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Abstract
Whitefly (Trialeurodes vaporariorum) is the main pest in greenhouse tomato production in Uruguay.
Conventional and integrated pest management are the main ways to tackle whitefly population.
Integrated management uses several biological control agents such as pathogens, parasitoids, and
predators, however if these are not successful, pesticides may also be utilized as a last resort.
Conventional management only utilizes pesticides. An alternative to both methods is organic
management, using only biological control agents. The study area was located in Los Canelos,
southern region in Uruguay. An analysis was made within the greenhouse and surrounding areas to
assess whitefly population, as well as to establish the number of natural enemies and pollinators on
different pest control managements. Organic and conventional pest management had the same
effectivity to suppress whitefly population, while integrated farms showed a significant difference (F
= 3.87; df = 2; P = 0.02). Results showed a higher density of beneficial insects in organic farms (F =
18.94; df = 2; P < 0.001). The population of natural enemies (Eretmocerus sp, Encarsia sp. and Orius
sp.) within the greenhouse was the same for organic, conventional and integrated farms (F = 1.82; df
= 2; P = 0.16). In the surrounding area, whitefly population was not affected by different pest
managements, implying the effect seen could be attributed to natural infrastructure. High quality
infrastructures had a positive effect on natural enemies, specifically Orius sp. in the surrounding
areas. Eretmocerus sp. was the most common natural enemy found during the research.

Key words: whitefly, natural enemies, natural infrastructure, greenhouse, tomato, organic pest
management, conventional pest management, IPM

i

Table of Contents
1. INTRODUCTION ................................................................................................................................... 1
1.1 Whitefly cycle and importance ...................................................................................................... 1
1.2 Control of whitefly in greenhouse tomatoes ................................................................................. 1
1.3 IPM in greenhouse tomatoes in Uruguay ...................................................................................... 3
2. OBJECTIVES .......................................................................................................................................... 4
3. MATERIALS AND METHODS................................................................................................................. 5
3.1 Area of study .................................................................................................................................. 5
3.2 Farm and greenhouse selection ..................................................................................................... 5
3.3 Sampling of whitefly, natural enemies and pollinators in greenhouses ........................................ 7
3.4 Assessment of on-farm ecological infrastructure and radius ........................................................ 7
3.5 Data collection timeline ................................................................................................................. 8
3.6 Data Analysis .................................................................................................................................. 8
4. RESULTS ............................................................................................................................................... 9
4.1 Abundance of whitefly, natural enemies and pollinators under different pest management
strategies within greenhouse tomatoes. ............................................................................................. 9
4.1.1 Whitefly population under different pest management farms ............................................... 9
4.1.2 Diversity of beneficial insects under different pest management farms............................... 10
4.1.3 Abundance of natural enemies under different pest management farms ............................ 10
4.1.4 Abundance of pollinators under different pest management farms ..................................... 11
4.2 Effect of natural infrastructure quality on the abundance of pests, natural enemies and
pollinators the around greenhouses .................................................................................................. 12
4.2.1 Abundance of pests, natural enemies and pollinators the around greenhouses .................. 12
4.2.2 Influence of the infrastructures in the greenhouse ............................................................... 14
5. DISCUSSION....................................................................................................................................... 15
5.1 Whitefly population on different pest management farms. ........................................................ 15
5.2 Effect of Beauveria bassiana on whitefly population. ................................................................. 15
5.3 Diversity of beneficial insects under different pest management farms within the greenhouse 15
5.4 Abundance of mayor natural enemies under different pest management farms ....................... 16
5.5 Abundance of pollinators under different pest management farms ........................................... 16
5.6 Pests and natural enemies’ population in radius and infrastructure........................................... 17
6. CONCLUSION ..................................................................................................................................... 18
7. REFERENCES ...................................................................................................................................... 19
8. APPENDIX .......................................................................................................................................... 21
ii

I.

LOCATION OF TWO MAIN HORTICULTURAL REGIONS IN URUGUAY. ....................................... 21

II.

INTERVIEW FORM...................................................................................................................... 22

III.

RADIUS AND INFRASTRUCTURE CHARACTERISTICS .................................................................. 24

IV.

GREENHOUSE DIVISION IN QUATRANT ..................................................................................... 25

V.

TARGET INSECT CLASSIFICATION FOR IDENTIFICATION ............................................................ 26

VI.

PLANT CLASSIFICATION BY INFRASTRUCTURE QUALITY ........................................................... 27

VII.

PESTICIDE APPLICATION PER FARM ...................................................................................... 28

VIII.

NUMBER OF NATURAL ENEMIES FOUND WITHIN AND OUTSIDE THE GREENHOUSE. ......... 32

IX.

CLUSTER CHART FOR POLLINATORS BY FARM ..................................................................... 33

X.

FARM MANAGEMENT AND CHARACTERISTICS .................................................................... 34

XI.

BEAUVERIA APPLICATIONS FOR FARM B2 ........................................................................... 35

XII.

EFFECT OF PESTICIDES IN BENEFICIAL INSECTS ..................................................................... 36

iii

List of Figures
Figure 1 Location of Uruguay and Los Canelos with the three study areas ............................................ 5
Figure 2 Location of nine farms in the region Los Canelones, Uruguay.. ................................................ 6
Figure 3 Number of whiteflies captured within the greenhouse for each farm type per round. ........... 9
Figure 4. Total number of beneficial insects (parasitoids, predators and pollinators) inside de
greenhouse in each farm type per round ............................................................................................. 10
Figure 5 Number of whitefly natural enemies (Eretmocerus sp., Encarsia sp., and Orius sp.) found
inside the greenhouse in pan and sticky traps per round .................................................................... .11
Figure 6 Number of pollinators found within the greenhouse for each farm type per round. Organic
farms had higher density of pollinators than integrated and conventional farms. .............................. 11
Figure 7. Total number of beneficial insects (parasitoids, predators and pollinators) collected in radius
and infrastructure in each farm type per round ................................................................................... 12
Figure 8. Population of natural enemies (Eretmocerus sp., Encarsia sp. and Orius sp.) within and
outside the greenhouse per farm type per round.. .............................................................................. 13
Figure 9. Number of whitefly and natural enemies (Eretmocerus sp. Encarsia sp. and Orius sp.)
collected in radius and infrastructure per infrastructure quality ......................................................... 14
Figure 10. A. Eretmocerus sp. and whitefly population did not show a linear relation. B. Eretmocerus
sp and aphids population showed a linear relation .............................................................................. 14

