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11.1 GENERAL ACCOUNT

The movements may be defined as the dj
R o e protoblaN fom o isplacement of the enti

Movements are of universal occurrelildcé Wi
" animals. Mostly animals can move ﬁce ¥
ajority of plants remain fixed and they Shom 5
organ phototropic and geotropic s
movements of plant and animals is
difference in their mode of nutrition.

The movements in living bei

- _ ngs (plants i

change in the environments. The plantspl are s;:s;riumal;) i o

_ : . ve changes in

.gnwromnent like 1! ght, heat, touch, pressure etc. The changge in th:;hznfa.mors o8

induces 2 change in plants and called stimulus, and the reaction of pl‘aﬁm::]ct;t
. - - -y : e

st:m_uius is (?alled the response. The irritability or sensitiveness (response of a plant

1o stimulus) is a fundamental property of living protoplasm.

11.2 AUTOMNOMIC AND PARATONIC MOVEMENTS

Movements of plants may be broadly classified into two groups which are :

3[" re !]Vlng be}ng or

lants
Ee E:Ecalthough, not so apparent as
Gl € to other place while the
S i movements e.g., growth of an
o C. Tl"llS difference between the
cgree and is related to the fundamental

(i) Movement of Locomotion

(i) Movement of Curvature

Movements of Locomotion

The movements include the cilinary moveme
bacteria, rhythemic movements of Oscillatoria and amoeboid mov

moulds. These movements may be of following types -

nt of unicelular or colonical algae,
ements of slime

1. Autonomic Movements of Locomotion .
The movement which exhibit locomotion by cilinary action e.g., Volvox.

Chlamydomonas or gliding €.&: diatoms OF rhythemic movements €8 dnf\t?m? or
B . movements ¢ 08l internal stimulus i.e., 1akes PREE
. -y L

Jatoria due to the | e
Spontaneously in the protoplasm, known as a ic movements of lOCOMOTETE:

utonom
uced Movement of Locomotion
by externd

| stimuli like
duced movements.

e ———

chemical, light,

2. Paratonic or Tactic or Ind
ay be of the

govcmcd
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These movements are These m

: ::-temperat“re etc. hence are called a
§ [Dllowing types :
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19 . These movements are governed by s
.. in most of plants move towards archeg

# anﬂ:fc"‘;f;'gf}o:.' of sugar jucice secreted from archegonia,

motactt

me chem:
f mll.‘.a[ :

Onium Sty

che

‘ se movements take place i € n
: (l;i i::";::::;ﬂ;; vrg::fcl filled with ice cfold Evatei clgntr;iii}:; S:mto at, ¢ ., gﬂﬂ_tn tg: tur
g an e id the il Dan will g o move oy iy I il T
c.
= w?:;l ; ::hototaxis : These movements take place in response light, e.g, 1. 3 g ﬁadf“fn
moves towards the shaded bank, because of its attraction towards the w::ai 1!1 : g, p;wt‘ .coﬂlpotw
repulsion from the strong light rays. Ight a ‘;:’ﬂfi aﬂdse g
Movements of Curvature : y 'hmeoml
These movements are usually shown by higher which are fixed to the g do"’:;ir;];t is.a
These movements of curvature mostly performed by certain parts of plants as%ar0 # Sgue 10 M0
of unequal growth in one or the other directions, hence are also called * oSl W on tI
movements . The curvature movements may be of the following two types - i df;vﬁ from !
(i) Autonomic or spontaneous movements of curvature. e
These movements take place in pl i i > raton
place in plants according to their own accord. (i) P2

(ii) Paratonic or Tactic or Induced movements of curvature. The moven
These movements of plants are governed by some external stimuli. some extemﬂl 51
(iii) Autonomic movements of curvature. : o with

