Introduction o0 ’
The plants upon which we depend for thc food WC cat, and for the Oty
TR »soil. A good soil supplies the plantg With " Sy,
breathe, depend in turn upon the soil. Ag ises the study of how ... Mg,
elements they use. Mineral nutrition thus comprise: study OW plants . 4
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muneral elements (either through water, air or soil) and utilize them fo; their o,
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and develorment. Like any other living organisms, plants lead a Versatile [jg, o'

have a system for proper gaseous exchange, transport of matc;'xals, and an abilit_v:;
adjust to the changes taking place in the environment. Plants are Constam,,;,
uanrgoin gthe process of growth and development which is reg.ulated 'by Speci&“Z@d
tissue and hormones. In this chapterall these different aspects will be dJSCUSSed_

10.1 Plant Nutrition

Plants need a Variety of nutrients in order to sustain their _dally life p?ocesses.
Depending upon the amount of each nutrient required the mineral nutrients are
divided into two groups: macronutrients and micronutrients
a. Macronutrients :

Macronutrients can be divided into two more grou ps: primary and secondary
nutrients. The primary nutrients are nitrogen (N), phosphorus (P), and potassiup,
(K). These major nutrients are usually less in soil because plants use these in large
amounts for their growth and survival. The secondary nutrients are calcium (Ca),
magnesium (Mg) and sulfur (S). These are usually present in reasonable amounts,

ge amounts of Calcium and Magnesium are added when lime is applied to acidic
soils. Sulfur is usually found in sufficient amounts from the slow decomposition of
soil organic matter, ;
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| A Summary of Mineral Nutrition in Plants

- 10.
e v
ab! — Used in the form of | Functions
~onutl - 00) Com : :
facro 205 2mponent of orpanic compoy
T H.O or O, Component of Organic compm:?;
“af A
ool
Ve >
H,O ., | Component of Organic compounds
Iy .JC” -
[yuire - 1 1 M
__—— 1 [PNO o Amino acids, Proteins, nucleotides, nucleic acids
Jirox on Cthl’Ophy", and coenzymes i
; K- Enzymes, amino acids, and protein synthesis.
ctassi Activator of many enzymes. Opening and closing
of stomata,
: Ca’2 Caleium of cell walls. Enzyme cofactor. Cell
Ealoium permeability,
e : o H,PO: or H,PO, Formation of “high energy” phosphate
Phospnor compounds (ATP and ADP). Nucleic acids,
Phosphorylation of sugars. Several essential
. €nzymes. Phosphol ipids.
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m:—_hl SOZ Some amino acids and proteins. Coenzyme A.
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Chlorophyll synthesis, cytochromes, and
nitrogenase.
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Bhlorine Cls
Bopper Cu?

Activator of certain enzymes,
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photosynthetic reactions that produce oxygen
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- iof (our Informenton®

Deficiencies of the nutrients like nitrogen,
phosphorus, potassium, and magnesium
result in chlorosis (yellowing) and eventual
necrosis (death) of older mature leaves.
These nutrients are mobile elements that
can be translocated from older to new
leaves if their supply from the soil becomes
limited and the young leaves become
deficient in them. This translocation
depletes the older leaves of these essential
nutrients, leading to chlorosis and necrosis.

of food such plants may carry out Parasi
lly depend upon other plant or in some cas
h saprophytic plants extract
utrition form dead organic matter. However, the most interesting example of
\eterotrophic nutrition is the carnivorous plants which feeds on insects.

Depending upon the source

utrition in which parasitic plants who
lants may be involved in saprophytic nutrition in whic

Rl PiiRitcher Plant o b-¢Sundew. ¢ Butterworts
LoAE llmm.}c nivorous plants.

i~




~Arnivorous plal?ts may be subdiy;
( ‘m* and those with active tr,
',“'; w ¢

Vi

S.Forg

ajor
: : > 5 ft e t &roy 'thOSC i
2581 sition involves digestiyea e ’aDStheac With
pds: >COMPOSILIL NZymeg r alfm:th
nC ~J|L1cca\' withintio Pl by g plamog:;
llx‘ldf"l‘l\( classic passive trap is the "pitfal] trap" : |

‘raceni OF pitche
ingtonia and Sarracenia of the Sarraceniaceae and erl i
ling ceae, where an insect fa|g Into g vase-Jike m’o dif
hairs on the slippery wallg preve 2

Nt the inseey : ;
ictim ultimately drowns ip apool of digestiy, o m eCrawlm%sut, and the

\ Satthe bottop,
li.\;amplc:s ?f active traps are the "f,lYPaPeru 10SiVe traps of sundews
ra. Droseraceae) and butterworts (Pznguzcula, Lenubulariaceae) Inb

l‘m'()j(”;”t”‘latc‘i genera, the leaves are covered with g ky, gland e 20thiof
Ih“?:wl‘d) or a sticky layer of mucilage i
i{})w)l(égl ing victim.

‘VL‘PL‘”[h;
I\Ui““ng
i »q§ VI

eof Stomatain Gaseoys Exchange

The small pores on the epidermis of leayeg are
stomatal pore 1s surrounded by two guard cells. In dic
shaped or bean shaped. In monocot Stomata, guard cel

The inner wall of guard cells are thick and no
and elastic. The adjoining cell wallg of two guard ce
not attached with each other and this help them to s
opening.

n-elastic, The outer wafl is thin
Ils around the pore are free and
tretch laterally during storratal

The epidermal cells surrounding the guard cells are called subsidiary cells,

The stomatal pore, guard cells and the subsidiary cells are together called stomatal
dpparatus. Each guard cell contai

Starch is synthesized in guard cell

nesophyll cells and they are chara
dark)

ns a single nucleus and numerc{p;.‘ chlorop
by chloroplast and sugars transported
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10.3 Transportin Plants

10.3.1 Vascular Tissues and transport of materials

You have learnt that vascular plants or 'trachcophytes' have specialiseq tissye
termed xylem and phloem, for conducting water (plus solutes) and organic NUtrien;
respectively. Let’s discuss these tissues in detail.
10.3.1.1 Xylem

