aparna

Lecture Nao: 3 & 4

Role and significance of water — DilTusion, imbibition,

osmosis and its significance, plasmolysis,
Absorption of water and path of water, Ascent of

sap and theories ol ascent of sap.\

“Water 12 known as the qu.ml pold o elinar of lile. Water is the major l:ild'l."rl1"'—“”_’It
of all living cells Water conitent in el ranges [rom 70 1o 20 per cent. Water |5 dynamie
in ]_‘||ur||; It fermas the major consofuent Ind | ]|'.inl.: 1|:|i'|‘|g-u icellst and all the wital ]'.'I'L"'L'l"-'_“-’"
of the Life ore corried out i i o Hiviog tssue, wuter i the medium for many blochemical

resclions and extraction processes. Tnonganic udrients. photosynthates and hopmones are

trunsported in agueous sclution Movernenn ol witer fosm soil solution to root, stem and
then o atrnosnhers, this conTipuns s cIment from son ] b atmosphere 15 called ns 5{“’_’
plant-atmosplicre swater wonbimeun) [SEACT Duoaporition ol water can coniral e
lemperature of leal on canopy . Sodl nulnznt are available o plant roots only when
dissolved in winter

Water 15 one of the most plentitl wlhemicals wvalable in the earth and 1the
chemical tormula is M0 It s @ty Veshuped molecule thot contuing three aloms which
do not stay wogether us the hyvdeogen atoms are constantly exchanging betwéen water
molecwles, The wnter molecyle consias of an cxvEen otom covalenily bonded 1o 1wo
hydrogen atoms. The twa O—F honds form un angle of 105 (Figure). Because the
OAYECN alon bs mere eleetronegative than hydrogen, o rends o ouract the electrons of
the covilent bond This attraction results lnoa parial negutive charge ol the oxygen end of
the molecule and o partial positive charge ot each hydrogen

Water hos specinl properties that enahle it to act a8 a solvent and 1o be readily
trunsported traugh the body of the plunt These properties derive primarily from the
polor struciure of the witer mualecule

= The Polarty of water molecubes gives nse 1o hvdrogen bonds
s The Polarity of waler makes an execellen solvent
lhe Thiermal properties of water result rom by dropgen bonding
Pie Cobesive ond adhesive properties of water are Jue w bydrogen bonding

et b em g

At e ot
MECIFOra FQ e irEyied
L=l S AT T N L B

el promin e ppaial pre e

— -

R W gt N,

| 10¥ T w1

) \ J

'L_\__._./ "—\_-"
LE |

Mt prall e CRuEDe

Importance of water to plunts:
I, Water 1ypically constitutes 80 1o 95% ol the mass of growing plant tissues.
2. Water is the muin constituent of protoplasm comprising up to sbout 90.95 per
cent of its ol weight, In the ohsence of wuter, protoplasm becomes inactive and
is even killed,
Liifferen: organic constituents ol plants such as carbohydrates proteins, nucleie
seid und enzymes ete, lose thelr physwal and chemical properties in the ahsence

ad

af water,
4. Water participates directly in many mewbolic processes.  Inter conversion of
carbohydrates and organic ucids depend upon hvdrolysis and condensation
reductian,
Water increases the mte of resviration. Seeds respire fast in the presence of water
Water is the source of hydrogen atoin for the reduction of CO3 in the reaction of
photosynthesis,
-y LY . - fi . i mp m w A ‘ 1 '
7. Water acls as a solvent and acts as a carrier for many substance. If forms the
medium in which several reactions take place.
) HT . T i ] T
E. svater present in the vacuoles helps m maintaining the lurgidity of the cells which
15 a must for proper activities of lile and 1o mamtain the form and structiure,

o
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'|"|:15m!:':;j o d_-ﬂlfl'l‘ml'_ll: the osmotic pressure of the cell 1:::”".:
¥sis s used in o salting of meat and fishes  Addition of concentrated sugar

ﬁﬂtl.ltu,'ln IR .
jam and jellies check the growth of f
u .
plasmolyvsed in concentrated solution ngi and bacteria which become

