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 There are numerous challenges associated with the large-scale production of walnut In vitro-

plantlets. It is imperative to develop new environmental control systems for its In vitro 

propagation. Additionally, there is a lack of knowledge regarding the impacts of lighting systems 

on the morpho-physiological traits and biomass accumulation in walnut tissue-cultured explants. In 

this study, walnut nodal shoots were subjected to eight different light spectra, including white, 

blue, red, green, far-red, blue-red combination, red-far-red combination, and a fluorescent lamp 

serving as a control, over a period of 28 days. The results indicated that combined spectra 

treatments, such as blue-red and red-far-red, led to improved biomass accumulation (total fresh and 

dry weight) compared to other monochromatic light spectral treatments. Furthermore, Light-

emitting diode (LED) treatments had a discernible impact on the morpho-physiological traits of 

walnut In vitro-explants. Specifically, white light spectra enhanced Specific leaf area (SLA), while 

the green light spectra increased leaf water content (LWC) when compared to other light 

treatments. Additionally, the application of far-red light elevated leaf mass area (LMA) and water 

content per unit leaf area (LWCA). The findings of this study demonstrate that the quality, 

morphological, and growth characteristics of In vitro explants of walnut can be enhanced by 

utilizing specific light spectra. 

Introduction 

Persian walnut (Juglans regia L.) is one of the 

most important nuts cultivated in the world 

(Mahmoudian et al., 2021), which is appreciated by 

consumers due to its therapeutic benefits and high 

nutritional content (Habibi et al., 2022). Its in vitro 

propagation is of vital importance for the mass 

propagation of cultivars with desirable features that 

are high-quality, disease-free, and uniformly 

multiplied (Vahdati et al., 2006). Plant tissue culture 

provides the ability to propagate uniformly genetic 

and disease-free plant material with the desired traits 

(Deb and Imchen, 2010; Khodadadi et al., 2016). This 

technology allows us to control the growth of plants 

by setting various parameters that affect plant growth 

(Loyola-Vargas and Ochoa-Alejo, 2018). Propagation 

In vitro has some challenges such as optimization of 

growing and propagation media and acclimatization 

of the produced plantlets to the ex vitro environments 

(Aliniaeifard et al., 2020; Asayesh et al., 2021; 

Asayesh et al., 2017; Hazarika, 2006; Kadleček et al., 
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2001; Kozai et al., 2005; Vahdati and Aliniaeifard, 

2017; Vahdati et al., 2017).  

Persian walnut is the most developed and 

cultivated species of walnut in horticulture, but they 

are highly recalcitrant to tissue culture (Sadat-

Hosseini et al., 2022; Vahdati et al., 2020 and 2022; 

Yegizbayeva et al., 2021). There is extensive data on 

the effect of light quality on herbaceous species In 

vitro, while less information is available on woody 

species (Stefano and Rosario, 2003). The lighting of 

tissue culture media is usually provided by fluorescent 

lamps, but a significant part of the spectral output 

emitted by this light source is not used by tissue 

culture plants (Saeedi et al., 2023). Recently, light-

emitting diodes (LED) have been suggested as a 

flexible and low-consumption light energy for a 

multitude of plant tissue culture purposes (Dutta 

Gupta and Jatothu, 2013). Plant photosynthesis 

requires light as an energy source, in addition to 

morphological and signaling effects (Davarzani et al., 

2023). LEDs provide the possibility of personalizing 

the quality of the light spectra suitable for the needs of 

tissue culture plants (Bello-Bello et al., 2017). The 

emission spectra of these light sources align with the 

absorption spectra of plant photoreceptors; however, 

the majority of studies have primarily concentrated on 

assessing the impact of blue and red lights. The 

effects of different types of multi-chrome lights, or 

other spectra such as far-red and green lights in tissue 

culture media have not been comprehensively studied. 

