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Vegetables are a key component of a healthy diet, but they are also exposed to a relatively high amount of pesticide usage in conventional growing systems. A generally agreed aim of Integrated Pest Management (IPM) is to reduce reliance on ‘chemical control’ using synthetic pesticides, usually placed at the top of the IPM pyramid. This review focuses on the approaches at the bottom of the IPM pyramid in relation to the pest insects of root, bulb and leafy vegetable crops in northern Europe. These concern establishment of the crop before any additional treatments are applied; summarised as 1) what to plant (crop and cultivar(s)), 2) where to plant it (considering a range of spatial scales) and 3) what to plant it with (companion species, wildflowers etc.). Were it possible to identify sources of resistance or partial resistance to all key pests and pathogens of vegetables and breed these into commercial cultivars, this would undoubtedly be an effective and ‘reliable’ way forward. Increased use of rotation and the isolation of ‘new’ crops from sources of infestation could also be a reliable approach to the management of certain pests, especially those with a limited capacity to disperse. For some growers, there would be a need to alter the ‘spatial arrangement’ of their cropping system to maximise the benefits and this might involve more cooperation with neighbours. Finally, although there appears to be much potential, the benefits of increasing the diversity of plant species within and around crops are currently hard to quantify with regard to pest management and thus might be considered to be less ‘reliable’ approaches at present. It is vital, therefore, that there is a greater understanding of the mechanisms involved and of how it may be possible to achieve a more consistent effect from the range of approaches available.
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1 Introduction

Nearly 15 years ago, the European Parliament and Council established a framework to achieve sustainable use of Plant Protection Products (PPPs) by promoting integrated pest management (IPM) (2009/128/EC). IPM is an important part of the EU’s plant protection policy and became mandatory in 2014 (Article 14). However, progress has been slow. For example, whilst PPP sales do not directly correlate with the adverse effects associated with their use, overall sales of the active substances used in the EU have remained relatively stable in recent years and an audit undertaken in 2019 indicated that conditions were not optimal for stimulating the uptake of IPM (ECA, 2020). Through the European Green Deal the pressure is now on to reduce pesticide usage. Within the ‘Farm to Fork strategy’, which is one of the central pillars of the European Green Deal, the European Commission is setting more challenging targets for sustainable pesticide use. One of the targets is that by 2030, the use of, and risks attached to, chemical/more hazardous pesticides should be reduced by 50% (EU, 2023a). In parallel with the focus on pesticide reduction is an ambition to improve the diets of the global population as a whole (FAO and WHO, 2019). It is suggested that a major shift to healthy diets by 2050 will include a greater than 100% increase in consumption of certain foods, including vegetables (Willett et al., 2019). Obviously, the changes needed will differ in each region.

Vegetables are a key component of a healthy diet, but they are also exposed to a relatively high amount of pesticide usage in conventional growing systems. This is partly because of the stringent quality requirements, especially ‘cosmetic appearance’ standards, of retailers such as the large supermarkets (Porter et al., 2018). Pimentel et al. (1977) estimated that on average, fruits and vegetables are exposed to 10 - 20% more insecticide treatments to reduce the incidence of insects and/or to meet the standards set with regard to ‘cosmetic appearance’. In Europe, vegetable production has a small footprint compared with broad acre crops such as wheat, barley, maize and oil seed rape but IPM is equally important for vegetable crops, partly because much of the produce is consumed directly with minimal processing, but also, being minor crops, the pesticide armoury is dependent on the market shaped by the broad acre crops and the options for vegetable crops are often limited (Lamichhane et al., 2015). This article considers the potential for IPM in vegetable crops grown outdoors in northern Europe, with a focus on root, bulb and leafy crops and on pest insects. In 2017, fresh vegetables were produced on around 2.2 million hectares of land in the EU, which is about 1.2% of the land used for agriculture (EU, 2019). A considerable proportion of this area is crops grown in Spain, Italy and Portugal and of these some will be fruiting crops such as tomato, pepper, cucumber and aubergine.



