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Just after world war II, when the world wag under
after the Hiroshima-Nagasaki bombings, and seeing
effects of radio-activity, Calvin and co-workers pyf
activity to beneficial use. He along with J.A. Basshay;
reactions in green plants forming sugar and other gyhg
from raw materials like carbon digxi €, water and mi
by labelling the carbon dioxide v@cwﬁn proposed
plants change light energy to chemt energy by transh
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€ principles of photosynthesis as established
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Jlor energy and materials and basic studies-i y
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CHAPTER 1 1 | | i
~ TRANSPORT IN PLanTs |

Have you ever wondered how water reaches the top of tall trees, or for that
matter how and why substances move from one cell to the other, whether
all substances move in a similar way, in the same direction and whether
metabolic enérgy_is required for moving substances.. glaﬁts need to move
molecules over very long distances, much more than animals do; they also _ ‘

do not have a circulatory system in place. ater taken up by the roots has
to reacﬁ al parts of the piant, up to the very tip of the growing stem. The

photdsynthates or food synthesised by the leaves have also to be moved to )

1

~alrparts mcluding the root tips embedded deep inside the soil. Movementf'" /] | i

cell o cell within the tissue has also to take place. To understand some of
the transport processes that take place in plants, one would have to recollect
one’s basic knowledge about the structure of the cell and the anatomy of

across short distances, say within the cell, across the membranes and fro e 1

. the plant body. We also need to revisit our understanding of diffusion,

besides gaining some knowledge about chemical potential and ions. l
When we talk of the movement of substances we need first to define i
what kind of movement we are talking about, and also what substances
we.are looking at. In a flowering plant the substances that would need to |
be transported are water, mineral nutrients, organic nuirients and plant
growth regulators. Over small distances substances move by diffusion L
~and by cytoplasmic streaming supplemented by active transport. |
Transport over longer distances proceeds through the vascular system ) ‘

(the xylem and The phloem) and is called translocation.
" An important aspect that needs to be considered is the direction of
transport. In rooted plants, transport in xylem (of wateg_g‘ng/nﬂ,n_@[aiﬂ‘i?
essentially unidirectional, from roots fo the stems. Organic and mineral

nutrients however, undergo multidirectional transport. Organic

ko ~
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compounds synthesised in the photosynthetic leaves are ¢

other parts of the plant including storage organs, From the Stororted to i

they are later re-exported. The mineral nutﬁentsm
roots and transported upwards into the stem, leaves ang th:p by
regions. When any plant part under 0€s senescence, NUtriep; ro“’ing
. withdrawn from such regions and moved to %& S gy be
or plant growth regulators and other chemical signals 3.,
though in very small amounts, Sometmes T a s, '

unidirectionral ianner from where they ate syt
Hence, in a flowering plant there is a complex traffic of ¢

probably very orderly) moving in different ain‘rectjons, each

it

s Organ I'ecej\;in
some substances and giving out some others. §
Daghdey  cpade urt  codied MR Prese 2p0¢ 1o, 3
U AR 111 Means oF TRaNSPORT - panig,,
" e :
T ap ’ 1.1.1 lefus_lon
ATSDN  Movement by diffusion is passive, and may be from one part of the cell g
PGOMRR s the other, or from cell to cell, or over short distances, say, Trom They
of- M+ (efiufar spaces of theTeaf to the outside. No energy expenditure takeg -
La, A\ . s lac,
et i diffusion, molecules move in a random fashion, ¢ o

lusion, cules 1 , L fashion, the nef resypt Betrig
Substances moving from regions of higher concentration to re ions of lower

- concentration. Diffusion is a slow process and is not dependent on a Tiving
S\%@m’. Diffusion is obvious in gases and liquids; but diffusior frssiids
rather than of solids is more likely. Diffusion is very important fo plants
since it is the only means for gaseous movement within the plant body.

Diffusion ratggbafé_‘gmf_fﬂggted_,by_ the gradient of-concerntration: the

permeability of the membrane separating them, temperature and essur.

«11:1:2 Facilitated Diffusion |, '\ !
As peinted out earlier, a gradient must already be present for diffusion t
occur. The diffusion rate depends on the size of the substances; qbvmusly
staller substances diffuse faster. The diffusion of any substancé 2T
membrane also depends on its solubility in lipids, the major .
the membrane. Substances soluble in lipids diffuse through t.he me‘? |
faster. Substances that have a hydrophilic moiety, find i-t--q{fﬁpiélrlfm%faﬂe
e ough the membrane; thelt moVeMmEnT Fag Tobe facliated. MemTe
proteins provide sites at which such molecules cross 'l\hf.f me ;f‘eﬂﬁ;mu_st
do not set up a concentration gradient: a concentration gre S

:

already be present for molecules to diffuse even if facilitated b
This process is called facilitated diffusion. ces across
In facilitated diffusion special proteins help move S‘-ﬂ-)StaI:l ifusion
membranes without expenditure of ATP energy. Facilitate ertratid
cannot cause nel transport of molecules from a 1_9?‘_’;9,3.‘%},1-59?%{:
“this would require input of energy. Transport rate reggf_}ff)a_%me
when all of the protein transporters are being used (saturation-

o N NS e e
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Figure 11.1 Facilitated diffusion

- _ it allows cell‘to
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ﬁiﬁusio es for uptake. [T

tors which react with

The rotemé
Th . lecules to.pass through.

rane for mo
hannels are always Oper; others

'i ne C
Some are Iﬁ ge,

0 1 be controlled.
wing avanety of moléé‘uiesto €ross—
1 s that | e¢

d e hac e
M

ugh.
. Figure 11.1 shows an extrg_gellular
molecule bound to the transport protein;’
 the transport protein then rotates and
: 'releases the molecule inside the cell, . g
hannels - made up of e

 11.1.2.1 Passive symports and
antiports

- Some carrier or transport proteins allow
mov?tll,LL &s of molecules
Hlolecu10 ether. In a symport, both
" ecuo;s cross the memb_'ﬂﬁ'the same
Pp%xtedln? an antiport, they move /e in
. \jc_’fgns (Flgure 11. 2) Whena

Uniport A
{ embranewof“"éﬁe ;

‘;, =

o~ N

Antiport &

S ortA
ymp "B

Carrier protein

‘ Merr_lbrane ;

Figure 11.2 Facilit

itated diffusion
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molecule moves acrosg amembrane lndependent QEOthe:
process is called uniport. | ey,
11.1.3 Active Trans ort |
NETRE j’ﬁS"\?h’ Han i

PKNQ Tm(\i;‘ﬂ, ¢ ug®x Active transport uses energy to transpoi-t and
ca

Mebie % |3yl ins, Concentration gradient. Active transport
membrane-proteins. Hence different proteing iy, the mey,
: PASSIVe tramer — - eMmby
major role in both active as “vlrell‘as passive transport,

by d
b ane N\

—__Actve as well as Ply
that use €nergy to carry substances across the Ceupm_ﬂn__mlizeue Pt
PUmps can transport sy rane, The,

Ul transport). Tr ansport rate reach, a\}t\oa Uy

i

- - 22~ O ar Urateq >
enzymes the carrier protein is very specific i what it cap, Uk
meémbrane. These protej '

- acrog
) NS are sensitive to inhibitors that Teact with b
side chaing i

er facilitated or not tak’e—p-l.a?
only along a gradient and do not use energy.

