Introduction ‘ Y _ 3

I'he plants upon which we depend for the food we cat, and for th Ky
S il. A good soil supplies the plants With k.~ Sehy,
breathe, depend in turn upon the soil. A good ¢ : the A
i ' ition thus comprises the study of hoy, I kry
elements they use. Mineral nutrition thus ¢ Nasdiil Ly Plants b
3 - Ir A < 4 - ¥ R by
mineral elements (either through water, air o1 sol ) u;' %08 em or.!he;.rgmwp
and develorment. Like any other living organisms, plants leac _dl\’ersatl!e life_ ;"
have a system for proper gaseous exchange, transport of mtafcpf ;;Stg and ap abiliy,
adjust to the changes taking place in the cnwmn-mhcp L;I t..‘dz:)re ConSay,
undergoing the process of growth and dcvelop.n‘lcm whic lj 4 “’?’-n Etl, Cd, ‘—V SPecialjy,

tissue and hormones, In this chapterall these different aspects will be ISCUsseq

10.1 Plant Nutrition

Plants need a variety of nutrients in order to sustain their F]i-llly life Processs;
Depending upon the amount of each nutrient required the mineral nutriens are
divided into two groups: macronutrients and micronutrients
2.  Macronutrients

Macronutrients can be divided into two more groups: primary and secondary
nutrients. The primary nutrients are nitrogen (N), phosphorus (P), and potassiyn
(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,
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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 leayes 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
Ily depend upon other plant or in some cas
prophytic nutrition in which saprophytic plants exfract
However, the most interesting example of

Depending upon the source
utrition in which parasitic plants who

lants may be involved in sa
utrition form dead organic matter.
ieterotrophic nutrition is the ca

mivorous plants which feeds on insects.
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Carnivorous pl:n?l; n?;!y be sub ivided s s
¢ traps and thosewi ‘;""f’clt,ra S orsome o pyp o

5 decomposition involves digesive NZymes prod

qsect S 1y within the trap. uc
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onia and Sarracenia of the arraceniaceae Cr plants. ;
g :
Nt a Vase-l e

ac, where an insect falls into
‘ haceac, W / Modifieq
Nt the ingey fr lgaﬁ Doy

nent N

W']“:n" hairs on the slippery walls preye m crawlin -
lmll]][ < victim ultimately drownsin a pool of digestive eNZymes 4 %:ut, and the
helpie®: S ;

Examples of active traps are the "flypaper traps of sunde
yosera. Droseraceae) and butterworts (Pinguicu[a’ Lentib lariaceae) Inlll::nhw;
(pro unrelated genera, the leaves are covered with land-t{pped hai?s
:h;‘b:\("/' ;) or a sticky layer of mucilage (Pinguicula) Which ent
,' 1. o) ) :
l;‘[.-llnw\‘lillﬂ victim.
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>of Stomatain Gaseous Exch
['he small pores on the epidermis of lea
stomatal pore Is surrounded by two guard cells

-Indicot plants guarg cells are kidney
shaped or bean shaped. In monocot stomata, gu

ard cells are dumb be|| shaped.
The inner wall of guard cells are thick and n i

and elastic. The adjoining cell walls of two guard cells around the pore are free and

not attached with each other and this help them to stretch laterally during stomatal
opening.

ange and Transpiration

e ent al cells surrounding the guard cells are called subsldlaryeells
The stongxi:l ;I())lr(::r;nual‘ d cells and the ;gbsidiary.cells ar;togethet::llml
dpparatus. Each guard cell contains a smgle..nugleus an ncroQ Opasts,
Starch is synthesized in guard cell by chloroplast and sugals i
mesophyl] cells and they are characteﬂ,z‘?ﬁlfh ' ccum ula,t_x?n-e.l r
dark) and their degradation durmgtheda t)l e
o - Tesophyll cells accumulat
"8 This property helps inthe op

“nspiration is loss of or thro

ere by evaporatic
e plapg takes place ¢




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 solutcs) and organic NUlriey,, *
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 wqg,,
transport system througl sl -ontinuously replacing the large amoypy ¢

I , ghout the plant, contin ) It of

water lost by transpiration, water that is essential for both photosynthesis anq 1
maintain turgor pressure. The main kinds of xylem are tracheids and vessel clemens

a. Tracheids

Tracheids are elongated cells up to $0pum wide with secondary. lignified cell walls
When mature, tracheids are subject to loss of protoplast (nucleus and cytoplasm) and
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 cell to cell

. Functional tracheal conduits are surrounded by support and storage cells, including
~ parenchyma, fibers and sclereids. |
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The organic solutes from ! o I
the mesophyll of leaf pass into the - fPlasmodesmata—§~
sieve tube through the companion cortanti
cells via plasmodesmata. The
wmpanion. cells are present in
“glosperms but absent in
&mnosperms and ferns, |
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a. Water potential oo |
Molecules of water possess kinetic energy. Therefore, they are jp

motion from one place to another. Water potential is dl.rectly Proportio n;o::hm
concentration of water-molecules. Greater the concentration of Watermgje, es'uk
system, greater 1s the kinetic energy of watcr.mo]ecules. Th1§ n's. calleg Wal?e:
potential. Pure water has maximum wgtcr potcn}nal. Water p_oteptxal IS repra, o
by the symbol "Pw' (y; pronounced /sai/ sigh). It is measured in Kilopasca Kp i,
Kpa=1000 Pascal.

9t (out Inforeiion

Blaise Pascal was a very influencial French
mathematician and philosopher who contributed
to many areas of mathematics.

