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ABSTRACT: This work was aimed at studying the effect of a preparation containing nanoparticles of iron
oxyhydroxide on rooting and development of the root system of cuttings of the two plant species sensitive to
iron deficiency: Ribes nigrum and Ribes rubrum (Grossulariaceae). Research has shown that the iron
oxyhydroxide has an inhibitory effect on the growth and development of the root system of cuttings of black
and red currant. When concentration increases from 0.001% to 0.1%, rooting of cuttings decreases, and the
Spearman rank correlation shows strong negative dependence of the number of roots and their length on the
concentration of the preparation (Rs = -0.83 -0.94...) — the number of roots on cuttings decreases, while in
case of the maximum concentration, root length significantly reduces. In the studied concentration, the
preparation containing iron oxyhydroxide nanoparticles cannot be used as a stimulant of root formation for
rooting of cuttings of black and red currant.

Keywords: Iron oxyhydroxide, rooting of cuttings, Black currant, Red currant, Ribes nigrum, Ribes rubrum,
Grossulariaceae.

1. INTRODUCTION which they enter into plants in dissolved form [14],
[15].

Industrial cultivation of various groups of Artesian water of the West-Siberian basin
ornamental and edible shrubs in nurseries is aimed contains finely dispersed iron in the amount of 2-
at improving the quality of the planting material 12 mg/l [16]. Thousands of tons of mineral of iron
and reducing production costs. For this purpose, sediment formed on filters during water treatment
modern methods of accelerated vegetative and by the aeration method at water treatment plants
improved seed reproduction of plants are used. are discharged to the terrain, thus polluting the
Vegetative  reproduction of plants allows environment [17]. Meanwhile, these iron oxides
preserving the varietal characteristics. The use of and oxyhydroxide may be used for creating
various stimulants significantly increases the biological products with a stimulating effect on
percentage of cuttings rooting, and the quality and living organisms, simultaneously solving an
quantity of formed roots. environmental problem of disposing this kind of

Currently, the wuse of nanomaterials in wastes. From iron oxyhydroxide, preparations
agriculture [1], [2] is actively researched. Many have already been obtained that have been tested in
papers have been devoted to the effect of metal medicine and agriculture: Ferrigel has wound-
nanoparticles, including iron, on growth and healing and bactericidal action on animals' tissues
development of agricultural plants [3]-[7]. Metal [18], [19]; a preparation for potatoes pre-treatment,
and metal oxide nanoparticles have various effects which improves the yield and quality of potato
on various plant species. So, nanoparticles of Pt tubers [20].
and Zn inhibit root development in cuttings of Cuttings of Ribes nigrum and Ribes rubrum
Ribes nigrum [8]; at the same time, Pt stimulates root easily, but in the severe climatic conditions of
biomass increase in Amaranthus cruenthus and the Siberia, 5-22% [21] of cuttings die. In both currant
yield of Triticum aestivum [9]. Iron is an essential species, the percentage of shoots that die in winter
element of mineral nutrition for plants, and is is different for various cultivars. The use of rooting
involved in many physiological processes: stimulants improves the quality of the root system,
respiration, photosynthesis, nitrogen fixation, etc. and increases the percentage of the shoots
[10]-[13]. Iron oxides and oxyhydroxide are surviving the winter.
widely spread in mineral rocks and soils, from This work was aimed at studying the effect of a

preparation containing nanoparticles of iron
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oxyhydroxide on rooting and development of the
root system of cuttings of the two plant species
sensitive to iron deficiency: Ribes nigrum L. and
Ribes rubrum L. (Grossulariaceae).

