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Roberto Lopez

Effects of Light Quality and Duration 
on Greenhouse Crops                 

• Light is a form of energy referred to as 
electromagnetic radiation. The amount of 
energy of each light particle is determined 
by its wavelength

• Therefore light can vary in:
– Quality (color and wavelength), 
– Duration (photoperiod), and 
– Quantity or Intensity (quantity of light at each 

wavelength or color)

Review of               
Light Concepts

• Light quality is the relative number of 
photons of blue, green, red, far red, and 
other portions of the light spectrum

• The wavelength is the distance between 
“waves”, and different colors have 
different wavelengths

• Units of wavelength are in nanometers 
(nm or billionth of a meter)

Light Quality

• The energy used for plant growth is in the 
visible part of the light spectrum and is 
called Photosynthetically Active Radiation 
(PAR)

• PAR has wavebands from 400 to 700 nm: 
– Blue light is between 400 to 500 nm 
– Red light is between 600 to 700 nm
– Far red is between 700 to 800 nm

Light Quality

Category Wavelength (nm) Effects
Short wavelength (high energy)

UV – C 100 – 280 Water sterilization
UV – B 280 – 320

UV – A 320 – 380 Stem elongation, 
anthocyanin

Visible 380 – 780                      
(PAR 400 – 700)

Photosynthesis, 
growth

Far red 700 – 800
Stem elongation, 

day length 
perception

Infrared 780 – 2500 Heat
Long wavelength (low energy)

Light Quality

• Photomorphogenesis is the effect of 
light on plant development and 
morphology (ie. germination, stem 
elongation and flowering)

• Photoreceptors within plants function 
as light sensors that provide 
information on subtle changes in light 
composition in the environment

Light Quality
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• Phytochrome is a major photoreceptor in 
plants for light quality detection

• It consists of two forms, Pr and Pfr, which 
have peak absorptions in red (670 nm) and 
far-red (730 nm) wavelengths of light, 
respectively

• Controls plant morphology in response to 
changes in Red to Far Red (R/FR) light ratio:
– photoperiod, stem extension, flowering, 

dormancy, tuber formation 

Light Quality

• Red light inhibits stem elongation and 
promotes branching

• Far-red light promotes stem elongation 
and flowering in long day plants, and 
inhibits branching

Light Quality

Proportion of Total Light within each Waveband*

Light Source
Light Distribution (%) Red to 

far red
ratio

Radiant 
yield
(%)Blue       

(400 to 500 nm)
Green

(500 to 600 nm)
Red       

(600 to 700 nm)
Far red     

(700 to 800 nm)

Direct sun 23 26 26 25 1.1 43
Canopy 4 15 11 70 0.15 N/A
Cool-white 
fluorescent lamp 21 52 24 2 10.7 22-27

High-pressure
sodium lamp 5 51 38 6 6 29-31

Incandescent
lamp 2 12 34 52 0.7 6-7

Metal halide 
lamp 18 49 25 8 3 20-21

*Modified from Lighting Up Profits

Light Quality

Light source R/FR
Potential to 

cause stretch

Photoperiod Response

LDP SDP
Incandescent 0.7 High Strong Strong

Sunlight 1.1 Moderate Strong Strong

Metal halide 3.3 Moderate Moderate
-strong Strong

High pressure 
sodium 5.9 Moderate Moderate

-strong Strong

Compact 
fluorescent 8.5 Low Low-

moderate Strong

Incandescent lamps have the lowest R/FR ratio and compact 
fluorescent have the highest R/FR ratio

Light Quality Is Influenced 
by Light Sources

Erik Runkle,            
Michigan State Univ.

Light Quality Is Influenced 
by Light Sources
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High R Low R

Low FR High FR
•Using LEDs different 
amounts of R and FR 
light were added to 
vary the R/FR ratio.

•Seedlings were shorter 
when the R/FR ratio was 
higher (more R light 
than FR light).

Impatiens walleriana Hook. f. Seedlings

R/FR Ratio                                     
170          4.1          0.9 

High R Low R

Low FR High FR

Incandescent 
Lamp

Compact 
Fluorescent Lamp

Tagetes erecta L. Seedlings

R/FR ratio                                            
8.5 0.7

Far-red filters limit stem elongation, but delays 
flowering in some species

Light Quality

Erik Runkle,            
Michigan State Univ.

R/FR ratio of sun light = 1.1 - 1.2

• Leaves absorb, reflect, 
and transmit light of 
different wavelengths.

• Only a small portion of FR 
(700 - 800 nm) is absorbed.

•10- 20 times more FR light is 
transmitted through a leaf 
than R light (more R light is 
absorbed). 