Xylem cells are elongated and connected end to end to form a tubular Water.
transport system throughout the plant, continuously replacing the large amount of
water lost by transpiration, water that is essential for both photosynthesis anq
maintain turgor pressure. The main kinds of xylem are tracheids and vessel elements

a. Tracheids
Tracheids are elongated cells up to 80um wide with secondary, lignified cell walls,
When mature, tracheids are subject to loss of protoplast (nucleus and cytoplasm) anq
hence cell death, creating an open structure for water flow. retarded only by the thin
cellulose barrier of the porous pits through which water flows from ce!] to cell
Functional tracheal conduits are surrounded by support and storage cells, including

yma, fibers and sclereids.
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' s phlﬂ“"' olutes move through phloem which is generall
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Y found on the outer
¢ cells of the phloerm
Ve tubes, Phloem is a
ﬁve different kinds of
C$, Companion cells and phloem
clally adopted for the process of

3070 pqani€ 2 lants. Phloem forms the inner bark Th
- ylem : organic solutes through out the plant are the sje
de 0 cport ! ]th s presentin all vascular plants. It consists of
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1‘[‘”[\1(;-"“1[‘)05 are clongated living cells, placed end to end with the walls
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" feellulose. The end walls are perforat'ed by anumber of small pores. The
;N,?‘i\nt 1—{ ,rea of the end walls look very much like a sieve and is called sieve plate.

w0 e e sieve plate are open channels which help in the translocation of
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a. Water potential g

Molecules of water possess kinetic energy. Therefore, they 5
motion from one place to another. Water potential is direct]
concentration of water-molecules. Greater the concentration of water m| to‘t},e
system, greater is the kinetic energy of water.molecules. This js calls ®in,
potential. Pure water has maximum water potential. Water potentia] js pan.. "

i : Ja, TCpre
by the symbol "P'w' (y; pronounced /sai/ sigh). It is measured in kilopasca] .Kps:’nted
Kpa=1000 Pascal. Ong
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Blaise Pascal was a very influencial French

mathematician and philosopher who contributed
0 many areas of mathematics.

_ Factor .such as hcat. affect the water potential. Water potential plays an
important role in plant physiology becaus

| : e itaffects absorption of water by the root
hairs and its onward transport in the plant, i 4

b. Solute potential or osmotic Potential
The solute potential or osmot:




‘cpidcrmal cells of the roots are freely
| ¢ however is partially permeable t i

el Yo mtl] membran . O some substances in
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""m.uhl“‘m' Jodermis, pericycle and finally to the xylem-cells through the paths
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Such a living medium transport of water 1s termed aS_S}’mP]a_St pathWay. It . ;
system of intercellular protoplasts (cytoplasm of the neighbouring cells) in ¢ 'S the

A e
of roots. In the cells of the roots, both the cell membrane and cytoplasm act asc:"S
partially permeable membrane. e
c. Vacuolar or transcellular pathway

The attached cells have interconnected vacuoles. Cells and the Vacuoles
connected with one another by the plasmodesmata. Plasmodesma‘ta are the
cytoplasmic strands which extend through the pores in the adjacent cell walls) 1y
this pathway water moves from vacuole to vacuole. The plasmodesmata-aCt as 3
source of water movement across the cells towards the xylem. This is also Symplas
pathway but specially the vacuolar pathway. Whatever may be the path but water j;
absorbed by the roots from the soil and is transferred to the xylem of roots, stem and

consequently the leaf-xylem and mesophyll which are the main part generating
enough water potential for hundreds of feet high movement of water.

10.3.4 Water Movement in Xylem through TACT Mechanism

Four important forces combine to transport water solutions from the roots,

through the xylem elements in the stem, and into the leaves. These TACT forces are:
transpiration, adhesion, cohesion and tension.

a. Transpiration

It involves the pulling of water up through the xylem of a plant utilizing the
energy of evaporation and the tensile strength of water.
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/ he attractive force between water molecules and

or and cellulose are polar molecules there is a st
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tis the attractive force between molecules of the same substance. Water has
' “. y high SOl e.force due L thp hydrqgen bondings. It is estimated that

s Lgjve force within xylem give it a tensile strength equivalent to that of a

1\{-i1'c ut‘similar diameter.

b bination of adhesion, cohesion, and surface tension allow water to
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Fig: 10.6 Meniscus formation in the xylem

Tension

~ ltcan be thought of as a stress placed on an object by a pulling force. This
ulling force is created by the surface tension which develops in the leaf's air spaces.

¢ - a force that pulls water from locations where . 3
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Tension is a negative pressur
iav:’zter potential is greater. The bulk flow of water to the top of a plant is¢
0.:‘.Srchrgy since evaporation from leaves is responsible for transp
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This causes an increase in the osmotic pressure of guard cellg an

: > i ) E : d';
diffusion pressure deficit (DPD) also increases which results in the MOVemeny IL}
0

- water into the guard cells from surrounding cells. Guard cells become turgid 4
2 . Thus the stomata open. X
During dark, the level of carbondioxide in substomatal cavity is iney.
results in the decrease in the pH of guard cells. Atlow pH glucose is cop
starch in the presence of enzyme phosphorylase. Synthesis of starch leads ¢
on of cell sap by consuming its dissolved glucose molecule. Thus OSmotiZ
| sap is decreased and its DPD (diffusion pressure deficit) is decreaseg
ells lose water to surrounding cells and becomes flaccid and StOmat;;
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Guard Cells
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o ;Si" . 3 -
(138 [raf .y Jeaves are the photosynthetic machinery of the plant. These gree
e n

(""C:,Cgm-dcd as “source of assimilates ” because these are the sites of

“qugar during the process of photosynthesis. This sugar is co‘nvened

oduc o which is transported out of the leaf to the stem and then upwards to the
- orseeds and downwards to the roots or the underground stems.

e buds, seeds, fruits, Ijo.OtS and the Undergropnd stems are together called

S oiof assimilates’- Tbey utilize or store sugar. This transport of organic solutes

aginks » SOUICE of assimilates to the sinks of assimilates is called translocation of

uits 0

from {1 :
rganic golutes.
g, Pressure flow mechanism: ( Mechamsm nftranslocation of organic solutes)

""" Food, primarily sucrose 1s tran§po'rted by the vascular tissue called phloem
from a source to a sink. Unlike transp}ranqn's one-way flow of water sap, food in
phlogm sap can be transported in any direction needed so long as there is a source of
suoar and a sink able to use, store or remove the sugar. The source and sink may be
reversed depending on the season, or the plant's needs.