The success in regeneration and improving the growth 

and morpho-physiological characteristics of tissue 

culture explants largely depends on the spectra quality 

and photon efficiency of the light sources in the 

growth chambers (Gupta and Agarwal, 2017). The 

changes made in the growth and development of 

walnut tissue culture plants were mainly through 

changes in microenvironmental parameters, including 

the composition of the culture medium, plant growth 

regulators, temperature of the growth room, the 

amount of CO2, and different chemical treatments 

(Kozai and Xiao, 2008; Sáez et al., 2012; Sáez et al., 

2015).  

The impact of light on the regulation of plant 

growth and development has been extensively 

characterized, but there has been scarce of 

information on the effect of light on the growth of 

tissue-cultured walnut plants. The present study is 

planned for the development of LED-based lighting 

systems for physiological experiments and the growth 

of walnut tissue culture explants. Therefore, growth 

and morpho-physiological characteristics of micro-

propagated explants of walnut cv. ‘Chandler’ in 

response to In vitro medium light quality was studied. 

Also, achieving a protocol for the improvement of 

growth and proliferation of in vitro walnut plantlets 

with little cost and without the use of expensive 

hormones, which is the main goal of commercial 

tissue culture labs was planned in this study. 

Material and Methods 

Lighting treatments Nodal shoots of walnut (cv. 

Chandler) with a length of 20 ± 2 mm which was in 

the establishment phase were selected. The DKW 

medium (50 mL) with sucrose (3%), BAP (1 mg L
–1

), 

IBA (0.01 mg L
–1

), and solidified with Carrageenan (7 

g L
–1

) was used (Driver and Kuniyuki, 1984). Each 

treatment included six jars and two explants per jars. 

The pH of medium was adjusted to 5.7 before 

autoclaving for 20 min at 121°C and a pressure of 1 

atmosphere. To apply LED spectra treatments, In vitro 

explants of walnut nodal shoots were placed in a 

tissue culture growth chamber (Phytotron) equipped 

with 24W LED units. In each growth rack, there was 

one LED treatment and the spectra did not overlap 

with each other. Tissue-cultured walnut nodal shoots 

samples were exposed for 28 days under different 

LED spectra treatments including white spectra (400-

700 nm), blue (peak wavelength 460 nm), red (peak 

wavelength 660 nm), far-red (peak wavelength 740 

nm), green (peak wavelength 530 nm), the 

combination of red and blue light (in the ratio of 

70:30), the combination of red and far-red light (in the 

ratio of 70:30) and the fluorescent lamp as a control., 
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under a fixed light intensity of 80 µmol m
-2

.s
-1

 and the 

photoperiod was 16/8 h of light/dark at a fixed 

temperature of 25°C. 

Measurement of growth characteristics 

 Growth characteristics, including total fresh and 

dry weight, were evaluated using a digital scale. For 

evaluating total dry weight, the samples were placed 

in an oven at a temperature of 70°C for 48 h. Leaf 

area was measured by Digimizer software (v.5.4.9). 

Morpho-physiological characteristics 

Morpho-physiological characteristics of walnut 

tissue culture explants such as specific leaf area 

(SLA), water content per unit leaf area (LWCA), leaf 

mass area (LMA), and leaf water content (LWC) were 

calculated using the following equations: 

1- SLA= (Leaf dry matter weight / leaf area)  

2- LMA= (Leaf area / leaf dry weight)  

3- LWC= (Leaf fresh weight / leaf dry weight - 

leaf fresh weight) 

4- LWCA= (Leaf area / dry leaf weight - fresh 

leaf weight) 

Statistical analysis  

The experiments were conducted as a completely 

randomized design (CRD) with 8 treatments and 6 

replications. The data was analyzed using SAS 9.4 

software. Mean separations were determined using 

Duncan's multiple range tests with a significance level 

of p ≤ 0.05. 

