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Abstract 

In recent years, the light emitting diodes (LED) have become an alternative to the fluorescence 

lamp source of light for plant tissue culture, due to their low energy consumption, low heat emission,  

specific wavelength irradiation etc. The aim of this study was to investigate the effect of  LEDs on the 

growth of in vitro cultivated raspberry (Rubus idaeus L. ‘Lloyd George’). The plantlets were 

cultivated in vitro under an illumination system based on Philips GreenPower LED research module. 

Four groups of LEDs emitting in white (W), red (R), blue (B), mixed (W:R:B:far-red=1:1:1:1) lights 

and fluorescent lamps (control) were used in our studies. Growth parameters, some physiological and 

biochemical characteristics of the plantlets were measured after three four weeks passages under 

corresponding light treatment. Our results indicated that different LEDs specifically influence the 

growth and development of in vitro cultivated raspberry plantlets and could be applied as an efficient 

lighting system for rapid in vitro micropropagation of Rubus idaeus L. The combination of blue, red, 

far red and white LEDs (1:1:1:1) stimulated the growth and biomass accumulation, as well as the 

intensity of net photosynthesis. For optimal results, it would be advisable to shorten the culture period 

to 3 weeks. This effective and affordable protocol would support the commercial micropropagation of 

raspberries and other soft fruits. 

Keywords: micropropagation, shoot culture, LED, light quality, photosynthetic pigments, chlorophyll 

fluorescence. 
 

INTRODUCTION 

 

Light is one of the most important 

factors for growth and development of plants. 

The intensity, quality, and duration of light 

affect photosynthesis and photomorphogenesis, 

of plants. Fluorescence lamps (FL) 

traditionally have been the most used artificial 

light source in plant tissue culture, although the 

different emission spectra of the commercially 

available lamps do not always match the 

sensitivity range of plant photoreceptors 

(Gupta and Jatothu, 2013). In recent years, the 

light emitting diodes (LED) have become an 

alternative source of light for plant tissue 

culture due to their low energy consumption, 

low heat emission,  specific wavelength 

irradiation etc. (Bourget, 2008; Morrow, 2008). 

Numerous studies reported the successful 

applications of LEDs in promoting in vitro 

growth and morphogenesis in various plant 

species (Gupta and Jatothu, 2013). Better 

growth and ex vitro survival rate and biomass 

yield have been reported under various LED 

treatments (Hahn et al., 2000; Nhut et al., 

2003; Jao et al., 2005; Shin et al., 2008; Li et 

al., 2010; Gupta and Sahoo, 2015; Shulgina et 

al., 2018). In these studies, it is noted that the 
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requirements of the different genotypes to the 

spectral composition and photosynthetic 

photon flux density (PPFD) are specific. 

Raspberries, the fruits of the perennial 

shrub (Rubus idaeus L.) of the Rosaceae 

family, are widely recognized as one of the 

healthiest fruits (Kaume et al., 2012, 

Stanisavljevic et al., 2019). The importance of 

raspberries for human health and their 

recognition as a "superfood" (Hancock et al., 

2007, Boone, 2013) have increased their 

popularity and led to a high demand in recent 

years. 

Micropropagation of raspberries under 

sterile, controlled conditions has been used for 

more than 40 years to produce a large number 

of pathogen-free genetically identical plants 

from selected genotypes. Availability of many 

cultivars and the great differences between 

them in their requirements for regeneration and 

propagation (Reed, 1990, Zawadzka and 

Orlikowska, 2006 а,b, Wu et al., 2009) define 

raspberries as particularly recalcitrant to 

micropropagation. There are only a few reports 

in the literature on the effect of different LED 

lights on raspberries in vitro. According to 

Rocha et al. (2013), red LEDs contribute to 

increased multiplication and rooting of shoots 

of ‘Batum’ and ‘Dorman Red’ raspberry 

cultivars in comparison to the fluorescent 

lamps. In experiments presented by Poncetta et 

al. (2017), the mixed LED light yielded in a 

less efficient multiplication of red raspberry in 

comparison to fluorescent lights, but with 

higher quality shoots.  

The aim of this study was to investigate 

the effects of LED lighting on the growth of in 

vitro cultivated raspberry (Rubus idaeus L.). 

 

MATERIALS AND METHODS 

 

Plant material and experimental conditions 

The experiment was carried out on red 

raspberry (Rubus idaeus L. ‘Lloyd George’).  

In vitro shoot culture was maintained at 4-week 

subculture intervals on solid DKW (Driver and 

Kuniyuki, 1984) medium, supplemented with 

2.5 µM 6-benzylaminopurine (BAP), 0.05 μM 

indol-3-butyric acid (IBA), 30 g L-1 sucrose, 

6.5 g L-1 Phyto agar (Duchefa, The 

Netherlands). The medium (pH 5.6) was 

autoclaved at 121°C for 20 min. Plantlets were 

grown in baby food glass jars with transparent 

Magenta B-Cap lids with 25 mL nutrient 

medium per vessel. At each subculture, apical 

part of shoots (10 – 15 mm) with two-three 

leaves was transplanted to the fresh medium 

with five explants per vessel. Cultures were 

grown at 22±2 °C under a 16-h photoperiod 

(87 ± 7.5 μmol m–2 s–1 photosynthetic photon 

flux density, PPFD), provided by Philips 

GreenPower LED research module (Philips 

Lighting, www.philips.com/horti). Four groups 

of LEDs emitting in white (W), red (R, 650-

670 nm), blue (B, 455-485 nm), far red (FR, 

725-750 nm) were used. Thus, 4 treatments – 

W, R, B and mixed (BR, W:R:B:FR=1:1:1:1) 

were studied. Plantlets grown in the same way 

under fluorescent lamps (FL) served as a 

control.  

 

Physiological and biochemical parameters 

Growth parameters 

In five passages of four weeks, the 

following parameters of the plants grown under 

different light were evaluated: fresh (FW) and 

dry weight (DW), length of main shoot, 

number and length of lateral shoots, content of 

photosynthetic pigments, gas exchange rate 

and chlorophyll a fluorescence. The 

multiplication index (MI) was calculated as a 

number of proliferated shoots from the initial 

one.  

 

Photosynthetic pigments content 

The photosynthetic pigments 

(chlorophyll a, chlorophyll b and total 

carotenoids) were extracted in cooled 80% 

acetone, determined spectrophotometrically, 

and calculated according to the formulae of 
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Lichtenthaler and Wellburn (1983).  