Factor such as heat affect the Waler potential. Water potential plays an

important role in plant physiology because it affects absorption of water by the root
hairs and its onward transportin the plant,

. s ces th , tial
th“esymbol "Ws' Itis measured in 'K pa$ ({:fos;zsrzals)ohlte potennal 15

between a solvent and its solution which produ




of € idermal cells of the roots are freely permeable to water and
wall

. - however 1s partiall .
el Y cell mcmbﬁ"_'ehlmt s g b Yll)cn;:cablc to some substances in
e s, 10 e water which enters pidermal cells of the root passes through

mim..‘.‘ Jtion: 1odermis, pericycle and finally to the xylem-cells through the paths
. ene

re™, ceribed below.

pch A pathway :
(poplas from the soil is absorbed by the root hairs, from where it moves

- the cortex through a system of interconnecting cell-walls and inter

" ards j’:::.:.c\- and reach the endoderm and pericycle. Water is then poured into the

julat ) hole nonliving water path is called apoplast pathway.
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Such a living medium transport of water is termed as symplast pathway, [ti.

system of intercellular protoplasts (cytoplasm of the neighbouring ce]ls) in esth&
of roots. In the cells of the roots, both the cell membrane and cytoplasm ::u.:t“a-s'cgl-ls
partially permeable membrane. &
c. Vacuolar or transcellular pathway :

The attached cells have interconnected vacuoles. Cells and the Vacuoleg -
connected with one another by the pilasmodesmata. Plasmodesma_ta are | e
cytoplasmic strands which extend through the pores in the adjacent cell waljs) In
this pathway water moves from vacuole to vacuole. The plasmodesmata.acy as 4
source of water movement across the cells towards the xylem. This is also symplyg,
pathway but specially the vacuolar pathway. Whatever may be the path but water .
absorbed by the roots from the soil and is transferred to the xylem of roots, stem ang
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 x
energy of evaporation and the tensile strength of water.

ylem of a plant utilizing the
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g e walls of small diameter tubes hk.e xylem. This is called capillary action.
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he U=t

mcniscu.\'

Meniscus

Fig: 10.6 Meniscus formation in the xylem

Tension
. ltcanbe thought of as a stress placed on an object by a pulling force. This !
ling force is created by the surface tension which develops in the leaf's air spaces.

. chlsi()r1 isa negative pressure - a force that pulls watq ﬁ-omloaaﬁo S ¥ ere
2 enu} [:O.t?ntlal is greater. The bulk ﬂow. of water to the topofapl |
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This causes an increase in the osmotic pressure of guard cells and ;
~diffusion pressure deficit (DPD) also increases which results in the MOVemeny =
~ water into the guard cells from surrounding cells. Guard cells become turgiq aOf
~ swell. Thus the stomata open. nd

During dark, the level of carbondioxide in substomatal cavity is INCreageg

in the decrease in the pH of guard cells. Atlow pH glucose is conv&ted
the presence of enzyme phosphorylase. Synthesis of starch Jeqq, to
Il sap by consuming its dissolved glucose molecule. Thus ogp;.
ap is decreased and its DPD (diffusion pressure deficit) is decreaseq

s lose water to surrounding cells and becomes flaccid and stomaty

Stoma Opening Stoma closing
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Jocation of organic solutes
-al S ! e ’ .
097 Green jeaves are the photosynthetic machinery of the plant. These green
' .

oparded a8 «gource of assimilates ” because these are the sites of

gc;l\~"*“.m] ‘(:fsugar during the process of photosynthesis. This sugar is converted
coduc '-l-‘ns‘t‘ which is transported out of the leaf to the stem and then upwards to the
0 .'11;1-5 or seeds and dQW'nwards to the roots or the underground stems.

puds o e buds, <ceds, fruits; roots and the underground stems are together called
asSimilates“. They utilize or store sugar. This transport of organic solutes

. the source of assimilates to the sinks of assimilates is called translocation of
0! ;

W10 3\1

are flow mechanism: ( Mechanisii2 of translocation of organic solutes)
Food, primarily sucrose is transported by the vascular tissue called phloem
cource to a sink. Unlike transpiration's one-way flow of water sap, food 1n
phlogm sap can be transported in any direction needed so long as there i asource of
‘suparand @ sink able to use, store or remove the sugar. The source and sink may be
eversed depending on the season, or the plant's needs.
Sugar stored in roots may be mobilized to become a source of food in the
early 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

clled translocation.
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% The Pressure flow or mass flow hypothesis

he aceepted mechanism needed for the translocation of sugars from source

ed the pressure flow hypothesis. As glucose is made at the source it is

(adissacharide). %

then moved into companion cells and into the living phloem
transport. This process of loading at the source produces @

: : phloem. Water in the adjacent xylem moves 0

smotic pressure builds the phloem sap W ill.mo:/e to arcas Of




k osmotic pressure must be reduced. Again active tr
the sucrose out of the pholem sap and into the cells wh; hSpon I
ting it into energy. starch, or cellulose. ¢ wi"m‘e

are removed osmotic pressure decreases and water moy
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Sieve tube

