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= Module 1: Basics in Plant-Herbivore Interactions
= Module 2: Frontiers in Plant-Herbivore Interactions

= Module 3: Scientific Experimentation in Plant-Herbivore Interactions
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Herbivory-induced volatiles function as
defenses increasing fitness of the native
plant Nicotiana attenuata in nature
Meredith C Schuman, Kathleen Barthel', lan T Baldwin*

Department of Molecular Ecology, Max Planck Institute for Chemical Ecology, Jena,

Abstract From an herbivare's first bite, plants release herbivery-induced plant volatiles (HIPVs)
which can attract enemies of herbivores. However, other animals and competing plants can
intercept HIPVs for their own use, and it remains unclear whether HIPVs serve as an indirect defense
by increasing fitness for the emitting plant. In a 2-year field study, HIPV-emitting N. attenuata plants
produced twice as many buds and flowers as HIPV-silenced plants, but only when native Geocaris
spp. predators reduced herbivore loads (by 50%) on HIPV-emitters. In concert with HIPVs, plants
also empley antidigestive trypsin protease inhibitors (TPls), but TPl-preducing plants were not fitter
than TPl-silenced plants, TPls weakened a specialist herbivore's behavioral evasive responses to
simulated Geocoris spp. attack, indicating that TPls functien against specialists by enhancing
indirect defense.

DO: 10 f

Introduction
Plant indirect defenses are traits that disable or remove herbivores by manipulating tri-trophic interac-
tions to the advantage of the plant (Price et al., 1980). They attract and inform the third trophic level,
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Fruit Crops, Julius Kiihn Institute, Indu-an deienses are widespread and include domana e:lraﬂmal neclar and food bodies which pro-
vide shelter and nutrition for pred; and parasi . as well as herbivory-induced plant volatiles
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(HIPVs) which convey infarmation about faeding herbi (Heil, 2008). Field studies with the native
tobacco Nicotiana attenuata, a desert annual, and with maize have shown that HIPVs can reduce her-
bivore loads by 24% to more than 90%, by i ing both predation and f itization of herbivores
(Kessler and Baldwin, 2001; Rasmann et al., 2005; Halitschke et al, 2008, Degenhardt et al.,
200%; Allmann and Baldwin, 2010) and deterring herbivore oviposition (Kessler and Baldwin, 2001).
If HIFVs really function as defenses, they should increase Darwinian fitness, defined as successful
reproduction, for plants under herbivore atack (Karban and Baldwin, 1997). But because HIFVs can
be perceived by many ather members of the ecnloglcal mmmunlty—lmm herbivares, pollinators,
and to ing or parasitic plants—it is not clear whether HIPVs increase
plant fitness in nature (Dicke and Baldwin, 2010; Kessler and Heil, 2011). The field studies described
above have either spanned too short a time to reveal Darwinian fitness benefits, or have not reported
fitness data at all (Kessler and Baldwin, 2001, Rasmann et al., 2005; Halitschke et al, 2008;
Degenhardt et al,, 2009; Allmann and Baldwin, 2010). Twe laboratary studies showed that parasiti-
zation of herbiveres can increase plant reproduction (van Loen et al., 2000; Hoballah and Turlings,
2001), but the parasitization in these studies was not mediated by HIPVs. Hence three decades after
their description, it remains unclear whether HIPVs are really indirect defenses.
Long-term field studies comparing HIPV-emitting vs -deficient plants are required in erder to
demanstrate a defensive function for HIFVs, Experimental additions of pure volatiles or mixes to

Schuman et al, eLife 2012;1:e00007. DOI: 10.7554/eLife.00007 10f29

Ganomics and evalutionary biclogy | Plant blology

elLife digest As the population of the world continues to increase beyond 7 billion, and
agricultural pests continue to rapidly evolve resistance to pesticides, it is becoming ever mare
impertant to cultivate arable land in a way that is sustainable for both humans and the environment.
A better understanding of the different mechanisms used by wild plants to deter herbivores will
help to increase crop production without harming the environment.

Plants use both direct and indirect methods to fend off herbivores, Direct defense methods
include the production of chemicals that are toxic to herbiveres or give them indigestion, and the
growth of sticky prickles and spines that can injure or kill the herbivere. Indirect defense metheds,
on the other hand, generally rely on the plant attracting organisms that are either predators or
parasites of the herbivore.
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= Module 4: Find Your Own Challenge in Plant-Herbivore Interactions
» Module 5: Solve Your Challenge through Experimentation

» Module 6: Understand and Communicate Your Knowledge



Challenge-based learning
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Ziel fUr die Studenten: Ein experimenteller
Test einer eigenen Hypothese, als
Prasentation den Kursteilehmern vorgestellt.
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Wie haben wir den Kurs validiert?



Erik Poelman, Professor fiir Thomas Tribelhorn, Leiter
Entomologie, Wageningen Hochschuldidaktik &
University Lehrentwicklung, Universitat Bern



Vorbereitungsphase: Was hat funktioniert,
was nicht?
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Timing is everything



Wie haben wir den Kurs angestossen?



Apéro als Einstieg



Wie hat der «Inverted Classroom» Teil
funktioniert?






Features Publishers Team Webinar Help & Support Login

erusall

| Every student prepared for every class.

Get started now



https://perusall.com/

Gruppendiskussionen



Wie hat der «Challenge-Based Learning» Tell
funktioniert?
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DurchfUhrungsphase: Was hat funktioniert,
was nicht?
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