 

Gas-exchange analysis 

Gas-exchange analysis was performed 

with a portable gas exchange system LCpro+ 

(ADC, UK) at a light intensity of about 150 

µmol m-2 s-1 PPFD and ambient CO2 

concentration 1100 vpm. Each plantlet was 

placed in the conifer measurement chamber, 

and the base of the shoot was wrapped in wet 

filter paper to prevent it from drying out. Net 

photosynthesis rate (A, µmol CO2 plantlets-1 s-

1), transpiration intensity (E, mmol H2O 

plantlets-1 s-1) and photosynthetic water use 

efficiency (A/E) were determined.  

 

Chlorophyll a fluorescence 

Chlorophyll a fluorescence analysis 

was performed on the youngest native fully 

developed leaves of 5 representative plants of 

the respective variant. The basic parameters of 

the rapid chlorophyll a fluorescence were 

measured by a HandyPEA portable fluorimeter 

(Hansatech Instruments, UK). The analyzed 

spots of the leaves were dark adapted for 40 

minutes with special clips. The whole plants 

(together with the clips) were covered with 

moist filter paper and placed in a plastic bag to 

prevent them from drying out. Induction curves 

of the rapid chlorophyll a fluorescence (OJIP 

test) were recorded for 1 s with 3000 µmol m-2 

s-1 PPFD. The primary data processing was 

done using the PEA Plus Software (V1.10, 

Hansatech Instruments Ltd., UK). The 

parameters measured and calculated using this 

OJIP test (Table 1.) were interpreted and 

normalized according to Strasser and Strasser 

(1995) and Goltsev (2016). 

 

Total polyphenols determination 

The total amount of polyphenol 

compounds in the plant extracts was 

determined with the Folin-Ciocalteu reagent 

(Waterman et al., 1994), according to Singleton 

and Rossi (1965), with slight modifications. 

The samples (1 g of fresh plant material) were 

ground with quartz sand and 10 ml 60% acidic 

methanol, and submerged in an ultrasound bath 

for 15 min. The homogenized material was left 

for 15 hours in the dark at room temperature 

for extraction. Afterwards, the test tubes were 

centrifuged and the supernatant was used for 

the measurement of total polyphenols content 

and antioxidant activity. For the determination 

of total phenolics, 40 µl of extract were mixed 

with 3160 µl distilled water, 200 µl Folin-

Ciocalteu reagent and in a minute after that 600 

µl 20% Na2CO3 was added. The test tubes 

were left for 2 hours at room temperature for 

the reaction to occur. After that, the extinction 

at 765 nm wavelength was measured. Total 

phenolics were calculated as gallic acid 

equivalents (GAE) using a standard curve and 

were presented as mg g-1
FW. The standard 

curve was prepared with gallic acid (Sigma-

Aldrich, St. Louis, MO) in the range 0–500 mg 

l-1.  

 

Determination of antiradical activity 

For determination of the antioxidant 

activity the extracts obtained for total phenolics 

and 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

(Beta et al., 2007) were used. The incubation 

mixture contained 100 µl plant extract and 3.9 

ml 6×10−5 mol l-1 DPPH (0.06 µmol). The 

extract absorption was determined at 515 nm at 

min 0 and 30 from the initial mixture of the 

components. A parallel blank sample was 

tested, which contained distilled water instead 

of extract. The antiradical activity is expressed 

as % discoloration and is equal to:  

(1 − (A30min/A0min) × 100). 

 

Measurement of malondyaldehyde (MDA) 

content 

MDA content was determined by the 

thiobarbituric acid (TBA) reaction as described 

by Ali et al. (2005), with slight modifications. 

Approximately 0.5 g leaves were homogenized 

with 5 ml of 0.5% trichloroacetic acid (TCA) 
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and centrifuged at 14 000 rpm for 10 min. 

After centrifugation, 1 ml of the supernatant 

was mixed with 4 ml 0.5% TBA in 20% TCA 

and incubated in hot water (90 °C) for 20 min. 

Thereafter, it was cooled immediately on ice to 

stop the reaction and centrifuged at 14 000 rpm 

for 10 min. Absorbance at 532 and 600 nm was 

determined, and MDA concentration was 

estimated by subtracting the non-specific 

absorption at 600 nm from the absorption at 

532 nm, using an absorbance coefficient of 

extinction (155 mM−1 cm−1). 

 

Table 1. Definitions of measured and calculated chlorophyll a fluorescence parameters used in the 

experiment (Based on Strasser and Strasser (1995) and Goltsev (2016)). 

 

Chlorophyll a Fluorescence 

Parameter 

Description 

Measured parameters and basic JIP-test parameters derived from the OJIP transient 

 

FO ~ F20µs Minimum fluorescence, when all PSII reaction centres 

(RCs) are open; Fluorescence intensity at 20 µs 

FJ  Fluorescence at the J-step (2 ms) of the O-J-I-P transient 

FI  Fluorescence at the I-step (30 ms) of the O-J-I-P transient 

FM = FP  Maximum fluorescence at the P-step when all RCs are 

closed 

VJ = (FJ –FO)/(FM – FO) Relative variable fluorescence at the J-step 

FV = FM – FO Variable fluorescence 

Quantum yields and probabilities 

FV/ FM Maximum quantum efficiency of PS II photochemistry 

ψEO = 1 - VJ Probability (at t = 0) that a trapped exciton moves an 

electron into the electron transport chain beyond QA- 

φEO = (1- FJ/FM) Quantum yield (at t = 0) for electron transport from QA- to 

plastoquinone 

δRO = (1 - VI)/(1 - VJ) Efficiency/ probability (at t = 0) with which an electron 

from the intersystem carriers moves to reduce end electron 

acceptors at the PSI acceptor side 

Performance indexes  

PIABS Performance index of PSII based on absorption 

PItotal = PIABS x δRo/(1 - δRo) Performance index of electron flux to the final PSI electron 

acceptors, i.e., of both PSII and PSI 
 

Statistical analysis 

For each light treatment six 

replications, each containing five shoots was 

tested and the experiment was repeated three 

times. Statistical analysis of physiological 

parameters was performed using a one-way 

ANOVA and the Tukey test to validate the 

different significance at P ≤ 0.05. 

