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This study evaluated the effects of different LED light spectra on the growth and
quality of ‘OREKA’ cucumber scion seedlings for grafting. The treatments included
monochromatic green light (100% green) and three combinations of red and blue
light: 40% red + 60% blue (R40:B60), 80% red + 20% blue (R80:B20), and 90% red
+ 10% blue (R90:B10). All treatments were applied for 14 days at a constant light
intensity of 100 =5 pumol m2 s,

Green light significantly promoted seedling elongation, producing the tallest
seedlings (9.07 cm), whereas the shortest seedlings were obtained under the
R40:B60 (2.92 cm) and R80:B20 (3.32 cm) treatments. In contrast, the R90:B10
treatment produced the greatest stem diameter (2.36 mm), longest roots (8.19 cm),
largest leaf area (27.41 cm?), and highest leaf dry mass (0.3138 g). The lowest values
for these traits were generally observed under green light or the R40:B60 treatment.
Root dry mass was highest under the R80:B20 (0.0825 g) and R90:B10 (0.0852 g)
treatments, while green light resulted in the lowest value (0.0319 g). The Dickson
Quality Index (DQI) was also markedly higher under R80:B20 (0.078), R40:B60
(0.073), and R90:B10 (0.072) than under green light (0.023).

Compared with the best-performing combined-spectrum treatment, seedlings grown
under green light were 36% taller. Increasing the proportion of red light from 40%
to 90% enhanced stem diameter by 13.5%, whereas increasing the proportion of blue
light from 10% to 60% reduced leaf area and leaf dry mass by 55% and 38%,
respectively. Higher proportions of red light also promoted root growth, resulting in
greater root length, root dry mass, and overall root development. In contrast,
monochromatic green light adversely affected root growth, leading to reduced leaf
area and lower leaf dry weight.

Overall, the R80:B20 light spectrum produced seedlings with the highest overall
quality and is recommended as the most suitable LED light treatment for producing
cucumber scions intended for grafting.

Cite this article: Abedini, M., Baybordi, A., Esmaeili Abdar, A., Moharrami, M., Salehi, R., Mohmoodi, M. & Jafari, A. M. (2025).

Optimizing the Growth and Quality of Cucumber Scion Seedlings for Grafting under Different LED Light Spectra.

Iranian Journal of

Horticultural Science, 56 (3), 703-723. DOI: https://doi.org/10.22059/ijhs.2025.387983.2240

© The Author(s).
DOI: https://doi.org/10.22059/ijhs.2025.387983.2240

Publisher: The University of Tehran Press.



mailto:m.abedini1374@ut.ac.ir
mailto:alibaybordi2021@ut.ac.ir
mailto:ali.esmaeili79@ut.ac.ir
mailto:ali.esmaeili79@ut.ac.ir
mailto:mahdi.moharrami@ut.ac.ir
mailto:salehir@ut.ac.ir
mailto:salehir@ut.ac.ir
mailto:Mahdie.mahmody@ut.ac.ir
mailto:Jafari.amirmoham@ut.ac.ir
https://doi.org/10.22059/ijhs.2025.387983.2240
https://doi.org/10.22059/ijhs.2025.387983.2240
https://orcid.org/0009-0009-2132-821X
https://orcid.org/0009-0006-1467-1878
https://orcid.org/0009-0001-7872-2201
https://orcid.org/0009-0005-8321-1165
https://orcid.org/0000-0002-7192-2948
https://orcid.org/0009-0002-3764-825x
https://orcid.org/0009-0002-5848-9593
https://creativecommons.org/licenses/by-nc/4.0/

Optimizing the Growth and Quality of Cucumber Scion Seedlings for Grafting under Different LED .../ Abedini, et. al., 704

Extended Abstract
Introduction

Grafting has become a widely adopted technique in vegetable production because of its ability to improve plant vigor,
stress tolerance, and productivity. The success of grafting, however, largely depends on the quality of the scion seedlings.
Among environmental factors, light quality plays a pivotal role in regulating seedling morphology, biomass accumulation,
and overall transplant quality. Previous studies have demonstrated that red and blue light are the primary wavelengths
controlling plant growth and development, whereas the addition of green light (480-560 nm) may further influence plant
morphology and canopy architecture. Therefore, the present study investigated the effects of monochromatic green light
and three red-blue LED light combinations (R40, R80, and R90) on the growth and quality of cucumber scion seedlings to
identify the most suitable light spectrum for grafting.

