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Abstract

Research on the effect of nanoparticles and amino acids on the biochemical and morphological
characteristics of plants is of particular importance as a key factor in improving the quality of agricultural
products. This study investigates the effect of the combined treatment of GABA and carbon nanotubes on
the morphological and biochemical characteristics of pumpkin fruits (Ardabil ecotype). The experiment
was conducted in a split-plot design over time with three replications. The treatments studied included
GABA at concentrations of 1 and 2 mg/L, carbon nanotubes at two concentrations of 1 and 2 mg/L, and a
control group. Sampling of the fruits was carried out 20, 40, and 60 days after flowering, during which fruit
samples were randomly selected, and the levels of carbohydrates and starch, total phenols, and total
flavonoids were analyzed. The results showed that the length and diameter of the fruits increased 60 days
after flowering, with the highest values of these two indices observed in plants treated with carbon
nanotubes at a 1 mg/L. Additionally, the thickness of the fruit flesh increased, while the thickness of the
skin decreased. The total carbohydrate and phenol content were also influenced by the treatments, with
the highest total phenol content recorded in fruits treated with carbon nanotubes at a concentration of 1
mg (1.17 mg/g DW) and the lowest in the control samples (0.59 mg/g DW). Furthermore, the flavonoid
content in fruits treated with GABA at a concentration of 1 mg/L reached its maximum (3.12 mg/g DW),

while it decreased at a concentration of 2 mg/L of carbon nanotubes.
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Table 1: Variance analysis results of the effects of treatments on the examined traits over 60 days after flowering in
Cucurbita fruits.
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Figure 1: Changes in the fruits length in Cucurbita (Ardabil’s ecotype) over 60 days after flowering under GABA and carbon
nanotube treatments.
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Figure 2: Changes in the fruits diameter of Cucurbita (Ardabil’s ecotype) over 60 days after flowering under GABA and carbon
nanotube treatments.
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Figure 3: Changes in the flesh thickness in Cucurbita (Ardabil’s ecotype) over 60 days after flowering under GABA and carbon
nanotube treatments.
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Figure 4: Changes in the skin thickness of Cucurbita fruits (Ardabil’s ecotype) over 60 days after flowering under GABA and
carbon nanotube treatments.
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Figure 8: Changes in Total carbohydrate content in Cucurbita fruits (Ardabil’s ecotype) over 60 days after flowering under GABA
and carbon nanotube treatments.

FobYe maS g sbas 09 olpen (ioli8l b 5 atwlis (lie ogee E5b b gaarr a5 ols lis Lol> iagh b
FB 15U S Aol hwgie chale 5 L 5l eolaiwl aww; 095 ol cpytien 4 a3ld (ol Gl (20l5 5l 5,
Ol cppiion a8 olo lid gl il walls sladiges 4 Cod 505 soogs o alulis liwe yiolidl o glaa>de

A% odmline a8 jlaw 55, P b e, S eV cdale jo S dodail bonds Jlad slrogae jo anulis

20 4 5
45151
d & = Control
—~ 5 10 -
% g = GABA (1 mg)
& f
ia gh 8 B _° g GABA (2 mg)
- = ==
0 - — — = Nano (1 mg)
Y . #

& Nano (2 mg)
R Gy
Day after flowering

1 Al 5 LS Lo Coxi (RIS 31 am 33 5+ (b (Jardl i oS 95 sLhogen 0 akaslitd 50 Syl A JS

Figure 9: Changes in total antioxidant capacity in Cucurbita fruits (Ardabil’s ecotype) over 60 days after flowering under GABA
and carbon nanotube treatments.



