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This work presents the results of a research that was conducted in the Donskoy Leskhoz
nursery of the Forestry Department of the Lipetsk Region. The purpose of the research is to
determine the effectiveness of the influence of a low-frequency electromagnetic field and
the hydrogel “Evabiona” on the survival rate of red oak annual seedlings grown in open
ground of the nursery. This research presents the technology for creating red oak planting
material with increased survival indices of test samples and their biometric parameters:
seedling height, seedling diameter at a root collar, weight of roots and aboveground part in
the air-dry condition after drying for 15 days. Treatment of red oak one-year old seedlings
with a low frequency electromagnetic field was carried out according to the author’s tech-
nology POSEP — pre-sowing treatment of seeds and seedlings with an electromagnetic field.
The hydrogel, a polymer water-retaining agent that absorbs and retains a large amount of
moisture in the rhizosphere of plants, was applied to soil in the experimental research. The
ability of the hydrogel granules to swell-compression improves the structure and drainage of
soils, boosting the conditions of aeration and filtration of water, and maintains its water-
retaining properties for several years. The research results indicate a clear positive effect of
treatment with a low-frequency electromagnetic field and the hydrogel, as there was a sig-
nificant increase in the survival rate of the test samples of oak seedlings in relation to the
control samples. Also within the framework of the research a comparative histometric anal-
ysis of cross sections of control and test stems of oak seedlings was carried out late in the
growing season at the laboratory of the Department of Forest Crops, Selection and Dendrol-
ogy of the Mytishchi Branch of the Bauman Moscow State Technical University. The re-
sults of this research showed that a low-frequency electromagnetic field and the hydrogel
can influence on the anatomical structure of seedlings, improving their quality characteris-
tics. Thus, pre-sowing treatment of oak seedlings with a low-frequency electromagnetic
field and the use of the hydrogel showed the effectiveness of these techniques in increasing
the survival rate of seedlings and obtaining high-quality planting material of red oak in for-
est nurseries.
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Introduction

Oak forests of our country are an important component of natural ecosys-
tems. However, due to the large anthropogenic load on the forests in the Central
region of the European part of Russia, the area of oak plantations has been greatly
reduced. According to experts, this problem can be solved by introducing new, fast-
growing and economically valuable introduced species into the process of artificial
reforestation of broad-leaved species. They include red oak (Quercus rubra L.),
natural habitat of which are broad-leaved forests of North America [1]. Red oak is
most prevalent of all introduced hardwood species in the European part of Russia.
Although it is inferior in wood quality to pedunculate oak (Quercus robur L.), but
still it has a number of advantages. It is known that red oak is moderately photophi-
lous, undemanding to soil, quite hardy, resistant to powdery mildew, not damaged
by the green oak moth (Tortrix viridana), has soil-improving properties and grows
by 10-50 % faster than pedunculate oak (Quercus robur L.). The age of the main
felling of red oak stands can be reduced by 1.5 times, relative to pedunculate oak
(Quercus robur L.) [8]. Due to its unique decorative properties, red oak is widely
used in landscape design [5]. These qualities of red oak make it a promising forest-
forming species in the zone of coniferous broad-leaved forests. Therefore, studies of
this tree species are relevant nowadays. The use of an electromagnetic field (EMF)
and the hydrogel Evabiona for growing high-quality planting material is a little stud-
ied area in the Russian forestry sector. Although in forest seed production, we have
used the treatment of coniferous seeds, and later seedlings, with EMF since 2012. As
a result of the studies, carried out both in laboratories and in forest nurseries, a simple
and environmentally friendly technology of pre-sowing treatment of seeds and seed-
lings with an electromagnetic field (POSEP) [11] was developed and the “Rost-
Aktiv” device (a low-frequency EMF generator) was created [4, 6, 10, 13].

Hydrogel is a polymer water-retaining agent that is introduced into the soil, ab-
sorbs and retains water and dissolved nutrients. It was also used in the research. Hy-
drogel tends to easily release the accumulated water, gradually providing it to plants.
When properly applied, it retains fertilizers, keeping them in an accessible zone for
plant roots, improves the water-physical soil properties [2, 17] and provides the most
favorable conditions for growth and development of tree species in the first years af-
ter planting [18]. Further study (2013-2019) of the influence of la ow-frequency EMF
and the hydrogel included treatment of seeds and growing seedlings of coniferous
species in forest nurseries (Scots pine and Norway spruce). The results of these stud-
ies indicate the effectiveness of the POSEP technology and the use of the hydrogel in
the treatment of both seeds and seedlings of the main forest-forming species [14, 20].
The presented work is interesting by the reason that such experiments have not been
carried out on seedlings of deciduous tree species before.

