
doings, and habits of animals without turn-
ing a blind eye to animal physiology.

Ascribing intelligence and consciousness
under a pluralistic approach does provide
newdirections to study cognitive processes
in plants [3]. All we need to do so is to place
the discussion outside the framework of old
and sterile battles. We lend mainstream
plant physiology a friendly helping hand
with an eye to enriching discussion with no
vetoes over alternative theoretical frame-
works. That is the only way forward.
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Consciousness
Facilitates Plant Behavior
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The scientific pursuit of nonhuman con-
sciousness and sentience, understood as
the capacities to be aware of the environ-
ment and to integrate sensory information
for purposeful organismal behavior, has
been a research priority for decades [1].
Many plant scientists would have no prob-
lem in assuming that chimpanzees, dogs,
cats, and dolphins are conscious. Marks of
‘the cognitive’ have been identified in such
distant animals, taxonomically speaking, as
fruit flies [2], archerfish [3], and zebrafish
[4]. By contrast, plant consciousness
appears to be a different ‘breed’ altogether.

Consciousness appears to bottom-out at
some point in evolution and, for Taiz et al.,
plantsmark the borderline in this respect [5].
In their recent opinion article [5] in Trends
in Plant Science, they claim that ‘plants nei-
ther possess nor require consciousness’.
However, they base their claim on a
cerebrocentric postulate [6] and assume
without further ado that a relatively complex
nervous system is essential for conscious-
ness. By contrast, on evolutionary continu-
ity grounds, we see biological sentience
and consciousness as emerging from cer-
tain basic features of living organisms [7].
These features can be partly neural, as in
the case of the rise of animal-based forms

of sentience, but can also be non-neural,
as the very possibility of plant sentience
suggests. We are happy to go all the way
down. To avoid the ‘emergentist dilemma’
and to stay on an evolutionary track, a
basic form of sentience (awareness of
environment) is proposed to emerge with
the evolution of first cells and is an inherent
feature of cellular life [7]. If bacteria evolved
biomechanical structures that underlie their
own subjective experiences, and facilitate
their own goal-directed behavior, communi-
cation, and adaptation [7,8], there is no rea-
son to exclude the possibility that plants
have also evolved their own subjective
sense of environmental awareness.

Can we rely upon scientifically grounded
indicators for the ascription of sentience
to plants? We find justification for the
ascription of consciousness to plants on
the grounds that doing so furnishes the
best explanation of the mounting available
data. Which data? Indicators for the ascrip-
tion of plant consciousness are the same
ones we use for the study of animal-based
interactions. To wit, anatomical and mor-
phological traits, (electro)physiological re-
sponses, and behavioral/ethological data,
among other evidence pools. Plant bodily
actions, together with electrochemical ac-
tivity, and phytohormone secretion and
transport, serve among other roles to
achieve purposeful movements [9], and
sophisticated forms of plant behavior [9]
have been comprehensively linked to plant
electrophysiology [10].

How widespread is consciousness across
the Tree of Life? Current trends are
orthogonal to Taiz et al. [5]. Their ‘ladder
approach’ privileges some phyla over
others and, in doing so, swims against the
stream of research in evolutionary and
comparative biology. The investigation of
consciousness in plants is fully justified to
better understand how these processes
contribute to the life cycle in real-world
circumstances, which is the real target of
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selection [11]. Plant consciousness could
have emerged from the phytoneural fea-
tures of the vascular system of higher
plants as well as from synaptic-like cell–
cell communication in root apices.

Can we effectively determine whether
plants are conscious? The capacity of a
plant for sentience and sophisticated be-
havior could be told from the degree of
complexity of vascular interactions. Our
working hypothesis is that changes in
levels of plant sentience will be consis-
tently linked to changes in long-distance
electric signaling and vascular complexi-
ties. We may measure the integration of
information in plants by probing their vas-
culature directly via causal interaction and
assessing to what extent different vascu-
lar areas interact and deliver differentiated
responses.

The case of plants under anesthesia [12–14]
constitutes a specially promising avenue of
research in this respect. As in human and
nonhuman animals, behavior and sensory
responsiveness of plants are also sensitive
to anesthetics. Following in the footsteps of
Claude Bernard’s pioneering work [15]
(in his view, sensitivity to anesthesia
marked the borderline between sen-
tience and reductive chemical phenom-
ena across phyla), we now know that
plants not only biosynthesize anesthetic
chemical compounds if stressed or
wounded [16,17], but are also subject
to reversible anesthetic treatments.

Venus flytrap anesthesia induced with
diethyl-ether blocks long-distance elec-
tric signaling via plant action potentials
and also inhibits jasmonate accumula-
tion and impairs jasmonate signaling,
leading to the expression of jasmonate-
responsive genes [13]. External applica-
tion of jasmonic acid restored jasmonate
signaling even under anesthesia, impli-
cating that jasmonate signaling is linked
to plant anesthesia [13]. Given that

jasmonate signaling is also relevant for
long-distance electric communication in
noncarnivorous plants, we can expect
that unraveling of mechanisms behind
the interactions between plant action
potentials and jasmonate signaling will
illuminate how plant sentience and
consciousness impact plant defenses
and adaptations to stress situations. It
is relevant in this respect that plants pro-
duce their endogenous anesthetics [17]
typically under stress situations and
wounding [16].

Given that glutamate and GABA signaling
are shared by animals and plants [18,19],
the loss and recovery of overt plant behav-
ioral patterns might be due to the inhibition
of action potentials. Insofar as anesthesia
effectively blocks plant action potentials
[12,13], we can expect similar effects on
long-distance signaling in the plant body
as we find in the animal literature. Extensive
breakdowns in vascular connectivity in
plant subjects under anesthesia will enable
us to observe a lack of correlation between
plant arousal and awareness. As plants
come out of pharmacological coma (anes-
thesia) and their physiology reverts to
normal, the two components, arousal or
wakefulness, on the one side, and aware-
ness, on the other, will stop being dissoci-
ated, reaching a higher level of sentience.
Future studies can clarify the nature of
roles of consciousness in behavior, adap-
tation, and evolution of living organisms.

If speaking about animal consciousness
remains a taboo in some quarters, plant
consciousness represents the ultimate
frontier. We are aware that the very idea
of plant consciousness can prove elusive,
and that it is easy to fall prey to concep-
tual, zoocentric traps. However, theories
of consciousness must make evolution-
ary sense. It is precisely paying due re-
spect to evolutionary considerations that
brings the idea of plant consciousness
to the fore. The very consideration of

plant consciousness does not imply that
plants are to be treated as proxies of an-
imals. Nevertheless, plants represent a
promising and relevant model in this
endeavor.
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