AA OlhSes g (g0 jlosl e oo Oluogas p LIS g (3,5 Aglgil Ol 1 oy

55 slooses ;3 ki azg BB b8l ol 008 oo V Clale 55 05 alglsili oS wb ssaline ol sk b

rarie Sl Sio b Shdsl olsie a4 (20 Sdlgdell Lo 355 gsl 4 (oAl 5l ey 55, P BV G Oliee (nl 9 02
S Al azals a8 ezl lalS 5o (aulis logas) Sliaeg S gezs 5 ke Sl wllg e )b 4
4 )5 sbalydsl (Subalya et al., 2022) coul jwgd oL ial3l 5 55 ie S b ol ol SbpanilSe
G Gl WS i sy I (s 551 5 95 es 8 il i b Wil oe w03 el Sl Lo
ALty (5 i atwlis g ouB 0gl @l ,0 g s pll Faige 1) yiwsd 0] B U oS e SIS GlalS 4 e ods
Antal et ) sl ansls og>s5 JB 55 Wl o s al3 LS sl (SIS ,5 45 aalpd 53 o0 4 el cnl aily
5l gdse dlge a5 alS o s Sgupe 4y wlgi o o, sladlglsil oopl pegde (al., 2021; Velikova et al., 2021
(Chen et al., 2022) il 5,50 sl aiwlis i glp a5 aitud oS paie 30 and 5 59,00 0SS SeS S
wams Gl ) polie (nl i iy oo (S LSl S99 S L eaty) eled el (RIBIL (205 sladlglsil
AuS Jos gdie olge o ol o 4y allg oo 330 (pl o pizren (Samadi et al., 2021; Chen et al., 2022)
Zhao et al., ) ssis oo yorie diwlis gazs |38l g olS gy o) 4 ol () a5 wisS Jatse leaiy, 4 1) olde Slse g
o2 | atalits peadgilio ;o s slap 3T cullad wiilg oo 0,5 balgdgil ¢ poizen (2021; Dutta et al., 2021
ol cdlad a3l b oS oo Lyl aiulas i 5 4o 40 cote i o] aile o 5T ol (Asl et al., 2022) ss
alise SRl GlalS 50 Aol pez i ;0 5 Wigd oo gy Al g 4 bgrpe (Sl glaany] b daey 5]
WU ) ail 3o o B30ge 5 2AlS aiile (lblS Wi, Gl Jolye 40 oy 4 wlgs oo 36 ol (Fu et al., 2023)

(et al., 2023

S S A

Lax 5 13 (slajls el 53 ooge G dag a1 T 5 (Sne Slga dagrmaling | (28 mie o oy 908
s oolal (tal381 5 (315 0 Sl 950 s (535l (ol e S s 4 ()T 5 gz sl § 0l seges ol
iloosd 5 (So5d o Shy 2 LS 5 5 daloil lajless oo 13l suimaglis ragh ol @l S e S8
NS (e ysboay oals jlas sladiged ;o Wogus HhaS o Jobo Cawl oalS lam 5o, Fr (o 0 ()] Gudgif) 995 (slooges
CigS Calbrd Cpuiorad b cdolive (1,5 Alglgil 5l satin glacdale o ol iy g 09 sl lalS 5l i
b Lo 5l Coos s i g JS Sl oumn S lpee 8l 2alS Cangy Caales a5 o o cuils oiul33l soig, Wwogas
slcdle )3 pgazar 5 adl Gl dlise gloles S1) 5 wdgigdls 5 8 laiome (28l Al 6 loline ol

Clle 3 UE L ons e soaiges 10 S ot 25T s aiales )0 o, 553 ,iSTam 4y LS 5 )5 alslsil ols



A_ (A by oyled) VF+F Hloo ) oylods ¥ 090 “;bb.f e gln jo dpgh alxo

9 S Sgete 3 LS 5 02,5 Alglgil sl eslanal Jeusly saamolis gl (b 2dl (ol (g5 BB jsba p S (le )
ML'LSA 5;.\5 L_SLQO}».A lecbdu le'bg;)"ﬁ
&bw

Anju, Dhiman. K., Sharma, K. D., & Attri, S. (2009). Functional constitutents and processing of
pumpkin: A review. Journal of Food Science and Technology, 46(5), 411.

