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Experiment object: 

Chinese cabbage Brassica chinensis L.,

cultivar Vesnyanka,

selected in All-Russian Research Institute of 

Vegetable Breeding and Seed Production of 

Russian Academy of Agricultural Sciences



Control sowing under high pressure sodium 

lamp ДНаТ- 400W

Experimental sowing under red 

(650nm) and blue (470nm) diodes 

lamp



Red and blue LED lamps



Root module for plants growth:

porous ceramic-metal tube with fibrous ion-exchange soil 

substitute, joining Mariotte vessel



1. About 400 micromol-2. s-1
- Normal

2. About 100 micromol-2. s-1
-Low

3. 100 (to 12 d)--400(after 12 d) -

Variable
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170 days



Experiment conditions

• Growth method: hydroponics

• Mineral nutrition: standard Chesnokov solution

in 0,5 strength with microelements according 

to Hoglund

• Water potential in a root zone:

(-1,0) ± 0,1 kPa

• Air temperature: 25 ± 1 оС

• Relative air humidity: 15 ± 5 %



Under PPF density about Under PPF density about 100 100 µMµM/(m²/(m²s) s) in a phase of technical in a phase of technical 

ripeness (27 days old plants), plants in control and test variants ripeness (27 days old plants), plants in control and test variants 

did not differ significantly in:did not differ significantly in:

•• Structure Structure of photosynthesisof photosynthesis apparatusapparatus;;

•• Fresh Fresh weightweight of shootsof shoots;;

•• PhotochemicalPhotochemical activityactivity of chloroplasts membraneof chloroplasts membrane;;

•• IntensityIntensity of of oxygenoxygen active formsactive forms generationgeneration in chloroplastsin chloroplasts..

Under suchUnder such PPF PPF densitydensity plantsplants didn’t startdidn’t start blossomblossom neither in neither in 

control nor in experimental variant.control nor in experimental variant.



Under Under PPF density about 100 µMPPF density about 100 µM/(m²/(m²s) s) in a phase of technical in a phase of technical 

ripeness (27 days old plants), plants in control and test variants ripeness (27 days old plants), plants in control and test variants 

differed significantly in:differed significantly in:

•• smaller part of root in a weight of a whole plantsmaller part of root in a weight of a whole plant;;

•• low concentration of dry matter in shootslow concentration of dry matter in shoots;;

•• low concentration of sugar in leaveslow concentration of sugar in leaves; ; 

•• high high photophosphorylationphotophosphorylation activity and in changed activity and in changed functionalfunctional

properties properties of chloroplasts proteinsof chloroplasts proteins;;

•• considerable prolongation of a vegetation periodconsiderable prolongation of a vegetation period;;

•• greater dry mass of shoots in the end of ontogenesisgreater dry mass of shoots in the end of ontogenesis



Under Under PPF density about PPF density about 400 400 µMµM/(m²/(m²s) s) in a phase of technical in a phase of technical 

ripeness (27 days old plants), plants in control and test variants ripeness (27 days old plants), plants in control and test variants 

did not differ did not differ significantly insignificantly in::

•• structure of photosynthesis apparatusstructure of photosynthesis apparatus;;

•• photochemical activity of chloroplasts membranesphotochemical activity of chloroplasts membranes;;

•• intensity of oxygen active forms formation in chloroplastsintensity of oxygen active forms formation in chloroplasts



Under PPF density about 100 µMUnder PPF density about 100 µM/(m²/(m²s) s) in a phase of technical in a phase of technical 

ripeness (27 days old plants), plants in control and test variants ripeness (27 days old plants), plants in control and test variants 

differed significantly in:differed significantly in:

••smaller fresh weight (by 25smaller fresh weight (by 25--30%) of shoots30%) of shoots

••smaller part of root in a mass of a whole plantsmaller part of root in a mass of a whole plant

••high concentration of dry matter in shootshigh concentration of dry matter in shoots

••low concentration of sugar in leaveslow concentration of sugar in leaves

••low low photophosphorylationphotophosphorylation activity and in changed functional activity and in changed functional 

properties of chloroplasts proteinsproperties of chloroplasts proteins

••smaller dry mass of shoots in the end of ontogenesissmaller dry mass of shoots in the end of ontogenesis

••absence of floweringabsence of flowering



UnderUnder PPFPPF densitydensity changechange duringduring plantplant growinggrowing (in(in firstfirst twelvetwelve

daysdays -- aboutabout 100100 µMµM/(m²/(m²s)s) thenthen aboutabout 400400 µMµM/(m²/(m²s))s)) inin aa phasephase ofof

technicaltechnical ripenessripeness considerableconsiderable distinctionsdistinctions betweenbetween controlcontrol andand

experimentalexperimental variantsvariants werewere markedmarked..