Sugar stored 1n roots may be mobilized to become a source of food in the
arly spring when the buds of trees, the sink, need energy for growth and
development of the photosynthetic apparatus.

Phloem sap is mainly water and sucrose, but other sugars, hormones and

amino acids are also transported. The movement of such substances in the plant is
called translocation.

%The Pressure flow or mass flow hypothesis
~ The accepted mechanism needed for the translocation of sugars from source

s called the pressure flow hypothesis. As glucose is made at the source it 1s

"‘;'qchs.c (adissacharide). ~ ok
Sugar is then moved into companion cells and into the living phloem
e transport. This process of loading at the source Pfoi‘i‘:gefh:

in the . the adjacent Xylem moves
n the phloem. Water in the adj y areas of

\s osmotic pressure builds the phloem sap will move to




k osmotic pressure must be reduced. Again active ¢,
the sucrose out of the pholem sap and into the cells Which

ting it into energy, starch, or cellulose.
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<tasis in Plants |
1 Hmeo> prcw'" in diverse environmental conditions
| { PV are < .

_ , _ : Such In order to suryive
0.4 " Hpants ? yarious measures. Such measures are part of the ‘
L adopt o i s : omeostasis

qave 0 l meostasis 18 the ability of living organisms to
§ e l O >

&Y : . maintain or nearly
sternal conditions. It provides the Organism with a certain degree

mental conditions.
tas changes with in 4
s to the fact that the
W limits. Most of plant
er. Osmoregulation or
of gain or loss of water
ations in terms of their

et L‘msm'lt; "‘rom variations in the external environ

. dC"",q not mean to keep a fixed internal environmen
! sis dOe! necessary for normal body functions. It refe
et g€ ?trlfe tissue fluid in the body is kept within narro
Josition O related with the presence or absence of wat
com} JiSS ;I;Cion is the homeostasis of water i.e. the contro]
- regul c

~_d salts. Plants are confronted with different sity
'<<Ol\"'C( S

J diSSY7 " _
i‘:[c.;1\-:1’11a?.111‘1‘]5(')'ves readily across cell membranes through special protein-lined

Dy if the total concentration of all dissolved solutes is not equal on both
5, anfi,lll be net movement of water molecules into or out of the cell. Whether
\:1 lo vement of water into or out of the cell and which direction it moves

' i 1S isotonic, hypotonic, or hypertonic.
dpendsoxmhetherthecellsenwronmentls sotonic, hyp YP
¢ §

channel .
sides. there
ihere is et I

oty

Hypotofc | Isotonic Hypertonic

Fig: 10.9 Osmoregulation in different conditions.

a, Isotonic _ . :
‘ When two environments are isotonic, the total molar concentration of
dissolved solutes is the same in both of them. When cells are in isotonic solution,

movement of water out of the cell is exactly balanced by movement of water into the-
cell,

b, Hypotonic

[n a hypotonic solution the total molar concentration of all <_ilssolved sg;lutli_
riles is less than that of another solution or less than that of a .cel.. rig ‘
L "Cntrations of dissolved ‘solutes are less outside the cell than inside, :thé
entration of water outside is correspendingly greater. When a cell is ex;)ost%du _—

holonic conditions, there is net water movement into the cell. Cellswl@‘ll pELE
Will swell ang may burst (lyse) if excess water is not removed from the cell.

| . ps in hypo "‘_Q&:' ;
viro\z:;h Valls often benefit from the turgor pressure that develops m}hxgotggg o3
ents, A i hy ;
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Hypertonic ‘

A hypertonic solution is a particular type of solution that hae a
concentration of solutes on the outside of a cell when compared with the insigremer
C()f
4

cell.
10.4.1 Osmoregulationin Plants
Of all the environmenta) factors that determine the
water is considered to be the most important.
Osmoregulation has enabled the plants to be distributed 1n
wide range of habitat. Hence according to the amount of XS
water available, plants are classified into four main
groups:
a. Hydrophytes
Hydrophytes grow in the water or in wet and damp
places such as ponds, streams etc. In these plants the
absorption of water takes place over the whole surface of o 10.10F
the plant, root hair being absent. The surface area of the Fig: 1010 My
leaves is large enough with plenty of stomata (in partly
submerged hydrophytes). These features favour excessive
transpiration. e.g. Hydrilla, Vallisneria, Potamogeton etc.
b Mesophytes
Mesophytes are the ordinary land plants, which grow under
average condition of moisture. In limited supply of water,
they close the stomata to prevent loss of water. However, in
abundant supply of water, they keep the stomata open to
transpire the water rapidly, e.g. citrus, brassica, pea, peach

and rose etc.
c.  Xerophytes
hytes are desert plants which grow in dry,
l)lietrzgdy:m dy places with scanty rainfall. They
have long roots to absorb water. The stem contains
water storage tissue. The leaves are moified into
fak 4% reduce evaporation of water,
: es retard transpiration,
1 thick cuticle. The

vegetation of g habita[

v s

Fig: 10.11 Brassica
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‘alsola (saltwort) b, Rhizophora
vort)is a halophyte (a salt-tolerant plant) that typically grows
jons and can be irrigated with salt water,
y dominate in mangrove forests around much of the

14, tions of plants to low and high temperature

Temperature is one of the most important ecological factors. Temperature
loraplant ma y be maximum, minimum, or optimum. Metabolism becomes slow at
?:‘ i];)i\l\l emperature and high temperature. Extremely high temperature causes
i plants while the freezing temperature causes ice crystal formation.

L{“ clfects are harmful to plants. :
‘hemscl\lﬂf““ variations in temperature range reqt_lire the plants to ag;s:
mc)rph()lo(‘%‘f’] the environment and this is adaptation. Plants posssses oS
temperatuic f¥and anatomical structures to counter very hlgh OF%VERY
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Some of them are as under:

e e ay suffer from ill-effects. To mq

Plants growing in low temperatures HIJ}IN ¢ for. protection andishotH
: h ess well-developed bark 10 - :

temperature, they possess well-developed b ¢ solutes in the cell to/pg cley

Such plants bring changes in the composition 0 an withstana G eVens :

crystal formation. The leaves and steims are hard anc |‘L‘u-'1nﬂpil"lli0n i Mperay,

: .y > \ C N
Most of them possess scale leaves and the rate OF < W L0 rey

nge IOW

Ie,
arqd

cooling.

