i1

13.2

133

iy

(el

EM[Ferremit toal foTe.
Deri{ffersenudation
terud
Redifferenttation

e o

Pl Groutith
fl'f.g'.F'I.! Ity

LRIET il Rl

Cusrrer 13

PLANT GROWTH AND DEVELDPB[ENT

You have already studied the orgamsation of a Bowering plant in Chapter
5. Have vourever thought about where and how the stroctures like rools.
slems, leaves, lowers, ralls and seedsarise and Hal oo @isan orderty
serquence? You are, by-now, aware of the lerms geed, seedling, plantlet,
matire plant. You have also seen that trees continue (o nerease - hetghi
or girth over aperiod of tme. However, the leaves, fowers and frults of the
same (ree not-only have tmited dimenstons but also appear and fall
perfodically and some Ume repeatedly. Why does vegetative phiase precede
Nowering in a plant? All plant organs are made up of a varlety of Ussucs: is
there any relatlonship between the structure ol a cell, a Ussue, an ongan
and the fmctiom they perform? Can the siructure and (e fumcetion of these
be aliered? All cells of a plant are descendenis of the zyvgote. The question
18, then, why and how do they have differenit siructural and functional
alinbutes? Developmesil is LHe sum of two processes: growilh and
differentiatton. To begin with, Il 15 essential and sufficient to know thal the
development of a mature plant from a zveoie (ferithsed egm) follow a precise
and hghly ordered succession of events. During this process a complex
bady organtsation s formed thal produces mols. leaves, branclies. lowers.
[rults; and seeds, and eventually they die (Fgore 13_1). The first siepin the
process of plant growth Is seed germination, The seed germinates when
{avourable conditions for growth extsl In the environment. in absence of
such favourable condittons the seeds do nol germinate and poes nio a
peRod of suspended growth or resl. Onee favourable cotiditons return.
e seeds resume Metabolle activliiles and growlh lakes place.

In this chapter, you shall also study some of Lhe faclors which
govern and control these developmenial processes. These factors are bath
ininnsic [internal) and extrnsic (extermal) o the plant.



167

b F
ful

r '.'.-. . Ilm I
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13.1 Growms

Growth Is regarded as one of the most fandamental and conspioious
charactertstics of a Bving betng, What 1s growth? Growth can be deflned
as an {rreversible permanent increase in size of an organ or 1is parts or
even of an mdividual cell. Generally. growth 1s accompanted by metabolie
processes [both anabolie and catabolie). Uiat occur al (he expense of
energy. Therefore, for example, expanston of a leaf 1s growih. How would
you describe the swelling of ptece af wood when placed t water?

13.1.1 Plant Growth Generally is Indeterminate

Plant growth ts unique becanse plants retain the capacity for unlimited
growih throughout their Itfe. This ability of the plants is due o the presence:
ol mertslems al ceriatn locations i thetr body. The cells of sucl meristems
have the capacity to divide and sell-perpetuate. The product. however,
This form of growth whereln new cells are always betng added (o Lthe
planit body by the activity of the mertstem 1s called the open form of growth.
‘What would happen if the mertstem ceases (o divide? Does this ever
happen?

In earler classes, you have studled about the rool apical merisiem
and the shool apteal mertstam. You know that they are responstble for
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Figure 13.2 Diagrammatic representalion sf

focptons of rool apicil micrisiem..

shoot oplicnl morisiom ol
wvseilar camblum, Arrows exhibit
the dircetion of growth of cells and
a1yt

Figure 18.3 Dyioction of zones of elongation try
the paralicl line technique. Zones
ACB, €, D immediately behind the
apeg hnve elongited mest,

the primary @owth of the plants and principally
contribute to the elongaton of the plants along
Lhetr saxts. You also lmow (iat n dieceiviedonous
plants and gymnesperms, the lateral menstems,
vascular cambium and cork-camblum appear
later In life. These are the meristems that cause
the increase tn the girth of the organs in which
Uiey are aclive. This 1s known as secondary
growth af the plant (see Fizure 13.2),

