
Photomorphogenesis



Photomorphogenesis

(control of growth & development by light)

u Environmental signals (light, temperature and gravity) 
are important signals for plant development

u Light affects many aspects of plant development, for 
example:

1. required for proper leaf  development

2. inhibits stem elongation in the emerging seedling

3. promotes flowering (photoperiodism)

4. promotes (or inhibits) seed germination



Light and plant development

Photomorphogenesis- a changein plant developmentinducedby

specifickindsoflightandnotdependentonphotosynthesis.



Photomorphogenesis involves special photoreceptors that

initiate developmental changes.

Photoreceptors transduce information in the environment

into appropriate developmental patterns.

Information examples 

Åposition in a layered plant canopy 

Åseed depth in soil

Åpresence of competitors

Åapproach of sunrise

Åday length



Floweringisanimportantphaseof life cyclebecausethe

transitionfromvegetativegrowthto reproductivephase

involvesseveralchangesin the physiologyof a plant.

Floweringisadecisivestage.It requireadefiniteperiodof

vegetativegrowth.Theperiodmayvaryfromplanttoplant

example,a fruiting tree requiresseveralyearswhile an

annualherbflowersinafewmonthsonly.Thephysiological

mechanismresponsiblefor floweringhasbeenfoundto be

controlledby 1) periodicityof light(Photoperiodism)2)

temperature(Vernalisation)



Theplantin orderto flowerrequirea certaindaylengththat is therelative

lengthofdayandnightwhichiscalledasphotoperiod.theresponseofplants

showthe photoperiodexpressedin the form of flowering is called as

photoperiodism.

ThephenomenonofphotoperiodismwasfirstdiscoveredbyGarnerandAllard

( 1920) whoobservedthat Biloxi varietySoybeanandMarylandMammoth

varietyof tobaccocouldbemadeto floweronlywhenthedaily exposureto

the light wasreducedbelowa certaincritical durationand after many

complexexperimentsconcludedthat the relativelengthof the day is first

importancein thegrowthanddevelopmentofplants.



Photoperiodismcandefineasoneof theplantõsmechanismswhereit can

sense the alternations in the day and night length through

the photoreceptorproteinsanddecideswhento induceflowering.Thatõs

whydifferentplantspeciesdevelopflowersondifferentseasons,whichis

onlydueto thedifferencein thelengthofphotoperiod.Thephotoreceptors

like phytochromesandcryptochromescanperceivethelight stimulusand

canproducesignalsto inducefloweringin a plant with respectto the

critical length of photoperiod. Critical photoperiodcan defineas the

minimumdurationoflight requiredtoinduceflowering.



Depending upon the duration of 

photoperiod, they classified plants into 

main three categories:

1. Short day plant( long night plant)- SDP

2. Long day plant( short night plant)- LDP

3. Day neutral plants- DNP



Shortdayplant(Long-nightplant)
Theseplantsrequiredare relativelyshortdaylight

period(usually8 to 10hours)anda continuousdark

period of about 14 to 16 hours for subsequent

flowering.

example- MarylandMammothvariety of tobacco,

BiloxivarietyofSoybean.

1. In shortdayplantsthe darkperiodis critical and

mustbecontinuous. if thisdarkperiodis interrupted

withabriefexposureredlight(660- 665micrometre

wavelength),theshortdayplantwill notflower.

2. Maximuminhibitionof floweringwith red light

occursatthemiddleofcriticaldarkperiod.

Contdé



3.Theinhibitoryeffectofredlight canbeovercomebyasubsequentexposure

withfar-redlight(730- 735micrometrewavelength).

4. Interruptionof thelight periodwith redlight doesnotinhibitoryeffecton

floweringinshortdayplant.

5.Prolongationof thecontinuousdarkperiodinitiatesearlyfloweringin short

dayplants.



Longdayplants(Shortnightplants)
Theseplantsare requireda longer light period(

usually 14 to 16 hours)in 24 hours cycle to

subsequentflowering.

Examples- spinach,sugarbeet

1.Inlongdayplantsthelightperiodcritical.

