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ABSTRACT: In recent years, the use of the insect-proof screens in protection of greenhouse
crops has been increasingly recognized. In this study, the effectiveness of three types of
insect-proof screens for their exclusion of Frankliniella occidentalis, Chaetosiphon
fragaefolii and Tetranychus urticae have been evaluated in laboratory conditions (L:D 16:8,
27 2 °C Temp., and 60 10% R.H.). The tested insect-proof screens were the 5×5 (5×5
threads per cm2), 13×23, 30×34 and Agryl p-17. In each cylindrical container, which was
sealed by every one of the above mentioned insect-proof screens at one end, 50 individuals
were placed. In this experiment, flowers and leaves of strawberry were used as an incentive
for the insect to move through the openings of insect-proof screens. The control percent of
screens was evaluated by calculating the number of insects in which were existed in the
containers after 24 hours. The results of this experiment indicated that the 5×5 insect
screen, which is widely used in greenhouses, did not exclude these pests really. Results also
indicated that 94% of C. fragaefolii controlled by the 13×23 screen, compared to not
efficient of this screen in excluding of F. occidentalis and T. urticae. 100% of C. fragaefolii,
46.66% of F. occidentalis and 13.8% of T. urticae controlled by the 30×34 screen. However,
control percent was higher for C. fragaefolii than for F. occidentalis and T. urticae and this
was related to the larger size of the strawberry aphid as compared to the western flower
thrips and twospotted spider mite.
KEY WORDS: Insect-proof screens, Mechanical barrier, Frankliniella occidentalis,
Chaetosiphon fragaefolii, Tetranychus urticae, Strawberry, Greenhouse.

