ianon

Journal of Research in Plant Metabolites, Summer 2026,Vol 4, No. 2 41

Mo

9
and g™

ISSN: 3041-9638

https://jrpsm.asnrukh.ac.ir/

Open Access

Research Article

Study of the Effects of Iron and Zinc Nano-Fertilizers on Phenolic and Antioxidant
Compounds of Grape (Vitis vinifera L.) cv. 'Bidaneh Sefid' at Two Stages: Veraison

and Ripening

S. Khodabakhsh zadeh!, M. Rasouli>“, F. Borna’ and M. Maleki!

! Department of Biology, Malayer University, Malayer, Iran

2 Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural Resources, Imam Khomeini
International University, Qazvin, Iran.

3 Department of Horticultural Science, Agricultural Sciences and Natural Resources University of Khuzestan, Mollasani, Iran.

Received: 22 May 2026

Accepted: 01 Sep 2026 Published: 01 Sep 2026

Corresponding
Author:

Masoume Maleki
Moosa Rasooli

Email:
masoumemaleki@gma
il.com

m.rasouli@eng.ikiu.ac.

1

Keywords:
Anthocyanin, Foliar
nutrition, Flavonoid,
Resveratrol.

Citation:
Khodabakhsh zadeh,
S., Rasouli, M., Borna,
F., & Maleki, M.
(2026). Study of the
Effects of Iron and
Zinc Nano-Fertilizers
on Phenolic and
Antioxidant
Compounds of Grape
(Vitis vinifera L.) cv.
'Bidaneh Sefid' at Two
Stages: Veraison and
Ripening. Journal of
Research in Plant
Metabolites, 4(2), 41-
56.
Doi:10.22034/jrpsm.2
026.593311.1126

Extended Abstract

Background and Objective: Grape (Vitis vinifera L.) is one of the most important horticultural crops worldwide,
possessing high nutritional and medicinal values due to its diverse phenolic and antioxidant compounds, including
flavonoids, anthocyanins, and resveratrol. Foliar nutrition with micronutrient nano-fertilizers has been introduced as
an efficient and environmentally friendly approach to improve the quality of horticultural products. Iron and zinc
elements play a crucial role as cofactors of key enzymes in the biosynthetic pathways of phenolic compounds.
Considering the lack of information regarding the effects of iron and zinc nano-fertilizers on the quality of 'Bidaneh
Sefid' grape cultivar, this study was conducted to investigate different concentrations of nano-chelated iron (0, 2000,
and 3000 mg L") and nano-chelated zinc (0, 1000, and 2000 mg L") on the biochemical and antioxidant compounds
of grape at two phenological stages, namely veraison and ripening.

Materials and Methods: This research was conducted during 2014-2018 at the research collection of Malayer
University (Hamadan province, Iran). Fifteen-year-old grapevines of Bidaneh Sefid cultivar were trained using the
pergola system. Treatments consisted of three levels of nano-chelated iron (0, 2000, and 3000 mg L") and three levels
of nano-chelated zinc (0, 1000, and 2000 mg L"), which were applied as foliar sprays at two stages: Veraison and
full ripening. Foliar application was performed during early morning hours using a hand sprayer until runoff, and
0.2% Tween 20 was added to all solutions. Leaf sampling was conducted at both stages, and measured traits included
chlorophyll a, chlorophyll b, carotenoids, total flavonoids, total anthocyanins, total phenols, and resveratrol.
Photosynthetic pigments were assayed using spectrophotometry based on Lichtenthaler's equations. Total
anthocyanin content was measured using spectrophotometry in acidic methanol with chlorophyll interference
correction. Total flavonoids and total phenols were determined using aluminum chloride and Folin-Denis methods,
respectively. Resveratrol was quantified using reversed-phase HPLC at 306 nm. The experiment was arranged as a
completely randomized design with three replications, and data were analyzed using SAS software with Duncan's
multiple range test at a significance level of 1%. Principal component analysis (PCA) and weighted composite index
(WCI) were calculated.

