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EXECUTIVE SUMMARY 

 
 

Background 

Conservation biological control (CBC) in protected vegetable crops in 
Mediterranean areas may take benefit from the high occurrence of several native 
natural enemies, among which there are the generalist predatory mirid bugs. For 
this, we need to identify those elements in the landscape that most influence the 
colonisation of protected vegetables. Non crop plants are among the landscape 
elements that may play a key role in an early greenhouse colonisation. A second 
step is the identification of those plants that can be used as banker plants into or 
close to greenhouses.  

Objectives 

The general goal of the task is to identify those landscape elements that may 

enhance greenhouse colonization by naturally occurring predatory mirids: (i) 

Landscape features and (ii) Host plants. The more concrete questions asked in 

the study were 

 Do greenhouse characteristics and management result in enhanced 

colonization by mirid predators? 

 Are there crops or semi-natural habitats in greenhouse- surroundings that 

favor crop colonization?  

 Do particular landscape features enhance spillover of predators towards 

tomato crops? 

 Are there plants associated to tomato greenhouses that may act as receptors 

and donors of predatory mirids? 

Methods 

Twelve tomato greenhouses in El Maresme, (North of Barcelona city) were 

selected and its structure and cropping practices characterised; landscape 

structure was quantified in a 0.25 km. radius around each greenhouse by ArcGIS 

9.3 (ESRI 2005). Arthropods in each greenhouse, mostly predatory mirid bugs 

and main insect pests, were monitored with 9 yellow sticky traps per greenhouse 

and sampling date. Additionally, data obtained by pest control advisor on 

predator abundance from 2012 to 2016 in the same greenhouses were 

incorporated to the study. Finally, associations between mirid species of tomato 

predators in field margins and companion plants was assessed by beat sheet 

sampling. See full text for explanations about statistical analysis. 
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Results  
& implications  

Only the most significant highlights of results are described in a very synthetic 

text: (i) for predator detection, yellow traps were the best technique in 5 

greenhouses whereas in the other 7 greenhouses, visual observation was the best 

technique; (ii) colonisation phenology was mostly influenced by year and the 

greenhouse; (iii) occasional insecticide sprayings affected negatively nymph 

occurrence on the plant in spite the greenhouse was colonised by predator 

adults; (iv) precocity of Macrolophus pygmaeus was dependent on both the 

amount of herbaceous and scrub pasture at the 250m scale and the presence of 

Calendula companion plants inside the greenhouses; (v) the promotion and 

enhancement of these habitat/plants can therefore be key in conserving 

predatory Miridae useful for pest control in tomato crops at the farm and 

landscape scale. Of particular interest are aromatic species like Lavandula spp. 

and Salvia spp. and other ornamentals like Dimorphoteca ecklonis, that have been 

found to sustain considerable populations of M. pygmaeus; (vi) a list of 13 non-

crop plants and hosted predatory mirids is given. 
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1. Introduction 

Rationale:  

- Several predatory mirid bugs occur in agricultural landscapes in which they colonize those 

vegetable greenhouses which are not submitted to high pressure of chemicals. 

- Landscape features and non-crop plants surrounding greenhouse may enhance greenhouse 

colonization by naturally occurring predatory mirids. Therefore, these landscape elements and 

alternative host plants need to be identified before to design biological control programs that 

utilize mirids, in order to maximize pest control. 

- Correct management of their naturally occurring populations may save many inoculative 

releases that are currently practiced to control several insect and mite pests and enhance 

conservation biological control. 

- This approach is relatively new; most past work has been focused on two predatory mirid bugs, 

Macrolophus pygmaeus and Nesidiocoris tenuis : the first with very slow establishment and the 

second with high risks to cause damage on crop plants. 

2. Objectives 

The general goal of the task is to identify those landscape elements that may enhance greenhouse 

colonization by naturally occurring predatory mirids: Landscape features and host plants 

 

Questions made are: 

- Do greenhouse characteristics and crop management practises result in enhanced colonization 

by mirid predators? 

- Are there crops or semi-natural habitats in greenhouse- surroundings that favour crop 

colonization?  

- Do particular landscape features enhance spill over of predators towards tomato crops? 

- Are there plants associated to tomato greenhouses that may act as receptors and donors of 

predatory mirids? 
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3. Methods 

3.1. Study site and Greenhouse selection  

The study was carried out in 2016 in the Maresme county, NE Spain, where protected tomato is key 

horticultural crop. The land-use in the area is mainly agricultural, urban and semi-natural. Semi-

natural habitats consist of woodlots, hedgerows, abandoned agricultural land and riparian habitats. 