Results 

Growth and biomass analysis 

The growth rate of walnut explants under light 

spectra treatments can be presented in Fig. 1. 

combined spectral treatments increased the growth 

and biomass production in walnut explants. Two 

combined LED treatments including blue and red 

spectra as well as red and far-red spectral 

combinations increased total fresh and dry weight in 

In vitro explants of walnut compared to 

monochromatic spectral treatments. Therefore, the 

combined LED treatments yielded the highest total 

fresh weight of the plantlet, while the combination 

treatment with a combined blue and red spectra 

yielded the highest total dry weight (Fig. 2 a and b). 

Treatments that included the red spectra in 

addition to blue and far red had a considerable impact 

on the number of nodes. The number of nodes on 

explant of walnut tissue-grown plantlets was 

enhanced by both the red and far-red combined 

spectral treatment as well as the blue and red 

combined spectral treatment (Fig. 2 c). Additionally, 

the lowest number of nodes was observed in far red 

and fluorescence treatments, respectively. 

Fig. 1. Growth rate of Persian walnut explants (cv. ‘Chandler’) after being exposed to various light quality regimes over a period of 28 days 
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Fig. 2. Growth characteristics of Persian walnut explants (cv. ‘Chandler’) being exposed for 28 days to different light quality regimes. Columns with 

the same letters are not significantly different at p ≤ 0.05 
 

Biomass partitioning 

The results showed that the division of biomass 

into shoot and leaf organs of tissue cultured walnut 

explants changed due to the use of light treatments. 

The division of biomass was determined based on dry 

weight and the percentage of each part relative to the 

total weight of the plant. Explants treated with 

monochromatic blue and blue and red combination  

 

 

 

 

 

allocated most of their biomass to leaf organs. Red 

spectra treatment decreased biomass distribution to 

leaf and increased biomass distribution to shoot. The 

highest and lowest contribution of biomass partition 

to different organs were calculated under the 

treatment of red, blue and fluorescent compounds, 

respectively (Fig.3). 
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Fig. 3. Biomass division into shoot and leaf of Persian walnut explants (cv. ‘Chandler’) being exposed for 28 days to different light quality regimes. 

Columns with the same letters are not significantly different at p ≤ 0.05 
 

Morpho-physiological analysis 

The morpho-physiological parameters of tissue 

cultured walnut explants were significantly affected 

by light treatments (P<0001). The highest leaf specific 

area was observed in explants grown under the white 

spectra treatment, which was 90.94% higher than the 

control treatment, and the lowest leaf specific area 

was observed in the far-red spectra treatment, which 

was 29.73% lower than the control (Fig. 4 a). 

The highest amount of LWC was observed in the 

explants grown in the shelf with green spectra 

treatment, which showed a 1.75% increase compared 

to the fluorescent lamp (control), and the lowest 

amount of LWC was observed in the combined red  

 

 

 

 

and far-red spectra treatment (Fig. 4 b). 

The highest amount of LWCA was observed 

under the treatment of the far-red spectra (6.25% 

increase compared to the control) and the lowest 

amount was observed in the treatment of the 

combined blue and red spectra (Fig. 4 c). 

The highest LMA was observed in the explants 

grown under the far-red spectra treatment, which 

increased by 33.3% compared to the fluorescent 

treatment, and the lowest was observed in the green 

spectra treatment, which showed a 40.47% decrease 

compared to the fluorescent (Fig. 4 d). 
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Fig. 4. Morpho-physiological characteristics of Persian walnut explants ( cv. ‘Chandler’) being exposed for 28 days to different light quality regimes. 