Results: The results showed that different treatments had significant effects on all measured traits at both
phenological stages. At both veraison and ripening stages, the Fe 2000 mg L' treatment exhibited the greatest effect
on increasing chlorophyll a, chlorophyll b, and carotenoid contents, followed by Zn 1000 and 2000 mg L ™! treatments.
In contrast, Fe 3000 mg L' caused a reduction in photosynthetic pigments in most cases. Total leaf flavonoid content
reached its maximum in the Fe 2000 mg L treatment at both veraison (225.91 mg g' DW) and ripening (288.57 mg
g ' DW) stages. Total anthocyanin content at the ripening stage reached its highest value (1.89 mg g'! DW) under the
Zn 1000 mg L' treatment, while both iron concentrations exhibited decreasing effects. Total phenol content of berry
skin at the ripening stage showed the greatest increases in Fe 2000 (132.88) and Zn 2000 (139.55 mg g' DW)
treatments. Resveratrol content of berry skin reached its maximum at the veraison stage in the Fe 2000 mg L'
treatment (110.44 pg g' DW, more than 2.5 times the control), and at the ripening stage in the Zn 2000 mg L'
treatment (100.13 pg g™ DW). Elemental concentrations in leaves were also affected by treatments, and antagonistic
effects between iron and zinc were observed at the ripening stage. The PCA results, integrated with the WCI,
identified Fe 2000 as the most effective treatment for concurrently improving the physiological, biochemical, and
nutritional traits of grapevine.

Conclusion: The results demonstrated that nano-chelated iron at 2000 mg L at both veraison and ripening stages
had the best effect on increasing antioxidant compounds of 'Bidaneh Sefid' grape cultivar. Nano-chelated zinc at 1000
mg L™ is recommended for increasing anthocyanin content, and at 2000 mg L™ for increasing resveratrol at the
ripening stage. The concentration of 3000 mg L™ iron is not recommended due to its inhibitory effects. Simultaneous
application of iron and zinc requires precise management of concentration and application timing due to their
antagonistic interactions.
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Figure 1- The effect of nano-chelated iron and zinc fertilizers on the total chlorophyll a (A), chlorophyll b (B) and carotenoid (C)
content of grape leaves (Vitis vinifera L. cv. Bidaneh Sefid) at the veraison and ripening stages. Different letters indicate significant
differences (p < 0.01).
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Figure 2- The effect of nano-chelated iron and zinc fertilizers on the total flavonoid content of grape leaves (Vitis vinifera L. cv.
Bidaneh Sefid) at the veraison and ripening stages. Different letters indicate significant differences (p < 0.01).
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Figure 3- The effect of nano-chelated iron and zinc fertilizers on the total Anthocyanin content of grape leaves (Vitis vinifera L. cv.
Bidaneh Sefid) at the veraison and ripening stages. Different letters indicate significant differences (p < 0.01).
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Figure 4- The effect of nano-chelated iron and zinc fertilizers on the total Phenol content in grape skin, flesh, and leaves (Vitis
vinifera L. cv. Bidaneh Sefid) at the veraison and ripening stages. Different letters indicate significant differences (p <0.01).
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Figure 5- The effect of nano-chelated iron and zinc fertilizers on resveratrol content in grape skin, and leaves (Vitis vinifera L. cv.
Bidaneh Sefid) at the veraison and ripening stages. Different letters indicate significant differences (p < 0.01).
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Figure 6- The effect of nano-chelated iron and zinc fertilizers on Fe content of grape leaves (Vitis vinifera L. cv. Bidaneh Sefid) at the
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veraison and ripening stages. Different letters indicate significant differences (p <0.01).
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Figure 7- The effect of nano-chelated iron and zinc fertilizers on Zn content of grape leaves (Vitis vinifera L. cv. Bidaneh Sefid) at

the veraison and ripening stages. Different letters indicate significant differences (p <0.01).
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Figure 8- Two-dimensional Principal Component Analysis (PCA) biplot integrated with the Weighted Composite Index (WCI)
for evaluating grapevine responses to nano-chelated iron (Fe) and zinc (Zn) fertilizers. Bubble size represents the Weighted
Composite Index (WCI). Abbreviations: F: Flavonoid; A, Anthocyanin; Chl a, Chlorophyll a; Chl b, Chlorophyll b; C,
Carotenoid; P-Skin, Total Phenol in Grape Skin; P-Leaf, Total Phenol in Leaf; R-Skin, Resveratrol in Grape Skin; R-Leaf,
Resveratrol in Leaf; Fe, Iron concentration; Zn, Zinc concentration; U, Unripe stage; R, Ripe stage.
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