List of Tables
Table 1 Description of the main whitefly natural enemies, life cycle, prey/host, habitat, alternative
food source and susceptibility................................................................................................................. 3
Table 2. Farmers´ location and name, pest management, farm code, infrastructure characteristic and
code. ........................................................................................................................................................ 6
Table 3. Data collection timeline ............................................................................................................. 8

iv

List of Abbreviations
CRS: Centro Regional Sur (South Regional Center, Faculty of Agronomy, Uruguay)
CSA: Community Supported Agriculture
FAGRO: Facultad de Agronomía (Faculty of Agronomy, Uruguay)
FT: Farm type
GH: Greenhouse
HQ: High quality infrastructure
Infra: Natural infrastructure
IPM: Integrated Pest Management
IQ: Infrastructure quality
LQ: Low quality infrastructure
R: Round (sampling time)
WF: Whitefly

v

1. INTRODUCTION
Tomato (Solanum lycopersicum) is one of the most consumed vegetables worldwide. In the past
years, the production gained importance. Uruguay, the second smallest country in South America,
has two intensive crop production regions; in the South (Zona Sur) and North-West (Litoral Norte)
(Appendix I). Tomato production is mainly done in greenhouses to extend the growing season,
protect and increase the production. Farmers face several challenges for tomato production. The
main ones involve pest and diseases management. The most prevalent pests in tomato production in
Uruguay are whitefly (Trialeurodes vaporariorum), leafminer (Tuta absoluta), and thrips (Frankliniella
occidentalis); followed by Cucurbit beetle (Diabrotica sp.) and aphids (F. Aphididae). The most
common diseases are early blight (Alternaria solani), and late blight (Phytophthora infestans)
(Campelo et al., 2015). The viruses are commonly spread by pests such as whitefly, thrips and aphids,
representing an increasing threat for the tomato production.

1.1 Whitefly cycle and importance
Whitefly is the main problem in arable field and greenhouse production in Uruguay. High
temperatures and relative humidity facilitate the proliferation of whiteflies. This pest sucks the
phloem juices from the plant, restricting plant growth and production, and can also be a vector for
more than 100 viruses (Jones, 2003). Moreover, whitefly excretion (honeydew) facilitates fungus
proliferation, causing sooty mold (Cladosporium or Alternaria). Whitefly comprises several species,
but the most important and common in Uruguay is Trialeurodes vaporariorum (Westwood)
(Hemiptera: Aleyrodidae). Whitefly completes its life cycle in 28 days, depending on temperature;
undergoes a complete metamorphosis of 4 stages: egg, nymph (4 instars), pupa, and adult.

1.2 Control of whitefly in greenhouse tomatoes
Integrated management in Uruguay involves plant observation, and monitoring of all the practices
on the farm (Banchero et al., 2007). In the guidelines for integrated production, several practices and
observations are recommended, such as: record with all management practices (e.g. pesticide
applications), clean hands and materials, weekly inspection, and weed in and around the
greenhouse. When whitefly population is present in over 20% of the plants in the greenhouse, an
intervention is economically justified. Chemical and biological control are the principle pest
interventions in Uruguay.

1.2.1 Chemical Control
Most common whitefly management in Uruguay uses pesticides, also known as conventional
management. Applications are recommended when insects surpass the economic threshold. Several
organizations in Uruguay created guidelines to help farmers in the management of the main pest and
diseases in greenhouse tomatoes (Banchero et al., 2007; Campelo et al., 2015).
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Chemical control is an effective but short term solution to control pests and diseases in agriculture,
avoiding high densities or reappearance in most cases. This management is specific for certain pests
or family group, making easy use and control. However, the chemical control has severe
disadvantages. The pesticides can be toxic to humans and non-target organisms, and need to be
applied cautionary. The residues from chemicals pollute the water, soil, and harvested fruit.
Moreover, repeated pesticide use can result in pest resistance development as the insect cycle is
relatively short, and genes of resistance pass from one generation to the next. Other constraints are
that chemical control can affect the non-target insects, as the natural enemies, and pollinators. Main
whitefly pesticides (acetamiprid, buprofezin, imidaclorpid, pyriproxyfen) have a negative effect on
beneficial insects (UC IPM, 2016).

1.2.2 Biological Control
Biological control is an alternative to chemical control. Integrated Pest Management (IPM) is the
process to reduce and prevent the effect of pest and diseases avoiding a negative outcome to
humans, non-target insects and environment (UC IPM, 2017). IPM or integrated management
combines different practices such as prevention, cultural, physical, mechanical, biological, and
chemical control as a last resort. Organic management follows IPM guidelines but chemical control is
prohibited. The last IFOAM guide (Willer & Lernoud, 2016) mentions that Uruguay has 1.3 million
hectares of organic production (crops and livestock production). Another study, focusing on South
Uruguay, shows 393 hectares of organic certified crops in 6 districts. The most representative region
is Canelones with 58 producers out of 84 in the southern region (MVOTMA, 2016).
Nowadays there are several biological control agents such as pest pathogens, parasitoids and
predators that are useful to control different pests and diseases. Several researches had been done
to identify and determine the main biocontrol agents to control whiteflies.
Beauveria bassiana (Bals.-Criv.) is a worldwide prevalent fungus used to control whitefly, as well
as more than six orders of insects; including aphids, grasshoppers, thrips, beetles, caterpillars, mites,
among others. Beauveria kills its host by attaching and penetrating the insect cuticle. Then, the
fungus begins multiplying and damages the internal structure, by disabling insect immune system
within 36-72 hours after infection. When the insect is dead, 4-10 days after the contact, the mycelia
will emerge from the cuticle developing spores for propagation (Keswani et al., 2013). Whitefly
infected eggs will be gray-black, the nymphs will develop a red-black appearance, and the adults will
develop cotton-like mycelium and spores (Zafar et al., 2016). The effectiveness of Beauveria depends
on the strain specialization, and aggressiveness against whitely, the stage and susceptibility of the
insect, temperature (25-28°C) and relative humidity (RH) (80-90%). Beauveria effectiveness could
decrease depending on the pesticide or fungicide compatibility. (Tamai et al., 2002).
Whitefly also has a range of natural enemies including parasitoids (e.g. Encarsia sp. and
Eretmocerus sp.), and predators (e.g. Orius sp.) (Table 1). In order for the natural enemies to have an
effective role in pest suppression, it is important to consider a habitat that provides shelter and food;
e.g. floral nectar, pollen and alternative prey/hosts (Landis et al. , 2000). Non-crop habitats often
present food resources for insects. These habitats are known as semi-natural or natural
infrastructure, such as hedgerows, flower strips, bushes, ditches, among others.
2

Table 1 Description of the main whitefly natural enemies, life cycle, prey/host, habitat, alternative

food source and susceptibility (Shelton, 2017)
Natural
enemy

Encarsia sp.
(parasitoid)

Eretmocerus
sp.
(parasitoid)
Orius sp.
Minute
pirate bug
(predator)

Life
cycle

Prey/Host

25 days Whitefly (WF)
nymphs ((T.
vaporariorum,
B. tabaci)
30 days WF nymphs (T.
vaporariorum,
B. tabaci, B.
argentifolii)
55 days WF, thrips,
aphids, mites.