1.1 Conceptual framework

The concept of IPM is not a new one and many definitions and diagrams have been produced (Stenberg, 2017; Deguine et al., 2021). In a review considering IPM, its origins and future, Kogan (1998) synthesized what seemed to be the consensus view from definitions generated over the previous 35 years: ‘IPM is a decision support system for the selection and use of pest control tactics, singly or harmoniously coordinated into a management strategy, based on cost/benefit analyses that take into account the interests of and impacts on producers, society, and the environment.’ There have also been critical publications, describing lack of progress, supporting the conclusions of the EU audit (ECA, 2020); a key indicator being that, overall, pesticide use remains as high as ever (Hokkanen, 2015; Deguine et al., 2021). Whilst it is undoubtedly true that a systems approach is required to implement effective IPM strategies, a linear/hirearchical description is probably more effective for explaining the concept, which is why the IPM pyramid has been adopted by a number of authors (Naranjo, 2011; Hokkanen, 2015; Stenberg, 2017; Deguine et al., 2021), projects (Figure 1) and organisations (e.g. International Biocontrol Manufacturers Association, the European Union), although the detail, and position within the pyramid of certain approaches (e.g. host plant resistance), varies. To quote Deguine et al. (2021) ‘the “IPM pyramid” concept provides a reminder that IPM is not only about “integrating pest management technologies” but that there should equally be a hierarchy or prioritization of practices (in which pesticides are listed as a measure of last resort.’… ‘In the absence of this prioritization, one can never achieve sustainable pest management and leave everything to chance while causing unacceptable environmental externalities.’




Figure 1 | An IPM pyramid courtesy of the SmartProtect Thematic Network.



One of the main, generally agreed, aims of IPM is to reduce reliance on ‘chemical control’ using synthetic pesticides, shown at the top of the IPM pyramid. The shape of the pyramid also implies that the least focus should be on chemical pesticides and that they should be a ‘last resort’ and the greatest focus should be on what are broadly cultural approaches to prevent the development of infestations; the approaches at the bottom of the pyramid. If the use of synthetic pesticides is to be reduced in future, it is important that much more attention is paid to the bottom of the pyramid, as it is acknowledged that most of the control methods in the middle of the pyramid are not ‘silver bullets’ (Collier et al., 2020), and that they are likely only to be effective through integration with other approaches. This review will focus on the approaches at the bottom of the pyramid in relation to root, bulb and leafy vegetable crops, and pest insects, in northern Europe. To the author, these concern establishment of the crop before any additional treatments are applied, summarised as 1) what to plant (crop and cultivar(s)), 2) where to plant it (considering a range of spatial scales) and 3) what to plant it with (companion species, wildflowers etc.).





2 Approaches at the bottom of the IPM pyramid



2.1 What to plant



2.1.1 Resistant cultivars

Host plant resistance can be a very valuable tool for the management of pest insects, although usually most cultivars target just one species. For vegetable crops grown outdoors in northern Europe the focus has been principally on aphids and root-feeding fly pests.

The potential for resistance in lettuce to Pemphigus bursarius Linnaeus was identified many years ago (Dunn, 1974) and this was complete resistance. The original cultivars are not grown commercially nowadays but cultivars with resistance to P. bursarius are available. It is probable that sources of resistance are readily available, should new cultivars with resistance to P. bursarius be required (Ellis et al., 2002).

The development of cultivars resistant to the currant-lettuce aphid (Nasonovia ribisnigri Mosley) is more recent. Resistance was found in accessions of Lactuca virosa Linnaeus, providing almost complete control, and the resistance was due to a single (incompletely) dominant gene (Nr) (Eenink and Dieleman, 1983). The resistance was transferred to cultivated lettuce Lactuca sativa Linnaeus (Eenink et al., 1982) and over time, a wide variety of resistant cultivars came onto the market and they were grown widely. Unfortunately, aphids that were able to survive and reproduce on resistant plants became prevalent and the resistance broke down in some parts of Europe (e.g. Sauer-Kesper et al., 2011). Research is now being undertaken to identify new sources of resistance to N. ribisnigri (e.g. Walley et al., 2017). Partial resistance in lettuce to Myzus persicae Sulzer and Macrosiphum euphorbiae Thomas has been identified (Reinink et al., 1989) but has not been promoted as a trait in commercial cultivars.

Varietal resistance might also provide an option for protecting carrots from aphids/transmission of virus. Some varieties appear to be less affected by virus than cv. Nairobi which is grown widely in the UK (H. Hinds, personal communication). However, such varieties may be less attractive to growers compared with Nairobi, which is high-yielding when not affected by virus, and is resilient to damage during harvesting and packing (H. Hinds, personal communication).

