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Influence of zinc nanoparticles on the development of sprouts
of Avena sativa and Pisum sativum plants

The research aim is to study the effect of zinc nanoparticles on morphological parameters of sprouts of mono-
cotyledonous and dicotyledonous plants (Avena sativa, Pisum sativum) during its accumulation in the envi-
ronment. In laboratorial conditions of the experiment, it was found peculiar features of various concentrations
of nanoparticles. It was specified the multidirectional effect of zinc macro- and nanoparticles onto growth
rate, green weight of both aboveground and underground parts, as well as species related effect. Authors of
the article identified concentrations of macro- and nanoparticles trigger permanent biological response on the
experimental plants. A stable stimulating effect of zinc nanoparticles on all indicators of growth and devel-
opment of pea seedlings at the concentration of 20 mg per 100 ml was revealed. A similar effect was found in
oat seedlings which were exposed to zinc nanoparticles at the concentration of 5 mg per 100 ml. The effects
of zinc macro- and nano-particles on plants were manifested differently.

Keywords: nanoparticles, macroparticles, zinc, plants, Avena sativa, Pisum sativum, morphological
parameters.

Introduction

There is a limited number of studies by the Kazakh authors related to the study of the physical and
chemical properties of metal nanoparticles [1-3], while the physiological properties and the toxic effect of
these xenobiotics on living organisms have not been studied to all intents and purposes.

In the Russian journals and overseas scientific publications, there are a number of works devoted to
assessing the effect of metal nanoparticles on both plants and animal organisms. It is revealed that
nanoparticles have both positive and negative effects on these organisms. The positive effect of nanoparticles
(NPs) of zinc and its compounds is found in mammals and birds [4], which is associated with changes in the
parameters of the intestinal barrier and antioxidant protection. By conducting a research on rodents and fish
using in vitro and in vivo methods and, Rajput V.D. et al. (2018) [5] proves the importance of developing the
metal nanoparticles’ toxicity criteria. Similar conclusions are reached by Chen et al. (2016) [6], who
emphasize the need to study the toxic effect of zinc NPs on terrestrial and aquatic animals, and to revise the
levels of these pollutants in natural conditions, especially if a synergistic toxic effect is possible with a
complex of pollutants.

A number of studies have shown both positive and negative effects of metal nanoparticles and their
oxides on the growth, productivity and physiology of plants, including agricultural crops [7-10]. Some
authors demonstrate how safe the environmental pollution by nanoparticles [11-12], while other researchers
emphasize on some significant risks of contact of plant organisms with nanosized particles [13—16].

In this regard, the issues related to the effect of metal nanoparticles on biological objects remain an
urgent and practically significant.

Experimental

For the experiments, the suspensions of Zn particles of various concentrations 5, 10, 20, 200 mg per
100 ml of distilled water were utilized. The particle sizes were 80—100 nm (nanoparticles) and 500—1,000 nm
(macroparticles) [17-18].

Agricultural monocotyledonous crops — cultivated oat (Pisum sativum, “Irtysh 15” variety) and
dicotyledonous plants — green pea (Avena sativa, “Sugary pod” variety) were selected as typical test
organisms. The growth and weight parameters of seedlings were studied [19-21].

The suspensions of NPs in various concentrations and in a volume of 10 ml were applied to filter paper
in Petri dishes. The plant seeds were sown there in an amount of 15 pieces per one dish. In 14 days, the roots
of the seedlings were placed on filter paper ribbons, which were rolled up into a loose roll and immersed in
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plastic cups with a volume of 150 ml distilled water (Fig. 1). The plant weight and their growth were
measured in 28 days after the start of the experiment.

The work was carried out at the Research Center for Biotechnology and Eco-Monitoring. The
nanoparticles of zinc were synthesized at the Research Center for Ion Plasma Technologies and Modern
Instrumentation of Karagandy University of the name of academician E.A. Buketov.

Figure 1. The test plants in plastic cups (A) and in Petri dishes (B)

Both plant species were cultivated in climatic chamber BINDER, temperature +24 °C, lighting 14
hours.

Results and Discussion

Observations over biological development showed that macro- and nanoparticles of zinc had different
effects on the seedlings of the cultures under the experiment.

The macroparticles of zinc had a depressing effect on oat seedlings in all experimental groups, which
led to a decrease (Tab. 1) in the root length compared to the control values by 75.1 and 24.7 %, 7.6 %,
25.6 %, respectively.