Habitat
Tomato,
eggplant,
cucumber, no
information on
natural habitats
Tomato,
cucumber,
eggplant, no
information on
natural habitats
Cotton, lucerne,
corn, peanut,
strawberries,
pastures.

Alternative
food source

Susceptibility

Honeydew,
WF
hemolymph

Susceptible to foliar
insecticides

Honeydew,
WF
hemolymph

Susceptible to foliar
insecticides, more
effective 10-14 days
after application.

Plant juices

Susceptible to foliar
and systemic
insecticides

1.3 IPM in greenhouse tomatoes in Uruguay
The intensive crop production in Zona Sur (South of Uruguay) increased the use of chemical pest
control products in the past years, polluting the main water sources in the area. Academic,
governmental and farmers associations launched a project aiming to minimize the use of chemicals
and broaden the dissemination of biocontrol agents and other alternative tools in vegetable
production. For this purpose, biocontrol agents for IPM are produced and distributed in the southern
part of Uruguay (Montevideo and Canelones). The project comprises alternative methods to control
common pests and diseases in greenhouse tomato and pepper, as well as sweet corn and onion as
arable field crops. Promoting biocontrol technologies and pushing the farmers to have
environmental-friendly practices, safe products for them and consumers, avoid pest resistance, built
an insect diversity and abundance on the farms for a natural control, among other benefits.
Biocontrol agents are currently produced at the laboratory of SFR Los Arenales, a farmer´
organization, led by people from the communities. In order to support family farming and promote
more environmental-friendly solutions; biological control agents multiplied at SFR Los Arenales are
Trichoderma harzianum, Tupiocoris cucurbitaceus, and Beauveria bassiana. Currently, the treatments
against whitefly (Trialeurodes vaporariorum) in tomato can be done with Beauveria.
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2. OBJECTIVES
The aim of this study was to assess the effectiveness of chemical and biological control strategies on
whitefly and their natural enemies in commercial greenhouse tomatoes in the region of Canelones,
Uruguay. Specific goals were:
I. Assess the effect of chemical, organic and integrated strategies on the abundance of whitefly
and abundance and diversity of natural enemies and pollinators in greenhouse tomatoes.
a. General whitefly population on farms with different pest management.
b. Effect of Beauveria on whitefly population on integrated farms.
c. Diversity of beneficial insects under different pest management farms.
i. Diversity of natural enemies, and abundance of three target natural enemies under
different pest management farms.
ii. Abundance of pollinators under different pest management farms.

II. Assess the effect of natural infrastructure quality on the diversity and abundance of pests,
natural enemies and pollinators around greenhouses.
a. Pests and natural enemies’ population in the surrounding and infrastructure.
b. Influence of the natural infrastructures in the greenhouse.

4

3. MATERIALS AND METHODS
3.1 Area of study
Uruguay is located in the southern region of the
American Continent on the Atlantic coast. It is the
second smallest country in South America, with a
surface of approximately 176,000 km2 (Figure 1). The
agricultural sector in Uruguay is based on beef cattle,
dairy, soybean, rice, wheat, vegetables, and forestry
(DIEA, 2011). Intensive crop production is located
mainly in the South (Zona Sur) and North-West (Litoral
Norte) of Uruguay (Appendix I). The study area was
located in Canelones in Zona Sur of Uruguay. Farming
systems producing late tomatoes in greenhouse,
planted in January-February were chosen from this
study.

Figure 1

Location of Uruguay and Los
Canelos region with the three study areas

In the southern region of Uruguay, greenhouses
commonly used are gamble wooden structures with
lateral ventilation, from 600 to 1000 m2. The side walls
are manually lifted and hold with hooks, some of them
have net screen to reduce pest.

3.2 Farm and greenhouse selection
Nine farms were selected by their location and pest management characteristics, into three main
groups; organic (3 cases), integrated (3 cases) or chemical management (3 cases) (Figure 2; Table 2).
The organic farms only used biological control agents to control pest and certify organic products.
The integrated farms used biological control agents and pesticides only if necessary. The
conventional farms had used chemicals to control pests.
All farmers were interviewed to characterize the management of the farm, greenhouse, and to
explore their main challenges, and perspective on different pest management methods. In addition,
all the farmers kept a record of their pesticides applications (product, doses, date) during the
research (Appendix II). Temperature and Relative Humidity in the greenhouse were measure with a
HOBO UX100-003 or 1-Wire-Button thermometers.
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Figure 2

Location of nine farms in the region Los Canelones, Uruguay. Color code:
Purple-conventional (C1, C2, C3), Green-organic (O1, O2, O3), Orange-integrated (B1,
B2, B3), Blue-University (FAGRO) and research center (CRS).

Table 2.

Farmers´ location and name, pest management, farm code, infrastructure characteristic
and code.
Location

Farmer´s name
Yino Chiolini

Pest
Management
Conventional

Farm
Code
C1

Infrastructure Characteristic

Infrastructure
Code
LQ

Medium grassland/Lucerne
Abandon orchard/ tall
Araceli Bello
Conventional
C2
grassland and native species
Andrés Gutierrez
Organic
O1
Tall grassland/native species
Jorge Garrido
Organic
O2
Tall grassland/lagoon
San
Gum trees/ medium
Daniel Betancourt Organic
O3
Bautista
grassland/ native species
Artigas Villalba
Integrated
B1
Low grassland
Low grassland/ native
Mabel Tubía
Integrated
B2
species
Los
Divar
Barreto
Conventional
C3
Lucerne/ tall grassland
Arenales
Gerardo de León
Integrated
B3
Medium grassland
Infrastructure characteristics: Low grassland (<20cm), Medium grassland (>20cm; <50
grassland (>50cm). Infrastructure code: Low quality (LQ), High quality (HQ). (Appendix III)

Sauce
Armonía

HQ
HQ
HQ
HQ
LQ
LQ
HQ
LQ
cm), Tall

6

3.3 Sampling of whitefly, natural enemies and pollinators in greenhouses
Visual observation of tomato leaves
Greenhouses were divided in 4 quadrants (Appendix IV.A). For each quadrant, 15 random plants
were chosen to identify whiteflies, infected whiteflies with fungi, natural enemies and pollinators
(total observations: 60plants/round/greenhouse). The whiteflies on the top leaves with visible
mycelium around were considered as infected. The observations were done on the top leaves of the
plant (three leaves per plant). The parasitized whiteflies (black nymphs) from the middle and bottom
leaves were also identified. Samples were taken to the laboratory to confirm parasitism. The number
of fruit clusters for each observed plant was counted as a reference to the growing stage.
Pan and sticky traps
Greenhouses were divided in 4 quadrants plus a fifth one at the center of the greenhouse to
assess the abundance and diversity in this area (Appendix IV.B). Two traps (one pan and one sticky
trap) were located in two different places on each quadrant at the same time. Each position was
recorded on a map. The traps were collected weekly and insects caught were brought to the
laboratory for identification.
The pan traps were yellow containers (2L) filled with water and a drop of detergent. Each pan trap
was put on a chair (60cm tall) and distributed in each quadrant. A funnel with a labeled coffee filter
was used to gather the insects from the container. Then empty the yellow container in the funnel to
filter the water, and placed the coffee filter in a jar with alcohol at 70%. The sticky traps (15x20cm)
were placed in each quadrant. To gather the traps, they were covered with plastic wrap, and kept in
a fridge. The insect identification was done with a loupe in the laboratory. Pest, parasitoids,
predators and pollinators were identified (Appendix V). A photograph of each species was taken and
numbered for further analysis in horticulture biodiversity.