0 Sugar is activaly !ransponcdl
into the sieve tube members |
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_tasis in l."lzll‘lls .
:w”“",  sresent in diverse environmental conditions, In order to survive
04 pants _dopt various measures. Such measures :
1ave m|‘|ul“'"'osmms is tl?c. ability of l!ymg orgamsrps to maint
L) ¢ internal cox}dl.nons..]t provides the organism with
4 ,‘n” ' it from variations in the external environmen
==k ;m‘:not mean to keep a fixed internal environment 45 ¢
asis € OCS

ain or nearly
acertain degree
tal conditions.
hanges with in 4
the fact that the
ts. Most of plant
moregulation or

n or loss of water
different situations in terms of their

C'n;umcl-“- al
gides, there
ihere is et I

00 eosta T necessary for normal quy ﬂlnct.ions. It refers to
”"Iﬂ-]‘lc range f"; - tissue fluid in the body is kept within narrow limi
: l“w:l ot t ‘;-;lated with the presence or absence of water. Os
“'T{mnisms i?“.on is the homeostasis of water i.e. the contro| of gai
gl,-:;ont‘ ‘)‘l?ilil:;ne Plants are confronted with
1. disSOIVET

al'::“’‘Mim“my.ves readily across cell membranes through special protein-lined

o I']301 ¢ total concentration of all dissolved solutes is not equal on both
9 ltl; i net movement of water molecules into or out of the cell. Whether
wm'cfnem of water into or out of the cell and which direction it moves
T--11(1‘r.:'ther the cell's environment is isotonic, hypotonic, or hypertonic.

dﬁpcnds onw

Hypotonic Isotonic Hypertonic

Fig: 10. 9 Osmoregulation in different conditions.

9. Isotonic . . . .
| When two environments are isotonic, the total molz}r .con_ce.ntranloxtl' 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.
I
cell,

b, Hypotonic

I hypotonic solution the total molar concentration of all QISSQlYﬂ.:?%l“tI;.E _
JUCles s less than that of another solution or less than that of a o ol )
WNcentrations of dissolved solutes are less outside the .c?“i than mlde’(; ?.
Iehtation of water outside is correspendingly greater. When a cell is exposed|

: I YPotonic conditions, there is net water movemﬁpt k;‘r;tg;;th._e} &
s :‘V:::] SWell and may burst (lyse) if excess water is ?ftt%:::lops i
vi"’nmen: Is often benefit from the turgor pr&gsute' DAL GOV IORY S




¢. Hypertonie ‘

A hypertonic solution is a particular type of solution that haq 2
concentration of solutes on the outside of a cell when compared with the ins,%reca“f
cell, Or&
10.4.1 Osmoregulation in Plants

Of all the environmental factors that determine the vegetation of 5 hab;
water 1s considered to be the most important. e , la
Osmoregulation has enabled the plants to be distributed in
wide range of habitat. Hence according to the amount of He
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 x
the plant, root hair being absent. The surface area of the Fig: 10.10 Hydrilla
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

androse etc.
c. xcmphytes
hytes are desert plants which grow in dry,
ﬁrggdysandy places with scanty rainfall. They
have long roots to absorb water. The stem contains
 ter storage tissue. The leaves are modified into
uce evaporation of water,
d transpiration,
cuticle. The

Fig: 10.11 Brassica
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0P s can grow 1n a soil containing large percent: -
falo} on seashores forming Specia B

¢ yecur | type of :
ofore e salt tolerators and not salt lovers. Althoue Vegetation called

|
{

">

the! w ar
pd U e THEY == absorption is fai ugh there ig
L gt soil, wate absorption is fairly difficult due to abundance of J}lc'?‘y of
Wm 0 lel nce they show Ph)’b;(’loglcal drought and show Xerophyti tlm ki
\\" ‘,‘,.. - iE e ” s - . C O arac '
oll Vs contain ¥ ell developec wa;cr storage tissues. The leayes are covered \t:f'“ﬁ
s R h 74 o - y ) \ -
'l‘izc,.wl oo preventey aporation of water.e.g Sa/sola(saltwort)and R/”"ophm:
a1l A v :
ik
o
.
'."-
valsola (saltwort) b, Rhizophora
vort)is a halophyte (a salt-tolerant plant) that typically grows
jons and can be irrigated with salt water,
iy a dominate in mangrove forests around much of the
4 ions of plants to low and high temperature

- \ll_'fk"w»zpcr;nure is. one of t}'le'most importgnt ecological factom. Temperature
o xl(:‘m may be max imum, minimum, or optimum. Metabolism becomes slow at
s iml:“‘}J?PGmture ar_1d hlgh‘temperature. Extremely hlg‘h temperature causes
oth lh.u‘\: “:\; ‘plunts while the freezing temperature causes 1C€ crystal formation.

7 }‘f““C‘>i§rehannful to plants. . o
bemgey,,.© Variations in temperature range require the plants to adjus

m"fph()]:‘\ 101 the environment and this is adaptation. Plants pOSSess S(l’;n;
4 (o prEhis . 3 -
Mperyy,,, 00 anatomical structures to counter Very high or very
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Some of them are as under

. Lowtemperature <uffer from l-effects. To ma

Plants growing in low temperatures may Nge |,

b for nrotection and short 14
temperature, they possess well-dey cloped bark for P;:m.: in the cell (‘(r,‘ life CYele
) . : ‘ :
Such plants bring changes in the n-num\munlnl \; e e lc[l);c\,em
N S Sy ns are hard and € e Pera;
~rvat: m aves and SICimnS < . o 21l Urp
cry stal for ion. The leave dihetate of transpiration-is lOW i ¢

Most of them possess scale leaves ai Fetar

cooling.