2. MATERIALS AND METHODS

The objects of testing in the research were
black currant 'Lama’ and red currant 'Ustina’. In the
first week of July, 360 one-year 10-12 cm long
cuttings with 2-3 internodes were cut from mother
plants. Then the cuttings were divided into 4
groups of 90 cuttings for each variant of the
experiment (30 pcs in 3 biological repetitions). In
the reference group, the basal parts of the shoots
were immersed 6-7 cm deep in water, and the other
3 groups of shoots were placed for 16 hours into
solutions of the iron oxyhydroxide preparation.
The following concentrations of oxyhydroxide iron
were used: 0.001%, 0.01% and 0.1%. The
experimental preparation was made at the Institute
of Petroleum Chemistry of the Siberian Branch of
RAS of the wastes from the artesian water
deferrization station: the mineral water sludge of
creamy consistency, containing 10% of dispersed
particles of iron oxyhydroxide with the particle
size of 30-50 nm, was treated with ultrasound for
60 minutes [22], since it had been shown that
metal nanoparticles exhibited high biological
activity if they were presented in the oxide or
hydroxide forms and redispersed with ultrasound
[3]. After cuttings incubation in solutions of the
preparation, they were washed with water and
planted for rooting into a greenhouse. The
substrate for rooting had two layers: fertile soil
underneath, and mixture of sand and peat in the of
1:1 ratio above. The microclimate in the
greenhouse was maintained by means of automatic
atomized spraying, watering and ventilation.
Rooting of the cuttings occurred with the
following microclimate parameters: air
temperature during the day +22...4+25°C, at night
+16...+18°C; soil temperature +18...+20°C;
humidity of the substrate 85%; air humidity 90%.
After 30 days of rooting, the cuttings were
carefully removed from the substrate, the number
of rooted cuttings and the number of roots were
counted, and their length was measured.

According to the obtained results, the average
value of the trait (M), and standard deviation (SD)
were calculated. To determine the nature of root
length dependence on their number, the Pearson
correlation coefficient (Rp) was calculated; the
Spearman rank correlation coefficient (Rs) was
calculated to determine the average length and
number of roots dependence on the concentration
of the preparation. The correlation was considered
weakly positive with R> 0.01 < 0.29; moderately
positive with R > 0.30 < 0.69; strongly positive
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with R > 0.70 < 1; weakly negative with R> -0.01
< -0.29; moderately negative with R > -0.30 < -
0.69; and strongly negative with R >-0.70 < -1.

The statistical significance of length difference
and the number of roots between the variants of
the experiment and the reference group were
determined by the Student's t-test, and by the
Mann-Whitney u-test in small samples (percent of
rooting).

3. RESULTS

The use of iron oxyhydroxide in the studied
concentrations had a negative effect on growth and
development of the root system (Figure 1). The
percentage of rooted cuttings decreased with
increasing concentration of the preparation.
Compared to the reference group, the use of the
highest concentrations of the preparation (0.1%)
reduced the percentage of rooting by 18% in R.
nigrum ‘'Lama’ and by 9% in R. rubrum ‘Ustina’
(Table 1). The quality of the root system also
reduced: the use of the preparation in the minimum
concentration (0.001%) reduced the number of
roots on the cuttings of R. nigrum ‘Lama’ by 26%
and that of R. rubrum 'Ustina' by 29%, and in the
highest concentration — by 37% and 34%,
respectively. The Spearman rank correlation
coefficient showed strong negative dependence of
the number of roots on the concentration of the
preparation: Rs = -0.92 for R. nigrum ‘Lama’ and
Rs =-0.83 for R. rubrum 'Ustina'.

Root length in both variants of experiment with
the minimum concentration of iron oxyhydroxide
did not have statistically significant difference, but
in case of using the preparation in the maximum
concentration, root length significantly reduced by
34% for R. nigrum 'Lama and 42% for R. rubrum
'Ustina'. Same as in the case of the number of
roots, there was strong significant negative
dependence of root length on the concentration
preparation: Rs = -0.93 and Rs = -0.94 for the first
and the second grade, respectively. Lengthwise
root growth was more inhibited for R. rubrum
'‘Ustina' compared to R. nigrum ‘'Lama’ in all tested
concentrations of iron oxyhydroxide.

In the reference groups, the shoots had well-
developed root system and there was a significant
positive correlation between the number and length
of roots — moderate for R. nigrum ‘Lama’ (Rp =
0.36) and strong for R. rubrum 'Ustina’ (Rp =
0.78). In the variants of experiment with the use of
0.001% and 0.01% of the iron oxyhydroxide
preparation, correlation characteristic of the
reference groups was disrupted, became weak, and
at the concentration of 0.1% - moderately
negative, i.e., roots of the cuttings, while fewer in
the number, became  slightly  longer.
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Fig.1 The root system of cuttings of Ribes nigrum 'Lama’' after 30 days of rooting. Left to right: reference,
0.001%, 0.01% and 0.1% solutions of iron oxyhydroxide.