Also for carrot, following a 15 year programme in the UK, plant material with partial resistance to carrot fly (Psila rosae Fabricius) was transferred to seed companies for the development of new cultivars (Ellis, 1999). Resistance had been identified originally in a cultivar called ‘Sytan’ and greater levels of resistance were found in wild species of Daucus. Two partially resistant cultivars were released subsequently (Flyaway and Resistafly) and are used by gardeners in the UK, but these have not been taken up by the industry because they lack some of the other traits that are considered to be more important, and at present, P. rosae is generally controlled effectively using other approaches. However, it is possible that more cultivars with resistance to P. rosae will appear on the market, based on the original material and on resistant material identified from other sources. There have also been attempts, so far with little success, to identify resistance to cabbage root fly (Delia radicum Linnaeus) in the Brassicaceae (e.g. Crisp et al., 1977).





2.2 Where to plant it



2.2.1 Crop rotation

Careful consideration of crop rotation is recommended for all outdoor crop production systems and this should consider pest, disease and weed management (e.g. Chongtham et al., 2017). With regard to many pest insects, crop species from different plant families should be grown in sequence to minimise the carry-over of pests, particularly those with limited dispersal ability and which will overwinter in the vicinity. Crop rotation is particularly important for organic systems, because of the restrictions on the application of soluble mineral fertilisers and synthetic pesticides (Chongtham et al., 2017).

Most pest insects have some capacity to disperse, which means that the rotation and situation of crops should ideally be considered at a landscape scale. It has long been known that populations of P. rosae can be managed to a great extent by the spatial separation of ‘new’ crops from ‘old’ ones and the minimum distance of separation is likely to be in the order of 1 km (Finch and Collier, 2004). This may be easily achievable for one business, but in areas where more than one business is growing a host crop, there may need to be an element of cooperation between them. Ironically, many small-scale organic growers have a single block of land, so that the insects can move easily from one crop to another, even if rotation in time is pursued rigorously on each piece of land. A recent small scoping study on swede midge (Contarinia nasturtii Kieffer) in the UK, to determine the extent of what seems to be an increasing problem, showed that the most heavily infested crops were indeed grown organically and were rotated around a relatively small block of land (unpublished data). Current strategies in north America, where this pest became a problem relatively recently, following its accidental introduction (Chen et al., 2011), include long (temporal) and wide (geographically distant) crop rotations and planting fewer Brassicaceous vegetables, as well as the use of insect-proof netting, biological control measures and insecticides (Hodgdon et al., 2022).

Another example highlighting the need to consider the spatial and temporal aspects of rotation is the production of radish (Raphanus sativus Linnaeus) outdoors in the UK. Changes in the availability and acceptability of the insecticides to manage D. radicum meant that one of the largest growers in the UK decided to re-appraise their approach to managing this pest (Witkowska et al., 2018). After considering all the possible options, they opted to cover their crops in fine mesh netting to exclude the adult flies and prevent oviposition on emerging radish plants. However, although the nets should have been effective, there was damage to some of the crops. The company’s practice had been to grow, within a year, several radish crops in succession on one piece of land, since the time from sowing to harvest is relatively short. Further investigation revealed that once the first crop had been uncovered and harvested, female flies moved in to lay eggs on the ‘trash’. These eggs/larvae survived the cultivation activities associated with sowing the following crop, so that once this new crop was covered with fine mesh netting, they were trapped inside, and able to move to, and feed on, the new radish plants. Thus, the company had to adapt its cropping cycle by allowing more time between radish crops grown on the same piece of land; essentially to allow the generation of D. radicum laid as eggs on the fresh trash to emerge as adults before a new crop is sown. Interestingly, this re-appraisal of their cropping system had a number of other benefits to the company (Witkowska et al., 2018).




2.2.2 Impact of proximity to certain arable crops

As mentioned above, horticultural crops are minor crops and occupy a small footprint. It is worth considering how their proximity to certain arable crops may impact on pest colonisation. More than 30 years ago, British cauliflower (Brassica oleracea var. botrytis Linnaeus) crops were infested by large numbers of bronzed-blossom (pollen) beetles – Meligethes aeneus Fabricius and M. viridescens Fabricius (Finch et al., 1990). It became clear that these beetles were adults of the ‘new’ summer generation, which would subsequently overwinter and lay eggs in the following spring and that they were using the developing cauliflower curds as a food source. This population had clearly completed the first part of its life cycle (oviposition, larval and pupal development) on oil seed rape (Brassica napus subsp. napus Linnaeus), which is far more extensive in cultivation in many areas than cauliflower. Whilst an outbreak on such a scale has not occurred subsequently, the initial outbreak led to the development of a weather-based forecasting system to predict the timing of the emergence of the new generation of adults and their subsequent dispersal to find food (Phelps et al., 1993).