3.4 Assessment of on-farm ecological infrastructure and radius
Infrastructure and radius data collection
Natural infrastructures in all farms differed from each other. Farms were classified depending on
their natural infrastructure characteristics (diversity, and density), and distance to the greenhouse
(<20 meters). Farms C2, C3, O1, O2, and O3 were classified as high quality infrastructure (HQ). While
farms B1, B2, B3, and C1 were classified as low quality infrastructure (LQ) (Table 2; Appendix VI). For
this research, the surrounding area of the greenhouse was called radius. The radius was the
immediate 3 meters outside the greenhouse (Appendix IV.C). The vegetation was identified and
plant density classified following the percent of foliage cover (British Columbia, 2017).

Using a frame (42 x 42cm) four random spots were chosen for each natural structure (radius and
infrastructure). A photograph was taken to identify possible host plant for pest, natural enemies and
pollinators. Each spot was located on a map. To collect the insects, a vacuum cleaner (Husqvarna
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125BVX; 58 m/s) was used for 30 seconds. Then the vacuum was emptied in a labeled plastic bag and
placed in a freezer for later identification. After one week in the freezer, the sample was cleaned and
insects separated. Identification was done with a loupe in the laboratory and insects were placed in
jars with alcohol at 70%. Pest, parasitoids, predators and pollinators were identified following the
classification on Appendix V. A photograph of each species was taken and numbered for further
analysis in horticulture biodiversity.

3.5 Data collection timeline
For this study, the sampling for whitefly population as well as natural enemies and pollinators was
repeated in four rounds at two weeks intervals. Table 3 shows the activity and time of the fieldwork
done in Uruguay.
Table 3.

Data collection timeline

Autumn production, 2017
March
Round
R1
R2
Week
6-3 13-3 20-3 27-3
- Observations
X
X
- Radius/Infrastructure
- Place traps
X
X
- Pick up traps
X

April

May

R3
3-4
X

R4
10-4

17-4
X

X
X

24-4

1-5

X
X

X

3.6 Data Analysis
For this study, only the target insects were assessed. The insects were divided in four mayor
groups; pest, parasitoids, predators and pollinators; see Appendix V. The response variables were:
whitefly, natural enemies (Eretmocerus sp., Encarsia sp., Orius sp.), pollinators. For explanatory
variables: pest management (organic, conventional and integrated), round (sampling period),
infrastructure quality (HQ, LQ), pan and sticky traps (inside the greenhouse), radius and
infrastructure (outside the greenhouse). To assess this study, the following analysis was done:
ANOVA, subset analysis, bar-chart, linear regression, multiple X-Y Plot, bubble chart. Statgraphics
Centrurion XVII software was used to run the analysis.
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4. RESULTS
During the study, 17 orders of arthropods (Insecta and Arachnida), 54 families, and more than 550
different species were found. The most representative order was Hymenoptera due to the diversity
of this order and methodology used for the research. There was presence of natural enemies from
other pests.

4.1 Abundance of whitefly, natural enemies and pollinators under different pest
management strategies within greenhouse tomatoes.
4.1.1 Whitefly population under different pest management farms within the greenhouse
All surveyed greenhouses presented the five main pests (whitefly, leafminer, aphids, thrips and
Diabrotica) of the tomatoes with different abundancy on pan and sticky traps. Whitefly population
(79%) was predominant within the greenhouses, followed by thrips (14%). A total of 23´030
whiteflies were captured within the greenhouse with pan (1092 whiteflies) and sticky (21´938
whiteflies) traps. Integrated farms had significantly higher whitefly population than organic and
conventional farms (F = 3.87; df = 2; P = 0.02). There was not a significant difference (P > 0.05) in
whitefly population between organic and conventional farms. Nevertheless, the conventional and
integrated farms showed a fluctuation on the population in each replicate due to pesticides
applications (Figure 3). All pesticide applications are in Appendix VII. Taking a closer look on these
farms, a higher variance on the population was observed in organic than conventional. It was
detected that organic farms had the lowest and stable population of whiteflies during each replicate
captured with the traps.

Figure 3 Number of whiteflies captured within the greenhouse for
each farm type (FT) per round (R). Integrated farms had significantly
higher population than organic and conventional farms (F = 3.87; df =
2; P = 0.02). Integrated and conventional farms showed a higher
fluctuation between rounds.
9

4.1.2 Abundance of beneficial insects under different pest management farms within the greenhouse
The beneficial insects identified inside the greenhouse using pan and sticky traps for all the farms
during the research were pollinators (48%), parasitoids (46%) and predators (6%); with the following
total of individuals captured: 1849 pollinators, 1807 parasitoids and 231 predators. There is a
significant difference in the amount of beneficial insects among farm types (F = 18.94; df = 2; P <
0.001) (Figure 4); with organic farms presenting the largest number of beneficial insects and
integrated the lowest number. Appendix XII shows the effect of the pesticides used in the farms on
beneficial insects.

Figure 4. Total number of beneficial insects (parasitoids, predators and pollinators)
inside de greenhouse in each farm type (FT) per round (R). Organic farms presented the
highest population of beneficial insects during the study (F = 18.94; df = 2; P < 0.001).

4.1.3 Abundance of natural enemies under different pest management farms within the greenhouse
For this research, a closer analysis was done for the natural enemies of whitefly; Encarsia sp,
Eretmocerus sp and Orius sp. The total number of insects captured with pan and sticky traps within
the greenhouse was: Eretmocerus sp. 216, Encarsia sp. 59 and Orius sp. 8. There was no significant
difference in the number of natural enemies between farm types (F = 1.82; df = 2; P = 0.16) (Figure
5). The most frequent natural enemies found in this study belonged to the group Eretmocerus sp.,
present at least once in all farms. There was not a significant difference in Eretmocerus sp.
population between the farm types (F = 0.68; df = 2; P = 0.51). Encarsia sp. population was
significantly higher in organic than integrated and conventional farms (F = 7.06; df = 2; P < 0.01).
Orius sp. was not frequent inside the greenhouses, with no difference between farms (F = 1.98; df =
2; P = 0.14). No parasitism was observed on the leaf samples. A closer look to each farm showed that
farms O1 and C3 had significantly higher number of natural enemies within the greenhouse
(Appendix VIII).
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Figure 5 Number of whitefly natural enemies (Eretmocerus sp, Encarsia sp, and
Orius sp.) found inside the greenhouse in pan and sticky traps per round (R). There
was not a significant difference between farm type (FT) (F = 1.82; df = 2; P = 0.16).