Columns with the same letters are not significantly different at p ≤ 0.05 
 

Discussion 

The success in improving the growth and 

morphological characteristics of walnut In vitro-

explants largely depends on the spectra quality of the 

light sources in the growth rooms. Red and blue LEDs 

are commonly used to increase the amount of biomass 

because chlorophyll a and b absorb wavelengths in the 

blue and red light ranges more effectively (Son and 

Oh, 2013). LEDs with red spectra generally increase 

plant growth by increasing fresh and dry weight and 

height. In addition, blue light prevents cell growth and 

a higher ratio of blue light to red light will result in a 

decrease in dry weight (Li et al., 2010; Lin et al., 

2013; Poudel et al., 2008). A high rate of blue light 

causes a decrease in height and biomass, and a high 

rate of red light causes an increase in height and 

biomass (Nanya et al., 2012). The quality of light 

played an important role in differentiating plant cells 

and improving the growth characteristics of walnut 

tissue culture plantlets. In confirmation of cases, the 

highest amount of total fresh weight was observed in 

two treatments with red-far-red and red-blue 

combination LEDs. It has been shown that the 

combination of red-blue light causes a better 

development of chloroplasts and an increase in dry 

weight, which is consistent with the results obtained 

from the combined red-blue spectra treatment that 

caused an increase in total dry weight (Ouzounis et 

al., 2016). In several cases, plantlets grown under 

LED lamps had higher fresh and dry weights 

compared to explants grown under fluorescent light. 

Euphorbia milii and blueberry tissue culture plantlets 

were exposed to different combinations of blue and 



S. A. Saeedi                                                                                                                Journal of Nuts 15(1) (2024) 71-80 

77 
 

red LED spectra and caused an increase in fresh and 

dry weight in these plants (Batista et al., 2016; Hung 

et al., 2016). Red LED spectra causes an increase in 

fresh and dry weight in Dendrobium tissue culture 

plantlets (Lin et al., 2011). Biomass partitioning to 

stem in response to red light and to leaf in response to 

blue and white light is a well-documented 

phenomenon. Research has shown that red light 

promotes biomass accumulation, growth and 

photosynthesis, while blue light enhances the 

assimilation function of the leaf (Tarakanov et al., 

2022). Their mutual effects are compensated by the 

simultaneous presence of blue and red light (Kaiser et 

al., 2019). It has also been shown that the biomass and 

yield of various plants can be increased by adding 

blue light to red light. The effects of light quality on 

biomass distribution are attributed to the influence of 

different light spectra on plant development, 

physiology and photomorphogenesis. Therefore, the 

specific distribution of biomass in response to 

different light spectra is a result of the complex 

interactions between light and plant physiological 

processes (Moradi et al., 2021). SLA indicates the 

thinness of the leaf. In general, with the decrease of 

SLA, the area of receiving light in the plant decreases, 

but the thickness of the leaf increases. According to 

the results, the white LED spectra increased the light-

receiving surface and also caused explants with 

thinner leaves compared to other treatments, and the 

far-red LEDs increased the thickness of the leaves. 

The spectra of LED treatments with emission spectra 

corresponding to the absorption spectra of the 

photoreceptors of plants caused them to create optimal 

productivity in In vitro conditions by influencing the 

morpho-physiological characteristics. So that the 

morpho-physiological characteristics were strongly 

affected by different LED light treatments and these 

characteristics had better results than the fluorescent 

treatment as a control. 

Conclusions 

Under controlled In vitro conditions, conscious 

manipulation of light quality, combined with the 

advantages of LED technology, leads to improved 

growth and morpho-physiological characteristics of 

walnut tissue-cultured plantlets. There is reluctance 

among many tissue culture laboratories to adopt LED 

lighting systems instead of conventional ones due to 

concerns regarding unpredictable and abnormal 

morphology in in vitro conditions. Nevertheless, our 

research has demonstrated the efficacy of LED lights 

in promoting robust growth of tissue-cultured walnut 

nodal shoots. In conclusion, our study findings 

indicate that the favorable micropropagation of 

Persian walnut explants heavily relies on the specific 

light spectra provided.. Exposure to the combined 

spectra of LED treatments improved the growth 

characteristics (total fresh and dry weight) and the 

morpho-physiological characteristics were strongly 

affected by these light sources. 
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