TaBLe 11.1 Comparison of Different Transport Mechanisms

Property - Simple “ ‘Facilitated Active
Diffusion Transport Transport

Requires special inembrane proteins Np“ ; oYes: Yﬁ&: |

Highly selective ~ No “Wes - ﬁYﬂﬁ ;

Transport saturates o No ey : |

Uphill transport No No

Requires ATP eriergy “Nouk s No

11.2' . PLANT-WATER REtaTioNs

X Jaysd
Water is essential for all physiologi_gjaﬂl_?gsixﬁu?s of ttb.le’ plig:%:d?um
very importan role in all "li'Ving‘B‘r"ganis‘ms. It proquﬁ:s] e cls!
‘Which Tiost siibstances are dissolved. The protoplasrll"ed e
nothing but water in which different molecules are dlSSC(): = i o
particles) suspended. A watermelon has over 92 petro_f_i gﬁh we@f
herbaceous plants have only about 10 to 15 Per'cin“imlﬁﬂl/ “:; *
as dfmﬁ%ﬁf course, @ibuuonmf?{é}[ms‘ﬂy con

woody pa‘;‘tﬂs hzve relatively very little water, while soft p
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A seed may 2 ear dry but it still has . ot

" eand respiring! ,
Wtﬂal plants take up huge amount water daily but most of it is
Tf,frgs"' . through evaporation from the leaves, T'€” trangpiration: A

o NEE=—C |t absorbs almost three fitres of water ii a day, while a \__

) m P
nﬁe co ~ S absorbs water equal to its own weight in about 5 hours,

ﬁv-"tard P; Tis high deman for water, it is not surprising that water is
m ting factor for plant growth and productivity in both
the

Multu —Jand natural environments. )
u 0% r_,dwmi Ca peremail o usaler.
5.1 Water Potential — j2e o WOoKY,
11.4

rehend plant-water relations, an u derstanding of certain
comp

o dard terms is necessary. Water potential [:'wl) is a c:nc:i;;: Wu: 7} pbl
ntal to understanding water movement. Solute potential - A\
ame

egsure potential (¥,) are the two main components that 200

ik
eC\

ater
they are 11

VYT
dom motion that is both rapid and constant. The greater C Z; —
tration of water in a system, the greater is its kinetic energy or [cucssn  pe veune |

I oS scamierion —
metﬁ;;mfﬁﬁénce, it is obvious that pure water will have the greatest (testn by = &2nm 'ﬂ
‘watel '

al. If two systems containing water are in contact, famdonr ?uvt S Roy AT

water potentia’, . ; ¢ SR
mevement of water molecules will result in net movement of water 8-2 st pw .

ecules from the system with higher energy to the one with lower energy. hﬂ% ; d&md\ os @ﬁ \
[ L e e T S SR P momtriresicn .
mter will move from the system containing water at higher water : Sszf‘r q <

tential to the one having low water potenﬁal_ﬁ’fﬁis process of movement tm oS ““’j‘—u‘?d
g?substances down a gradient of iree energy is called diffusion. Water 4o same W \
potential is denoted by the Greek symbol Psi or ¥ and is expressed in aws "N THOWQ
pressure units such as pascals (Pa). By convention, the water potential qt«am @0 AR
of pure ‘ atures, which is not under any pressure, ™ * fan')
Mr a;ei?ndarg"@gper ” ) | s w\p&w LR
staken to be zero. , . - ‘

If some solute is dissolved in pure water, the solution has fewer free b

water molecules and the concentration (free energy) of water decreases, | .AP%= 0P 'T‘j

reducing ts water potential. Hence, all solutions have alowerwaterpotential = focad | o

'than pure «wate'r; the magnitude gh‘f_“t_hi,s lowering due to dissolution of a M
SOlte is called solute potential or ¥, ¥, is always negative. The more _ -
the solute molecules, the lower (more negative) is the ¥, . For a solution at' \*) wa" wael e P Wy
Atmospherie pressure (water potential) ¥, = (solute potential) ¥ 0=,

Waii{ giflws_mon, its water potential increases. It is equivalent {6
PUDIng waler rom one place to another, Can o1 think 6f&y system
lsﬂ;)tur bOWEfE?’ﬁé"s‘?ﬁf‘é"ié’Bﬁﬂfﬁp? Pressure can build up in a plant
}l’lﬂfmwben water enters a plant cell due to diffusion causing a pressure
~P 4gainst the cell wall, it makes the cell turgid (see section 11 2.2

a4

Ifa pressure greater than atmospheric pressure is applied to pure solleck ST

-

i 1. S 2 = ‘_*
¢ water potentla o — S -
Tolecules possess kinetic energy. In liquid and gaseous fo A TR :;&V j )

de AP@ '='D '

1
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this increases the pressure potential. Pressure

osttive, though in plants negative potential or tensiorry f'““"
ﬁékylem plays a major role in water trm\
potential is denoted as ‘¥, o LT

Water potential of a cell is affected by both solute .
potential. The relationship between them is as follows: Pregy

e Bt M P,

f'”\pw=~¥,+wp:]

¥
!
L__,‘mt.z; LS .

11.2.2 Osmosis

The plant cell is surrounded by a cell membrane and 4 cell wa)
wall is freely permeable to water and sybstances. in solution er.lceiu
a barttier to movement, [irplants the cells usually contain 3 fé?g‘e %
vacuole, whose contents, the vacuolar sap, contribute t, theC:r} ‘
potential of the cell. In plant cells, fhe cell membrane and the s
of THE VACToTe, the tonoplast together are important e enm
movement of molecules in or out of the cell. i\
" Osmosis is the term used to refer specifically to the diffusion of wate

_a differentially- or selectively permeable membrane. Osmosis g,

spontaneously in response toa driving force. The net direction and e cfosmy
depends on both the pressure gradient and concentration gradient. W
will move from its region of higher chemijcal potential (or concentratiop) tai]

PNeEN © ol Sotu R pa s1'dY region of lower chemical potential until equilibrium is reached. At equilibriz

@ TeMpevatuse .

- the two chambers should have nearly the same water potential.

@ ty N - Sotude rmw You may have made a potafc osmometer | In your earlier classes sta

S MONE - PbHLm-UQ s psegent
nerter 'the splus
SCeusy 1 ConOed  Systen gy
on OEQhSYS‘*Q’I\ 'wmﬁs-v
osmpic 7,

mﬂ-w rm;w :

A

Solute
molecule

Water

: i solutions with ‘¥, = 0: ated

Selectively permeable ‘@ =0.] MPa are sepal‘m ]ie?

. membrane . se“l’ectively permeable mer? %:( |
' Figure wa (d-&) M_
——

- Inschool. If the tuber is placed in water, the water enters the cavityinf

potato tuber containing a concentrated solution of sugar due to osmos
- Study Figure 11.3 in which the two chambers, A and B, containi
solutjons are separated by a Seémi-permeable membrane.
(@) Solution of which chamber has a lower water potential?
(b)  Solution of which chamber has q lower solute potential?R
(c) In which direction will osmosis occur? A —R i
B (d) Which solution has a higher $°
R , potential? N wﬂl
- (e) At equilibrium which chaf"b?‘:r
. have lower water potentidl 0
() If one chamber has a ‘P;ga: it
ad kPa, and the other— 1000 e i
is the chamber that has 7=
i ¥? (A0m) il
(@ What will be the directl"?"%

hen
movement of water ;’Mp@'ﬂﬂ‘
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t us discuss another experiment where a
.on of sucrose in water taken in a funnel is
olutlot d from pure water in a beaker by a
epard € permeablwembrane (Figure 11.4). 5 \

ec___‘_tiv;?il}é‘a this kind of @ membrane in an egg.
C?;e‘tﬁégolk and albumin through @ small |
: of the egg. and place the shell ,_ N

ernt
one end o It ,
-0}-1%; “solution of hydrochloric acid for a few
iﬂ}ﬂ/*""“"" 1l dissolues leaving the

T ada. she
hourS.-_——-g*ﬁ"’ Water will move into the funnel,

— prane intact :
membra= rise in the level of the solution in the

el; This will continue till the equilibrium is
ch(;/d- In case Sucrose does diffuse out
k" ugh the membrane, will this equilibrium be

r reached?

