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Aluminum nanoscales as hormetic response
effectors in Fagopyrum esculentum seedlings

Aluminum (Al) nanoscales have been applied in many areas of production industries to produce cosmetic fillers,
packaging materials, cutting tools, glass products, metal products, semiconductor materials, plastics, etc. Several
studies have demonstrated the contradictory data for positive and negative effects of Al nanoscales on plants. The
total length of seedlings grown for 21 days and the relative water content are used to determine the stimulating
effects. In addition, the enhancement effect of Al nanoscales on photosynthetic pigments and the total phenolic
and anthocyanin contents are determined. The growth stimulation and increase of the content of photosynthetic
pigments are observed at the addition of 50 and 250 mg/L of Al nanoscales. Plant growth stimuli and the fixed be-
neficial action of Al nanoscales on morphofunctional traits at physiological and biochemical levels are interpreted
as the hormesis phenomenon.
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Metal- and metal oxide-based nanoscales of titanium dioxide, silver, zinc oxide, cerium dioxide,
copper, copper oxide, aluminum, aluminum oxide, nickel, and iron are most commonly used in
industries and, therefore, are mostly studied for their influence on different biological objects
including plants [1]. Al nanoscales characterized by a high wear-resistance, have good thermal
conductivity, resist to strong acids and alkali-containing materials, are easily shaped, and have
high strength and stiffness. This makes them a prime material to use in making products that in-
clude high-temperature electrical insulators, high-voltage insulators, thermometry sensors, wear
pads, ballistic armor, and grinding media [2]. There is no single opinion on the influence of Al
nanoscales on physiological and biochemical processes in plants in the literature available: po-
sitive and negative effects are noted. The direct exposure of Al nanoscales leads to phytotoxic
and enhancement alterations in different plants at morphological, cellular, biochemical, and mo-
lecular levels [3].

© O.E. Smirnov, L.-A. Karpets, A.V. Zinchenko, M.S. Kovalenko, Ye.O. Konotop, V.V. Schwartau,
N.Yu. Taran, 2019

90 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2019. Ne 2



Aluminum nanoscales as hormetic response effectors in Fagopyrum esculentum seedlings

The aim of this study was to investigate the influence of Al nanoscales colloidal solutions on
buckwheat seedlings and to determine their dose-dependent effects on Al-resistant plant species.

Materials and methods. A colloidal solution of Al nanoscales was obtained by the elec-
tric-sparkle dispersing of an electric-conductive layer in water [4]. Submicron metal particles in
water suspensions were obtained by the method of volumetric electric-spark destruction of metal
granules. The pulse power source (thyristor pulse generators with a storage capacitor) was used
to initiate the discharge and simultaneous formation of spark channels in contacts between
the metal granules dipped into deionized water. The transformation of a liquid to vapor and its
condensation with the following crystallization results in the creation of a fraction with size from
10 to 100 nm.

Seeds of common buckwheat (Fagopyrum esculentum Moench. cv. Rubra) were germinated
in dark at 25 °C in Petri dishes with deionized water. After 2 days, seedlings were transferred in
pots with sterilized sand and half-diluted Knop solution (pH 5.5) in trays. Experiments were
conducted under controlled conditions: temperature — 25 °C, photoperiod of 16 h at a photo-
synthetic photon flux density of ~ 200 umol photons m > s '. For the investigation, 21-day
controlled and treated plants were used. The treatment with a colloidal solution of Al nano-
scales was performed according to the following scheme: 1 — control, half-diluted Knop medium,
2 — addition of 50 mg/L Al nanoscales; 3 — addition of 250 mg/L Al nanoscales; 4 — addition
of 500 mg/L Al nanoscales; 5 — addition of 750 mg/L Al nanoscales; 6 — addition of 1000 mg/L
Al nanoscales.