Filtering of Light

Shade Avoidance 
Response

• As plants grow, they begin to shade one 
another in a competitive environment (ie. 
under a forest canopy or tightly spaced 
greenhouse bench)

• As shading increases, the R/FR ratio 
decreases and promotes stem 
elongation

• When stem extension increases in 
response to shading, it is called a shade 
avoidance response

Shade Plants Versus Sun Plants

• Not affected by the 
R/FR ratio  

• Amount of FR present 
does not affect stem 
elongation

• Are affected by the 
R/FR ratio  

• The greater the 
amount of FR present, 
the greater the rate 
of stem elongation

Shade plants 
(typically grow 
under a tree 

canopy)

Sun plants 
(typically grow in 

a sunny 
environment)
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Proper spacing 
between plant

Insufficient space 
between plants

Plant Spacing Generous Poinsettia Spacing

Tight Poinsettia Spacing Tightly Spaced Impatiens

• Tightly spaced plants required more 
growth regulators, and are often of 
lower quality

• Quality of most greenhouse crops 
can be improved by re-spacing the 
plants when leaves are overlapping

Effect of Plant Spacing Effect of Plant Spacing

• If plants are short, they can be 
spaced closer together so their 
leaves just touch, promoting the 
shade avoidance response

• Incandescent lamps can be used to 
promote stem elongation of crops 
that are short
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• Use compact fluorescent, high pressure 
sodium or metal halide to limit stem 
elongation

• Use incandescent lighting to 
promote stem elongation 
and flowering of LD plants

• Increase plant spacing to                                  
avoid the consequences of                               
the shade avoidance response

Controlling 
Light Quality

• Photoperiod refers to the duration of 
light hours in the day

• It is actually the duration of darkness 
that is the signal

• In darkness, phytochrome is slowly 
converted from phytochrome far-red 
to phytochrome red (PFR to PR)

Photoperiod

• Short day plants (SDP) flower when 
the night length is long

• In the day, Pr is converted to Pfr

• The conversion only requires a brief 
exposure to white or red light

Flowering in              
Short-day Plants (SDP)

• In the dark, Pfr is slowly converted 
back to Pr. A long night means that 
there is a long time for the conversion 

• Under SD conditions (long night) at 
the end of the night period the 
concentration of Pfr is low

• In SDP, low Pfr concentration is the 
trigger for flowering

Flowering in              
Short-day Plants (SDP)

Short 
days

Long 
days

Pennisetum glaucum ‘Purple Baron’

Erik Runkle,            
Michigan State Univ.

• LDPs flower when the night length is 
short

• In the day, Pr is converted to Pfr

• During long days (short dark length), 
Pfr does not have time to breakdown 
in the dark 

• Consequently there remains a higher 
concentration of Pfr

Flowering in              
Long-day Plants (LDP)
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• Exposure to light during a long night 
(night interruption lighting) prevents 
the conversion from Pfr to Pr, thus 
triggering a flowering response

• In LDPs, a high concentration of Pfr
triggers a flowering response

Flowering in              
Long-day Plants (LDP)

Short days Long days

Coreopsis ‘Limerock Ruby’

Erik Runkle,            
Michigan State Univ.

Phytochrome

Phytochrome is a pigment with two interconvertible
form. The two forms elicit different responses 

Pr Pfr

darkness

730 nm                        
far-red light

670 nm                        
red light

SDP: long 
night, low Pfr

No response  
or inhibition

LDP: short 
night, high Pfr

Flowering 
Response

• Obligate response: plant flowers 
only if the night length is longer than 
some critical length (obligate short 
day) or shorter than some critical 
length (obligate long day)

Photoperiodic 
Responses

• Facultative response: plant flowers 
irrespective of the photoperiod 

• However, flowering is faster under 
longer night lengths (facultative 
short day) or shorter night lengths 
(facultative long day)

Photoperiodic 
Responses Long-day Plants

• Flower when the night length is shorter
than a critical duration (therefore, the 
photoperiod is long)

• Examples:
– Dianthus
– Lobelia
– Pansy

– Petunia
– Snapdragon
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Obligate LD 
Response

LD SD

Facultative LD 
Response

LD SDChris Currey, Purdue

10 hr 12 hr 13 hr 14 hr 16 hr 24 hr NI

Obligate Long-Day Response
Rudbeckia fulgida ‘Goldstrum’

Erik Runkle, Michigan State Univ.

15 weeks at 5 ºC

10 hr 12 hr 13 hr 14 hr 16 hr 24 hr NI

Facultative Long-Day Response
Leucanthemum ×superbum ‘Snowcap’

Erik Runkle, Michigan State Univ.

Short-day Plants
• Flower when the night length is longer than a 

critical duration(therefore the photoperiod is 
short)

• Examples:
– Celosia
– Cosmos
– Marigold (French)
– Morning glory
– Poinsettia
– Zinnia

Obligate SD 
Response

SD LD

Facultative SD 
Response

SD LD
Chris Currey, Purdue

Day Neutral Plants
• Flowering does not occur in response to 

daylength
• Examples:

– Vinca
– Impatiens
– Wax begonia
– Stock Short days Long days
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Take Home Message

• Light Quality influences
– plant development (flowering) and morphology 

(stem elongation)
• Changes in Red to Far Red (R/FR) light ratio

• Photoperiod
– It is actually the duration of the dark period that 

is the signal
– Long-day, short-day and day neutral responses

• Obligate and Facultative