Over the past 30 years, western flower thrips, Frankliniella occidentalis
(Pergande), has become one of the most prominent agricultural pests throughout
the world (Thoeming et al., 2003). F. occidentalis feed by piercing plant cells with
their mouthparts and sucking out the contents. The piercing of a flower cell causes
the death of single cells, making a bronzed semblance on the strawberry fruit
(Obrycki, 2004; Steiner, 2009). Adults and larvae feed in the same way, so both
stages contribute to plant damage (Reitz, 2009). The strawberry aphid, C.
fragaefolii, can affect yields because it transmits viruses such as the strawberry
mild yellow edge virus (SYEV), strawberry crinkle virus (SCV) and strawberry
mottle virus (SMV) (Rondon & Cantlliffe, 2004; Cedola & Greco, 2008).
Twospotted spider mite, Tetranychus urticae Koch is most economically
important pests in strawberries. T. urticae feed on the underside of the leaf,
piercing the chloroplast containing palisade and spongy parenchyma cells in the
mesophyll layer at a rate of 18-22 cells/min (Rondon et al., 2005; Fraulo et al.,
2009).
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The use of the insect-proof screens in protection of greenhouse crops has been
increasingly recognized in recent years (Bartzanas et al,. 2002; Bailey et al., 2003;
Fatnassi et al., 2003; Hanafi et al., 2005; Valera et al., 2006). Although pesticides
will remain an important tool for pest management in greenhouse crops, non
chemical methods must be introduced to reduce damage to the environment and
to delay the development of pest’s resistance (Fatnassi et al., 2003; Hanafi et al.,
2005). The use of insect screens in greenhouses have been found to be an efficient
method for reducing insect migration into the greenhouse (Teitel et al., 1999;
Bartzanas et al,. 2002; Hanafi et al., 2005), and subsequent for reducing the
number of pesticide applications targeting the insect pests and vectors (Soni et al.,
2005; Hanafi et al., 2005; Katsoulas et al., 2006).
The efficiency of insect-proof screens as a mechanical barrier (Berlinger et al.,
1996; Fatnassi et al., 2003; Shilo et al,. 2004; Hanafi et al., 2005; Valera et al.,
2006) depends on the dimensions of the pores. However, the density of the
threads alone does not suffice to determine the average dimension of the pores;
the diameter of the fibers must be also known. In most instances, the screens are
characterized by the term “mesh”, which is the number of threads per inch in each
direction. For example, a 50-mesh screen has 50 threads per inch of material. If
the mesh and thread thickness are known the size of the opening can be obtained
by subtracting the thread size from the reciprocal of the mesh; so a 50 mesh
screen with a thread thickness of 0.15 mm has openings with a width of 0.35 mm
(i.e. 1/50=0.02 inches=0.5 mm; subtracting the thread thickness of 0.15 mm gives
0.35 mm) in each direction. If the openings are rectangular, the screen will have
openings of 0.48 mm by 0.27 mm if the thread thickness is 0.15 mm (Hanafi et al.,
2005).
There are several commercial screens which have variable efficiencies in
excluding insect pests. These screens have various sizes and have been used to
exclude a certain number of insect pests of greenhouse crops. Depending on the
target pest, the openings size in the screen must clearly be smaller than the size of
the insect (Table 1) (Hanafi, 2005).
The maximum sizes of the openings in a insect-proof screen to exclude some
important insect pests are given in table 2. In Europe and North Africa, the
screens are identified as 6×9, 10×14 or 10×22, which means that these screens
have rectangular openings. For example, a 10×20 screen has 10 threads by 20
threads in a centimeter square (Hanafi et al., 2005).
The objective of this work was to experimentally investigate the influence of
several types of insect proof screens (13×23 and 30×34 as compared to indexes of
positive (Agryl/P17) and negative (5×5) control) used to prevent of three major
pests of strawberry of intrusion.
MATERIAL AND METHODS
In this study, we have evaluated in laboratory conditions (L:D 16:8, 27 2 °C
Temp., and 60 10% R.H.) the effectiveness of three types of insect-proof screens
for their exclusion of the two spotted spider mite (TSSM), Tetranychus urticae
Koch (Acari: Tetranychidae), the western flower thrips, Frankliniella
occidentalis(Pergande) (Thysanoptera: Thripidae) and the strawberry aphid,
Chaetosiphon fragaefolii(Cockerell) (Homoptera: Aphididae). The insect-proof
screens tested were the 13×23 (13×23 threads per cm2) and 30×34, against a
negative control (5×5, ability pests to cross) and to a positive control (Agryl/P17, a
protective crop cover, not ability pests to cross). The insects were collected from
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an experimental greenhouse of the Iranian Research Organization for Science and
Technology (IROST) in Tehran, Iran.
In this experiment we have using one plastic cylindrical for each replicate. In
each cylindrical container which was sealed by every one of the above mentioned
insect-proof screens at one end (9 cm in diameter and 10 cm in height), 50
individuals were placed. Hence each screen was tested as a barrier between inner
and outer space of cylindrical container. In this experiment, flowers and leaves of
strawberry were used as an incentive for the insect to move through the openings
of insect-proof screens. The control percent of insect screens was evaluated by
calculating the number of insects that there were in the containers after 24 hours.
We have evaluated two treatments: T1 (13×23), T2 (30×34), as compared to a
negative control (5×5) and to a positive control (Agryl/P17). Each treatment was
replicated three times. Analyzing data calculate by Design Expert (version 7.0.0)
software.
RESULTS AND DISCUSSION
The control percent of insect screens were evaluated by calculating the
number of insects that were in the containers after 24 hours. The results of this
experiment indicated clearly that the 5×5 insect screen, which is widely used in
greenhouses, did not really exclude these pests. The results of control percent of
pests evaluated in this experiment through the different screens are indicated in
Fig 2. The results of this experiment indicated that, the 13×23 insect screen could
control 94% penetration of C. fragaefolii as compared to the 30×34 screen which
controlled 100% of this species (Fig. 1.a). There was significant difference between
the 13×23 and 30×34 insect screens in the control of C. fragaefolii (F= 27, P<
0.0065, df= 1). However, control percent were higher for C. fragaefolii than for
F. occidentalis and T. urticae and this is related to the larger size of the
strawberry aphid as compared to the western flower thrips and two spotted spider
mite. These results also indicated that the average of control percent and
excluding of F. occidentalis was zero for the 13×23 insect screen and 46.66% for
the 30×34 one (Fig. 1.b). The comparison of the results also indicated that there
was not significant difference between these screens for control of F. occidentalis
(F= 7, P<0.0572, df=1). The 13×23 and 30×34 screens excluding of T. urticae,
zero and 13.8% respectively. There was a significant difference between these
screens for control of this pest (Fig. 1.c). Hence, results shown that these screens
are not efficient in control and excluding of T. urticae (F= 36.60, P< 0.0038,
df=1).
The results also have been compared with indexes of positive (Agryl/P17) and
negative (5×5 screen) control for performance evaluation of these screens in the
controlling of tested pests (Fig. 2 and table 3). The comparison of the 13×23 and
30×34 screens with the index of positive control (Agryl/ p-17) indicated the
adequate control potency of these screens in exclusion of C. fragaefolii
(F=7227.00, P<0.0001, df=3).As a result, these screens can be used as an antiaphid screen. The comparison between of negative control index (5×5 screen) and
the 13×23 screens indicated not efficient of this screen in excluding of F.
occidentalis. But there was a significant difference between negative and positive
control indexes and the 30×34 screen (F=29.14, P<0.0001, df=3). There was not a
significant difference between the 13×23 screen and negative control index(5×5
screen) for control of T. urticae(F=1781.63, P<0.0001, df=3). However, there was
a significant difference between the 30×34 screen and index of negative control,
but this screen cannot provide a suitable control for excluding of this pest.
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Berlinger et al. (1996) indicated that screens also effectively excluded other
insects equal or greater in size than whiteflies e.g. aphids and leafminers. The
insect-proof screens must be installed before planting and fixed thoroughly to
prevent even the smallest opening. Screening greenhouses with a suitable insectproof screen minimizes pest immigration, significantly decreases pesticide
applications, provides the basis for the implementation of an IPM program, and
enables the use of bumble bee pollinators. Consequently, all greenhouse
strawberry and many other greenhouse crops need protective screens nowadays.
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Figure 1. Control percent of pests through insect-proof screens 13×23 and 30×34.
a) Chaetosiphon fragaefolii b) Frankliniella occidentalis c) Tetranychus urticae
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Figure 2. Control percent of Chaetosiphon fragaefolii, and Frankliniella occidentalis and
Tetranychus urticae through different insect screens (13×23 & 30×34) as compared to a
positive control (Agryl/P17) and to a negative control (5×5), in laboratory conditions.
Table 1. Width and length in millimeter of some important insect pests of greenhouse crops
(Hanafi et al., 2005).