  

RESULTS AND DISCUSSION 

 

Different light regimes affected the 

growth, development and shoot quality of the 

raspberry plantlets (Figure 1, Table 2). No 

signs of vitrification, malformations and other 

disturbances in plant development were 

observed, which are sometimes associated with 

in vitro cultivation.  
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The longest shoots were observed in 

plantlets exposed to red light (15.52 mm), 

followed by mixed (BR) light (14.01 mm)  and 

the lowest under blue light, but statistical 

differences among treatments were found only 

with blue light. Similarly, red light stimulates 

stem elongation in other species - 

chrysanthemum (Kim et al., 2004c), vine 

(Puspa et al., 2008), stevia (Shulgina, 2018), 

while Heo et al. (2002) found that the length of 

tagetes stem was maximal in monochromatic 

blue LED light. Increased growth of in vitro 

cultured plants provided with red light was also 

observed in Vaccinium corymbosum (Hung et 

al. 2016), Scrophularia takesimensis (Jeong 

and Sivanesan 2015), Oncidium spp. (Chung et 

al. 2010) and P. amboinicus (Silva et al. 2017). 

According to Manivannan et al. (2015) this 

growth may be related to the ability of red light 

to induce the formation of endogenous 

gibberellins, important growth regulators 

involved in cell elongation. 
  

 

Figure 1. Red raspberry (Rubus idaeus L. ‘Lloyd George’) plantlets grown at different light quality 

treatments.  FL - Fluorescence lamps (Control), B – blue LEDs , , R – red LEDs, RB – mixed LEDs, 

W - white LEDs. 

 

Table 2. Effect of different light sources on the growth parameters and multiplication index (MI) of in 

vitro cultivated raspberry plantlet. FL - Fluorescence lamps (Control), W white LEDs, R – red LEDs, 

B – blue LEDs, RB – mixed LEDs. 

Light 

treatment 

FW DW  
MI 

Shoots length Number of 

leaves mg mg mm 

FL 546 a 59.9 b 2.11 a 13.54 а 12.66 b 

B 229 b 40.8 c 2.43 a 9.48 b 18.10 а 

R 245 b 35.6 c 2.33 a 15.52 а 16.33 аb 

BR 552 a 82.7 a 2.50 a 14.01 а 11.31 b 

W 284 b 39.4 c 2.67 a 13.67 а 10.66 c 

Means in the column, followed by different letters are significantly different at P≤0.05. 

 

Plantlets grown under mixed LED light 

(BR) had the greatest FW (552 mg), followed 

by control plantlets (FL) exposed to 

conventional fluorescent lamps, but no 

statistical differences were found between 

them. The lowest FW per plantlet was reported 

under blue light, but the differences were 

statistically significant only between control 

(FL) and BR. The highest DW was found again 

in plants cultivated under mixed LED light 
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(BR), and the difference with the control plants 

was statistically proven. Plantlets grown under 

red (R) light had the lowest DW value, 

although statistically the difference with B and 

W was not proved. 

Some other authors emphasize that the 

combination of blue and red light increased 

plant growth, fresh and dry mass, compared to 

monochromatic LED light (Nhut et al., 2000, 

2002; Lian et al., 2002; Duong et al., 2003; 

Kim et al., 2004a, b, c; Poudel et al., 2008; 

Shin et al., 2008; Li et al., 2010). According to 

Li et al. (2010) fresh and dry cotton biomass 

were maximal when combining blue and red 

LEDs in equal proportions. The results were 

similar for Lilium sp.  (Lian et al., 2002), 

banana (Duong et al., 2003), strawberries 

(Nhut et al., 2003), chrysanthemum (Kim et al., 

2004c), Lycium barbarum L. (goji berry) 

(Oliveira Prudente, 2019). According to 

Shulgina et al. (2018), mixed red and blue LED 

light inhibits the growth of Stevia rebaudiana 

Bertoni shoots, but stimulates the development 

of the root system. Our results are in agreement 

with those obtained by Heo et al. (2006), who 

found no increase in fresh and dry biomass of 

Vitis plantlets cultivated under blue light.  

The multiplication index varied within 

narrow limits (2.11 - 2.67) and did not differ 

significantly between the treatments. This is 

probably due to the relatively low 

concentration of cytokinin BAP (2.5 µM). 

White light was the least effective in inducing 

new leaves formation. Despite the lowest shoot 

length, the highest number of leaves was 

formed in blue light. Our results confirmed the 

findings of Muleo et al. (2001) that blue light 

stimulated node formation but reduced 

internode growth, while red light induced 

greater internode growth but limited node 

formation.  

The results presented above showed 

that raspberry plantlets displayed clearly 

varying growth responses to the different light 

qualities. 

The content of photosynthetic pigments 

(chlorophyll a, chlorophyll b and carotenoids) 

in raspberry plantlets grown under white LEDs 

was higher than that of plantlets grown under 

FL, B, R and BR (Table 3). 

  

Table 3. Effect of different light treatments on photosynthetic pigments (mg g-1 FW) of in vitro 

cultivated raspberry plantlets. FL - Fluorescence lamps (Control), W white LEDs, R – red LEDs, B – 

blue LEDs, RB – mixed LEDs. 

Light 

treatment Chl a Chl b Chl (a+b) Car Xл(a/b) Chl/Car 

FL 1.57 b 0.59 b 2.16 b 0.59 b 2.64 a 3.69 a 

Blue 0.65 c 0.23 c 0.89 c 0.27 c 2.81 a 3.30 ab 

Red 0.80 c 0.33 c 1.13 c 0.33 c 2.45 a 3.48 a 

BR 0.57 c 0.21 c 0.78 d 0.24 c 2.70 a 3.21 b 

White 2.21 a 0.79 a 2.99 a 0.78 a 2.79 a 3.22 b 

Means in the column, followed by different letters are significantly different at P≤0.05. 

In the plants of the control variant (FL), a 

lower content of chlorophyll and carotenoids 

was reported in comparison with W, but higher 

than the other three variants - B, R, BR. The 

ratio chlorophyll a/b did not show much 

difference between treatments (P≤0.05, Table 

3). Some variation in total chlorophyll/ 

carotenoids ratio was observed – the highest in 

FL, followed by R and B and significantly 

lower in BR and W. These differences could 

suggest that light could affect the 

photosynthetic activity of plants through the 

light harvesting pigments. Despite the 

measured lowest values in the content of 
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pigments (on the FW basis) in plants grown 

inder mixed LED light (BR), they showed the 

highest rate of net photosynthetic rate (A) and 

transpiration (E) (Table 4). For the other 

treatments, these indicators did not differ 

significantly. 

