
PHOTOPERIODISM  

An organism’s capacity to measure the proportion of daylength in a 24-hour period is known 

as photoperiodism. The switch from the vegetative state to the flowering state is arguably one 

of the most dramatic and mysterious events in the life of a flowering plant. Photoperiodism 

influences many aspects of plant development such as tuber development, leaf fall, and 

dormancy, but the control of flowering by photoperiod has attracted the major share of 

interest.  

Photoperiodic responses may be characterized by a variety of response types:  

Photoperiodic responses fall into one of three general categories. They are: short-day plants 

(SD plants), long-day plants (LD plants), and daylength-indifferent or day-neutral plants 

(DNP).  

          Short-day plants are those that flower only, or flower earlier, in response to daylengths 

that are shorter than a certain value within a 24-hour cycle. Long-day plants respond to 

daylengths that are longer than a certain value, while day-neutral plants flower irrespective of 

daylength. Within the long- and short-day categories, we also recognize obligate and 

facultative requirements. Plants that have an absolute requirement for a particular 

photoperiod before they will flower are considered obligate photoperiodic types. The 

common cocklebur (Xanthium strumarium), for example, is an obligate short-day plant. On 

the other hand, most spring cereals such as wheat (Triticum sp.) and rye (Secale cereale) are 

facultative long-day plants. Although spring cereals will eventually flower even if maintained 

under continuous short days, flowering is dramatically accelerated under long days.  
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In addition to these three basic categories, there are a number of other response types that 

flower under some combination of long and short days. Long-short-day plants (LSD plant)—

they will flower only if a certain number of short days are preceded by a certain number of 

long days i.e., species of the genus Bryophyllum. The reverse is true of the short-long-day 

plant (SLD plant) Trifolium repens (white clover). Intermediate-daylength plants, for 

example, flower only in response to daylengths of intermediate length but remain vegetative 

when the day is either too long or too short. Another type of behavior is 

amphophotoperiodism, illustrated by Madia elegans (tarweed). In this case, flowering is 

delayed under intermediate daylength (12 to 14 hours) but occurs rapidly under daylengths of 

8 hours or 18 hours.    

 

PHYTOCHROME  

Phytochrome were first identified in flowering plants as the photoreceptors responsible for 

photomorphogenesis in response to red and far-red light. Phytochrome, a blue protein 

pigment with a molecular mass of about 125 kDa (kilodaltons). The effects of red light (650–

680 nm) on morphogenesis could be reversed by a subsequent irradiation with light of longer 

wavelengths (710–740 nm), called far-red light.   

          They are present in all land plants, and have also been found in streptophyte algae, 

cyanobacteria, other bacteria, fungi, and diatoms. Bacterial phytochrome like protein (BphPs) 

regulates the biosynthesis of photosynthetic apparatus in Rhodopseudomonas and pigments in 

Deinococcus and Rhodospirillum.  

Phytochrome Can Interconvert between Pr and Pfr Forms  

In dark-grown or etiolated plants, phytochrome is present in a red light–absorbing form, 

referred to as Pr because it is synthesized in this form. Pr is converted by red light to a far-red 
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light– absorbing form called Pfr. Pfr, in turn, can be converted back to Pr by far-red light. 

This conversion/reconversion property is known as Photoreversibility. 

 

When Pr molecules are exposed to red light, most of them absorb it and are converted to Pfr, 

but some of the Pfr also absorbs the red light and is converted back to Pr because both Pr and 

Pfr absorb red light. Thus the proportion of phytochrome in the Pfr form after saturating 

irradiation by red light is only about 85%. Similarly, the very small amount of far-red light 

absorbed by Pr makes it impossible to convert Pfr entirely to Pr by broadspectrum far-red 

light. Instead, an equilibrium of 97% Pr and 3% Pfr is achieved. This equilibrium is termed 

the Photostationary state.  

  Phytochrome is the Primary Photoreceptor in Photoperiodism  

In many SDPs, a night break becomes effective only when the supplied dose of light is 

sufficient to saturate the photoconversion of Pr (phytochrome that absorbs red light) to Pfr 

(phytochrome that absorbs far-red light). A subsequent exposure to far-red light, which 

photoconverts the pigment back to the physiologically inactive Pr form, restores the 

flowering response.  

          In some LDPs, red and far-red reversibility has also been demonstrated. In these plants, 

a night break of red light promoted flowering, and a subsequent exposure to far-red light 

prevented this response. 

 

Ref: Plant Physiology by Taiz and Zaiger, 3rd ed



Gibberellins Can Induce Flowering in Some Plants 

Among the naturally occurring growth hormones, gibberellins (GAs) can have a strong 

influence on flowering.  

 Recent studies suggest that gibberellin promotes flowering in Arabidopsis by 

activating expression of the LFY gene (Blazquez and Weigel 2000).  

 Exogenous gibberellin can evoke flowering when applied either to rosette LDPs like 

Arabidopsis, or to dual–day length plants such as Bryophyllum, when grown under 

short days (Lang 1965; Zeevaart 1985).  

 In addition, application of GAs can evoke flowering in a few SDPs in noninductive 

conditions, and in cold-requiring plants that have not been vernalized.  

 Cone formation can also be promoted in juvenile plants of several gymnosperm 

families by addition of GAs.  