The investigated morphological parameters included the plant total length (TL), fresh bio-
mass (FB), dry biomass (DB), and relative water content of leaves (RWC) [5]. The contents of
photosynthetic pigments were determined by measuring the alcohol extract optical density at
662 nm for chlorophyll a, 644 nm for chlorophyll 5, and 440.5 nm for carotenoids [6]. Folin—
Ciocalteu reagent was used to determine the total phenolic content [7]. Rutin as the dominant
phenolic substance in buckwheat plants was used to standard the curve construction; absorbance
was measured at 765 nm [8]. Total anthocyanin was extracted and estimated by the method of
Beggs and Wellmann with some minor modifications [9]. Absorbance was measured at 530 nm.
Quantity of anthocyanin was calculated with using cyanidin-3-glucoside coefficients — the ma-
jor anthocyanin in buckwheat (molar extinction coefficient of 26 900 L ¢cm "mol ' and mo-
lecular weight of 449.2 g-mol ). All spectrophotometric assays was measured using a spectro-
photometer UV-1800 “Shimadzu” (Japan).

Microsoft Excel 2010 was used for the data statistical analysis. Duncan’s multiple range test
was used to evaluate the data. The results are expressed as the mean =+ standard deviation, unless
noted otherwise. Values of P < 0.05 were considered significant.

Results and discussion. Nowadays, the Buckwheat genus (Fagopyrum Mill.) is one of the
most studied Al-resistant crops due to its Al-hyperaccumulating capability [10]. Analysis of the
results of morphological traits showed that the total plant length, fresh and dry biomasses per
plant were increased in variants with 50 and 250 mg/L of Al nanoscales. Addition of higher
concentrations of nanoparticles (500, 750, and 1000 mg/L) led to a decrease of the plant growth
parameters. Fluctuation of leaf RWC in variants with 50 and 250 mg/L of Al nanoscales was
not detected. Level of RWC in leaves in variants with 500, 750, and 1000 mg/L of Al nano-
scales showed a significant increase of the water deficit (Table).
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Fig. 1. Photosynthetic pigments content in buckwheat leaves under the treatment with colloidal solutions of
Al nanoscales: 1 — control, half-diluted Knop medium, 2 — 50 mg/L Al nanoscales; 3 — 250 mg/L Al nanoscales;
4 — 500 mg/L Al nanoscales; 5 — 750 mg/L Al nanoscales; 6 — 1000 mg/L Al nanoscales; * — difference sig-
nificant at P < 0.05 (M = SD; n=10)

Morphological traits of buckwheat seedlings under the treatment
with colloidal solutions of Al nanoscales

Variant of Plant length, cm Fresh biomass, Dry biomass, Leaf relative
treatment mg per plant mg per plant water content, %

1 23.05+0.31 197.43 + 3.7 20.35+0.78 87.7

2 2478 £ 0.44* 209.27 £ 3.1* 21.07 + 0.65* 86.9

3 24.67 £ 0.37* 211.58 + 4.5* 21.82 £ 0.67* 88.7

4 22.21 +0.23* 188.73 = 4.3* 19.57 £ 0.74* 70.6

) 20.35 + 0.48* 156.05 £ 5.0* 14.72 + 0.56* 66.7

6 18.93 £ 0.36* 153.91 £ 4.2* 14.39 £ 0.81* 34.3

* Difference significant at P < 0.05 (M £ SD; n=20).

The whole plant growth fluctuation under nanoscales treatments is the most evident trait of
the plant functional status and becomes a useful bioassay due to its normativity, simplicity, non-
destructivity, and sensitivity [11]. In turn, RWC is probably the most appropriate trait of the
plant water balance in terms of the physiological consequence of a plant water deficit, since water
accounts for 80—90 % of the fresh weight of most herbaceous plant structures. Analysis of
morphometric results considered that the addition of Al nanoscales in concentrations of 500, 750,
and 1000 mg/L was perceived as a stress condition accompanied by the growth inhibition and
water balance disruption. Low concentrations of Al nanoscales (50 and 250 mg/L) led to the fresh
and dry biomass accumulation and did not cause changes in the water status of treated plants.
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Fig. 2. Total phenolic and anthocyanin content in buckwheat leaves under the treatment with colloidals solu-
tion of Al nanoscales: 7 — control, half-diluted Knop medium; 2 — 50 mg/L Al nanoscales; 3 — 250 mg/L Al na-
noscales; 4 — 500 mg/L Al nanoscales; 5 — 750 mg/L Al nanoscales; 6 — 1000 mg/L Al nanoscales; * — difference
significant at P < 0.05 (M £ SD; n=10)

Our study showed a significant fluctuation of the photosynthetic pigment content under
the Al nanoscales treatment (Fig. 1).