13.1.2 Growth is Measursble

Girowih. at » cellular level. is principaily a
consequence of increase in the amount of
proloplasm. Since Increase In protoplasm Is
difftcuil Lo measure directly, one generally
mieasures some quanily which ts more or less
proporilonal lo'il. Growlll Is. lherelore.
measured by a varety of parameiers some of
which are! increase in fresh welghl, dry wetght,
length, area, volume and cell number. You may
find 1t amaxng 16 know thal one single matsae
rool aplcal mersitem can give fise o more than
17.500 new cells per hour, whereas cells in a
witlermelon may increase in stze by upto
3.50,000 vmes. In the former, growih is
expressed as ncrease In cell number; the latter
expresses giowih as increase In size of the cell
While the growih of a pollen tube ts measured
tn terms of iis length, an increase in surfacearea
denotes the growth In a dorsiventral leaf.

13.1.3 Phases of Growth

The period of growih 1s generally divided into
Uiree phases. namely, merstematic. elongation
and maturation (Figure 13.3), Let us
understand thts by looking at the ool t1ps. The
constantly dividing cells, both at the root apex
and the shool apex, represent e merlsicmalic
phase of growtl. The cells in s reglon sre rich
in proloplasm. posscess large cansplouous
nuclel. Their oell walls are primary tn nalure,
thin and cellulesie with abundant
plasmodesmatal connections. The cells
proximal (Just pext. away from the tp) to the



meristemalic zone represent the phase ol clongation. Increased
vacuolation, cell enlargement and new cell wall depositton are Lthe
characteristies of the cells in this fr}w.ﬁt_'Fnﬂllﬁ' away from the apex, Le.,
more praxtimal W the phase ol elongailon, s the porilon of asds which is
nnderzoing Lhe phase of maturation. The cells of Lhis gone, alialn thefr
maximal size In terms of wall thickening and protoplasmic modificalions.
Maosl of the Ussues and ecll types yvou have stadled in carlier classes
represeiil Lhis ghase,

13.1.4 Growth Rates

The increased growth per unil tme 15 termed as growth rate. Thus, rate

of growih can be expressed mathematically. An organism, ora part of the
orgarnism can produce more cells ina varety of ways.

[a] Arithmetic (b} Geometric

Zyvpote divided

Geamelric phase:
all cells divide

Arithmetic phase

Fipureld.4 Diyrmmmmubtic repregentaiion of @ (o) Arittimetie (b) Geometiie growd and
() Stoges during rmbryo development showing geomelrie and artthematic

phases

B = Cells capabile of division
[ = Cells that lose ¢ipacity 1o divide
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The growih rale shows an increase thal may be
aril mette or geomeirtcal (Flgore 15.4),

In artthmelic growth. following milotle cell
diviston. only one danghter cell continues Lo divide
while the olher differentiaies and malures The
simplest expression of antthmetic growth 1s
exemplifted by a root elongaling al a constant rale.
Look at Figure 135, On plotting the length of the
organ agalnst e, a lnear curve s oblained.
Malhematically, it Is expressed as

L=Lo+r
L =length at ume '
L =lengih at Ume ‘zero’

nr

r =growth mite / elongation perunit time.

Let us now see what happens in geometrical
growih. In most systems, the initial growih is slow
Mg phase), and 1L increases rapldly thereafler —at
an exponeniial mle (log or exponential phase), Here,
both the progeny cells following mitotic cell diviston
reiatn the ability to divide and continue to do se,
However, with lmited nutrent supply. the growth
slows down leadng Lo a siallonary phase. [[we plot
the parameter of growth agatnst (me, we gel @ typleal
stemiold or S-curve (Flgure 13.6). A stgmold curve

is a characieristic of living organism growing in a
niatural environment. IC1s typieal Tor all eells. tssues

and organs of a plant. Canyou think of niore similar
exumples? What kind of a curte can you expect n
a tree shotping seasonal activities?

