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Investigating Thigmotropism or 

Tickle Your Plants for Extra Strength
Technical & Teaching Notes
Background information

Thigmotropism is an adaptive growth response shown by plants to mechanical stimuli, such as being touched. These responses involve biochemical, physiological and anatomical changes. This resource gives some ideas of ways that structural responses can be explored, providing opportunities for individual student investigations. An advantage (for the student) is that a mechanical stimulus is often effective when applied at regular intervals (for as little as once a day) rather than continuously.
Young fenugreek (Trigonella foenum-graecum) and radish (Raphanus sativum) seedlings provide an ideal source of experimental material. Their growth responses to thigmotropic stimuli are apparent within days; the seedlings are robust enough to withstand the inexpert handling of students and large enough to be sectioned by hand with a razor blade.



Safety Notes

Take extreme care when using razor to cut thin sections of the hypocotyl


Apparatus 
1. Containers of peat-vermiculite mixture (1:1 ratio)
2. Plastic bag
3. Glass rod

4. Razor (see safety notes)

5. Glass containing water
6. Microscope slide and microscope

7. Hydrochloric acid
7. Phloroglucinol solution (5% phloroglucinol dissolved in 75% ethanol)


Instructions 
Growing the plants

1. Sow seeds in small groups in simple containers containing peat-vermiculite mixture (1 : 1 by volume). You do not need to add NPK fertiliser pellets as seedlings will be sacrificed within a few days. 
2. For the first couple of days place the containers in clear plastic bags to keep moisture levels high. 
3. Keep them well watered and place the containers under continuous lighting. 
4. Alternatively, sow the seeds on moist cotton wool in a petri dish base (use a transparent cover or clear plastic bag).
5. Let the seedlings grow to a height of at least 2 cm before starting the mechanical stimulation programme. 
6. Use a glass rod to flex (bend) the plants manually (individually or as groups) to an angle of at least 30ç from the vertical, taking care to avoid damaging the shoots. 
7. Stimulate each shoot at a rate of 1 flexure per second, but you can vary the total number of flexures for each group, say as 0, 10, 20, 30 flexures. 
8. Carry out the stimulation once per day only, at the same time, for five days. 
9. After a further two days, measure the mean height of each batch of seedlings. 
Making sections

You can now make transverse sections, for measurement and histological analysis.
1. To make hand sections of the fresh seedling hypocotyls, carefully draw the moistened blade of a razor across the shoot, approximately 12 mm below the apex of the hypocotyl. 
2. You can prepare a whole series of sections, cut as thinly as possible, from similar positions on the hypocotyl, and place them in a watch glass with water. 
3. Then select the best (thinnest and most complete, with the xylem vessels cut at right angles) for mounting in a drop of water on a microscope slide. This is adequate for measuring relative areas occupied by the cortex and central stele. 
4. To reveal the precise location of lignin in the sections, blot off the water and replace it by phloroglucinol solution (5% phloroglucinol dissolved in 75% ethanol). 
5. After 4 minutes, add a drop of concentrated hydrochloric acid. 
6. After a minute, areas of the section that were rich in lignin become stained bright red. This is a temporary stain, so sections cannot be preserved on permanent slides.
A series of sections taken along the length of the hypocotyl reveal that it is a transition region between the root (with a central vascular cylinder), and the stem (with peripheral vascular bundles). The cortex of the hypocotyl is photosynthetic parenchyma (chlorenchyma), with numerous chloroplasts in each cell and large intercellular air spaces. The vascular cylinder is composed of smaller, more thick-walled and closely packed cells, which, along with the lignified xylem vessels and fibres, provide supplementary mechanical support for the seedling. 
Representative sections of the Trigonella seedlings are shown in the diagrams. These show lignin only in the walls of the xylem vessels.
The ratio of the diameter of the overall section (D1) to the diameter of the vascular cylinder (D2) provides an indication of the development of supporting tissues in the plant. By taking appropriate measurements of seedlings raised with different treatments, comparisons can then be made between mechanically stressed and unstressed plants.
Working with Brassica napus seedlings, Cippolini (Cippolini DF 1999) has shown that dose-dependent thigmotropic responses can be obtained when plants are stimulated for only a few minutes each day. He noted that increasing doses of mechanical stimulation caused plants to grow shorter, thicker and stronger. They also produced fewer flowers, which developed later.


Questions
	Cross sections of fenugreek seedlings. Which is the tickled plant?
Calculate the ratios for D1/D2 and check your answer. 
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· How important is the angle of flexure to the response?
· How important is the total number of flexures to the response?
· How do the responses of different species of seedling differ?
· How does thigmotropic stimulation affect floral development in fast plants (rapid-cycling Brassica rapa)?
· Use a laboratory shaking machine (switched on for a few minutes each day) to investigate how the speed of shaking affects thigmotropic responses.
· Use a series of sections along a hypocotyl to map the precise 3-D relationship between the strands of vascular tissue through the transition region.
· Compare the biochemical differences between stressed and unstressed hypocotyls (e.g. starch, chlorophyll, anthocyanin, or specific enzymes such as peroxidase). 
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