External pressure can be applied fr(irg thp
0 [ fiel such that no water
% the funnel through ‘Elie membrane.
This pressure required to F}c)l;?:fftzt water from
(diffusing is - fact, the osmotic pressure and this™
.Bt-t'l‘é‘f"‘mcﬁon of t_tf; Sgglte cg‘tj‘l‘c‘rerultration;r more
tne solute_concentration. greater will B2 7he
pesstire required to prevent water from CEEEE

; ISST}EECIE}V&IEB_': Figure 11.4 A demonstration of osmosis. A
ial, but the sign is thistle funnel is filled with
opposite.Osmotic_pressure is the positive S'u'-C‘rrf[)i: Soll)légn aﬂfi kept
iy A ; e ties inverted in a beaker containing
(‘re.applled, WM&Q'EPtenue‘l x Sn water. (a) Water will diffuse
“megative. _ ‘ across the membrane (as
i - ' shown by arrows) to raise the

11.2.3 Plasmolysfs levei of the solution in the
' : funnel (b) Pressure can be

The behaviour of the plant cells (or tissues) with ' | applied as shown to stop the
regard to water movement depends on the water movement into the
surrounding solution. If the external solution funnel
balances the osmotic pressure of the cytoplasm, ‘ \ :
i‘t is said to be isotonic. If the external solution . O
is more dilute than the cytoplasm, it is
hypotonic and if the external solution is more
ioncentr.ated, it is hypertonic._Cells swell in

—Ypotonic solutions and shrink in hypertonic

B

‘Qnes' e S —

Plasmolysis occurs when.water moves out of

the -
—=-cell.and the cell membrane of a plant cell
W\lnhﬁ‘iﬂfﬁﬂzﬁpm its cell wall. ‘This occurs when

e Y

eve

TR

-
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Plésinoiyséd Flaceid " Turgid

u

5
s'—:@r :‘1» _ :
0) e’é&m DRAw Ot the‘cell (or tissue) is placed in a solution that is hypertonic (has more sl
‘éﬂmm f _‘PCU;\’ :;3 to the protop]asm;'ﬁféfmd%sm ; itis first Iost from the oy ey
te a0, PMY"M o ﬁkemﬁ'omtglem\faeu‘ble ’f;‘; “’?ter “(’ihenim't’?wg out of the ce]| throyy
L chonwel o Lost s sion Into the extracellular (outside cell) fluj causes the protopjagy .
, -\&Cﬁﬁ_‘““" C’ = ,j:“ aﬁ,\ Ry shrink away from the walls, The cellis said to be Plasmolysed, The mogemE:;

orres | [P of\\late‘r occurred across the membrane moving from a a,nj{‘??@_flnm
@ S\idoN —3 FN DIt weegmg p_otgntlal (i.e., the ceu) toan area vof lowqr Wateljm}i)gfsll‘t;?!»f)wut:side

eia ~__t11£c\e!

Figure 11.5 Plant cell plasmolysis
i

dsd.| Aot et (’Figure"ll~.5]. o TR
ol v ;@a N Y What occupies the space between the cell wall and the shrunken
TR st iR, protoplast in the plasmolysed cell? exde ot & to%lhg,. _
5 009 <3 e When the cell (or tissue) is placed in an isotonic solution, there is g
@ Boamia  do not sumvive i

< <aored t‘w‘ N mw of water towards the inside or outside. If the external solutioy
@m novwe 1

balances the osmotic Pressure of the cytoplasm it is said to be isotonic.
; _ S‘Q"" @ When water flows into the cell arid out of the cell and are in equilibrium,
! tamvasts (% possny e cells are said o be flaceid, » B

. -t SRR A Sk
[ A2 S

The process of plasmolysis is usually reversible. When the cells are
C.N* el " placed 1rI: a hypotolr)lic soiu}t’ion (higher water potential or dilute solution
WU = Imbioant as compared to the cytoplasm), water diffuses into the cell causing the
RGWY  abSerbed —3 (o birase CYtoplasm to build up a pressure-against the wall, that is called t‘“ﬂx
ity & we¥eashq, - Pressure. The pressure exerted by the protoplasts due to entry of\’?lt;e

' T against the rigid walls is called pressure potential ¥, . Because 0

. . N l‘
[ tnbinidon ras @ -~ rigidity of the cell wall, the cell does not rupture. This ;urgor PI;%‘? 4
' R 5 > mT ultimately responsible for enlargement and extension _growthQ__._han_
i R e SR P ST A5 e =) o _

| gm:;w ' What would be the ¥, ofa ﬂqﬂ:@i cell? Which organisms other :

Heot "N woar . plants possess cell wall ?
vm’_ﬁ?‘*, o L - Rh:;d s P | wiH-now- »]nm\ra & slufow.
a4 st

- . ped bY
i C‘:‘\ﬁ‘mh o ‘3’}__‘“‘! | P Imbibition is a special type of diffusion when water ‘ls'af?szras i
| tnbib e pusta o5 solids/~ colloids - causing them to increase in volume. The

} .
; vOXTC ‘Ju re o . I _t'r“_, \
4 L& 4

il ABMMUBE of ® —

—_—

Th/ allntd = Peckn 5> POMIN 5 Qigedh > aastul®
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. é:qc.oQOAb'idf  am st rnonﬁ- imabants -

are absorption of water by seeds and dry wood.
uced by the swelling of wood had been used by

pibition

atis product
et rocks and boulders. i itwere not for the pressure

sof

- —— seedlings W uld not have been able to emerge out of
DI ey probably would

=" “so diffusion since water movement is along a
dient; the seeds and other such materials have almost 1o
el absorD water easily. Water potential gradient between
pence th 3:1 the liquid imbibed is essential for imbibition. In addition,
50 n;ﬁe toimbibe any liquid, affinity befween the adsorbantm
s-uti): alrsbvép‘re—requisit? -

tion

=

LR

|

DISTANCE TRANSPORT OF WATER

3 LONG
o carlier stage you might have carried out an experiment where
E twig bearing white flowers in coloured water and had

pad placed a
Jour. On examining the cut end of the twig after a few

| hed it turn €O .
you had noted the region through which the coloured water moved.
texperiment very easily demonstrates that the Pgﬂ; gf water movement

the vascular bundles, more speciﬁcal}jj, the xylem. Now we

go further and try and “nderstand the mechanism of movement

| ter and other substances up a plant.
| Long distance transport of substances within & plant cannot be by
e sion is a slow process. It can account for only short

- gion alone. Diffusion is a SlOW
] — vl ——— -
tance movement of molecules. For example, the movement of a molecule

sss'a typical plant cell (about 50 nm) takes approximately 2.5 s. Atthis
ite, can you calculate how many years it would take for the movement

| nlarge and complex organisms, often substances have to be moved
 long distances. Sometimes the sites of production or absorption and
fites of storage are too far from each other; diffusion or active transport
fould not suffice. Special long distance {ransport systems becomie
ecessary so as (0 move substances across long distances and at a much

rbulk flow system. Mass flow is the movement of substances in bulk or
nmasse from one point to another as a result of pressure differences

pevecn the o points, 5 characteistic of mass flow that substances,

: Tn éblut;qn. or in suspension, are swept along at the same pace,
a flowing river. This is unlike diffusion wher

¥ molecules over a distance of 1 m within a plant by diffusion alone? O- &1

Jester rate. Water and minerals, and food are generally moved by amass .

[erent substances

(€.6., suction through a straw).

%’cmdepen ently depending on their concentration gradients. Bulk
gradiealtl be achieved either through a positive hydfb'été’fj‘é_pressure
nt (e.g., a garden hose) ora negative hydrostatic pressure ggéaient

o5 |

2N hesS |
L




NMechonism o wotr  Obs

@M—) @ of wader, RQF;&.

The bulk movement of substances through th -

oy e ' Ny,
’:m +o R PPy tissues of plants is called translocation, dueun
huty i~ SNt Wasey %4 Doyou remember studying cross sectiong

a0 had, Mok, f higher plants and studying the vascul Slemg
Za-\@f 3 QDPQO_S***_,Cﬁ of higher p ying ar s

Ofl'OOts

_ : i YStem? TheI::l Qnd
[ —_— o ) have highly specmlisled \:scuicar tl.SSUGS - xylem oy, d piy ghe; :
w i dawerapka (| associated with transloca on of main]

Y Water, minerg) g1 “M 1y

. itrogen and hormones, from roots to th@.ﬁmark&rt\softf};% u

___VP - nvonvee mph]oem translocates a variety of organic and inorg;fﬁzﬁ%

.&é geq :_hw w% g ¢ fromtheleaves to other parts of thW\=~-~«ﬂtes, NI
C‘Q&:ﬁ

/

SR Thh 11.3.1 How do Plants Absorb Water?
PrERER ’U%‘m ;

We know that the roots absorb most of the Water that ‘goer; inty . 4
0L daarne RO obviously that is why we apply water to the soj] and not gy thﬂp';
OKeags * Theresponsibility of absorption of water and minerals gy, %
m‘,, % S the function of the root hairs that are present jp, millions a¢
< P Toots. Root hairs are thin-walleq slender exte ns of r
)§ OV Yo g s Cells that greatly Increase the surface ares f;
05' : R solucty W absorbed along with minera] s_olutes, by the roof
J' . . ‘ ~  Once water is absorbed by the root hairs,

layers by two distinct pathways: - ‘
® apoplast pathwa'y
4 ymﬂ?st pathv(ray

19 .j;s S
C oo | od—0018  naiey ; ,
DR S on (o vl Mooty
£)%ore N“g :‘f ) i~ e @%O-W,The'apo last is the System of adjacent cell walls that is confinyy
2 : © S0t p, oW ? .. ?ff throughout the plant, exce
Sofne
—_

pt at the casparian strips of the endodem
- in the roots (Figure T1.6), The apoplastic movement of water ge
' i’:&& © “@ anc. dwe & exclusively throy
(

gh the _intercellular Spaces and the walls of the
,\i sc\m,’ g . !EQB" Hev Movement throu
AN

gh the apoplast does not involve crossing .

