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ABSTRACT

Protected vegetable cultivation is located mainly in the Aegean and Mediterranean regions having a 93% share within the total greenhouse
area in Turkey. Among the major vegetable crops of the regions, tomato, pepper, eggplant and cucumber are the most preferred since they
give farmers high income. Diseases and pests are the prime items restricting production in quality and quantity under protected conditions.
Integrated pest management (IPM) programmes were initiated under protected cultivation areas such as Antalya, Mersin, Izmir and Mugla
provinces in the 1990s, which aimed to adopt a reduced number of pesticide applications. Further activities were performed through field
days and broadcasting services as well. Farmers were encouraged to reduce outcome costs and apply environmentally friendly practices
including pesticides. The use of solarization practices dates backs to the 1980s in Turkey. It was first introduced to farmers by
demonstration projects during 2000-2007 under protected conditions of the Mediterranean region. The use of natural enemies against
pests on various crops and pesticides with low side effects to useful insect fauna were also examined. Farmers were trained about IPM
applications by conducting field days. To extend IPM practices for the control of pests and diseases under protected vegetable cultivation
areas, studies are still in progress in Turkey.
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INTRODUCTION tives to pesticides. In addition, all alternatives should be

Protected vegetable cultivation in Turkey, which is eco-
nomically important both in domestic consumption and
export facilities, is done in an around 56.348 ha area with
5.4 million tons of production (TUIK 2010). Thus, disease
and pest management have become one of the major res-

tricting factors for protected vegetable cultivation in Turkey.

The protection of human health, the environment, eco-
systems and biodiversity has recently been considered as
important elements in the application of agricultural prac-
tices. Hence, it is vital that the agro-ecosystem and sus-
tainable systems in agriculture be considered when deciding
pest control methods. This can be achieved primarily by
employing cultural methods in harmony with other alterna-

implemented in a compatible way, if necessary.

The first reasonable form of pest and disease control is
chemical measures since the effect is instant. Farmers
usually do not wait for pests to reach a certain population
level (the economic threshold). Besides, they often acciden-
tally mix pesticides with fungicides in protective chemical
applications. Such incorrect applications have been proven
to have a bad effect on human health, the environment, and
disturb the natural balance which also induces resistance of
the pest population (Delen et al. 2007). On the other hand,
detection of pesticide residues that exceeds daily amounts
for fresh products as determined by international organiza-
tions negatively affects domestic consumption and the
export market. Thus, studies aiming to integrate pest and
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disease control by applying less pesticides and alternative
control measures have been fostered in Turkey.

Noteworthy studies on integrated pest control started
with cotton in 1970 (Yasarakinci 2009). Following this,
several projects were conducted on grapes, olive, cherry,
pistachio, apple, hazelnut, citrus, wheat, potato, maize and
sunflower. In addition to these crops, research on vegetables
and ornamental plants grown under protected conditions
was carried out in cooperation with research institutes and
broadcasting organizations of The Ministry of Agriculture
and the universities. Moreover, a project titled ‘A national
network assembles for integrated pest management (IPM)
in Turkey’ was funded by FAO/UNDP during 1994-1996.
Through this project, technical guidelines for IPM were
agreed upon and put into use by researchers, farmers, edu-
cational and broadcasting staff of The Ministry of Agricul-
ture (Bulut 1995; Yiicel ez al. 2002).

Alternative applications to chemical control such as
mechanical and physical measures, biological control, bio-
technical methods and the use of resistant and/or tolerant
varieties were specified in the guidelines. Chemical control
is not recommended to control diseases, pests and weeds if
their management is available through alternative control
methods. When chemical control is a must, specific pesti-
cides have to be suggested in order to minimize adverse
effects on natural enemies, humans and the environment. In
such a case, the criterion is based on the minimum use of
such chemicals, and the most efficient dose in a proper
device on the time when the populations of natural enemies
are low. Chemicals should also be applied in a technically
correct way. The pesticides in the guidelines were deter-
mined according to international criteria and to the active
ingredients accepted for integrated control programs. Fur-
thermore, the pesticides containing high residual risk fac-
tors were excluded in the technical guidelines of IPM
(Yiicel et al. 2011).