Table 1
Growth and weight parameters of Avena sativa seedlings
Concentration, Length of main root, Aboveground part Bio mass, g
mg/100 ml cm length, cm Underground part Aboveground part

Control 11.46 +2.96 10.6 +1.43 0.15+0.06 0.07 £0.02
Macroparticles

5 2.85+1.56 4.5+0.79 0.07+0.01 0.03 +£0.01

10 8.63 +2.64 11.0+ 0.89 0.07+0.03 0,06 +0.04

20 10.8+2.4 92+1.7 0.15+0.06 0.07 £0.02

200 8.53+2.34 10.72 +1.17 0.14+0.03 0.06 +0.02
Nanoparticles

5 152+3.26 13.1+£1.9 0.14+0.04 0.1 +0.02

10 13.0+2.75 12.42 £2.78 0.16 £ 0.03 0.09 +0.02

20 8.13+1.35 11.47+2.21 0.16 £ 0.03 0.08 £ 0.02

200 12.28 +0.74 11.48+1.76 0.15+0.04 0.08 +0.01

When roots of seedlings treated with nanoparticles at the concentrations of 5, 10 and 200 mg, an
increase in this indicator was noted by 32.6 %, 13.4 % and 7.1 %, respectively. At the same time, at the
concentration of 20 mg/ml, the length of main root decreased by 29.1 % compared to the control values.

Measurement of the length of the aerial part of oat seedlings demonstrated that treatment with zinc
macroparticles in some concentrations has a depressing effect on their growth parameters, and nanosized
particles in all concentrations have a stimulating effect (Fig. 2). Compared with the control values, when
treated with macroparticles at the concentrations of 5, 20 mg, the sizes of leaves and stems decreased by
57.6 % and 13.2,%, respectively. At the same time, at the concentration of metal particulates of 10 mg, an
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increase in this indicator by 3.7 % was noted. The treatment of oat seeds with nanoparticles at all
concentrations led to an increase in the length of the aerial part compared to the control values by 23.6 %,
17.2 %, 8.2 %, 8.3 %, respectively.

The wet weight of the underground oats organs, treated with zinc nanoparticles, had similar values for
the experimental and control groups, while the weight of the roots of seedlings, treated with suspensions of
macroparticles of 5 and 10 mg, was lower than the control values. A similar picture was observed by
studying the parameters of the mass of the aerial part of seedlings.
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Figure 2. Appearance of seedlings of seed oats in the control (A)
and against the background of zinc nanoparticles (B)

When studying the effect of zinc particles on the green pea, it was found that high values of all
morphological parameters of the aboveground and underground parts of seedlings were recorded under
exposure to zinc nanoparticles at the concentration of 20 mg (Tab. 2, Fig. 3). The nanoparticles at the
concentration of 5 mg caused a significant increase in the mass of the aboveground part of the plants and the
length of the underground part, with a decrease in its mass, compared with the control values.

Table 2
Growth and weight parameters of Pisum sativum seedlings
Concentration, mg / | Length of main root, Aboveground part Bio mass, g
100 ml cm length, cm Underground part Aboveground part
Control 7.17+2.383 4.01+1.71 0.53+0.04 0.16 £ 0.09
Macroparticles
5 8.05+3.16 6.13+2.52 0.39+0.09 0.26+0.12
10 542+3.12 233+1.13 0.55+0.1 0.1 +0.06
20 4.94+1.7 6.43+2.34 0.5+0.14 029+0.11
200 4.44+1.59 5.21+3.87 0.52+0.1 0.18 £ 0.07
Nanoparticles
5 13.2+242 4.69 + 0.95 0.37+0.07 0.22 +£0.05
10 4.69 +1.38 3.61+1.67 0.53+0.13 0.12+0.06
20 8.39+3.25 5.13.+£2.96 0.59+0.1 0.2+0.11
200 7.92+2.8 52+1.13 0.49 +£0.05 0.24 £ 0.06

An increase in the concentration of macroparticles led to a decrease in the length of the underground
part. Thus, at the concentration of 5 mg, the root length increased by 10.9 %, while at a concentration of 10,
20, and 200 mg/ml, the root length significantly decreased in comparison with the control values by 32.2 %,
45.1 % and 61.5 %, accordingly.
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Figure 3. The internal view of pea seedlings after treatment with nanoparticles (A) and macroparticles (B)

In the experimental groups of those plants treated with nanoparticles, the root length exceeded the
control values by 84.1 %, 17.0 %, and 10.5 % when treated at the concentration of 5, 20, and 200 mg,
respectively. The shortest root length was observed in the variant with the concentration of 10 mg, where the
length decreased by 34.6 %.