Antal, T. K., Volgusheva, A. A., Kukarskikh, G. P., Lukashev, E. P., Bulychev, A. A.,
Margonelli, A., & Lambreva, M. D. (2022). Single-walled carbon nanotubes protect photosynthetic
reactions in Chlamydomonas reinhardtii against photoinhibition. Plant Physiology and
Biochemistry, 192, 298-307.

Asl, M. A., Karbasi, S., Beigi-Boroujeni, S., Benisi, S. Z., & Saeed, M. (2022).
Polyhydroxybutyrate-starch/carbon nanotube electrospun nanocomposite: A highly potential scaffold
for bone tissue engineering applications. International Journal of Biological Macromolecules, 223,
524-542.

Bader, H.G. and Géritz, D., (1994). Investigations on high amylose corn starch films. Part 3: stress
strain behaviour. Starch-Stdirke, 46(11): 435-439

Badiche, F., Valverde, J. M., Martinez-Romero, D., Castillo, S., Serrano, M., & Valero, D.
(2023). preharvest use of y-aminobutyric acid (GABA) as an innovative treatment to enhance yield and
quality in lemon fruit. Horticulturae, 9(1), 93.

Cagno, DR., Mazzacane, F., Rizzello, C., Angelis, M., Giuliani, G., Meloni, M., Servi, B.,
Gobbetti, M. (2010). Synthesis of gamma - aminobutyric acid (GABA) by Lactobacillus plantarum
DSM19463: functional grape must beverage and dermatological applications. Appl Microbiol
Biotechnol, 86(2):731 -41

Cai, S., Zhang, P., Guo, Z., Jin, F., Wang, J., Song, Z., & Dang, X. (2022). Multi-walled carbon
nanotubes improve nitrogen use efficiency and nutritional quality in Brassica campestris.
Environmental Science: Nano, 9(4), 1315-1329.

Caias JE, Long M, Nations S, Vadan R, Dai L, Luo M, Ambikapathi R, Lee EH, Olszyk D.
(2008). Efects of functionalized and nonfunctionalized single walled carbon nanotubes on root
elongation of select crop species. Environ Toxicol Chem. 27:1922-31.

Chen, X., Wang, J., You, Y., Wang, R., Chu, S., Chi, Y., ... & Zhou, P. (2022). When nanoparticle
and microbes meet: The effect of multi-walled carbon nanotubes on microbial community and nutrient
cycling in hyperaccumulator system. Journal of Hazardous Materials, 423, 126947.

Chen, Z., Zhao, J., Cao, J., Zhao, Y., Huang, J., Zheng, Z., ... & Zhang, J. (2022). Opportunities
for graphene, single-walled and multi-walled carbon nanotube applications in agriculture: A
review. Crop Design, 1(1), 100006.

Dhakal, R., Bajpai, V.K., Baek KH. (2012). Production of GABA (y -aminobutyric acid) by
microorganisms : A review. Brazilian Journal of Microbiology, 43:1230 -1241.

Dutta, S., Pal, S., Sharma, R. K., Panwar, P., Kant, V., & Khola, O. P. S. (2021). Implication of
wood-derived hierarchical carbon nanotubes for micronutrient delivery and crop biofortification. ACS
omega, 6(37), 23654-23665.

Fathi, Z., Khavari Nejad, R.A., Mahmoodzadeh, H. and Nejad Satari, T., (2017). Investigating
of a wide range of concentrations of multi-walled carbon nanotubes on germination and growth of castor
seeds (Ricinus communis L.). Journal of Plant Production Research, 57(3): 228-236

Fazeli-Nasab, B., Solouki, M., & Sobhanizadeh, A. (2021). Green synthesis of silver nanoparticles
using an ephedra sinica herb extract with antibacterial properties. Journal of Medical Bacteriology, 30-
47.



q. OB g usSojledljule ot Lo Oluogas o LK g )5 algdgil Wl 1 Y

Fu, Z., Li, C., Tian, X., Zhan, R., & Yang, J. (2023). Single-walled carbon nanohorns promote
apple growth by regulating carbohydrate allocation and metabolism. Scientia Horticulturae, 320,
112189.

