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Microbe associated molecular patterns from rhizosphere bacteria
trigger germination and Papaver somniferum metabolism under
greenhouse conditions
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a b s t r a c t

Ten PGPR from different backgrounds were assayed on Papaver somniferum var. Madrigal to evaluate
their potential as biotic elicitors to increase alkaloid content under the rationale that some microbe
associated molecular patterns (MAMPs) are able to trigger plant metabolism. First, the 10 strains and
their culture media at two different concentrations were tested for their ability to trigger seed germi-
nation. Then, the best three strains were tested for their ability to increase seedling growth and alkaloid
levels under greenhouse conditions. Only three strains and their culture media enhanced germination.
Then, germination enhancing capacity of these best three strains, N5.18 Stenotrophomonas maltophilia,
Aur9 Chryseobacterium balustinum and N21.4 Pseudomonas fluorescens was evaluated in soil. Finally, the
three strains were applied on seedlings at two time points, by soil drench or by foliar spray. Photo-
synthesis was measured, plant height was recorded, capsules were weighted and alkaloids analyzed by
HPLC. Only N5.18 delivered by foliar spray significantly increased plant height coupled to an increase in
total alkaloids and a significant increase in opium poppy straw dry weight; these increases were sup-
ported by a better photosynthetic efficiency. The relative contents of morphine, thebaine, codeine and
oripavine were affected by this treatment causing a significant increase in morphine coupled to a
decrease in thebaine, demonstrating the effectivity of MAMPs from N5.18 in this plant species. Consid-
ering the increase in capsule biomass and alkaloids together with the acceleration of germination, strain
N5.18 appears as a good candidate to elicit plant metabolism and consequently, to increase productivity
of Papaver somniferum.

� 2013 Elsevier Masson SAS. All rights reserved.

1. Introduction

Opium poppy, Papaver somniferum, is themost important source
of morphinane alkaloids exploited by the pharmaceutical industry
as analgesics, antitussives and anti-spasmodic (Liscombe and
Facchini, 2008). Despite the many efforts made to obtain alkaloid
production in cell cultures, today field production is the option. In
Spain, cropping surface devoted to this crop is over 9.500 ha mostly
located in southern and central Spain (Montes-Borrego et al., 2011).

However, due to the inducible nature of secondary metabolism,
alkaloid levels change according to environmental conditions

(Facchini, 2001; Bourgaud et al., 2001; Szabo et al., 2008), and
therefore, yield is highly compromised due to different factors. This
lack of reproducibility may be overcome by the means of elicitation
(Poulev et al., 2003; Algar et al., 2012), that is triggering plant’s
metabolism with a molecule, the elicitor, that can be of different
nature (Radman et al., 2003). So far, elicitors have been grouped
into two distinct blocks: abiotic factors (light intensity, tempera-
ture, chemicals) (Srivastava and Sharma, 1990; Bennett et al., 2004;
Kim et al., 2005) and biotic factors (pathogenic bacteria, beneficial
bacteria, fungi and insects) (Alves et al., 2004; Alcantara et al.,
2005; Ramos-Solano et al., 2008).

Biotic elicitation with Plant Growth Promoting Rhizobacteria
(PGPR) is proposed as a useful strategy to improve biomass pro-
duction and to trigger secondary metabolism at the same time
(Zhang et al., 2004; Ramos-Solano et al., 2010). Upon recognition of
the non-pathogenic biotic agent, a series of metabolic changes are
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