 

Table 4. Net photosynthesis rate (A, µmol CO2 plantlet-1 s-1), transpiration intensity (E, mmol H2O 

plantlet-1 s-1) and photosynthetic water use efficiency (A/E) of in vitro cultivated raspberry plantlets. 

FL - Fluorescence lamps (Control), R – red LEDs, B – blue LEDs, RB – mixed LEDs, W white LEDs. 

Light 

treatment/ 

parameter 

A 

µmol CO2 plantlet-1 s-1 

E 

mmol H2O plantlet-1 s-1 

A/E 

 

FL 67.3 c 26.4 c 2.54 

Blue 75.9 b 23.8 c 3.19 

Red 69.9 bc 26.1 c 2.68 

BR 83.2 a 32.3 a 2.58 

White 67.4 c 29.2 b 2.31 

Means in the column, followed by different letters are significantly different at P≤0.05. 

 

It should be noted, however, that all 

plants grown under LED lights had a higher 

rate of net photosynthesis than the control 

plants (FL), although the differences were 

statistically proven only for mixed (BR) and 

blue light (B). These results were in line with 

that found by Goins et al. (1997) – the higher 

rate of net photosynthesis in wheat leaves when 

combining red and blue LED light. Similar 

results were reported for chrysanthemum (Kim 

et al., 2004c). In contrast, Nhut and Nam 

(2010) noted that net photosynthesis and 

stomatal conductance were lower in plants 

grown under red LED light.  

In vitro cultivated plants have a 

heterotrophic type of nutrition due to the 

presence of carbohydrates in the nutrient 

medium and under conventional conditions 

(low light provided by fluorescent lamps) the 

contribution of photosynthesis to total carbon 

metabolism has been considered insignificant 

(Grout and Ashton, 1978; Desjardins, 1995). 

Our results for more intensive photosynthesis 

and higher biomass of plants grown in mixed 

LED light (BR) confirm the hypothesis that 

under conditions favorable for  photosynthesis, 

in vitro plants could have a positive carbon 

balance. 

Chlorophyll a fluorescence 

determination, along with the intensity of 

photosynthesis, is another contemporary 

nondestructive method for the study of the 

functional activity of the photosynthetic 

apparatus of plants. The analysis of the 

induction curves of rapid chlorophyll 

fluorescence (OJIP test) links the structure and 

functionality of the photosynthetic apparatus 

and allows rapid assessment of plant viability, 

especially in stress conditions (Strasser et al., 

2000, 2004). In the five light regimes studied, 

the rapid chlorophyll a fluorescence curves had 

a typical OJIP shape from F0 to FM level with 

distinct J and I phases (Figure 2), indicating 

that the raspberry plantlets, included in the 

experiment, were photosynthetically active 

(Yusuf et al., 2010). 

 



 
 

 

133 

75 years of Agricultural University – Plovdiv 
JUBILEE SCIENTIFIC INTERNATIONAL 

CONFERENCE Plovdiv 26-28 November 2020 

 

PERSPECTIVES ON AGRICULTURAL SCIENCE  

AND INNOVATIONS FOR SUSTAINABLE  

FOOD SYSTEMS 

 

 

Figure.2. Induction curves of rapid chlorophyll a fluorescence (OJIP test) of raspberry plantlets 

grown under different light regimes. FL - Fluorescence lamps (Control), W - white LEDs, R – red 

LEDs, B – blue LEDs, RB – mixed LEDs. 
 

Table 5. Chlorophyll a fluorescence parameters (OJIP test) of the raspberry plantlets grown under 

different light regimes. FL - Fluorescence lamps (Control), W - white LEDs, R – red LEDs, B – blue 

LEDs, RB – mixed LEDs. 

Light/par

ameters 
FL (Control) Blue Red BR White 

F0 264 ± 28 ab 242 ± 17 b 255 ± 15 b 306 ± 18 a 251 ± 10 b 

FM 1404 ± 179 ab 1269 ± 22 ab 1185 ± 143 b 1493 ± 30 a 1500 ±  53 a 

Fv 1139 ± 155 ab 1027 ± 26 ab 929 ± 154 b 1187 ±  13 ab 1249 ± 48 a 

Fv/FM 0.811 ± 0.01 ab 0.809 ± 0.01 ab 0.781 ± 0.04 b 0.795 ± 0.01 ab 0.832 ± 0.01 a 

ψE0 0.513 ± 0.02 a 0.421 ± 0.09 a 0.443 ± 0.07 a 0.427 ± 0.05 a 0.522 ± 0.03 a 

φE0 0.417 ± 0.02 a 0.342 ± 0.08 b 0.349 ± 0.10 ab 0.340 ± 0.05 b 0.434 ± 0.03 a 

δR0 0.221 ± 0.01 a 0.212 ± 0.01 a 0.237 ± 0.04 a 0.167 ± 0.02 b 0.214 ± 0.03 a 

PI ABS 2.74 ± 0.41 b 1.51 ± 0.16 d 1.77 ± 0.17cd 2.041 ± 0.16 c 4.43 ± 0.23 a 

PI total 0.80 ± 0.21 b 0.74  ± 0.23 bc 0.68 ± 0.18 bc 0.45 ± 0.12 c 1.49 ± 0.35 a 

Different letters within column indicated difference at (Р<0,05). 

The minimal (F0) and maximal (FM) 

fluorescence of the control plants and plants, 

cultivated under LED light did not differ 

significantly (Table 5.). Some differences were 

observed amongst LED lights - F0 in plantlets, 

grown under mixed light (BR) was higher as 

compared to R, B, and W. At the same time, 

FM and FV in R were the lowest, although there 

were no statistically significant differences 

with all other treatments. 

Despite fluctuations in F0, FM and FV, 

the quantum yield (Yield = FV/FM), reflecting 

the potential photochemical activity of PS II, 

ranged from 0.781 - 0.832 and corresponded to 

normal (0.750-0.830) in healthy, unstressed 

leaves (Bolhar-Nordenkampf and Oquist, 

1993), indicating that a normally developed 

photosynthetic apparatus was functioning.  
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However, a more in-depth analysis of 

the parameters of the OJIP test revealed some 

characteristic features of the potential of the 

photosynthetic apparatus in plants, grown 

under different light regimes (Table 5).  