High temperature

The protoplasm, enzymes ,
the plants use SlTlL)lCtlerS and mechanisms to adjust themselves to such Conditigy
Plants absorb maximum water in short rainy season. The water 1s §t0red for “arrying
out various metabolic activities. Some plants produce an extensive branchmg root
system, so they can absorb even the little available water. The extensive Spreading o
upper parts of the plant reduces the evaporation of water from thg _5011 surface. The
leaves of the plants contain thick cuticle and in some cases, an additional waxy Jaye,
Such adaptations protect the plants from the strong rays of the sun and reduce wate;

loss from the plant body.
The sunken stomata regulate transpiration and stems of some plants ar

succulent with large vacuoles to store water for the cell metabolism. In many plants
leaves are modified into spines to reduce transpiration.

and proteins may denature at high temperatyy, %




ot in plants
O

fied plant tissues are supported b
ign

e el walls of their tissues. This 1
 (prim? he cytoplasm of the cells so that pressure js e S caused by the
et 1]’: ccll wall. Herbaceous plant does not form 4 et
splants ar€ o ften known for their attractive flowers o foﬁztg:,%dy

amon observation that plants cannot rema :
Ct

,I ~1]l- 2 ¢ d o »
OIS dpreis damaged or they lose turgor. Support to the plants is provided
e quch anical tiSSUCS; which C‘?g_SISt of collenchyma and sclerenchyma. Non-
: [3-" s»("1IC 9

e 'm.:,us - SL.lpported by tufrgl ';y (Water pressure) of parenchymatous cells,
000 ]1.;nts remain erect and firm because of the pressure within these cells.
Pt of drought, the tissues of such plants lose water and result in

, the }’Crmd

A. Hypertonic B. Isotonic C. Hypotonic

A. Plasmolyzed B. Flaccid C. Turgid

Fig: 10.15 Turgor pressure in different environments

Plant cells are surrounded by rigid cell walls. When plant cells are exposed

:(f:: hypotonic environments, water rushes into the cell, and the cell swells, but is
th:i:;ﬁm‘ breaking by the rigid wall layer. The pressure of the cell pushing against
ik IS call_ed turgor pressure, and is the desired state for most plant tissues. For
““placing a wilted celery stalk or lettuce leaf in a hypotonic environment of

| Tge “"als‘t: will often revive the leaf by inducing turgor in the plantcells.
h: l:icture of supporting tissues in plants i

IJrerequiSi 1 ¢velopment of stabl e suppo rtmg clements TR

0 Xoske]e( orthe evolution of large terrestrial orgai
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Thin petioles carry heavy and flat laminas, stems support leaves, flowerg ang

All plant organs are exposed to mechanical strains. Extensive Specialized sup fru"s.
tissues exist only in vascular plants. Vascular plants have up to three Maip t}i’;?'ng
80f

supporting tissue:

I8 Collenchyma
2 Sclerenchyma
5 Vascular tissue
1. Collenchyma

The name collenchyma derives from the Greek word "k.o]]a", Meanip,
"glue", which refers to the thick, glistening appearance of the: walls in fresh tissues
The collenchyma is the typical supporting tissue of the primary plant body 4,4
growing plant parts. _
Collenchyma is characteristically found in leaves and' elongatmg stems. [y
leaves, it appears as strands, often located above and bplow major veins, as we]l'as in
petioles and sometimes leaf blade margins. In stems, it appears as a hollow cylinder
around vascular tissues, or as peripheral longitudinal strands. .
, Collenchyma cells have unequally thickened primary walls, espec1allywpen
observed in cross-sectional view. The different thickness patterns gf the wall is a
characteristic feature formed during elongation. There are four primary types of

collenchyma: angular, annular, lamellar (or plate), and lacunar.

Collenchyma is a living tissue composed of elongated cells. with. thick non-
lignified primary walls. Such cells are most closely aligned physmloglcglly with
parenchyma cells. Where collenchyma and parenchyma cells are found adjacent to
each other, they frequently intergrade through transitional cells. The resemblance fo
parenchyma is further stressed by the common occurrence of chloroplasts in
collenchyma and by the ability of this tissue to undergo reversible changes in wall
thickness, and to engage in m.er:;teg;tfuﬁ?v}n&lqh“s’ itis entirely appropriate {0
i AT x_,' U _;' v m e ors )
considerthose twocell pos i1 ™ )

1 =3 53 g

g tissue is the sclerenchyma. The term
°k "scleros”, meaning "hard®, It is their hard
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™ '"’J‘“mple of ground tissue, which make up the bulk of the plant body. The most

Weclalizeq fPm are parenchyma, collenchyma and sclerenchyma (the stone cell in 'd' are a
orm of sclerenchyma).

e h; d‘ﬁ'egence between fibres and sclereids is not always clear. Transitions

% t’? ‘oMetimes even within one and the same plant. Fibres arise from
Ssues. Cambium and procambium are their mai centers Tl?f. . X
ften associated with the xylem of the vascular bundll,es. The

ways lignified. Fibres that do not belong t© the xylem are
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Fibres are generally long, slender, so-called prosenchymatoys
cells, usually occuring in strands or bundles. Suclj bun(!l‘cs or the
totality of a stem's bundles are colloquially called fibres. Their high
load-bearing capacity and the ease with which tl\g‘y can be processed
has since antiquity made them the source material for a number of :
things, like ropes, fabrics or mattresses. The fibres of flax (Linum
usitatissimum) have been known in Europe and Egypt since more than
3000 years, those of hemp (Canabis sativa) in China for just as long,
These fibres, and those of jute (Corchorus capsularis) and ramie
(Boehmeria nivea, a nettle), are extremely soft and elastic and are

~especially well suited for the processing to textiles. Their principal cell |
- wall material is cellulose.

| Sclereids are variable in shape. The cells can be isodiametric.
prosenchymatic, forked or branched. They can be grouped into bundles, can form
complete tubes located at the periphery or can occur as single cells or small groups of

cells within parenchyma tissues. But compared with most fibres sclereids are
relatively short.

~ Characteristic examples are the stone cells (called stone cells because of
their hardness). The shell of many seeds like those of nuts as well as the stones of
drupes like cherries or plums are made up from sclereids.