Sma membrane

Plasinodesmata ¥ i

|= symplast
B = apoplast

P Caspaﬁélil strip

Figure 11.6 Pathway of water movement in the root
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¢ e S mnpler
e .. This movement is dependent 0d the gradient. The apoplast

vide any barrier to water movement and water movement is

flow. As water evaporates into the intercellular spaces or

tension develop in the continuous stream of water in the

ence rnass  flow of water occurs due to the adhesive ‘and cohesive

ter. Hef fo fovmn b, UnRKin el APRE

em is the system of interconnected protopla:ﬁs

ells are connected through cytoplasmic strands that

lasmodesmata. During symplastic movement, the water

ug the cells — their cytoplasm; intercellular movement is
asmodesmata. Water has to enter the cells through the

- cntPr

n o 28 streammg You may have observe p
aFthe Hydnlla leaf; the movement of chloro p]aét due wareamng 2@

il S

=ment. However, the i er bundary of the cortex, ‘the endodermis
impervmus to water because of a band of suberised” matrix called the
. Water molecules are unable to penetrate the layer, so

/duected to wall regions that are not “suberised, into-the cells

oo, TR

p - mr‘g{l“gh“ the membranes. The water then moves through the
Jast and again Crosses a membrane to reach the cells of the xylem.

fz movement of water through the root layers is ultimately symplastic

in the endodermis. This'is the only
%ay water and other solutes can |
enter the vascular cylinder. _ Endodermis  Xylem
‘Once inside the xylem, water is
again free to move between cellsas—
well as through them. In young~
ts, ots, water enters dfrecﬂym

,

Symplastic

These are nonfﬁﬁrrg‘condmtsand.
50 are parts of the aRoBIa's—f. The
Path of water and mineral ions into
the root vascular system is
Summarised in Figure 11.7.

Some plants have additional

Casparian

Structures associated with them— - Ap‘;)f:tai’uc Cortex strip o
m water (an Pericy(:le
b a-is.a Figure 11.7 Symplastic and apoplastic pathways of.
iotic assoeiation of a fungus water and ion absorption and movement in

roots

th a root system. The fungal
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filaments form a network around the young root or th-ey,pene ‘
root cells. The hypﬁag have a very large surface area that ébso ;
fons and water from the sol from a much larger volume of oy oy
a root cannot do. The fungus provides minerals and wa tc_;_r~ togd &
turn the roots provide sugars and N-containing ~92@P0unds .
mycorrhizae. Some plants have an obligate assoclatio, o
mycorrhizae. For example, Pinus seeds cannot germir ‘
without the presence of mycorrhizae.

We looked at how plants absorb water from the soil, ang Move jt 44
vascular tissues. We now have to try and understand hoy this wee.
transported to various parts of the plant. Is the water movemep,
is itfstill passive? Since the water has to be moved Up a stem ane

gravity, what provides the energy for this?
1.3.2.1 Root Pressure /@)

_As various ions from the soil are actively transported into the

* tissues of the roots, water follows (its potential g gradient) and e
the pressure inside the xylem. This positive pressure 1;Eam
pressure, and can be responsible for pushing up water to smal|

——

32@.;; stem. How can we see that root pressure exists? Cm
soft-stemmed plant and on a day, when there is plenty of atmospher

S —— 0)
. /tFafispiration. Root pressure does not account for the majority &

lan S
- Despite the absence of a heart or a circulatory system in P ail

moisture, cut the stem horizontally near the base with a sharp b
early In the morning. You will soon see -a-rops of soiution ooze out of t
cut stem; this comes oyt due to the positive root pressure. If you fi:
rubber tube to the cut stem as a sleeve you can actually collect and
measure the rate of exudation, and also determine the composition oftht

exudates. Effects of root pressure is also observable at

mo 0 WINEIN evaporation is lov nd exce \l;aferboncctsm .

and leaves of m erbaceous parts. Such water loss in its liquid phase

-

Root p >can, at best, only provide a modest push In e
_process of water transport. They obviously do not play a majoteg
water movement up tall trees. The greatest contribution of I >
may be to re-establish the continuous chains of water molect

xylem which often) break under the enormous tensions ¢

transport; most plants meet their need by transpiratory P g

11.3.2.2 Transpiration pull

ve |
upward flow of water through the xylem in plants can achi€
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"or ‘pulled through
hers agree that water §

" Most researc T'1s mainly ‘pulied throy

1$t anme driving force for ﬁﬁmﬁéﬁ%ﬁn

P«A;I;;This is referred to as the cohesion-tension-transp

Ly of water transport. But, what generatesthistranspuatio

ater is transwnt in plants. Less th;

pull? ends
d in photosynthesis and p} ol the water reacmngégﬁ;%
inp esis and plant ;
: .leaVes is use owth. Most of it is losv@/ AANsi
Wmata in the leaves. This water loss is known a2 >>0@ HQw
ph-ation
you have studied transpiration in an earlier lasg by enclosing a healthy
'\ jant in polythene bag and observing the droplets of water formed inside
{1, bag. You could also study water loss from a leaf

er, which turns colour on absorbing water. 0K
per, W : — o

AofMa> Gde> Bark > el

11.4 TRANSPIRATION Qa;ﬁ

W) a«rmuq;\ L), sracheal g
Transpiration is the evaporatwe loss6f wat by plants It occu ainly v “rarsbi
b through stomata (smg stoma) "Besides’ theﬁs’”‘d‘f‘water va fJ'Ii/

pour Lv—) Q-
: uansplratlon, tion, exchange of oxygen and carbon dioxide in the leaf also occ ek
‘through these stomata. No mata are open in the day time and\® M_—@_@_ o} etel .
i close during the night. mﬁMg of s —
stomata is a chan:  a change in in the
each guard { cell, towards the pore or stomatal ag aperture, is thick and elastlc '
When turgidity increases within the two guard cells flanking each stomata@ m——’ ® /;
aperture or pore, the th thm outer walls bulge out and force the inner WallSate ocm °“‘“‘° "‘m Yo

into a crescent shape. The opening of the stoma is also aided due to the mmqu ey m‘:&\&
orientation of the microfibsiisin o the ce @,. the guard cells /Celliloge woolid Andde

9
microﬁbnls are orienteq radlally Fat ?—than n Jongitudinally rEékmg it easw.q?%
forthe the >stoma o op open. Wherrthe guard cells lose turgor, due to water loss— S v wines
(or water s stress) the elastic inner walls regain their original shape, the guard
cells become flaccid and the stoma closes.

sually the Tower surface of a dorsiventral (often dicotyledonous) leaf
hasa 35 a greater number of stomata while in b
an isobilateral (often monocotyledonots)
leaf they are about equal on both | surfaces.
TranSplratmn is affected by several (st
external factors: temperature, light, Microfibrils
humidity, wind speed. Plant factors that Guard cell
affect transpiration include number and
distribution of stomata, per cent of open
stomata, water status of the plant, canopy

e § . | : i ard cells
stl'uctul"e etc o m\'y{ll.B A stomatal aperture with gu

_ ]

Stomatal
aperture
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® Cohesion - mutual attractigl;between Water m 1
m e Waler Olecyjeg
JAestoun. * Adhesion - attraction o

f water molecyleg tofldl\‘ . i
(& fis the surface of tracheary clements), Ul

* Surface Tension - w@g}gc}_lgzs are attracteq ,, e
. the liquid phase o Ve I B g
devia o mawp 2 o phase _‘
e Properties give water high tensije Strength, ie.