Twelve greenhouses from a Grower's association (l’Associació de Defensa Vegetal del Baix Maresme) 

and that were supervised by an extension technician (M. Matas) were selected. In those greenhouses, 

tomato plantlets were transplanted ranging from mid February to early April. Greenhouses were 

characterized by their size, shape, structure, height respective to the sea level, number of crops, 

number of tomato varieties, presence of Calendula inside/outside as companion plants and overall 

crop diversity of the farm (Table 1). Pest management strategies were based on the 

recommendations of the extension technician that follow the IPM rules developed for tomato crops 

in the area (Arnó et al. 2005).  

 

3.2. Arthropod sampling in the greenhouse 

Tomato greenhouses were sampled every other week with yellow sticky traps from the week of 23/3 

to the week of 14/6, a total of 5 sampling dates in 2016. As a result of late transplanting, some 

greenhouses were only sampled 4 times. Yellow sticky traps were mounted on wooden sticks and 

placed between tomato plants inside the line, trap height was just below canopy level at the early 

stages of tomato growth and at 1.20m in full grown plants. Nine sticky traps were used per 

greenhouse and sampling date, and were evenly distributed in the greenhouse to cover its surface. 

Sticky traps were left in the greenhouse for one week. Then they were covered by plastic film and 

conserved in a cold climatic chamber until traps could be processed. Mirid predators and other 

natural enemies, and key pests  were later identified to taxonomic units and counted. 

 

3.3. Historical data collection 

In addition of 2016 field sampling, we compiled data on the twelve greenhouses gathered by the 

extension technician on the previous seasons from 2012 to 2016. We extracted the data respective 

of the transplant date, date of the first observation on mirids on plants, date of the first observation 
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of mirid nymphs, infestation rate of the greenhouse when the first mirid was observed and number 

of treatments. 

 

3.4. Greenhouse and associated agronomic practice characterization 

Table 1. List of greenhouses studied and their characteristics. 

ID Structure Openings 
Crop 

diversity 

Tomato 

varieties 
Altitude 

Calendula 

plants 

Area 

(m2) 

Code GH_Stru Gh_Ope GH_Div GH_Var GH_Cat Cal GH_Area 

1 metal zenital tomato one >50m inside/outside 4198 

2 wood zenital/lateral mixed one sea level inside/outside 3846 

3 metal zenital/lateral mixed more >50m no 2491 

4 wood lateral mixed more sea level no 1729 

5 wood lateral tomato more sea level no 1323 

6 metal zenital mixed more >50m no 3266 

7 metal zenital/lateral mixed more >50m inside 3079 

8 metal zenital mixed one sea level no 1570 

9 metal zenital tomato more sea level no 5972 

10 wood lateral tomato one sea level inside 1608 

11 wood lateral tomato one >50m no 1985 

12 metal zenital tomato one sea level inside 2387 

 

3.5. Landscape characterization 

Landscape structure was quantified using ArcGIS 9.3 (ESRI 2005). For the year 2016, we 

characterized the landscape surrounding each site in a circular buffer area at 0.25 km radius. The 

radius was chosen according to the results reported by previous biological control studies conducted 

at the landscape scale (Aviron et al. 2016). We later mapped the land use in these landscapes on the 

basis of geo-referenced aerial photographs (ICC, 2008) and available data on cover types SIGPAC 

(Generalitat de Catalunya, 2015). During field inspections landscape patches were classified as crop 

(including the two cover classes: protected horticulture, open field agriculture and olive/vineyard 

trees) or non-crop (including semi-natural habitats such as steppe vegetation, hedgerows, water-

associated areas and forests, and fallow, urban, beach). Land use changes between the polygons and 

cover types reported in SIGPAC were verified in the terrain, and corrections were made during the 

digitalization process. The proportion of all cover classes in each landscape buffer was calculated for 

all sites. The class areas and the other landscape metrics for each region are summarized in Table 1.  
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3.6. Mirid species surveys in adjoining field margins and companion Calendula officinalis 
plants 

Associations between mirid species of tomato predators in field margins and companion plants was 

assessed by beat sheet sampling. 

Identification of the criptic species M. pygmaeus and M. melanotoma was performed by PCR-ID 

following Castañé et al.(2013). 

 

3.7: Statistical analysis 

We performed three types of data analyses: (1) determination of the relationship between sticky 

traps and the protocol sampling of the pest control advisor for the detection of first Mirid predators 

in tomato greenhouses, (2) establishment of the importance of yearly variation and greenhouse 

identity on predator precocity (3) determination of the effects of greenhouse characteristics and 

selected landscape metrics on mirid abundance and its prey in tomato crops. 

