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ABSTRACT 
 

The aim of this study was to examine germination rate and morphological characteristics of English marigold seedlings under influence of different light conditions. 
Seeds of Calendula officinalis L. were collected from the natural population of the Botanical garden of the University of Banja Luka. Experiment was set up in four 
replicates for each light treatment. Petri dishes with seeds were placed in growth chamber under artificial white (FLUO) and blue, red, and combination of blue/red 
(LED) light with 16h/8h photoperiod. Germination energy was tested after 7 days and germination of the seeds was tested after 14 days. Results showed significant 
difference in germination energy, germination rate, hypocotyl height, root length, and fresh weight. The highest average values of the germination energy and 
germination rate of the Calendula officinalis L. were recorded under red LED light (32%; 47%) while the lowest values were recorded under blue LED light (1%; 23%). 
The highest average values of hypocotyl height, root length and fresh weight were recorded also under red LED light (3,70 cm; 6,33 cm; 0,97 g) while the lowest 
values were recorded under combination of blue/red LED light (1,95 cm; 2,52 cm; 0,28 g). It can be concluded that the use of red LED light is recommended in the 
seed germination phase, not only for better germination but also for better morphological development. 
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MATERIAL AND METHODS 
 

Investigation was conducted in laboratory condition at the Faculty of 
Agriculture, University of Banja Luka. Seeds of Calendula officinalis L. 
were collected from the natural population of the Botanical garden of 
the University of Banja Luka. The experiment consisted of four light 
treatments: three different colors of light (blue, red, and combination 
of blue/red LEDs) as treatments, and white FLUO light, as control.  
The experimental design was completely randomized, with four 
replications of 25 seeds per experimental unit for germination test. 
Petri dishes were sterilized with 96% ethanol, and lined with 
moistened filter paper with 3 mL of purified water. One hundred 
surface sterilized seeds of Calendula officinalis L were placed in a 
series of four petri dishes for each colors of light. These petri dishes 
were placed on shelves, exposed to different wavelength (white, blue, 
red, and combination of blue/red light) with 16h/8h photoperiod. 
Temperature during the research was constant (20±1°C). 2 ml of 
water per day was added to each petri dish.  
Seeds were kept under these conditions for 14 days. Germination 
energy was tested after 7 days and germination of the seeds was 
tested after 14 days. Both values are expressed as percentage (%). 
Also, after 14 days hypocotyl height, root length, and fresh weight 
were obtained.  
The obtained data were statistically analysed (LSD, F-test, t-test) using 
standard computer programs. Means comparison were performed 
using low significant differences procedure (LSD), with a significance 
level of 5% (P<0.05). 

INTRODUCTION 
 

 The key factors for plant growth and development are light and temperature. 
Plants have photoreceptors that respond to the wavelength and light intensity 
(Zhang and Folta, 2012). The effect of light during plant growth and fertility process 
is undeniable. Among the various naturally occurring abiotic factors regulating 
plant development, light plays an important role in photosynthesis and 
photoperiodism, and only wavelengths ranging 400 to 700 nm can be used (Teklić, 
2012). 
In contrast to other light sources, lightemitting diode (LED) lighting system have 
various advantages, including the ability to set the desired spectral combination, 
permanence, specific wavelength, low heating and the electrical input (Lin et al., 
2013). These advantages make them suitable light source for growing plants. 
Changes in different light attributes like intensity and duration, can influence all 
aspect of plant growth and physiology especially morphology and photosynthetic 
responses of the plants. Red and blue lights have great effects on plant growth 
because they contain the two main light spectra for photosynthetic CO2 fixation in 
plants (Kasajima et al., 2008). It has been reported that red light is the most 
important light spectrum for growth and phytochrome responses in plants (Wang 
et al., 2016). 
The aim of this study was to examine germination rate and morphological 
characteristics of English marigold seedlings under influence of different light 
conditions. 
 

 
 

Table 1. Influence of different light conditions on germination energy, seed germination and 
number of cotyledons of English marigold - Calendula officinalis L. seeds (K-white FLUO light; 
T1-red LED light; T2-blue LED light; T3-combination of red/blue light); means marked with 
different letters a,b,c significantly differ at p=0.05  
  
 

Table 2.: Influence of different light conditions on hypocotyl height, root length, and fresh 
weight of English marigold - Calendula officinalis L. seeds (K-white FLUO light; T1-red LED 
light; T2-blue LED light; T3-combination of red/blue light); means marked with different 
letters a,b,c significantly differ at p=0.05  

 
RESEARCH RESULTS 

 

CONCLUSIONS 
Based on the obtained results we can conclude that the treatment with red LED 
light can enhance seed vigor and plant productivity of English marigold 
(Calendula officinalis L.). Blue light and combination of red/blue light had a 
similar results in average values of hypocotyl height and root length, and 
significantly reduced plant growth, in compare with red light. The following 
conclusions were obtained: 
-  the highest percentage of germination was in the treatment with red light (T1)   
   of 47%, with an increase of 104% over the treatment with blue light T2 (23%);  
-  the highest value for the average hypocotyl height was 3.70 cm on red light  
   (T1) in compare with the lowest on blue light (T2) - 1.95 cm; 
-  the highest value for the average root length was 6.33 cm on red light (T1) in  
    compare with the lowest on blue light (T2) - 2.52 cm.  
Also, we can conclude that the effects obtained may be geater if the seeds are 
preventively treated with a fungicide. 
 

Treatment  
variant 

germination  
energy % 

germination  
rate % 

number of  
cotyledons 

Control  K 12b 38b 9.5b 

Treatment  T1   32a 47a 11.50a 

Treatment  T2  1c 23c 4.5c 

Treatment  T3  10b 26c 5.75c 

Average 13.75 33.5 7.81 

Analyses of variance - F 10.73822** 4.032787* 7.062718** 

LSD 
germination  

energy % 
germination  

rate % 
number of  
cotyledons 

0.05 12.2941 17.0185 3.7676 

0.01 17.2366 ns 5.2822 

Treatment  
variant 

hypocotyl height 
(cm) 

root length 
 (cm) 

fresh weight  
(g) 

Control  K 3.00b 5.18b 0.70b 

Treatmen  T1   3.70a 6.33a 0.97a 

Treatmen  T2  1.95c 2.52c 0.28c 

Treatmen  T3  2.08c 2.81c 0.34c 

Average 2.68 4.21 0.57 

Analyses of variance - F 11.43219** 18.816** 8.599304** 

LSD 
hypocotyl height 

(cm) 
root length 

 (cm) 
fresh weight  

(g) 

0.05 0.7519 1.3111 0.3397 

0.01 1.0541 1.8382 0.4762 

ns = not significant 