Fiel oy
d “ﬂ:::';;: :w::::- Er::ulnlz. capacin .._r the suil:
slopes while the rest perc I“’ prrigation of the sl some water s drmned off along the
waler gradually ":1' i . TI .m.” down 0 the sotl Dl of this water, same ameotint of
while the rest is n:‘rL ":l:j'h!f water table under the force of gravily (gravitatiomal water)
as field capacity o |'II-1-'I{.‘ v the soil - This amuunt of waler retmned by the sol is called
r waler holding capacity ol the sonl
) i I':.M capoacity is attected by sonl profiles sinl structure and temperature

”_“: effective depth of a suil. as determaned by physical and chemical barrices, 1ogether
with the clay content of the sl witlun that depth, determine the water holding capacity
of the profile, and how much of tie water is asailable 10 plants Effective sl depth
varies between plant species Wheat 15 used as the benchmark plant in thus assessmonl
Available watet holding capacits rankings are estimated from soll texture. structure and
stone content within the polental neel sone of o w heat plant

Water-holding capacity s controlled primanly by soil lexture and organic matler
Soils with smaller particles (silt amd clayv) have a larges surface area than those with
larger sand paricles, and o large surface area allows a soil to hold more water In other
words, 2 soil with a high percentage of silt and <lay particles, which describes fine soul.
has o higher water-holding capacity The rable  Ulustrates water-holding-c apacity
differences ns influenced by texture Organtc matles percentage also influences waler-
holding capacity  As the pereentagt increases, the waler-holding capacity (ncicascs
becative e e ATTINIY i pastic fime-o5 al for water

1t is the water content of the soil after downward drainage of gras itational
warer. It is the eapillary capacity ol a soil. 1t is the upper limit of soil water slOrage
for the plant growth. At field capacity, the soil water potential is 0.1 to 1.3 bars.

Water potenials:

Fvery componeni of i sjstem possesses froe energy capable of doing work under

constant temperature. conditions. For non-clecirnlyies, free enefgy | me ic 18 known as
chermieal potential - With reference to water, the chenical patential ni. water t4 called as
water potential, The chemmcal potential is denoted By u Cireck letter Pat ()

For pure water, the wates potential 18 zeTo (11 The presence of !mlute particles
will reduce the tree energy of water of decrease the water potential Therefore 118

expressed in negative vilue

fr is therelore, watet potennal of solution 15 alwavs less than O so 18 negative

value For solutions, water potential 1 determined by three internal factors 1 e
[T, = g, * W T W
iy . is the solute potential of psretie poetential
W = pressule petential of Iurger potenitial _
W = is the motne putenual  Matme potential can be mieasured for the waler

molesules adhering an the sl purticles and cell wall
In plant system. the matne potential s Jisregarded.

I heretire,

Wa ™ W " N

. ) IR ) SRA
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Cedl to cell movement !

- e T e

organs is maintained

* ]

pressure to later cells

6. Turgidity of the cells of the voung seedling allows ther

Differences beivween diffusion aml aamosis]

APGE (uariiiiies o] Walet ary QnsOpici e psmoes se o
Uadster grd other sebstances

rEssll
Upening and «losing of stomata depend upon the turget FRERE
Due to osmosis, the wrgdity of the cells and henwe

The resistance of plants (o drought and frost jnereases wath

dissolved myvoives VSMOSIS

guard cells
e ol the

re it

flwe shapee o

noreasc asmotic

n to come out of the st il

— — =

_ Piffusion

= r s defined as the mosemon ol
milecules or lons of a solule or
mosolvent, be it a solid, lgued o

- —

+  The mosement of molecules af

water or solvent Jroan the region
of higher polennal o lowst

sernl |

potential through a

gas from the region ol s higher
permeable membrane |

concentralion (v the regoen of
lower concentration i
Yr  The didlusiwon may vccur i any .