2. A brief exposurein the dark period or the

prolongationofthelight periodstimulatesflowering

in longdayplants.



Day neutral plants
Theseplantsflowerinall photoperiodrangingfrom5

hoursto24hourscontinuousexposer.

Example- cotton,tomato,sunflower



Longshortdayplants
Theseareshortday plantsbut mastexposedto longdaysduringearly periodsof

growthforsubsequentflowering.

Example- Bryophyllum,Cestrumnocturnum

Shortlongdayplants
Thesearelongdayplantsbut mustbeexposedto shortdaysduringearlyperiodsof

growthforsubsequentflowering.

ExampleSickle,Triticum

Intermediatedayplants
Plantsflowerwhendaysareneithertoolongortooshort.

Example- Saccharumspontaneum,Coleushybrida

Amphiphotoperiodicplant
Plantsquantitativelybyintermediatedaylengths.

Example- Madiaelegans,Setariaverticillata



Photoperiodic induction
An appropriatephotoperiodin 24 hoursõ

cycle constitutesone inductive cycle.

Plantsmayrequireoneor moreinductive

cyclesfor flowering. Thephenomenonof

conversionof leaf primordiainto flower

primordiaunderthe influenceof suitable

inductive cycles is

called photoperiodic induction.

Example: Xanthium(SDP)ð1 inductive

cycleandPlantago(LDP)ð25 inductive

cycles.



Photoperiodicstimulusis perceivedby the leaves. Floral

hormoneis synthesisedin leavesandtranslocatedto the

apicaltip topromoteflowering.Thiscanbeexplainedbya

simple experiment on Cocklebur (Xanthium

pensylvanicum),a shortdayplant.UsuallyXanthiumwill

flowerundershortdayconditions.If theplantisdefoliated

and kept undershortday conditionsit will not flower.

Floweringwill occurevenwhenall theleavesareremoved

exceptoneleaf.If acockleburplantisdefoliatedandkept

underlongday conditions,it will not flower. If oneof its

leavesisexposedtoshortdayconditionandrestarein long

day condition,floweringwill occur.Thenatureof flower

producingstimulushasbeenelusivesofar.It isbelievedby

manyphysiologiststhatit isahormonecalledflorigen.The

termflorigenwascoinedbyChailakyan(1936)butit isnot

possibletoisolate.

Site of 

Photoinductive 

perception



Light and Plant Development

u Plants detect parts of the light spectrum that are relevant for 
photosynthesis.

u Classes of major plant photoreceptors:

u 1) Phytochromes : detect red light

u 2) Cryptochromes : detect blue light

u 3) Phototropins : detect blue light
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Phytochromes



uPhytochromeproteinoccursasa dimerof two124kDapolypeptides,each
withacovalently-attachedpigmentmolecule.

uThepigmentiscalledchromophore.It isalineartetrapyrrole.

uWhenthechromophoreabsorbslight,thereisaslightchangein itsstructure.
Thiscausesa changein theconformationalof theproteinto the formthat
initiatesaresponse.

uMoleculargeneticshasrevealedthe existenceofseveralgenesfor this
proteininagivenplant.

uThedifferentphytochromesareinvolvedin differentbiologicalresponsesto
redlight.

uPlantsmake5phytochromes:PhyA,PhyB,PhyC,PhyD,PhyE.



Fig. 15-22, p. 253
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History of  Phytochrome discovery

Short-day plants flower only when

nightsaresufficientlylong.Whenlong

nightsareinterruptedby a shortdose

of white light, flowering is again

delayed.Theactivewavelengthforthis

light-responsewas found to be red

light. Moreover,the effectof the red

light treatmentcouldbesuppressedby

treatmentwithfarredlight.

Suggeststhe existenceof a receptor

proteinthat is activatedby red light

andinhibitedbyfarredlight.





History of  Phytochrome discovery

Phytochrome was also

shown to control the

germinationof seeds. Red

light (activates the

receptor) promotesseed

germinationand far red

light suppressesthe red

lighteffect.



A protein linked to a chromophore.

The chromophore (a tetrapyrrole compound) allows phytochrome to 

change in response to red or far-red light. 