4.1.4 Abundance of pollinators under different pest management farms within the greenhouse
Organic farms had 50% of the total population of pollinators within the greenhouses captured
with pan and sticky traps; followed by the conventional (33%) and integrated (17%) (F = 20.72; df = 2;
P < 0.001) (Figure 6). All farms presented the highest number of pollinators on the third round.
Meanwhile, on the last round, the number of pollinators decreased for all the farms. There was a
positive relation between the populations of pollinators with the number of tomato clusters with
each round (Appendix IX). A closer look to each farm showed that integrated farms had the lowest
number of pollinators. These farms were surrounded by net screens, a practice that may prevent the
entrance of larger pollinators (Appendix X).

Figure 6

Number of pollinators found within the greenhouse for each farm
type (FT) per round (R). Organic farms had higher density of pollinators than
integrated and conventional farms (F = 20.72; df = 2; P < 0.001).
11

4.2 Effect of natural infrastructure quality on the abundance of pests, natural enemies and
pollinators the around greenhouses
4.2.1 Abundance of pests, natural enemies and pollinators the around greenhouses
When focusing on pests and natural enemies outside the greenhouse, whitefly (63 individuals)
represented only 3% of the total number of pests around the greenhouse while aphids (1419
individuals) and thrips (635 individuals) represented 94%. Among beneficial insects, the most
abundant group was parasitoids (2053; 50%), followed by predators (1989; 49%) and pollinators (28;
1%) across all radius and infrastructure observations. Within the predators group, spiders
represented 95% and microhymenoptera 64% of the parasitoids on infrastructures. Organic farms
supported a higher density of beneficial insects, than integrated and conventional (F = 3.28; df = 2; P
= 0.04). (Figure 7). Furthermore, on average, organic farms presented the highest number of insects
for each group: pollinators, predators and parasitoids. There was less presence of pollinators in the
surroundings than inside the greenhouse.

Figure 7.

Total number of beneficial insects (parasitoids, predators and pollinators)
collected in radius and infrastructure in each farm type (FT) per round (R). Organic farms
presented more beneficial insects than integrated and conventional (F=3.28; df=2; P=0.04).
Organic and conventional farms had significantly more natural enemies than integrated farms (F
= 3.09; df = 2; P = 0.04). Orius sp. (55 individuals) was the most common natural enemy found in the
surrounding of the greenhouse. In addition, Orius sp. population was significantly higher in
conventional farms than organic and integrated (F= 6.07; df= 2; P< 0.01). However, there was no
significant difference between farm types for Eretmocerus sp. (41 individuals) (F= 1.57; df= 2; P=0.21)
and Encarsia sp. (19 individuals) (F= 2.53; df=2; P=0.08). The total number of natural enemies for
whitefly found within and surrounding the greenhouse for each farm is in Appendix VIII.
Natural enemy (Eretmocerus sp., Encarsia sp. and Orius sp.) behavior deferred within the
greenhouse and natural infrastructure for each farm type. Eretmocerus sp. and Encarsia sp. were
mainly within the greenhouse than in the surrounding areas (Figure 8A,B). For Eretmocerus sp., there
was no significant difference between the farm type or location (within or surrounding) (Figure 8A).
Eretmocerus sp. was found in organic greenhouses (Figure 8B). Moveover, Orius sp., whitefly
predator, was found generally in conventional infrastructures (Figure 8C).
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Figure 8.

Population of natural enemies (Eretmocerus sp., Encarsia sp. and Orius sp.) within (GH)
and infrastructure (Infra) the greenhouse per farm type per round. Eretmocerus sp. and Encarsia
sp. were mainly present within the greenhouse. While Orius sp. was found in the infrastructures.
A. Eretmocerus sp. population within the greenhouse was not dependent on farm type (P = 0.68;
df =2; P = 0.51) or natural infrastructure (F = 1.57; df =2; P = 0.21). B. Encarsia sp. was dependent
farm type (F = 7.06; df =2; P < 0.001) and independent from infrastructure (F = 2.53; df = 2; P=0.08)
C. While Orius sp. was independent from farm type (F=1.98; df=2; P=0.14) and dependent on the
natural infrastructure (F=6.07; df=2; P<0.01).
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4.2.2 Influence of the infrastructures in the greenhouse
High quality infrastructure favors natural enemy population compared to low quality (F= 9.83; df =
1; P< 0.01). There was no significant effect in whitefly population between high or low-quality
infrastructures (F = 2.39, df = 1; P = 0.12). High quality infrastructures host more natural enemies
than whitefly compare to low quality that host more whiteflies (Figure 9).

Figure 9.

Number of whitefly and natural enemies (Eretmocerus sp. Encarsia sp. and Orius sp.)
(insects) collected in radius and infrastructure per infrastructure quality (IQ). High quality
infrastructures had significantly higher density of natural enemies than low quality
infrastructures (F= 9.83; df = 1; P< 0.01). For whitefly population in high and low quality
infrastructure there was not a significant difference (F = 2.39, df = 1; P = 0.12). High quality host
more natural enemies (C1, C3, O1, O2, and O3). Low quality (C1, B1, B2, and B3) favors the
occurrence of whitefly., both inside and outside the greenhouse.
Eretmocerus sp. was not related to whitefly (Correlation coefficient= -0.145) (Figure 10A). Further
analysis showed that Eretmocerus sp. and aphids were directly related in most greenhouses
(Correlation coefficient =0.839) (Figure 10B).

Figure 10.

A. Eretmocerus sp. and whitefly population inside the greenhouse did not show a
linear relation. (Correlation coefficient = -0.145). B. Eretmocerus sp and aphids population inside
the greenhouse showed a linear relation (Correlation coefficient= 0.839).
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5. DISCUSSION
Although pest control is one of the main constrains for greenhouse tomato production in Uruguay,
farmers’ concern are market stability, both in production and price. Pest and soil management comes
next, since farmers want to produce efficiently with long productive cycles to achieve a healthier and
high quality product. Uruguayan consumers prefer products with less chemical applications, it does
not need to be organic but with low chemical residue.
5.1 Whitefly population on different pest management farms.
Data from this study came from the autumn tomato production. Spring production ended in April
when the farmers cleaned the greenhouse forcing the pest to emigrate to the new ones. That was
why the whitefly population within the greenhouse increased on the third round (Figure 3). Natural
infrastructure quality will favor or not hosting whitefly.
Non-significant differences were found on the amount of whitefly between the organic and
conventional greenhouses. However, integrated farms showed a significantly higher whitefly
population. This statistical difference was caused due to the ineffective pest control on integrated
farm B3.