IPM applications of protected tomato cultivation in
Antalya, Mersin, Izmir and Mugla provinces of Turkey
have already been adopted by growers starting at the end of
1990. Decade-long comparisons were made between [PM-
implemented and -nonimplemented greenhouses. Produc-
tion cost was estimated through control expenses and the
number of pesticide applications as a portion of the total
cost. The reduced expenses in greenhouses where IPM was
applied and where the number of pesticide applications was
reduced by half were taken into consideration. Thus, prac-
ticing IPM in greenhouses provides an opportunity to use
less pesticides, resulting in environmentally friendly prod-
ucts. In addition, the application of IPM could reduce con-
trol expenses, which in turn could compensate economic
losses (Yiicel et al. 2002).

COMMON DISEASES IN GREENHOUSE-GROWN
VEGETABLES

The most common diseases of greenhouse-grown vegeta-
bles in Turkey are grey mold (Botrytis cinerea Pers.), late
blight of tomato [Phytophthora infestans (Mont.De Bary)],

cucurbit downy mildew (Pseudoperonospora cubensis Berk.

and Curt.), wilting and root rot diseases (Fusarium spp.,
Verticillium spp., Rhizoctonia solani Kihn, Phytophthora
spp., Pythium spp., Alternaria spp., Sclerotinia spp., Pyre-
nochaeta lycopersici R.Schn.&Gerl.), white mold [Sclero-
tinia sclerotiorum (Lib) De Bary], cucurbit powdery mil-
dew [Erysiphe cichoracearum (D.C.)], [Sphaerotheca
fuliginea (Schlech) Polacci], powdery mildew of Solana-
ceae [Leveillula taurica (Lev.) Arn. syn. Oidiopsis siculal,
tomato leaf mold [Fulvia fulva (Cke.) Ciferri, early leaf
blight of tomato and eggplant (Alternaria solani Ell. and
Mart.)], tomato stem necrosis [Pseudomonas spp. and Erwi-
nia spp.], tomato bacterial wilt [Clavibacter michiganensis
subsp. michiganensis (Smith Davis et al.)], tomato bacterial
speck disease [Pseudomonas syringae pv. tomato (van
Hall)], pepper bacterial speck disease [ Xanthomonas vesica-
toria (Doidge) Vauterin, Hoste, Kersters & Swings)] angu-

lar leaf spot of cucumber [Pseudomonas syringae pv. lach-
rymans (Smith & Bryan) Young, Dye], Alfalfa mosaic alfa-
movirus (AMV), Cucumber mosaic cucumovirus (CMV),
Potato X potexvirus (PVX), Potato Y potyvirus (PVY),
Squash mosaic comovirus (SQMV), Tobacco mosaic toba-
movirus (TMV), Tomato yellow leaf curl bigeminivirus
(TYLCYV), Tomato spotted wilt tospovirus (TSWV), Tomato
mosaic tobamovirus (ToMV), Tomato black ring virus
(TBRV), Tomato ringspot virus (ToRSV), Watermelon
mosaic 1 potyvirus (WMV-1) and Zucchini yellow mosaic
potyvirus (ZYMV) (Yilmaz and Davis 1985; Yilmaz et al.
1998; Yorganci et al. 1994; Yiicel 1994; Yucel et al. 2008;
Tokgoniil 1995; Ulubilir and Yabas 1996; Saygilt et al.
2008; Baysal et al. 2009; Tok and Kurt 2009; Karaca and
Guncan 2009; Celik et al. 2009; Celik and Gocmen 2009;
Ozdemir 2009).

CONTROL METHODS OF GREENHOUSE-GROWN
VEGETABLE DISEASES

All of the control methods for greenhouse grown vegetables
are evaluated in terms of IPM requirements while priority is
given to cultural methods to grow healthy plants so that
plant resistance to pest and diseases can be achieved. In the
case of pest and disease contamination, despite cultural
measures, the control procedures which are physical, bio-
technical and biological control methods and that have a
minimal effect on human health and the environment should
be given priority. In case pest and disease intensity is still
high and can not be prevented even though the above
mentioned procedures are implemented, chemical control
must be applied to prevent crop loss (Saygili et al. 2008).

