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Abstract. The application of light emitting diodes (LEDs) for supplemental lighting is expected to 
increase quality of tomato seedlings in north greenhouse with less cost. Experiments were carried out 
to investigate the effect of supplemental lighting by LEDs with two different spectral qualities (blue, 
red and the combination of the two) on the growth of tomato seedlings. Plants were grown under 
different spectral light treatments for a month. The photosynthetic photon flux (PPF, 400-700 nm) at 
the top of plants was adjusted to 100 µmol m-2 s-1. LEDs were used during the overnight period.  The 
lighting was provided at a PPF level of 50 µmol m-2 s-1. The air temperatures were kept between 18 
and 26°C. The relative humidity was maintained at 60% throughout the periods. The results showed 
that the growth of tomato seedlings was affected by the light quality of the overnight lighting. 
Particularly, Chlorophyll fluorescence parameters of tomato seedlings in solar greenhouse has 
change significantly, especially the value of φpsII parameter increased significantly under the 
combination of red and blue LEDs. It demonstrates that light energy conversion efficiency could be 
increased in this method. 

Introduction 

Plant’s leaf absorbs light energy,  and part of this is dissipated as heat, another amount is applied for 
photochemical activity of plant, and a lesser amount is relesed by chlorophyll as lower energy called 
fluorescence. Chlorophyll fluorescence has been a widely used technique for studies related with the 
physiology of plant. The application of artificial light for plant growth with light emitting diodes 
(LEDs) represents a very usefull tool to carry out different studies regarding the effects of the amount 
and quality. Among various environmental factors, light is one of the most important variables 
affecting the quality of plant seedlings .  

In this paper, based on the parameters of fluorescence, as for the tomato seedlings grown in solar 
greenhouse of North China, a system for controlling light and detecting photosynthetic ability is 
proposed. It is necessary to elucidate the most suitable light environment for growing tomato seedling 
under red and blue light, and to reveal the relation between and light quality and chlorophyll 
fluorescence in tomato seedlings. To this order, we measured the chlorophyll fluorescence 
parameters of tomato seedlings grown under a mixture of red and blue to determine the optimum light 
condition. 

Methodology 

The Set-up of Experiment. The experimental setup can be shown in Fig.1. Tomato seedlings were 
grown in the solar greenhouse of North China. The supplemental lighting system consisted of four 
parts: array of light-emitting diodes, programmable power supply, which was used to control the light 
intensity by electricity adjustment, MINIPAM measuring the parameters of chlorophyll fluorescence, 
and upper PC. LED light source was aligned in a rectangular way, forming the LED set. The 
wavelength of LED light source was measured by an spectrometer (HR2000, Ocean Optics Inc., FIA, 
USA). Fig. 1 shows the schematic of supplemental lighting system. 
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Fig. 1. Schematic of supplemental lighting system 

The experiment carried out in greenhouse is shown in Fig.2. The effects of supplemental lighting 
system on the tomato seedlings was evaluated and analyzed. MINIPAM was used to detect the 
parameters of chlorophyll fluorescence. The user accesses the supplemental lighting system by an 
upper PC, through which the desired current can be produced via a man-made software. Then this 
current was sent to the programmable power supply via RS232 to control the luminous intensity of 
LED. 

Measurement of the photosynthetic efficiency can be derived below: maximum quantum yield of 
PSII (Fv/Fm=[Fm-F0]/Fm requires dark -adapted leaves) and effective quantum yield of PSII 
(φpsII=[Fm'-Fs]/Fm', requires light-adapted leaves) .  φpsII can reflect the energy utilization efficiency 
in photochemistry.  

 
 

Fig. 2. Experiment under laboratory conditions. 
 

Tomatoes were grown under different spectral light treatments for a month, which in flower bud 
differentiation stage were irradiated under LED illumination for some time. The photosynthetic 
photon flux (PPF, 400-700 nm) at the top of plants was adjusted to 100 µmol m-2 s-1. LEDs were 
used during the overnight period.  The lighting was provided at a PPF level of 50 µmol m-2 s-1. 
Array of Light-emitting Diode (LED) 

Due to the high directivity of LED, the blue and red LED should be arrayed in a proper ratio to 
achieve a uniform irradiation area. Through simulation and analysis of different modes, the blue and 
red LED array was determined as Fig.3. There were 36 red LEDs and 9 blue LEDs, and the ratio of it 
is 4:1. 

 
 

— Blue LED;          —Red LED 

Fig. 3. LED Array 
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Control Process 
According to the relationship between the intensity of LED and the fluorescence parameters, the 

proper ratio of LEDs and illumination cycle was input to the computer. Then physiological analysis 
of tomato was made based on the dynamic output.The process is shown in Fig.4. Programming 
language in upper computer is DELPHI 7, SSCOM is a plug-in package of DELPHI for serial 
communication. 

Two-way communication was carried out between MINIPAM and upper PC through RS-232 port. 
MINIPAM can be controlled based on the Preset command word in upper PC.SQL Server 2000 was 
applied as the database in development platform. Flow chart of Control was shown in Fig.4. 
 

 
 

Fig.4 Flow chart of Control 

Results and Discussion 
The experiment was carried out in greenhouse (an average day temperature of 26C and a night 

temperature of 18 C，the air temperatures were kept between 18 and 26°C. The relative humidity was 
maintained at 60% throughout the periods.). In all chlorophyll fluorescence parameters, φpsII can 
reflect the photosynthetic rate significantly.  

 
Fig.5 Change of φpsII in different treatment 

In Fig.5, the value of φpsII parameter was higher with the combination of red and blue LEDs 
whose ratio is 4:1 than that with only blue LEDs. The curve showed that the system had high 
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sensitivity and high accuracy. It can be seen that composite light effect is different from the effect of 
monochromatic light obviously. The effect is a complex response process, and not the simple 
accumulation of monochromatic light. This may be the result of the interaction between the spectrum 
and the special colors of the plant. It is reflected  that the open degree of the reaction center of the 
photosynthetic system is not only  relatively larger in the red and blue combined treatment than the 
single red or blue treatment, but also absorbs and transports more light energy for photosynthesis.  
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