Table 1 Qualitative and quantitative characteristics of the root system of red and black currant cuttings when
exposed to various concentrations of iron oxyhydroxide

Iron Rooting, % Number of roots, Length of roots, Dependence of the
oxyhydroxide pcs cm length of roots on
concentration their number (Pearson

correlation), Kp

Ribes nigrum 'Lama’

Reference 84.8+10.6 23.1+£5.5 9.7+1.7 0.36*
0.001% 80.4+7.4 17.0 +£3.4% 93+2.5 0.24
0.01% 78.5+7.9 16.3 + 3.8%% 6.5+ 1.5%* 0.13
0.1% 69.6 + 4.6* 14.4 + 4.7%% 6.4 +2.1** -0.54

Ribes rubrum 'Ustina’

Reference 94.1+5.7 179+7.7 14.6+32 0.78**
0.001% 93.7+3.4 12.6 £2.3% 120+2.8 0.19
0.01% 86.3+ 5.6 11.5+3.0% 8.3 +£2.6%* -0.13

0.1% 85.2+6.1 11.9+2.5% 8.5+ 4.0%* -0.57*

Note: Asterisks indicate significant differences: * p-value < 0.05; ** p-value < 0.01
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4. DISCUSSION

Ribes nigrum and Ribes rubrum are valuable
currant shrubs sensitive to iron deficiency. It is
known that black currant accumulates Fe®* in the
leaves in the composition of globular protein
ferritin, which is extracted unchanged during the
preparation of aqueous extracts of the leaves, and
may be used for treating diseases associated with
low iron content [23].

Black and red currants are widely spread in the
forest zone of Eurasia. Both species grow mainly
at forest edges, on waterlogged soils along rivers
[24], [25]. On waterlogged soils in the presence of
easily oxidized organic substances and iron
reducing agents, Fe** recovers to Fe?*, which is
bio-available for plants [26].

Despite the fact that iron is a vital element in
mineral nutrition of plants, it has a negative effect
in high concentrations. The toxic effect of iron
may be both direct and indirect [27]. A wide
variety of morphological and physiological
changes in plants growing at high concentrations
of iron has been described: slowed down growth,
decreased length of shoots and size of the leaves,
elongated roots, reduced branching of roots,
destructed cell structures, inhibited translocation of
phosphorus into the leaves, etc [13], [27]-[29].

The plants mainly absorb Fe*?, which is
obtained after recovery of Fe*® on the surface of
the roots [13], [30], [31]. However, excess of Fe*?
may have a negative effect even on plant species
sensitive to lack of iron. For example, adding high
concentrations of Fe*? into nutrient media during
the reproduction of Ribes nigrum in vitro reduces
the height of the regenerants, their rooting, but
increases the length of the roots [32].

Our study is consistent with the above data,
and has shown that the preparation with
oxyhydroxide nanoparticles as the source of Fe*
has an inhibitory effect on growth and
development of the root system of cuttings of red
and black currants. This may be due to the fact that
applying the preparation to the cutting of shoots
has a toxic effect on the tissues, since in the
absence of roots, Fe*® does not recover to Fe*?,
which is biologically available for plants.

5. CONCLUSION

In the studied concentrations (0.001%, 0.01%
and 0.1%) the preparation containing iron
oxyhydroxide nanoparticles has an inhibitory
effect on growth and development of the root
system in cuttings of Ribes nigrum and Ribes
rubrum, respectively, and cannot be used as a root
formation stimulant.

172

ACKNOWLEDGMENTS

This research was supported by “The Tomsk State
University Competitiveness Improvement
Programme” grant (No. 8.1.26.2017), and partially
by the Ministry of Education and Science of the
Russian Federation (No. 37.7810.2017/8.9).

