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DISCLAIMER

While the Agriculture and Horticulture Development Board 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.

© Agriculture and Horticulture Development Board [YEAR)]. No part of this publication may be
reproduced in any material form (including by photocopy or storage in any medium by
electronic mean) or any copy or adaptation stored, published or distributed (by physical,
electronic or other means) without 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 AHDB Horticulture is clearly acknowledged as the source, or in
accordance with the provisions of the Copyright, Designs and Patents Act 1988. All rights
reserved.

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.

Where relevant, please also insert the following disclaimer:

[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

e Progress is being made in improving our understanding of the development of crumbly

fruit in red raspberry.

Background and expected deliverables

The raspberry fruit is an aggregation of multiple fertilized ovaries (drupelets). The number of
styles per flower is an indication of the number of drupelets per berry with the smallest fruits
having around 60 drupelets (Jennings, 1988). A berry consists of a high number of fertilized
ovaries and is quite complex. It cannot be assumed that all the carpels will be pollinated at

the same time and that all the ovules are fertilized simultaneously.

This Ph.D. project intends to define the trigger(s) of the crumbly fruit condition and the chosen
approach is to induce the “crumbliness” by mechanically damaging the flower before the
pollination, to artificially reduce the number of fertilised ovaries and force the plants to grow

misshapen fruits.

In the first year of the project, a hypothesis of a hormonal coordinating process regulating and
synchronizing the growth of all the fertilized ovaries was formulated and a series of trials,
designed to interfere with this hormonic regulating system were completed. Crumbly fruit was

successfully induced by mechanically damaging the flower receptacle before pollination.

In the second year of this Ph.D. study, an analytical method was developed to profile the
hormones involved in this process. A better description of the work done to achieve this is

described in this report.

Summary of project and main conclusions

The hypothesis of a hormonal process controlling the fruit development, in which the
receptacle acts as a leading regulatory hub, was tested. Samples of receptacle and drupelets
at two different stages, green and red fruit, from both control and crumbly induced material,
were analysed with the developed analytical method described in the Science Section of this

report. An absolute quantification of eighteen endogenous plant hormones was performed
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with this developed method. The selected eighteen phytohormones were representatives of
six of the main plant hormones groups (i.e. abscisic acid, auxins, cytokinins, gibberellins,
jasmonates and salicylates). The challenging choice, from a technical prospective, to create
a method for the simultaneous detection/quantification of so many different compounds was
brought about by the lack of literature data about hormonic fruit development models. This
made the use of a large range of different plant hormones indispensable; in theory none of
the phytohormone groups could be excluded by the hypothetical list of potential candidates

involved in the fruit development process.

During the first year of the project, crumbly induction experiments were carried out in three
different environments: growth room, glasshouse and field. In the second year, the same
experiments were replicated only in controlled growth rooms where the stable and optimal
growing conditions reduced the potential effect of the environment on the crumbly induction
experiments, while increasing the chance that the crumbly condition is induced by the applied

treatment.

At the time of writing, the metabolomic analysis was not yet complete, but the forthcoming
results should help better explain the roles of phytohormones in the fruit development process
of both normal and artificially uneven raspberries, helping to identify the main hormones

involved in the process.

A clear overview of the molecular processes behind the development of crumbly fruit in red
raspberry could potentially allow the development of a chemical hormone treatment. This
would be applied by growers at the onset of the crumbly symptoms (i.e. spraying of specific
hormones involved in the fruit development). This might help to recover the fruit's proper

shape and reduce the loss of marketable fruit.

Financial benefits

e This study is examining the scientific reasons for the development of crumbly fruit. It

is unlikely to deliver any immediate financial benefit to growers.

Action points for growers

e There are no direct action points for growers resulting from this work at present.

However, in light of recent evidence of crumbly fruit developing over time, the
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understanding of the trigger(s) of crumbly fruit disorder will enable the development
of more robust genotypes leading to improved raspberry varieties, fine-tuning of
potential agrochemical treatments and a new standard testing method for Plant Health

Certification.
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