10.6 Growth and Developmentin Plants
~ Growth and development in plants are two
processes, following each other in quick succession. They lead towards
morphologically distinct tissues and organs. Growth is defined as increase in number
and size of cells. Three phases of growth can be identified in the -
growing root and stem. They are: (a) Phase of cell division (b) Phase of ¢!
_elongation (c) Phase of cell maturation and differentiation. £
~ The flowering plants (angiosperms) go through a phase of vegetafl*
- growth — producing more stems and leaves — and a flowering phase where the)
~ produce the organs for sexual reproduction. Meristems are undifferenti?<
ctually juvenile plant tissues which are capable of dividing mitoticalY

associated physiologica!




matic tissues are of two main kinds:
e

al meristems are areas oftdclivcl-y dividing cells at the tips of all
A[t’; The apical meristem gives rise to the three primary m"r' ’1( e
ots- : : PAZLLL eristems
gl sl;ce)rm, ground meristem an? procamblgm) and these in turn produce all
(proto i rootS, the outermost layer pf a primary .shoot is the epidermis, which
| ﬁgsues‘ o the pmtoderm. The eplﬁemls may contain stomata or lenticels for gas
’ msgsang 0 imy bave a waxy of hairy surface to prevent dessication. The shoot
| ?ottcex arises from gropnd merlstgm. The primary vascular tissues, the primary
| Ph]oem’ vascular camb.lum :«:md primary Xylem, arise from the procambium. These
| P8 ssues are organlz§d into separate vascular bundles. Finally, the innermost
oot tissue is the pith. It is produced by the central ground meristem, and functions

'.for-ashortpeind as a storage tissue as shown in the following figure.

Vascular cylinder
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A lw;oh.n: maturation
1t 1 Sxilh S
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Zone of
elongation

meristem

Zone of cell
division

Fig: 10.17 Root tip showing different phases of growth.

ta . A 5,
3 tthe tips of root and shoot, apical meristems help in increasing the

-:}‘Qﬂla:rtb:()dy‘ This elongation is called primary grovz'ith- All V?; ‘t:l:;{
- Ceous or i th. Production ot ia
es woody, undergo primary grow th is found

: anacxllcti1 owers also occur by primary growth. Primary grow
~ U some herbaceous annual dicots.




Lateral

Primary Primary Seconda
Meristem tissues meristem tissues
! ‘ \
ZipBy Protodormal Epidermis % ;
S s | \

Primary phloem | Secondary Phicem
¥ Vascular cambium

Primary xylem Secondary xylem

\4

® Ground & Ground Pith

morhhm tissue Coftex Cork cambium gy sl

Periderm

Fig: 10.18 Flow chart of apical meristem.

,:te_ms:-‘are the cylinders of dividing cells found in gymnosperms
concerned with secondary growth or increase in thickness of the
0 types of lateral meristems—vascular cambium and cork
ium produces secondary vascular tissues, which conduct
added support. Cork cambium produces cork cells,
rom water loss, pathogens, and herbivorous insects
:gli;perennial dicots and gymnosperms. This type of
hickening or lateral growth, arises from secondary
bium in the vascular bundles secondary cambium is

 phloem and secondary xylem. In some species
develops from parenchymatous cells in the
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e rovioE plant, the development of every Organ is aff,
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{, Inhibitory correlation (Apical dominance)

The inhibition or control of lateral buds to develop by the activity of apical bud is
alled inhibitory correlation or apical dominance. This is the most important and the
most common example of correlation in plants. The active apex of the shoot controls
tie development of lateral buds. This is proved by the fact that if the apical bud is cut

off, then one or more of the axillary buds grow out and exert inhibitory effect on the
tudsbelow. Apical dominance may be complete or incomplete. :

t) Complete apical dominance :

_Incomplete apical dominance only the main shoot grows and the lateral buds
%(::e a:jllowed to developed, as in sunflower the growth of lateral bud is completely

{i :
)lnc?mplpteap[cdﬂomu“ e ;_‘4, 5 2
i <25¢ the apical dominance is weak because it can
ma, - Of lateral buds, which grow out.to form a
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10.6.2 Annual rings
Every tree keeps its own diary of climatic changes Or other events that affect

its growth. Each year a page is added which records whether that was a lean yea; ora
fat one. Each year, beneath the bark, the tree adds a layer of wood to its trunk. Whe,
conditions are ideal, the layer is thick. When there is a severe drought, or a plagye of

insects that destroy most of its leaves in early

Zar (our Inforie

One of the most accurate way
to estimate tree age 1s to count
the annual rings of wood
growth. For trees that are dead
and have been cut down, you
can count the rings on the
stump. This provides an
accurate estimate of its age.

First year growth

Rainy season —
Dry season

e

the layer will be thin. If the tree is cut down with a
tump as a series of concentric rings called Annual

latlvel}’ pale early wood that grew at the start
mposed ofa rmg of early wood and a ring of late

he phloem carrics food
ome of the phloem dies




summerwood is the darker-coloreq pPart of a tree ri
jate WO ourage growth, a tree adds extra tissue and prodyc ring. When

S - es a th* k 7'
> e ons € wth is slowed and the tre B IcK ring, In
-(ont““o, ing yeab groe ¢ produces a thip ring, St
b ours - g ks
fisv*
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_+h Responsesin Plants
< show growth responses by releasing certain ch
- wih rate or movement.

Ji

emicals or by showing

plant G rowth Substances

Hormones of pl_ants are referred as Phyto Hormones. Phyto Hormones are
. substances which are natura}ly produced in plants; control the growth or
organ hysiological functions, at a sight remote from its place of production and
other P "extreme minute quantities. There are five major growth hormones namely
quins, gibberellins, cytokinins, abscisic acid and ethylene.

{2

Jcm'c in

{, Auxins | ; o]
Auxin is a Greek word, which means “to increase”. Naturally occurring

ain is a hormone that is produced in the apical meristems of shoots and the tips of
wleoptiles. Indole acetic acid with other related compounds are collectively called
sauxin. Auxins control and regulate many physiological processes. Auxin travels
by diffusion toward the base of the plant, where it controls the lengthening of the
shootand the coleoptile, chiefly by promoting cell elongation.

Auxin also plays a role in differentiation of vascular tissue and initiates cell
dvision in the vascular cambium. It often inhibits growth in lateral buds, thus
Dantaining apical dominance. The same quantity of auxin that promotes growth in
thestem inhibits growth in the main root system.