Thus, in some plants exogenous GAs can bypass the endogenous trigger of age in 

autonomous flowering, as well as the primary environmental signals of day length and 

temperature.  

Plants contain many GA-like compounds. Most of these compounds are either precursors 

to, or inactive metabolites of, the active forms of GA. In some situations different GAs 

have markedly different effects on flowering and stem elongation, such as in the long-day 

plant Lolium temulentum(darnel ryegrass). These observations suggest that the regulation 

of flowering may be associated with specific GAs, but they do not prove that GA is the 

hypothetical flowering hormone. In fact, a certain level of GAis likely to be required for 

flowering in many species, but other pathways to flowering are necessary as well. For 

example, a mutation in GA biosynthesis renders the quantitative LDP Arabidopsis 

thaliana unable to flower in non-inductive short days but has little effect on flowering in 

long days, demonstrating that endogenous GA is required for flowering in specific 

situations (Wilson et al. 1992). Considerable attention has been given to the effects of day 

length on GA metabolism in the plant. For example, in the long-day plant spinach 

(Spinacia oleracea), the levels of gibberellins are relatively low in short days, and the 

plants maintain a rosette form. After the plants are transferred to long days, the levels of 

all the gibberellins of the 13-hydroxylated pathway  increase. However, the fivefold 

increase in the physiologically active gibberellin, GA1, is what causes the marked stem 

elongation that accompanies flowering. In addition to GAs, other growth hormones can 

either inhibit or promote flowering. The floral stimulus may be composed of many 

components, and these components may differ in different groups of plants. 
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VERNALIZATION: PROMOTING FLOWERING WITH COLD 

Vernalization is the process whereby flowering is promoted by a cold treatment given to a 

fully hydrated seed (i.e., a seed that has imbibed water) or to a growing plant. Dry seeds do 

not respond to the cold treatment. Without the cold treatment, plants that require 

vernalization show delayed flowering or remain vegetative. In many cases these plants grow 

as rosettes with no elongation of the stem (Figure 24.25). 

 

Vernalization Results in Competence to Flower at the Shoot Apical Meristem  

Plants differ considerably in the age at which they become sensitive to vernalization. 

Winter annuals, such as the winter forms of cereals (which are sown in the fall and flower 

in the following summer), respond to low temperature very early in their life cycle. They 

can be vernalized before germination if the seeds have imbibed water and become 

metabolically active.  

Other plants, including most biennials (which grow as rosettes during the first season 

after sowing and flower in the following summer), must reach a minimal size before they 

become sensitive to low temperature for vernalization.  

The effective temperature range for vernalization is from just below freezing to about 

10°C, with a broad optimum usually between about 1 and 7°C (Lang 1965). The effect of 

cold increases with the duration of the cold treatment until the response is saturated. The 

response usually requires several weeks of exposure to low temperature, but the precise 

duration varies widely with species and variety.  

Vernalization can be lost as a result of exposure to devernalizing conditions, such as high 

temperature (Figure 24.26), but the longer the exposure to low temperature, the more 

permanent the vernalization effect.  
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Vernalization appears to take place primarily in the shoot apical meristem. Localized 

cooling causes flowering when only the stem apex is chilled, and this effect appears to be 

largely independent of the temperature experienced by the rest of the plant. Excised shoot 

tips have been successfully vernalized, and where seed vernalization is possible, 

fragments of embryos consisting essentially of the shoot tip are sensitive to low 

temperature.  

In developmental terms, vernalization results in the acquisition of competence of the 

meristem to undergo the floral transition. Competence to flower does not guarantee that 

flowering will occur. A vernalization requirement is often linked with a requirement for a 

particular photoperiod (Lang 1965). The most common combination is a requirement for 

cold treatment followed by a requirement for long days—a combination that leads to 

flowering in early summer at high latitudes. Unless devernalized, the vernalized meristem 

can remain competent to flower for as long as 300 days in the absence of the inductive 

photoperiod. 

Vernalization May Involve Epigenetic Changes in Gene Expression  

It is important to note that for vernalization to occur, active metabolism is required during 

the cold treatment. Sources of energy (sugars) and oxygen are required, and temperatures 

below freezing at which metabolic activity is suppressed are not effective for 

vernalization. Furthermore, cell division and DNAreplication also appear to be required.  

One model for how vernalization affects competence is that there are stable changes in 

the pattern of gene expression in the meristem after cold treatment. Changes in gene 

expression that are stable even after the signal that induced the change (in this case cold) 

is removed are known as epigenetic regulation. Epigenetic changes of gene expression in 

many organisms, from yeast to mammals, often require cell division and DNA 

replication, as is the case for vernalization. The involvement of epigenetic regulation in 

the vernalization process has been confirmed in the LDP Arabidopsis. In winter-annual 

ecotypes of Arabidopsis that require both vernalization and long days to flower, a gene 
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that acts as a repressor of flowering has been identified: FLOWERING LOCUS C(FLC). 

FLCis highly expressed in nonvernalized shoot apical meristems (Michaels and Amasino 

2000). After vernalization, this gene is epigenetically switched off by an unknown 

mechanism for the remainder of the plant’s life cycle, permitting flowering in response to 

long days to occur (Figure 24.27). In the next generation, however, the gene is switched 

on again, restoring the requirement for cold. Thus in Arabidopsis, the state of expression 

of the FLC gene represents a major determinant of meristem competence (Michaels and 

Amasino 2000). 
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