The movements of curvature which take place in plant according to their oyy (&) GTO'
accord, may be of the following two types : (B) Vanati
(A) Growth movements (A]Growth M
(B) Various movements (Induced o
(A) Growth movements The moven
These movements are due to unequal growth to different sides of the plant (a) Tropic
organ. This types of movements are quite common to weak stemmed plants. The (b) Nastic

autonomic growth movements may be of the following types : (a) Induced D

(a) Nutation : Sometimes there may be greater growth on one side of the Sﬁ
then the rest and the maximum growth may pass a little later on the opposite Slg:ﬂ o '
subsequently alternate between them. Thus the apex will alternately incline b Mot ang alway
one sie then to the other, exhibiting a kind of nodding movement In

directions. This type of movement is quite common in the seedlings of twiners

; g . r o
(b) Circumnuation : In this type the growth is rapid on one side and slowe me of Stimy

the oth ing i ircli i d tendrils round the support: B
e other resulting into encircling of twiners an h on the uppet “‘&sfanow _

(c) Epinasty : In this type of movement; the greater growt O e leavesi Ws ;
surface of bifacial structure like leaves take place e.g., Opening of circl %mm"
ferns. i e 10«{& gunln:hese_

(d) Hyponasty : In this type of movement the greater gf? rcinate eaves il %tac: uf: friey
surface bifacial structures like leaves takes place e.g., formation 01 ¢ %Nrt With .
ferns. N%’u&ﬁor by

%ﬂy. “m, o
o
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o ment of Variation

(0 Autonomic curvature movements of variation
ovement of variation is the
of mature organs due to
the turgidity of the cells making

‘]‘hc m
vement

; ation 10 & A
,'l vﬂl’:hnsc organs. This type of movements ig
bdu*r up = een in  the India  telegraph

(t-Desmodiunt gyrans. The plant has a
ate compound leaves, with a large
inal and two small lateral leaflets.

a1

Of fhe f Normally these two leaflets move up and
tlorc 0 Jown form Il]‘t)millg;till evening i.e., so long M%:EMENT OF
i Up, as sunlight 1 ;waillable rarely they may Lo IATjoN
Ingto continue to move till late hours at night {D:;?-;; 1d.ilndlan telegraph plant
nﬂ] depending O the energy that.they have ;o:e“r:lgwt’ar;s] Ie.::i::‘mng
tlof conserved from the sunlight during the day nt of vari

times.
(ii) Paratonic or Tactic or Induced Movement of Curvature

The movement (?f curvature which takes place in plant organs as a result of
some external stimuli such as light, heat, chemicals etc. may be of the following

type
(A) Growth Movement
(B) Variation Movement

(A) Growth Movement
(Induced or Paratonic growth movement of curvature)

The movement can furthers be either.
(a) Tropic or Directional : Mostly in stem root etc.
(b) Nastic or Non-directional : Mostly in flowers etc.

(a) Induced Directional growth movement of curvature Or

Tropic Movement of Tropism
These movements commonly occurs in rapially symmetrical organs like stem,
root and always directive i.e., the direction of movement isd determined by the

indirection from which the stimulus is applied, and the organs move either towards

the source of stimulus or away from. The tropic movements depending upon the
mal stimuli are contact,

nature of stimulus may be of many type. The chief exte :
water, light, gravity and chemical substances, and the movements induced by them

are as follows :

(I) Thigmotropism or Haptotropism :
ans are in response to the stimulus of

These growth movements of plants org .
contact of friction. In this type of movement the part of the plant when comes in
fontact with any support or body e.g. climbing of weak plants due to holding gt‘
Support or by the tendrils or hooks in Dioscorea. Glorosa, Nepenthes, Cl.fzmat:s
Nasturitium, “etc. Thigmotropic responses are induced only when the tendrils are

.~ dctively orowing. Perception of the contact stimulus is in-some cases, as in certain

ith to different sides ot
jon to weak stemmed s
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- ; enciated with the presence of ' b
ies of cucurbitaceac, associa sen i }
ffne;rlﬁi Thigmotropic responses are also ment within the roots. actile il ?bo“;ﬁ:;gﬂio ?m
o g 18
pot? anC
’F; s‘d?fhis sho

(i) Hydrotroplsm _
The movement of an organ in reponse to the moisture stimulye :
hydron'opism. The roots show a tcn'ldency to grow towards the souus I8 kg
and said to be positively hydrotropic. This may be proved by germ_rc:e Of g
tained in a shallow vessel with perforated bott(l:::"“ :
It

moist saw dust con
observed that roots BFOW vertically downward due to gravitatio ag
produce from the bottom. If the vessel is inclined at an angle to th;1 21 pull andb“n
surface of the vessel as if seeking mg‘i'gtzal the
Ie

will bend towards the moist out
continue to grow parallel to the bottom. By the experiment we may g Wi
thyy

h_vdrotropism is stronger than geotropism.

