
Plant Signaling & Behavior 6:6, 840-842;  June 2011; © 2011 Landes Bioscience

840	 Plant Signaling & Behavior	 Volume 6 Issue 6

Plant Signaling & Behavior 6:6, 840-842;  June 2011; © 2011 Landes Bioscience

Addendum to: Pavlovič A, Slováková L, Pandolfi 
C, Mancuso S. On the mechanism underlying 
photosynthetic limitation upon trigger hair 
irritation in the carnivorous plant Venus flytrap 
(Dionaea muscipula Ellis). J Exp Bot 2011; 62:1991-
2000; PMID: 21289078; DOI:10.1093/jxb/erq404.

Key words: action potential, carnivorous 
plant, Dionaea muscipula, electrical sig-
naling, photosynthesis, respiration, Venus 
flytrap

Submitted: 02/15/11

Accepted: 02/15/11

DOI: 10.4161/psb.6.6.15170

*Correspondence to: Andrej Pavlovič; 
Email: pavlovic@fns.uniba.sk

Mechanical irritation of trigger hairs 
and subsequent generation of 

action potentials have significant impact 
on photosynthesis and respiration in 
carnivorous Venus flytrap (Dionaea 
muscipula). Action potential-mediated 
inhibition of photosynthesis and stimu-
lation of respiration is confined only to 
the trap and was not recorded in adja-
cent photosynthetic lamina. We showed 
that the main primary target of electri-
cal signals on assimilation is in the dark 
enzymatic reaction of photosynthesis. 
Without doubt, the electrical signaling 
is costly, and the possible co-existence of 
such type of signals and photosynthesis 
in plant cell is discussed.

Trap closure of the Venus flytrap (Dionaea 
muscipula) is one of the fastest movements 
in plant kingdom. Mechanical irritation 
of trigger hairs protruding from upper 
leaf epidermis results in generation of 
action potential. At room temperature, 
two touches generate two action poten-
tials and activate the trap snap shut in a 
fraction of second.1 After the rapid move-
ment secures the prey, struggling results 
in generation of further action potentials 
which cease to occur when the prey stops 
moving.2 We documented that trigger 
hair irritation and subsequent generation 
of action potentials have significant effect 
on photosynthesis and respiration. Action 
potentials propagate in the trap and were 
not recorded in adjacent lamina (Fig. 1). 
This is in accordance with the observation 
that no changes of photosynthetic and res-
piration rate as well as effective quantum 
yield of photosystem II photochemistry 
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were recorded in lamina. Detailed analy-
sis of chlorophyll fluorescence kinetics 
revealed that the main primary target of 
action potentials is in the dark enzymatic 
reaction of photosynthesis and changes in 
quantum yield of primary photochemistry 
are just a consequence of decreased CO

2 

fixation. However, electrical signals have 
probably also small effect on excitation 
energy trapping, charge stabilization and 
recombination reaction in photosystem 
II as measurements of fast chlorophyll 
a fluorescence transient indicates. This 
effect may be explained by repulsion of 
charges in reaction center of photosystem 
II.3,4 The changes of photosynthesis upon 
impact of electrical signals probably have 
no benefit for plant and are only a negative 
consequences caused by the changes of the 
ionic environment.

These findings may have more conse-
quences for plants in general. The electri-
cal activity of plant cell was for the first 
time described by Burdon-Sanderson in 
1873.5 Hence electrical signals do not 
belong exclusively to animal kingdom 
however they never develop the same 
degree of complexity as in animal nerves. 
Electrical signals are capable of trans-
mitting signals more quickly over long 
distances when compared with chemical 
signals (e.g., hormones).6,7 They are not 
confined only to the sensitive plants (e.g., 
Mimosa, Dionaea), but play also an impor-
tant role in every non-sensitive plants and 
in both groups have significant effect on 
photosynthesis and respiration.8-14 It is 
not surprising, that if electrical signals 
are costly in term of consumption of ATP 
and increased respiration with concurrent 
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prey—increased nitrogen concentration 
in the leaves stimulates photosynthetic 
assimilation.22 The possible ecophysiologi-
cal impact of electrical signals on daily 
carbon gain in sensitive plants remains to 
be elucidated. We still do not completely 
understand the electrical signals in plants, 
and further research in this area is neces-
sary to understand the full meaning of 
electrical activity in plants.
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inhibition of photosynthesis, the same 
degree of complexity as in animals could 
not be developed. If plant growth depends 
on photosynthesis, this raises the question 
whether electrical signals and photosyn-
thesis may co-exist together. The continu-
ous electrical activity would inhibit the 
main source of energy for plants—pho-
tosynthetic assimilation. This may also 
explain why the plants are sessile organ-
isms. For rapid coordinated movements, 
electrical activity plays an important role 
in animals. Unlike animals, plants usu-
ally rely on slow movements in which the 
role of plant hormones is indispensable. 
In this concept, it is not surprising that 
the more complex electrical activity was 
recorded in root transition zone—the het-
erotrophic part of plant body.15,16 And this 
may also explain why the more evident 
electrical activity in the plant world has 
evolved in the traps of carnivorous plants 
like Dionaea, Aldrovanda or Drosera.17-19 
In general the traps of carnivorous plants 
are considered to be less efficient in pho-
tosynthesis.20 Any of the action potentials 
produced by Drosera tentacles or Dionaea 
trap do not spread to photosynthetic active 
lamina, thus the main side of CO

2
 fixation 

is protected.21 It is possible that such tem-
poral carbon costs associated with insect 
trapping and retention may be outweighed 
by the benefits gained later from the 

Figure 1. Dionaea muscipula with entrapped wasp of the genus Polistes. Action potentials and rate of net assimilation at irradiance 80 μmol m-2 s-1 PAR 
(AN) in response to 15 s mechanical trigger hair irritation (between 160–175 s) in trap (upper row) and photosynthetic lamina (lower row).
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