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Growth control effects of the physical

environment



Factors affecting growth

Physical

- light

- temperature

- moisture/air humidity

- quality of vessels

- osmotic concentration of 
the media

- gaseous environment in 
the vessels

Chemical

- composition of the medium

- macroelements

- microelements

- vitamins

- plant growth regulators

- carbohydrate sources

- solidifying (gelling) agents



Influence of light

Plants need the light for:
- photosynthesis – exogenous CH sources can substitute

- photomorphogenesis 

- phototropism – low significance by in vitro cultures

photomorphogenesis: light induced development in the 
plants. The wavelength has more impact than the 
intensity of the light!



Influence of light

The three aspects of light which most clearly 
influence (in vitro) growth:

- wavelength

- flux density (intensity of light)

- photoperiod – duration of light exposure



The effect of wavelength on the rate of 

photosynthesis and the visibility of light
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Influence of wavelength on growth

Red light (650-680 nm):

- main utilizer is the chlorophyll molecule
- essential for the induction of organogenesis
- promotes the accumulation of cytokinins in the tissues

therefore it helps to produce more shoots

- lowers the concentration of auxins (rooting phase!)

Lighting BLUE BLUE RED RED

Cytokinin 

biosynthesis
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occur
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Cytokinin 

added to 

medium
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Small amount Normal 

amount

Results



Influence of wavelength on growth

Blue light (365-470 nm):
- utilized by the flavin and carotinoid pigments
- between 440-470 nm the chlorophyll can absorb it too
- influences mainly the growth of callus cultures:
promotes the somatic embriogenesis but inhibites its

development
- enhance the biosynthesis of gibberellic and abscisic acid

Green-Yellow light:
- breakdown of auxins is high in this spectral range
- causes relative predominance of cytokinins in the tissues
- induces the development of adventitious shoots and buds
especially by fruit tree cultures



Influence of photoperiod on growth

Daylength influences plants in two ways:

By regulating the amount of radiant 

energy intercepted

Through a controlling mechanism 

whereby plants are able to 

recognise changes in the 

environment – the daylength

Periodic light-dark changes are essential for induction of organogenesis.

12-16 (light)/12-8 (dark) hour periods is suitable for most plants.

For Chrysanthemums (and for other short day plants) 16 hours of light is 

required for vegetative growth



Temperature
Isolated plant tissues and organs („explants”) are not capable to resist the 
high fluctuation of temperature like the intact plants in the nature.

- for most temperate culture an average of 25 °C (17°-32°C) is optimal

- for tropical and subtropical plants an average of 28 °C (24°-32°C) 
(e.g. Citrus, rice, cotton, Bougainvillea)

- night temp: 4-8°C lower (lowers the dark respiration and heating cost) 
but not essential!

- cytokinin activity depends on the temperature –
decreases then stops at high temperature

- a constant temperature is more beneficial to the organogenesis of the 
tubers and bulblets (potato, Lilium)

- low temperature (4-5°C) combined with dark can be suitable for storing 
temperate zone woody plant cultures for several months (especially 
apple, pear, sorb)

- very high temperature (38°C) is good for eliminating viruses



Moisture and humidity
The source of air humidity in sealed vessels is the evaporation of water from the 
medium.

- optimal R.H. value is 75-80% in most cases 
- under 60% desiccation will occur (soft tissues – open stomata)
- above 90% hyperhidration (vitrification) will likely occur

-Acclimatisation: training the plants to tolerate low R.H.

Type of sealing Relative humidity

screw-top lid, parafilm, tin-foil 100%

semi closed screw-top lid 80%

cotton wool plug 70%

cling-film (plastic wrap, foil) 60%

filter paper 50%



Moisture and humidity
Options for decreasing the air humidity in the vessels:

- providing better gas exchange (sealing is less tight, the R.H. in the growth 
room should be less than in the vessels)

- Covering the surface of the media with lanolin or mineral oil

- Using silica gel in the vessels

- Cooling the base of the vessels

Temp. diff. 

between the 

top and the 

base of the 

vessel

Temperature at the base or at the top of the vessel

20 °C 25 °C 30 °C

0,5 °C 97 % 97 % 97 %

1 °C 94 % 94 % 94 %

2 °C 88 % 88 % 88 %

3 °C 83 % 83 % 84 %

4 °C 78 % 79 % 80 %

5 °C 74 % 75 % 75 %



Type and size of container vessels

• size of the vessel can predefine the growth of the plant

• it predefines also the amount of media used

• properties of the vessels (shape,material) define the 
microclimatic conditions inside

• few theoretical based research is available in this topic, rather 
practical results and they usually show: 

- that growth is not at an optimum in small containers (e.g. 60 ml tubes)

lack of space for growth
low puffer capacity in the air space

- sufficient gas exchange is important – type of sealing
- if the material is glass then glasshouse effect can occur by high irradiances





Osmotic concentration of the media 1.