REFERENCES

[1] Le V. N., Rui Y., Gui X,, Li X,, Liu S., Han

Y., Uptake, transport, distribution and Bio-

effects of SiO, nanoparticles in Bt-transgenic

cotton. J. Nanobiotechnology, 12, 2014, p. 50.

Khot L. R., Sankaran S., Maja J. M., Ehsani

R., Schuster E. W., Applications of

nanomaterials in agricultural production and

crop protection: a review. Crop Prot, 35,

2012, pp. 64-70.

Kovalenko L. V. Folmanis G. E.

Biologicheski aktivnie nanoporoshki zheleza.

[Biologically active nanopowders of iron].

Moscow: Nauka, 2006, 124 p.

Ren H. X., Liu L., Liu C., He S. Y., Huang J.,

Li J. L., Zhang Y., Huang X. J., Gu N. J,,

Physiological investigation of magnetic iron

oxide nanoparticles towards Chinese mung

bean. Biomed Nanotechnol, 7 (5), 2011, pp.

677-84.

Li J., Chang P. R., Huang J., Wang Y., Yuan

H., Ren H., Physiological effects of magnetic

iron oxide nanoparticles towards watermelon.

J. Nanosci. Nanotechnol, 13 (8), 2013, pp.

5561-5567.

LiJ., HuJ, Ma C., Wang Y., Wu C., Huang

J., Xing B., Uptake, translocation and

physiological effects of magnetic iron oxide

(y-Fe203) nanoparticles in corn (Zea mays

L.). Chemosphere, 159, 2016, pp. 326-334.

Rui M., Ma C., Hao Y., Guo J., Rui Y., Tang

X., Zhao Q., Fan X., Zhang Z., Hou T., Zhu

S., Iron Oxide nanoparticles as a Potential

Iron Fertilizer for Peanut (Arachis hypogaea).

Front Plant Sci, 7, 2016, pp. 1-10.

Suchkova S. A., Astafurova T. P., Mikhailova

S. 1., Morgalev Y. N., Influence of Superfine

Materials on the Vegetative Reproduction of

Black Currant. NanoHybridsandComposites,

Vol. 13, 2017, pp. 102-107.

Mikhailova S. I., Astafurova T. P., Burenina

A. A., Morgalev Yu. N., Zotikova A. P.,

Morgaleva T. G., The effect of nickel and

platinum nanoparticles on fodder crops.

Kormoproizvodstvo, 7, 2013, pp. 13-15.

[10] Kim J. and Rees D. C., Structural models for
the metal centers in the nitrogenous
molybdenum-iron protein. Science, 257,
1992, pp. 1677-82.

(2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]



International Journal of GEOMATE, Sept., 2019 Vol.17, Issue 61, pp. 169 - 173

[11] Guerinot M. L. Yi Y., Iron: Nutritious,
noxious, and not readily available. Plant
Physiol., 104, 1994, pp. 815-820.

[12] Ravet K., Pilon M., Copper and Iron
Homeostasis in Plants: The Challenges of
Oxidative Stress. Antioxidants & Redox
signaling, 19 (9), 2013, pp. 919-931.

[13] Rout G. R., Sahoo S., Role of iron in plant
growth and metabolism. Reviews in
Agricultural Science, 3, 2015, pp. 1-24.

[14] Sidhu P. S., Gilkes R. J., Cornell R. M.,
Posner A. M., Quirk J. P., Dissolution of iron
oxides and oxyhydroxides in hydrochloric
and perchloric acids. Clays and Clay
Minerals, 29 (4), 1981, pp. 269-276.

[15] Fink J. R., Inda A. V., Tiecher T., Barron V.,
Iron oxides and organic matter on soil
phosphorus availability. Ciéncia e
Agrotecnologia, 40 (4), 2016, pp. 369-379.

[16] Shvartsev S. L., Gidrogeohimiya
[Hydrogeochemistry]. Moscow: Nedra, 1996,
422 p.

[17] Melikhov, 1. B., Komarov V. F., Nazirmadov
B., Dispersnie strukturi amorfnogo gidroksida
Fe (I11), poluchennogo pri gidrolitimcheskom
osazhdenii iz rastvora [Dispersed structures of
amorphous Fe hydroxide (I11) obtained during
hydrolytic deposition from a solution].
Colloid journal, 1, 1988, pp. 42-47.