Giglou, M. T., Giglou, R. H., Esmaeilpour, B., Azarmi, R., Padash, A., Falakian, M., ... &
Lajayer, H. M. (2022). A new method in mitigation of drought stress by chitosan-coated iron oxide
nanoparticles and growth stimulant in peppermint. Industrial Crops and Products, 187, 115286.

Giglou, R. H., Giglou, M. T., Esmaeilpour, B., Padash, A., Ghahremanzadeh, S., Sobhanizade,
A., & Hatami, M. (2023). Exogenous melatonin differentially affects biomass, total carbohydrates, and
essential oil production in peppermint upon simultaneous exposure to chitosan-coated Fe304 NPs.
South African Journal of Botany, 163, 135-144.

Khodakovskaya, M.V., de Silva, K., Biris, A.S., Dervishi, E. and Villagarcia, H., (2012). Carbon
nanotubes induce growth enhancement of tobacco cells. ACS Nano, 6(3): 2128-2135

Kinnersley AM, Turano FJ. (2000). Gamma aminobutyric acid (GABA) and plant responses to
stress. Critical Reviews. Plant Sciences. 19: 479-509.

Lahiani, M.H., Dervishi, E., Chen, J., Nima, Z., Gaume, A., Biris, A.S. and Khodakovskaya,
ML.V. (2013). Impact of carbon nanotube exposure to seeds of valuable crops. ACS Applied Materials
and Interfaces, 5(16): 7965-7973

Luo HY, Gao HB, Xia QP, Gong BB, Xiao-Lei WU. (2011). Effects of exogenous GABA on
reactive oxygen species metabolism and chlorophyll fluorescence parameters in tomato under NaCl
stress. Scientia Agricultura Sinica 34: 37-544.

Ma, X., Geiser-Lee, J., Deng, Y. and Kolmakov, A. (2010). Interactions between engineered
nanoparticles (ENPs) and plants: Phytotoxicity, uptake and accumulation. Science of the Total
Environment, 408(16): 3053-3061.

Meda, A., Lamien, C. E., Romito, M., Millogo, J., & Nacoulma, O. G. (2005). Determination of
the total phenolic, flavonoid and proline contents in Burkina Fasan honey, as well as their radical
scavenging activity. Food chemistry, 91(3), 571-577.

Miliauskas, G., Venskutonis, P.R., and Vanbeek, T.A. (2004). Screening of radical scavenging
activity of some medicinal and aro-matic plant extracts. Food Chemistry. 85, 231-237.
https://doi.org/10.1016/j.foodchem.2003.05.007

Mita, S., Murano, N., Akaike, M., & Nakamura, K. (1997). Mutants of Arabidopsis thaliana with
pleiotropic effects on the expression of the gene for f-amylase and on the accumulation of anthocyanin
that are inducible by sugars. The Plant Journal, 11(4), 841-851.

Padash, A., Heydarnajad Giglou, R., Torabi Giglou, M., Azarmi, R., Mokhtari, A. M., Gohari,
G., ... & Ghorbanpour, M. (2023). Comparing the toxicity of tungsten and vanadium oxide

nanoparticles on Spirulina platensis. Environmental Science and Pollution Research, 30(15), 45067-
45076.

Pourkhaloee, A., Haghighi, M., Saharkhiz, M.J., Jouzi, H. and Doroodmand, M.M. (2011).
Carbon nanotubes can promote seed germination via seed coat penetration. Seed Technology, 33(2):
155-169.

Safdar, M., Kim, W., Park, S., Gwon, Y., Kim, Y. O., & Kim, J. (2022). Engineering plants with
carbon nanotubes: a sustainable agriculture approach. Journal of Nanobiotechnology, 20(1), 275.

