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PHOTOPERIODISM

PHOTOPERIODISM

Primary Disciplinary Field(s): Plant Biology (Botany), Physiology, Ecology, Zoology

1. Core Definition

Photoperiodism is defined as the physiological and behavioral responses of organisms, primarily
plants and certain animals, to changes in the relative duration of light and dark periods within a 24-
hour cycle. This environmental cue, known as the photoperiod, serves as a reliable seasonal
predictor, allowing organisms to synchronize critical life cycle events, such as flowering, dormancy,
migration, and reproduction, with optimal environmental conditions. While early research focused
heavily on the length of the day, modern understanding reveals that the crucial regulatory factor for
many photoperiodic responses, especially in flowering plants, is the uninterrupted length of the
night (the scotoperiod). The mechanism relies on specialized photoreceptors that measure the
length of time exposed to or shielded from specific wavelengths of light, translating this external
signal into internal hormonal or genetic adjustments.

This sophisticated mechanism ensures that organisms avoid irreversible developmental steps,
such as initiating flowering or mating, during unsuitable seasons. For instance, plants must flower
when pollinators are active and conditions allow for seed maturation, while migratory birds must
begin their journey before harsh winter conditions set in. Thus, photoperiodism acts as a critical
interface between the predictable solar cycle and the internal biological clock of an organism,
facilitating survival and reproductive success across diverse ecosystems.

2. Etymology and Historical Discovery

The concept of photoperiodism was formally established and named in the early 1920s by U.S.
Department of Agriculture researchers W.W. Garner and H.A. Allard. They were investigating why
certain varieties of tobacco, specifically the Maryland Mammoth mutant, failed to flower during the

summer growing season in Washington D.C., but flowered readily when grown in greenhouses
during the winter. Their extensive experimentation demonstrated that the controlling factor was
neither temperature nor overall light intensity, but rather the relative length of the day. They initially
classified plants into three major groups based on their flowering response to day length.

Garner and Allard's foundational work, published around 1920, marked a paradigm shift in plant
physiology, demonstrating that the timing of reproduction was not merely a function of internal
maturation but was highly dependent on external, cyclical environmental signals. This concept
quickly expanded beyond flowering to encompass other seasonal physiological changes, such as
the formation of resting buds (dormancy) in temperate trees and the development of specialized
storage organs like tubers and bulbs.
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A significant refinement to the understanding of photoperiodism occurred later, spearheaded by
researchers such as Harry Borthwick and Sterling Hendricks. Through precise experiments
involving short bursts of light applied during the dark period (known as night breaks), they
demonstrated conclusively that for many plants, the crucial measurement was not the duration of
light, but the duration of uninterrupted darkness. Interrupting the dark period with a flash of light
proved highly effective at preventing flowering in plants requiring a long night (short-day plants),
effectively shortening the perceived scotoperiod. This insight solidified the role of the nocturnal
period as the primary regulatory phase in the photoperiodic clock.

3. Mechanism in Plants: The Phytochrome System

The primary mechanism by which plants perceive the quality and duration of light involves the
pigment system known as phytochrome. Phytochromes are photoreceptors that exist in two

interconvertible forms: Pr (P-red), which absorbs red light (660 nm) and is biologically inactive; and
Pfr (P-far-red), which absorbs far-red light (730 nm) and is typically the biologically active form that
triggers photomorphogenesis responses.

The interconversion of these forms is key to the time-measuring function. During daylight, red light
is abundant, converting most Pr into the active Pfr form. When darkness falls, the Pfr form slowly
reverts back to the inactive Pr form through thermal decay. The duration of darkness dictates how
much Pfr successfully decays. By morning, the plant measures the remaining concentration of Pfr
versus Pr, which provides a highly accurate gauge of the length of the night.

For Short-Day Plants (SDPs), flowering is inhibited by Pfr. They require a long, uninterrupted
night so that virtually all Pfr can decay to Pr. If the night is too short, or if a light flash converts Pr
back to Pfr, the high Pfr concentration inhibits the flowering response. Conversely, for Long-Day
Plants (LDPs), Pfr often acts as a promoter of flowering. They need Pfr to be present to trigger the
flowering pathway, meaning they require a short night so that the Pfr levels remain high enough at
dawn to activate downstream signaling cascades. This intricate molecular balance allows plants to
precisely differentiate between the short nights of summer and the long nights of winter.

4. Classification of Photoperiodic Responses

Based on the foundational work of Garner and Allard and subsequent research, plants are
categorized into three main photoperiodic groups, defined by their response to the critical night
length required for flowering:

Short-Day Plants (SDPs): These plants require a night period longer than a specific critical night
length to initiate flowering. If the night is shorter than this critical minimum, or if the dark period is
interrupted by a flash of light, flowering is inhibited. Examples include chrysanthemums, rice,
coffee, and poinsettias. These plants typically flower in the early spring or late autumn when days
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are short.

