunnel greenhouses 
with sizes of 2.5, 3.5 and 4 da. 

In the trial greenhouses where the research was 
completed, all processes related to plant cultivation were 
performed by producers in accordance with regional 
conditions. Some information related to the trial 
greenhouses in the study is given in Table 1. 

The study was completed in two stages. The first stage 
used blue sticky traps to count mobile insects. With this 
method, blue traps were homogeneously hung in the 
strawberry areas with 25 blue sticky traps each in the 1st 
greenhouse with 4 da size and the 2nd greenhouse with 3.5 da 
size and 15 traps in the 3rd greenhouse with 2.5 da size. The 
traps were placed at 5-meter intervals. The traps were hung at 
10-15 cm above the strawberry plants. The trial used the 10 x 
25 cm size blue sticky traps obtained from Bioglobal 
Company. The first traps were hung on 20 November 2016 to 
monitor the change in pest populations. The labels on the 
traps had information about the date they were hung, trap 
number and greenhouse number. Traps were collected every 
week and thrips numbers were counted. On the dates the 
traps were changed, ten flowers on three plants immediately 
below or near the blue sticky traps were investigated by eye 
and with a loupe. Counts continued until the 25 March 2017. 
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Table 1. Information about the greenhouses in Kadriye Municipality where the experimens were established

Results and Discussion 
In line with the Material and Method, the logarithmic 

graphs of population variation for F. occidentalis identified 
from counts of sticky traps in the greenhouses are given in 
Figure 1. During the study, a total of 379,208 individual 
thrips were counted with 376,798 in traps and 2,410 on 
flowers during the strawberry season.

When Figure 1 is investigated, the population 
development for F. occidentalis in the three greenhouses 
appears to be similar. Within the greenhouse, in November at 
the start of flowering a certain pest population level was 
reached and this level fell until the middle of December. 
From the middle of December, population increases began 
and these increases continued until strawberries were 
harvested. The number of pests per trap varied from 0.6 to 
1904.2. Considering the whole production season, the mean 
number of pests were 287.2, 72.3 and 271.27 thrips/trap in 
the three greenhouses, respectively.

Data obtained from studies of flowers in parallel to trap 
studies are given in Figure 2. 

When Figure 2 is investigated, there appears to be 
continuous variation in the pests on flowers. The number of 
pests per flower head varied from 0.0 to 2.5. When the whole 

production season is considered, the mean number of pests 
was 0.26, 0.08 and 0.16 thrips/flower in the three 
greenhouses, respectively. 

Gonzalez Zamora and Garcia Mari (2003) reported the 
number of pest larvae on flower heads of old and young 
flowers varied from 2.60 to 3.53 while the number of adults 
varied from 0.56 to 4.23. Atakan (2008) determined the 
number of F. occidentalis larvae varied from 0.04 to 1.36 per 
flower head with the number of adults varying from 4.24 to 
22.48 in 5 samplings of strawberry flowers in Adana 
performed in May and June 2008. Yıldırım and Başpınar 
(2013) in a study of two strawberry greenhouses in Aydın 
found F. occidentalis was the only thrips species and 
determined the pest began to be observed in the area from the 
middle of April, reached highest levels in June and 
population levels began to fall after July. The study reported 
the thrips count per flower were between 0.0 to 11.33. Atakan 
et al. (2016) in a study of a strawberry greenhouse in Adana 
in 2011-2012 identified the thrips larva and adult numbers 
were 0.0/flower to 5.05 larvae/flower and 11.75 
adults/flower in 2011, while in 2012 this varied from 
0.0/flower to 2.35 larvae/flower and 13.30 adults/flower.

When this study is compared with literature findings, it 



it appears to be similar, with the number per flower head 
found to be lower than maximum pest numbers.
The distribution of F. occidentalis linked to trap locations is 
given separately for each of the three greenhouses in Figure 
3. 

When Figure 3 is investigated, though the structure and 
trial patterns in the 1st and 2nd greenhouses were very 
similar, there were differences observed in both the 
population density and distribution within the greenhouse of 
pests. In greenhouse no. 1, a total of 208,207 thrips were 
caught during the whole experiment in all traps, while this 
number was 50,590 in greenhouse no. 2. In the 1st 

greenhouse, the first three places in terms of trapping were 
traps no. 24, 22 and 4, while in the 2nd greenhouse the first 
three places went to traps no. 9, 10 and 4. As understood from 
the trial pattern in Figure 3.3 and 3.4, the first two traps in 
greenhouse no. 1 were located at the east edge of the 
greenhouse, while the first two traps in greenhouse no. 2 
were located in the northwest of the greenhouse. In both 
greenhouses, trap no. 4 located at the east edge of the 
greenhouse attracted the same proportion of pests. In total, 
118,001 thrips were caught in greenhouse no. 3, with traps 
attracting most pests found in the center of the north edge of 
the greenhouse (Figure 3). 
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Figure 1. Population development of Frankliniella occidentalis in 
blue sticky traps. Logarithmic data were used in the graphs 
for the numbers of thrips population.

Figure 2. Population development of Frankliniella 
occidentalis on strawberry flowers

When all greenhouses are considered together by 
investigating Figure 3, there is no pattern found in terms of 
pest distribution. 