2 Gibberellins | at
ﬂbnomlTlhe gibberellins were first isolated from a parasitic fung
Omhflox;gnrl()Wth m nce seedlingS. ’I:he WCF u u ntlv
°S%0 in Gyar present in many plant;

ELE




[t can break the dormancy of the seed and cancels the effects

1S th of the i
substances. In apples and grapes the exogenous application Cause

10]
S More g, ... Ty

. Tuit ¢
AR - i seedless grape; LR
Gibberillins promote flowering, helps in growing s grapes an L
storage life of banana etc.

,  Cytokinins _ :

.y?l‘he cytokinins were first discovered as a consequence of .thexr Capacity :
ote cell division and bud formation in cu]t.ures'of plant t.lsg.ues, &y ar;
nically related to certain components of nucleic acids. Cytokinins can

5 alSO aq
th auxin to cause cell division in plant tissue culture, [n tobacgy
‘high concentration of auxin promotes

: ith
root formation, while 5 hpigh
oncentratio of eytokinins promotes bud formation. In intact plants, ¢

A 2 YtOkiniBs
prom Owth of lateral buds, acfing in opposition to the effects of ayyj,
oKinins p escence in leaves by stimulating protein synthesis.

f auxins, plant physiologists suspected a dormancy
At last a substance that Promotes abscission of cofiop
bscision I1”. At the same time a substance yas
Wwhich promoted bud dormancy and was calleg
chemical analysis. The abscision II was latr
haracter and acidic nature.

and seed dormancy. It inhibits active
lants and promotes abscision. During
18ht) the concentration of abscisic acid
influx of water into the TOOES.
one that helps plant cope wih

lant in air spaces
en present in h’gl;.
Ices several aspects?
af abscission invol




ally movement of plant parts can be classified according to th
et O / - N / ‘ ) . : -
Gene™ ved. plants movements are classified into two major types; tu ¢

S; turgor

i NS - 3 3 » olaceilfi -
-hﬂ“'"m i growth movements, rest of the classification of plant movements i
and £ § s

ﬂ;ndcf
Plant Movements

Growth movements Turgor movements

Y ! 3l

Paratonic Rapid movement Sleep movement

‘}t?ﬂi&-—l
tion Epinasty Hyponasty

Nuta

¥ v

Tropic movements Nastic movements Tactic movements

Thermonasty Seismonasty l

v v ’

Phototacitc Thermotactic Chemotactic

e I 7 |

Phototropism Geotropism Hydrotropism Chemotropism Thigmotropism

Photonasty

Turgor Movement
gor movements are due to the differential cha

t.of the gain or loss of water and are easi
_‘:;:dllﬁ'erent from ordinary cells and may be conc
ofleaves of many grasses in dry weather is cause
99115, which form longitudinal rows in epide
fene pl‘ants at night are caused by turgor changes in th
‘present at the base of the leaf or leaflet.
is composed of parenchyma cells with large intercellular
al strand of vascular tissue. The water passes into or out of these
o ide of the pulvinus than on the other side. This unequal
! equal enlargement or shrinkage (turgor response) anda
petiole and leafblade.
be: (a)rapid movements (b) sleep movements..

nges in turgor and size of the
ly reversible. The effective
entrated in certain areas
d by loss of water from
rmis. The dropping
e cells of the
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& “NAC ST . » " are touched, the 1ow,..

When the leaves of Mimosa or “touch me nlml . Aft 1€ lowg Cel)e

: : agiditv The leaves be downward. After soma .-
the pulvinus loose their turgidity. The leaves benc : "UMe timg
leaves regain their turgidity and thus become erect. .

leaflets Leaflets
) PR Yot >
A Lth!\(‘ in normal Petiole folded
position drooping

Pulvini at bases of leaflets-
Fig: 10.22 Response of Mimosa pudica to shock. Left (before ) and rigl
b. Sleep Movements

S, caused due to unequal growth o

both sides of the plant organs like roots, Stems, buds and tendrils On this basis ¢

growthmovements are classified into:
a.. Autonomic b. Paratonic

a. Autonomic Movements

_ Movement in which the whole p]ant shifts fr B alled
| | 0 other 18 ¢4
locomotion. These are spontaneous Omone place to an

~ certain algae such as Chlamydomon
zoospores and motile gametes of |,
nse to stimuli i.e sweet fluj

‘»_h' f around vacugle.




pes of the autonomic movements

. the ty
.o ATE the H -
g onas :

yp ty 111. Nutation

r;»l""wgﬁinasty
ainasty J !

: gpin®s seen in the petals and leavc:q especially in the bud condic

af shows moTe growth in the bud condition tha nhmo

he opening of the buds. n the |

ower surface,

ace 0 :
suflk‘1 osults int

“-hiCh :

ity onasty :
j BYP < also shown by petals and leaves in bud condition, the lower surface of th
’ €

(hows MOTe growth than the upper surface which keeps the bud closed

[eave
mo Nutation e 'A' (
wing tip of the young stem moves in PX om

The gro
o238 manner due to alternate change in growth on

oppositc side of the apex.

b, paratonic Movements
These movements are induced by the external
simuli. Paratonic movements may be:

1 Tropic movements

Nastic movement e
| Tactic movements :;ig:tlﬁ.z(i‘i Younig stelm o{h.lapﬂnes(el
i notweed growing along the groun
mpic Mf’vements rather than upright into canes often
hese are induced movement of have a zig-zag appearance,

eshown by the plant organ (shoot or root),

are capable of turning in any direction.
| by the direction of stimulus (light, water, gr

The direction of movements is
avity etc). Tropism or tropic

“Otropism occurs in radially symmetrical organs like root and stem. The
10Lstem and roots in response to the force of gravity is cgl}ed geotropism.
s towards the force of gravity and are said to be positively geotropic,
away from the force of gravity and is there fore called negatively

rgans in response t0 the

movement of curvature induced in plants ©




L
Young stems are positive phototropic, turn towards light. The curvature is due to the
greater growth on the shaded side then on the side on which the light acts, R are

usually indifferent to stimulus of light, their orientation being determined Chiefly ,,
the gravity.