Because of the large number of greenhouses and landscape metrics, we preselected metrics using 

forward selection (with permutation tests based on 999 permutations, alpha=0.05; Legendre and 

Legendre, 1998). For each precocity or abundance variable. Forward selection allows to conduct 

predictor selection in the presence of several candidates variables, but most importantly, it allows us 

to select models with levels of predictive redundancy (collinearity). 

4. RESULTS 

4.1: Landscape and greenhouse effects on pest and natural enemy colonization of tomato 
crops. Mirid first detection in visual and sticky traps sampling 

In seven out of twelve cases first detection of M. caliginosus was obtained by visual sampling, while 

sticky traps detected the early presence of the predators in five of the greenhouses. In Fig 1. the 

relationship between the firsts detection day obtained by the two sampling methodologies is 

represented, showing a R2adj value superior to 0.5. 

Overall sticky traps quantified better the presence of pests than the visual sampling did, as data 

recorded by the pest control advisor was mainly qualitative and thus harder to analyze. Therefore 

the use of sticky traps for this study is validated. 
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Figure 1. Relationship betweeen the first detection of M. caliginosus using  two different 

sampling methodologies: visual sampling (according to protocols used by technicians of  

Grower's associations) and sticky trap sampling. 

 

4.2: Historical data reveals greenhouse identity effects on predator colonization 

Multiple regression of colonization precocity showed that greenhouse identity (F10,35=5.40, 

p<0.0001) and year (F4,35=3.34, p=0.0196) were the main effects accounting for early colonization of 

tomato crops. Colonization of M. pygmaeus differed between greenhouses, and in particular the two 

extremes were H3 and H10. Year 2012 showed delayed colonization respective to year 2014, while 

all other years behaved similarly. Only in two occasions M. pygmaeus adults were not detected in 

tomato crops in the five year period, and in both the farmer had applied insecticide treatments 

(spinosad and flubendiamide).  
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Fig 2. Mean (+SE) colonization of tomato greenhouses by M. pygmaeus adults 

in the period 2012-2016 (5 years). 

 

The appearance of the first nymphs of M. pygmaeus in tomato greenhouse correlated well with the 

detection of the colonization by the first adults Fig. 3. However in five occasions no M. pygmaeus 

nymphs were detected during the sampling period. This fact might be a consequence to insecticide 

deployment (in three of the occasions), yet it might be also possible there was low colonization by 

adults and  lack of abundant prey on the tomato crop.  
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Fig 3. Mean (+SE) colonization of tomato greenhouses by M. pygmaeus adults 

and first nymph detection in the period 2012-2016 (5 years). 

 

4.3: Landscape and greenhouse effects on agricultural pests and their enemies 

The relationship between the distinct greenhouse variables was explored using a principal 

components analysis. Then, to include potential prey as co-variables in the models first we 

performed a principal component analysis to reduce collinearity between their responses. None of 

these two analyses are included in this documenta because they are not relevant for conclusions. 

They can be provided if needed.  

 

Precocity of M. pygmaeus was dependent on both the amount of herbaceous and scrub pasture at the 

250m scale (PS 250) and the presence of Calendula companion plants (CAL) inside the greenhouses 

as shown by the interaction between the two variables (Table 2). Apparently a high amount of the 

herbaceous-scrub habitat would favor early colonization of tomato greenhouses, however in 

landscape with low amount of this habitat this early colonization might be maintained by the 

presence of companion plants inside the greenhouse (Fig. 4). 

 

Table 2. Model selection and model estimates for precocity and abundance of 

M. pygmaeus in tomato greenhouses and their prey. Herbaceous and scrub 

pasture at the 250m scale (PS 250) and the presence of Calendula companion 

plants (Cal). 
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Figure 4. Precocity of the predator M. pygmaeous in tomato greenhouses 

respective of the landscape variable PS (herbaceous and scrub pasture) at 

250m scale. Red line represents the fit for greenhouses with Calendula as 

companion plant, Blue line represents the fit for those greenhouses without 

companion plants. 