Samadi, S., Lajayer, B. A., Moghiseh, E., & Rodriguez-Couto, S. (2021). Effect of carbon
nanomaterials on cell toxicity, biomass production, nutritional and active compound accumulation in
plants. Environmental Technology & Innovation, 21, 101323.

Sha, R., Zhu, S., Wu, L., Li, X., Zhang, H., Yao, D., ... & Yu, K. (2022). Pre-Harvest Application
of Multi-Walled Carbon Nanotubes Improves the Antioxidant Capacity of ‘Flame Seedless’ Grapes
during Storage. Sustainability, 14(15), 9568.


https://doi.org/10.1016/j.foodchem.2003.05.007

1) (A by oyled) VF+F Hloo ) oylods ¥ 090 “;bb.f e gln jo dpgh alxo

Shelp, B. J., Bozzo, G. G., Trobacher, C. P., Chiu, G. and Bajwa, V. S. (2012). Strategies and
tools for studying the metabolism and function of y-aminobutyrate in plants. I Pathway Structure.
Botany, 90(8), 651-668.

Subalya, M., Voleti, R., & Wait, D. A. (2022). The Effects of Different Solid Content Carbon
Nanotubes and Silver Quantum Dots on Potential Toxicity to Plants through Direct Effects on Carbon
and Light Reactions of Photosynthesis. WSEAS Trans. Electron, 13, 11-18.

Takahiro, N., Shogo, T., Motoyuko, M., Shigenobo, t., Chie; S. Katsuichi; W.H. Arachichige;
H. Akihiro; S. Yasuyuki and Y. Hiroaki. (2004). The effect of harvest dates on the starch properties
of various potato cultivars. Food Chemistry, 86,119-125.

Tian, S.; Chen, Y.; Chen, Z.; Yang, Y.; Wang, Y. (2018). Preparation and characteristics of starch
esters and its effects on dough physicochemical properties. J. Food Qual. 7.(1), 287.

Tilahun, S., Choi, H. R., Baek, M. W., Cheol, L. H., Kwak, K. W., Park, D. S., & Jeong, C. S.
(2021). Antioxidant properties, y-aminobutyric acid (GABA) content, and physicochemical
characteristics of tomato cultivars. Agronomy, 11(6), 1204.

Tiwari D, DasguptaSchubert N, Villasenor L, Tripathi D, Villegas J. (2013). Inter- action of
carbon nanotubes with mineral nutrients for the promotion of growth of tomato seedlings. Nano Stud.
7:87-96.

Tiwari, D.K., Dasgupta-Schubert, N., Villaseiior Cendejas, L.M., Villegas, J., Carreto
Montoya, L. and Borjas Garcia, S.E. (2014). Interfacing carbon nanotubes (CNT) with plants:
enhancement of growth, water and ionic nutrient uptake in maize (Zea mays) and implications for
nanoagriculture. Applied Nanoscience, 4(5): 577-591.

Velikova, V., Petrova, N., Kovacs, L., Petrova, A., Koleva, D., Tsonev, T., & Krumova, S.
(2021). Single-walled carbon nanotubes modify leaf micromorphology, chloroplast ultrastructure and
photosynthetic activity of pea plants. International Journal of Molecular Sciences, 22(9), 4878.

Wu, M., Su, H., Li, C., Fu, Z., Wu, F., Yang, J., & Wang, L. (2023). Effects of foliar application
of single-walled carbon nanotubes on carbohydrate metabolism in crabapple plants. Plant Physiology
and Biochemistry, 194, 214-222.

Yu GH, Sun MX. (2007). Deciphering the possible mechanism of GABA in tobacco pollen tube
growth and guidance. Plant Signaling & Behavior. 2: 393-395.

Zhao, F., Xin, X., Cao, Y., Su, D., Ji, P., Zhu, Z., & He, Z. (2021). Use of carbon nanoparticles to
improve soil fertility, crop growth and nutrient uptake by corn (Zea mays L.). Nanomaterials, 11(10),
2717.