; resist a pulling forcig‘n_c_lﬂh__igil fgpﬂgaﬁty, e, thej ility t’o » Jﬁ
WUEN does not—Laave  tubes. In plants o capillarity is aided by s"

g2 1€, the

the small diame
elements - the tracheids and vessel elements \\
S —— e - s . j

Y

] e ool S ove water molecules i
Barenchyma cells where they are needed? As water oo

Measurements reveal that the

forces generated by transpirationg
c__riégg Pressures sufficient to lift a xylem sized _qqlumn—()fw
metres high. 3

Palisade
Xylem

Phloem

f 1 |
: Diffusion into Stgg}:ta 1
surrounding air

‘ ' ts UP
) . \ lea tion from the leal seofme'
Figyre11.9 Water movement in the leaf. Evap.ora % the atr spaces & 4
' a pressure gradient between the outside air an

n
tic cells &
leafl. The gradient is transmitted into the photosynthe |
the water-filled xylem in the leaf vein. :

R ————
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l ira tion and Photosynthesis - a Compromise
\ Ei i g more the than one purpose; it
n has oira = tion pull for absorption and transport of plants

ter for photosynthesis
erals from the soil to all parts of the plant

cfaces, sometimes 10 to 15 degrees, by evaporative

15 eaf SU

W =ing truct f the pl
i liﬂ ¥ s the s Jl?-‘-ge and structure of the p ants by keeping cells

otoS ynthesmmg plant has an insatiable need for water.
)ﬂmt(wgﬂgpj_e_rw_at_e.r which can be swiftly depleted

N ytheSiS = = rqityof Tainforests is largely due to This vaz
gyt '—’[’h‘ﬁﬁm S g € Lo this vast N
V&tq plff“ttlonfr om root to leaf to atmosphere and back to the soil. — < ‘M%Lh%&m
)y g0l W

of the C, photosynthetic system i is probably one of the .
: ising the awf_ailablhty of CO, while minimising water

“are twice as efficient as C, plants in terms of fixing carbon
sugar). However, & C, plant loses only half as much Water

g : for‘the same. amount of CO, fixed. —

Tﬂe
Y3 Fﬁ‘

i|

olU .-Oﬂ‘

UPTAKE AND TRANSPORT oF MINERAL NUTRIENTS

tain_their carbon and most of their @\ @ vi-hlE
“ohere. HOWeVer, their remalmng nutntlonal requiremments are
ed from water and minerals in the soil.

‘5 1 Uptake of Mineral Ions

ke water, all minerals cannot be passively absorbed by the roots.

c ors account for this: (i) minerals are present in the soil as charged
icles (ions) which cannot move across cell membranes and (i) th

entration of minerals in the soil is usually lower than the 'Co‘ﬁcentraﬁon
exals in the root. Therefore, most minerals must enter the root by
absorption into the cytoplasm of epidermal cells. This needs eds energy

Florm of ATP. The active uptake of ionsis responsible for the
P°tenﬁa.lg@mmram.ummc for the uptake of Water by

08
S.Some ions idermal cells £_a581vely

“.' e absorbed from the soil by both passive and acfive transport.

Cific 1y
X ce sr:ﬂt?nhlz ltrlllthe membranes of root hair cells actively pump ions
] o ha?r :}[toglasms of the epidermal cells Like all cells, the
brie, thems many transport proteins embedded in their plasma
: W&@JJ CS cross the membrane, but not others.
’ Aﬂaaa-uurh—i, e con OEQm whereaplant
: i' 200t e,y de L lypesof solutes that reach the xylem‘ﬁ'o‘fe
?ﬂ;s-ff”“ mE‘E‘l"ETIBECause of the layer of suberin has the ability to
one direction L only.

B
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Fook 11.5.2 .Trmslocation of Mineral Ions
After the ions have reached xylem through active or Passiy,
4 combination of the two, their further transport up the Stern . uy
< Rar the plant is through the transpiration stream. 0
34 ~The chief sinks for the mineral elementsare the grow
> «c:: lant, such as the Mmd;ﬁmltmensmms »youn le N gj;
. s, fruits and seeds, an e storage organs, Unl S,
e n"j} ' ,g:ccms at the ﬁne vein ending_th‘;gﬁgmym w
Toane these cells. 4
m ﬂMnS are &e@gpﬂy remobilised, part@
3 INC senescing parts._Older dymg leaves export much of thejr ir my o
fom - . toyoun s. Similarly, before Ieaf fall in decig 0;;31311 ry
are removed to other parts. Elements most readily p,
T i : 0b1
E phosphorus trogen and potassium. Some demen*@l
iy structural components like calcium are not remobiliseq -
44 & ) An analysis of the xylem exudates shows that thoy
'Z'-“g , mtrog:n travels as morgamc 1ons much of it is Carned in th
heny form as anuno ac1ds and related compounds Similarly, Sﬁau\
- of Pand S are carrled as organic ¢ compounds In addition, Sﬁr
of exchange of materials does take place between xylem
“Hence, it is not that we can clearly make a distinction and's\{a
. , that xylem transports only.inorganic.nutrients while Pﬁ)‘emkna
o », x; ¥ only organic materials, as was traditionally believed.
v - A A= St - M
rv‘ 3/ - 9
11.6 PHLOEM TRANSPORT: FLOW FROM SOURCE To Siy

Food, primarily sucrose, is transported by the vascular tissue
from a source to a sink. Usually the source is understood to
part of the plant which synthesises the food, i.e., the leaf, ands
part that needs or stores the food. But, the source a nd sink
reversed denendangonih&scasnn;mlhn.pL. ant's needs. Sugd
in roots may be mobilised to become a source of food in theean
when the buds of trees, act as sink; they need energ for gros

development of the photosynthetic apparatus. Since the s
relationship is variable, the direction of movement in the¢P
be upwards or downwards, i.e., bi-directional. This .,.;‘
that of the xylem where the movement is always unidirect
upwards. Hence, unlike onc-way flow of water in transiti
in phloem sap can be transported in any required dir; 0
as there is a source of sugar and a sink able to use, 5
the sugar. ugarsr
Basic ¢« Phloem sapis  is mainly water and sucrose, but other S -0

C(y u“‘__,&q dre ) and ammo ac1ds are also transported or transloca'te b

|

C
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11.6.1 The Pressure Flow or Mass Flow Hypothesis (h'u?&d L munch &

o3
The%i_eﬁf%ﬁg?gﬂfm used for the translocation of sugars from source 7 )
welfE 8 = t‘(‘le pressure flow hypothesis, (see Figure 11.10). As
ucose is prepared at the source (by phofosynthesis) it is converted to ' .

Sucros” [aHlseacare) - The'sugar is then moved in the form of sucrose
into the Otlrna%s OE%Men into the living phloem sieve tube cells
activ transport. This process of loading at the soufce produces a

hype om;.l(;(;rrfison‘ in the phloem. Wafer in the adjacent xylem moves
into the p Y 0SmMosis. As osmotic pressure builds up tiephteem

sap will move to areas of lower pressure. At th i
must be reduced. Agair At the sink osmotic pressure

out oL U

ansport is neces

€ Mocrs sap and into th cels whiet wil v the SUgo~

converting it into energy, starch, or cellufose. &S Sugars are removed, the

osmotic pressure decreases and water moves out of the phloem | |
To summarise, ﬂms at the :

source, where sugars are loaded (actively transported) into a sieve tube

Loading of the phloem sefs Up a water potential gradient that facilitatet;,

the mass movement in the phloem.

Phloem tissue is composed of sieve tube cells, which form long columns
with holes in their end walls called sieve plates. Cytoplasmic strands pass
through the holes in the sieve plates, o forming contifiuous filaments. A5™
hydrostatic pressure in the sieve tube of phloem increases, pressureflow
begins, and the sap moves through the phloem. Meanwhile, at the sink,

e lah

incoming sugars are actively transported out of th“a)'hloem and removed

Sugars leave sieve fubes;
water follows by osmosis

Sugars enter sieve tubes; =High
water follows by osmosis turgor
pressure

Sugar solution flows
to regions of low
turgor pressure

l

Phloem
Sugars leave sieve tube
for metabolism and
storage; water follows
by osmosis

Figurel 1.10 Diagrammatic‘ presentation of mechanism of translocation

®

< e S T R
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™t  Qeaves do nok woit ‘
Iy

M_ as complex carbohydrates. The loss /f solute prog

g/ PR At p—

potential in the pfilogm, and water pasges out, returnip S
| Aﬁﬁﬂg;ggg(gg_r_lggent. called gir ling, wag usg?io itleentuau to o
. through which food is transpo1-'£<?(‘]Z()rt-l:l entify; xy]efn \

t.“i-ag,,. . P ———— 5 1€ tmnk he ; v
up o8 deptofthe ploenayer,car e crely oo ¢ e

of downward mévement of food the portion o‘fEHé»BE}R_aB In th B

: 0
the stem becomes swollen after 3 fey, weeks, Ve

] e T b — e
shows that phloem is the mgﬁa‘nmor i anlsl sunpleexpﬁ:;\
f

that transport takes place_in one direction, j ¢, td\fz;ilaﬁon of

expmcmncmbﬁupegf_omcd by-y()u ea\éﬂ'y""“"‘* ,Sthe%.

