Figure 28.5 Nicotine Is a Defense against Herbivores
In 2004, Steppuhn, Baldwin, and colleagues at the Max Planck Institute for Chemical Ecology in Jena, Germany, tested the hypothesis that nicotine helps protect tobacco plants against insects. The researchers generated a line of low-nicotine transgenic plants by modifying the gene putrescine N-methyl transferase (pmt), which encodes a key regulatory enzyme in the nicotine biosynthesis pathway. Both the low-nicotine and wild-type tobacco plants were transplanted into a field plantation where they were accessible to naturally occurring herbivores. The extent of leaf damage by insects was then measured at two-day intervals for a period of 16 days. Results showed that the low-nicotine plants lost more than twice as much of their total leaf area as the wild-type controls. These results suggest that nicotine provides tobacco plants with at least some protection against insects. To determine if tobacco plants produce other chemical defense compounds, Baldwin and Kessler placed laboratory-raised hungry caterpillars on a group of wild-type tobacco plants. Over the next several days, the investigators used a gas chromatograph to detect the emission of volatile compounds from the damaged leaves. As a control, they also tested nearby undamaged control plants. Baldwin and Kessler then isolated and identified some of these chemical compounds. A few of these chemicals were applied separately to the stems of plants that had not been attacked. Caterpillar eggs were then glued onto the leaves of the treated plants and were monitored for predators that like to eat the eggs. The researchers found that several of the chemicals emitted by the tobacco plants attracted particular insects, including the predator Geocoris pallens. This result suggests that herbivore damage induces the tobacco plants to emit volatile chemicals in order to attract natural enemies of the herbivores. In this manner, the researchers concluded, the tobacco plants can reduce the overall number of herbivores feeding on the plants.
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