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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.

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 use by its HDC division. All other trademarks, logos and brand names contained in
this publication are the trademarks of their respective holders. No rights are granted without
the prior written permission of the relevant owners.

The results and conclusions in this report may be based on an investigation conducted over
one year. Therefore, care must be taken with the interpretation of the results.

Use of pesticides

Only officially approved pesticides may be used in the UK. Approvals are normally granted
only in relation to individual products and for specified uses. It is an offence to use non-
approved products or to use approved products in a manner that does not comply with the
statutory conditions of use, except where the crop or situation is the subject of an off-label
extension of use.

Before using all pesticides check the approval status and conditions of use.

Read the label before use: use pesticides safely.

Further information

If you would Ilike a copy of the full report, please email the HDC office
(hdc@hdc.ahdb.org.uk), quoting your HDC number, alternatively contact the HDC at the
address below.

HDC

Stoneleigh Park
Kenilworth
Warwickshire
CV8 2TL

Tel — 0247 669 2051

HDC is a division of the Agriculture and Horticulture Development Board.
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Headline

The application of the rhizobacteria HDC PO003 to lettuce plants in propagation or in the field
increased lettuce head weight by up to 19% in 4 out of 6 cultivars. However, the

development of this organism as a commercial product is at the “proof of concept” stage.

Background and Expected Deliverables

In the UK, lettuce comprises the majority of the salad leaf industry worth £566 million a year,
with lettuce being bought by 92% of consumers (Ceres 2012). Over recent years, there has
been increasing demand for more cultivars, with salad bags and bowls often containing a
mixture of varieties. Due to this high demand, lettuce needs to be grown all year around
(either abroad or in greenhouses during winter) and thus may be exposed to environmental

stresses that limit productivity.

Environmental stresses such as drought stimulate the production of the growth inhibitory
phytohormone ethylene (Belimov et al., 2009). There is considerable horticultural interest in
decreasing the production of ethylene, or antagonising its effects. One method to achieve
this is soil inoculation with rhizobacteria containing the enzyme 1-aminocyclopropane-1-
carboxylate (ACC) deaminase (ACCd), which hydrolyses the precursor of ethylene, ACC,
into a-ketobutyrate and ammonia (Honma and Shimomura 1978). Previous work (within HDC
Studentship CP 54) has shown that rhizobacteria that modify crop hormone status (V.
paradoxus 5C-2, Bacillus subtilis IR-15) increased lettuce head weight of crops grown under
2

both well-watered and drying soil conditions in both pot experiments and small-scale (6 m

cropping area per treatment) polytunnel experiments.

This project explored the use of HDC P003 (a very similar ACCd-containing rhizobacterium)
as an inoculant for lettuce grown under commercial cropping conditions. Suitable
propagation and inoculation techniques for large-scale inoculum production using both
commercially available (Bacillus subtilis QST713, marketed as Serenade by AgraQuest) and
experimental inoculants (available at Lancaster University) were determined. Consequently,
the deliverables of the project are:

- the development of suitable inoculation techniques for several different rhizobacterial
inocula intended for field lettuce production

- the documentation of data showing the effects of two different rhizobacterial inoculants
on rhizobacterial colonisation of the root zone, and the incidence of plant disease and crop

productivity
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Summary of the project and main conclusions

Field trials were conducted using the summer outdoor lettuce cultivars Iceberg, Endive, Red
Salanova and Red Coral (August-October) and winter indoor lettuce Green Oak Leaf (Cook)
and Apollo (Exact) (November-January) at different sites with plants grown in field soil. When
applied according to the manufacturer’s instructions, the commercially available product
Serenade (Bacillus subtilis QST713) had no effect on lettuce head weight (presumably since
disease incidence in the crop was low). When applied at the same bacterial concentration,
HDC PO003 increased vyield by up to 19% according to site and cultivar (in 4 of 6 cultivars
tested). Adding rhizobacteria directly to plants in the field generally resulted in more

consistent effects on crop yield than inoculation in the nursery.

Although variability in crop response to PGPR may be caused by variation in rhizobacterial
colonisation of the root system, there is currently no method to quantify HDC PO0O03
colonisation of the root system. Consequently, molecular work aimed to provide a sensitive
DNA-based technique by sequencing the 16S gene of HDC P003. However, there was no
difference in probe detection when root systems were recovered from inoculated or
uninoculated plants. Greater primer specificity needs to be achieved, and work (still ongoing)

aims to achieve this, by using the ACCd gene.

Greenhouse-based pot trials conducted during winter aimed to select appropriate inocula
and inoculation techniques for field experiments. HDC P003 increased head weight, leaf area
and water use efficiency of iceberg lettuce grown in soil from the field, similar to its effects in

field trials.

Financial Benefits

Assuming a 20% increase in lettuce head weight, and a wholesale value of 33 pence per
head for butterhead lettuce (Gov.uk 2014) or Little Gem (Horticulture Week 2014) lettuce,
this would represent additional earnings if price was based on weight. Alternatively, should
the crop achieve the desired minimum harvestable head weight 2 weeks earlier, this may

allow an additional crop in each season.

Action points for growers

To note that HDC P003 can be applied during propagation or post-planting and stimulates
lettuce growth. However, it should be stressed that development of this organism as a
commercial inoculant is at “proof of concept” stage, and there is currently no commercially

available product.
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