Enhancement effects of Al nanoscales on all pigments classes were noted in variants with 50
and 250 mg/L. The increases of chlorophyll b and carotenoids were observed in variants with 500
and 750 mg/L of Al nanoscales. Our results of the study of the influence of Al nanoscales on the
photosynthetic pigments content showed significant increases of chlorophylls and carotenoids in
variants with treatment by 50 and 250 mg/L of Al nanoscales. Ascending the nanoscales concen-
tration to 1000 mg/L led to decreasing the chlorophyll a content, while the contents of chlorophyll
b and carotenoids remained above the control level. These pigments are considered adaptogens
due to adaptive capabilities of molecules, which consist in quenching an excited state of chloro-
phyll and preventing the formation of singlet oxygen and other reactive oxygen species [12].

The results of the study of the effects of Al nanoscales on the phenolic and anthocyanin con-
tents showed that the addition of nanoscales induced the anthocyanins accumulation with a dose-
dependent relation (Fig. 2).

Total phenolic compounds and anthocyanins are also able to function as potential anti-
oxidants and are involved in the adaptive response under stressors influence [13]. The most sig-
nificant increasing of anthocyanins was fixed in the variant with the maximal 1000 mg/L con-
centration of Al nanoscales — addition of 1000 mg/L of Al nanoscales led to the maximum sti-
mulatory response — 241 % of the control level. The sharp increase of the total phenolic content
fixed in all variants of Al nanoscales treatments. The total phenolic content showed no signifi-
cant difference between variants with 250, 500, 750, and 1000 mg/L. After a sharp increase in
the variant with 250 mg/L of Al nanoscales, the total phenolic content remained at 130—145 % of
the control level.
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While some results have been concerned with the toxicity of Al nanoscales to plants, others
have focused on the possibility of using Al nanoscales as a fertilizer seeing enhancement effects.
It was showed that, at the addition of certain concentrations of Al nanoscales, the plant growth,
photosynthetic pigments, total phenolic and anthocyanin contents increase. Our experiments
have provided evidence to characterize the morphofunctional responses of buckwheat plants
as the hormesis — a dose-response phenomenon with the low-dose stimulation and high-dose in-
hibition [14].

Conclusions. Thus, the presence of aluminum nanoscales in low concentrations (50 and
250 mg/L) induced the plant growth, phenolic compounds, anthocyanin accumulation, and led
to increasing the chlorophylls and carotenoids content. Shoot and root growth stimuli and fixed
beneficial action of Al nanoscales on morphofunctional traits at physiological and biochemical
levels were interpreted as the hormesis phenomenon.

The publication contains the results of studies supported by President’s of Ukraine grant
Ne F75/170-2018 for competitive projects of the State Fund for Fundamental Research.
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HAHOYACTUHKU AJIIOMIHIIO AK TOPMETUYHI EOEKTOPU
B ITIPOPOCTKAX FAGOPYRUM ESCULENTUM