Insect pest

Width(mm)
Thorax

Serpentine leaf miner
(Liriomyza trifolii)
Sweet potato whitefly
(Bemisia tabaci)
Melon aphid
(Aphis gossypii)
Greenhouse whitefly
(Trialeurodes vaporariorum)
Silverleaf whitefly
(Bemisia argentifolii)
Western flower thrips
(Frankliniella occidentalis)

0.608

0.615

0.355

0.288

0.239

0.215

Length(mm)

Maximum
0.850

0.177

0.870

0.181

0.239

0.236

0.709

0.128

0.565

0.107

0.267

0.126
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Table 2: Maximum dimension of openings in a insect-proof screen to exclude some
important insect pests of greenhouse crops (Hanafi et al., 2005).

Insect pest

Hole size (mm)

Mesh *

Serpentine leaf miner

0.61

34

0.46

42

0.34

52

0.29

58

0.24

66

0.19

76

(Liriomyza trifolii)
Sweet potato whitefly
(Bemisia tabaci)
Melon aphid
(Aphis gossypii)
Greenhouse whitefly
(Trialeurodes
vaporariorum)
Silverleaf whitefly
(Bemisia argentifolii)
Western flower thrips
(Frankliniella occidentalis)
*Based on thread diameter of 0.15 mm

