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Abstract 

This paper attempts to study plant physiology of Tropisms and Nastic Movements Tropisms are 

growth responses of plants with cell divisions in meristems leading to elongation of stems and roots.  A 

tropism (from Greek τρόπος, tropos, "a turning") is a biological phenomenon, indicating growth or turning 

movement of a biological organism, usually a plant, in response to an environmental stimulus. In tropisms, 

this response is dependent on the direction of the stimulus (as opposed to nastic movements which are non-

directional responses). Viruses and other pathogens also affect what is called "host tropism", "tissue tropism", 

or "cell tropism"; in which case tropism refers to the way in which different viruses/pathogens have evolved 

to preferentially target specific host species, specific tissue, or specific cell types within those species.  

Tropisms are usually named for the stimulus involved (for example, a phototropism is a reaction to 

sunlight) and may be either positive (towards the stimulus) or negative (away from the stimulus). Tropisms 

occur in three sequential steps. First, there is a sensation to a stimulus, which is usually beneficial to the plant. 

Next, signal transduction occurs. And finally, the directional growth response occurs. Tropisms are typically 

associated with plants (although not necessarily restricted to them).  Where an organism is capable of directed 

physical movement (motility), movement or activity in response to a specific stimulus is more likely to be 

regarded by behaviorists as a taxis (directional response) or a kinesis (non-directional response). In English, 

the word tropism is used to indicate an action done without cognitive thought: However, "tropism" in this 

sense has a proper, although non-scientific, meaning as an innate tendency, natural inclination, or propensity 

to act in a certain manner towards a certain stimulus. In botany, the Cholodny–Went model, proposed in 1927, 

is an early model describing tropism in emerging shoots of monocotyledons, including the tendencies for the 

stalk to grow towards light (phototropism) and the roots to grow downward (gravitropism). In both cases the 

directional growth is considered to be due to asymmetrical distribution of auxin, a plant growth hormone.  

Nastic movements are non-directional responses to stimuli (e.g. temperature, humidity, light irradiance), and 

are usually associated with plants. The movement can be due to changes in turgor or changes in growth. 

Decrease in turgor pressure causes shrinkage while increase in turgor pressure brings about swelling. Nastic 

movements differ from tropic movements in that the direction of tropic responses depends on the direction of 

the stimulus, whereas the direction of nastic movements is independent of the stimulus's position.  
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Introduction 

The tropic movement is growth movement but nastic movement may or may not be growth movement. The 

rate or frequency of these responses increases as intensity of the stimulus increases. An example of such a 

response is the opening and closing of flowers (photonastic response), movement of euglena, chlamydomonas 

towards the source of light. They are named with the suffix "-nasty" and have prefixes that depend on the 

stimuli: 

1. Epinasty: downward-bending from growth at the top, for example, the bending down of a heavy flower.  

2. Hyponasty 

3. Photonasty: response to light 

4. Nyctinasty: movements at night or in the dark 

5. Chemonasty: response to chemicals or nutrients 

6. Hydronasty: response to water 

7. Thermonasty: response to temperature 

8. Seismonasty: response to shock  

9. Geonasty/gravinasty: response to gravity 

10. Thigmonasty/seismonasty/haptonasty: response to contact 

The suffix may come from Greek νάσσω = "I press", ναστός = "pressed", ἐπιναστια = "the condition of being 

pressed upon".Although studies that specifically focused on thigmotropism in woody plants do not exist, one 

study on the effect of wind on the growth of lodgepole pine (Pinus contorta Douglas ex Louden) reported that 

the expanding shoots curved into the wind  . Although not acknowledged by the authors as such, this appears 

to be a positive thigmotropic response to a unidirectional wind flow in the primary growth of a woody plant  . 

Another potential thigmotropic response may have been recorded in secondary tissues, but not reported as 

such: displaced stems of maritime pine (Pinus pinaster Aït.) exposed to wind experienced a greater rate of 

recovery in the middle and basal stem sections compared to displaced stems not exposed to wind  . The 

increased rate of recovery under windy conditions could not be explained by gravitropism and compression 

wood formation as both wind and non-wind treatments contained equal amounts of compression wood in their 

displaced stems, but appears to be complicated by a phototropic response  . 