Osmosis occurs onls 0 Hguid

miedium  and  the  ditfusing | medium and only the solvent |
particle may be solid, Liquid o molecules move from une place
L . EAS; 1 to another - —
Imbibition:
Certnun substances of placeéd in a particular liguid absorb it and swell up. For

example. when some picces of grass or div wood or dryv seeds are placed in water they
ahsorh 1he water gquickly amd swell up connderably so that therr volume
Iese substanees are called as imbibants and the phenomenon as imbibiton, certain force
of aftracnon s exisiing between nbibants and the involved substanee [n plants, the
vdraptulic colloids vir - prelein and carbobiydrates such ac starch, cellulove and pectie
substance have strofg oltercation lowards waic

s 1N reased

Imbibithent plas < 0 very inipaortant role inothe lite of plants The first step in the
absorption el Water by the roots of higher plants (s the Imbibition of water by the cell
wallsaf theToghhairs Dy seeds require water by imbibition for germinauon

s v An a refult of imbibition, a pressure |5 developed which 15 called as imbibition
pressure or matric potentiol () 11 is analogows o the osmotic potential of 4 solution
%, With reference to pure water, the values of g, are always negative 1 he swater potential
. of an imbibant is equal 1o 118 matne potential plis any rurgor or other pressure | pressure
potential | which may be imposed upon the imbibant

la & gig = Sin

I1 the imbibant s unconfined 1o urgor or such pressure, the equation can be

ilgnificant to

r y o = b
Plasmolvyis:

When a plant cell or hissue is placed i hyvperonic solution water cavme: ot from

the cell sup into the outer solution by exosmusis and the protoplasm begins 1o shnnk or

contract  [The profoplosm separate from the cell wall and assumes a sphier

i Al torm and
this phenomenon s called plasmelyvsis Inopient plasmolsy sis s stage whers proroplasm
beginy to contract Trom the vell wall  1Fa plasmobvsed cell oF tise j< m hsced 1w e
the process of endosmosis take place  Waler enters into the cell ap. the "
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It is -
di !ﬁui:n“:?umm in stomatal transpiration as the last step in the process, where
waler vapour from the intercellular space into the outer atmosphere
Lump
!a.-—nl' sugar

| m .-

occurs through open stomata i

Osmosis:
The diffusion of solvent molecules into the solution through a semi permeablé:

membrane is called as osmosis | s0mE HNES called as Osmonic diffuston). In case
are two salutions of differenl conceniration separated by the semi permeable rembrane.
the diffusion of solvent will take place frum ihe less concentrated solution inte the more
concentrated solution till both the solunions attain egual concantration

Cmsiasriin prresviaive
s a resull of the separation of solution from its solvent (or) the two solutions by

the semi permeable membrane, 2 pressure is developed in solution by dissolved solutes in
it This is called as osmotic pressure (O P). OF is measured in terms of atmospheres and
is directly proportional to the concentration of dissolved solutes the solution. More
concentrated solution has higher O O ala solution is always higher than ils pure

solvent

mosenient of solvent molecules takes place from the solution

During osmosis, i
less eoncentrated as hypotonic) imo the soluthon

whise osmolic pressure 14 Jiwer (1 €
whose osmelic pressure s bagher v e, more concentrated as hypertonic)
Osmoelc diTeson of solvent molecules will not ake place if the wo solutions

separnted by the semi permeable membrane dre of equal copcentraiion having equal
Osniotic pressures (Le., they are isotonic). In plant cells, plasma membrane and tonoplast

_ ata as selectively permeable or difterentially permeable membrane

Endosmonin
If a living plant cell is placed in waler or hypotonie solution whose 0P i lower

than cell sap, water enlers o the cell sup by esmosis and the process is called
endosmosis.  As a result of entry of water within the cell sap, a pressure is developed
which press the protoplasm pgainst the cell wall and become turgid.  This pressure (8

enlled a hergor pressure

Conssquence of the turgor pressure 18 the wall pressure which is exerted by the
clastic cell wall against the expanding profoplasm. At a given time, Urgor pressure (T.F)

equals the wall pressure (W.P)
TP=WPF
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G Woter luelps bn rmnslocatjon of seililes

lih In ropical plants, water plays o very bmportont tole of thermal regulotion agains
high temperuture

' The elongation phase of cell growvih depends on absorpeien of wate

Properiies of waler:

I Solvem for electrolvie & non electrolvie

2 High specific hea -

3. Iigh latent heat of vaporization (546 cal g
4. Cohesive and Adhesjve Propert|es

3. High surtiee wenston

. High Tensile Strengih

T Stabglizes remperalire

B Transparent 10 visihle racdun o

Yoo viscasily

HOW IT HELI'S IN PLANTS?