Sodium Sodium lamp lighting:lamp lighting:

••The The photosynthesis apparatus photosynthesis apparatus 

rapid adaptation to the rapid adaptation to the 

increasing of PPF level;increasing of PPF level;

••Chloroplast Chloroplast 

photophosphorylationphotophosphorylation activity activity 

growth;growth;

••Shoot growth increasing and Shoot growth increasing and 

root growth decreasing in root growth decreasing in 

comparison with constantly comparison with constantly 

growthinggrowthing plants under 400 plants under 400 

µMµM/(m²/(m²s);s);

••Formation of Formation of flowersflowers

LED lightingLED lighting::

••The photosynthesis apparatus The photosynthesis apparatus 

slow and incomplete adaptation to slow and incomplete adaptation to 

the increasing of PPF level;the increasing of PPF level;

••Chloroplast Chloroplast 

photophosphorylationphotophosphorylation activity activity 

slowdown;slowdown;

••Shoot growth decreasing and Shoot growth decreasing and 

root growth increasing in root growth increasing in 

comparison with constantly comparison with constantly 

growing plants growing plants underunder

400 400 µMµM/(m²/(m²s);s);

••Blossom absenceBlossom absence..



Biomass dynamics (according to the light regime) of plants shoots of Chinese cabbage 

grown under sodium lamp and red and blue LED light unit

Wet mass dynamics of shoots between 

15th and 27th days
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Dry mass dynamics of shoots between 27th

day and the end of vegetation
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Chinese cabbage plants crops, grown under a constant level of PPF

400 µM/m2s in the end of vegetation

Sodium lamp

Red and blue LED





Each LED light unit includes 40 1-Watt LED. 

Under consumed power of about 32 V, photons flux density averaged

1000 µM/(m2s) at 100 mm distance.



White, red and blue LED White and red LED White LED

Experimental crops under LED light units with various 

spectrum of radiation.





Biomass dynamics of plants shoots of Chinese cabbage grown under

sodium lamp and different LED light units under a constant level of PPF of

400 µM/(m2s )
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Indices of Chinese cabbage plants at the age of 27 

days old, grown under a sodium lamp and a 

different LED light units at constant level of PPF of 

400 µM/(m²s)

Transpiration coefficient,  (g of water )/(1 g of dry 

weight)

Specific density of leaf surface,  (mg of fresh 

weight) /cm2

Ratio of shoot and root fresh weight

Sodium lamp

White LED

White and red LED

White, red and blue LED



Chinese cabbage plants crops, grown under a constant PPF level about 

400 µM/(m2s) at 50-th day of growing

Sodium 

lamp

White LED

White, red and 

blue LED

White and red LED



••Under a constant PPF level between 350 Under a constant PPF level between 350 -- 400 µM/(m²400 µM/(m²s), reds), red--

andand--white LED light units assured a plants productivity white LED light units assured a plants productivity 

comparable with the same under sodium lamp and it makes comparable with the same under sodium lamp and it makes 

possible to recommend this LED unit for greens cultivation in possible to recommend this LED unit for greens cultivation in 

artificial lighting conditions under such light regime including artificial lighting conditions under such light regime including 

developing space plant growth facilities.developing space plant growth facilities.

••WhiteWhite--andand--red LED light unit made changes in physiological red LED light unit made changes in physiological 

indices and provoked ontogenesis breaches and it can indices and provoked ontogenesis breaches and it can 

adversely affect plants growth under other parameters of adversely affect plants growth under other parameters of 

light regimelight regime..

CONCLUSIONSCONCLUSIONS


