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DISCLAIMER

AHDB, operating through its HDC division seeks to ensure that the information contained
within this document is accurate at the time of printing. No warranty is given in respect
thereof and, to the maximum extent permitted by law the Agriculture and Horticulture
Development Board accepts no liability for loss, damage or injury howsoever caused
(including that caused by negligence) or suffered directly or indirectly in relation to

information and opinions contained in or omitted from this document.

Copyright, Agriculture and Horticulture Development Board 2022. All rights reserved.

No part of this publication may be reproduced in any material form (including by photocopy
or storage in any medium by electronic means) or any copy or adaptation stored, published
or distributed (by physical, electronic or other means) without the prior permission in writing
of the Agriculture and Horticulture Development Board, other than by reproduction in an
unmodified form for the sole purpose of use as an information resource when the
Agriculture and Horticulture Development Board or HDC is clearly acknowledged as the
source, or in accordance with the provisions of the Copyright, Designs and Patents Act
1988. All rights reserved.

AHDB (logo) is a registered trademark of the Agriculture and Horticulture Development
Board.

HDC is a registered trademark of the Agriculture and Horticulture Development Board, for
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[The results and conclusions in this report are based on an investigation conducted over a
one-year period. The conditions under which the experiments were carried out and the
results have been reported in detail and with accuracy. However, because of the biological
nature of the work it must be borne in mind that different circumstances and conditions
could produce different results. Therefore, care must be taken with interpretation of the

results, especially if they are used as the basis for commercial product recommendations.]
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GROWER SUMMARY

Headline

Establishment of Macrolophus in tomato crops can be enhanced by providing Artemia cysts
as supplementary food. The effect can be further enhanced by maintaining the cysts in a
hydrated state. A new feeding system was effective when used on a small scale but will

require further development for commercial crops.

Background

In 2013, AHDB Horticulture (formerly HDC) funded project PC 302d developed a
Macrolophus-based IPM strategy for the control of the leaf and fruit mining caterpillar, Tuta
absoluta. The full details of the IPM programme can be found in AHDB Horticulture
Factsheet 02/14. Where the predator established well, the programme was highly
successful but delays elsewhere resulted in additional interventions with chemical
pesticides. Macrolophus population growth appeared to be improved when the predator was
provided with supplementary food in the form of eggs of Artemia (brine shrimp) and / or

Ephestia (a stored product moth).

AHDB Horticulture project PE 020 allowed the team to conduct a more in depth study of
these supplementary food materials during 2014. Artemia eggs are usually in an encysted
form which is able to resist extreme adverse conditions for long periods of time. They are
used by the fish farming industry either in the collected form or in a ‘decapsulated’ state with
the outer coating removed by an industrial process. Upon delivery, the Artemia eggs are in
a dehydrated state. Given that Macrolophus have ‘piercing and sucking’, rather than
‘chewing’, mouthparts we were concerned that the predators would have difficulty feeding
on the desiccated eggs. It soon became obvious that both the encysted and decapsulated
eggs would readily absorb moisture and could be rehydrated simply by placing them on a
damp pad for about an hour. They would remain in that state for as long as sufficient
moisture was available. To investigate whether the eggs would rehydrate naturally on
leaves within a commercial tomato crop canopy, they were placed on leaves at various
positions in the crop canopy and examined in situ after 24 hours and 7 days. At best, they
were only partially hydrated. It was clear that there was normally insufficient moisture on the

upper leaf surface to fully hydrate the eggs. Ephestia eggs are not dehydrated upon delivery
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and are a suitable food material for Macrolophus in their delivered state. They are highly
nutritious and are the preferred food material for raising Macrolophus in laboratory culture or
in commercial breeding units. However, they are relatively expensive which restricts the
quantity that can be distributed within a tomato crop. Suppliers sometimes dilute Ephestia
eggs with the less expensive Artemia eggs in a 10-20% mix to aid distribution and thus

reduce the overall cost of the product.

The overall objective of this project was to improve the reliability and efficacy of
Macrolophus pygmaeus as a biological control agent on UK tomato crops. The specific
technical objectives were to:

e evaluate a range of supplementary foods.

o develop a feeding system that will keep the food material in a hydrated state.

e evaluate a range of Macrolophus release and feeding strategies in a crop-scale trial.

Summary

This project was done in four stages. It began with laboratory-based experiments to
determine whether it was beneficial to apply the supplementary food in the fully hydrated
state. Three types of food (i.e. encysted Arfemia eggs, decapsulated Artemia eggs, and a
mixture of decapsulated Arfemia and Ephestia eggs) were simultaneously tested in both
desiccated and rehydrated states. Each treatment was replicated six times. The data
showed a clear benefit from using rehydrated Arfemia eggs and greater longevity of
Macrolophus adults when fed on rehydrated encysted eggs rather than on rehydrated
decapsulated eggs. The latter was improved by adding 10-20% Ephestia eggs but only to
the same degree as rehydrated encysted eggs alone and the addition inevitably increased
the cost of the material. As a consequence of these results, the subsequent studies

focussed on rehydrated encysted eggs.

The second stage involved designing and developing a system to deliver hydrated food to
the predators within a commercial crop. The final design comprised a lightweight
biodegradable plant propagation module (60x60x60mm) with an internal base consisting of
two 40x40mm layers of pre-soaked highly absorbant Green Blade gel liner. Approximately
1.2g of Artemia cysts were sprinkled over the upper surface of the gel liner in each module.
The preliminary tests in commercial crops showed that the gel liners retained sufficient
moisture to keep the cysts hydrated for at least 2-3 weeks. After 3 weeks a further

40x40mm layer of the pre-soaked gel liner was placed in the ‘basket’ and another 1.2g of

@ Agriculture and Horticulture Development Board 2015 All rights reserved 2



Artemia cysts were sprinkled over the surface. This design was taken forward to the main

crop trial.