Thie exponential growth can be expressed as

W, =Minal stze (welght, hetght, number elc.)

W, =intual skze al the beginning of the pertod

r =growih mate

L = {tme of growth

e = base ol natoral loganthms

Here. ris the relative growih rate and 1s also the
measure ol Ue ability of the plant Lo preduce niew
plant material, refermed (o as efficlency index. Hence,
the finzl stee of W, depends on the initial stze, W,
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Flgurel3.7 Dingrmmmatic comparison of absalute sl ebiie growils mles. Botlh
leaves A and B hiove nereased thedt ares by 5 em® ina givenetime (o
prodidee A, B leaves:

{Juantitalive compartsons between the growth of lving system can
also he made (i two ways ; (1) measurement and the compartsan of olal
growth per unit tme ts called the absolute growth mte. (4) The growth of
the given system per unil fme expressed on a common basts. e.g., per
urill initial parameter Is called (he relattve growth rate. In Fleure 137
two leaves, A and B, are drawn Lhal are of different stzes bul shows
absolute tncrease tn area in the given ttme 1o give leaves, Aland B'. However,
one of them shows much Higher relative growtl rate. Whach one and-why?

13.1.5 Conditlons for Growth

Why do vou not (ry to wrile down what you think are necessary conditions
for growth? This list may have waler, oxygen and mtients as very essential
clemenis for growih. The plant cells grow In stee by cell enlargement which
tn turn requires water. Turgidity of cells helps in extenston srowih. This,
plant growth and further devejopment s Intimately linked (o e waler
status of the plant. Waler also provides tie medivm for enzyvmatic activities
neaded for growth. Oxygen helps in eleastng metabolic eneroy essential
for growth activitles, Nutrnienls (macro amd milcro essenilal elements) are
required by plants for the synthests of protoplasm and acl as source of
EneTay,

in addion, every plant organtsm has an oplimum temperature rangs
best sutfed for 1is growih, Any deviation from this range could be
detrimental tolls survival Ervironmiental signals such as Bght and gravity
also allecl certain phases /stases of growth.
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13.2 DrerenmiaTioN, DEDIFFERUNTIATION AND
RensrresextiaTion

The cells denved from root apical and shoot-apical meristems and
cambium differentiate and mature to perform specific functions. This act
leading to maiuration is termed as differenttation. During differentiation,
cells underpo lew to major structural changes both in el cell'walls and
proloplasm. For example, (o form a trachieary element, the eclls would
lose thelr protoplasm. They also develop 4 very strong, elastle,
hmnpcelliostc secondary cell walls, (o cammy waler (o long distances even
under exireme tenston. Try Lo correlate the vanous anatomical features
you encounier in plants o the funclions they perform.

Planis show another inleresting phenomenon. The Iving diferentiated
cells, thal by now have lost the capacity (o divide can regatn the capacily
of diviston under ceriain conditions, This phenomenon is {ermed as
dedifferentiation Forexample, lormation ol meristams— nterfascicilar
cambtum and cork camblum from fully differenttdted parenchyma cells,
Whitle doing so, such memtstems/ tssues are abie W divide and produoce
celis that once agaip lose the capacity to-divide nil maiure (o perform
speriiic funcions. Le.. get redifferentinted. List some of the Ussues i a
woody dicotvledenous plant that are the produets of redifferentiation.
Howwould you desciibe a tumpur? What would you call the parenchyma
cells that are madde W divide under controfled laboratory condittons durng
plani tissue culiure?

Recall. iy Sectton 13,11, we have mentioned that e growils tn plants
Is gpen, Le.. i can be indeterminale or déeterminale. Now, we may say that
everl differentiation in plants Is open. because cells /Ussues artsimg out of
the same meristem have differenl stmictures al maturity. The final
structure at maturty of a cell /tssoe 15 also determined by the location of
the cell wilhin, For ecimple, cells posiloned away from mool aplcal
merstems dilferentiate as root-cap cells, while those pushed to the
periphery mature as epldermis. Can you add a few more exampies of
open differeniiation correlating the position of a cell (o iis position inan
orEan?