The study of the length of the aerial part of the green pea illustrated that the treatment with
macroparticles and nanoparticles at the concentration of 10 mg has a depressing effect on the morphological
parameters of both leaves and stems. Compared with the control values, the sizes of leaves and stems
decreased by 41.9 % and 10.0 %, respectively. When treated with macroparticles at the concentrations of 5
and 20 mg, the leaf and stem length indicators were higher than the control indicators by 37.3 % and 38.7 %,
respectively.

The treatment with nanoparticles at the concentration of 5, 20 and 200 mg has a beneficial effect on the
plants. The lengths of the plants’ sprouts were 16.9 %, 27.9 %, and 29.7 %, respectively.

A decrease in the weight of the root was observed upon treatment with macroparticles at the
concentration of 5 and 20, 200 mg, which corresponds to 26.4 %, 5.7 %, and 1.9 %. At the same time, at the
concentration of 10 mg of macroparticles, a slight increase in this indicator by 3.8 % was observed.

When treated with nanoparticles at the concentration of 10 mg, no change in the root wet weight was
observed in comparison with the control values. At the same time, at the concentration of nanoparticles of
20 mg, an increase in this indicator by 11.3 % was noted. A decrease in the root weight was observed upon
treatment with nanoparticles at the concentration of 5 and 200 mg by 30.2 % and 2.4 %, respectively.

The wet weight of the aerial part of the green pea treated with both macroparticles and zinc
nanoparticles was higher than the control values, except for the case at the concentration of 10 mg, which
caused a decrease in the indicator by 37.5 % when exposed to macroparticles and by 25 % when exposed to
nanoparticles.

The study of the length of the underground part of Pisum sativum when treated with macroparticles
showed that, in addition to those varieties treated at the concentration of 5 mg, an increase in the growth rate
was observed. Whereas concentrations of 10, 20, 200 mg inhibited the root growth. When treated at the
concentration of 5, 20 mg, an excess of the control values for the wet weight of aboveground organs was
observed.

Conclusions

It can be concluded that the experiment with the treatment of oat and green pea by zinc water
suspensions showed the dependence of the biological reaction of these plants on the particle size and the
metal concentration.

In general, the suspensions of zinc nanoparticles caused a stimulating effect on oat seedlings, while the
effect of macroparticles led to a decrease in a number of morphological parameters. The maximum values of
the morphological parameters of oat seedlings were revealed when exposed to zinc nanoparticles at the
concentration of 5 mg per 100 ml. The opposite effect manifested in the suppression of the growth of both
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underground and aboveground parts of the plants was caused by the exposure to macroparticles at the
concentration of 5 mg per 100 ml.

The treatment of green pea with zinc macroparticles mainly caused the stimulation of the length and
mass of the plant sprouts, while most of the morphological parameters remained unchanged or decreased
relative to the control values. The impact of suspensions of nanoparticles on the green pea caused an increase
in the mass of the aerial part. Other morphological indicators showed a multidirectional nature of the reaction
to the effect of nanoparticles. It should be noted that there is a stable stimulating effect of zinc nanoparticles
on all indicators of growth and development of the green pea’s seedlings at the concentration of 20 mg per
100 ml and the opposite effect of zinc macroparticles at the concentration of 10 mg per 100 ml.

To elucidate what mechanisms can be the basis for the reaction of the plants to such action of macro-
and nanoparticles of zinc, an extensive study of the morphological structure of aboveground and
underground organs, as well as changes in biochemical processes in them, is further required.
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A.T. Cepik0Oaii, A.M. AlitkynoB, A.A. 3efinuaenos, B. [Tym

Mpipbil HaHOOOIIIEeKTePiHiH Avena sativa oHe Pisum sativum eciMIiKTepiHiH
OCKIiHIepiHiH 1aMybIHa dcepi