In the third stage, the most effective type / condition of supplementary food was tested in a
commercial crop-scale trial to measure the impact on early-season establishment of
Macrolophus. The tomato plants, cultivar Mecano, arrived from the propagator in week 50
2014. The treatments comprised two release rates of Macrolophus and two methods of
providing supplementary food; i.e. four treatments in total. Each treatment was replicated on
both the east and west side of the glasshouse unit. Artemia cysts were applied at a rate
equivalent to 250g per hectare. There were 36 feeding points per plot (i.e. one point per
47m?) giving approximately 1.2g of Artemia cysts per feeding point. Depending on the
particular treatment, the feed was either loosely distributed on leaves or placed in hydrated
baskets in the immediate area of Macrolophus release during week 51 2014. Feeding was
repeated at three week intervals between week 51 2014 and week 8 2015. The predators
were released as nymphs at commonly adopted rates (i.e. 0.5/m? or 1/m?) in week 51 2014.
On the first assessment date, which was three weeks after release of Macrolophus, there
were significantly more Macrolophus where the predators had received rehydrated food in
baskets than loose food on leaves. The assessments continued in the vicinity of the feeding
stations for a further six weeks. At first, the population trends remained the same as the
released nymphs developed into adults and then began to produce offspring. By the end of
this period there was a very large increase in the number of first generation Macrolophus
nymphs in all the treatments. Where hydrated food had been provided within baskets, an
approximate 7 fold increase was recorded. However, the largest increases (30 fold) were
seen in the treatments which had been fed with loose feed. This reversal in Macrolophus
numbers between feeding methods towards the end of this period can be explained by
examining the effect of several periods of heavy driving rain which penetrated the
glasshouse roof panels. As a consequence of the leakage, the tomato leaves were often
wet and loose food on the upper surfaces became hydrated. Given that both types of
feeding system were now providing the predators with hydrated food, the loose system
performed better because the food was spread over a much larger surface area and was
therefore more accessible to the predatory nymphs. While this confounded the comparison
of the basket feeder system with the loosely applied cysts, it did reinforce the evidence that

significant benefits are to be gained from rehydrating the supplementary food.
The final stage of the project was a natural progression from stage 3. The assessment

procedures in the crop-scale trial changed to provide a more general indication of

Macrolophus population growth throughout the crop. Where the predators had received
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rehydrated food in baskets, numbers increased steadily over this sampling period with the
rate of increase being roughly proportional to the initial release rate. Where Macrolophus
received loose food on leaves, the numbers increased quite dramatically at week 15, with a
very large proportion being in the nymphal stages, and then fell back again at week 19. The
latter can be explained by migration away from the rows which had originally housed the

release / feeding points as those nymphs developed into more mobile adults.

There was an anomaly in the data which was further investigated in the statistical analysis.
The mean number of Macrolophus per sample point at week 15 for the loose application
treatment at the higher release rate was 11.9, but this fell back to 9.3 when counts from
rows under the metal roof gutters were removed. Similarly, for the loose application
treatment at the lower release rate the respective numbers were 4.8 and 3.5. There was no
apparent change for the other two treatments. This anomaly can be explained. Between
weeks 11 and 15, the temporary thermal screen was removed from the glasshouse roof
space thus exposing the roof which was relatively cold at night. Condensation formed on
the metal roof gutters and moisture dripped onto the leaves below. This kept the remaining
supplementary food in the hydrated state and once again provided evidence that this is

advantageous to the predators.

Financial Benefits
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Macrolophus pygmaeus is potentially one of the most useful biological control agents
available to UK tomato growers but, at £70-80 per 1,000, it also one of the most expensive.
Hence, it must be used to best effect. A saving in release of only 0.25 Macrolophus per m?
across 66% of the UK tomato industry would equate to a saving of over £24k thus giving
immediate payback on this project. Tuta absoluta is currently the most important pest of
tomato crops in the UK. For example, at one nursery in 2012, 30% of fruit were damaged by
the pest and graded out during June and July. This represented losses of approximately
£50k per hectare to that grower for that period alone. Where successful, the Macrolophus-
based control strategy has prevented such damage. Hence, avoiding the situation
described in this single example would provide an immediate x2 payback on the cost of this
project. Macrolophus also controls other pests such as Liriomyza bryoniae. These
leafminers are currently the most expensive pests to control with biological control agents in
UK tomato crops. Improved use of Macrolophus could provide savings of £400-£800 per
hectare for growers who suffer this problem and so provide the industry with a payback on

the cost of this project within a single year.
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Action Points

e The combined results of the laboratory and fields studies confirm that it is beneficial to
provide Macrolophus with supplementary food in the form of rehydrated Artemia cysts
rather than the desiccated Artemia cysts as supplied.

o The prototype feeder basket developed in this project maintained Artemia cysts in the
rehydrated state for 2-3 weeks and provided a suitable source of supplementary food for
Macrolophus during that time.

e The use of the feeder baskets in commercial crops significantly increased the survival of
the Macrolophus nymphs that were released adjacent to the feeder units at the start of
those crops. However, the benefits were lost as those Macrolophus matured into adults
and dispersed elsewhere in the crop.

o There were too few feeding baskets per hectare to influence the subsequent
Macrolophus population growth and it would not be economically viable to greatly
increase the number of feeder baskets within commercial crops.

e The feeder baskets as used in this project enhance Macrolophus population growth in
small confined areas, such as rearing units, but a much greater number would be
required to provide the same effect in a commercial crop. The solution will be to find an
alternative means of keeping Artemia cysts moist on leaves without creating secondary
problems from excessive moisture on leaves; eg making the plants susceptible to plant

diseases such as Botrytis.
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