WATER Pl AYS ACRICIAL ROy E L the Life of 1he sl For every gram of orgame
matier made by the plam, approximaiely SO0 @ of water (s alsorbed 'm-rJ'u: Tl
'”_'m:l"i"l"fﬂ thrgle tlie plans by and Jost to the whmnsphere, Even slight irybdlunces in
this low of wuler can couve witer deficits and severe malfunctioning of mtapy cellular
processes, Thus, every plant must delicately balance its uptake und |ous ol weler

Dilfusion, osmuosis and fmblbicioms:

. The mevement af materials |n amd out uf the cells i plants tnkes place noo
:.ulul..mn D:I‘ goseous lform.  Although the exac procesy ol i Ts nol very clear, three
physical p{uu:ss:i are usually involved in it They are o flusion, osmosts and imbibition.

1YiMusion; -. :

The muvemeni ul pardeles vr molecules from a replon of Fegher concentrotiuns to
a reien At lmver concentration e called os diffusion. The e of diffusion of gnses is
feoter the Yquids or solures The diffusion parivles bave o cartiun pressure cnlled s the
A TS om pressare whieh is "”rl.'n.ll_'. |.'.-'-!'l‘.II'II|I||.".| Lo b meeiebet o Qg e aLion. o, Lo
dilfising particles These forms the diflnswen wkes pluce alwoys from o region of higher
diffusion pressure e a region of lower dirmese pressuce (be) alone a diffusion pressire
prdient. The rare of diffusion inereases if

i [Jerhiesiom pregsie pradient s steepe

i Pempeeaturd 15 increased

iy Drensivy of the difTusmy particles v |esser

1w Pl IJ1}.JU|_HI which dilTusion oceurs 15 less eoncentrbsd.

D]jI‘Lt;:.lun ool more than one substonce at the same thme and place may be ot
s v
different \rated and in different ditechion, but s independem of cach othor, A very
cnn‘minl}'axnmp]c of this is the guseous cxchange m planis
\ e

Beside osmotic diffusion the above mentioned simple diffusion also plays o very
Amportant rofe in the lile of the plants
Role of diffugion in the life of the plants:

- It ‘i an essential stepoan the

phoinsynthess -
Dhtring pussive salt uplake, the lons ore absorbed by dilTusion

exchonge ol goses during  respiranon and
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Dae
o the entry
ob the wotet the o .

8 WUrEOT pressure i« inerensed so ol WATORE FTESSUTE of the cell sap decneases whils

- i i | (447

OF=|p b |;.1J|-.J.“ chse thast dino Cully burg il celd 1 I'-:\|I.l.'|.|1.-I|I-L‘|J|"

Eg“ Pully phasoiolyaed colls 18 = 0

'I__'-' Lopn- g

P i

- Ancase B NIRT ) ,
cane ! oprlant cells is not .;5“-_,'-”_..' proportional 1o thetr prmolic pressure

DED=0p. 1

or the conce f

p re nl_”’;':'l.”i' "I:I it he well wap bl |'||:';u.'|||| both o O F pud T.F Hl-ﬂ"lEf oarmelic

i;“"""mrr i '-'-'.|l gt s wsially secompeanied by lower turgor pressune so thal 118 pDPo

:unEm:E:: afrs ‘i\--l"l': citers fnto (F Hul sometimes it 18 possible that b cells gre M .

Sthier ek "ndﬂh tll-j I-I-|Ijr e v lgher O0F and plso higher tirgor pressure than the L
stll its does ol drjpw wy : ' 4 ~

OP i hgﬂhn e wiler |6 bs becanse of its lower DP.D, no mattaer §

Cella Cell b ,
"'E"[‘ =15 mtm [ L = 10 atm
e = 15mm —___ +~ TIT = |1t nam
DPO = [ubm oD = 20aumn. A
el Cell b
op = 15 pim 0P S
TP  =llwm TPk =20mm
DD =25 agrm oy = 30 sk ]

Eniry of water inio the cell depends on 13 P I and ool o 0. only

Absorption of water - mode of walter absorption — nctive and
passive absorption and factovs affecting absorption

Mechanism af aliasrplion of woaler:

In higher plants water is absorhed throwgh root hairs which s
water and form o mwel hair 2one s [tle behind the rool ops. Rool
ke prolongations of the cells ol the epjdermal laver (when epjdermis Lears rowl nairs i
is atso known us pilloferos layer) of the fwls. e walls of root hairs are permeshie and
J cellulose which are strongly hydrophille in matune ool
ongote. the elder root hairs die
th fresh supplies of woler

re in contiet with soil
hwirs ore tubuliap hoir

consist of pectic substances on
hmirs contain veeuoles [lled with cell sap. When (ools el
andl new rect halrs gre develaped so that they are m comuet wi
in the soil.

Mechanism ol water shsorption:

1. Aetive absorptlon ef water:

In thas process the tocel cells plav active role in the absorption af waler and
metabolic energy eleased through respirabion i consumed. Active phsorption may be ol
two kinds
{ApActive (smotic ahsorptinn:

. i Water is absorbed from the sall into the xylem of the roots necording 1o osmotic
" grogdient.

(B Active Mpn-psmotic nhsprption:
W aler is absorhed npuinst the osmotic gradisnt.

1. Passive ahsorpton of waters
It i5 mainly due (o lranspication, the root cells do not play sctive role and remain
passive. |
I. Active osmulic absorption ol water:
First step in the osmuotic nbsorption af water i8 the imbibition of soil water by the
hydrophilic cell walls of ruot hoirs Osmotic pressure of the cell sap of rout hairs is
usually higher than the OF OF the soil water  Therefore, the DPTY and suclien pressure n
the root hairs becoime fugher uied water lrom the cell walls enters into them through
plasma membrune by vsitioic QitTusion  As o sesult, OF, suction pressure and DPD of
oot hairs how become lower, witle their wrgor pressure 1s incrensed
Now the cortieal cells adjpeent o oot hairs have high OP, SP & DPD in
comparison o the root hoirs [ herefore, water is drawn into the adjacent cortical cells
from root hoirs by osmotic diffusion. In the sume way, by cell to cell esmotic diffusion

gradually reaches the inner most cortical cells and the endodermis. Osmotic diffusion of
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Ohamotie pressure:

paslte 1n SN
Osinotie pressure 1 Equivalent 1o nsmnobic potential L ]““ ol solutes and the
Dvsmotie pres . ' L hr e PRESCTICE b
i MONE Ptessure it oo solytion results due ! - |4 4 guanimive index ol
solutes lower the water tentinl  Therglone osmolle pres e, 5 2

& gy 1s
e |-_1'n.'::||nu al w LT 1_:..II‘T'|1|H1|. -h

= L 5 I I'.l
wler potenual in a sulution and using W
chtial

lh.rr,.-.“h- -
Preasure ang v vl e owmel
'.'-IHTI LRI ]".1!!.‘!1[...1

culled a= ORITIOTC 2l

eally equal bul opposite in

Lhmuolie pressure |y
Uhare

For oy

B Posilive sign

e potential biis DERALIVE SLRI (4]
WOoP =20 aun
Wy - 200 avm

Tﬂl‘ﬂ“r Pressire:

In plant cell, the PIESSUre resull dive to the preseice of witer molecules 15 1UFEDT

ressirg = - calle :

P Li The potentinl created bv such pressures s called pressure potential {wg)
o nermal plant cell, the wate Potentin

Wha = W = oy — partiall d ce

IH[E_||.1 it [} v lurgid cell

We = Fern - Fudly tourged cedl

(Highest) ' -

I = 3 )

l;.;:!“:;” * Flaccid cell or plasinolysed cell

Water relatiun:

Water form the i
oo Bighls

Wler constiteent of living (eells) thines and the cells pnginated
Hesides, w

aqueetts medlum and all the vitnl processes of the life are carried out in 0

N . aler p:fdﬂ!‘huu'luljr ars as o souree of liydogen 10 plants and 1s released by the
photoly sis of water during plhatiasyiithesis

In living nssue, water s e mediim tor meny brochiemical | caiieans and
EXLmEHON process.  Inorgamic nuinents, photosyiihates, bases and hormones are all
'|-fﬂ1'l-5P'l"F‘|l:‘|l N agquctiug olution