%3i::iTlllcmth‘r:nlul'c e TR det
1€ protopiasm, enzvmes and proteins i, . . :
the plants u.Se strfxctures and mechani;sms to adjust {hcmSClVC‘S‘ t‘o such conditigy
Plants absorb maximum water in short rainy season. The water 1s stored for “arying
out various metabolic activities. Some plants produce an exicnsive bra"Chlng Foo;
system, so they can absorb even the little available water. T~hc extensive spreading o;
upper parts of the plant reduces the evaporation of water from th; §01l surface. The
leaves of the plants contain thick cuticle and in some cases, an additional waxy layer
Such adaptations protect the plants from the strong rays of the sun and reduce war
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 planis
leayes are modified into spines to reduce transpiration.

ature at high temperatyre %n




£ N pl:!nlS

pPT" . Ged plant USSUES are supported by the presgiire of

y cell walls of their tissues. This turgor Presstife ts cell contents
ytoplasm ofthe cells so that pressure 15 excrtc‘d(::l:;"d by the
"~ cell wall. Herbaceous plant does not form a eplasma

b 1 the ST : : , persistent w
it rane _n‘nm plants are often known for their attractive flowers ot foliage oody
e 1 prbact ommon observation that plants cannot remain upright if lhci;' hard
| LEh <t < s -
R cpreis damaged or they lose turgor. Support to the plants is provided
1 A5

u:’“"!”, ical tissues, which c9n§1st_of collenchyma and sclerenchyma, Non-
05° " echal rted by turgidity (water pr | Bl
e T s are SUPPOIte y s pressure) of parenchymatous cells,
Mg ],;nts remain erect and firm because of the pressure within these cells.

ese P neriod of drought, the tissues of such plants lose water and result in
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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
;(; hypotonic environments, water rushes into the cell, and the cell sw.e'lls-; bqt is
. tthLth breaking by the rigid wall layer. The pressure of the ceinlpushl})g*a:.g:a||1_."sll'i
i iﬂstanceh (]?’all'ed turgor pressure, and is the desired s.tatefforamost; plan;pssues..;ﬁq;
pure Waf ‘D acing a wilted celery stalk or lettuce leaf mahypownmenvxxonmentoﬂ _
*t will often reviye the leaf by inducing turgor in the planteells. _
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lhin petioles carry heavy and flat laminas, stems support leaves, flowers e

All plant organs are exposed to mechanical strains. Extensive specia] ized g, &"Ih |
tissues exist only in vascular plants. Vascular plants have up to three mainpm“g
supporting tissue: o
L. Collenchyma

[

Sclerenchyma

3. Vascular tissue
1. Collenchyma p "
The name collenchyma derives from the Greek word kolla", Meaning
"glue”, which refers to the thick, glistening appearance of the walls in fresh tiggy,
The collenchyma is the typical supporting tissue of the primary plant body and
growing plant parts. :
Collenchyma is characteristically found in leaves anq elongatmg stems, In
leaves, it appears as strands, often located above and below major veins, as Wcll.asm
petioles and sometimes leaf blade margins. In stems, it appears as a hollow cylinder

around vascular tissues, or as peripheral longitudinal str:ands. |
Collenchyma cells have unequally thickened primary walls, especially when

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 physxologlcglly with
parenchyma cells. Where collenchyma and parenchyma cells are found adjacent to
each other, they frequently intergrade through transitional cells. The resemblance.to

arenchyma is further ;stregsed by the common occurrence of chlomplgsts in
oollenchyma and by -'theg-abihty. of thls.txssug to undergo reversible changes u;wall
hickness. and to engage in meristematic activities. Thus, it is entirely appropriate {0
; types in the same unit of study.

4 194 is the sclerenchiyma. The term
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un.,ﬂ,,'ﬁ Example of ground tissue, which make up the bulk of the plant body. 'l."hf most
mypu are parenchyma, collenchyma and sclerenchyma (the stone cell in 'd' are a

form of sclerenchyma).
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fference between fibres and sclereids is not always clear. Transitions
Metimes even within one and the same plant. Fibres arise fmn}
lissues. Cambium and procambium are their main ceters B .
They \ associated with the xylem of the vascular bundles. The

lignified. Fibres that do not belong to the aylesa e




(2ot (our Infc)rm«;ni«)l‘]

Fibres are generally long, slender, so-called prosenchymatoys
cells, usually occuring in strands or bundles. Such bum'll‘cs or the
totality of a stem's bundles are colloquially called fibres. Their high
load-bearing capacity and the ease with which they can be processeqd
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.

SMESLSes

~ 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 Development in Plants
- Growth and development in plants are two associated physiological
processes, following each other in quick succession. They lead towards
morphologically distinct tissues and organs. Growth is defined as increase in numbe”
_ 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 ¢¢!
. clongation (c) Phase of cell maturation and differentiation. =
- The flowering plants (angiosperms) go through a phase of vegeti"
rowth — producing more stems and leaves — and a flowering phase where lh‘c,\
the organs for sexual reproduction. Meristems arc undifferentitt”
juvenile plant tissues which are capable of dividing mitotic? .




omatic tissues are of two main kinds;

erst
M seristem

Apicé
I Lawrﬂ
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|meriste™

i ‘l ler‘stc‘nls il 3 \
API€ ical meristems are areas of actively dividing cells at the tips of all
= L8 § of all roots

I i e £ R
AF(’S The aplcal .mcnstcm gives rise to the three primar
shoo®>: d meristem and procambi - SR olemy
‘nd e, groun l e um) and these In turn produc '
. JQUCC ¢

(Proues_ s in 1001Ss the O“t?'h"‘OSt .gyer of a primary shoot is the epidermis -.-h,,‘.;:

| Df" from the prOtOdem‘- © eP‘hefmlS may contain stomata or Icnnccls‘t’nr -;7;\-

- panges OF may have a waxy Or hairy surface to prevent dessication. The s =

xchang® © o m ground meristem. The pri Fi. (e Sel

e arises oM grot e . Ihe primary vascular tissues, the primary

i ,vasculaf camb.lum an primary xylem, arise from the procambium. These

ﬂ  tissues are orgaan§d into separate vascular bundles. Finally, the innermost

ot tissue 1s_the pith. Itis pr(?duced by the central ground meristem, and functions
'+ ashortperiod as astorage tissue as shown in the following figure.

