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Introduction

Medicinal plants, as a valuable source of herbal medicines and bioactive compounds, are rapidly declining
due to uncontrolled collection from nature. Echium amoenum Fisch & Mey belongs to the Boraginaceae family
and has a special place in Iranian traditional medicine. This plant is native to Iran and has been used to treat
many infectious and inflammatory diseases, as well as modern diseases related to stress and anxiety, for many
years. However, low germination percentage and uneven germination are some of the obstacles to the growth
and propagation of this valuable medicinal plant. Recently, it has been reported that LED light sources have
significantly increased the germination of some medicinal species. The response of plants to light spectra
depends on the plant species. However, blue and red light are more useful because green plant tissues more
readily absorb them. Considering the medicinal importance of E. amoenum, the present study was conducted to
improve the germination and growth characteristics under LED treatments.

Materials and Methods

This study was conducted at the University of Mohaghegh Ardabili in 2024. E. amoenum seeds were
purchased from Pakan Bazr Company. After surface disinfection, the seeds were placed in Petri dishes
containing wet filter paper and transferred to light chambers. Germination indices (germination percentage,
speed of germination, mean daily germination, germination energy, seed efficiency, seedling efficiency, seedling
vigor index, coefficient of velocity of germination, daily germination speed) were recorded for up to 21 days.
Morphological indices (fresh weight of seedling, dry weight of seedling, shoot length, root length, percentage of
root dry weight, percentage of shoot dry weight) were measured in 7-day-old seedlings. Then seedlings were
transferred to the growing medium (peat moss and perlite), and the pots were placed in the same light chambers.
After 4 weeks, biochemical indices (photosynthetic pigment content, total carbohydrate content, total protein
content, and total phenol content) were evaluated. The experiment was conducted based on a completely
randomized design with 4 treatments and 4 replications. The 4 light treatments included 100% white LED light
(W), 100% blue LED light (B), 100% red LED light (R), and a combination of blue and red LED light (50:50,
BR). The data were analyzed using SPSS Inc. version 16. Means were compared using Duncan's multiple range
test at a 5% probability level. Graphs were drawn using Excel software.

Results and Discussion
The results of the present study revealed that red light (R) treatment significantly improved germination
percentage, germination speed, mean daily germination, germination energy, seed efficiency, seedling efficiency,
seedling vigor index, coefficient of velocity of germination, and blue light (B) application reduced the
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germination of E. amoenum seeds. Similarly, E. amoenum growth characteristics, including fresh weight, dry
weight, seedling length, root length, percentage of root dry weight, and percentage of shoot dry weight, increased
under the positive effect of red LED light (R). Also, the blue light (B) application did not indicate any positive
effect on growth indices. In biochemical indices, the application of a combination of blue and red light (BR)
resulted in a significant increase in the content of photosynthetic pigments, total carbohydrate content, total
protein content, and total phenol content. In addition, blue LED light (B) had a negative effect on biochemical
indices compared to other treatments. In general, light quality changes can affect photosynthesis and energy
production efficiency. Blue and red light are known to be the most effective wavelengths for plants, and their
absorption peaks correspond to the absorption peaks of photosynthetic pigments. Therefore, their application
alone and in combination can effectively increase the efficiency of photosynthesis, the synthesis of
photosynthetic pigments, and the biosynthesis of macromolecules including carbohydrates and proteins. In
addition, applying blue and red light increases phenolic compounds by increasing the production of enzymes
related to plant secondary metabolism.

Conclusion
The observations of the present study showed that the seeds of E. amoenum are considered in the group of
plant species that require light or are photoblastic positive. Hence, the application of red LED (R) can be
considered an effective treatment to improve and increase the germination and growth characteristics of E.
amoenum plant at the seedling stage. In the later stages of plant growth, the response of E. amoenum to light
qualities was different. The combination of blue and red light (BR) was considered an effective treatment to
increase the content of photosynthetic pigments, total carbohydrates, total proteins, and total phenols.
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Table 1- ANOVA for the effect of light qualities on the germination characteristics of Echium amoenum
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** and *: significant at the 1% and 5% of probability levels, respectively.
GP: germination percentage, SG: speed of germination, MDG: mean daily germination, GE: germination energy, SVI:
seedling vigor index, CVG: coefficient of velocity of germination, DGS: daily germination speed.
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Figure 2- The effect of light qualities on the germination characteristics of Echium amoenum
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(A) germination percentage (GP), (B) speed of germination (SG), (C) mean daily germination (MDG), (D) germination energy
(GE), (E) seed efficiency, (F) seedling efficiency, (G) seedling vigor index (SVI), (H) coefficient of velocity of germination
(CVG), (1) daily germination speed (DGS). (Error bars represent mean + SE (n=4); DMRT, p < 0.05).
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Figure 3- Seven-day-old seedlings of Echium amoenum
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Seedlings grown under white (A), blue (B), red (C) and a combination of blue and red (D) lights.
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Table 2- ANOVA for the effect of light qualities on the growth characteristics of Echium amoenum
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Sl ks moli ay Mean of squares
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FW DW RDW SDW
0P SehS 3 0.0063** 0.0018** 4.64** 25.22%* 6.53%* 3.30%*
Light quality
s 12 0.00008 0.000008 0.10 0.29 0.025 0.050
Error
Dl 9.36 10.02 18.22 17.02 9.55 18.52
CV (%)
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** and *: significant at the 1% and 5% of probability levels, respectively.
FW: fresh weight, DW: dry weight, SL: seedling length, RL: root length, RDW: root dry weight, SDW: shoot dry weight.
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Figure 4- The effect of light qualities on the germination characteristics of Echium amoenum
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(A) fresh weight, (B) dry weight, (C) seedling length, (D) root length, (E) root dry weight, (F) shoot dry weight.
(Error bars represent mean + SE (n=4); DMRT, p <0.05).

38 05 5 o Jagls Ao 3 Gl ol oS sl g gt @S 2 HlPn (5195 CueS g CuS )3 St
(Sharma Lactuca sativa L. ,> a5 joblas «cdl ]38 (R) by sl 5l g lydmen)S 05 (o yiwd 1D paliuns puf jobody
s (Li et al.,, 2022) Triticum aestivum L. s et al., 2024) Js 5 59 ol ol 2 (Toldi et al., 2019) 5%, st

Gl 0l sanlie Sid odle loyd g dodilyy SUiS odlo duopd (Jlply Kis 59



VEoF i) o 0 ko FR ol (5555LisS qslio 3 polke) SLEL polke 4 pli VY ©

(&) (<)
A (8) ‘
ainy dgb 5 JIedls s (a3LS 51 550 SacisS G -0 U
Figure 5- The effect of light qualities on the seedling length and root length
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seedlings grown under white(A), blue(B), red (C) and a combination of blue and red (D) lights.
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Figure 6- The effect of light qualities on the biochemical characteristics of Echium amoenum
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(A) photosynthetic pigments, (B) total carbohydrates, (C) total protein, (D) total phenol. (Error bars represent mean + SE (n=4).
DMRT, p <0.05).
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Table 3- ANOVA for the effect of light qualities on the biochemical characteristics of Echium amoenum
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CV (%)
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** and *: significant at the 1% and 5% of probability levels, respectively.
CHL a: chlorophyll a, CHL b: chlorophyll b, CAR: carotenoid, TC: total carbohydrates, TP: total protein, TPH: total phenol.
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