(iii) Phototropism or Heliotropism
The movement of plant organ are due to the stimulus of light rays. |
- It iS WEI]

known tha shoots (stem, leaves) are positive jic i

light while; roots are negatively p)hototfopic I e?'tgg)? ﬁg‘sfiz;aerzisﬂ&gkbmd fowargy
.+ face tOWi

= &!ﬁents'aﬁe

The phOtl

 chlorophyll-

A proper
result of the
distribution on
is produced 1
clongation wi

growth on the
EW. excised
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'Tﬁr. h}' ¢ &0 . t (GrOMh Mngment
"'Ede : phototropic responses on stems cap b bt o 8)
&ralv' b:% shototropic chzimhgr. Uhis chamber s'nnxmh- by growing youn .
n&, i!"'t' ¥ indl ides and is provided with g Witdow o S of a box_ covered and h’?"‘fw("lﬂgsd
% elﬂ Inl'& o Jl‘itit‘- This shows that stem always Mmove n“ ‘I‘l'it‘ Side go that light u,lnde Daimcd
le:%k !he ”m[u:m-‘ Wardg the Window l;nm (u.rhz’r"c]r_ f}rlnm
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Fig. 4 : PhOtOtTOpism

rh'*IMIZ{::jc’: tgi::fgz tdhizosj?'o}”h: %S(l)twe phototropism e.g., Heilanthus (sunflower)
which e e o]liter‘ stalks of Arachis hypogea (ground nut) are
;cﬁ':a]r:iil}ns];ﬁer pollination. : i Do negatively phototropic

The phototrophic movements are not related with presence or absence of
chlorophyll.

A proper explanation of the phenomenon phototropism has come only as a
result of the discovery of auxins. It has been seen that auxins have unequal
distribution on the two sides of the stimulated stem. Experiment also prove the auxin
is produced in the region of perception and diffuses downward to the zone of
elongation where its greater concentration on the shaded side cause accelerated
growth on the side thus resulting in a curvatuer towards the source of light. Went
FE.W. excised the coleoptile tip after subjecting it to unilateral illumination and
placed the tip on two agar blocks separated by mica sheet so that the illuminated half
of tip rested on one agar block and the unilluminated half on the other blocks
separated by mica sheet so that the illuminated half on the other block. The blocks
were the fixed eccetrically on different coleoptile stumps on the dark. By this we see
the production of negative growth curvature which proves that auxin must have

COLEOPTILE TIP
DARKENED
SIDE PREILLUMINATED
SIDE

65% AUXIN || 35% AUXIN
-—h

Fig.5:1n as unilaterally illuminated coleoptile in the hormo
more on the shaded side than on illuminated side-

ne accumulates
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Fig. 6 : Showing interaction of light and auxins on growth of stem th:nfoot ggg i
illumi g2 ati
diffused down into the agar blocks. The agar block under illuminateq half o ?ouceﬂ i cOﬂce:‘trs -
coleoptile tip produced a greater curvature that} othgr agar b.lock showing that ¢ inf e of tha .
was more auxin on the shaded sine that the 1llulmmated s_lde. he experiment g, goW centhtfaﬁon (} e
prove that if tip of coleoptile kept in dark the auxin was uniformly distributeq. T coB iration ©

we may conclude that redistribution of auxin takes place under the influence of
unilateral illumination.