13.3 DeveELoPMENT

Development 15 a term that inciudes all changes that an organism goes
through durng iis iife cycle from germination of Lhe seed Lo senescence,
Diagrammatic representation of the séguence of processes which
consillute the development of a cell of a higher plant s given in Fleure
13,8, It 15 also applticable to Ussues /organs.



173

Call Division Deiith
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. . Plasmatie growth Differentiation
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CELL
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[Elengation)

Figure 18.8 Sequance af the developmental process o a plant el

‘Planis follow different pathways in respomse (o envirpnmenl or phiases
of lifi: to form different kinds of structures. This abilily 1s called plasticity,

e... heterophylly tn cotton, cortander and larkspur, tn such plants. the

leaves of the juventle plant are different tn shape from those in mature

plants. On the other hand. difference in shapes ol leaves produced m aw

and those produced In waler in buttercup also represent thie
httm:phyl[ﬂua development due to environment (Figure 13.91 This

phenomenon of helerophylly s an example of plasticity.

Adult

Tervestrial habitat (1]

Figure 13.9 Heterophylly i () larkspur and (b) buttercup
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Thus, growth. differenttation and development are very closely relatied
evenils in the e of 2 plant, Droadly, development is consfdersd as Lhe
sum of giowith and diffsrentiation. Deslopment in planis (e, Both ssowih
and differenitation) s under the control of intrinsic and extrinsic @clors,
The former iIncludes bath ntracellular (genetie] or intercellular actors
fchemicals such as plant growth regulators| while the latter includes Ushit
(emperature; waler, oxyren. naidticn. elc.

13.4 Prast Growtda RecuraTors

13.4.1 Characterlsiics

The plant growth regulators (PORs) are small, simple molecules of diverse
chemical compostiion. They could be tndole compounds (indole-3-acelic
acid, 1AA) adenme dervatives [N“furfurylamino putine, kinetin),
demvatives of carotenaoids (absoisic actd, ABA); (erpenes (ghberellic actd,
A or gases lethylene, C_H,). Plant growth regulators are variously
deseribed as plant growih substances, plant hormones orphyviohonmones
In Meralare.

The PGRs can be Broadly divided tito two groiips bassl on their
functions ina living plant bedy, One group of PGRs are involved 1n growth
promaoting activitles, such as cell diviston, cell e nlargement, pallem
formatton, tropte growth, Nowering, fruiing and seed fomiation. These
are also called plant growih promolers, e.g, auxins, ghberellins and
cylokinims: The PGRs of the other group play an tmporiant role in plant
responses to wounds and stresses of biotic and ablotic ongin. They are
also lovolved in various growth nhibiting activities sucli-as dermancy
and ahacission. The PGR absetsic actd belongs (o this group. The gaseous
PGR. ethylene, could it ctthier of the groups, but i is [argely an inhibitor
of growth activilies,

13.4.2 The Discovery of Plant Growth Regulators

Interestingly. the discovery of each of the five
major groups of PGRs have been accidental.
All this started with the observeition of Charles
Darwin and his son Francts Darwin when they
ohsarved thal Lhe coleaptiles of canary grass
responded o unflateral tlumination by
growing towards the UlOghl source
{pholotroptsm). After a serics of expertments,
it was conciuded thal the Uip of coleoptile was
e site of transmitiable influence thal caused

c d

Flgure 13.10 Expériment used o demopsirale
that tip of the eoleoptile ia the
souroe of auxdn. Armows ndicate
divection of g

the bending of the entire coleaptile (Flgure
13, 10). Auxin was solated by FW. Wenl from
tps of coleopliles of oal seediings,



Thee 'bakanae” ([oollsh secdling) disease ol ree secdlings, was caused
by a fungal pathogen Gibberella fufthurol E. Kurosawa (1926) reported
the appearance of symploms of the dizease in riee seedlings when they
were treated with stertie filtrates of the fongus. The active substances
were later identilled as ghberellle actd.

