Evaluation the effect of supplemental light intensity and spectrum on growth
characteristics of duckweed (Lemna minor L.)

ABSTRACT

Duckweeds with desirable nutritional value and high potential for biomass production have been considered in recent
years as promising plants for feeding the world's growing population. Few researches have been conducted on
environmental requirements for optimal production of their biomass. In order to study of the effect of supplemental light
intensity and spectrum on some growth characteristics of Lemna minor an experiment was conducted in a research
greenhouse of Department of Horticultural Sciences, University of Tehran. Experimental treatments included
supplemental LED light as white, red-blue spectra in ratios of 1:2 and 2:1 and two light intensity levels of 150 and 250
umole m2s1, Analysis of some indices at the end of cultivation period, showed that the effect of light intensity on growth
traits was more effective than light spectrum. Fresh weight, dry weight, relative growth rate, linear growth rate and
biomass doubling time were affected by light intensity. The findings of this study confirmed thatlincreasing light intensity
improves biomass producing potential of L. minor. Also, the interaction effect of spectrum andlight intensity on nitrogen
percentage and protein content of biomass was significant. Usexof red-blue spectrums comparéd tozwhite spectrum
increased protein content .The results of this research highlighted thelimportance of the lighting systemsin the optimum

production of duckweed biomass. Understanding the relationship between light parameters and duckweed physiology
will help us to provide appropriate light condition for sustainable biomass preduction as sotrce of animal feed and food.
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Extended Abstract

Introduction: Due to increase of world population and demand for food, food security may be the main
challenge of humanity in the future. In recent years, the use of duckweeds, has attracted global attention due
to many features compared to the conventional cereal and grainierops. Studies have shown thatithese aquatic
plants have the potential to be a useful alternative for humanfeod and animal feed due tg\their great
nutritional content. Not much research has been conducted on the climatic requirements for optimal
production of duckweed biomass. light is one of the essential climaticfactors for\plant. growth. The light
saturation point varies depending on factors such as temperature and,speeies. Therefore, considering the
effect of light on the growth of plants and the limitation of light in winter in greenhouses, the main objective
of this study was to investigate the effect of different spectra and intensities of supplementary light on the
guantitative and qualitative growth of Lemna minor.

Method: An experiment was conducted on January,2023, ina résearch greenhouse of the Department of
Horticultural Sciences, University of Tehran, Karaj,ran. Plant samples of Lemna minor species were
collected from the natural habitats located in Gilan Provineggy(a coastal province in the north of Iran) and
then were brought to a greenhouse for propagating. One-quarter Hoagland's solution was used as the culture
medium. In each pot (22 cm longx22 cm widex20 cm depth), 5g fresh biomass of species was transferred.
water temperature and air temperature were'18 °C and 24 °C, respectively. Natural greenhouse light (Base
light) at 1 p.m was 90 pmol m2s*, Experimentaltreatments included supplemental LED light in white, red-
blue spectra in ratios of 1i2.and 2:1 and two light intensity levels of 150 and 250 umole m=s. At the end
of the cultivation period, some of quantitative and qualitative traits of the duckweed plant such as fresh
weight, dry matterjulinear growth rate (LGR);.relative growth rate (RGR), yield doubling Time (DT),
nitrogen content (N),erude protein content and crude fiber were analyzed.

This experiment was a factorialdesign based on randomized complete block in three replications. Statistical
analysis of the obtained datawwas conducted using SAS software Version 9.4. The Duncan multiple test was
used to compareymeans a0.05 level of probability.

Result and DISCUSSION: The results showed that the effect of light intensity on growth traits was more
effectiveythan the light spectrum. Fresh Weight and dry matter accumulation differed between light
intensities:, Also, biomass productivity or linear growth rate, relative growth rate and yield doubling time
was significantly different (p<0.01) between studied light intensities and growth rate increased with
increasing light intensity. Our finding indicated that there is no significant difference among spectra on
mentioned traits

Additionally, the interaction effect of spectrum and light intensity on nitrogen percentage and protein
content of biomass was significant. The effect of spectrum and supplemental light intensity on other studied
traits was not significant. The findings of this study confirmed that increasing light intensity improves the
biomass quantity of duckweed.

Also, the use of red-blue spectra with ratios of 1:2 and 2:1 increased the crude protein content of the biomass
compared to the white spectrum.

Understanding the complex relationship between light parameters and duckweed physiology will help to
achieve appropriate light conditions for sustainable production and reduce dependence on costly sources of
animal feed and human protein.
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This small-scale experiment was conducted to investigate one of the important factors in increasing the
quantitative and qualitative growth of duckweed., in order to optimize the production of this species
further research and careful consideration must be given to key factors controlling duckweed biomass

productivity including light, temperature, nutrient supply and the combination of different light and
nutritional regimes together.

Conclusions

according to the results of this study, it seems that the use of blue-red spectrum is sufficient to improve
growth and development, and especially in qualitative indices, this spectrum is more effective than the full
spectrum of light. Also The best supplemental light intensity in the growth indices studied was the higher
lighting treatment. the results of present research reveal the importance of optimizing the quality and
intensity of light in order to produce duckweed nutritional biomass with.
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