(iv) Geotropism ) chemotropism
The movement of any part of plant governed by the direction of the force of The movemel
gravity is called geotropism, Normally the roots grow towards centre of gravity i.e, . quced by the

positively geotropic and shoots (stem) away from gravity i.e., negatively geotropic.
The lateral roots and branches usually grow at right angles to the force of gravity and
are said to be diageotropic.

chemical ~ substanc
Chemotropism €.
sensitive hairs in
lamina in Dionea,
Dionea, closing «
Nepenthese etc., ¢
with nitrogenous f
lungi  show pc
owards sugars etc
Posttively  chemo

Fig. .7 : Clinostat

of different plant
Y @ instrument *

The Orientatio
n : ; e
forces of gravity. B organs is due to one sided stimulation DY th

‘clinostat*’ it has been seen that when
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3 effect of gravity Iis climinalcd.
1_19{"11. a clock work which rotates
onsiS T-:’t‘d‘ A flower pot containing
ﬂx;lin a horizontal direction and
l,qrc‘w rotates. Thus all sides of plants Successive|
s"‘,ﬁ”ltlui equally. In this case no curvature of ropt or shyo
sr'n1ll(~t:‘,1:'l‘!‘i""] mostly has been studie
acfit:"’i but in opposite direction,
re The mechanism of the preparation
e“plai“‘v‘d by the auxins !h(:’f}}}', Accordi
i prought by some regulation hormone Or auxj
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MO curvatyre is
a dise attacheq
a seedling g f
the clock work started

The disck along with
come to receive the geotropic
Ot 1s produced.

d in roots. The stem alg shows geotropic

n. The auxin is produced in the root

Ocj  (ip and the stem tip and diffuses to the zone of elongation. The different response of

the root and the stem ‘of gravity are dye to the difference in the optimum

ife he B concentration of the gRsil for sleml growth is higher than for the growth of root. The

Onllfy ; increased concentration of the auxin on the lower side of stem, therefore, promotes

' ng d’% wth of that side and cause the system to bear upwards. The optimum
 the A

concentration of the auxin for root growth
concentration of the auxin for the lower side of t
therefore, retards the growth of that side with t

is much lower. The increased
he root exceeds that optimum and
he result that the bending is down

Irect; words. In present day this theory has been almost accepted.
C
ls o of (v) Chemotropism
“Nie of The movement of plant organs l.sss AUXI‘I:I
' negafi"f@ induced by the presence of certain SHOOT e < HOST
he force Ofgm‘} chemical substances is spoken as T

. Chemotropism e.g., movement of 1
sensitive hairs in Drosera, folding of MORE GROWTH ¥ LESS GROWTH
lamina in Dionea, folding of lamina in 7 <
Dionea, closing of lid of pitcher in
Nepenthese etc., on coming in contact LESS GROWTH MORE GROWTH
with nitrogenous food. Hyphae of many
fungi  show positive chemotropism
towards sugars etc. Pollen tubers are also

positively chemotropism their growth ”“ 1 GNE%GTART(;\;‘EC
through the style and later towards the GURVATURE

88 apparatus in angiosperms being POSIEISEVGA$8;EOPIC GRAVITY
f ently directed by chemlcac: Fig. 8 : Diagrammatic representation of
fstance present 1 shig an.d producc interaction of gravity and auxin on the
and a result of disinteraction o_f tl?e stoins and Poot Grawth
mergids Penetration of haustoria in

Uscuta etc. is also an example of chemotropism. e

Besides these tropisms certain other tropisms l:ke. ther{normplsm (1tn r:lsg:ot:li? t;(;

heat), tramptropism (in response to injuiry),' electropism (in re:l;:onse Ont e
- @erotopism (in response to air) and rheotropism (in response to the curre
Which are of little ess importance.
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Nastic Movements

(Paratonic curvature movement of Variat ‘Ons)

The nastic movements  are
ternal stimuli but the

yverned by €X
:L;.tl ction of movement are not
e § ) .
jotermined DY the direction of
¢ >
These movements are PULVINUS

stimulus. . 3 .
independent  t0 the direction of

stimulus and may oceur in any
direction. Nastic movements are
mostly exhibited by flat dorsiventral
orcans leaves and petals. ' The
tblhlowing kinds of nastic movements
are common :

(i) Seismonastic movements

These movements brought about
by mechanical stimuli such contact
with a foreign body, wind, rain drops
etc. are called seismonastry.
Movements of the leaves (leaflets of
Mimosa pudica (sensitive plant)
Biophytum seysitivum, Azerhoa etc.
are the common examples.