Cultural measures

Important yield losses occur when cultural practices are
ignored in plant disease control. Educational studies on [PM
applications broadcasted to farmers mainly focus on several
cultural practices (Yigit and Dikilitas 2007; Saygili et al.
2008; Yiicel et al. 2011):

1. Planting materials should be healthy (pathogen-free)
and certified.

2. Pest and disease resistant and/or tolerant varieties
should be used.

3. Dense planting should be avoided so as not to prevent
air circulation among plants.

4. Air ventilation should be optimized in greenhouses to
prevent raising temperature and relative humidity.

5. Fertilization and care requirements should be balanced
to result in healthy plant grow, and excessive nitrogen
application must be prevented.

6. Greenhouse soil should be enriched with organic matter,
and compost or farm manure should be applied in poor
and porous soil.

7. Water accumulation around roots must be prevented and
if possible drip irrigation should be preferred.

8. Diseased or retarded in growth or plants must be up-
rooted and eradicated from the greenhouses. Before the
activities, hands should be washed with soap and water,
and smoking should be avoided.

9. Weeds should be removed at regular intervals.

10. Single crop should be planted to avoid inter-crop con-
tamination of diseases.

11. Pruning utensils should be frequently disinfected with
sodium hypochlorite.

12. Copper applications for diseases should be conducted
after trimming plants.

13. Crop rotation should be applied in greenhouses with
high disease prevalence.

14. Fruits should not be wet during harvest.

15. Plant debris should be removed from the growing areas
after harvest.
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Fig. 1 (A) Soil solarization. (B) Solarization treated and untreated parcels (indicated with an arrow). (C-D) Yellow sticky traps (red arrows) in green-

houses. (E) Orius laevigatus adult.

Physical control

Heating soil with sun rays (solarization) is performed by
covering the damp soil with a layer of transparent plastic
for about 4-8 weeks during summer time (July-August)
while no plant is present in the greenhouses. Solarization
could be effective to a certain degree when it is applied
alone or in combination with a low dosage of registered
fumigants, biocontrol agents and organic amendments asso-
ciated with disease contamination status of greenhouse soil
(Katan 1987; Gamliel and Stapleton 1993; Yucel et al
2007a).

Solarization in Turkey was first applied in 1982 through
research projects conducted in Eastern Mediterranean
region (Fig. 1A-B). Various variable studies were, then,
conducted on vegetables grown under protected conditions
in the region (Yiicel and Cmar 1989; Erkilic et al. 1994;
Aysan et al. 1995; Yucel 1995). In addition, demonstration
projects funded by World Bank and UNIDO with the
participation of plant protection research institutes, univer-
sities and agricultural extension services establishing alter-
native methods to methyl bromide were successfully com-
pleted during 2000-2007. The results of these projects, sola-
rization alone, solarization+low dose fumigant and solariza-
tion+biofumigation applications, are being recommended
for greenhouse-grown vegetables in the Eastern Mediter-
ranean region. In addition, Trichoderma spp. is added to
planting material mix to establish antagonist fungi coloniza-
tion. The results have also revealed that by applying sola-
rization, soil-borne fungal and bacterial diseases as well as
nematodes can be controlled in vegetables grown under
protected conditions in the Mediterranean and Aegean
regions of Turkey (Aysan et al. 1995; Cinar and Aysan
1995; Benlioglu et al. 2005; Sogut and Elekcioglu 2007;
Yilmaz et al. 2007; Yucel et al. 2007b; Imriz et al. 2011;
Yildiz and Cinar 2011).

Biological control

In greenhouses, where climatic conditions are controlled,
there are registered commercial forms of antagonistic orga-

nisms (Bacillus spp., Pseudomonas spp., Trichoderma spp.,
Streptomyces lydicus) recommended against such diseases
as powdery mildew, grey mold, downy mildew and seedling
damping off. Their efficiency varies in accordance with
IPM applied greenhouse conditions (Bora and Ozaktan
1998). Cucumber seedlings applied with a biological prepa-
ration containing Trichoderma harzianum rifai KRL AG2
were planted to solarised soil, and root rot diseases caused
by Rhizoctonia solani and Fusarium solani were contollled
by 59.6% (Yiicel et al. 2008). Similarly, Trichoderma harzi-
anum and Glomus mosseae applications in pepper against
root rot diseases (Fusarium oxysporum and Rhizoctonia
solani) were reported to be effective (Arici et al. 2011).