Hanouactunku amominiio (Al) BUKOPUCTOBYIOTbCS y Garatbox cdepax IPOMUCIOBOTO BUPOOGHUIITBA IS OT-
PYMaHHSI KOCMETUYHUX HAIIOBHIOBAYiB, MTAKyBAJbHUX MaTepiaiB, pisaJbHUX Marepiasis, BUpP0OiB 3i ckia, Me-
TaseBUX BUPOOiB, MaTepiaiB 3 HAMBIPOBIIHUKOBUMH BIACTHBOCTSIMH, TJIACTMAC TOTIO. I[CHYIOTh cymeped-
JIVBI JIaHi PO MO3UTHBHI Ta HeraruBHi eeKTH HAHOYACTUHOK Al Ha pocmHU. 3aIPOIIOHOBAHO ISl BUSHAYEHHST
CTUMYTIOI0YNX eDeKTiB HaHOYACTHHOK Al BUKOpHCTOBYBaTH 3arayibHy M0BXRUHY 21-1060BUX TPOPOCTKIB Ta Bijl-
HOCHY TyprecieHTHicTb. KpiM TOro, BM3HAYEHO MO3UTUBHUII BIUIMB HaHOYacTUHOK Al Ha BMicT dorocuHTe-
TUYHUX HICMEHTIB, 3arajbHuii BMicT (DEHONBHUX CIIOJYK Ta aHTOLiaHiB. JogaBanns HanoyacTuHok Al y xoH-
nenTparii 50 Ta 250 Mr/J1 CIIPUYNHSE CTUMYJIAIII0 POCTY Ta 301JIbIIEHHS BMICTY (DOTOCHHTETHYHKX TirMEHTIB.
CTUMYyJIATIST POCTY POCNH 1 TO3UTHBHUN BIUIMB HaHOUACTHHOK Al Ha MOphOdYHKITIOHATBHI XapaKTEPUCTHKH
Ha (isiosoriuHoMy Ta 6i0XiMiYHOMY PiBHSAX iHTEpPIIPeTOBaHi IK PEeHOMEH TOPMESHUCY.

Kno406i croea: nanouacmunxu amoMminiio, Koioio, 20pMe3uc, npopocmyu 2peuxu.
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HAHOYACTUIIBI ATIOMHNA KAKTOPMETUYECKUE
IDODEKTOPDLI B ITPOPOCTKAX FAGOPYRUM ESCULENTUM

Hanouactuner amomunust (Al) ucronbsyores Bo MHOTUX cdepax MPOMBIILIEHHOTO MPOU3BOACTBA IJIS MOJIY-
YEHMST KOCMETUYECKIX HANIOJHUTEJIeH, YITAKOBOYHBIX MaTePUATIOB, PEXKYIINX MaTePHAIOB, U3/IEIUI U3 CTEKJIA,
METAIITNYECKNX U3/IeINH, MaTepUajoB ¢ MOJTYIPOBOTHIKOBBIMU CBOHCTBAMH, IJIacTMacc 1 T. 1. CyInecTByOT
MPOTUBOPEUNBBIE JAHHBIE O MOJOKUTETBHBIX U OTPUIIATENbHBIX ahdekrax HaHouacTuil Al Ha pacrenus. pe-
JIOKEHO TS OlpeeieHns: ctumyaupyiommx addexros Hanodactun Al ucrnonbzosare o6myo aamuny 21-cy-
TOYHBIX TTPOPOCTKOB M OTHOCHUTEJBHYIO TyPreCIeHTHOCTb. KpoMe TOro, oTpesie/IeHO MOJIOKUTETbHOE BIUSHIE
HaHouacTull Al Ha copeprkanue GOTOCMHTETUYECKUX IIMTMEHTOB, 0011iee cofepskanue (HeHOJIbHbIX COeMHEHMN U
a"Tormanos. Jlobasienne Hanouactuil Al B koHuentparmu 50 u 250 Mr/J1 IPUBOAUT K CTUMYJISIIIAA POCTA 1
YBEIMUYEHUIO CO/IepKaHMsA (DOTOCHHTETUIECKNX MUTMEHTOB. CTUMYJIANNS POCTa PACTEHUH U MOJOKUTETbHOE
BJMstHUE HaHouacTuil Al Ha MOpdODYHKITMOHATBHBIE XaPaKTEPUCTUKHU Ha (DU3MOJOTHIECKOM U GHOXUMUIECKOM
YPOBHAX NHTEPIPETUPOBAHBI KaK (PeHOMEH TopMesnca.

Kmoueewvte crosa: HAHoOYacmubl ArIOMUHUA, xoxmou@, 20pPME3UC, NPOPOCMKU ZpEUYUXU.
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