F. Skoou and his co-worlers obseaved Umi from (he internodal
segmienls of iohacco stems the callus fa mass of undifferentiated cells)
proliferated only if. In addition {p auxins the mulnbenis medium was
supplemented with one of the following: extracts of vascular Ussues, yeast
cxiract, coconul milk or DNAL Miller el al. (1955). Luter 1deniifled and
cryslallised the cyiokinesls promoling active substance that they
termed Kinetin.

During mid- 1960s, three independent researches reporied the
pririlleation and chemilcal charmcleslsation ol three dilferenl kinds of
Imhitbtiors: inhitbiidr-B, abscission [ and dormin, Laber all the Wliree were
proved to be chemically identteal. 1L was named abscisic aotd (ABA).

H.H. Cousins ( 1910) confirmed the release of a volattle substance from
ripened oranges (thatl hastened e ripening of stored unrpencd bananas.
Later thts volallle subsiance was identtfled as ethylene, a uasecus PORL

Let us study some of the physialogieal elleels of these five calegories
of PORs in thie next section,

13.4.3 Physlological Effects of Plant Growth Regulators
13.4.3.1 Auxins

Auxins (fom Greek auxetn’ ; (o grow) was firsi 1solaled fmom hurmsn arine,
The term ‘auxtn’ s applted to the Indole-3-acette acid (1AA), and o other

natural and synthelic compounds having certain growth resulating:

properties. They are generally produced by the srowing apices of the stems
and roots, [rom where they migrate (o the regions of thelr actlon. Auxins
like 1AA and mudole butyrie actd (1BA) have been 1solated from plants,
NAA (maphthalene acetic aoid) and 2, 4-D (2, 4-dichlomphenoxyacetic)
are synthelic anxins. Al (hese puxins have been used extensively in
agriculinrml and herticuliural practces.

They help o tnittale footing tn stEm cullings, an application widely
used for plani propagation. Auxins promote (lowering e.g. In pineapples.
They help to prevend fratt and leaf drop al early stages bul promote the
abscission of older mature leaves and frulis.

In miost hiphier plants; the growing apleal bud inhilbits the growih of
the lateral (axillary) buds, 2 phenomenon called apical dominance.
Removal of shoot tips (decapttation) usually results in the growih of Eiteal
buds (Figure 13.11). It s widely applied in tea plantations, hedge-making.
Carn vou explain why'?
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Filgure 13.11 Apical deminaues i plants :
(] A ploint with apical bad intact
(2} A plot with mpiend bud removed
Neile Lhie growth of Eudern] bids i
tmnches pfier decapiintion.

Anins also mduce parthenocarpw. ¢.g._ ln
Llomatoes. They are widely used as herbletdes,
2, 4-D, widely used o kil dicatyledonous
weeds,  does  not affect  mature

monocotyledonous planis. [ is used to prepare
woed-{ree lawns by gardeners. Auxin also

controls xvlem differentiation and helps o cell
division,

13.4.3.2 Gibherellins

Gibberelltns are another kind ol promotory
PGR. There are more than 100 gibberellins
reported [rom widely dilferenl organisms such
as fimgl and higher plants, They are denoled
as GA . GA_ . GA, and so on. However.
Gibberellic acid (GA,) was one of the first
gibberellins to be discovered and remams the

most intenstvely studted form. All GAs are

“acldic. They produce awﬂf:mnge of phvstological responses in the planis,

Thetr ability to eause an increase in length of axts is used (o increase the
Iength of grapes statks. Gibberellins: cause fruits like apple {o elongaie
and tmprove tis shape. They also delay senescence. This, the frulls can
be left on the tree longer so as (o extend the market period. GA is used to
speed up the malting process in brewing industry.