Fyaporatian of water can contro] the tempermature of leal
on candapy sml nutrients ore pvalable 1o plant roots only wher

! ' en dissolved in wnter In
shor . water - wadentrdl Yo [Ffe and |||_|'|, s o undgue mole in virtuallv gl "1!.![1.1}_.,'.i-..'di process
Example

There are 2 celln A and B o conwct wih each other, cell A bas o pressure
potential (lurgor pressursrof 4 bars and certiin sup with an osmotic potentinl of <12 bars
Gell B has presume potential of 2 bars and cenaln sap with osmotic potential of -5

burs,
Then. W
|J1..'I‘I-r4.'-¢" A=, T
Yy =-1d = (=4}
) = -8 bord
roofcell B = -5-(=2)
. =3 bars

lence. water will move from ccll B wo call A (e, townrds lower or more
negative water potentiall with a form of [-8.0-37] = -5 bary
Diffusion Pressare Defick (DI (Soenion pressured:
CIlfusion pressure of g osolution s alwass |

wer than s pure solvent e
difference between the diffusion pressure of 1he

solution anel o8 solvent ot o particular
temperaiure and atmosyhere condittons (s called as diftusaon pressure deficit (D0 1

the solulion is more conceniated L1 inereases b
solution,

B0 of the cell sap or the cells 15 & measure of the abiliay of the cells 1w absorb
water and: hepce 1 often colled as the suction pressure (5.5 10w relaed with osmotic
pressune (0P and turgor pressure (T PY of cell sap and also the wall pressure (W.P) as
follows

DrDism=0p-Wp

B

we-TF

cetenses with the dilution of the
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passage cells because Wie
are Hnpervious Loy wiler
le by osmotic

wiler "ﬂlb cn‘l.lhdmms-s tikes place ;h[nugh spet I--ll- thin “n“u!l
other endedennis cells have casparian strips on thin walls “'hl'l"_t »efiCye

Water from endodermys cells 1 Jdown nto the €612 ﬂf.]. m..-:-d
dilfaeion which now become Tt i ¥ n -.':T:-iu: cells (In roots the
rieh ith p::rl'-!"':'“ It s
P of yvlem 1'{:!,.3-:15
10 \:u,lr_tn from
the water 1o @

s thete suction pressut
I the Last step, water 14 drawn nto sslem fom turgtd pe
vascular bundles are radical and Brotoss em elernents ate in contact W
because in the absence ol urgir pressure of the < lem yvessels, the & :
become higher than 81 of the cell. of the perievile When waler cnters 15
pericycle a pressure 5 developed in the xylem of 1oots which can Lo
certain height in the svlem  Ths Pressuce s valled as root pressure
(b) Active non-usmautic nhsorption of water:

Sometimes, it has been ohserved that absorption of water takes pia otic
OF of soil water 1s hugh than OP of cell sap Thus type of absorption W hich is non-0sm

und against the osmotje gradient requires the expenditure ot metebolic cnerg) Prﬂhnbl:i_
through respiration,

place even when

1. Passive absorption of waler:

3 . ) . . .
H Passive absorption of w aer takes ploce when rate of iranspiration 1= usuadly high
apndd svaporabion of water [rom

! the leaves during transprialion creates a tension in Water
itk the xylem ot the leaves Tius tension 1s transmitted 1o water in xvlem ol roots through
the xylem of stem Al water riees upward 1o reach the tranepinng wurfaces. As aresult
the conical cells throueh 1ot haies (o reach the _\':."H'IH Wl s 1o
makntain the supply of water. The furve of this entry of water is creptéd in leaves due o
rapid ““ﬂ-“Firﬂunn and hence, the root cells remain p]:l.ui‘-'c dunng {his process.

soil water emters 1nio

) F 7
Externol factors affecting absorption of water:
1. Aﬂﬂzh'll:'sull water; ’ i

?ul'ﬁ-.:ltnt amount of water should be presen! o the soil in such form which can
casly b“:; bsorbéd by the plants  Usually the plants absorb capillary water 1o water
present HI_ films in hetween soil particles Olher [orms of water 10 the suil eg
hE'EIU'SCD]JI'I: waler, combined water, grovitmlonal water eic is not eamly avilable to
slants