 

Objective: 

This paper intends to explore and analyze tropic and Nastic movements that are activities of curvature 

brought about by more growth on one side and less growth on the opposite side of plant organ induced by 

some external stimuli as part of Plant physiology 
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PARATONIC/ INDUCED MOVEMENTS  

Despite the fact that plants are usually seen as stationary organisms, they do, in fact move continuously in 

different ways, and for different reasons, among others: in search of light, water, nutrients, defense against 

predators, and reproduction. Several kinds of movements are recognized but the principal ones are nastic, 

circumnutational, and tropic.  Tropism, response or orientation of a plant or certain lower animals to a 

stimulus that acts with greater intensity from one direction than another. It may be achieved by active 

movement or by structural alteration. Forms of tropism include phototropism (response to 

light), geotropism (response to gravity), chemotropism (response to particular substances), hydrotropism 

(response to water), thigmotropism (response to mechanical stimulation), traumatotropism (response to wound 

lesion), and galvanotropism, or electrotropism (response to electric current). Most tropic movements 

are orthotropic; i.e., they are directed toward the source of the stimulus. Plagiotropic movements are oblique 

to the direction of stimulus. Diatropic movements are at right angles to the direction of stimulus. In the latter, 

the plants move in a direction, under an external stimulus, which induces a different elongation on opposite 

sides of an organ. The best known, most common, and most easily observable tropisms are gravitropism and 

phototropism. Plant responses to external stimuli, such as light, gravity, touch, and water, and to endogenous 

developmental signals set by the biological clock often involve movements. Some are growth movements, 

others are nongrowth movements, and some have components of both. Movements may also be in response to 

a directional stimulus (i.e., a tropic movement) or a stimulus that is diffuse (nastic movement). 

Common examples of growth movements resulting from a directional stimulus 

are phototropism and gravitropism. Other growth movements may occur in response to mechanical stimuli, 

such as touch (thigmotropism), or sensing of and growth toward water (hydrotropism) or chemicals 

(chemitropism), including oxygen (oxytropism). Some growth movements occur in response to a diffuse 

stimulus and hence are considered nastic movements. For example, shoot tips often describe an oscillatory 

movement as they grow upward, a movement known as circumnutation. Leaves droop or show an epinastic 

curvature in their petioles; sometimes they curve upward and show hyponasty. 

Nongrowth movements occur in mature parts of the plant. Most of these movements occur in response to 

directional or diffuse light. Others occur in response to mechanical stimuli, including touch. The best and most 

common example of nongrowth movement is that provided by stomata. Stomatal pores open and close by 

reversible turgor changes in guard cells and are regulated by a number of environmental factors, including 

blue light, as well as by hormones such as ABA. Other examples include movement of chloroplasts in leaf 

cells of Funaria (a moss) and Lemna (duckweed), and leaf reorientations (e.g., Erythrina spp. and Phaseolus 

vulgaris), and “rolling” of lamina (e.g., grasses) to avoid excessive solar radiation and transpirational loss. 

Leaves and flowers of many plants show what are known as “sleep” movements. They open or unfold with 

sunrise (photonasty) and close or fold with sunset (nyctinasty). These diurnal movements are common in 
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compound leaves of members of Fabaceae and Oxalidaceae. Flowers of tulip (Tulipa spp.) close their petals 

at night and open them in the morning. 

Nastic leaf closure may also result from mechanical stimulation or touch (e.g., the sensitive plant, Mimosa 

pudica, and insectivorous plants, such as Venus fly trap). 

A special kind of directional movement, which may involve growth, occurs in solar tracking (heliotropism). 

The phenomenon is common in many herbaceous plants belonging to diverse families of angiosperms and is 

shown by mature leaves or flowers. Plant responses to external stimuli, such as light, gravity, touch, and water, 

and to endogenous developmental signals set by the biological clock often involve movements. Some are 

growth movements, others are nongrowth movements, and some have components of both. Movements may 

also be in response to a directional stimulus (i.e., a tropic movement) or a stimulus that is diffuse (nastic 

movement). 

 

Nastic leaf closure may also result from mechanical stimulation or touch (e.g., the sensitive plant, Mimosa 

pudica, and insectivorous plants, such as Venus fly trap). 

 

Heliotropism : herbaceous plants  

A special kind of directional movement, which may involve growth, occurs in solar tracking (heliotropism). 