Y

is hypertonic, it gets Plasmolysed. The absorption of water by seeds and drywood
takes place by a special type of diffusion called imbibition. _
In higher plants, there is a vascular system comprising of xylem and phloem,
responsible for translocation, Water minerals and food cannot be moved within
the body of a plant by diffusion alone. They are therefore, transported by a mass
flow system - movement of substance in bulk from one point to another as a
result of pressure differences between the two points. —
Water absorbed by root hairs moves into the root tissue by two dlSU_n;e
pathways, i.e., apoplast and symplast. Various ions, and water from soil can

ke
transported upto a small height in stems by root pressure. Transpiration p

i n is
model is the most acceptable to explain the transport of water. Transpiration
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The basic needs of all living orgamsms are essentlally the sa_m

‘ Study the require ‘macromolecules, such as carbohydrates proteins and fat§
Mineral water and minerals for their growth and development.

. Requirements of This chapter focusses mainly on inorganic plant nutrition, wh
Flants g you will study the methods to identify elements essential to growth

12.2 Essential development of plants and the criteria for establishing the essentis
Mineral You will also study the role of the essential elements, their major deﬁ

Elements symptoms and the mechanism of absorption of these essential ele me
The chapter also introduces you briefly to the significance an

12.3 Mechanism of
mechanism of biological nitrogen fixation.

Absorption of

Elemen :
e T’a’wl@m of 12.1 ME T H00S 7o STUDY THE MINERAL REQUIREMENTS OF FI&
Solutes : v :
12.5 Soil as Reservoir  Infy \IEI, Julius von Sachs} a prominent German botanist, dernonS
| of Essential foP the first time, that plants could be grown to maturity in @
Elements nutrient soiutmn in complete absence of sgisl_._Ihis technique of g0
| ﬁ‘lzgnfs'in a nut -ient solution is known 4s hydro onics. Since the
number of unprovised methods have béen employed to try and dete? ‘
the mineral nutrients essential for plants. The essence of all these ¢
involves the culture of plants in a soil-free, deﬁned mmeral solutiorl
; methods require purlﬁed water and mineral nutnent Salts
\ " explain why is this so essential?
After a series of experiments in which the roots 0
immersed in nutrient solutions and wherein an element ¥2° aolu
substituted / renoved or given in varied concentration, 2 mmeral 3

12.6 Metabolism of
Nitrogen

lants
f the P 4del



plant growth was obtained. By this

for the clements were ;d:mﬂeq and

) ptoms discovered. ydroponics

w‘mdeﬁde":; cully employed as a technique for
suct X :

Ton of vegetables suchas

n\ﬁﬂ lettuce\It must be gggi“el for g
=P = ng water
the nutrient solutions must be - and nutrients

f «; 25i5€¢ ted to obtain the optimum growth.
_ o happen if solutions were poerly
. w'hat ;i,opiagl’ ammatic views of the hydroponic

gerd® given in Figures 12.1 and 12.2. solution

22 ESSENTIAL MiNERAL ELEMENTS
1 .
e 12.1 Diagram of a typical set-up for

ﬁalspresen il ﬂ@ nutrient solution culture

5. Tn fact,@ore)

— i —

h d so far are found in differ

§* the d@? ; LUs g._ent &
| i, some plant species accumulate selenium, _
' ) —_—

E:ﬁﬁ others gold, while some plants growing near .
| puclear test Sites take up radioactive strontium. a
) Th?r’éwa}é—iéchniques that are able '

. inerals even at a very low concentratio 3) ps Ay,
@ stion is, whether all the diverse etz 1-—-‘—@"

| (L) The que :
i clements presentina plant, for example, gold and
' selenium as mentioned above, are really necessary

* for plants? How do we decide what is essential for

plants and what is not? ‘\ .
— pofesd (Beveh € in At
i 12.2.1 Critena for Essentiality =

The criteria for essentiality of an element are given

solution L=

" below: - Pump

1\- : .

i v(a&"l‘he element must be absolutely necessary for FW Hydroponic plant .PTOductlon-

T{f supporting normal growth and reproduction. Eirf;hmgéﬁvﬁ“ ;Irll aat

It.' Inthe absence of the element the plants do not incline. ATpUmp ¢ feulates 2
complete their life cycle or set the seeds. nfifrient L[ng_ ution from.

i .
i ,ﬁ/ The reggggment of the element must be specific
and not replaceable by another element. In

’ other words, deficiency Q{_@EY_QEE_FE‘PF“t e oir due (o €
! cannot be met by supplying some other Inset shows a plant wes
g T ' ' roots are continuously bathed
S~ in aerated nutrient solution.
J {0-The element must be _c}iﬁr_ggg}{}@VOWfQ in the The arrows indicates the
metabolism of the plant. ‘ “ direction of the flow.
(&) Adsence o ruCed  ouallahitly of e Qluevm coust Aistrgdore.
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ot Based upon the above criteria only g fey, éleme

Nts hg ;
be absolutely essential for Plant growth mohsm Ve beey, i
are further divided into two broad cate

. g,
£0ries bageq on th, Cse Cleye
requirements, \, To— eir q“anu
‘ Macronutrients, and RV 53 - _
: J'r)/M/icronutrlents _ o T

\ ———
gas\ty dekciabe ,"\,"N‘)(— ﬁ:onutﬁents are ge
. nl(‘ .

N s

5:1”(\1 @Fﬁamm bow, (in excess of
. 0 w |
n .

i

MY e

\

om CO, and H,0, whyle the othe
: . the sgitas minera] ition.
| fszncsP)ofI L‘:\ém o ﬁ“k}dﬂmﬁents o

glements, are nee

ded m‘very Smal] |
i (less than 10 mgag e Kg T of g matter). These include iron —
L o oppey molybdenu . Zine, boron, chig

rine and Nicke], ~
0 Xtditiom o 1T {17 SSehﬁal'éleménts
. s A e e

Beneficialltlements o S EIOR, obalYan ety

1 as o
- = “a " T
= ) e A' .
areé re (_u~ L"‘hi;‘g\l f!':i plants™== :

ssentia 1S can also be

the basis of their dives

) &]U A
€20rie:
se functions, These cate s

\

!

ents as Components of biomolecye
structural elements of Cells {e.g., carbon, }Ti&f_(_;g“en
| nifrogen)
Essential elements that are components of energy-
; , compounds in plantg (e.g., magnesium in ¢ _
f - phosphorous in ATpY, —
’i Mo Jis NV in S——

e
i thg{-ohg\‘s S Wil <"'J1ﬂ)/ ssential elements t
‘ J

or inhibit enzymes, for e n
. oth ribulose bisphosphate carboxy
s . ‘

uvate carbo lase, both ofy

ase and Mo of nitrogenade dy
olism. Can your ngme 7~ ew more eleme
ory? For this, You will need to recollect som
Pathways you have studied earlier.

y,
12.2.2 Role of Macro- and Micro-nutrients

~=xeraLlunctigns. They participatein /g
the plant cells such as permeability

_Essential elements perform
metabolic processeg in




gL NUTRITION ; T R 197 T

IN— -

rane. maintenance of osmotic congdration of cell sap, electron-

mb S —p—FTRUIE.

