Optimization of Growth and Quality of Cucumber Scion Seedlings
for Grafting Operations Under the Influence of Different LED
Light Spectra

Abstract

In this research, the effects of different LED light spectra, including 100% green light (single spectrum), 40% red +
60% blue (R40:B60), 80% red + 20% blue (R80:B20), and 90% red + 10% blue light (R90:B10), with a constant
intensity of 100+5 pumol m? s?, for 14 days were evaluated on ‘OREKA’ cucumber seedlings to optimize them for
grafting. The results indicated that the highest seedling height was observed in the green light treatment with a value
of 9.07 cm, and the lowest in the R40:B60 and R80:B20 treatments with values of 2.92 cm and 3.32 cm, respectively.
The highest stem diameter was in the R90:B10 treatment with a value of 2.36 mm, and the lowest occurred in the
green light and R40:B60 treatments with values of 1.96 mm and 2.04 mm, respectively. The root length in the
R90:B10 treatment was the highest at 8.19 cm, and the lowest occurred in the green light treatment at 5.69 cm. The
root dry mass in the R80:B20 and R90:B10 treatments was the highest with values of 0.0825 g and 0.0852 g,
respectively, and the lowest occurred in the green light treatment with a value of 0.0319 g\ Thedleaf area in the
R90:B10 treatment was the highest at 27.41 cm?, and the lowest happened in the R40:B60,and green light treatments
with values of 12.18 cm? and 12.19 cm?, respectively. The leaf dry mass in the R90:B10 treatment was the highest at
0.3138 g, and the lowest occurred in the green light treatment with a value of 0.1124 g. The sgedling quality index
(DQI) in the R80:B20, R40:B60, R90:B10, and green light treatmentsywas 0.078, 0.073, 0.072, and 0.023,
respectively. According to the results, the seedling height in the green light treatment was,36% higher than'the highest
seedling height in the combined light treatments. Increasing the percentage of red, light fram 40% to 90% led to a
13.5% increase in stem diameter. Increasing the percentage of blue light fromy10%:to 60% led to a,55% and 38%
reduction in leaf area and leaf dry mass, respectively. Increasing red light increased root length and root'dry mass and
other root traits. However, green light had a negativeyimpact 0n,root traits, that’s'causing a decrease in leaf area and
dry weight in this treatment. Collectively, the light treattnent'with a ratio 0f\80% red light and20% blue light can be
suitable for producing cucumber scions.
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Extended Abstract
Introduction

Today, it's common to utilize grafting vegetable for their advantages. A successful graft depends on having a good
scion transplant. Light is one of the most important factors for seedling quality. Research shows that red and blue
light significantly impact plant growth and morphology, while adding green light (480-560nm) can also be beneficial.
This study examines the effects of green light and three red-blue light combinations (R40:B60-R80:B20-R90:B10) to
optimize light for producing suitable greenhouse cucumber scions.

Materials and methods

This experiment was conducted in the form of a CRD with 4 treatments and 5 replications in the growth chamber of
College of Agriculture & Natural Resources of Tehran University located in Karaj. Cucumber seeds of OREKA F1
variety were cultivated in 128-hole trays with cocopeat and perlite substrate and vermiculite surface coating.
Germination occurs in a germination room at 25°C and 95% humidity. Seedlings are then ‘transferred to a plant
factory with a day/night temperature of 25+1°C / 18+1°C, a 16-hour light period and 75%_humidity..Light treatments
include 100% green, red and blue combinations in ratios of 40:60, 80:20 and 90:10 withha radiationtintensity of
100+5 umol m2 s, all treatments were irrigated every other day with Heagland 2 nutrient solution with acidity (pH)
and electrical conductivity (EC) equal to 5.5 and 1.4 dS/m, respectively and after 2 weeks, the seedling evaluation
was done.

Results and Discussion

The highest seedling height was observed in the green light_treatment with,a-value of 9.07,cm, and the lowest
occurred in the R40:B60 and R80:B20 treatments withyvaluesiof2.92 cm and 3.32 cm, respectively. The highest stem
diameter was in the R90:B10 treatment with a value 0f32.36 mmyand the lowest occurred in the green light and
R40:B60 treatments with values of 1.96 mm and 2.04 mm,igespectively&The root length in the R90:B10 treatment
was the highest at 8.19 cm, and the lowest in the green light treatment at 5.69 cm. The root dry mass in the R80:B20
and R90:B10 treatments was the highest with values 0f,0.0825 g and*0.0852 g, respectively, and the lowest occurred
in the green light treatment with a value of 0.0319'g. The leaf area in the R90:B10 treatment was the highest at 27.41
cm?, and the lowest occurred in the R40:B60 ‘and green lightitreatments with values of 12.18 cm? and 12.19 cm?,
respectively. The leaf dry mass in the R90:B10 treatment,was the\highest at 0.3138 g, and the lowest occurred in the
green light treatment with a walue of 0.1124 g. The Leaf Area Index (LAI) was the highest in the R90:B10 treatment
with a value of 4.32. The LAI'th R80:B20 treatment was 3.838;However, the green light and R40:B60 treatments had
the lowest values, 1.92 and 1.89, respectively. The,compactness index in the R80:B20, R40:B60, R90:B10 and green
light treatments were @172, 0.128, 0.104, and 0.030.g cm-1, respectively. The seedling quality index (DQI) in the
R80:B20, R40:B60, R90:B10 and green light treatments were 0.078, 0.073, 0.072, and 0.023, respectively.

Blue light can induce seedling dw}fism by stimulating cryptochrome receptors. The high-energy blue light
spectrum can leadyto excessive energy production and photoprotective responses in plants, resulting in smaller roots
and fewer leaves withireduced leaf area. Red light, due to its ability to stimulate phytochromes, enhances cell division
and growth, promotes hypo@yl elongation, and increases leaf area, thereby boosting photosynthesis opportunities.
Exposuregoghigh levels/of green light elicits a plant response similar to being under shade or low light, activating
shade avoidancey, mechanisms. Which induced petiole, leaf and stem elongation and changes in secondary
metabolism, that help the plant to receive more light.

According to previous studies, it has been determined that a Leaf Area Index (LAI) between 3 and 3.5 is suitable
for optimizing photosynthetic capacity per unit area, light penetration, and air circulation. The seedling quality
generally improves with the higher the Compactness and seedling quality index. Plants with a low Leaf Area Ratio
(LAR) and an elongated hypocotyl are not suitable seedlings for grafting. Therefore, it seems that the R40:B60 and
green treatments did not meet the required standards for a good seedling, and among the R80:B20 and R90:B10
treatments, the R80:B20 treatment produced higher quality seedlings for grafting.

Conclusion

The seedling height in the green light treatment was 36% higher than the highest seedling height in the combined
light treatments. Increasing the percentage of red light from 40% to 90% led to a 13.5% increase in stem diameter.
Increasing the percentage of blue light from 10% to 60% led to a 55% and 38% reduction in leaf area and leaf dry
mass, respectively. Increasing red light increased root length and root dry mass and other root traits. However, green
light had a negative impact on root traits that’s causing a decrease in leaf area and dry weight in this treatment. The
highest Light use efficiency occurred in treatments with a high percentage of red light. In the end, the light treatment
with a ratio of 80% red light and 20% blue light can be suitable for producing cucumber scions.