5.2 Effect of Beauveria bassiana on whitefly population.
The effect of Beauveria in this study cannot be conclusive because only one farm out of three
integrated farms applied Beauveria correctly (B2). Despite been only one farm, results showed that
Beauveria had an evident effect on the whitefly population and increased its presence on farm B2 on
the first year of using it (Appendix XI).
It is worth noting that the effect of Beauveria (and other enthomopathogens) is slower than
pesticides, so it is important to apply it from the first whitefly occurrence in the greenhouse.
Fungicide applications could also downsize the effect of Beauveria. Farm B2 applied two fungicides
during the study: Kasumicin was compatible, while Azoxytrobin was highly toxic to Beauveria (Tamai
et al., 2002). (Appendix VII, farm B2).

5.3 Diversity of beneficial insects under different pest management farms in the greenhouse
Farm type had a significant effect on the abundance of beneficial insects (parasitoids, predators
and pollinators) within the greenhouse. Organic farms supported a higher number of beneficial
insects than conventional and integrated farms (Figure 4). Lower density of beneficial insects in
conventional and integrated farms can be explained by the negative effect of pesticides on the
beneficial insects (Appendix XII).
No pesticides were applied on the radius of the greenhouse. Although, farm type (organic,
integrated and conventional) had a significant effect on the abundance of the beneficial insects.
Since there was a significant difference between the number of beneficial insects on the surrounding
area and farm type; the presence of beneficial insects was related to natural infrastructure.
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5.4 Abundance of mayor natural enemies under different pest management farms
Whitefly natural enemies were present within and outside greenhouses. Parasitoids were
predominantly inside greenhouses, while predators were in surrounding areas (Figure 8). The most
common natural enemy was Eretmocerus sp., mostly present within the greenhouse. Natural
infrastructure had an effect on natural enemy population. The odor emitted by the whitefly attracts
Eretmocerus sp. but does not make an effect on Encarsia sp. population. Moreover, Eretmocerus sp.
lay eggs on whitefly second and thirds nymph instar, while Encarsia sp. on the third and fourth instar;
these timing difference gives Eretmocerus sp. larvae an advantage over Encarsia sp. larvae (Liu et al.,
2015). Orius sp. was found mainly in lucerne infrastructures, providing with shelter and alternative
preys (Appendix VI farm C3; Appendix VIII farm C3) (Shelton, 2017).
Several factors could influence the interaction between whitefly and its natural enemies. The
expectation was to find a close relationship between Eretmocerus sp. and whitefly but there were
other factors as pesticide toxicity and food availability that influence this relation. As for the toxicity
effect of pesticides, even when they are specific for whitefly, they can be more aggressive to other
beneficial insects. Appendix XII shows the effect of the pesticides used on the natural enemies. For
example, Sunfire (Chlorfenapyr), Lorsban (Chlorpyrifos), Protec (Cypemethrin), Obish (Pyriproxifen)
and Entrust (Spinosad) had a huge impact on the Eretmocerus sp. population (Koppert, 2017).
Regarding food availability, a high quality food source increases fecundity, longevity and flight
activity in parasitoids (Faria et al., 2008). Eretmocerus sp. feeds from whitefly nymphs, although this
might not be the only food source. There was a strong relation between Eretmocerus sp. and aphids
(Figure 10B). In a previous study by Faria et al. (2008), some non-aphid parasitoids feed from aphids’
honeydew even without parasitism, there are no studies that relate Eretmocerus sp. and aphids´s
honeydew.
5.5 Abundance of pollinators under different pest management farms
Organic farms had the highest population of pollinators; this may be explained by the lack of
pesticide use which not only affects the pest, but also natural enemies and pollinators (Appendix XII).
The pollinator population depends on the flower availability; it was found that pollinators are mainly
in the greenhouse due to pollen availability. Pollinators were almost absent in natural infrastructures
representing only 1% of the total beneficial insects. Organic farms had the highest number of
pollinators within the greenhouse (Figure 6), which could be explained by highly quality
infrastructure, with no weed management, and flowers in the surrounding areas.
Several factor could had affected the presence of pollinators within the greenhouse. For instance,
farm C1 with high quality infrastructure (lucerne and tall grassland) (Appendix III), applied several
toxic pesticides (Sunfire (Chlorfenapyr), Lorsban (Chlorpyrifos), and Protec (Cypemethrin)) that could
have harm pollinators population (Appendix XII). The interaction of infrastructure and pesticides will
account for the occurrence of pollinators in conventional farms.
The abundance of pollinators decreased at the end of the season as a result of cutting the growing
point of the plants and the end of the season. This plant management consisted in cutting the
growing point to induced the ripening of the fruit (Figure 6).
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5.6 Pests and natural enemies’ population in radius and infrastructure
Whitefly barely was 3% of the total pest population found in natural infrastructures. For this
reason, the research took into consideration the radius and infrastructure of the greenhouses. For
that purpose, natural infrastructure was classified as high or low quality depending on vegetation
density and diversity. High quality infrastructures hosted natural enemies and had low presence of
whitefly during the study. However, low quality infrastructures with low dense and diverse
grasslands can potentially host whitefly (Figure 9). The vegetation from low quality infrastructure
(Appendix VI) showed several solanum plants may serve as hosting reservoir during transition
periods or natural corridor between greenhouses.
The last group of whitefly enemies is the predators which were mainly found in natural
infrastructures. Spiders were the most abundant group of enemies of whitefly, representing 95% of
the predators in natural infrastructures. Spiders are generalist predators, some species are whitefly
predators (López-Ávila et al., 2001). However the objective of this research was focused on the effect
of Orius sp. in whitefly population inside the greenhouse.
Farm C3 presented flowering lucerne as natural infrastructure that attracted Orius sp. more than
the rest of the farms. Lucerne is well known to attract more than 1000 arthropod species, mostly
beneficial or unharmful insects in California, U.S. (Putnam et al., 2001). In November 2015, the
Uruguayan government released Orius sp. and Amblyseius sp. to control thrips and whitefly in
greenhouse peppers (Bao, L. and Galván G., personal communication). After they were released,
Orius sp. disappeared from the greenhouse. Now, a research on possible Orius sp. habitats is going.
With the observations done during this study, lucerne is a potential habitat for this polyphagous
predator (Figure 8C; Appendix VIII C1 & C3).
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6. CONCLUSION
Organic and conventional farms had the same effectivity suppressing whitefly population. This study
did not have sufficient information to confirm Beauveria infection on whiteflies. Still, Beauveria is a
promising biological control agent against whitefly; its effectivity depends on the correct application,
timing, and combination with other pesticides. Organic farms supported higher density of beneficial
insects, especially pollinators. Pesticides used in conventional and integrated farms had a negative
effect on beneficial insects. Natural enemy population (Eretmocerus sp., Encarsia sp., and Orius sp.)
within the greenhouse was the same for organic, conventional and integrated farms. Eretmocerus sp.
was the most common natural enemy found within farms.
Whitefly population in natural infrastructures was not affected by different pest management.
Moreover, whiteflies were almost absent in natural infrastructures. Organic farms presented the
highest density of beneficial insects outside the greenhouse. Organic and conventional farms
presented more natural enemies (Eretmocerus sp., Encarsia sp., and Orius sp.) in the surrounding
areas. Natural infrastructure quality had effect on the natural enemy population within the
greenhouse. High quality infrastructures registered higher natural enemies’ population and avoid
whitefly infestation. Orius sp. was found in the surrounding areas with high quality infrastructure.
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8. APPENDIX
I.