Furthermore, studies on the use of plant growth promo-
ters and essential oils against plant pathogens have been
conducted for vegetable cultivation grown under protected
conditions (Sahin ef al. 2000; Soylu et al. 2003 a, 2003b;
Altinok 2007; Soylu et al. 2010).

Chemical control

As soon as the first symptoms are appeared in the green-
house, registered pesticide for the crop-pest combination is
applied accordingly. However, in the case of downy mildew
of tomato and cucurbits, chemical control can be conducted
when downy mildew symptoms in neighboring greenhouses
appeared and the conditions are appropriate for the disease
development. Thus, chemical control measures must be
applied at the minimal effective dose by considering the
population of natural enemies (Yiicel et al. 2002). A de-
monstration experiment carried out during 2000-2003 re-
ported a pesticide use reduction from 27 to 15 in IPM
conducted greenhouses, which could double farmers’ profit
(Ekmekci ef al. 2002). In case of viruses, insect-vectored
agents should be specially handled in order to protect the
crop from transmission. Chemical control should be applied
without taking into account of the insect’s economical
threshold in case of vectoring to a plant-virus.
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COMMON PESTS IN GREENHOUSE GROWN
VEGETABLES

Harmful species in protected vegetable cultivation were
determined according to the frame of IPM Project and to
the other survey researches. The most common pests of
greenhouse grown vegetables in Turkey were determined as
whiteflies [Bemisia tabaci (Genn.), Trialeurodes vaporario-
rum (Westw.)], leaf miner [Liriomyza trifolii (Burgess)],
aphids [Myzus persicae (Sulz.), Aphis gossypii Glov.],
thrips [Thrips tabaci Lind., Frankliniella occidentalis Per-
gande], carmine spider mite [7etranychus cinnabarinus
(Boisd.)], tomato leaf miner [Tuta absoluta (Meyrick)],
cotton leafworm [Spodoptera littoralis (Boisd.)] and cotton
bollworm [Heliothis armigera (Hiibn.)] (Ulubilir and Yabas
1996; Yasarakinci and Hincal 1997, 1999; Bulut and Goc-

men 2000; Kegeci et al. 2007; Kilic 2010; Erler et al. 2010).

Western flower thrips and cotton whitefly were common in
all seasons whereas cotton leafworm and cotton bollworm
populations were detected at the beginning of the growing
season, intensively (within October-November), and car-
men spider mite was observed at the end of the season as
well (within April-May) (Ulubilir and Yabas 1996; Yasara-
kinc1 and Hincal 1997; Kegeci et al. 2007).

Meloidogyne arenaria, M. incognita and M. javanica
were reported to be root-knot nematodes of vegetable crops
with the economic importance in different regions of Tur-
key in some studies (Sogut and Elekcioglu 2000; Mennan
and Ecevit 2001; Devran and Sogut 2009; Ozarslandan and
Elekcioglu 2010; Devran and Sogut 2011). On the other
hand, M. incognita race 2 and M. javanica race 1 were ob-
served in vegetable crops from the East Mediterranean (e.g.
Adana and Mersin provinces) and the Black Sea (e.g. Sam-
sun province) regions of Turkey (Sogut and Elekcioglu
2000; Mennan and Ecevit 2001). In addition, M. incognita
race 2 and 6, M. javanica race 1, M. arenaria race 2 and 3
were recorded in vegetable crops from the West Mediter-
ranean region of Turkey (Devran and Sogut 2011).