Cortex Vascular cylinder

Epidermis —

Zone of
maturation

Zone of
elongation

Zone of cell
division

Fig:
ig: 10.17 Root tip showing different phases of growth.

Ip in increasing the
All vascular
nof lateral
th is found

-Sent g : ,
¢ :at:tegg’ : of root and shoot, apical meristems he
CT herbyce y. This elongation is called primary growth. /
?s‘ﬂ.nd'ﬂo:,us or woody, undergo primary growth. Productio
Otsanq ers also occur by primary growth, Primary grow
Some herbaceous annual dicots.
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NS nistems are the cylinders of dividing cells found in gymnosperms

re concerned with secondary growth or increase in thickness of the
two types of lateral meristems—vascular cambium and cork
cambium produces secondary vascular tissues, which conduct

I '\geadded support. Cork cambium produces cork cells,
nand root from water loss, pathogens, and herbivorous insects.
wth occurs in perennial dicots and gymnosperms. This type o
lickening or lateral growth, arises from secondary
ocambium in the vascular bundles secondary cambium i
phloem and secondary xylem. In some species

: evelops from parenchymatous cells in the
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' Mh('(,rr“m:i?:: the development of
1Y aroWIng plaiit, p prievery Organ is affect

107 n @ 2 esses OCCUITING in some other organ e.g. the vegetative growth
Owth of

ical prot ffected during fruiting. Simil
Jologie®.Piohly a g. Simi al']}’,. the formation of flower
aking place in leaves. Such

a0 ants 18 be controlled by the processes t
torgans of a plant is called

Ay F o qowers may
L Compensatory,

ed by the

o and yuiOnShip for growth among the differen
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Fig: 10.20 A young stem showing apical and axillary buds,

i, Inhibitory correlation (Apical dominance)

The inhibition or control of lateral buds to develop by the activity of apical bud is
alled nhibitory 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
the development of lateral buds. This is proved by the fact that if the apical bud is cut
of, then one or more of the axillary buds grow out and exert inhibitory effect on the
udsbelow. Apical dominance may be complete or incomplete. '

) Complete apical dominance St
. [ncomplete apical dominance only the main shoot grows and the lateral buds
i Alowed to developed, as in sunflower the growth of lateral bud is completely:

filbited.
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10.6.2 Annual rings
Every tree keeps its own diary of climatic changes or other events that affe,,

its growth. Each year a page is added which records whcthcr that was a lean year o,
fat one. Each year, beneath the bark, the tree adds 2 layer of wood to its trunk. W,
conditions are ideal, the layer is thick. When there is a severe drought, or a plagye o

insects that destroy most of its leaves in carly

o d

(our Inforla

One of the most accurate way

: to estimate tree age is to count
\ First year growth the annual rings of wood
r: growth. For trees that are dead

Rainy season and have been cut down, you

can count the rings on the
stump. This provides an
accurate estimate of its age.

]g}Alllanlngs or Tree Rings
ers that appear on the stump as :

ible, the layer will be thin. If the tree is cut down witha

the stump as a series of concentric rings called Annual
simply a layer of wood produced during one tree's
etween the dark late wood that grew at
Ypaleearly wood that grew at the start
faring of early wood and a ring of lat¢




summerwood is the darker-colo

0§ red part of
- wood ¢ . orowth, a tree add : OT a tree i
(s r'-"‘] _ .qwnuragb %Jt(h i s]owed S ?he:tt:: tissue and Produces a thick gi;lwilen
| ~ "M D ™ N = ‘
w:'.till'yixu ng yeal, gro ¢ produces a thin ring, Epia

i
i adin P -
| Lawth Rospnllscsnll lants .

074 . s show growth responses by releasing certain ¢
Nants -
(ml Jrowth rate or movement.
_~'.1n (LA -
gifters
.1 Plant (
Hormones Of plants are referred as Phyto Hormones. Phyto Hormones are
¢ substances which are naturally produced in plants; contro] the growth or
<iological functions, at a sight remote from its place of production and

extreme minute quantities. There are five major growth hormones namely
bberellins, cytokinins, abscisic acid and ethylene.

hemicals or by showing

-rowth Substances
0,

Ng;m
jlve . )
m\iﬂs' gl
|, Auxins '

Auxin is a Greek word, which means “to increase”. Naturally occurring
asinis 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 difiusion toward the base of the plant, where it controls the lengthening of the
shootand the coleoptile, chiefly by promoting cell elongation.

~Auxinalso plays a role in differentiation of vascular tissue and initiates cell

dn;sio'n in the vascular cambium. It often inhibits growth in lateral buds, thus
mantaining apical dominance. The same quantity of auxin that promotes growth in
lestem inhibits growth in the main root system.