Sugarcane stores carhohydrale as susar m their stems. Spraying

Ssugarcane crop with gibberellins tnereases Lhe length of the stem, thus

increasing the yvield by as much as 20 tonnes per acre.

Sprayving juvenile conifierswith CAs liastens (e maturily pedod. thus
leading lo early seed production. Gibberellins also promoles boliing:
[termode eloneation Just prior Lo Doweting n beed, cabbaces and many
plinits with roseiie habil.

13.4.3.3 Cytokinins

Cytokinins have specific effects on cytolilnests, and were discovered as
kinietin [a modified form of adenine, a parine) from the avloclaved hierring
sperm PNA. Kinetin does not oceur naturally m plants. Search for natural
subsiances with cytokinin-like activities led to the 1solation of zeatin from
corn-kemniels and coconul milk. Stinee the discovery of zeatin, several
naturally cecurring cylpkinins, and some synthetic componnds with cell
division promoling activity, have been identified. Natural evickinins are



synthestsed In reglons where rapid cell division occurs: for example, rool
aplees, developing shool buds, yvoung frults eic. 1t heips Lo produce new
leaves, chiloroplasts tn leaves. laleral shoot growth and adventitious shool
[ormmation. Cylakinins help overcome theapleal domiiance, They promote
nutrient mobilisation which helps tn the delay of leaf senescence.

13.4.3.4 Ethylene

Ethylene 1s a simple gaseous PGR. 1L 1s synithestsed n large amounts
Iw Ussues underpolng senescence and ripening [rmils. milluences of
ethviene on planis include hortzontal growth of seediings, swelling of
the axtsand apieal hook l'ﬁrmaﬂnn in dicot seedlings. Eihylene promoies
senescence and abscission of planl organs espectally ol leaves and
flowers. Ethylene 1s highly effective (n fruit ripening. It enhances the
respiration rate during ripeming of the frulls, This rise In rate of
Tespiration is called respiralory climactie.

Ethylene breaks seed and bud dommancy, inlitaies germinalion i
peanut seeds, sprouiing of poiato {ubers: Ethylene promoles rapid
inlemaode /peliole elongation in deep waler fee plants. 1L helps leaves/
upper parts of the shoot Lo rematn above water, Ethviene also promoles
rool growih and root hatr formatton, thushelping the platits (o increase
their absarplion surface. :

Ethylene is used to tntiate Dowertng and lor synchronising rult-set
n pineapples, talss mduees fowertie m manso. Sm_creih:.rlenﬂ regulates
s0 many physiological processes, I s one of Wie mosl widely nsed PGR In
agriculture, The most widely used compound as source of ethylene 1s
ethephorn. Ethephon in an agueous solution 1s readtly absorbed and
transporied within the plant and releases ethylene slowly. Ethephon
hastens (mill ripéning h tomatbes dnd apples and aceelerales absolssion
tn fiswers and frutls (thimming of cotton. cherry, walnut). || promotes female
Mowers in cucumbers thereby increasing the vield.

13.4.3.5 Abscislc ackd

As mentioned carlier. abscisic acid (ABA) was discovered forfis role in
regilaling ahselsston and dormancy. Bul like other PGRs, 1L also has
other wide ranging effects on plant growth and development. li actsas a
general pland growih inhibitor and an tnhibitor of plant metabolism,
ABA inhibits seed permination. ABA stimnlaies Lhe closure of slomala
and increases the lolerance of planls o various Kinds of siresses.
Therefore, 1L is also called the stress hommone. ABA plays an important
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role In seed developmenl. maturalion and dormancy. By mducing
dormancy, ABA helps seeds to withstand desiceation and other [actors
unfavourable for growth. ln most situations, ABA acts as an anlagomsi
o (5AS,

We may summartse that for any and every phase of growih,
differentiation and development of planis; one or the other PGR has some
role Lo play, Such roles could be complimentary or antaponistiec. These
could he tndividualistic or synesgisiic.

