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Abstract

Heavy metals pollution is increasing due to the excessive use of fertilizers and chemical
pesticides in agricultural products. The application of nanoparticles can significantly reduce
heavy metal pollution in soil. This research was conducted in the spring of 2022 to investigate
the effect of nano-hydroxyapatite (n-HAP) on physiological indices and reduce oxidative stress
caused by cadmium (Cd) stress (100 mg/kg of soil) in two grape cultivars (Bidaneh-Sefid and
Perlette). The study was conducted factorially based on a completely randomized design in the
research greenhouse of Malayer University. After 60 days of Cd stress and the application of n-
HAP (1% by weight) in the pots, leaf samples were collected, and physiological indices and
antioxidant activity were measured. The results showed that the application of n-HAP in both
grape cultivars increased relative water content, chlorophyll, phosphorus contents, and the
activity of catalase, guaiacol peroxidase, and ascorbate peroxidase enzymes in the leaves, while
it reduced ion leakage. In plants under Cd stress, the highest chlorophyll content was observed
in the Bidaneh-Sefid cultivar treated with n-HAP, which was 10.88% higher compared to the
Cd-treated control vines. Under Cd stress, the highest relative water content was observed in the
Bidaneh-Sefid cultivar treated with n-HAP, which was 4.09% higher compared to the control
vines under Cd stress. The increase in ascorbate peroxidase enzyme activity was 15.71% in the
Bidaneh-Sefid and 13.04% in the Perlette under Cd stress. Also, under Cd stress, the application
of n-HAP led to an increase in leaf total phenol and total flavonoid content of the leaf in two
grape cultivars. There was no difference in the content of these two secondary metabolites
among the grape cultivars grown under Cd stress conditions. In the plants under Cd stress, the
highest proline content was related to Perlette cultivar treated with n-HAP compound, which
was 18.78% higher compared to control vines under Cd stress. According to the results of this
research, the application of n-HAP in soil can be considered a useful strategy for controlling Cd
in soils contaminated with this heavy metal.
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Introduction

Cadmium, a heavy metal with a wide range of contamination and strong toxicity, has
increasingly become a serious challenge for vineyard soil and grapes in recent years. Previous
studies have reported that compared to other heavy metals, cadmium can be absorbed by crops
and transferred to edible parts. Heavy metal stress can negatively affect the structure of proteins
and enzyme activities and disrupt the replacement reactions of essential metal ions with
biomolecules. Therefore, there is an urgent need to reduce cadmium accumulation in crops. One
of these methods is reducing the bioavailability of heavy metals (such as Cd) in the soil and also
reducing their absorption from the soil. Among the strategies for reducing the bioavailability of
Cd in the soil, stabilization is one of the most effective. In this method, using amendments and
mechanisms such as adsorption, complexation, or precipitation, Cd is removed from the soil
solution and made unavailable to humans, plants, or groundwater. Nano-hydroxyapatite (n-
HAP), due to reasons such as environmental compatibility, ability to adsorb heavy metals, low
solubility in water, high stability under oxidative and reductive conditions, high specific surface
area, and availability, can be an ideal material with high capability for Cd stabilization. Since
Malayer is recognized as a global city of grapes and has many diverse grape varieties, and due
to the increasing use of chemical fertilizers containing Cd impurities, this plant and the Cd
metal were chosen for study. Furthermore, to date, the effect of nano-hydroxyapatite on
reducing the negative impacts of Cd on woody plants, including grapes, has not been examined.
Therefore, this research aims to investigate the effect of nano-hydroxyapatite in soil and its
impact on the physiological indices and enzymatic and non-enzymatic antioxidant systems of
grape leaves under two conditions: without stress and with 100 mg/kg Cd stress in the soil, in
two grape varieties, Perlette and White Seedless, in the research greenhouse of the Faculty of
Agriculture, Malayer University.

Materials and Methods

This research was conducted in 2022 to investigate the effect of n-HAP on physiological
indices and reducing oxidative stress caused by Cd stress (100 mg/kg) in two grape varieties
(White Soltana and Perlette). The study was designed as a factorial experiment based on a
completely randomized design in the research greenhouse of Malayer University. After 60 days
of Cd stress and application of n-HAP (1% by weight) in pots, mature leaves were
detached from each vine per treatments and following physiological and phytochemical
parameters, including ion leakage, chlorophyll, phosphorus, relative water content (RWC),
ascorbate peroxidase (APX), guaiacol peroxidase (GPX), catalase (CAT), proline, total phenol,
total flavonoid, malondialdehyde (MDA), and soluble sugar contents were measured using a
spectrophotometer (Spekol, Germany). Data analysis of variance (ANOVA) were performed by
GLM procedures of SAS (SAS Institute Inc., USA), and Duncan’s multiple range test at a
confidence level of 5% was used for mean comparisons (three replications).