The phenomenon is common in many herbaceous plants belonging to diverse families of angiosperms and is 

shown by mature leaves or flowers. As in seed plants, many light-regulated responses in ferns, mosses, and 

algae are mediated by blue light receptors and phytochromes. These responses are distinguished into two 

physiological types. One type, a dichroic response, depends on orientation of the electrical vector of light and 

requires a specific orientation of photoreceptor molecules. It involves perception not only of the quality but 

also the direction of impinging light. The other type, a nondichroic response, is independent of the electrical 

vector of light. Among the former are chloroplast movement and phototropic response in algae, mosses, and 

fern gametophytes. Nondichroic responses include spore germination, tip growth, and cell division in ferns. 
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Several different blue light receptors and phytochromes occur in these groups of plants, and the existence of 

two physiologically distinct types of photoreceptors, one mediating dichroic the other nondichroic responses, 

is predicted. In addition, several responses are regulated by both blue and red/far-red light receptors, thus 

imparting a great variety and complexity to light-mediated responses in these plants. Until recently, it was 

difficult to study the light receptors in cryptogams, partly because materials were available only in small 

amounts and partly because these plants synthesize chlorophyll in darkness, thus making extraction and 

purification of phytochromes difficult. With the availability of molecular and genetic techniques, however, 

rapid progress is now being achieved. 

Chloroplast reorientation in response to light in most plants (including angiosperms) is a blue light-mediated 

response. In several cryptogams, however, including fern protonemata, mosses, and green algae, it is also 

mediated by red/far-red light. Mougeotia scalaris (a filamentous green alga) shows extreme sensitivity to the 

red light signal and hence has been investigated intensively. In this alga, each cell has a single ribbon-shaped 

chloroplast, which can be reoriented in response to a single pulse of red light of low fluence. This movement 

is reversed by a pulse of far-red light given subsequently, which indicates clearlv that it is a phytochrome 

response. In far-red light, the chloroplast is arranged with its thin edge perpendicular to the cell surface. 

Irradiated with red light it rotates and presents its flat face to the cell surface. Moreover, if a microbeam of 

plane-polarized light is used to irradiate one-half of the cell while the other half is irradiated with far-red light, 

the chloroplast twists; the part irradiated with red light presents its flat face, whereas the other half presents its 

thin edge. Such behavior predicts that the phytochrome molecules are anchored to some intracellular structure, 

possibly the plasma membrane, which helps rotate the chloroplasts. A gene encoding the apoprotein moiety 

in the phytochrome of Mougeotia has been cloned, but the deduced amino acid sequences show no 

transmembrane domain. The carboxy terminus, however, contains a motif that is thought to bind to 

microtubules. Thus, chloroplast movement in Mougeotia may be brought about by transduction of the light 

signal to cvtoskeletal elements. 

Phototropism chloroplast movement 

In contrast to Mougeotia, Mesotaeniwn caldariorum (a single-celled green alga), which also shows R7FR-

dependent chloroplast movement, is much less sensitive to a light signal. Usually, continuous irradiation with 

red light or irradiation with several pulses in quick succession is required for chloroplast 

movement. Mesolaenium has been shown to have a cytosolic phytochrome with no transmembrane domain. 

Thus, the mechanism of phytochrome-regulated chloroplast movement in these algae is still conjectural. 

Phototropism by rhizoids of Bryonia (a marine coenocytic alga) is reported to be mediated by a blue UV-A 

receptor. In mosses, PhyscomitreUa patens and Ceratodon purpurem, however, it is regulated via 

phytochromes and shows red/far-red reversal. The gravitropic response in mosses appears to be modulated by 
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blue light. The protonemal filaments of Ceratodon grow negatively gravitropicallv (upward) in darkness. This 

effect is reversed by blue light given simultaneously as the gravitropic stimulus. 

 

In ferns, such as Acuantian capillas veneris, blue light receptors and phytochrome act cooperatively to  

mediate phototropism and chloroplast movement in the gametophyte. The phytochrome involved in both 

responses is thought to be a dichroic type, probably bound to the plasma membrane, but details are unknown. 