“%gystelrnS. budiering actian, enzyyfic activity and act as major

Uﬁ«g’ﬂ{ﬁents of macromolecules and co-eymes. o1
ngti= =0 Gy

0 Various

forms and functions of essen(l nutrient elements are given

. This is the essential nutrient ¢ment required by plants in the= @+ al Jos &“ ‘“ZEE
It is absorbed mainly asO,)|though some are also taken rsdabcC s fa‘:!;'\;l; e
- or NH, '} Nitrogen is required /all parts of a plant, particularly W cal AV \Wow @b

"

up as I!_(_)Z le{ L o i .
\ fematic tissues and the metabolally active cells. Nitrogen is one of

! the merS L ]
, $§ major constituents of proteins, nucle acids, vitamins and hormones.
p—— horus i ’ i . 0 srered

phosphorus: PI'IOSP orus1s absorbeo?y ﬂl?_pla,nz: from soil in the f?rmz tg‘%\\gﬂ 4;N iQN ! Sexds
of plglﬁiﬁ— jons (either as H,P, or HPO;"). Phosphorus is a ¢ ) ‘1°“”6 e
constituent of cell membranes, ;cf)l:a’n roteins; all nucleic acids and m T )

———1es. and is required for alphosphorylation reactions. "WOepiciepey ¢ purpnls 2
spdeghdes, and 1s Teqred ot giptosphiorylation reactions; ", St e

: — |
potassium: ILiS absorbed as potasium ion(K’). In plants; this is required

in mOTe EPL}T{dani Sl‘_f?}f,ltiﬁﬁﬁ in Zl})e meristematic 't'issues., buds, leaveizs_y e
ond root tips. Potassiug helps tc IiamTamn as anion-cation balance in

cellsand is involvedAh prc tein synthesis, Rpening and closing of stomata,
+-tivation of enzymES and n the maintenance of the turgidity of cells.

Calcium: Plant absorbs calciun flom the soil in the form of calcium ions
Qgﬁ Calcium is required by mefistematic and (_i"i,ﬁ_“}'enﬁaﬁn tis:
gjurjng cell division it is used in the synthesis of cell well, particularly as

-

calcium pectz
: >,

enzymes and plays an important rolt in regulating métabolic activities. }

Magnesium: It is absorbed by plants in the form of divalen\‘;Mg.?:i'It ’

Ws \0vpled W SR

activates the enzymes of respiration. ah AN <
3 ¢ = —F P cvivs WM "' t\‘.‘ﬁ,;,a.;—::ﬂ—.( i s uag . . \ % 5 ’M‘-‘ S
fhe synthesis of(D \ ' VA, Magnesium is a constituent of the ring 1’ it .

I

structure of chlorophyll and

elps to maintain the ribosome structure,
— P — FASS—" |
Sulphur: Plants obtain sulphur in the form of sulphate (50 2°). Sulphur 13?\
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R < 4— Manganese: It is absorbed lthe form of m
o_uz-f:__- —‘ in activates many enzymes inveed in photos

: ) tosynthesis, regp
M)f'td in Seoases & sedd nitrogen metabolism. The beSjefined function Plratjgp

Ol manganege j, ™ |

anganous jong

plitting of watey to liberate OJC\en during phOtOSynﬂlesis the\ ]
pos YTl h@ — Zinc: Plants obtain zinc as 2+ ions. It .activaté: Variéus 1
rh°9j<- = gu especially carboxylaseSlfIf'isi sneeded in the syp hesi '

——— | S . dUIXin
. (quper: Itis absorbed as cupriéns Ctis essentiai*f'g :

N Bt m@% W‘}! metabolism in plants. Like iror§t is associated With certa

involved in redox reactions and ireversibly oxidised frop, s g

j conyy s o qth-P “— Boron : It is absorbed as : 0}_ C 7403—’ . Boron is required for u
n —F elongation, cell differentiation andarbohydrate W g
e A R — e 3,

- Molybdenum: Plants obtain itin thioEof molybdate ions (

Is a component of several ‘enzymes,including nitrogenase i
-WWCT reductase both of which partjéiﬁite ml\it,mg_qn IW@ oS, ;
' Chlorine: It is absorbed in the form ol chloride anion (C1! Alop ¢ will
N ” . . Py S o
Z Na* . the AT
VT arabotrcTn a*and K*, it helps in determining the soute c_)nc

~ cation balance in cells. Ttj5 *e'ssentialnﬂ-y 6

photosynthesis, a reacti that leads th ¢

T 12.2.3 Deficie y toms of Essential Elements
Whenever the supply f)f an essential elei"t‘lel'\;t becomes limited, plant growth

is retarded. The corcentration of the e:f,semial element below which plant
growth is retarded is termed as critical concentration. The elementis
said to be deficient when present belew the critical concentration.

Since each element-has one or more specific structural or functional

role in plants, in the absence of any particular element, plants show certain -
morphological changes. These morphological changes are indicative of

- certain element deficiencies and "ﬁre called deficiency symptoms. The
NCafa o3 VA ) . deficiency symptoms va}y from element to element and they disapﬁé,?ﬁ

2 — when the deficient mineral nutrient is provided to the plant. Howeve’[ril : .:

C-uun el deprivation continues, it may eventually lead to the death of the plant

=X Uit Lol =

A, — - . ﬂ]e
part‘"é\of the plants that show__t_l_1e dgﬁciency symptoms also deP?nd & |

mobility of the element in tﬁeplg_ﬁ_gk For elements that are actively mogienc)'

—_— within the plants and exported to young developing tissues, the _CAF,W

“symptoms tend to appear first in the older tissues. For examf Jisibk

déﬁc_iency symptoms of nitrogen, potassium and magnesium fjgnt.atiﬂiﬂg

first in the senescent leaves 15 the older leaves, biomolecules Zﬂable for -

‘these elements are broken-down, making these elements avai

mobilising to youngerleaves. gsues

The aéﬁ%iﬁgyg:rymptonis tend to appear first in the y
whenever the elements are relatively immobile and ar ‘? not ynd

out of the mature organs, for example, element liKq
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pa.rt of the structural component of the cell and hence are
@{—ele ased. THIS aspect of mineral nutrition of plants s of a great

511 ond importance to agriculture and horticultuge.
d fdeﬁciency symptoms shown.in plants include chlorosis,

ek ant ?,9 lant growth, premature fall of leaves and buds and
e division. ChIorosiSTS )

es. This symptom is caused by the deﬁmency of elements

- “1 a_f 's sue, is due to the deﬁcien @@r‘a .
L= @5@@ auses an inhibition of coll AT S cments
X lay towering if their concentration in plants is low.
m the above thamcy of any element can
ﬁ alt ptoms and that the same symptoms s may be caused
<eficiency of one of several different elements. Hence, to 1dﬂ1fy
», eﬁment clement, one has to study all the e sympfoms developed in all
'v arious parts of the plant and compare them with the available
dard {ables. We must also be aware that different plants also respond
1o the deficiency of the same element. "

e T

]\/\{

2.4 Toxicity of Micronutrients L&\ L

3 requlrement of micronutrients is always i 1ow%omts while their

derate decrease causes the deﬁc1ency symptoms and aimoderate increg\e
es toxic jty. In other words, there is a narrow range of concentration at

i nti umEm mineral ion soncentration in tissues

dcronutnents The toxicity symptoms are dlﬂicult to 1dent1fz To:dd’_c_y levels
Ement also vary for different plants. Mafiy a times, excess of an
y Ir fic uptake of another element. For example, the

Y e I m L

rominent symptom of manganese toxicity is the appearance of brown

e ———

Its surrounded by chlorotic veins. It is important to know that

gg!_lgsg competes with_jron and magnesium for uptake and with

: agnesium for binding with e es. Manganese also inhibit calcium
10cat10n inshoot @ {t apex, Therefore, excess of manganese may, in fact,

.duce deficiencies of iron, magnesium and calcium. Thus, what appears
® Symptoms of manganese toxicity may actually be the deficiency
: mptoms of iron, magnesium and calcium. Can this knowledge be of some
" POrtance toafarmer? a gardener? or even for you in your kitchen-garden?