Simitlarly, there are & number of events tn the We of & plant where
more than one PGRIpteract to affect that event. e.g. dormancy 1 seeds)/
buds, atiselssion. seneseence, apleal domiltance, sc.

Renember, LHe role of PGR 15 of onily one kind of iniinsie oonimol
Alsng with genomie control and extrinsie factors, they play an tinportant
e in plant growih and development. Many of the extrinste factors such
as tempernture and Iight. control plant growth and development via PGR.
Some of stich events could be: vernallsaiton, Nowering, dormancy, seed
permination, plant movemnents, ele.

We shall discuss briefly the role of Beht and temperstome both of them,
the extrinstc factors) on tinittatton of lowertng.

Srmu.m'f

Growil is one of the most consplouous events inany living organism. lils
an treversible increase expressed in paramelers such as stze, area, length,
hetght, volume. cell pumber ele IL conspicuonsly mvolves increased
protoplasmic' malerial. In plants, meristems are the siles ol growih. Rool
and shool apical menstems sometimes alongwith inlercalary meristem,
contribute to the elongmtion growih of plant axes, Growih s indeterminate
in hitgher plants, Following cell division tn rool and shoot apical mensiem
cells. (he growth could be antumete or geometrical. Growlh may not be
and generally 1s nol sustained at a high rale throughotit Lhe e of cell/
Ussue /organ /organism. One can define three principle phases of growih
—the lag, the log and the senescent phase. When a cell loses the capacity
to divide. 1t leads o differentation. Differentiation results tn development
ol siructures al 18 commensurate with the function the cells nally has
to perform. General principles for differenttation for oell. lssues and organs
are stmllar, A differentiated cell may dedifferentiate and then redifferentiaste.
Stnce differenttation in plants is open. the development could also be
flextble. e, the development is the sum of growth and differenttation.
Plant exhibil plastcity in developmient.
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Planl growth and divelopmenl are under the control of both intrinsic
and extrinste faciors. ntercellular (mrnste faelors are the chemieal
substances. called plant growth regulators (PGRY. There are diverse groups:
of PGRs in plants. principally belonging 1o ive groups: auxins, gibberellins,
cyviokinms, abscisic acid and ethylene. These PGRs are synthesised i
various parts of the plant: they control different diferenttation and
developmental events, Any POR has diverse phivstologica! effects on plants,
Diverse PGRs also mantfes! stimtlar effects, PORs may act synergistically
o antagoristically. Plant greswth and developmend ts also affected by lehit,
lemperature. nuirition, sxyeen stalus, pravity and such extemal BRolors.

Exurcises

1. Bellue growth, differentiation, dévelopment, dedifferentialion,
redtferentiation, delerminate growth, mertstem and growh rale.

2 Why Is nol dny one parameter good enoigh o demonstrale growth
Hhronghout the e of a Bowering plant?

3 Describe birfefly:
{a) Artthmetlo growth
(b) Geotelne growth
() Stemold gowtli curve
{d) Absolule aml rolalive growih rales

4 Lasl five main groups of natural plant growth regilators. Wille a note
an discovery. phystologieal functions and agricoliural/torticuliural
apphcations of any cne ol them

5 Why s absctsic actd also known as siress hormone?
6. Both growth and diferontiton in lgher plants ae open’, Comment.

7. ‘Both a short day plant smd a lofg day plant can produce can flower
strmilianeously Ina given place”. Explam.

& Which one of the plant growth mgulators woutkd yom use IF you ane
ashked to;
{4) idues ouling 10 & twig
{b) quickly ripen a frutl
(o) delay leal senescence
{d} induce growth m axtilary buds
(o] Bolt" & moselie plant
(1) ke imonsdiale stomatal closure tn leaves,

9. Would a defoltated plant respaorid to pholopertodic cyele? Why?
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10, mmrhmpm wh!iw
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{d) you forget Lo add cytokinin to Qe cultsire mdium.