Oil seed rape is undoubtedly a ‘source’ of pests (and pathogens) that infest horticultural brassica crops (Wheatley and Finch, 1984). It is also likely that changes in the management of oil seed rape that impact on the abundance and/or insecticide resistance status of brassica pests will impact on horticultural crops. Brassica pests whose resistance status has changed include M. persicae (Bass et al., 2014) (this species uses a number of plant families as hosts – crops including potato and oil seed rape), M. aeneus (Slater et al., 2011), and the cabbage stem flea beetle (Psylliodes chrysocephala Linnaeus) (Højland et al., 2015). Recent changes in insecticidal management of oil seed rape pests, specifically the withdrawal of neonicotinoid seed treatments, coupled with selection for resistance to pyrethroid insecticides, have increased the abundance of P. chrysocephala (Ortega-Ramos et al., 2022), with possible impacts on horticultural brassicas. It seems likely that this same change in the management of oil seed rape may be one reason why C. nasturtii is becoming an increasing problem in horticultural brassica crops in the UK, although this is impossible to prove. However, it might be difficult to persuade neighbouring arable farmers to adapt their cropping cycle to make life ‘easier’ for vegetable growers.

For some species it is simply not known what impact the local/regional cropping system has on pest abundance in any particular crop and that applies, for example, to adult D. radicum which can disperse over distances of 2-3 km (Finch and Skinner, 1975). It is likely that although individual oil seed rape plants are less suitable hosts than most horticultural brassicas (Finch and Ackley, 1977), the high density of plants, combined with the area of crop grown, will have an impact on the population of D. radicum within a region. For many years, when oil seed rape was grown close to Warwick Crop Centre at Wellesbourne, the second generation of D. radicum was the largest (unpublished data), suggesting that large numbers of individuals completed the first generation on oil seed rape and when that matured the emerging flies dispersed to alternative hosts. Recent research in the UK has focused on managing bean seed flies (Delia platura Meigen/D. florilega Zetterstedt). These species have a range of host plants and whilst alliums and legumes are generally the crops most affected in Europe, it is impossible to know where the majority of the population ‘resides’ and so what the risk factors of planting crops in any area will be. There is also concern that the increasing use of cover crops may exacerbate the problems caused by these two species – a concern shared with regard to the impact of D. platura on soybean crops (Hammond and Cooper, 1993).

Finally, there are species that travel large distances and some species of aphid may be included amongst these (Fereres et al., 2017). Of particular interest for production of vegetable and salad crops in northern Europe have been two species of ‘migrant’ moth, Plutella xylostella Linnaeus and Autographa gamma Linnaeus. Neither of these species overwinter successfully in the UK at present, and this is likely to apply to a number of other countries in northern Europe, but this may alter in the future with climate change. At present, they tend to arrive in northern Europe as migrants, travelling from further south and/or east (Chapman et al., 2002; Chapman et al., 2012; Wainwright et al., 2020). There is currently no understanding of the factors that lead to outbreak years in northern Europe, the last significant one for P. xylostella being in 2016, but whatever they are, it is the development of the moths in the locations in which the migrating population is produced that is important, together with wind direction when the moths are ready to migrate.




2.2.3 Other factors to consider in the landscape

Apart from arable crops, other features in the landscape may have an impact on the abundance of pests. Over time, wild hosts have been of particular interest and in some cases, concern, with regard to pest infestation and also transmission of plant viruses. Many years ago, the lettuce root aphid (P. bursarius) was considered to be a threat to lettuce crops in the UK (Dunn, 1959) and at least one UK grower took steps to remove its primary host, poplar (Populus nigra, Linnaeus) trees, from the area where lettuce was grown (J. Shropshire, personal communication). For some years more recently, P. bursarius has not been considered to be a priority pest, due to the use of neonicotinoid seed treatments, but more consideration may need to be given in the future now that these seed treatments have been withdrawn.