GREENHOUSE GROWN VEGETABLES PESTS
CONTROL METHODS

The ultimate goal of pest control depends upon basic im-
plementations of IPM. These are cultural measures (screen-
ing open spaces of air ventilations, control of weeds that
could be the host of pests, etc.), biotechnical control (use of
visual sticky traps and pheromone traps), biological control
(augmentative releases of biological control agents, en-
hancement of natural enemies) and chemical control (use of
specific pesticides having no negative effect on natural
enemies, considering economic damage threshold, etc.).
These methods can be implemented alone or in combination
to control pests in greenhouses. However, it is essential that
an appropriate IPM program using a minimal level of che-
mical control is to be applied (Yasarakinci et al. 1996).

Cultural measures

In order to prevent insect movement into the greenhouse
and protect the cultivation, insect-proof nets are required
particularly during the sensitive seedling and on-going
stages. Special care should be given to close all the spaces
in the greenhouse such as airing, doors, etc. The ventilation
of primitive-greenhouses is realized through side surfaces.
The use of insect net was not widely used since insect-proof
nets significantly limited this kind of ventilation in green-
houses. However, T. absoluta was first detected in 2009 and
became a major pest in tomato cultivation in Turkey, which
in turn increased the tendency of using insect-proof nets by
producers. Furthermore, the use of nets has lately been
achieved 100% in advanced greenhouses by improving the
standards (Ttizel ez al. 2010).

Excess use of nitrogenous manure in the greenhouses,
on the other hand, should be avoided. It is widely accepted
that plants with extra nitrogen are given preference to the

insects to feed and lay down the eggs comparing to the less
nitrogenous ones. Plants with high nitrogen concentration
can increase the insect populations (Civelek and Onder
2002).

Cultural practices against nematodes are cited as fol-
lows.

Seedlings and the irrigation water should be free from
nematodes. In addition, getting rid of the plants after har-
vesting, plowing the soil by upside-down in order to
decrease the nematode populations, the use of resistant cul-
tivars is recommended. The gene called Mi against root-rot
nematodes in tomatoes enable resistance to M. incognita, M.
arenaria, and M. javanica species and is widely applied.
However, Mi gene cannot preserve the resistance when the
temperature overs 28°C (Devran et al. 2010).

Special care should also be given to use grafted seed-
lings which have recently been widely used for tomatoes
and eggplants in Turkey.

Biotechnical control

There has been a great number of research on the efficiency
of visual sticky traps against some pests. Yellow sticky traps
were reported to be effective on whitefly (Ulubilir ez al.
1996; Durmusoglu et al. 2009a, 2009b), blue sticky traps on
thrips (Kazak et al. 2009). In placing the visual sticky pest
traps to 10-15 cm over the plants by 1 for each 50-100 m?
for monitoring the pests in the protected production, right
after the time of transplanting seedlings are recommended
(Fig. 1C-D). Following the determination of the first adult
flight, 1 trap for each 10 m? is appropriate for mass trapping
(Yiicel et al. 2002, 2011). Visual sticky pest traps were not
commonly used in the early years of IPM practices. In
recent years, nevertheless, they have been used in all of the
advanced and 80% of the conventional greenhouses (Ttizel
et al. 2010).

Determining the existence of 7 absoluta in the green-
houses is crucial, hence T. absoluta originating from South
America is also incorporated into the IPM programme. For
this purpose, pheromone traps (1 trap/day) is placed for
monitoring. When the presence of the pest is detected, mass
trapping should be transferred to 2-4 water trap/da (Kegeci
2010).

Biological control

Although the studies initiated earlier in order to investigate
the possibilities of biological control measures against
vegetable pests such as Macrolophus caliginosus and En-
carsia formosa against whiteflies (Yasarakinci and Hincal
1999, 2001), Phytoseiulus persimilis against T. cinnabari-
nus (Kazak et al. 1992, 1997, 2000; Akyazi and Ecevit
2009) and Diglyphus isaea against leafminers (Ulubilir and
Sekeroglu 1997; Yasarakinct and Hincal 1997), Orius laevi-
gatus against F. occidentalis (Kegeci 2005), they were actu-
ally started at the beginning of 2000s. In the early stages of
biological control, it was only applied for pepper cultivation.
Eretmocerus mundus and Amblyseius swirskii against
whiteflies, O. laevigatus (Fig. 1E) and 4. swirskii against
thrips, Aphidius colemani against aphids and P. persimilis
against Carmine spider mite were successfully used as the
biological control agents against the major pests of the
pepper cultivation.