• define the availability of water for the plants

• regulation opportunity for plants with low or high water 
demand

Van’t Hoff’s equation: Ψsolution = -c R T φ
c – concentration of solutes in moles/litre
R – the gas constant
T – temperature in Kelvin
φ – ozmotic coefficient (must be used in practice for correction)

At 0°C, 1 litre of solution containing 1 mole ion or undissociated compound has the 
following osmotic potential:
Ψsolution = -1× 0,082054 × 273,16 = -2,2414 MPa 

Osmotic potential of the media solution:

Ψsolution ≈ Ψmacroelements + Ψsugars + Ψsolidifying agents



Osmotic concentration of the media 2.

Contributors of the osmotic potential:

- Solidifying agents – agar, Gelrite (polysaccharide)
negligible contribution Ψ ≈ -0,01 MPa

- macroelements – influences also the nutrient supply!
depends on the concentration ΨMS solution = -0,237 MPa

- sugars:
determinative contribution Ψ3% saccharose = -0,230 MPa

- saccharose, glucose, fructose, maltose etc. – E-source simultaneously

- sorbitol, mannitol (sugar alcohols) – only osmotic regulants
(except by Rosaceae, that can utilise them as an energy source too)

An example for the ratio of the osmotic potential contributors

Medium Ψ3% saccharose Ψmacroelements

Murashige-Skoog 50% 50%

Schenk & Hildebrand 60% 40%

White 80% 20%



Growth regulation effect of the osmotic potential of the medium:

by increasing it:

• tissue water content reduces, dry weight rises

• cell division is inhibited

• senescence is promoted

• the R.H. is decreasing in the airspace of the vessel

by decreasing it:

• rooting is promoted

Osmotic concentration of the media 3.

Osmotic potential of different saccharose solutions

conc. (% w/v) Osmotic potential at 25°C (MPa)

0,5 -0,037

1,0 -0,074

1,5 -0,112

2,0 -0,149

2,5 -0,186

3,0 -0,223

4,0 -0,300

6,0 -0,461



Gaseous environment in the vessels
Carbon-dioxide supply

Respiration produces CO2

Type of culture Substrate of the respiration

AUTOTROPHIC Fixed carbon by photosynthesis

HETEROTROPHIC The sugar content of the media

MIXOTROPHIC both

Controlling factors

Photosynthesis

At compensation 

point

For autotrophic cultures Near saturation level

Light (μmol/m2s) 20 
(1,5 klx)

65-250 
(5-19 klx)

100-2000 
(7,5-150 klx)

CO2 (ppm) 30-80 350 500-1000

The effect of light and carbon dioxide on photosynthesis



Type of cultures according to nutrition
Heterotrophic/mixotrophic cultures

The photosynthetic apparatus is present

(chloroplasts and the electron transport system)

BUT not active or not fully active: 

- activity of the RuBisCO enzyme is repressed

- chlorophyll levels are lower

Reason: supplemented sugar blocks the activity of RuBisCO

Consequence: the carbon balance is negative  (rare exception: Dieffenbachia)

(the plant will be „lazy”, will use the supplemented sugar)

Effect: acclimatization is difficult, the enzyme activity will not restart in the 

old leaves, only in the newly developed tissues
e.g.: mixotrophic strawberry culture is unable to become autotrophic when plantlets are 

transferred to a sugar-free medium – leaves become necrotic

If however plantlets are defoliated before transfer, new shoots will have high photosynthetic rate  

Autotrophic cultures
- cultures initiated from small explants are unable to grow this way

- later culture stages might be suitable for autotrophic conditions –worthwhile?

- acclimatization is easier, but lighting cost during the culture is higher



Autotrophic 

growth

Mixotrophic growth

CO2 conc. in 

growth room

5000 ppm

(supplemented)

500 ppm

(ambient air)

5000 ppm

(supplemented)

illuminance

μmol/m2s

150-200 >65 10-20

saccharose in 

the media

No Yes Yes

CO2 

accumulation in 

the vessels

CO2 350 ppm CO2 30-80 ppm CO2 5000 ppm

notes sufficient light 

and CO2

sufficient light, 

unsufficient CO2

unsufficient light 

so CO2 

accumulates