There has been, in the past, interest in the role of wild hosts in supporting populations of P. rosae (Hardman and Ellis, 1982; Hardman et al., 1990). The presence of the wild host plant, Conium maculatum Linnaeus, in the boundaries of carrot fields in eastern England, was considered to be an important factor influencing the numbers of P. rosae present. Hardman and Ellis (1982) suggested that if each plant produced two adult P. rosae, as they observed in an experiment, the fly population produced might reach 260,000/ha. This is considerably lower than the numbers that might emerge from a carrot crop (up to 5 million/ha). However, it still represents a substantial reservoir of insects that could infest new crops. More recently, questions have been raised about the role of wild hosts in the transmission pathways of viruses of carrot (North et al., 2004; Defra, 2013) and this is the subject of current research (A. Fox, personal communication). The willow-carrot aphid (Cavariella aegopodii Scopoli) is likely to be an important vector.

There are also questions about the role of wild hosts in the life cycle of currant-lettuce aphids (N. ribisnigri) infesting lettuce, this includes consideration of the role of wild herbaceous hosts in overwintering of anholocyclic N. ribisnigri, which is feasible when weather conditions are relatively mild (Hough, 2013). Obviously outdoor crops of lettuce are not viable in northern Europe and so provide no opportunities for overwintering aphids. Recently, Garrett (2022) has considered the role of wild hosts during the spring and summer period and his findings suggest that N. ribisnigri is using an alternative ‘intermediate’ secondary host plant prior to migrating onto outdoor lettuce later in the summer. Finally, the mirid bug Orthops campestris Linnaeus has become a problem in crops of celery grown in organic systems in the UK and this species spends a good proportion of its life cycle on wild apiaceous hosts that can be found in the field margins (AHDB, 2017; Garrett, 2022). With all of the pest species described above, there is a trade-off between the importance of the presence of these various wild hosts for biodiversity, especially for pollinators and natural enemies of pests, and their role as alternative hosts for pests, sometimes providing a ‘green bridge’. This can provide a dilemma for growers who are actively promoting biodiversity within their cropping systems.

Over the last 20 years there has been increased consideration of the influence of the structure of the surrounding landscape on populations of pests and their natural enemies. Overall, reviews of the literature suggest that crops within diversified landscapes which have a greater proportion of semi-natural areas/non-crop habitats have lower numbers of pests and/or a higher abundance of natural enemies than 'simple' large-scale landscapes with a lack of non-crop habitat (Bianchi et al., 2006; Veres et al., 2013). The reviews are based on published studies covering a range of crop/pest combinations. There are a few examples related to vegetables in Europe, specifically the Netherlands. In one study, batches of cabbage moth (Mamestra brassicae Linnaeus) eggs presented on cards were placed in crops of Brussels sprout grown organically. After 2 days, Bianchi et al. (2005) found that rates of predation and parasitism (which were 7.2 and 12.4%, respectively) were related to landscape variables at scales up to 10 km. Predation rates were positively associated with the presence of woods and parasitism rates were positively associated with the area of pasture and/or associated negatively with the area of horticultural crops. A later study on P. xylostella suggested that forests and road verges might be important for supporting parasitoids (Bianchi et al., 2008). Data collected by Den Belder et al. (2002) indicated that onion thrips (Thrips tabaci Lindeman) were less abundant in leek fields in landscapes with a larger total area of woodland. None of the specific mechanisms have been elucidated for these associations.





2.3 What to plant it with

Over several decades, there has been consideration of, and discussion about, the impact of monocultures on the development of pest infestations (Andow, 1983; Gurr et al., 2003; Crews et al., 2018), and to quote Matson et al. (1997) ‘The low planned diversity of monocultural agricultural systems typically results in greater crop losses from an insect pest complex that is less diverse but more abundant’. Not only do fields or groups of fields generally contain only one crop species (and often just one cultivar) but there is also an emphasis on complete removal of weeds. Whilst the presence of weeds is very challenging for the production of many horticultural crops, there are opportunities to manage weeds or introduced plant species in a structured way. The introduced species might be other crops (intercropping/trap crops), other cultivated species e.g., clover (companion planting/undersowing), wild species or even trees (agroforestry), often collectively termed ‘polyculture’.



2.3.1 Polyculture

There has been a good amount of research in Europe (and elsewhere) with regard to undersowing and companion planting in vegetable crops, although the uptake of these approaches in practice has been minimal to date. The main topics of the studies have been pests of brassica crops, particularly D. radicum (Finch and Kienegger, 1997; Finch and Collier, 2000; Finch et al., 2003; Morley et al., 2005; Parsons et al., 2007; George et al., 2013), onion (Uvah and Coaker, 1984 (T. tabaci); Finch et al., 2003 (Delia antiqua Meigen)), carrot (Uvah and Coaker, 1984; Varis, 1991; Rämert, 1996 (P. rosae) and leek (Theunissen and Schelling, 1998 (T. tabaci)). Intercropping has not been considered very seriously as an approach commercially, mainly because of the problems of managing two crops/species in the field. However, it may be practiced on a small scale by some growers where much of the work is done by hand. The considerable advances in technology in recent years, including GPS and robotics, make the options for managing more than one plant species in a field much more feasible in the future.