! Gibberelling oAt
The gibberellins were first isolated from a parasitic fungus th

gs. They 1

"SEM




It can break the dormancy of the seed and cancels the effects ¢

ke Fthe jny,;
substances. In apples and grapes the exogenous application causes

|
More g, -

. . s ru“ ‘-1
s vaqs . o : edICSS ra g i &m
Glbbcnl!xps promote flowering, helps in growing se grapes anq "“Pfo\'es
storage life of banana etc.

. -

3, Cytokinins

~ The cytokinins were first discovered as a consequence of thej
Qte cell division and bud formation in cultures of plant tissy

o T

ally related to certain components of nucleic

., I' Capa

: . ooneS. They

acids. Cytokining can al;o :1,
th auxin to cause cell division in plant tissue Culture. In tobaceg iy

S, @ high concentration of auxin promotes root formation, whjj.  high
1 of cytokinins promotes bud formatio

n. In intact plants, Cytokining
Wth of lateral buds, acting in opposition to the effects of gy,

nescence in leaves by stimulating protein synthesis

Ty of auxins, plant physiologists suspected a dormancy
S. At last a substance that Promotes abscission of cofign
scision II”. At the same time a substance wzs
ch promoted bud dormancy and was cajled
emical analysis. The abscision II was later
i18ion char cter and acidic nature.
d

es Influx of water into the roos.
one that helps plant cope wil




svement of plant parts can be classified according to th
; y the

r ML Vs :
plants movements are classified into two major types; turgor

nerats
Gent Sved.

. [l\ L r > N ) ' 8 o 1 AN ‘. T N 2 y
-}n‘””’m lnd rowth moY ements, rest of the classification of plant movements is
Y oants @ & §

Plant Movements

!

Growth movements Turgor movements

v y

: ‘/ILN%:—OEI'S—" Paratonic Rapid movement Sleep movement
Nutation Epinasty Hyponasty l
|

i ¥ ’
Tropic movements Nastic movements Tactic movements

v + v l

Photonasty Thermonasty Seismonasty

v v -

Phototacitc Thermotactic Chemotactic

S 7 i )

[Phatotropism Geotropism  Hydrotropism Chemotropism  Thigmotropism

- Turgor Movement
' m”@f movements are due to the differential changes in turgor and size ofthe
sult of the gain or loss of water and are casily reversible. The effective

different from ordinary cells and may be concentrated in certain areas
of leaves of many grasses in dry weather is caused by loss of water from
rmis. The dropping

tm cells, which form longitudinal rows in epide

e plants at night are caused by turgor changes in the cells of the

resent at the base of the leafor leaflet. _
is composed of parenchyma cells with large intercellular
trand of vascular tissue. The water passes into or out of these
side of the pulvinus than on the other side. This uneqd,
\equal enlargement or shrinkage (turgor response) andd
"Ntofthe petiole and leafblade.
e \‘ffmaybe (a) rapid movements (b)sleep movements..




.

A\ N . . " are touched. 1 \
When the leaves of Mimosa or “touch me not™ are tou he lowe,

> : . B B " LN » W \\(l'( / "y SO A !
th l‘lll\ln“.\ lUU.\'L‘ lhc“ l[”g](lll\' ll“_ lk,(l\ CS hLlld (1‘.)" I | l \“(_l ( I!'»'». ‘i:!lv: ” .
leaves regain their turgidity and thus become erect.
: leaflets . Leaflets
Petiole in normal Petiole

folded

position drooping

Pulvini at bases of leaflets.

Fig: 10.22 Response of Mimosa pudica to shock. Left (befo re) and right
b. Sleep Movements




ethe types of the autonomic movements
v ar . S - ;

ANE il. Hyponasty

r»ll““ l-;PinuS!)’ P 2 23 Nutation

inasty ; > De ¢ >S especi i
! H",;l is seen 10 the petals and leaves especially in the bud conditic
- 1o Jcaf ShOWS more growth in the bud condition than the l)
ace ' the opening ofthe buds.

0. The upper
s ower surface.

| ;vhwh res ul

Y )0“3“) d ; 5

i, HYE [tis also shown by petals and leaves n bud condition, the lower surface of the

ave ShOWS more growth than the upper surface which keeps the bud closed
ca -
il M(a(ion . ‘
The growing Up of the young stem moves in

a8 manner due to alternate change in growth on
pposite side of the apex.

p, Paratonic Movements
These movements arc induced by the external

simuli. Paratonic movements may be:

i Tropic movements
_ii.  Nasticmovement
"'-;' Tactic movements Fig: 10.23 Young stem of Japanese
= Tropic M § Knotweed growing along the ground
1 pc ,ovemen“ rather than upright into canes often
These are induced movement of have a zig-zag appearance.

hown by the plant organ (shoot or root), |
are capable of turning in any direction. The direction of movements I
lined by the direction of stimulus (light, water, gravity etc). Tropism or tropic

are classified as under:
Opism

ropism occurs in radially symmetrical organs like root and stem. The
fstem and roots in response to the force of gravity is Cﬁ‘l,led geOtOpES
s towards the force of grayity and are said to be positively 8€0TOPT
S away from the force of gravity and is there fore called negatively

em - . ' etothe
movement of curvature induced in plants organs in (espons

: Ig@ﬁt?'iwaued’phmotropism-




Young stems are positive phototropic, turn low;.ards hghl..'l he crur_\'znurc 1S due tg the
greater growth on the shaded side then on the side on which the light acts. Roots gy
usually indifferent to stimulus of light, their orientation being determined chiefy, by

the gravity.