 

4.4: Mirid species surveys in adjoining field margins and companion Calendula officinalis 
plants 

664 specimens of Macrolophus spp. and 74 of Dicyphus spp. were collected from field margins 

surrounding tomato greenhouses. In Table 3, prevalent non-crop plants are listed. Nesidocoris tenuis 

were detected in one field margin cointaining Calendula officinalis, in addition they were also 

recovered from companion C. officinalis plants present inside tomato greenhouses in the two 

Y Selected Variables Estimate CI (2.5%) CI (97.5%) AICc R2adj 

Predators       

Precocity 
M.pygmaeus 

Intercept 5.350 4.720 5.980 32.71 0.7961 
PS 250 -0.141 -0.193 -0.088   

 Cal -1.695 -2.628 -0.761   
 PS 250×Cal 0.104 0.021 0.187   
       

Abundance 
M. pygmaeus 

Intercept 0.969 0.018 1.921 42.41 0.1045 
PS 250 0.087 0.004 0.170   

       
 Intercept 0.525 -0.457 1.507 42.66 0.4527 
 PS 250 0.089 0.015 0.163   
 Forest 250 0.077 -0.009 0.163   
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greenhouses where N. tenuis had been released years earlier as part of a crop protection strategy 

(H12 historical data from 2012 and 2013, and H10 personal communication).  

 

Most Macrolophus specimens recovered from beat sheet sampling in the field were identified as M. 

pygmaeus (Table 4). When needed, young nymphs of Macrolophus and Dicyphus were identified with 

PCR. Therefore, the promotion and enhancement of these habitat/plants can be key in conserving 

predatory Miridae useful for pest control in tomato crops at the farm and landscape scale. Of 

particular interest are aromatic species like Lavandula spp. and Salvia spp. and other ornamentals 

like Dimorphoteca ecklonis, that have been found to sustain considerable populations of M. pygmaeus. 

Ocasionally, Parietaria officinalis may also have a certain role in conservation of M. pygmaeus 

(Alomar et al. 2002). 

 

Table 3. List of identified host species of Mirid predators adjacent to tomato 

greenhouses. Two greenhouses H10 and H11 did not present any of the 

identified host plants in their surroundings. 

Host species Type H3 H1 H8 H7 H4 H2 H5 H6 H9 H12 

Borago officinalis Weed X X  X       

Calendula arvensis Weed  X  X       

Calendula officinalis Ornamental  X    X     

Dimorphoteca ecklonis Ornamental X          

Diplotaxis erucoides  Weed  X X X       

Dittrichia viscosa Weed X          

Erodium spp. Weed X X X X       

Gallium spp. Weed X  X        

Lavandula spp. Ornamental X          

Malva neglecta Weed X X X  X      

Leucanthemum spp. Ornamental   X        

Parietaria officinalis Weed X X X X X  X X X  

Salvia officinalis Ornamental X          

Sonchus spp. Weed X X X  X X X X X X 
            

 

Table 4. Total number of Macrolophus spp. and Dicyphus spp. individuals per host species 

obtained from beat sheet samples. 

  

Host species 
Total Macrolophus spp. Nº 

greenhouses  

Total Dicyphus 
tamaninii Nº 

greenhouses  
Adults Nymphs Adults Nymphs 

Borago officinalis 8 1 2  1 1 

Calendula arvensis 122 255 5    

Calendula officinalis 7 5 3 5 30 4 
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Dimorphoteca ecklonis 4 18 1    

Dittrichia viscosa  2 1    

Erodium spp. 21 11 3 5 15 3 

Gallium spp. 1  1    

Lavandula spp. 4 29 2    

Leucanthemum spp.     1 1 

Malva neglecta 1  1 5 4 2 

Parietaria officinalis 37 39 7 1 5 3 

Salvia officinalis 8 29 1  2 1 

Sonchus spp. 1 1 2    

5. Glossary 

Integrated Pest Management IPM - A system for controlling pests in an economically, ecologically and 

sociologically sound manner by the use of multiple tactics in a compatible manner. 

Conservation biological control: Conservation of biological control agents already existing in the 

agroecosystem, which is a part of manipulative biological control 

Ecological infrastructures: naturally functioning ecosystems/plants that provide food or habitat 

resources for beneficial arthropod populations, which serve as overwintering, shelter habitats and 

contain alternative resources for arthropods. 

Spillover: defined as movement that results in the function of a predator no longer being fulfilled in 

the habitat where the organism comes from but in the habitat where the organism moves to? 

6. Conclusions 

Herbaceous and scrub pasture in the surrounding landscape enhance early colonization of tomato 

greenhouses by M. pygmaeus. 

Precocity of the M. pygmaeus in tomato greenhouses are enhanced by maintaining C. officinalis inside 

the greenhouse. 

Field margins surrounding tomato greenhouses can provide important resources or habitat for 

predatory mirids that colonize tomato greenhouses. A list of potentially usefull non-crop plants is 

given. 

These conclusions can be implemented to design landscape infractratures to enhance biological  

control services provided by naturally occuring generalist predators. 
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