The parameter ψE0, which reflected the 

probability of electron transport outside QA, 

did not differ significantly in the plants studied. 

But, in the other important parameters of the 

OJIP test - φE0, δR0, the performance index 

(PlABS) and the total performance index (Pl total) 

some differences were noted.  

The parameter φE0 indicated quantum 

yield for electron transport from QA- to 

plastoquinone and the highest φE0 value was 

calculated for plants exposed to white light, 

and the lowest for those exposed to blue and 

mixed light.  

In the leaves of plantlets grown under 

mixed light (BR), a significantly lower value 

was reported for the parameter δR0, which 

provides information on the probability with 

which an electron from the intersystem carriers 

moves to reduce end electron acceptors at the 

PSI acceptor side. In the control and other 

variants, the values of δR0 did not differ 

significantly.  

The performance index on an 

absorption basis (PI ABS) in raspberry leaves 

was the highest under W (p < 0.05), followed 

in order by that FL, BR, R and B, where the 

minimum value was almost 3 times lower than 

the maximum (Table 5.).  

PI total was also the highest in W light, 

followed by control plants (FL) and the lowest 

in variant BR. This indicator for B and R 

occupied intermediate values.   

Keeping in mind the highest values of 

FW, DW and net photosynthetic rate (A) of 

plantlets cultivated under mixed LEDs (BR), as 

well as the normal Fv/FM ratio (0.795), the 

higher value of F0 along with the minimum 

values of the indicators φE0, δR0, Pl ABS, Pl total 

seemed surprising. Our hypothesis is the 

following: due to the rapid growth and 

accumulation of biomass, at the end of the 

cultivation period the plants have been 

exhausted and are lacking some important 

components of the nutrient medium and are 

already experiencing some nutritional 

deficiency before it has even affected the 

growth. One of the possibilities for improving 

the in vitro cultivation of raspberries is the 

application of LEDs in a shorter passage - no 

more than 3 weeks. 

The results presented in this study 

confirm that chlorophyll fluorescence 

determination is a fast and reliable non-

destructive method for early diagnosis of 

disorders in PS II functionality and growth. 

Furthermore, the enhanced values of ψEO, φEO, 

PI total and δRO obtained in plants, cultivated 

under white LED light as compared to those 

obtained in plants under conventional 

fluorescent light (FL) confirmed the better 

photosynthetic competence of plantlets. 

The specific microenvironment (limited 

gas exchange, poor light and carbohydrates 

presence in the nutrient medium) under which 

plants are grown in vitro are often associated 

with stress. They promote production of 

reactive oxygen species (ROS) and in 

consequence oxidative stress (Gaspar et al., 

2002; Desjardins et al., 2009). The ROS-

induced peroxidation of lipid membranes is a 

reflection of stress-induced damage at the 

cellular level (Jain et al., 2001). Plants have 

established through long-term evolution 

several mechanisms to prevent or alleviate the 

damage from ROS. The mechanisms of the 

ROS scavengers include non-enzymatic 

antioxidants and enzymatic antioxidants (Foyer 

et al., 1994; Apel and Hirt, 2004).  

The antioxidant capacities in raspberry 

plantlets grown under different LEDs, as 

measured by DPPH radical scavenging assays, 

represented by trolox equivalents (mgTE) or 

percentage of DPPH inhibition, were higher 

than the control plants, cultivated under 

fluorescent lamps (Fig.3 B and D). 
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Figure 3. Effect of different light treatments on the content of some antioxidant substances in in vitro 

cultivated raspberry plantlets: A. total polyphenols (mgGAE/g FW); B. Antiradical activity (mg 

TE/100 ml) C. malondyaldehyde (MDA, nmol g-1FW). D Antiradical activity (%DPPH/ g FW); FL - 

Fluorescence lamps (Control), W white LEDs, R – red LEDs, B – blue LEDs, RB – mixed LEDs. 

The production of phenolics was 

influenced by the light spectral quality. 

Plantlets that were cultivated under the blue 

LED light had the highest phenolic content 

followed by those grown under red spectrum 

(Fig. 3A). Plantlets exposed to white LED light 

were characterized by the lowest phenol 

content. 

The highest accumulation of MDA was 

observed in plants, grown under blue light 

(Figure 3C.). The control plants (FL) and 

plants grown under other LED treatments had a 

significantly lower level of lipid peroxidation 

(expressed as MDA content). Similarly, blue 

LED light enhanced total phenol level in leaf 

extracts of medicinal plant Rehmannia 

glutinosa Libosch. (Manivannan et al., 2015). 

Elevated levels of MDA and phenols in 

plantlets exposed to blue light could be 

attributed to the elevated production of reactive 

oxygen species (ROS). Confirmation of this 

could be the lowest FW measured in plants 

exposed to blue light, as well as the lowest 

values of ψE0 and PI ABS. 

The results presented in our study 

showed that the combination of LEDs (variant 

BR) provided one of the highest values in most 

of the growth characteristics like FW, DW, net 

photosynthetic rate (Tables 2,4, Figure 1). 

Recent advances in LED technology in terms 

of plant growth optimization focus on mixed 

LEDs rather than monochromatic blue or red 

LEDs (Gupta and Jatothu, 2013). Studies  of 

other researchers have shown that the 

combination of red and blue LEDs enhances 

Mentha and Fragaria growth as compared to 

other monochromatic spectra (Nhut et al., 

2003; Gupta and Jatothu, 2013; Sabzalian et 

al., 2014). Also, the results presented by 

Pawlowska et al. (2018) and Cioć et al. (2019) 

showed that combination of red and blue LEDs 

(7:3) could be an effective and affordable tool 

for modifying the potential of Gerbera 

jamesonii Bolus plants for shoot multiplication 

A 
B 

C 
D 
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and for the control plant morphogenesis and 

photosynthetic pigment content. 

As Muneer et al. (2018) noted, red and 

blue LEDs play a significant role in alleviating 

damage caused by hyperhydricity in carnation 

genotypes that was aggravated under the 

fluorescent light.  

It is evident from these studies that the 

ideal light environment for each plant species 

is unique; i.e., the spectral composition and 

PPFD influencing the in vitro response of one 

plant species may not yield similar results for 

another plant species. 