The approaches to, and applications of, using trap crops were reviewed by Shelton and Badenes-Perez, 2006 At that time, they considered that were only 10 examples of successful use of trap cropping in agricultural and forest systems, approximately half of which were outdoor vegetable systems. In an earlier review, Hokkanen (1991) identified a similar number of systems where trap crops were successfully applied in agricultural practice and went into some detail about the use of trap crops to manage Meligethes spp. in cauliflower in Finland (Hokkanen et al., 1986). Here a system using several species of trap plant (Chinese cabbage, oilseed and turnip rape, sunflower, and marigold), often in a mixture, was used to deter adult beetles from moving to the cauliflower plants. In a more recent review Sarkar et al. (2018) stated that ‘Only a few successful cases of trap crop application have been conducted at the commercial level targeting mainly Coleoptera, Hemiptera and Lepidoptera species. These cases involved insects that directed their movement and tended to aggregate on a highly attractive trap crop’, implying that the application of this approach commercially is still limited. There are a range of reasons for this, including the need to devote productive land to the trap crop, the complexities of managing the trap crop so that it is maximally attractive at the time that the pests arrive, and of ensuring that insects do not ‘spill over’ into the cash crop. The ideal situation with regard to the risk of overspill would be a dead-end trap crop (Shelton and Nault, 2004) where the trap crop is attractive to the adult pest insect for oviposition but does not support larval development.




2.3.2 Flower strips and margins

Of increasing interest is the introduction of non-crop plant species as strips into fields or around field margins, incorporating resources for insects – which could include pollinators and species that will assist in the regulation of pest numbers. In many cases these are being deployed to deliver a range of ecosystem services, rather than pest control alone (Marshall and Moonen, 2002; Haaland et al., 2011). Much of the emphasis has understandably been on arable crops (e.g. Woodcock et al., 2016; Serée et al., 2023) and the focus to a great extent has been on monitoring the impacts of such approaches on beneficial species. Bischoff et al. (2016) state that ‘in spite of the great number of studies demonstrating a positive effect of semi-natural landscape structures on important predator and parasitoid groups, evidence for a corresponding negative effect on crop herbivores and their damage is still poor’. They suggest that reasons for this are the smaller number of studies, and that these have produced inconsistent results.

Skirvin et al. (2011) compared the numbers of pest aphids in plots of lettuce grown next to wildflower strips with those in plots grown without wildflowers. A decrease in the numbers of aphids on lettuce plants was associated with the presence of wildflower strips during June-July, but an association was less evident in August-September. The decrease was greatest close to the wildflower strips and the effect declined with increasing distance from them, up to a distance of 10 metres, where there was little effect. The main species of natural enemy in the crop were able to disperse aerially; which is consistent with research findings from cereal crops. Analysis of natural enemy data was difficult due to low numbers. However, the numbers of natural enemies seemed to follow changes in aphid numbers rather than being related to the presence of wildflower strips. When the wildflower strips were cut to remove the flowers, this had no impact on the reduction in aphid numbers that occurred during June-July, but the ‘effect’ of the flower-less wildflower strips was decreased during August-September.

In a recent study, McGrath (2021) investigated whether the inclusion of annual wildflower strips in conventional carrot crops would attract sufficient numbers of beneficial insects to reduce aphid abundance and thereby transmission of virus. To quote her conclusions ‘Invertebrate sampling in trials across the plot, field and commercial-scale revealed that seed mix composition manipulated insect community composition but cannot be linked with direct evidence for pest control delivery as assessed by pest aphid numbers, sentinel prey predation, and insect-damaged carrots’. A practical problem with such an approach is in establishing sufficient flowering plants in time for the May migration of C. aegopodii, the most important pest aphid (H. Hinds, personal communication).