¢. . Hydrotropism |

This is the movement of the plant organs in response to the stimulus of
moisture. The primary roots, secondary roots of higher plants, rhizoid of liverwopy
and hyphae of certain fungi exhibit growth movement in response to variation in the
amount of moisture. Roots are sensitive to variations in the amount of moisture iy, ¢
soil.

d.  Thigmotropism
- These movements of the plant organs is in

vl

1se to the stimulus of touch, contact or friction e. g.
ats, which climb by means of tendrils, are
o the stimulus of contact. The tendrils are
Ind 1n a number of plants e.g. in Passiflora, Lathyrus,
elessi |
~ Thigomotropic responses are also met within the
e tip of the young root comes in contact with a
h as small stone, the root bends away
his negative curvature helps the root to avoid
n the soil. The stamens of certain plants are
 touch and their dehiscence takes place only
ydy insectrubs them. Fig:10.24 Passiflora species
2 R have tendrils that allow
them to crawl all over
everything,

art of the plant in response to a chemical stimulus.

R ;‘.
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jirection of the movement is here determined by the
the %% the leaves and the petals of flowers, which can b
NS ments may be the result of growth changes or

structure of the
end only in one

ant f‘r%di astiC mOYC they may be the
.ifccnoiﬁts Ofvanatlon' be:
oV? ];]astic movements maybe:

' photonaSt}’

l: Thermonasty

" Seismonasty

photonasty i Gl &
This nastic movement is induced by variation in the intensity of light. Many

which keep their surfaces fully exposed during the daytime, drop at night.
. droppin of the leaves 18 ‘t.)r.ought about by changes in the turgidity of
_ enchymatous cells of thg pulvini i.e. Many flowers such as oxalis close up at night

t is diminished on a cloudy day and open during the daytime in

1d

* when the ligh

Thermonasty
 This is due to variation in the degree of temperature. Many flowers open
ihenilluminated and close up when itis dark e.g. crocus, tulips etc.

Seismonasty

| This nastic movement is induced by mechanical stimuli such as touch or
iction etc e.g. when the leaf of Mimosa pudica is touched the leaflets close and the
,,_le leaf drops. This shock movement of Mimosa pudica is called seismonastic
ovement, These movements are caused by the differential loss and support of

goron the two sides of the pulvinus.

i
e
9 ~

| 1990m0tary movement of free swimming organisms or their organs in
lded illumination e.g. Chlamydomonas, Volvox and the ZoOspores
many other algae when illuminated by weak light move towards the
sitive phototaxis. When illumination is too intense, they move
£ Wing negative phototaxis. Similar movements are also
X "plaftm the pallisade cells of the green leaves.

e Saiilorl 3



b, Thermotactic _ o '(()Uf l ‘f( ¢ e
T free organism in PHROf [ )'ll‘(nl‘)w-’
s 18 the vement of free organis I 110}
S to m'o ‘te srature. When 7‘ ' : 1}5
response to the stimulus of temper: : . e .
there is difference in temperature, the | Photoperiodism corod;j

i Nateg
unicellular algae are seen to move toward the | seasonal activities Such g,
warmer side. growth,_ dcvglopment‘
¢. Chemotactic reproduction, migration,

This is the movement of free organigln or dormancy that make 2 direct
their gametes in response to chemical stimuli. | contribution to surviy orship
The spermatozoids of bryophytes qnd and reproductive Success of
pteridophytes move towards the chemical the species. Depending on e
substances like sugar and proteins secreted by length of the day, animg]s

the archegonia. show behavioural apg
St biological changes. Day
length affects their fur coloy;.
migration, hibernation and
also sexual behaviour, For
example, the singing
frequency of the canary bird

depends on the length of the
\day. )

b

< mg‘“’”“‘ 'P'm cells of ferns are
. typically multifiagellate,

ghtto which the plants are exposed have
sy ous of plants particularly on the development of
ks and mght to which the plant is exposed is

he plant to photoperiod is ¢
ISm, plants are classified into three typ®
andday neutral plants,

STt - -

softhe day and ni

hen the day length 33
are tobacco, Dahlia )
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:ﬁ\’ plants produce flowers in summer when the da
; L:'-"11110, Examples of !O.ng day plants are Hipiseys
l oriticd ] ;11" day plants the critical value is a minimum value
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y length is longer
beet, spinach and
for flowering,
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Long day plant

$ Flowering

- 4 Flowering

3
Vegetative
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s
‘(( Flowering

4 &

heticat long day and short day pll,n“a““:lmﬁ::::;‘;;:::
lue for the long day plant and maximum VAIGES © - ey
flowe wlmltbedaylengthissllshﬂ)"bﬂ"‘h“'“mml ritical value
critical v _(B)-B.ntwﬂlpot'ﬂow“""“““-b-";;-' N ke et
tday plant will flower when the day length issightly bECR T C0 o
7m<u¢mnm(m),mwmmm, n itk

,



'lx'\ 11 i D i

Day nc(xl‘ml plants are independent of the day length ang lhcrcﬂ)re
affected by the day length. They produce flowers whenever they bccomcn at Not

- v S : % v » o D3 . C l )
irrespective of the day length. Examples of day neutral plants are Maize, re,

Myt
sunflower and cucumber etc. ),
19.7.3.1 Phytochrome e |

Phytochrome, a pigment commonly present in small amounts ip tp, issye
SUCS

of higher plants, is sensitive to the transition between light and dal'knesg_ The
pigment can exist in two forms, P, and P, .The P, forms absorbs red light With;
wavelength of 660 nm and is thereby converted to P,. The P, form absorhg far reg
light (730 nm) and is converted to P,. The P, is also lost from the cell in the dark b,
reversion to P, or by destruction. P, is the active form of the pigment. It Promotes
flowering in long day plants and inhibits flowering in the short day plants. P_a]s, i
responsible for changes that take place in the seedling, for germination of sees and
f&fdgvel@meng of anthocyanins.

s s gt 2

- Florigen, is a hormone, produced in the leaves and travels through the

phloem to the floral buds and initiates flower formation. A Russian scientist nameg

M.H. 1a1lakhain proved by experiment in 1936 that florigen is produced in the
leavgs He peifgg@od'expeﬁment ona shortday plant, the Chrysanthemum.
b ; -‘ ‘—,. %“{“ 24y - ;5»:‘ o - = |

