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Tropisims 
• As a refresher from my talk in Movement 1: 

• Derived from the Greek word for turn, tropic movement can be positive (turns inward) 

or negative (turns outward) from the environmental factor. 

• Some tropic movements are quick and reversible like nastic movements, while others 

are slow and permanent because they trigger a change in a plants growth. 

 

Phototropism 

• Many plants do not like to grow in the shade, and will try to outgrow their condition, 

developing a strong lean towards the presence of sunlight. Many of us may tie a tree up, 

mistaking leaning for this reason for an unequal growth pattern as a result of root 

instability. 

• This is phototropism, a directional plant movement mostly towards light (positive 

phototropism) but sometimes away from light (negative phototropism, such as occurs 

with roots) made permanent by unequal plant growth. 

• In involves yet another plant pigment, phototropin (a flavoprotein), found only in the 

growing tips of plants. Like cryptochrome, it’s activated by blue light, and influences 

phototropism, chloroplast movement, leaf expansion, and stomatal opening. All these 

responses are thought to optimize photosynthesis by helping to capture light energy 

efficiently, reduce photodamage, and acquire CO2.  

 



 
 

• Phytotropin should not be confused with phytochrome (previously discussed), 

which responds to red light and controls seed germination and seasonal activities such 

as flowering time.  

• Following a series of still poorly understood events, phototropin activation leads to the 

formation of a gradient of the growth hormone auxin across the photo-stimulated stem. 

The greater auxin concentration on the shaded compared with the lit side of the stem 

enables growth reorientation towards the light. 

• Plant producers take advantage of this directional growth response, rotating their plants 

regularly to create a spiral growth pattern, such as with “Lucky bamboo”. Normal new 

growth direction will occur once plant rotation stops. 
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Skotophototropism 

• While most plants are positively phototropic, some are negatively phototropic (at least 

for part of their lives), a term called skotophototropic, where the plant stem will grow 

towards darkness. 

Phototropism
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• This is most common in climbing plants, especially vines, where very young plants, 

especially of large species such as the very large tropical forest vine Monstera gigantea, 

need to find big trees for support. 

• These plants can’t see trees, but they can sense where they are by growing towards the 

relative darkness created by their shadows. Once a suitable support structure is 

reached, they become positively phototropic and grow upwards towards light. 

• Virginia creeper (Parthenocissus quinquefolia) shows a similar skotophototropic 

behaviour when young. 

 

 
 

Gravitropism 
• Roots are negatively phototropic, but they are not just repelled by light, they are also 

attracted to gravitational pull. 

• Gravitropism describes a root’s propensity for growing down (positive gravitropism) and 

a shoot’s opposite response (negative gravitropism). 

• A gravitropic response by plants can vary by tissue and by plant life stage. Seedling roots 

are strongly gravitropic so they can quickly stabilize the seedling and start gathering 

water and nutrients, and are called taproots. 

• Later roots start colonizing the surrounding soil, and are less and less gravitropic and 

grow horizontally, being attracted more by water and nutrients than gravitational pull.  

• The influence that determines why roots grow downwards and shoots grow upwards is 

the unequal distribution of auxin along the growing tips of both parts of the plant. 

• In roots, there is more auxin on the upper side of the growing tip (upper side thus grows 

faster)and in shoots, more on the lower side (lower side thus grows faster). The 
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increased elongation in the former directs the growing tip down and in the later, 

upwards. 

• So how do plants sense gravity? Its currently thought that grains of starch, called 

amyloplasts, which are denser than a cell’s cytoplasm sink to the lowest part of a cell. 

Auxin is  concentrated to the same side as the amyloplasts in shoots, and to the 

opposite side in roots. 

 

 
Auxin is  concentrated at the same location as the amyloplasts. 

  



 

• The upper parts of plants are negatively gravitropic, as they depend more on sunlight 

for survival.Thus, the interesting shapes of luckybamboo (Dracaena braunii) are created 

by laying the plants horizontally and regularly rotating them to create a spiral shape. 

 

 
  



 

• Gravitropism is also important is creating horizontal tree branch stability.  Trees form 

“reaction wood”, in particular on the bottom half of a branch. Growth rings are more 

massive there there than on the top of a branch, where they are relatively narrow. 

Unequal auxin distribution causes the cambium layer to expand faster on the lower side, 

creating an elongated bulls eye image.              

 

 
How many cross sections of reaction wood do you see above? 

 



• One of the more bizarre gravitropic plant behaviour is in peanut (Arachis hyogaea, a 

legume). Atypical among legumes, peanut pods develop underground (geocarpy) rather 

than above ground. Once the peanut flower is pollinated, which occurs above ground, 

the pedicel becomes positively gravitropic and heads for the ground, where it buries 

itself to finish developing the mature nuts. 

• This budding ovary is called a “peg.” The peg enlarges and grows down and away from 

the plant forming a small stem which extends to the soil. The peanut embryo is in the tip 

of the peg, which penetrates the soil. The embryo turns horizontal to the soil surface 

and begins to mature taking the form of a peanut. 

 

 
 

• Positive phototropism and negative gravitropism are not the same thing, as they are 

sensed by different parts of the plant as a way of fine-tuning its response to light. 

• When outgrowing shade, a plant will lean towards light (phototropism), but not at a 90-

degree angle. It grows upwards (negative gravitropism) as well as sideways, following 

the hypotenuse of a right-angle triangle, which is shorter than the sum of the two sides, 

i.e., the most energy efficient direction. 

 

Thigmotropism 
• Thigmonasty results in a plant’s rapid movement in response to touch, and 

thigmotropism also uses physical contact as a stimulus to cause a directional growth 

response. Vines have little ability to support themselves and so use thigmotropism to 

scramble over other plants and structures to reach sunlight. 

• Clematis produce tendrils that coil around structures. Auxin levels in a tendril are lowest 

in the cells where the tendril touches something hard, and the higher levels in cells on 

the other side of the tendril cause that side to grow longer, causing the tendril to curl. 

This will continue until the vine is firmly anchored. 



• More than 90% of vines twine counterclockwise, forming a right-handed spiral. A 

minority twine clockwise, and some can even twine in both directions (for unknown 

reason). The advantage of counterclockwise growth in uncertain, but some observations 

suggest a right-handed (counterclockwise) spiral might be tighter and therefore clingier. 

 

Counterclockwise spiral                                   Clockwise spiral 

 

• Interestingly, Chinese wisteria (Wisteria sinensis) twines clockwise and Japanese wisteria 

(Wisteria floribunda) twines counterclockwise, and this can be used to identify these 

more common wisterias.  

• On an aside, Wisteria brachybotrys 'Murasaki-Kapitan’, the “Silky wisteria” because of its 

soft, hairy leaves, twines clockwise too and is the most fragrant wisteria.  

• Wisteria floribunda 'Violacea Plena' is by far the best for fall colour, with its foliage 

turning butter-yellow.  

 