 

CONCLUSIONS 

 

The present research demonstrates the 

potential of LEDs as an efficient lighting 

system for rapid in vitro micropropagation of 

raspberry (Rubus idaeus L.) plants. The 

combination of blue, red, far red and white 

light (1:1:1:1) stimulates their growth and 

biomass accumulation, as well as the intensity 

of net photosynthesis. For optimal results, it 

would be advisable, probably, to shorten the 

culture period to 3 weeks. This effective and 

affordable protocol would support the 

commercial micropropagation of raspberries 

and other soft fruits. 

 

ACKNOWLEDGEMENTS 

 

This study is a part of the bilateral 

Bulgarian-Russian project №КП-06-Russia/27, 

supported by the National Science Fund, the 

Ministry of Education and Science, Bulgaria 

and the Russian Foundation for Basic Research 

(RFBR), research project №19–516–18008. 

 

REFERENCES 

 

Ali, M. B., E. J. Hahn, K.Y. Paek, 2005. Effects 

of light intensities on antioxidant 

enzymes and malondialdehyde content 

during short-term acclimatization on 

micropropagated Phalaenopsis plantlet. 

Environmental and Experimental 

Botany, 54(2): 109-120. 

Apel, K., H. Hirt, 2004. Reactive oxygen 

species: Metabolism, oxidative stress, 

and signal transduction. Annual Review 

of Plant Biology, 55: 373-399.  

Beta, T.S., K., Naing, S. Man, A. Mpofu, M. 

Therrien, 2007. Antioxidant activity in 

relationship to phenolic content of 

diverse food barley genotypes. In: 

Shahidi, F. and C. Ho, Antioxidant 

measurement and applications. 

Washington, D.C.: American Chemical 

Society. 242-254. 

Bolhar-Nordenkampf, H., G. Oquist, 1993. 

Chlorophyll fluorescence as a tool in 

photosynthesis research. In: 

Photosynthesis and Production in a 

Changing Environment: a field and 

laboratory manual Chapman & Hall, 

London (UK), 193-206.  

Boone, L. 2013. Powerful Plant-Based 

Superfoods: The Best Way to Eat for 

Maximum Health, Energy, and Weight 

Loss, Fair Winds Press (MA). 

Bourget, C.M. 2008.  An introduction to light-

emitting diodes. Scientia Horticulturae, 

43: 1944-1946. 

Chung, J.P., C.Y. Huang, T.E. Dai, 2010. 

Spectral effects on embryogenesis and 

plantlet growth of Oncidium ‘Gower 

Ramsey’. Scientia Horticulturae, 124: 

511-516. 

Cioć, M., A. Kalisz, M. Żupnik, B. Pawłowska, 

2019. Different LED Light Intensities 

and 6-Benzyladenine Concentrations in 

Relation to Shoot Development, Leaf 

Architecture, and Photosynthetic 

Pigments of Gerbera jamesonii Bolus 

In Vitro. Agronomy, 9: 358.   

Desjardins, Y., J. Dubuc, A. Badr, 2009. In 

Vitro Culture of Plants: a Stressful 

Activity. Acta Horticulturae, 812: 29-

50.  



 
 

 

137 

75 years of Agricultural University – Plovdiv 
JUBILEE SCIENTIFIC INTERNATIONAL 

CONFERENCE Plovdiv 26-28 November 2020 

 

PERSPECTIVES ON AGRICULTURAL SCIENCE  

AND INNOVATIONS FOR SUSTAINABLE  

FOOD SYSTEMS 

 

Desjardins, Y. 1995. Factors affecting CO2 

fixation in striving to optimize 

photoautotrophy in micropropagated 

plantlets. Plant Tissue Culture and 

Biotechnology, 1: 13-25. 

Driver, J.A., A.H. Kuniyuki, 1984. In Vitro 

Propagation of Paradox walnut 

rootstock. HortScience, 19(4): 507-509. 

Duong, T.N., L.T. Hong, H. Watanabe, M. Goi, 

M. Tanaka, 2003. Efficiency of a novel 

culture system by using light-emitting 

diode (LED) on in vitro and subsequent 

growth of micropropagated banana 

plantlets. Acta Horticulturae, 616: 121-

127. 

Foyer, C.H., P. Decouvrieres, K.J. Kunert, 

1994. Protection against oxygen 

radicals: an important defense 

mechanism studied in transgenic plants. 

Plant Cell Environment, 17: 507-523.  

Gaspar, T., T. Franck, B. Bisbis, C. Kevers, L. 

Jouve, J.F. Haussman, J. Dommes, 

2002. Concepts in plant stress 

physiology: Application to plant tissue 

cultures. Plant Growth Regulation, 37: 

263-285. 

Goins, G. D, N.C. Yorio, M.M. Sanwo, C.S. 

Brown, 1997. Photomorphogenesis, 

photosynthesis, and seed yield of wheat 

plants grown under red light-emitting 

diodes (LED) with and without 

supplemental blue lighting. Journal of 

Experimental Botany, 48: 1407-1413. 

Goltsev, V.N., H.M. Kalaji,  M. Paunov, W. 

Bąba, T. Horaczek, J. Mojski, H. 

Kociel, S.I. Allakhverdiev, 2016. 

Variable chlorophyll fluorescence and 

its use for assessing physiological 

condition of plant photosynthetic 

apparatus. Russian Journal of Plant 

Physiology, 63: 869-893. 

Grout, B., M. Aston, 1978. Transplanting of 

cauliflower plants regenerated from 

meristem culture. II. Carbon dioxide 

fixation and the development of 

photosynthetic ability. Horticultural 

Research, 17: 65-71. 

Gupta, S., B. Jatothu, 2013. Fundamentals and 

applications of light-emitting diodes 

(LEDs) in vitro plant growth and 

morphogenesis. Plant Biotechnology 

Reports, 7: 211-220. 

Gupta, D., T. Sahoo, 2015. Light emitting 

diode (LED)-induced alteration of 

oxidative events during in vitro shoot 

organogenesis of Curculigo orchioides 

Gaertn.. Acta Physiol Plant, 37: 233. 

Hahn, E. J., T. Kozai, K.Y. Paek, 2000. Blue 

and red light-emitting diodes with or 

without sucrose and ventilation affect in 

vitro growth of Rehmannia glutinosa 

plantlets. Journal of Plant Biology, 43: 

247-250. 

Hancock, R. D., G. J. MCdougall, D. Stewart, 

2007. Berry fruit as ‘superfood’: hope 

or hype. Biologist, 54: 73-79. 