Materials and Methods

The experiment was conducted as a completely randomized design (CRD) with four treatments and five replications in
the growth chamber of the College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran. Seeds of
cucumber (Cucumis sativus L.) 'OREKA F1' were sown in 128-cell plug trays filled with a cocopeat—perlite substrate and
covered with a thin layer of vermiculite. Seed germination was carried out in a germination chamber at 25°C and 95%
relative humidity. After germination, the seedlings were transferred to a plant factory maintained at day/night temperatures
of 25 + 1°C and 18 + 1°C, respectively, with a 16-h photoperiod and 75% relative humidity.

Four LED light treatments were applied: monochromatic green light (100% green) and three red-to-blue light
combinations (R40, R80, and R90), all at a photosynthetic photon flux density (PPFD) of 100 + 5 pumol m2 s™'. Seedlings
were irrigated every other day with Hoagland nutrient solution adjusted to pH 5.5 and an electrical conductivity (EC) of
1.4 dS m™. Seedling growth and quality traits were evaluated two weeks after the initiation of the light treatments.

Results and Discussion

Green light significantly promoted seedling elongation, producing the tallest seedlings (9.07 cm), whereas the shortest
seedlings were obtained under the R40 (2.92 cm) and R80 (3.32 cm) treatments. In contrast, the R90 treatment produced
the greatest stem diameter (2.36 mm), longest root length (8.19 cm), largest leaf area (27.41 cm?), and highest leaf dry mass
(0.3138 g). The lowest values for these traits were generally observed under green light or the R40 treatment. Root dry
mass was greatest under the R80 (0.0825 g) and R90 (0.0852 g) treatments, whereas green light resulted in the lowest value
(0.0319 g).

The highest Leaf Area Index (LAI) was recorded under the R90 treatment (4.32), followed by R80 (3.38), while green
light (1.92) and R40 (1.89) produced the lowest LAI values. Likewise, the Compactness Index was highest in the
R80treatment (0.172 g cm™), followed by R40 (0.128 g cm™), R90 (0.104 g cm™), and green light (0.030 g cm™). The
Dickson Quality Index (DQI) showed a similar trend, with values of 0.078, 0.073, 0.072, and 0.023 for the R80, R40, R90,
and green light treatments, respectively.

Blue light is known to suppress excessive stem elongation through cryptochrome-mediated signaling, resulting in
compact seedlings with improved structural quality. However, excessive blue light may reduce leaf expansion and root
development because of increased photoprotective responses. Conversely, red light stimulates phytochrome activity,
enhancing cell division, biomass accumulation, root growth, and leaf expansion, thereby improving photosynthetic
capacity. Exposure to monochromatic green light induces shade-avoidance responses, promoting stem and petiole
elongation while reducing biomass allocation to leaves and roots. Although this response increases plant height, it generally
produces weaker seedlings that are less suitable for grafting.

Previous studies have shown that an LAI between 3.0 and 3.5 provides an optimal balance between light interception,
photosynthetic efficiency, and canopy ventilation. Moreover, higher Compactness Index and DQI values are reliable
indicators of superior seedling quality. Seedlings with a high leaf area ratio (LAR) and elongated hypocotyls are generally
considered unsuitable for grafting because of their reduced mechanical strength and lower post-grafting survival. Based on
these criteria, the green light and R40 treatments failed to produce seedlings of acceptable quality, whereas both R80 and
R90 generated vigorous seedlings. Nevertheless, the R80 treatment produced the highest overall seedling quality.

Conclusion

Seedlings grown under monochromatic green light were 36% taller than those produced under the best combined-
spectrum treatment. Increasing the proportion of red light from 40% to 90% enhanced stem diameter by 13.5%, whereas
increasing the proportion of blue light from 10% to 60% reduced leaf area and leaf dry mass by 55% and 38%, respectively.
Higher proportions of red light also promoted root growth, resulting in greater root length, root dry mass, and overall root
development. In contrast, monochromatic green light negatively affected root growth, leading to reduced leaf area and
lower leaf dry weight. The highest light-use efficiency was observed under treatments with higher proportions of red light.
Overall, the R80 light spectrum produced seedlings with the best morphological characteristics and quality indices and is
therefore recommended as the most suitable LED light treatment for producing cucumber scion seedlings intended for
grafting.
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