The plant Mimosa pudica
(sensitive  plant) where leaves
(leaflets shows paratonic nastic
movements of variation has bipinnate
compound leavews. The base of

petiole is slightly swollen and known
pulvinus. If a terminal pinnule is stuck or touched, all the plnnule of the stimulatd

pinna close up in pairs from the tip backwards. The stimulus the passes to the ol
pinnule, then pinnules of which also begin to close up from the base of main petiok

which falls suddenly downwards from its erect position. :
rapid, takitk

These seismonastic movements on the sensitive plants are very v
ifferential loss of U

place within few seconds. These movements are caused b}{ d e
on the two sides of pulvinus. The lower half a pulvinus 1s made up of el
cells with large inter-cellular spaces and in the upper half the ¢ei®
comparatively thick walled and intercellular spaces are fewer.

I 4 the transmission of sti
n recent days it is supposed that d travels t

SIESMONASTY

Fig. 9 : Mimosa pudica branch showing
seismonastic movement

FULV

vt

wit

ol
ulus is brought 3
o the pul

by a hormone which is produced in a stimulated part an e
xylem. Th“-S&IIB: '
e . aM ov
(ii) Thermonastic Movements ! fure; o Nory uleceae

es 1n temperawn ﬁ-\'*’“m”Ies al ape in

These movements are brought about by the differenc
and closing of flowers and leaves and different temperatures

: : etc.
ofiite.g., flowers of Tulpia, leaves of Colchicum, Oxalis ansmore
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PULVINUS

PULVINUS

B -
Fig. 11 : Seismonastic movements in Mimosa pudica.

(i) Nyctinastic movements Or (Sleeping movem?nts} : A Leenaiiod
These movements are induced by alternation of day and mgl:l an &;irbkedl)'
Myetinastic or nyctitropism or sleep movement. Leaves m}d ﬂow;.trs :lr:ratl‘u‘e
affected by nyctinasty. The movements are effected both by hg:ht i i P diz;ceae
These movements are quite common in various plz}nts of fa}m:ly bg":;i; e
‘and portuleceae. The leaves of flowers of them drop in the night an

Mormal shape in morning again.
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11.3 ¢
0OT(

‘”n%:ent,

G%oelop
g
p1an®  qnts in ©
PHOTONASTIC how ¢
MOVEMENTS / ;scUS® that
panis™
-on take P¥
) m animal
ig. 12 : Oxalis leaves showing photonastic movem i i and €O’
Fig i f C"ﬂ;voeiopm‘?‘
Hygroscopic Movements - g to A2
These are the mechanical movements of plant organs. this Coordmatlﬂﬂ
movements are performed by the certain parts of plants, like the b o & L achle‘;
sporangia in ferns, rupture and dehiscence of dry fruits etc. Thege mr:itmg o e vities suc
normaﬂy brought about to difference in hygroscopic nature of the tissye. "
o > s o d:
Chart Showing Classification of Plant Movements > contro! 27 s
Plant Movements ’Malsi Is £
: e - hand, const
] Svel through B
Vital movements Hygmsﬁopicmm é Mwme}
 There are ©
Movement of locomotion : Movement of curvature mons:

] . b e chemical signals
Autonomic aratonic (Tactic) This type ¢
J \ them to respond
Phototaxis Chemotaxis Thermotaxis ) Nervous |
] Bl i
Autonomic ‘ Paratonic -&mllins t¥pe
. o respony
I | 3 Control 3
Growih Movements Growth Moveinen %8¢ hormon
movement of variaton ~ movement of variation Phytohormone
] ®  Auy
Tropic movements Non-directional ° sl
(Nastic) Gibt
—Thigmotropism i) 2 breac
—Phototropism Nastic Cyt'
—Hydrotropism movemen help
—Geotropism . Abs
—Thermotropism Wwilt
—Chemotropism in

: b}