c. Hydrotropism |
This is the movement of the plant organs in response to the stimulug of

moisture. The primary roots, secondary roots of highe_.r plants, rhizoid 91 }ivcm’(,n

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 i g,

soil.

d. Thigmotropism

Frel, ~ These movements of the plant organs is in

15e to the stimulus of touch, contact or friction e.g.
ants, which climb by means of tendrils, are

motropic responses are also met within the
of the young root comes in contact with a
h as small stone, the root bends away &
 negative curvature helps the root to avoid S,
soil. The stamens of certain plants are
eir dehiscence takes place only
tubs them. Fig:10.24 Passiflora species
o have tendrils that allow
R e them to crawl all over
S S everything.
apart of the plant in response to a chemical stimulus.
“Ier ds the chemical stimulus or away fromite.g
Lthe angiosperms due to the disintegration of
ilarly the tentacles of Drosera (Of “

e same way the hyphae? i
tones. The hyphea %
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L dircclm“ of the movement is here determined by the structure of th

the €L - the leaves and the petals of flowers, which can bend only in e
| one

e | .
o ‘”g'“\]-:q[ic movements may be the result of growth changes or they may be th
gt - o Na c

nfa“'“oil s lvf variation-
| ﬂ.:n%:[iC movcn]ents m
" photonasty
ﬂwrmonasty

geismonasty

ay be:

ng\’e {

*huunmst} 3 o :
T‘his nastic move_ment is induced by Vanation. in the intensity of light. Many
o5 which keep their surfaces fully exposed during the daytime, drop at night.
ea) d}oppiﬂg of the leaves is brought about by changes in the turgidity of
nchymatous cells of the pulvini i.e. Many flowers such as oxalis close up at night

! hen the light 1s diminished on a cloudy day and open during the daytime in
UL inC-

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

e

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
hole leaf drops. This shock movement of Mimosa pudica is called seismonastic
ovement. These movements are caused by the differential loss and support of

, 1°°°motary movement of free swimming organisms or their organs in
ided illumination e.g. Chlamydomonas, Volvox and the Zoospores
other algae when illuminated by weak light move towards the
sitive phototaxis. When illumination is t00 intense, they move
ng ‘negative phototaxis. Similar movements are also
i la?tlnthepalhsade cells of the green leaves.




b, Thermotactic _

This is the movement of free organism in
response to the stimulus of temperature. When
there is difference in temperature, the
unicellular algae are seen to move toward the
warmer side.
¢. Chemotactic .

This is the movement of free organism or
their gametes in response to chemical stimuli.
The spermatozoids of bryophytes and
pteridophytes move towards the chemical

substances like sugar and proteins secreted by
the archegonia.

~ FUg02S The sperm cells of ferns
x . fypieally multifiagellate,

hotoyeriodhm

C ooy Inf«mm
Photoperiodism corgg;
seasonal activities g,
growth, develop;
reproduction, migration and
dormancy that make a direct
contribution to SUTViVOrship
and reproductive success of
the species. Depending on the
length of the day, animals
show behavioural apg
biological changes. Day
length affects their fur coloyr.
migration, hibernation and
also sexual behaviour. For
example, the singing

n?ltcg
ch a¢
nent‘

frequency of the canary bird

depends on the length of the
\ day. |
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I):;\l"'nm'uml plants are independent of the day length and ‘ht‘rcf("‘
affected by the day length. They produce ﬂ_nwcrs whenever they become ; Noy
irrespective of the day length. Examples of day neutral plants are Maize. lu;l;‘:ff""
sunflower and cucumber etc. atp,
19.7.3.1 Phvtochrome _

Phytochrome, a pigment commonly present in small amounts i the tigg,.
of higher plants, is sensitive to the transition between light and darkncsg"}‘}\i
pigment can exist in two forms, P, and P, .The P, forms absorbs red light w"hlf
wavelength of 660 nm and is thereby converted to P,. The P, form absorps
light (730 nm) and is converted to P,. The P, is also lost from the cell in the gy b
reversion to P, or by destruction. P, is the active form of the pigment. It promotc';
flowering in long day plants and inhibits flowering in the short day plants. P, s, .
responsible for changes that take place in the seedling, for germination of seeds a4

- fordevelopment of anthocyanins.

» >

SR

¥ Fl(mgen,ls a hormone, produced in the leaves and travels through the
ral buds and initiates flower formation. A Russian scientist named

- phloem to the fl
o . MHC

: Vi, ~ { proved by experiment in 1936 that florigen is produced in the
- A= leaves. He performed experiment on a short day plant, the Chrysanthemum.
:.'. =, E51L -7 >

2 . e A -

~ Blooms Does not bloom
' ; : Short day




jants and removed the leaves from
c ~ - the u ol 7o
.« on the oW cr.half. He then exposed the UpggrcL:?g( of both plants
e lower half of the same plant to short days. The res <;lf0nc plant to
S. -SUll was that the

gye "~ ‘Cd 1]()\\"01'5-
-

ssed the defoliated (leaves removed) uppe

o EXPOP>T . Do rhalf of the
_and the foliated lower halfto long days. The resut »;’Z:Stlt\;;t:u;; Dllam
: plant

jays 800 20 o is experi ‘hailakhi
_ ors. From this experiment Chailakhian, concluded that the

.

 gueed o rmone of florigen 18 producpd in the leaves and then transmitted t h
e where it itiates flower formation. &
w[ld \\ s

: \1‘:(1'.(“73_“')_” . s : (Y

ation is @ Latin word meaning “spring”. The conversion of winter

N F
{0, \'cﬂ]iillz : 2 b l :