LOCATION OF TWO MAIN HORTICULTURAL REGIONS IN URUGUAY.
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II. INTERVIEW FORM

Farmers Interview
Farm manager:
Location:
Management:
Organic:
1. How old is the farm:

Date:
Biocontrol:

Chemical:

2. Does your management have always been the same?

3. What crops were here before the tomatoes?

4. Tomato variety:

5. Planting date

6. Number of plants in the greenhouse:

7. Plant density in the farm:

8. What are the common pests in the greenhouse?
Pest/Disease

Peak season

Disease

Peak season

No. Applications

Pest

9. How do you measure the pests?

10. What do you apply?
Product

Doses

11. When was the last application?

12. When will be the next application?
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13. Do you measure the temperature and RH?

14. Have you tried other pest management´s before?

15. What do you consider before the applications?

16. Do you have other crops? Do you have an specific crop rotation?

17. Have you planted other crops, flowers or any other plants in your farm to attract beneficial insects?

18. How do you manage the weeds around the greenhouse and the farm?

19.Opinion on different pest management:
Organic:
Biocontrol:
Chemical:
20. What are the main challenges in the tomato production in this region?

21.Where does your production go (market)?
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III. RADIUS AND INFRASTRUCTURE CHARACTERISTICS
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IV. GREENHOUSE DIVISION IN QUADRANT

A. Greenhouse division
for observations

B. Greenhouse division for
pan and sticky traps

C.. Location of radius
and infrastructure
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V. TARGET INSECT CLASSIFICATION FOR IDENTIFICATION

\
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VI. PLANT CLASSIFICATION BY INFRASTRUCTURE QUALITY
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VII. PESTICIDE APPLICATION PER FARM

Date
23-Feb
4-Mar
15-Mar
15-Mar
27-Mar
27-Mar
13-Apr
13-Apr
13-Apr
13-Apr
25-Apr
25-Apr
25-Apr

Product
Sumo Plus
Sumo Plus
Lorsban
Banco
Clorfenac
Movento
Bonpland
Clorfenac
Ovis
Score
Clorfenac
Ovis
Banco

Farm C1
Active Ingredient
Clorantraniliprole
Clorantraniliprole
Chlorpyrifos
Chlorothalonil
Diphacinone
Spirotetramat
Buprofezin
Diphacinone
Pyriproxyfen
Difenoconazole
Diphacinone
Pyriproxyfen
Chlorothalonil

Date
21-Feb
21-Feb
13-Mar
13-Mar
13-Mar
24-Mar
24-Mar
24-Mar
13-Apr
13-Apr
13-Apr

Product
Movento
Clorfenac
Clorfenac
Movento
Score
Movento
Clorfenac
Score
Movento
Rhino
Idaho

Farm C2
Active Ingredient
Spirotetramat
Diphacinone
Diphacinone
Spirotetramat
Difenoconazole
Spirotetramat
Diphacinone
Difenoconazole
Spirotetramat
Chlorantraniliprole
Pyraclostrobin + boscalid

Product
Flutec
Basta
Sulphur
Impact
Flutec
Evisect
Movento

Farm C3
Active Ingredient
Flutriafol
Glufosinate-ammonium
Sulphur
Flutriafol
Flutriafol
Thiocyclam hydrogen oxalate
Spirotetramat

Date
22-Mar
30-Mar
15-Apr
15-Apr
3-Apr
3-Apr
3-Apr

Doses
50/100L
50/100L

50/100L
50/100L
150/100L
50/100L
100/100L
100/100L
50/100L
100/100L

Use
Leafminer
Leafminer
Leafminer and more
Blight, fungicide
Blight, fungicide
Whitefly
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide
Blight, fungicide
Whitefly
Blight, fungicide

Doses
50/100L
50/100L
50/100L
50/100L
100/100L
50/100L
50/100L
100/100L
50/100L
50/100L
100/100L

Use
Whitefly
Blight, fungicide
Blight, fungicide
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide
Blight, fungicide
Whitefly
Leafminer
Blight, fungicide

Doses
1L/ha

Use
Blight, fungicide
Herbicide
Blight, fungicide
Blight, fungicide
Blight, fungicide
Whitefly
Whitefly

1L/ha
1L/ha
50/100L
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Farm B1
Date
Product
Active Ingredient
10-Mar Bellis
Pyraclostrobin + boscalid
15-Mar Crebio
Beauveria bassiana
30-Mar Biopren
Pyrethrins
30-Mar Clorefenac
Diphacinone
30-Mar Movento
Spirotetramat
8-Apr Switch
Fludioxonil. Cyprodinyl
8-Apr Biopren
Pyrethrins
8-Apr Clorefenac
Diphacinone
14-Apr Paecilomyces Paecilomyces fumosoroseus
21-Apr Switch
Fludioxonil. Cyprodinyl
28-Apr Paecilomyces Paecilomyces fumosoroseus
5-May Switch
Fludioxonil. Cyprodinyl
Farm B2
Date
Product
Active Ingredient
11-Mar Beauveria
Beauveria bassiana
23-Mar Beauveria
Beauveria bassiana
24-Mar Kasumin
Kasugamicin
1-Apr Beauveria
Beauveria bassiana
5-Apr Kasumin
Kasugamicin
8-Apr Beauveria
Beauveria bassiana
10-Apr Amistar
Azoxystrobin
22-Apr Beauveria
Beauveria bassiana
29-Apr Amistar
Azoxystrobin
2-May Beauveria
Beauveria bassiana
Beauveria bassiana: minimum concentration 1x 108 ufc/gr

Date
30-Mar
30-Mar
30-Mar
30-Mar
5-Apr
5-Apr
21-Apr
21-Apr
21-Apr

Product
Movento
Evisect
Kasumin
Amistar
Alesate
FT Fol 25
Evisect
Beauveria
Sunfire 24SC

Farm B3
Active Ingredient
Spirotetramat
Tiocyclam hydrogen oxalate
Kasugamicin
Azoxystrobin
Kresoxim-methyl + Epoxiconazole
Fludioxonil
Tiocyclam hydrogen oxalate
Beauveria bassiana
Chlorfenapyr