12
3 MEcHANISM OF ABSORPTION OF JLEMENTS

Mu
: ascg of the studies on mechanism of absorption of elements by plants
p N carried OUtholated cells, tissues or organsz‘hese studies

PRTERSSRRTRPIRITRSSIE PR gy




~— phase of uptake, the ions are taken in(glo
] < Phase of up A8

O\
oriue

Hott | LOTVIT,

Aoy W"d./

s

| U

WA

2 HoAuAS

2

1

il

dHAI

B3y - Uon

0

revealed that the process of _g_lzsgxpjign_ canb

phases. In hase. an initial(r

apid Ptake of I;s
space’ or ‘outeFspace’ of cells — the

€demarea ey intq
Nty

g B Lo the Ty,
ymplast of the cells. Tlheé passive movement of jop into ,
e i O h ion-cha els, the tranS-memb

function as-sefective pores. On the other hand, the ¢
and from the symplast requires th§ €xpenditure of e,

is an active process. The movement of lons is ug

—— =Ually caje
inward movement into the cells is influx and the outward Moverm
You have read the aspects of minera] nutrient

Uptake and trang],
in plants in Chapter 11. ‘

-

12.4 TransLocATION OF SOLUTES . lg

Mineral salts are translocated }l}(gyg!{ xylgm alo
stream of water, which js pulled up throug
pull. Analysis of xylem sap shows the presenc

of radioisotopes of mineral elerme

1g with the ascends.
Iant by tranpiat

cof Minera] Sa]ts it 0

,; éments also substantiate Eﬁt :
p are transported through the Xylem. You h e

Usseq f
fovement of water in xylem in Chapter 11 el ty

the view
ave already djg,

:
i

12.5 Sow as Reservomr OF EssENTIAL Erg

MENTS
M’é’jofifi;o_f_ty“e mgnent_s_tl}qt are essential for the growth ang
development of plants becom e available to the roots due'to Weatheriny
and breakdown of rocks. These proces  soil w

‘omponents

——

—

o \% MeTABOLISM OF NitrogEy
12.6.1 Nitrogen Cyole |

= o
s —2O > C tuent =
¢ement i Tiving organisms. Nitrogen is a consti :
A0 acids; proteins

: Of the
h hormongs chlorophyll§ 3nd many "
tiinirl/syplantsAcompemEEicr&Ee‘sﬁm:ﬂiteq?togen 7
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Atmospheric N, 3—_)
Rew svrann

7 X ,
s o e Q& _%_ﬂg@—v Ao aud’s,
(@)

u
(s as two nitrogen atoms v v 7 Pow
strong ¢ triple covalent Biological  Industrial Electrical *T
D et N, fixation N, fixation N, fixation Denitrification

b()l;av"g‘ﬁ""i‘-He process of
/;'O"’n' of nitrogen (N,) to
“WS nitrogen-

onl2 2 fure, lightning and_

radiatlon provide errol{gzl

‘ S conve rtnitrogen to mtrogen
: cr
| 1 3 (NO NO,, N,,O] Industr1a1

/‘T“fé'éT fires, automobile 4__1

e power -generating
]Jso sources of

._——-—-”'.’
en oxides.
cnltrogenof

vlolet

s are 2
hel‘lC nitrog
of organi

i ammonla volatil J - '
Sare 12.3
Rigdre 12 e nitrogen cycle showing

m
e mt@osphere but
it is ~ converted into nitrate by § 011' re;?;iont:hip between the three
e . FTa m nitrogen pools — atmos heric
| bacteria in the followmg sfeps 8 soil, and biomass £
glmCO alys Niyrale ARSI Lot
9NH, +30,— 9NO; +2H" +2H, — 7 y ....(i)% 3
N can i 2 tsed ?

#ONO; +0, — 2NO;
' raHTObacHe s SRy +—
e
-anm%“% e

Ammonia is first ox1dlsed t & v - i
Nifrococgl®s. The mtnte is further oxidised tQ i acHvaxd i
- These steps are called |

| The nitrate thus formed is absorbed by plants and is transported to
» t@lEaves Inleaves, it is 1 reduced to] form ammonia that ﬁna]ly

4 amme group ¢ of anuno ac1ds N1trate ré:;ent in the soil is also reduced to

“Denitrification is carried by

12,6.2 -
Biological Nitrogen Fixation (.z; (S o™e vect % N\ craﬁdo.QKfoD

Velyfewh
ab ! t\lrln ElofsamSms r(i"Ian utilise the nitrogen in the form N,, available
e air. Only certain prokaryotic species are ca -

0 pable of

. w RgduCthl’l of mtrogen to mo&a by ].lVlng orgaInSmS is




called biological nitrg

gen fixation, iy

uction s pregepr . R
enf ¢
microbes are called N,- fixers, )

—

NEN%
NH

The nitrogen—ﬁxlng Microbeg ¢

OlLld
of free-living nitrog S frwhlg Or
t Microp,

3

- The mjry,
TO0tS of g
-

.,M,-::‘ B

ed as follows:
Rhizobia multiply and colonise the Surroundings of roots and get attached
‘o epidermal and root hair cells, The root-hairs curl and the bacteria e
the root-hair. An infection thr roduced carrying the bacteria {20

the cortex of the root, where they(initiatdthe nodule formation in theore}

of the root. Then the bgéféﬁa‘gre released from the thread into the &8
which leads to the diiféfenﬁatjgrj of specialised nitrogen fixing cgllsj g
fiodule thus formed, establishes a direct vascular connection Mﬂlj_he,f.’..,, _
for exchange of nutrients. These events are depicted in Figure 124 =

o AT e 1

s, suclt
4 e necessary biochemical components,

enase
/me nitrogenase and leghaemoglobin®Theenzyme mcu:lg 5
188 Fprotein and cataly: e conversion of atmosp’ eén
J j -- onia, (Figure 12. irspsta Ll

e ”
- ( )
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Infection
thread
containing

bacteria

Mature nodule

Inner cortex and
pericycle cells |
under division

R bium bacteria
uccessful infection

acﬁdn is as follows: _ gm e ; l g%/\

The e - _ ; ‘ nke AOH & PMIWHa_,
N, + 8¢ +8H' {16ATP 2NH, 16ADP + 16%; ]

The enzyme mtrogenase is sensitive to ﬂ'gg_molecular oxygen, 1t
ICWS The nodules have adaptations that enst

that the engfme 1S protected fI'O og ) protect these enzymes the

The above reaction that the ammonia synthesis by nitrogenease requires a

Substrate — Product
[nitrogen gas (N,)] [ammonia (NH,)] g

Reductlon
eduction Reduction Release
| of products
Enzyme
Bi +2
(nitrogenase) oF SIIS)iitIrlste Free nitrogenase
can bind another

g / : ‘ molecule of N,

F
‘/igne/lz.sv Steps of conversion of atmospheric nitrogen to ammonia by nitrogenase
enzyme complex found in nitrogen-fixing bacteria
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NH, produced). The ene

very high input of energy (8 ATP for each
f the host cells I'gyw

thus, i sobtained from(he respira ]

3 imilate i
onium ions, the latter is guite toxic to plants and hepe
accumulate in them. Let us now see how the NH; is used tg g, M
amiino acids in plants. There are two main ways inWhJch this ca g SYn‘ﬂTa ~
R ———

amination : In thes , amm
NAC Reduced onia re
@, gesoay. Cketoglutaric agdand forms(glutamic acidyas lndlcatjgts “
: In} '
' lutamate i :
o= | —fDehydrogenase [~ glutamate + H,0+ NApp

ansamination : It involves the transfez-of-amine-g Qup f
o 0
amino acid to the keto-groupofaketoac .%\ Tt a2 g

i
1€ Mg
|

x—kzwﬁuaamt acsd + A—-‘r"ﬂ!@t mg—a—*ﬁ‘ﬁa‘m h the transfer of 1,. the amino gro T,
\ P& b 219100 unl.npnﬂi' 0 acl sare ormed through ansarn ..
- enzyT ng {ransaminase catalyses all su CaCUOTTS 10 cample
O MinoHANS L& L, & N7 = '
H ' H

l i |
e 'c COOL & Rz—c Co0 ——— Rl—(”J—COO i Rr(f—coo‘
NH. O, 0 NH;

Amino-donor Amino-acceptor

Th mid asparag glutammne -Yound in
plants are g art of proteins yThey are formed from two amino
acids, namely aspartlc -acid and glutamlc acid, respectlvely by addition
of another amino 10 group to each. ’I‘E'é'Hfa'FG" ] part-efihesne

SuMMARY

Plants obtain their inorgcnic nutrients from air, water and soil. Plants absorb 2
wide variety of mineral elements. Not all the mineral elements that they absorb are
required by plants. Out of the more than 105 elements discovered so far, less than
21 are essential and beneficial for normal plant growth and development The
elements required in Jarge quantltles are called macronutrients while those reqmred
. in less quantities or in trace are termed as micronutrients. These elements ar¢
either essential constituents of proteins, carbohydrates, fats, nucleic acid etc.,

kd
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