Whitefly has been considered to be the main pest in bio-
logical control applications on tomato, after several years of
biological control implementations on peppers. Biological
control of the whiteflies was done by combining of three
agents; M. caliginosus, E. formosa and E. mundus. After the
introduction of 7. absoluta, the aspect on biological control
was revised since it became the major pest of tomato pro-
duction in Turkey. The new approaches on biological con-
trol of tomato pests were employed using Nesidiocoris
tenuis feeding with both pre-adult period of whitefly and
eggs and larvae of T. absoluta in system. The studies related
to assessing alternative and native biocontrol agents against
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T. absoluta were also carried out. Additionally, E. mundus is
also being used for controlling whiteflies. D. isaea has been
released in greenhouses for controlling leafminers. Mostly,
the pests are easily controlled by the naturally occurrence of
parasitoid species such as D. isaea, D. crassinervis, Neo-
chrysocharis  formosa, Chrysonotomyia chlorogaster,
Hemiptarsenus sp., etc. in the IPM conducted greenhouses
(Ulubilir and Yabas 1996; Yasarakinct and Hincal 1997;
Kegeci et al. 2008).

Biological control research involves not only to deter-
mine the efficacy of the biological control agent, but also
for improving their current efficiency. The predatory mite 4.
swirskii was successful to control F. occidentalis by arti-
ficially adding pine (Pinus brutia) pollen to the plants
before their flowering period to provide an alternate food
source for predator (Kutuk ez al. 2011).

Biological control is applied only at a rate of 1% on the
total protected cultivation areas of Turkey. However, it is
intended to reach double-digit numbers of this rate in the
forthcoming 5-10 years. On the other hand, practicing bio-
logical control for the other species such as strawberry,
cucumber and eggplant is very limited.

Chemical control

When the pest population is over the economic thresholds
although alternative control measures are applied, the use of
chemical control is fatal. In this case, pesticides should be
appropriate for the IPM programs in terms of international
criteria. In case of root-knot nematodes control, applications
should be done before transplanting the seedlings into the
greenhouse. Otherwise, it is applied through the transplanta-
tion or just right after this process.

CONCLUSION

Protected vegetable cultivation areas are mainly located in
the Aegean and Mediterranean regions of Turkey. However
IPM applications are not used in a widespread manner in all
the greenhouses. To enhance IPM applications, the fol-
lowing suggestions should be considered in protected culti-
vation greenhouses in Turkey:

1. Most of the protected cultivation is conducted in the
plastic cover type greenhouses that are not appropriate
for airing and side heights. Such greenhouses cannot
sufficiently prevent pests and diseases to enter and epi-
demics occur in high humid and temperatures. These
factors should be taken into account in planning of new
greenhouses.

. IPM applications should be advertised through media to
increase consumer demand. The producers and con-
sumers should be trained about the side effects of over-
dose pesticide and fertilizer use on the environment and
soil.

3. The farmers do not have a habit of recording the applica-
tions in greenhouses; hence they should be trained on
this issue.

. Legal arrangements and sanctions for pesticide sellers
and farmers engaged in illicit practice should be deter-
mined by the Ministry.

. A certificate should be given to IPM applied crops, and
the price of such crops should be higher than those of
conventionally produced. The certificates to the produ-
cers should be given by the Ministry or any other autho-
rized agent.

6. IPM practicing farmers should also establish an associa-

tion.

7. An upper committee on IPM theme established under the
Ministry should be authorized to materialize the action
plan.

8. Research data obtained at Universities and Research
Institutes should be transferred to broadcasting and ex-
tension service staff, and information flow should be
fastened.

N

N

(9,1

9. As the part of inspecting issue of control department,
samples have to be taken from IPM applied green-
houses as certain intervals to be analyzed and out
coming results should be shared by public.
Broadcasting IPM is one of the main goals of agricul-

ture in Turkey in order to protect the environment and

human health. Thus, sustainable research and training acti-
vities for the growers and consumers supported by the

Government are in progress.
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