1ty into the spring variety by low temperature treatment is called vernalization
oL :

| i form S coined by Lysenko in 1928. Some plants require a period of low
| ,;pcmmrc hefore producing flowers.
gmpert
i

if this condition IS not_fulﬁllcd. l.hcy will not &
sduce flowers. For example, if the germinating seeds =
Jfwinter wheat are exposed to low temperature, {he
plants developed from them will flower much earlier
#n would have done otherwise. This method of
gimulating the earlier production of flowers by
ubjecting the germinating seeds to low temperature 1S
tnown as vernalization. Vernalization is therefore the
kfp{romotion of flowering by applying low temperature to
#edsand buds before sowing or grafting. Vernalization
shelpful to the agriculturists in inducing earlier
opment of flowers and earlier ripening of crops
€aiso In extending cultivation to the regions where
fature is very low.
. Ithas enabled the Russian farmers to grow crops in Siberia where the soil
_.,yc.red with ice for ten months of the year. Biennial and perennial plants
iled to flower by low temperature treatment. The embryo of the seed and
€ stem are the parts which receive the stimulus of low temperature.

'5?9“11(1 4°C is found to be effective. It produces 2 hormone, the
0 Induce vernalization. Vernalization procedure was applied on large
during 1930 and 1940,

*the ug;gp.srparticularly wheat in Northern Europe (
e winter varieties were grown as spring varieties.

Wy
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Fig:10.28 Lysenko studying
wheat
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KEY POINTS

Qpendmg upon the amount of each nutrient required the minera| Nutrieng o
ivided into two groups: macronutrients and micron utrients.

acro nutrients include nitrogen, phosphorus, potassium. calciyy,
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ding 0 the amount of water availaple, plants are ¢
\oC - -()l fen N

roups: Hydrophytes, mesophytes, xerophytes an g
12

pOSSESS some morphological and anatomic

lassified into fi
alophytes,

Ir

al structures to counter very

,)l-”ﬂ\ Y hlgh

ery low temperature.

sor pressure is caused by the uptake of water by the Cytoplasm of the cells so that

0l

Turg

pressure is exerted at the plasma membrane on the cell wal|

Growth 18 defined as increase in number and size of cells. Three phases of growth
are:  (a) Phase of cell division (b) Phase of cell elongation (¢) Phase of cell
maturation and differentiation.

Apical meristems are arcas 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

cork cells, which protect the stem and root from water loss, pathogens, and
- herbivorous insects.
s The inhibition or control of lateral buds to develop by the activity of apical bud is

produced in plants,
lace

ey

} tﬂm.‘ the éro wth or other physiological functions, at a sight remote from its p
duction and active in extreme minute quantities.
, ive length of the day and night to which the plant is exposed 1

OPeriod and the response of the plant to photoperiod s i phowpemd’:?hlsher

$0
, a pigment commonl}' present in small amounts 10 the tissu¢
Siti Ye’toﬂaetransmonbetween light and darkness. \perd
e variety by 1oV i

 winter variety into the sprit

is called
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EXERCISE 2 -

A. Choose the correct answers in ”""'. following questiong
1. The thick walled dead cells like tracheid and vessels are incluaed .
a. parenchyma b. sclerenchyma m;

c. collenchyma d. mesenchyma
2 The increase in thickness of the plant due to the activity of cam;

called. um jg
a. primary 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

¢. tropic movement d. chemotactic movement

gions of continuous growth are made up of:
jal tissue b. vascular tissue
matic tissue d. permanent tissue

st

S """‘;Efor~ trapping and |
digestion are usedto |




EXERCISE 3

like hemp and flax are made up of:

: [”CS o o S :
y ) 2 © yidermis cell b. SC]CTCﬂChvma
bar enchyma sk d. Collenchym,
- F Ay growth of a plant is due to the action of the

The | '
). | meristem ] e I
0 ", latera b. Vascular cambiym

d. cork cambium

" apical meristem

e X - 2 .

ich bonds are responsible for the cohesion of water molecyles?
. . S

.. Jonic b. Hydrogen
¢. Non polar covalent d. Polar covalent

2 sugar sink, such as a taproot, sugar is converteq into

g Wi

12 ]ll

5. fatty acid b. proteins %
c. glycogen d. starch
. Plants are able to detect photoperiod changes by the

————

a. 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.
¢. Itis produced from the axillary buds.
d. Itis produced as a result of primary growth
'8, Write short answers to the following questions.
1. Why insectivorous plants depend on insects?
2 What do you mean by water potential?
Piﬁ‘erentiate between mesophytes and xerophytes.

Row tur80'r‘provide support to the herbaceous plants?

.

o Differentiate between primary and secondary growth in plantg
“etly describe the mechanism of formation of annual rings in plants.

llowing questions in detail. -
* the role of macro and micronutrients plant
Blain o NOVement of water in xylem through TA
"€ movement of sugars within plants.
e S

“id] 5 |
- o |
: b v o
P — . ' : ~
. - < ‘ »
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< : T - - - g™
fas E r e e e

grOWth and d'evelopmem-
CT mechanism.




EXERCISE Z’A’

4. How the osmotic adjustments of plants in saline soils take place y
5. Describe the structure of supporting tissues in plants.

6. Discuss the role of important plant growth hormones.
-
8

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

d write taxonomic classification of at least five plang
xerophytlc mesophytic and hydrophytic charactes

:_'; 'y some major symptoms of mineral deficienciesis
.,._,J'osis, stunted growth etc.