Finally, a well-documented approach that is used in commercial production of organic lettuce in California is the deployment of alyssum (Lobularia maritima Linnaeus) to provide resources for hoverflies, which subsequently lay their eggs on the lettuce plants; the larvae that hatch consume aphids (Brennan, 2013). Although well-known, it has not been taken up on a wide basis in northern Europe. One area to investigate is whether hoverflies would be as abundant, or present over as long a period of time, in northern Europe as those in California. Additionally, it is important to point out that the harvested lettuce may not be completely free of aphids nor of hoverfly larvae; ‘We don’t generally worry about hoverfly larvae in the lettuce. I can find them but most consumers are not able to. They generally wash out when the lettuce is washed’ (E. Brennan, personal Communication).






3 Integration

According to Stenberg (2017), the science of IPM should elucidate interactions between different actions and formulate strategies to optimize the synergy between them. His paper focused on 7 interactions between combinations of 1) intrinsic heritable plant resistance, 2) plant vaccination, 3) inter- and intra-specific botanical diversity, 4) biorational synthetic volatiles and 5) biological control. Whilst a synergistic effect is undoubtedly a very desirable outcome for IPM, additive effects are also important when dealing with actions that on their own would not achieve adequate reductions in pest numbers.

Two recent examples of experimental work investigating interactions, as described by Stenberg, concern management of D. radicum (Lamy et al., 2018) and Brevicoryne brassicae Linnaeus (Gladman, 2022), both important pests of brassica crops in northern Europe. As part of a European project on root-feeding fly pests of vegetables (FlyIPM), Lamy et al. tested a strategy for managing D. radicum in a cash crop of broccoli by combining, in a “push-pull” approach, dimethyl disulfide as an oviposition deterrent, and a trap crop of Chinese cabbage grown in strips and treated with Z-3-hexenyl-acetate as an attractant. The dimethyl disulfide appeared to reduce oviposition on broccoli by almost 30%, and application of Z-3-hexenylacetate to Chinese cabbage plants increased oviposition on them by 40%. Overall, the numbers of pupae were 40% higher in ‘control’ Chinese cabbage compared to ‘control’ broccoli, and parasitism by the wasp, Trybliographa rapae Westwood, was four times higher in pupae recovered from the trap plants. Lamy et al. (2020) further investigated the preference of D. radicum for cultivars of Chinese cabbage subsp. Pekinensis, and within the small range of cultivars tested, they observed ten-fold differences in oviposition, suggesting that varietal selection is important not only for host plant resistance but also for approaches such as trap cropping. In the second study, Gladman (2022) combined accessions of brassicas with partial resistance to aphids with the application of entomopathogenic fungi (EPF), using B. brassicae as the target pest species. The study showed that the partial host plant resistance had a positive effect on the virulence of the entomopathogenic fungi, depending on the structure of the aphid population with regard to age, and on the fungal isolate. Thus, in principle, it would be possible to breed new cultivars that improve the control of aphids with entomopathogenic fungi. This is an example of potentiation, where the partial host plant resistance is augmenting the activity of the entomopathogen.




4 The future

It is evident that something has to change with regard to approaches to pest and disease management in northern Europe – and that this change must be wider than vegetable production. However, as emphasised above, vegetable producers have particular challenges through growing minor crops and with the high standards for the ‘cosmetic appearance’ of marketed produce. They will also be greatly affected by what happens on the much larger area of arable production with regard to pressure from pests and pathogens.

Recently, the withdrawal of neonicotinoid seed treatments in Europe has led to new challenges for those who grow several important crops, both arable crops and vegetables. With oil seed rape and sugar beet this has contributed to a re-think about pest management approaches for P. chrysocephala and M. persicae (transmission of virus yellows; Dewar and Qi, 2021) respectively. It is interesting and encouraging that, for P. chrysocephala, research effort in the UK is now focused on an integrated approach to management in oil seed rape, including host plant resistance, agronomic approaches and biopesticides. Some components can be utilised immediately (e.g. trap crops and changes in sowing date) while others require further research to determine their effectiveness (e.g. resistant cultivars and winter defoliation of crops) (AHDB, 2020). Similarly, the British Beet Research Organisation (BBRO) are investigating approaches to manage virus yellows in sugar beet, which include: assessing new varieties for resistance/tolerance to the virus, use of undersown cover crops to reduce aphid colonization, flower mixtures to increase the numbers of beneficial insects and brassica companion plants to ‘pull’ aphids away from the sugar beet (M. Stevens, personal communication).