Heo J.W., C.W Lee, D. Chakrabarty, K.Y.  

Paek, 2002. Growth responses of 

marigold and salvia bedding plants as 

affected by monochromic or mixture 

radiation provided by a light emitting 

diode (LED). Journal of Plant Growth 

Regulation, 38: 225-230. 

Heo, J.W., K. S Shin, S.K. Kim, K.Y. Paek, 

2006. Light quality affects in vitro 

growth of grape ‘Teleki 5BB7’. Journal 

of Plant Biology, 49: 276-280. 

Hung, CD., C-H. Hong, S-K. Kim, K-H. Lee, J-

Y. Park, M-W. Nam, D-H. Choi, H-I. 

Lee, 2016. LED light for in vitro and ex 

vitro efficient growth of economically 

important highbush blueberry 

(Vaccinium corymbosum L.). Acta 

Physiologiae Plantarum, 38, 152.  

Jain, M., G. Mathur, S. Koul, N.B. Sarin, 2001. 

Ameliorative effects of proline on salt 

stress-induced lipid peroxidation in cell 

lines of groundnut (Arachis hypogea 

L.). Plant Cell Reports, 20: 463-468. 

Jao, R.C., C.C. Lai, W. Fang, S.F. Chang, 



 
 

 

138 

75 years of Agricultural University – Plovdiv 
JUBILEE SCIENTIFIC INTERNATIONAL 

CONFERENCE Plovdiv 26-28 November 2020 

 

PERSPECTIVES ON AGRICULTURAL SCIENCE  

AND INNOVATIONS FOR SUSTAINABLE  

FOOD SYSTEMS 

 

2005. Effect of red light on the growth 

of Zantedeschia plantlets in vitro and 

tuber formation using light emitting 

diodes. HortScience, 40(2): 436-438. 

Jeong, B.R., I. Sivanesan, 2015. Direct 

adventitious shoot regeneration, in vitro 

flowering, fruiting, secondary 

metabolite content and antioxidant 

activity of Scrophularia takesimensis 

Nakai. Plant Cell Tissue Organ Culture, 

123(3): 607-618.  

Kaume, L., L. Howard, L. Devareddy, 2012. 

The blackberry fruit: a review on its 

composition and chemistry, metabolism 

and bioavailability, and health benefits. 

Journal of Agricultural and Food 

Chemistry, 60: 5716-27. 

Kim, H.H, G.D. Goins, R.M. Wheeler, J.C. 

Sager, 2004a. Green light 

supplementation for enhanced lettuce 

growth under red and blue light 

emitting diodes. HortScience, 39: 1617-

1622.  

Kim, H.H., G.D. Goins, R.M. Wheeler, J.C.  

Sager, 2004b. Stomatal conductance of 

lettuce grown under or exposed to 

different light qualities. Annals of 

Botany, 94: 691-697. 

Kim, S. J., E.J. Hahn, J.W. Heo, 2004c. Effects 

of LEDs on net photosynthetic rate, 

growth and leaf stomata of 

chrysanthemum plantlets in vitro. 

Scientia Horticulturae, 101: 143-151.  

Li, H., Z. Xu, C. Tang, 2010. Effect of light-

emitting diodes on growth and 

morphogenesis of upland cotton 

(Gossypium hirsutum L.) plantlets in 

vitro. Plant Cell Tissue Organ Culture, 

103: 155-163. 

Lian, M.L., H.N. Murthy, K.Y. Paek, 2002. 

Effects of light emitting diodes (LED) 

on the in vitro induction and growth of 

bulblets of Lilium oriental hybrid 

‘Pesaro’. Scientia Horticulturae, 94: 

365-370. 

Lichtenthaler, H.K., A.R. Wellburn, 1983. 

Determinations of total carotenoids and 

chlorophylls a and b of leaf extracts in 

different solvents. Biochemical Society 

Transactions, 11: 591-592. 

Manivannan, A., P. Soundararajan, N. 

Halimah, C.H. Ko, B.R. Jeong, 2015. 

Blue LED light enhances growth, 

phytochemical contents, and 

antioxidant enzyme activities of 

Rehmannia glutinosa cultured in vitro. 

Horticulture, Environment, and 

Biotechnology, 56: 105-113. 

Morrow, R.C. 2008. LED lighting in 

horticulture. HortScience, 43: 1947-

1950. 

Muleo, R., S. Morini, S. Casano, 2001. 

Photoregulation of growth and 

branching of plum shoots: 

Physiological action of two 

photosystems. In Vitro Cellular & 

Developmental Biology - Plant, 37: 

609-617. 

Muneer, S., Y.G. Park, B.R Jeong, 2017. Red 

and blue light emitting diodes (LEDs) 

participate in mitigation of 

hyperhydricity in in vitro-grown 

carnation genotypes (Dianthus 

caryophyllus). Journal of Plant Growth 

Regulation, 37: 370–379. 

Nhut, D.T., L.T. Hong, H. Watanabe, M. Goi, 

M. Tanaka, 2000. Growth of banana 

plantlets cultured in vitro under red and 

blue light emitting diode (LED) 

irradiation source. Acta Horticulturae, 

575: 7-23.   

Nhut, D.T., N.B. Nam, 2010. Light-Emitting 

Diodes (LEDs): An Artificial Lighting 

Source for Biological Studies. The 

Third International Conference on the 

Development of Biomedical 

Engineering in Vietnam, 134-139. 

Nhut, D.T., T. Takamura, H. Watanabe, 2003. 

Responses of strawberry plantlets 

cultured in vitro under superbright red 



 
 

 

139 

75 years of Agricultural University – Plovdiv 
JUBILEE SCIENTIFIC INTERNATIONAL 

CONFERENCE Plovdiv 26-28 November 2020 

 

PERSPECTIVES ON AGRICULTURAL SCIENCE  

AND INNOVATIONS FOR SUSTAINABLE  

FOOD SYSTEMS 

 

and blue light-emitting diodes (LEDs). 

Plant Cell Tissue Organ Culture, 73(1): 

43-52. 

Nhut, D.T., T. Takamura, H. Watanabe, A. 

Murakami, K. Murakami, M. Tanaka, 

2002. Sugar-free micropropagation of 

Eucalyptus citriodora using light-

emitting diode (LEDs) and film-

rockwool culture system. 