Results and Discussion

The results showed that Cd stress decreased chlorophyll content (based on SPAD index) and
RWC while increasing ion leakage. The application of n-HAP in both grape varieties increased
the RWC, chlorophyll, and phosphorus contents and reduced ion leakage to some extent. Under
Cd stress conditions, the use of n-HAP in soil significantly influenced plant indicators such as
RWC, ion leakage, chlorophyll, and phosphorus. The application of n-HAP significantly
reduced ion leakage in both grape cultivars compared to untreated soil. Under cadmium stress,
the highest chlorophyll content was found in the White Soltana variety treated with n-HAP,
which was 10.88% higher than the control vines under cadmium stress. The highest proline
content under Cd stress was in the Perlette variety treated with nano-hydroxyapatite, which was
18.78% higher than the control variety under Cd stress. This value increased by 3.99% in the
White Soltana variety. The highest water content under Cd stress was in the Bidaneh-Sefid
cultivar treated with n-HAP, 4.09% higher than the control under Cd stress. The application of
n-HAP treatment positively affected the biosynthesis and accumulation of phenolic compounds
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in the vines of both cultivars, especially under Cd stress conditions. Total flavonoid content in
the White Soltana variety under cadmium stress with nano-hydroxyapatite increased by 69.51%
compared to plants grown under Cd stress without n-HAP, and this value increased by 56.17%
in the Perlette variety. The activity of the catalase enzyme in the White Soltana variety treated
with nano-hydroxyapatite was 19.94% higher than in the same variety under Cd stress without
nano-hydroxyapatite. The activity of the CAT enzyme increased by 12.63% in Perlette cultivar.
The increase in GPX enzyme activity in samples treated with this compound under Cd stress
was 14.47% in the White Soltana cultivar and 12.39% in the Perlette cultivar compared to
control samples under cadmium stress in both cultivars. The highest activity of the APX enzyme
was in the Bidaneh-Sefid variety treated n-HAP under Cd stress. There was a 15.71% increase
in the activity of this enzyme in the leaves of the White Soltana variety treated with n-HAP
under Cd stress, and this increase was 13.04% in the Perlette cultivar.

Conclusion

The n-HAP is known as a solution for contaminated and degraded soils. According to the results
of this research, the use of n-HAP with a concentration of 1% (w/w) in soil contaminated with
Cd in two grape cultivars increased some physiological indices of leaves, including chlorophyll,
phosphorus contents and the RWC. Also, the Bidaneh-Sefid cultivar reacted better to the effects
of n-HAP than the Perlette cultivar. Totally, the soil-application of n-HAP in 1% (w/w)
concentration can be considered as a useful method to decrease Cd contamination in vineyard
soil.
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Table 1- The effect of nano hydroxyapatite (HAP) on leaf electrolyte leakage, malondialdehyde and hydrogen
peroxideof content of two grapevine cultivars under cadmium (Cd) stress.

Treatments

Electrolyte leakage Malondialdehyde Hydrogen peroxide

CS?\?; . Cd (mg/ke) 1?0/25 (%)* (umol g FW) (umol g FW)
Perlette 0 0 14.94¢ 0.37d 1.52¢
1 14.47¢ 0.36d 1.45¢cd
100 0 56.04a 1.44a 3.76a
1 47.85b 1.34b 3.37a
Bidane-Sefid 0 0 13.65¢ 0.35d 1.27cd
1 12.84c 0.35d 1.17d
100 0 54.17a 1.33b 3.03b
1 46.84b 1.21c 2.48b

I (gl gme oDt (das 5 0 CJM)L;)LATJ;l,J;\g}:M,M;J,::AQ,F‘5\,\5‘5\%3@*

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 2- The effect of nano hydroxyapatite (HAP) on leaf relative water content (RWC), chlorophyll (SPAD) and
proline content of two grapevine cultivars under cadmium (Cd) stress.

Treatments

Proline RWC
Grape cultivars Cd HAP SPAD (wmol g FW) (%)
(mg/kg) (%)
Perlette 0 0 9.62a 4.32d 80.60c
1 7.68bc 4.32d 81.84bc
100 0 5.98d 8.17¢ 64.94f
1 6.42cd 10.06a 68.04¢
Bidane-Sefid 0 0 10.32a 4.36d 82.48ab
1 8.08b 4.45d 83.45a
100 0 6.09d 8.66bc 68.53¢
1 6.71bcd 9.02b 71.45d

I (gl gme oDt (das 5 0 CJM)‘5)uTJ;l,J;\g5M,a)g¢§,::ﬁ_>,,>‘5\,\5‘5\%3@*

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 3- The effect of nano hydroxyapatite (HAP) on leaf soluble sugar, total phenol and total flavonoids content of
two grapevine cultivars under cadmium (Cd) stress.

Treatments

Soluble sugars Total phenol Total flavenoeids
cﬁ?\frs Cd (mgke) Ig;z;’ (mg g FW) (mg g FW) (mg g FW)
Perlette 0 0 11.18d 3.08¢c 1.17cd

1 11.27d 3.24bc 1.20cd

100 0 40.62b 2.17¢ 1.03d

1 41.87b 3.08¢c 2.35a

Bidane-Sefid 0 0 13.36¢ 3.53b 1.26bc
1 13.66¢ 4.07a 1.40b

100 0 45.29a 2.65d 1.14cd

1 45.66a 3.21bc 2.36a

I (63 gnn M (o 53 0 peba) ()T Loloud 510 gt 52 55 &S 2o Uog i (T (sla Slese

*Means with common letters in each column do not have a statistically significant difference (5% level).
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Figure 1- The effect of nano hydroxyapatite on the protein content and activity of catalase (CAT), guaiacol

peroxidase (GPX) ans ascorbate peroxidase (APX) of the leaves of two grapevine cultivars (Bdaneh-Sefid and
Perlette).) under cadmium (Cd) stress
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