[18] Sirotkina E. E., Dambaev G. T., Ul’bricht V.
A., Sirotkin S. S., Wound-healing medication
and method of obtaining it. Invention of
Federal service for intellectual property of
Russian Federation No RU 2383349 C1, Bull.
No 7, Date of publication: 10.03.2010.

[19] Sirotkina E. E., Dambaev G. T., Ul’bricht V.
A., Sirotkina O. N., Method for producing
biopreparation Ferrigel. Invention of Federal
service for intellectual property of Russian
Federation No RU 466713 C1, Bull. No 32,
Date of publication: 20.11.2012.

[20] Sirotkina E. E., Pul’ 1. V., Maljarenko A. N.,
Method for pre-planting treatment of potato
tubers. Invention of Federal service for
intellectual property of Russian Federation
No RU 2545667 C2, Bull. No 10, Date of
publication: 10.04.2015.

[21] Suchkova S. A., Effektivnie sposobi
vegetativnogo razmnozheniya plodovih i
yagodnih kul'tur v usloviyah Tomskoi oblasti
[Efficient methods of vegetative reproduction
of fruit and berry crops in the conditions of
the Tomsk region]: Thesis... cand. of
agricultural sciences, The Altai State Agrarian
University, Barnaul, 2006, 167 p.

173

[22] Pisareva S. 1., Sirotkina E. E., Kamenchuk Y.
A., Ryabova N. V., Sostav i struktura
mineral'nogo osadka ochistki artezianskoi
vodi ot zheleza [The composition and the
structure of mineral sediment after cleaning
iron from artesian water]. Materials of the
VIth International Conference "Oil and Gas
Chemistry”, Tomsk, September 5-9, 2006, pp.
523-526.

[23] Babanin V. F., Salutskii A. A., lvanov P. A,
Mikhaleva N. V., Panfilov A. S,
Identification of iron state in medicinal plants
used for correction of human mineral balance.
Trace elements in medicine, 12 (1-2), 2011,
pp. 13-18.

[24] Green B., Countryside Conservation: Land
Ecology, Planning and Management. Third
edition, 1996, 376 p.

[25] Koropachinsky 1. Y., Vstovskaja T. N.,
Woody plants of the Asian part of Russia.
Novosibirsk: SB RAS publishing house,
2002, 707 p.

[26] Vodyanitskiy Y. N., Soba S. A,
Biogeohimiya zheleza v pereuvlazhnennih
pochvah (analiticheskii obzor)
[Biogeochemistry of iron in waterlogged soil
(analytical review)]. Soil Science, No. 9,
2013, pp. 1047-1059.

[27] Saaltink R. M., Dekker S. C., Eppinga M. B,
Griffioen J., Wassen M. J., Plant-specific
effects of iron-toxicity in wetlands. Plant Soil,
416 (1-2), 2017, pp. 83-96.

[28] Cook R. E. D., Iron toxicity to wetland plants.
PhD thesis, University of Sheffield, 1990.

[29] Snowden R. E. D., Wheeler B. D., Iron
toxicity to fen plant species. Journal of
Ecology, 81, 1993, pp. 35-46.

[30] Chaney R. L., Brown J. C., Tiffin L. O,
Obligatory Reduction of Ferric Chelates in
Iron Uptake by Soybeans. Plant Physiology,
50 (2), 1972, pp. 208-213.

[31] Christ R. A., lron Requirement and Iron
Uptake from Various Iron Compounds by
Different Plant Species. Plant Physiology, 54
(4), 1974, pp. 582-585.

[32] Kunakhovets T. P., Kudryashova O. A,
Volotovich A. A., The analysis of variability
of quantitative traits at «Tisel» cultivar of
Ribes nigrum regenerants in vitro in the
presence of iron ions in different
concentration. Bulletin of Polessky State
University. Series In Natural Sciences, 2,
2014, pp. 41-47.

Copyright © Int. J. of GEOMATE. All rights reserved,
including the making of copies unless permission is
obtained from the copyright proprietors.



geomate
線

geomate
線