3epTTeyaiH MakcaThl — KOpIUAFaH OpPTaZa MBIPBILI HAHOOOJIIEKTepPiHiH KHHAKTAIYbl Ke3iHAE aapa jKoHe
KOC)KapHaKThl eciMaikrepaiy (Avena sativa, Pisum sativum) eckiHaepiHiH, OJapIblH MOP(HOIOTHSIIBIK
TapaMeTpliepiHe acepiH 3epTTey. MBIPBIITHIH op TYpJli MaKpo- JKOHE HAaHOOOIIIEKTEePiHiH 0CIMAIKTEp/IiH 6cy
KapKbIHbIHA, JKOFapblIaH J1a, TOMCHHEH /¢ BUIFAJIbl CajJMakKa >KaH-)KaKThl dcepi eTETiHAIri aHBIKTAIBI.
ABTOpJIapAblH  MaibIMIayblHIIA OKCHEPUMEHTTIK JKYMBICTaFrbl MaKpoO- JKOHE HAaHOOGJIIEKTepIiH
KOHIIGHTPALUSACH OCIMAIKTEpJe TYPaKThl TYpAe OHOJOTHSUIBIK JKayan TYyZAbIpaThIHBI OalikanraH. Bypruax
OCKIHJIEpIiHIH ©cyl MEH IaMyBIHBIH OapiIbIK KepceTKiTepiHe MbIphIn HaHoOemmekrepinig 100 mi 20 mr
KOHLCHTPALUSaFbI 9Cepi TYpaKThl Type OenceHi acep eTeTiniri anpikranapl. OChlHIal HOTHIKEAE MBIPBILI
HaHoOeumekTepiHin 100 mi-me 5 Mr KOHLEHTpauusga CyJbl ©CKiHIEpiHe acep eTeTiHAIr Ie 3epTTelmi.
MBIpBILITHIH MaKpO- jKoHE HAaHOOOIIIIEKTEPiHIH OCIMIIKTEepre acepi ap Typ:li KOpiHTeH.

Kinm ce30ep: nanoOGemekTep, MakpoOeJIIeKTep, MBIPBILI, eciMaikTep, Avena sativa, Pisum sativum,
MOP(]OJIOTHSUIBIK KOPCETKIIITED.

A.T. Cepuxo0aii, A.M. AliTkynos, A.A. 3eitnuneHos, B. Ilym

BiMsiHMe HAHOYACTHI] HIMHKA HA Pa3BUTHE IPOPOCTKOB
pacrenuil Avena sativa u Pisum sativum

Iens nccnenoBanus — U3yYUTh BIMSIHUE HAaHOYACTHI] IUHKA Ha MOP(OJIOTHIECKHe ITapaMeTphl IIPOPOCTKOB
OJHO- U JBYAOJTBHBIX pacTeHuit (Avena sativa, Pisum sativum) TIpH €rO HAKOIJIEHUU B OKpYXaloIleH cpene.
YcTaHOBIEHO Pa3HOHANPABICHHOE BIMSIHUE MAaKpO- M HAHOYACTHUII IHHKA Ha CKOPOCTh POCTA, CHIPYIO Maccy
KaK CBEPXY, TaK U CHU3Y, a TAKXKE BIUSHUE BUAOB. ABTOPAMH OTMEYEHO, UTO KOHIEHTPAIIMH MaKpO- M HAHO-
YaCTUIl BBI3bIBAIOT TIOCTOSIHHBIA OHMOJOTUYECKUI OTBET y PACTEHUH, yYacTBYIOLINX B KCIIEPUMEHTE. BhIAB-
JICHO CTOHKOE CTUMYJIUpYIOLIee IeiCTBUE HAHOYACTUIl LIMHKA HA BCE MOKA3aTEJd POCTa M Pa3BUTHS IIPO-
pocTkoB ropoxa B koHreHTpanun 20 mr Ha 100 M. AHamoruaHbeIH 3¢ ekt ObuT 00HApYKEH y MPOPOCTKOB
0BcCa, NI0IBEPrHYTHIX BO3/CICTBUI0 HAHOYACTUL IUHKA, B KOHIEHTpauuu 5 Mr Ha 100 M. Bnusaue makpo- u
HAHOYACTHI[ LINHKA HA PACTCHUs IPOSBIIIOCH I0-Pa3HOMY.

Kniouegvie cnosa: HaHOYACTHLIBI, MAaKpOYACTHILBI, LMHK, pacTeHus, Avena sativa, Pisum sativum,
MOpP(OIOTHUECcKHe MOKa3aTeIH.
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