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table 2. Analysis of variance for the effect of light and carbon nanotubes on biochemical indices in

Snapdragon.
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Figure 1. Comparison of means for light treatments and carbon nanotube concentrations (mg.L™) on
stomatal conductance. The values are the mean values of tree repetitions + standard deviation and the
same letters indicate the absence of significant difference using Duncan's test.
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"Figure 2. Comparison of Means for Light Treatments and Carbon Nanotube Concentrations (mg.L™)
on FO0"The values are the mean values of tree repetitions + standard deviation and the same letters

indicate the absence of significant difference using Duncan's test.
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Figure 3. Effect of Light Treatments on Mean Fv/F0 Index. The values are the mean values of tree
repetitions + standard deviation and the same letters indicate the absence of significant difference using
Duncan'’s test.
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Figure 4. Effect of different light treatments on mean FO/Fm index. The values are the mean values of tree
repetitions + standard deviation and the same letters indicate the absence of significant difference using
Duncan’s test.

a5 59l

A )).:)b.z\.;)ﬁ)lsd‘ﬁd u—ij:"sﬁj"j;)j-’ M)b\" 6)}.})[.@.:5)5 J;;J)\Sulﬁa u—if":":‘ eJ.ATgL.wJM. @Lﬁ&k

(USK8) b edalie ol 55 dopa Yo+ 55 5 Ao

L5558 Ol a8 5 S ) S0 1 ) s 0 8 e O 53 US55, Olee o 2y o5 5l OLES Laesls (:S0le s lis

VUK 45 ol 8 0 56l 5o 0 S e Ve s

vss

P L e L


https://flowerjournal.ir/article-1-320-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

FVEY04 1N (VFF) s OlalS 5 S

a
0.195 ab
0.19
4 0.185 b
i« 0.18
L 0.175
o
L 017
0.165
0.16
0.155
Omg/I 50mg/I 100mg/I

A3 e e 1S P50
Carbon Nanotubs mg.L-1
Oy g 5 it Hlins Bl il 1SS d Kl p3lie FOIFM [as i 0Kile  op S A9 56 ,ls 50 -0 IS
s e B 1y SGls O g3l 51 etz b ylslias M 215 g 5

Figure 5. Effect of Carbon Nanotube Treatment on Mean FO/Fm Index. The values are the mean values of
tree repetitions + standard deviation and the same letters indicate the absence of significant difference
using Duncan's test.
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Figure 6. Effect of Light Treatments on Mean Carotenoid Index. The values are the mean values of tree
repetitions + standard deviation and the same letters indicate the absence of significant difference using
Duncan's test

YV

P L A T


https://flowerjournal.ir/article-1-320-en.html

[ Downloaded from flowerjournal.ir on 2025-12-07 ]

FVEY04 1N (VFF) s OlalS 5 S

(i xR QM)uUS Al gl

CarbonNanotubs mg.L-1

RPLPRIN
caratenoid(ug/m?)

Oy Dy g it lome O il F 1S5t Kl pslie A5 55,18 Lasld Oljm 1 5555 e slacidlos LSb-V IS
s e B 1y SGls O g3l 51 eslizul b ylslias M 215 g 5
Figure 7. Effect of Carbon Nanotube Treatment on Mean Carotenoid Index. The values are the mean

values of tree repetitions £ standard deviation and the same letters indicate the absence of significant
difference using Duncan’s test.
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Effect of LED lights and elicitors on photosynthesis indices of snadpdragon

(Antirrhum majus)
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Abstract:
Snapdragon (Antirrhinum majus) belongs to the Plantaginaceae family. While it is a perennial plant, it is often
cultivated as an annual, especially in regions with cold winters. This study aimed to investigate the combined
effects of different LED light spectra and carbon nanotube concentrations on the physiological characteristics of
snapdragon plants. This experiment was conducted under controlled conditions using a CRD based factorial
design with 4 replications. Treatments included various LED light combinations (white, blue, red, and their 80%
blue light + 20% red light, 60% blue light + 40% red light, 40% blue light + 60% red light and 20% blue light +
80% red lightcombinations) and 3 concentrations of carbon nanotubes (control, 50 and 100 mg/liter). Evaluated
parameters were chlorophyll content, stomatal conductivity, and chlorophyll fluorescence. Results indicated that
both LED light spectra and carbon nanotubes, significantly influenced the growth and physiological responses of
snapdragon plants. Specific findings include: LED light spectra had varying effects on chlorophyll content,
stomatal conductance, and fluorescence. Generally, blue light enhanced vegetative growth, while red light
influenced flowering and biomass accumulation. The combination of red and blue light often yielded optimal
results. Carbon nanotubes, particularly at higher concentrations, affected stomatal conductance and fluorescence.
Their interaction with light treatments further modulated plant responses. Chlorophyll content, a key indicator of
photosynthetic efficiency, was significantly affected by both light and nanotube treatments. Stomatal conductance,
which regulates gas exchange, was also influenced. Fluorescence measurements provided insights into the
efficiency of light energy utilization in photosynthesis. Overall, this study demonstrated that the combination of
LED lights and carbon nanotubes can be an edfficient tool for manipulating plant growth and physiology. The
optimal light spectrum and carbon nanotube concentration varied depending on the parameter being investigated.
These findings contribute to a better understanding of the complex interactions between light, nanomaterials, and
plant growth, and have potential applications in controlled environment agriculture and plant biotechnology.
Keywords: Carbon nanotubes, Chlorophyll, Fluorescence, LED lights, Stomatal Conductance.
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