Table 1 summarises the approaches ‘at the bottom of the IPM pyramid’ evaluated for the pest insects named in this article. Those that, in the author’s opinion, have been clearly demonstrated to be used in a commercial situation are highlighted. They are few in number and three are groups of cultivars, each with resistance to a single pest species. Were it possible to identify sources of resistance or partial resistance to all key pests and pathogens of vegetables and breed these into commercial cultivars, this would undoubtedly be an effective and ‘reliable’ way forward. Seed companies are working on several pest and disease resistance traits and in the UK the importance of crop improvement has been recognised by the Department for the Environment, Food and Rural Affairs through their support for a UK Vegetable Genetic Improvement Network (VeGIN). VeGIN is a network of researchers and members of the industry, who work together to promote the development and delivery of improved vegetable cultivars and has, for example, supported work on resistance to N. ribisnigri (Walley et al., 2017). There is a strong argument that partial resistance, which could then be integrated with other approaches (e.g. entomopathogenic fungi; Gladman, 2022), would be more durable and not as easily ‘broken’ as was the complete resistance in lettuce to N. ribisnigri. Additionally, there is a case for managing the deployment of any particular resistance trait more carefully, as has been attempted to avoid the development of resistance to synthetic pesticides e.g. through the Insecticide Resistance Action Committee (IRAC). Finally, there is an opportunity to breed companion and trap crops that fit in better with certain vegetable production systems and which may be more effective in terms of manipulating pest behaviour (e.g Lamy et al., 2020).


Table 1 | Summary of approaches ‘at the bottom of the IPM pyramid’ that have been investigated for management of the pest insects of vegetables named in this article (Com - known by the author to have been used in commercial production/available commercially).



Increased use of rotation and the isolation of ‘new’ crops from sources of infestation could also be a reliable approach to the management of certain pests, especially those with a limited capacity to disperse. For some growers, there would be a need to alter the ‘spatial arrangement’ of their cropping system to maximise the benefits and this might involve more cooperation with neighbours. Indeed, some British vegetable growers grow a proportion of their crops on land rented from arable farms, which can benefit both parties with regard to rotations. However, this approach does limit the ‘control’ that vegetable growers have over other aspects of land management and, for example, mean that there may be insufficient time to establish flower margins/strips if this was considered a desirable option.

Although there appears to be much potential, the benefits of increasing the diversity of plant species within and around crops are currently hard to quantify with regard to pest management and thus might be considered to be less ‘reliable’ approaches at present. It is vital that there is a greater understanding of the mechanisms involved and of how it may be possible to achieve a more consistent ‘effect’ from the range of approaches available. There is an urgent need to halt the loss of biodiversity globally, of which reduced pesticide use is a part, and there are global (Sustainable Development Goal 15), European (EU, 2023b) and national (Gov.UK, 2023) initiatives. The best outcome would be that actions to address biodiversity loss, and specifically to reduce pesticide use, are complementary.

As monoculture and crop specialisation, together with an overall loss of natural habitat, appear to exacerbate pest infestations, a re-think of the overall structure of the cropping system, including pest management, might be the eventual ‘solution’. A return to mixed farming systems could be one approach (Oomen et al., 1998). Deguine et al. (2021) propose the concept of Agroecological Crop Protection which describes ‘an interdisciplinary approach that comprises an orderly strategy (and clear prioritization) of practices at the field, farm, and agricultural landscape level and a dimension of social and organizational ecology’. This would require ‘the redesign of entire farming systems using a “cropping system-oriented” approach’. Similarly, Van Der Werf and Bianchi (2022) consider that a greater use of ‘nature-based solutions’ will depend on a paradigm shift where farmers are rewarded not only for food production but also for ‘being stewards of the environment’.




5 Conclusion

This article has focused on the actions at the bottom of at least one version of the IPM pyramid (Figure 1), summarised as: 1) what to plant, 2) where to plant it and 3) what to plant it with. It has also focused on pest insects, thus ignoring truly ‘integrated’ management of pests, pathogens and weeds and the complex interactions and trade-offs this might entail. It has also not given much detailed consideration to the other tools/approaches summarised in Figure 1 that might be integrated subsequently to achieve an acceptable level of pest control. However, if the actions at the bottom of pyramid are used to provide the soundest basis possible this gives more scope for effective integration with other solutions, such as biopesticides, that may not be ‘silver bullets’ but can contribute to incremental improvement of pest control (Chandler, 2017). This could certainly include the careful and very targeted use of synthetic pesticides in situations where available and where justified.
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