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Table 1. Some physical and chemical properties of the tested farm soil
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Table 2. Analysis of variance of the effect of methanol and titanium dioxide nanoparticles on photosynthetic
pigments and phytochemical traits of artichoke in the first year of experiment
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Table 3. Analysis of variance of the effect of methanol and titanium dioxide nanoparticles on photosynthetic
pigments and phytochemical traits of artichoke in the second year of experiment

o ol g4 Ay o AN S Yol Jiglsa (@il Sl o
\“i/i Ve o[+ YETT o[ee QT NERRTS YA SIYEY DAY Y M) Jyke
YOIV RN oo YA feeeay™ [oyy"™ ARV AR ¥ AeSlisd 23
. . . - - - (T) posies
N o[ vy ofeeeyy® eyt YWY o[- AL A (MPT) Jlazo 51
SIYA- ofeeNy feeesY RN R ALY ey . halejlcslas
(Error)
A% VE/FY YSIAQ YYIVAY YV/-a0 YV fY YYIvE _ d’*(*g V“')‘“"

G (Gxo puf NS g ho)d N 90w jd (4> (xe BB ol &y s g 3

Mo > poslis 1uSlisd 036k 1)y S e jio ; JS g b @ by ks
Olao cpl e (pyiaS bl g)bline ©gli5 A Jdg)lS Jplie (uiSen 156 (bl 4jo0 s 4 429 b
O oeoxen |V Joaz) s als & bgwje Jol Jlo 3> (gl Jlo 93 » 3 paslissles 039L 4
203 ¥0 Jloi 3 pg> Jo S JS g bed Jdg)lS plie oy S Sl v )3 5 S5 5 bea I8
nSles 039l )y pSde ¥oot Jplie e gD J8g)l e i (V9 Y o) A8l e
oo dop Fejled d Clio ol e (p oS g ol Ve 4 Jgilie oz boyd jio Yo 3 gl Jlo S JS
388 poslis dSlisd 0390 ) 2 p)S (heod0 + Jolie (pl 45 AB ond peslis 4Sli6d 039k i) p p)S e
(0 Jgi2) 28 osmlio catlis (Jolis a2l L ()bl Ll RSk Pt ol oo 203 W0 lajlesi L jlew
+ Jplie (e 20)> Y0 g poslis 1uSlied 0390 1)


http://dx.doi.org/10.52547/jcb.14.43.84
https://jcb.sanru.ac.ir/article-1-1323-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-23 ]

[ DOI: 10.52547/jch.14.43.84 ]

ol g 5 s g el A dagd
AY YEeN 5l /Y ojlads /omdylen b /2y LS oMol dolicags,

oigR Jgl Jls 53 (55,8558 Sy (g5tgd sl 0555 51 paslid 1uSled 0,35 5 Jgilkio Jlite S1 (:Sile duglio =¥ Jou>
Table 4. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on photosynthetic
pigments of artichoke leaves in the first year of experiment
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Table 5. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on photosynthetic
pigments of artichoke leaves in the second year of experiment
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Figure 1. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on the carotenoid
content of artichoke leaves in the first year
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Figure 2. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on the carotenoid
content of artichoke leaves in the second year
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Figure 3. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on the flavonoid
content of artichoke leaves in the first year

ETOppm ®@T20 ppm ET40 ppm DOT6E0 ppm
0.06 -
0.05 -
0.04

Flavonoid (mg.gt DW)

(S (i )5 2 p S o) 553526

0.03 -
Y
0.02 [y
3 de
0.01 Z @
Y
0 ; ; ; Lo TsE )
M15%v M45%yv

(oo 20y3) Jplee
Methanol (%V)

e e 3 (SIS S a3isd (lise s psslis aneSlied 0,390 5 Sy Blite 1 Sike dulie —F JS5
Figure 4. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on the flavonoid
content of artichoke leaves in the second year
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Figure 5. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on total phenol
content of artichoke leaves in the first year
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Figure 6. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on total phenol
content of artichoke leaves in the second year
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Figure 7. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on antioxidant
activity of artichoke leaves in the first year
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Figure 8. Comparison of the mean interaction of methanol and titanium dioxide nanoparticles on antioxidant
activity of artichoke leaves in the second year
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Extended Abstract

Introduction and Objective: In recent years, studies have focused on the use of new
compounds that can be synthesized inside the plant and increase the photosynthetic efficiency of
the plant. Some of these compounds include micronutrients and alcohols. Alcohols such as

methanol as a carbon source will increase photosynthetic efficiency and improve plant growth
parameters. Titanium dioxide nanoparticles also improve and repair the photosynthetic
apparatus in the plant and thus increase the photosynthetic efficiency. For this reason, this study
investigates methanol and titanium dioxide nanoparticles on the phytochemical properties of
artichoke.

Material and Methods: In order to investigate the foliar application of methanol and titanium
dioxide (TiO,) nanoparticles on artichoke, an experimental factorial design based on
randomized complete blocks with 4 levels for each of the 2 methanol factors (0, 15, 30 and 45%
by volume) and Anatase of titanium dioxide (0, 20, 40 and 60 mg. 1) was performed in 3
replications in 2019 and 2020. Measured traits included photosynthetic pigments, phenol,
flavonoids and antioxidant activity over two years.

Results: Based on the results, the interaction of treatments for all studied traits in both years of
the study was statistically significant at the level of 1%. The highest amount of chlorophyll a, b
and whole leaves in the first year of zero volume treatment of methanol + 20 mg.I™ titanium
dioxide nanoparticles and in the second year of leaves from 45% volume treatment of methanol
+ 40 mg.I" titanium dioxide nanoparticles was obtained. In the first year, 30% volumetric

treatment of methanol + zero mg.I™ titanium d|0X|de nanoparticles and in the second year, 15%
volumetric treatment of methanol + zero mg.I™ titanium dioxide nanoparticles with 218.75 and
192.85% increase, respectively, compared to control had the highest carotenoid levels. The
highest amount of first year leaf flavonoids was observed in zero volume treatment of methanol
+ 20 mg.I" titanium d|0X|de nanoparticles which was not significantly different from zero
volume methanol + 60 mg.I™ titanium dioxide nanoparticles. The highest amount of flavonoid in
the second year leaves was obtained from the treatment of 45% by volume of methanol + 40
mg.I™" titanium dioxide nanoparticles with 284.61% increase in control ratio. The hlghest
amount of first year leaf phenol from the interaction of 15% volumetric methanol + 20 mg.I™*
titanium dioxide nanoparticles The highest amount of second year leaf phenol from the
interaction of 45% volumetric methanol + 20 mg.I™ titanium dioxide nanoparticles, respectively
with 73.15 and 216.91% increase in control ratio were seen. The highest amount of antioxidant
activity in the first year was Zero volume methanol + 20 mg.I™ titanium dioxide nanoparticles
and 30% methanol + zero mg.I™ titanium dioxide nanoparticles with 32.16% increase compared
to the control Allocated. In the second year, the treatment of 45% by volume of methanol + 40
mg.I" titanium dioxide nanoparticles with the highest increase of 16.24% compared to the
control had the highest free radical scavenging power.

Conclusion: According to the results, the combined use of methanol as a carbon source and
nanoparticles of titanium dioxide can be useful in improving the phytochemical properties of
artichoke.

Keywords: Alcoholic solution, Antioxidant, Artichoke, Dioxide nanoparticles, Flavonoid,
Phenol content, Titanium
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