Long-Day Plants (LDPs): These plants flower only when the night period is shorter than a specific
critical night length (which corresponds to a long day). If the night exceeds this maximum length,
flowering will not occur. Examples include spinach, wheat, clover, and many temperate vegetables.
LDPs flower primarily during the late spring and summer when daylight hours are longest.

Day-Neutral Plants (DNPs): Flowering in these plants is independent of the photoperiod. They
flower when they reach a certain developmental stage or size, regardless of day or night length.
Their flowering is often triggered by internal factors, age, or cumulative heat units. Examples
include tomatoes, corn, cucumbers, and roses.

Beyond these three primary groups, secondary classifications exist, such as intermediate-day
plants (which require days of intermediate length) and long-short-day plants (LSDPSs) or short-long-
day plants (SLDPs), which require a sequence of changing photoperiods to complete their
flowering cycle. These complex responses highlight the highly diversified evolutionary strategies
plants utilize to optimize reproduction across different geographical and seasonal environments.

5. The Role of Florigen and Molecular Timing

The signaling cascade initiated by the phytochrome system culminates in the production and
transport of a mobile signal that travels from the light-sensing leaves to the apical meristem where
flowering occurs. This signal is known as florigen. For decades, florigen was hypothesized to be a
hormone, but molecular studies have identified it as the protein product of the FLOWERING
LOCUS T (FT) gene, which acts as the signaling molecule.

The production of the FT protein is tightly regulated by the photoperiod. In LDPs, for instance, the
transcription of the FT gene is often controlled by the CONSTANS (CO) gene. The CO protein is
stable and active only when produced during the light period. During long days, CO protein
accumulates and activates FT expression, leading to florigen production and subsequent flowering.
During short days, CO protein is degraded during the long night, preventing FT expression. This
molecular interplay between the light signal (phytochrome), the internal clock (circadian rhythms),
and the regulatory genes (like CO and FT) allows for highly precise seasonal timing.

6. Photoperiodism in Zoology and Behavioral Ecology

While photoperiodism is most extensively studied in plants, animals also exhibit significant
physiological and behavioral responses tied to day length, primarily mediated through the pineal
gland and the secretion of the hormone melatonin. The duration of melatonin secretion accurately
reflects the length of the night, providing animals with an internal measure of the season.
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In vertebrates, photoperiodism regulates crucial life events, most notably reproductive timing.
Many temperate zone mammals and birds synchronize their breeding seasons to ensure that
offspring are born when food resources are plentiful and climatic conditions are favorable. For
example, deer and sheep are often "short-day breeders," initiating reproduction as day lengths
shorten in the autumn, allowing gestation to conclude in the spring. Conversely, many songbirds
are "long-day breeders," initiating reproduction in the spring as day lengths increase.

Furthermore, photoperiodism dictates migration patterns, hibernation onset, and changes in fur or
feather thickness and color (e.g., seasonal molting). In insects, photoperiod acts as the primary
cue for entering diapause (a state of arrested development or metabolic suppression) to survive
harsh winter conditions. The ability to anticipate seasonal changes through light sensing is thus
fundamental to the ecological success and distribution of vast numbers of animal species.

7. Agricultural and Ecological Significance

The practical application of understanding photoperiodism is immense, particularly in agriculture
and horticulture. Controlled environment agriculture (CEA), such as greenhouses, relies heavily on
manipulating the photoperiod to achieve desired outcomes. For example, commercial growers of
short-day ornamental plants, such as poinsettias, must ensure long, uninterrupted nights to induce
timely flowering for seasonal markets. Conversely, ensuring continuous light or night breaks can
prevent premature flowering in high-value leafy vegetables like spinach, extending their vegetative
phase.

Ecologically, photoperiodism is crucial for maintaining biodiversity and ecosystem function. It
dictates the synchronization of flowering within plant communities, which in turn affects pollinator
activity and seed dispersal. Moreover, the photoperiodic control of dormancy (bud set) in trees
ensures that woody species prepare adequately for freezing temperatures, defining the northern
and altitudinal limits of many plant distributions. Climate change poses a significant challenge to
photoperiodic synchronization, as rising global temperatures may cause organisms to respond to
thermal cues earlier, potentially resulting in a temporal mismatch (phenological mismatch) with the
strict, unmoving photoperiodic cues, thereby threatening species survival.

Further Reading

Photoperiodism (Wikipedia Entry)
Phytochrome: Plant Photoreceptor System
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Molecular Mechanisms of Photoperiodism in Plants (NCBI Review)
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