Does not bloom
Short day




' ants and removed the leaves from t

‘m(,) o the lower half. He then exposed th

+ he nii‘ll\h‘-' jower half of the same plant to short d

e o ﬁh‘llccq HO""CFT} the defoliated (leaves

prO o then EXPOSS . i P removed) upper half of the oth

jated loxx.cr 1alf19 long days. The i other plant

4 4a) fowers. From this experiment Chailakhian, concludezilt T;a{)l?;t

e

d the fo
4‘«‘!“ ) 3 . %
0> ced ¢ . or florigen is produced in the leaves and then transmitted to th
e

cl;lc upper half of both plants
upper half of one plant to
ays. The result was that the

e
=
v

;:zl“h‘”“‘l mone X ;

'{,IL,\yc?r:d pere it init1ates flower formation.
al DL .

goral 0 _nalization

(0,74 \férn'alizati(?“’ is a },atln word meaning “spring”. The conversion of winter
| itothe spring variety by lO\.V temperature treatment is called vernalization.
ged - coined by Lysenko in 1928. Some plants require a period of low

i term .
fhis hefore producing flowers.

lﬁmp‘;ramrc

if this condition is not fulfilled, they will not
1ce flowers. For example, if the germinating seeds
t are exposed to low temperature, the
plants developed from them will. flower much earlier
han would have done otherwise. This method of
dimulating the earlier production of flowers by
abjecting the germinating seeds to low temperature 1s
nown as vernalization. Vernalization is therefore the
mmotion of flowering by applying low temperature to
' eedsand buds before sowing or grafting. Vernalization
s helpful to the agriculturists in inducing earlier
opment of flowers and earlier ripening of crops
also in extending cultivation to the regions where
Perature is very low.

It has enabled the Russian farmers to grow crops in Siberia where the soil
overed with ice for ten months of the year. Biennial and perennial plants
lated to flower by low temperature treatment. The embryo of the seed and
e stem are the parts which receive the stimulus of low temperature.

 around 4°C is found to be effective. It produces a hormone, the

hich induce vernalization. Vernalization procedure was applied on large
during 1930 and 1940,

u:(riop s, particularly wheat in Northern Europe
= Winter varieties were grown as spring varieties.

prod
of winter whea

wheat




v:ded into two groups: macronutrients and micron utrients.
Macro nutrients include mtrogen phosphorus potassium, Calcm
m,



o to the amount of water availap|e. plants are ¢|
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ording 2 |
ApER . assified _

roups: Hydrophytes, tesephytes, Xerophytes and halophytes. B
n g : =,
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rgor pressure is caused by the uptake of water by the Lytoplasm of the cells so th

ry high
temperature. g
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Growth is defined as increase in number and size of cells. Three phases of growth

cisexerted atthe plasma membrane on the cel] wa]|

are:.  (3) Phase of cell division (b) Phase of cell elongation (c) Phase of cell

maturation and differentiation.

Apical meristems are areas of actively dividing cells at the tips of all roots and

shoots. Lateral meristems consists of vascular cambium and cork cambium.

Vascular cambium produces secondary vascular tissues and cork cambium produces

g . -
E cork cells, which protect the stem and root from water loss, pathogens, and

. | herbivorous insects.
7 ' The inhibition or control of lateral buds to develop by the activity of apical bud 1s

, ’5'.--,honnones are organic substances which are‘naturally produced in plants,

control the growth or other physiological functions, at a sight remote from its place

ative length of the day and night to which the plant is exposed is called

O.d.and the response of the plant to photopenod isthe photopenodlmt!‘lhlghcr
apigment commonly present in small amounts in the issues @

eto the transition between light and darkness.

. w temperature
' T:Mnter vanety into the spring vatiely, B AN




EXERCISE ‘T ~

A, Choose the correct answers in the following questiong

l. The thick walled dead cells like tracheid and vessels are i“cluded :
a. parenchyma b. sclerenchyma i
c. collenchyma d. mesenchyma

2 The increase in thickness of the plant due to the activity of Cambyy, -

called. o

a. prlmary growth b. secondary growth
c. tertiary growth d. stunted growth

3 The movement restricted to bifacial organs like the leaves and pegy), of

flower is the:
a. tactic movement b. nastic movement
c. tropic movement d. chemotactic movement

t, regions of continuous growth are made up of:
dermal tissue b. vascular tissue
tic ti d. permanent tissue

ed chlorophyll production. plant
‘hydroponic culture.

sms for trapping and
this *ﬁgg’stion are used 10




A o
EXERCISE T
jike hemp and flax are made up of:

; [filu:"-* epi dermis

b. scler
il enchym:
arenchyma cell | q COllenchy):n a"
I t'primary growth of a plant is due to the action of the
0. T [ateral meristem

, : b. vascular campi—
. apical meristem Ao camb?:::]um
ich bonds are responsible for the cohesion of Water molecules?
5. lonic b. HydI‘Ogen a
. Non polar covalent d. Polar covalen
a sugar sink, such as a taproot, sugar is converteq into
o fatty acid ' b. proteins
c. glycogen d. starch
3 Plants are able to detect photoperiod changes by the
" . alternation of the two forms of phytochrome
b. settling of amyloplasts
c. direction of the light source
d. movement of potassium ions
4. Which one of the following is true for annual ring?
a. Itis composed of a ring of early wood and a ring of late wood.
b. Its growth is co- related with the production of abscisic acid.
c. Itis produced from the axillary buds.
d. Itis produced as a result of primary growth

LB Write short answers to the following questions.
- L. Why insectivorous plants depend on insects?
2 What do you mean by water potential?

2. In

——

"ff'f"..... v turgor provide support to the herbaceous plants?
* Ulllerentiate between primary and secondary growth in plants.

D

Sriefly describe the mechanism of formation of annual rings; in plagts.

; t'n’Wing uestio'ﬁ# in detail. . : lopment.
¢ the role :)lf macro and micronutrients plant gt ;Wt:'c;naggz? ?9
o the movement of water in xylem through TACEN

“ the movement of sugars within plants.




EXERCISE 2

How the osmotic adjustments of plants in saline soils take lace)
Describe the structure of supporting tissues in plants.

Discuss the role of important plant growth hormones.

Classify plants on the basis of photoperiodism and give eXampleg.
Describe the mechanism of opening and closing of stomata,

®© N owm s

d write taxonomlc classnﬁcatlon of at ]east five plans
,.a ”erophytlc mesophytic and hydrophytic characters

ntnfy some major symptoms of mineral deficienciesiy