Increased amount of water in the soil beyond o certain limit results in poor

iu.'mljnnlnf the soil which retards metabolic ncivities of root eslls like respiration and
hence, the rate of water abserption 18 also retarded

2. Concentration of soil sulutjion:

Ingrensed concentration of soil solution (due to presence of more salts in the soil)
tesults in higher OP IF OP of wonl calution will beeome hipher than the OP of ccll sap in
root cells, the water absorption particularly the psmotic ubsorption of svuter will be
grenthy suppressed - Theretore, absocption of water is poor in allkaline soils and marshes

A, Soil girs v L, "
Absprti

deliclepeis

activigds

on ol water 15 retarded in poorly aeraled solls because 1 such soals
P10 and consequently the accumulation of CO: will retard the metabolic

toots like respuntion  This also inhibits rapud growth and elongation of the
roofs sh thot they are depnved of fresh supply of water m the soil

Water loegred soils are
paorly serated and bence, are physiologiealls dry

They are not good for absorption of
Ler.
o ¥ =
e dl Soll tempernture:
. . Increase in soil temperature up w about 30°C favours water absorption. At higher
W, temperature water ahsorplion s Jdecreased.

Al low temperature also water absorption
decreases so much so that ar abowt 0°C, it i alreost decreased

This is pro bably because
at low temporaiure,
I. Thexiscosity ol water and protoplasm s inereased
2. Permedbility of cell membrans 1s decreased
3. Nlédbolie activity of mol cells dre decreased
4. Rdot growth and elungaton of roms are cheecked,
Dilferences between active and passive water ahsorption:

| “Active water nhm?_‘_u tion |
. 1tis due to the activity of the rools and
particularly root haurs

) _ Passive water absor-ption |
It is due 1o the activity of the upper part of I|
the plant such as shoot sy stem. |
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Osmotic and nop |
0smotic

are involved e me

3. Inacuve absorption, the

[
|. Process involyes difTusion

i Tessure
\ defient (DPDy of the cells ?'m: roon

hairs have
: more DPD as co
sail solution compared to

|

GEmOtC

chanisms

—T‘l

s [P r - _

Passive -1}‘Iﬂﬂr'p1,1n“ is due 1o transpiration in |
1r_1l.' Lpper pan

ceurs due 1o the rension crented in the

xylem sap by transpiration pull

.
|
I

_|1u

4. Active absorption iny
movement of wuter
first enters the cell
from one cell 10 an

nvolves symplastic

1 rool hairs. The water
sap und then passes
other. Such 1y i

. ‘ pe of
movement, where living protoplasm
involved is called as symplast

In passive absorption, waler moves
prabably through the free spaces or

apoplast of root. The apoplastic movement
of water includes cell wall and intercellular )
spaces, which are fully permeable. The I

water zan reach up to endodermis through %
| e ’

apopast but il moves through the
sndudertnis by svmplast

3. The evidences for active absorption are [

(Ll ey
L pressure, bleeding and guttation bie given by cutting the roors under water

Ihe absorption of water continued even if |
— o al| the roots are removed.

P

Path of water, Ascent of sap and theories of ascent of sap.
ASCENT OF SAP:

The water after being absorbed by the roots is distributed to all parts of the plants.
In order to reach the 1opmost part of the plani, the water hiis:to move upward through the
stem. The upward movement of water is called as Ascent of sap.

Ascent of sup can be studied under the following two headings.

1. Puthof ascent of sap

2. Mechanism of ascent of sap

1. Fath of ascent of sap:

Ascent of eap *~es place **-—zh vilem |t can be ghron by the experime

A leafy twig of Balsam plant (it has sem: transparent stem) is cut under water (10
avord entry ol nir bubble through the cut end of the stem) and placed m o benker
containing water with some Eosine (i dye) disselved n i

After sometimes coloured lines will be seen moving upward in the stem, If

sections of stemn are cutl at this time, only the xvlem clements will appear to be filled with
coloured water

2. Ringing experiment:

A leafy twig from o tree is cul under wates and placed in 2 beaker filled with
water. A rmg of bark 15 removed from the stem. Afler sometime it is observed that the
leaves above the ringing part of the stem remam fresh and green. It is because water is
being,captinuously supplied o the upper part of the twig through xylem.