Doses
100/100L

Use
Blight, fungicide
Whitefly

50/100L
50/100L
350ml/ha

Blight, fungicide
Whitefly
Blight, fungicide

50/100L

350ml/ha

Blight, fungicide
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide

Doses
200gr/100L
200gr/100L
250/100L
200gr/100L
250/100L
200gr/100L
80/100L
200gr/100L
80/100L
200gr/100L

Use
Whitefly
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide
Whitefly
Blight, fungicide
Whitefly

Doses
50/100L

Use
Whitefly
Whitefly
Blight, fungicide
Blight, fungicide
Blight, fungicide
Blight, fungicide
Whitefly
Whitefly
Leafminer

350ml/ha

250/100L
80/100L

200/100L
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Date
6-Mar
6-Mar
20-Mar
20-Mar
13-Apr
13-Apr
13-Apr

Product
Baicen
Dicopper chloride trihydroxide

Baicen
Dicopper chloride trihydroxide

Baicen
Protec
Dicopper chloride trihydroxide

Date
Product
20-Jan Paecilomyces fumosoroseus
15-Mar Entrust
15-Mar Milk, baking soda
24-Mar Entrust
3-Apr Entrust
17-Apr Entrust
28-Apr Entrust
28-Apr Milk, baking soda
Diabrotica killed by hand

Date
8-Mar
6-Apr
6-Apr
6-Apr
18-Apr
18-Apr
24-Apr
24-Apr

Product
Sulphur, milk, baking soda
Sulphur, milk, baking soda
Baicen
Bacillus thuringiensis (Bt)
Sulphur, milk, baking soda
Bacillus thuringiensis (Bt)
Sulphur, milk, baking soda
Bacillus thuringiensis (Bt)

Farm O1
Active Ingredient
Matrine
Cu2(OH)3Cl
Matrine
Cu2(OH)3Cl
Matrine
Cypermethrin
Cu2(OH)3Cl
Farm O2
Active Ingredient
P. fumosoroseus
Spinosad
Milk(5L), baking soda (1L)
Spinosad
Spinosad
Spinosad
Spinosad
Milk(5L), baking soda (1L)

Farm O3
Active Ingredient

Matrine
Bacillus thuringiensis

Doses
1L/ha
1L/ha
1L/ha

Use
Thrips and mites
Blight, fungicide
Thrips and mites
Blight, fungicide
Thrips and mites
Isoptera
Blight, fungicide

Doses
200gr/100L
10cm/70L
mix/100L
10cm/70L
10cm/70L
10cm/70L
10cm/70L
mix/100L

Use
Whitefly
Whitefly
Blight, fungicide
Whitefly
Whitefly
Whitefly
Whitefly
Blight, fungicide

Doses
800/100L
800/100L
1L/ha

Use
Blight, fungicide
Blight, fungicide
Thrips and mites

800/100L

Blight, fungicide

800/100L

Blight, fungicide

Bacillus thuringiensis
Bacillus thuringiensis
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VIII. NUMBER OF NATURAL ENEMIES (ENCARSIA SP., ERETMOCERUS SP., ORIUS SP.) FOUND
WITHIN AND OUTSIDE THE GREENHOUSE.

Farm
C1
C2
C3
O1
O2
O3
B1
B2

Encarsia sp.

Data
Collection

R1

R2

GH

1

5

R3

Eretmocerus sp.
R4

R1

RI
1

RI

1

GH

1

RI

4

GH

1

1

R3

R4

4

5

4

1

20

2

2

6

2

7

2

1

1
10

4

1

46

1

2

1

41

4

3

2

3

4

R3

2

8

4
21

63
2

7

1

1

86

4

6

2

23

2

GH

9

1

3

2

RI

1

3

2

1

3

3

3

4

1

1

1

1

RI

2

2

GH
GH
RI

7

2

25

1

17
11
1

1
3

4

7

1

RI

37

21

RI

GH

R4

18
4

7

R2

7

1
2

R1

SUM

R2
2

GH

Orius sp.

1

4

10
1

8
1

13

1

39
2

TOTAL
26
26
100
109
42
18
2
41

1
2
15
3
21
25
RI
2
2
4
Abbreviations: R (round), GH (samples made inside the greenhouse). RI (samples from surroundings of the
greenhouse and natural infrastructure).
B3

GH
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IX. CLUSTER CHART FOR POLLINATORS BY FARM

Number of pollinators captured in pan and sticky tramps inside the greenhouse per round. The
bubble size represents the tomato cluster size.

Bubble Chart for Clusters

Number of pollinators
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X. FARM MANAGEMENT AND CHARACTERISTICS
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XI. BEAUVERIA APPLICATIONS FOR FARM B2
Whitefly and whitefly fungi on farm B2. The arrows show the Beauveria applications. On the right
table, the average temperature and RH for two days after the application, and the optimal conditions
for the whitefly and Beauveria. After the second application the presence of fungi increased and the
whitefly population decreased.

Optimal conditions:
Beauveria: 25-28°C and 80-90% (RH)
Whitefly: 20-27°C and 75-80% (RH)

The table in the figure shows the average of the temperature (°C) and relative humidity (RH, %) from
the day of the application and the next two days, the red numbers shows the average under the
optimal range for Beauveria. After the second application, the presence of Beauveria increased. The
whitefly fungi increased independently from whitefly population that decreases with the season. At
the end of the season, the weather conditions were not favorable for the proliferation of the fungi.
The weather conditions at the moment of the application were not optimal for fungi. The pathogenic
effect started 3 days after the application on the whitefly but the mycelium was not visible until 4-10
days (Keswani et al., 2013), this was evident after the second application. Beauveria infects whitefly,
but this may not be the only cause for population decreased in the third round. Moreover, whitefly
population could had decreased due of the natural cycle of the plant (autumn cycle, natural decrease
of whitefly population), the management of the farm (cutting old leafs, where whitefly nymphs are
located). However, the observed infected whitefly showed a constant increase.
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XII. EFFECT OF PESTICIDES IN BENEFICIAL INSECTS
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“In this publication Koppert has presented the most accurate data about side effects on natural
enemies and bumblebees as known at time of publication. When using pesticides, the legal
directions should always be closely followed. Since the conditions used of pesticides are outside our
control, Koppert cannot guarantee that certain results will be achieved and cannot accept liability for
any damaging consequence which may arise from the use of data presented in this publication”
(Koppert, 2017)

Active ingredients with no effect recorded (Koppert, 2017):
- Paecilomyces fumosoroseus
- Flutriafol (Impact)
- Glufosinate-ammonium (Basta)
- Kasugamicin (Kasumin)
- Kresoxim-methyl + epoxiconazolen (Alesate)
- Matrine (Baicen)
- Pyraclostrobin + boscalid (Bellis, Idaho)
- Clorantraniliprole (Sumo Plus)
- Diphacinone (Clorfenac)
- Chlorantranilprole (Rhino)
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