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1. Chlorophyll a =12.25 A663 — 2.79 A645
2. Chlorophyll b = 21.5 A645 — 5.1 A663
3. Carotenoides = (1000A470 — 1.82 chl a- 85.25 chl b)/198

FLSYPRUNRTRPIR 31K
ssbe o (5 81 (Prometer SC-1 (Meter Group, Inc. Washington, USA) zes 5 oSaws b glaiss, Culda
LS S 5, 13 5 e BT &S (g i sl il [ sb el s SIS 5 Jld Sy an LSS s
Sl BUT glos 53 9 MY 5 AT Olela o Jgems b 4 oalie S sl (glay, Cola LS sbee S

L

s S pilen; gl (5 xS0 5100

oSns Lo oS a5l et Ol sl sbay aibana s Ml sl sl Jids IS il s (6 Sl sl
ol b (6 Se3lll (gl o&aus ol A (g 8o 3Iul (0SS (Hansatech Instruments Ltd. King's Lynn) e 5
U515 S 1 pasiie Cand BT sade 5 el iy bkl S sy p 3 514 Al e lse S (sl s IS
ot 9355 SS el uila, sl U s Late oS 4 (LED) 5 oS bl 555 s A S5l Sob L e S ol
A el Laesls 5 A U e S el s Oley i dS

s 3 5513 Slacyals w0551 Sl ealizal b La a3l 5o gl (3 03linl SAS 9.1 1531 o5 5 T 42 (51

A el oS 3l oalizal Ll 55

Y&y g

P L Lo



FVE-Y04 ()4 ((VFY) s obalS 5 IS

o g mls

58 Js IS Oin oS P50« g Mie H 55 b a8 ol 0L daesls Suilly 4 Sl el s 4 gl
Jlozml o 53 b J35,15 Olin S &30 50 s e cppman il e 1) ol mlaw 3 IS Jids IS
(O Jsde) il i VY,

S35 15 5 el gBios ool ine ey FVIFO jasli o sl OLES sesls [ills 4525 Jsi 5l Jools s

(\ d)b).l.&.v)\bd&au;;djjjfLX)f JJLE.&j‘W}JJSAJ}JﬁLoJLwJJlLa(

Bgee J5 03 plerdiom s paSls 5 on S AU 5 o5 ST uilols s ) Jader

table 1. Analysis of variance for the effect of light and carbon nanotubes on biochemical indices in

Snapdragon.
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ms, " and ** are non-significant and significant at the five percent, one percent probability level, respectively
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table 2. Analysis of variance for the effect of light and carbon nanotubes on biochemical indices in

Snapdragon.
Sl yo Sl
MS
slisg, colas FO FO/Fm solil a0 Sl s olice
stomatal df Sources of change
conduction
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the light
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ms, " and ** are non-significant and significant at the five percent, one percent probability level, respectively

200
' g 190 =W10
J E 180 0
3 g =B10
b 170 =
= £ TSP LED
3 8 0 ; : =R10
3 g 150 = = 0
> 5 140 = E
‘}\ 3 130 == B20
VG ER60
) S 120
S B40
3 5 110
3 = R40
100 = B60
0
_ & R20
(A 53 p Ske) 25 P50 B80

carbon Nanotubs (mg.L1)
Sre Sl 1S a0l palie sla55, Sale p (R 53 08 ee) 28 AP0 5 555 Sloles 5Kile ammlis ) S
.-\.'.A:un olas |) aﬁ': byji )'| saliiu! b J‘}\.'au O O.‘(J‘.\JA}’.-} DL«S.I ij- 5 Ller

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 FO""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/F0O 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.
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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
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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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Table 3. Comparison of Means for Light Treatments and Carbon Nanotube Concentrations (mg/L) on

Chla Chl b.T chl.
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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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