B. Me¢hinism of ascent of sap:

“1n small trees and herbaceous plants, the ascent of sap can be explained easily, but
in tall trees like Eucalyplus and conifers reaching a height of 300400 feet, where water
has to rise up to the height of severn! hundred feet, the ascent of sap, in fact, becomes a
prablem. To explain the mechanism of Ascent of sap, & number of theories have been put
forward

u wvitnl theory

b root pressure theory

¢ physical force theory

4, transpiration pull and cohesion of water theory
A, Vital theories:
According 1o vitl theories, the ascent of sap 15 under the control of vital activities
in the stem

1. According to Godlewski (1884) - Ascent of sap takes place due to the pumping

activity of xylem ussues which are living

2. According 10 I.iulc (IPZ!I} - upward translocation of water takes place due to
pulsatory activity of the living cells of the inner must conical layer just outside
the endodermis.

= | =
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B. Rmt,.bma'un theory:

r\lthnu.gh. o pr:55m= “'hh-'h is df'-'ﬂll"‘]"cd 10 the \}.Iﬂ“ o II:h.I: r?i:i[bq,:ul:ilrlii::
water 10 a certamn height by does not seem to be an effecuve force 1n ascent of sap

the following reasans

Magnitude o TUOL Pressiyre

i ) - ool
is very low (ghoyt 2 atm) Even in the shsence ol
Pressure, ascepy of S0 e :

) : . - inder water and
ntinues  For example, when leafs 1wig is cul und

- ic r '
placed in o beake: tull of water it remains fresh and green for sufficient long e
C. Physical foree thearies:

Various physical fo
Ospheric pressyre:
This does
Xylem in oo,
bevond 34 feey
2. Imbibition:

Sachs (187%) supported the view that ascent of snp could take place by II'I'||"|1'|"I1_!‘I1nr'|-
through the walls o svlem. But imbabitional foree 15 insignificant ta the uscent nfgp

HUSe 1t tabes

i place thmugl! the lumen of xylem clements and not through walls
3. Capillary forge:

fees may b involved in Ascent of sap
L. Atin
ot seem to be tonvincing because it cannot act on waler present in
In case 1 g4 working, and then also it will pot be able 1o rase water

In plants the Xvlem vessels are placed one above the other forming a sort of
cantinuous channe| which can be compared with long capillary wibes and it was thought

that as water nses in capillary tube due 1o capillary force in the sume manner ascent of
sap tkes place i the Kylem

D. Transpiratiog pull
Thus thearn w

and elaborated b
wideh supps

and coheslan of water theor
as onginally proposed by Divon ar

Dovon (19241 This theory s
med by many workers

Athough H- bond is very weak IContainmg abour $ Keal - energy) but they are
Present in cnormous BUMDers as incase of waler, a very strong mutual force of artraction
or cohesive force develops between wuter molecule - and hence they remnin in the form
of a continuous water column i the xvlem The magnitude of ths foree 1s ver hieh (up

1o 350 atg), theretore the continuous water colume in the vvlem cannat be hroken easily
due to the force of Bravity or other abstraclions offered by the intemal tissues in the
l-lp“'ll-ﬂl movement of water

d Jully (1894) later supporned
very convinging and has now  been

The adhesive properties of water § ¢
the containers walls |here the walls of wy|
column in'xylem.

When transpiration takes place in the leaves ar the

cvaporates from thie intercellular spaces ol the leaves w the auter mmuosphere through
Stomata.  Mare water 15 relensed into the mitercellular spices from mesophivll cells. In
turn, the mesgphyil cells draw water from the xvlem of the leaf Duye all this, a tension
15 crented | 'sﬂ:r rlem elements of the leaves This tenston 15 ransmuniied doewnward 1o
wateringylem elements af the oot the

cugh the xvlem of petiole und stemy and the wmter
15.,fl;l[i=d:};il;!wurd in the tarm of continuous unb

ken water column to reach the
transpting surfiaces up to the top of the plant,

anractions betweesn the water molecules and
em) Further ensure the continuin of water

upper pans of the plant, watet
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