Some other responses in ferns are also regulated by phytochrome and a blue light receptor. The phytochrome 

invoked in these responses is the nondichroic type. Moreover, these responses are regulated antagonistically 

by the blue light receptor and phytochrome. For instance, spore germination in ferns is dependent on exposure 

to red light. It is a typical phytochrome response in that it shows R/FR reversibility. The red light promotion 

of spore germination is suppressed by blue light irradiation. Tip growth of the filamentous protonemata is 

promoted by phytochrome, but is inhibited by B light. Irradiation with B light also promotes apical swelling 

of protonema (see Fig. 2-44 in Chapter 2) and subsequent cell divisions, leading to two-dimensional growth 

of the prothallus. Several genes (and many cDNAs) encoding the apoprotein moieties of phytochromes and 

blue light receptors in these plants have been cloned. Moreover, in some plants, such 

as Anaemia and Adiantam among ferns, Ceratodou in mosses, and Mesotaenium in algae, small families of 

genes encode phytochromes. For instance, Adiantinu has three phytochrome genes, PHY1, PHY2, and PHY3; 

Ceratodou has two; and Mesotaenium has at least two, possibly many more. In other cryptogams, only one 

phytochrome gene has been reported (e.g., Selagimila, Phi/scomitrella, Mougeotia). 

The cryptogamic phytochromes identified to date typically show the structure common to seed plant 

phytochromes with a chromophore-bearing region, a hinge-like region, a PAS domain, and a histidine kinase-

like domain at the C terminus. Cryptogams also show an unusual type of phytochrome, which combines the 

structural features of phytochrome and a blue light receptor. For example, in Adiantinu, two phytochrome 

genes, PHY1 and PHY2, encode phytochromes with a conventional structure. The third, PHY3, encodes an 

unorthodox protein. The N-terminal of PHY3 is very similar to the N-terminal chromophore-binding domain 

of PHYA in Arabidopsis, but the C-terminal is strikingly similar to NPH1 (the blue light receptor for 

phototropism at low fluences of light), with both LOV doma ins and all the conserved domains of the catalytic 

region of a Ser/Thr protein kinase (Fig. 27-11). The moss, Ceratodou, has two phytochromes. One has the 

structure of a conventional phytochrome and the other is an unusual phytochrome. It has a kinase domain but 

with a different structure than that in PHY3 of Adiantam. It also lacks the LOV domain and the blue light 
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receptor-binding region. Other cryptogams may have still more unusual or novel combinations of 

photoreceptors. 

Blue light receptors in cryptogams are still very much a mystery. Use of molecular techniques, however, has 

allowed cloning of several CRY genes in Adiantam. In this fem, five groups of CRY genes, members of a small 

gene family, have been found. The encoded proteins show structural similarities to the protein moieties of cry1 

and cry2 in Arabidopsis. They probably bind a flavin chromophore, but none of them acts as a photolyase. In 

summary, many responses in cryptogams are mediated via phytochromes and blue light receptors. Some are 

mediated individually by one type of receptor, others are regulated by both, some synergistically, and others 

antagonistically. Genes encoding the protein moieties of many of these receptors have been cloned and their 

structures deduced. In several plants they occur as members of small gene families. The specific roles of these 

phytochromes and putative blue light receptors are still unknown. They are being elucidated by the use of 

mutants defective in specific responses. For example, mutants in Adiantinu have been isolated that are 

defective in red light-induced phototropism, but not in red light-induced spore germination or filamentous 

growth. 

 

Conclusion 

When one thinks of fast movement, plants do not usually come to mind. The movements of most plants   

typically involve a tropism, the growth or turning movement of a biological organism in response to a 

direction-dependent stimulus, and are normally only notable over the course of hours or days. Classic examples 

of tropisms include phototropic movements towards light, directional growth or reorientation in response to 

gravity (gravitropism) and touch-sensitive growth of the roots (an example of thigmotropism)  . In addition to 

tropisms, some carnivorous plants trap prey using nastic movements, or direction-independent, reversible 

orientational changes in response to direction-independent stimuli. Plants with fast thigmonastic movements 

have evolved the capability to quickly and dramatically alter their shapes in response to certain external 

stimuli. Although these mechanically induced active movements may appear to serve different purposes, from 

a protective mechanism (e.g. the folding of Mimosa leaflets) to a hunting function (for example, the rapid 

closure of the traps of Dionaea, Utricularia and Aldrovanda), some common ground exists. Recent 

investigations have started to show that most thigmonastic movements result from differential changes of 

turgor pressure in the tissues, and the opening of certain key ion channels is often involved  
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