Environmental Control in Biology, 40: 

147-155. 

Oliveira Prudente, D., D. Souza, L. Batista, R. 

Paiva, D, Domiciano, P. de Carvalho, 

F. Nery, 2019. Goji berry (Lycium 

barbarum L.) in vitro multiplication 

improved by light-emitting diodes 

(LEDs) and 6-benzylaminopurine. In 

vitro cellular & Developmental 

Biology, 55: 258-264.  

Puspa, R.P., I. Kataoka, R. Mochioka, 2008. 

Effect of red- and blue- lightemitting 

diodes on growth and morphogenesis of 

grapes. Plant Cell Tissue Organ 

Culture, 92: 147-153. 

Reed, B.M. 1990. Multiplication of Rubus 

germplasm in vitro: A screen of 256 

accessions. Fruit Varieties Journal, 44: 

141-148. 

Rocha, P.S., R.P. Oliveira, W.B. Scivittaro, 

2013. LED - New light source for 

multiplication and rooting in vitro of 

raspberry. Pesq Agrop Gaúcha, 19 (1-

2): 98–105. 

Pawlowska, B., M. Zupnik, B. Szewczyk-

Taranek, M. Cioc, 2018. Impact of 

LED light sources on morphogenesis 

and levels of photosynthetic pigments 

in Gerbera jamesonii grown in vitro. 

Horticulture Environment and 

Biotechnology, 59 (1): 115-123. 

Poncetta, P., D. Ioratti, I. Mignani, L. Giongo, 

2017. In vitro propagation of red 

raspberry under light-emitting diodes 

(LEDs). Acta Horticulturae, 1155: 369-

374.  

Poudel, P.R., I. Kataoka, R. Mochioka, 2008. 

Effect of red- and blue-light-emitting 

diodes on growth and morphogenesis of 

grapes. Plant Cell Tissue Organ 

Culture, 92: 147-153. 

Sabzalian, M., P. Heydarizadeh, Z. 

Mohammad, R. Sabzalian, P. 

Heydarizadeh, M. Zahedi, A. 

Boroomand, M. Agharokh, M. R. 

Sahba, B. Schoefs, 2014. High 

performance of vegetables, flowers, and 

medicinal plants in a red-blue LED 

incubator for indoor plant production. 

Agron. Sustain. Dev. 34: 879–886. 

Shin, S.K., N.H. Murthy, W.J. Heo, J.E. Hahn,  

Y.K. Paek, 2008. The effect of light 

quality on the growth and development 

of in vitro cultured Doritaenopsis 

plants. Acta Physiologiae Plantarum, 

30: 339-343.  

Shulgina, A., E. Kalashnikova, A. Ivanickih, I. 

Tarakanov, 2018. The effect of light on 

morphological parameters of Stevia 

rebaudiana in vitro and in vivo. 

Preceedings of 5th scientific conference 

“Young scientists and pharmacy XXI 

century”, 127-132. 

Silva, S.T., S.K. Bertolucci, S.H da Cunha, L.E. 

Lazzarini. M.C. Tavares, J.E. Pinto, 

2017. Effect of light and natural 

ventilation systems on the growth 

parameters and carvacrol content in the 

in vitro cultures of Plectranthus 

amboinicus (Lour.) Spreng. Plant Cell 

Tissue Organ Culture, 129(3): 501-510. 

Singleton, V. L., J.A. Rossi, 1965. Colorimetry 

of Total Phenolics with 

Phosphomolybdic-Phosphotungstic 

Acid Reagents, Am J Enol Vitic. 16: 

144-158. 

Stanisavljevic, N., B. Pejin, 2019. A 

contribution to the estimation of berry 

fruits quality. Scientia Horticulturae, 

258. 

Strasser R.J., B.J. Strasser, 1995. Measuring 



 
 

 

140 

75 years of Agricultural University – Plovdiv 
JUBILEE SCIENTIFIC INTERNATIONAL 

CONFERENCE Plovdiv 26-28 November 2020 

 

PERSPECTIVES ON AGRICULTURAL SCIENCE  

AND INNOVATIONS FOR SUSTAINABLE  

FOOD SYSTEMS 

 

fast fluorescence transients to address 

environmental questions: the JIP test. 

In: Mathis, P., (editor) Photosynthesis: 

from light to biosphere. Dordrecht: 

Kluwer Academic Publishers, 977-980. 

Strasser, R.J., M. Tsimilli-Michael, A. 

Srivastava, 2004. Analysis of the 

chlorophyll a fluorescence transient, in: 

Govindjee Papageorgiou (Ed.), 

Advances in Photosynthesis and 

Respiration. Springer, Dordrecht, The 

Netherlands, 321-362. 

Strasser, R.J., A. Srivastava, M. Tsimilli-

Michael, 2000. The fluorescence 

transient as a tool to characterize and 

screen photosynthetic samples. In: 

Probing Photosynthesis: Mechanism, 

Regulation & Adaptation (Mohanty P., 

Yunus, Pathre Eds.) Taylor & Francis, 

London, 443-480. 

Waterman, P.G., S. Mole, 1994. Analysis of 

phenolic plant metabolites. Oxford: 

Blackwell Scientific Publications.  

Wu, J-H., S.A. Miller, H.K., Hall, P.A. Mooney, 

2009. Factors affecting the efficiency of 

micropropagation from lateral buds and 

shoot tips of Rubus. Plant Cell, Tissue 

and Organ Culture, 99: 17-25.  

Yusuf, M.A., D. Kumar, R. Rajwanshi, R.J. 

Strasser, M. Tsimilli-Michael, N.B. 

Sarin, 2010. Overexpression of γ-

tocopherol methyl transferase gene in 

transgenic Brassica juncea plants 

alleviates abiotic stress: physiological 

and chlorophyll a fluorescence 

measurements. Biochimica et 

Biophysica Acta-Bioenergetics, 

1797(8): 1428-1438. 

Zawadzka, M., T. Orlikowska, 2006a. Factors 

modifying regeneration in vitro of 

adventitious shoots in five red raspberry 

cultivars. Journal of Fruit and 

Ornamental Plant Research, 14,105. 

Zawadzka, M., T. Orlikowska, 2006b. The 

influence of FeEDDHA in red 

raspberry cultures during shoot 

multiplication and adventitious 

regeneration from leaf explants. Plant 

Cell Tissue and Organ Culture, 85: 145-

149. 