When Figure 3 is investigated, the number of thrips 
caught in traps in the first greenhouse was least in the central 
row in east-west direction. In the second greenhouse the 
traps in the northeast corner and in the southwest corner had 

least number of thrips identified. In the third greenhouse, all 
traps found on the east edge of the greenhouse had lowest 
number to thrips.

In the study, as mentioned above, counts directly on 
strawberry flowers were completed, with the number of 
thrips according to location of flowers in the greenhouses 
given in Figure 4.
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When Figure 4 is investigated, the first two greenhouses 
which resemble each other appear not to show similarities 
linked to the number of thrips in relation to the location of the 
flowers. In the first greenhouse, the regions in first place for
density were the numbers 6, 3 and 1, while in the second 
greenhouse, the numbers 1, 2 and 16 were in first place. In the 
first greenhouse, these regions were two in the southwest of 
the greenhouse and one in the center of the west edge of the 
greenhouse. In the second greenhouse, again, the first two 

regions in terms of density were in the southwest, with the 
third in the southwest edge of the greenhouse. When the 
figure is investigated, the thrips population in the first 
greenhouse clustered in the southwest, while they were 
distributed mainly along the greenhouse edges in the second 
greenhouse. In the third greenhouse, the thrips population 
did not show clear distribution, with population a little 
higher in the northeast of the greenhouse.
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Figure 3. Distribution of Frankliniella occidentalis caught in 
traps within the greenhouses (position of traps shown 
by a, b, c, d, e length of greenhouse, 1, 2, 3, 4, 5, width 
of the greenhouse. Trap numbers: a1:1, a2:2, a3:3, 
a4:4, a5:5, b1:6, b2:7, b3:8, b4:9, b5:10, c1:11, c2:12, 
c3:13,  c4:14, c5:15, d1:16, d2:17, d3:18, d4:19, 
d5:20, e1:21, e2:22, e3:23, e4:24, e5:25). Cumilative 
data according to time were used in the graphs for the 
numbers of thrips population.

Figure 4. In-greenhouse distribution of thrips populations on 
flowers according to trap locations. Cumilative data 
according to time were used in the graphs for the 
numbers of thrips population.

Steiner and Goodwin (2005a) used yellow sticky traps 
for weekly counts in strawberry greenhouses and used 
transformed numbers to identify a low-level correlation 
between pest numbers on flowers and individuals in traps 
and emphasized that 20-30 females caught per trap reflected 
the economic damage threshold. This count was equivalent 
to 5 adult females per flower head with Steiner and Goodwin 

(2005b) accepting 5 adult females on flowers as the 
economic threshold. Grema et al. (1997) reported the 
number of thrips causing economic harm was 10 individuals 
per flower, while Coll et al. (2006) gave the economic 
d a m a g e  t h r e s h o l d  f o r  F.  o c c i d e n t a l i s  a s  1 0 
individuals/flower and 24 individuals/flower for winter and 
spring strawberries. Atakan et al. (2016) in a study of 
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strawberries in Adana emphasized that damage was not 
observed in spite of 10 or more thrips adults per flower on 
more than 60% of strawberry flowers. Again, the authors in 
this study proposed that 15 pests per flower head did not 
cause damage and that the economic damage threshold for 
these pests needs to be recalculated.

In this study, during 19 weeks, counts determined the 
maximum thrips numbers per flower head were 2.5 and 0.3 
on the 25 March in no. 1 and no. 2 greenhouses, while it was 
0.4 on 15 January for no. 3 greenhouse. This study did not 
observe any signs of harm to fruit caused by thrips.

Conclusion
One of the most important elements in deciding to 

intervene against pests is knowing the population density of 
the pests. Sampling methods are important for identification 
of the population density of pests. One of the factors 
affecting samples and selection of sampling methods is the 
reproductive status of pests and distribution of nutritional 
areas. As stated by Southwood (1976), sampling methods 
should be designed linked to the insect species and according 
to the biology and distribution of the insects.

Spending a portion of their lives in the soil and with 
excessive reproductive ability, F. occidentalis was counted 
using blue sticky traps and directly on flowers in this study in 
an attempt to determine the status of this pest within the 
greenhouse.

The results of the study reveal that the pest did not show a 
certain distribution but spread throughout the greenhouse 
when both thrips numbers in traps and direct counts on 
flowers are assessed. As a result, it was concluded that in 
order to monitor and determine the pest population, random 
sampling should be made to represent the whole greenhouse 
rather than oriented sampling. 

Additionally, as there was no linear correlation between 
the individual numbers caught in traps and direct counts on 
flowers, within the framework of integrated intervention 
studies, it is considered that direct counts on flowers will be 
more accurate in deciding on interventions. However, it is 
recommended that blue sticky traps be used for identification 
of the time the pest occurs and determination of population 
changes.

In light of the data obtained in the study, and considering 
the economic damage threshold values proposed in line with 
previous research results, the opinion that there is no need for 
chemical intervention against F. occidentalis in the region 
gained support.

In conclusion, due to different opinions and approaches 
related to the economic threshold of Western Flower Thrips 
in studies to date, there is a need for studies to create a more 
dynamic threshold for the pest based on the reality that this 
species will give different responses to different ecological 
factors, as with all pests. 
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