Research objects and methods

The research was carried out in the Donskoy Leskhoz nursery of the Forestry
Department of the Lipetsk Region in 2019. Bareroot annual seedlings of red oak
were the research object. In April 2019 control and experiment plantings of red oak
seedlings were laid out on a plot of 150 linm of a planting bed in order to study the
effect of a low-frequency EMF and the hydrogel on their survival rate. Three seed-
ling options were compared: Control — untreated seedlings, 50 pcs; Experiment 1 —
seedlings treated with EMF, 50 pcs; Experiment 2 — seedlings treated with EMF
and the hydrogel, 50 pcs.
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Seedlings for Experiments 1 and 2 were treated using the POSEP technology
with the low frequency generator “Rost-Aktiv” (frequency — 16 Hz; increasing
magnetic field induction value from 0.4 to 2.0 mT; exposure — 11 min) according to
the research procedure before planting in holes [3, 7, 12, 16]. Seedlings were plant-
ed using the Kolesov’s planting iron with a planting step of 1 m. In Experiment 2,
the planting holes were pre-treated with the hydrogel swollen in water (at a rate of 2
g of the dry hydrogel per hole), after that seedlings treated with EMF were planted.
At the end of September 2019, we made records on the seedlings established in the
experimental and control areas and carried out biometric measurements of them

(fig. 1).

Fig. 1. Records on the seedeings from left to
right: Control, Experiment 2 and Experiment 1

At the same time, Control and Experiment seedlings were lifted with maxi-
mum integrity of the root system for in-depth studies in the laboratory of the De-
partment of Forest Crops, Selection and Dendrology of the Mytishchi Branch of the
Bauman Moscow State Technical University. The following biometric parameters
were measured: seedling height, seedling diameter at a root collar, roots weight and
the aboveground part in the air-dry condition after drying for 15 days. The scales
Acom JW1 were used to determine the average weight of seedling parts.

The following technique was used for the histometric analysis of cross sec-
tions: 1-2 cm sections of stems with root collars were cut from the seedlings, and
then they were exposed to the action of a softening alcohol-glycerine mixture
(component ratio 1:1) for 10 days at a temperature of 25-30 °C. Later on, cross sec-
tions were obtained using MS-2 microtome and stained in accordance with the
standard method [15]. Temporary glycerine preparations were produced in accord-
ance with the procedure described in reference [19]. Microscopy was carried out in
the direct light-field and polarization modes using a research biological microscope
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Jenaval (Carl Zeiss) equipped with an eyepiece micrometer and polarizers. The fol-
lowing microlenses were used: GF-Plan 3.2/0.06/0/-; GF-Plan 12.5/0.25/cc/-;
GF-Plan 25/0.5/0/0.17; GF-Plan 40/0.65/0/0.17, GF-Plan HI 100/1.25/160/0.17.
Images of wood cross sections were obtained using photomicrographic attachment.

To verify the reliability of the results obtained, we followed standard meth-
ods of statistical processing [9] and used Microsoft Excel software.

Research results and discussion

An analysis of the survival rate of seedlings in autumn 2019 showed a signif-
icant superiority of Experiment options over the Control (table 1).

Table 1
Characteristics of the survival rate of red oak seedlings treated with EMF and the hydrogel
. Number of recorded . . Survival rate, %,
No. Exper.lrnent scedlings during Number of.estabhshed seedlings terror of the
options . (recorded in September, 2019) .
planting proportion, %
1 |Control 50 14 28+6.4
2 |Experiment 1 50 24 48+7.1
3 |[Experiment 2 50 32 64+6.8

The results of studying the effect of EMF and the hydrogel on the survival
rate of red oak seedlings grown in open ground of the nursery in the dry summer of
2019 show that the best option is the treatment with EMF and the hydrogel during
planting (table 1). The observed difference can be explained by the stimulating ef-
fect of EMF with the joint long-term protective action of the hydrogel on the subse-
quent rhizogenesis after transplantation and absorption of solutions by roots in the
post-stress period. Also, the treatment with EMF and the hydrogel had an impact on
the biometric parameters of oak seedlings (table 2).

Table 2

Average biometric parameters of oak seedlings treated with EMF and the hydrogel
(sampling size — 20 pcs; o = 0.05; 7, = 2.024)

Experiment Scedling height, .ROOt collar Roots mass, g | Trunks mass,
No options cm diameter, mm (M) o (Mtmy)
(M=my,) (Mmy,)
| Control 12.5+0.49 4.0+0.09 4.2+0.22 1.24+0.03
% of control 100 100 100 100
Experiment 1 14.54+0.42 5.5+0.22 11.940.39 | 3.2940.10
2 % of control 116 137 283 265
t calculated 3.10 6.31 17.20 19.64
Experiment 2 21.0+0.54 4.5+0.16 9.57£0.34 | 3.89+0.25
3 % of control 168 112 227 313
t calculated 11.66 2.72 13.27 10.52

Based on the results of autumn calculations, the average biometric parame-
ters of red oak seedlings were compared in all experiment options: Experiment 1;
Experiment 2; Control. The data in table 2 indicate that the treatment of seedlings in
Experiment 2 exceeded Control by every measure, so height of the Experiment
samples exceeded the Control by 68 %. This is a substantial difference considering
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that the seedlings were grown in open ground without watering and care. Also, at
the end of the growing season, a comparative histometric analysis of cross sections
of the Control and Experiment stems of oak seedlings was carried out in the labora-
tory of the Department of Forest Crops, Selection and Dendrology of the Mytishchi
Branch of the Bauman Moscow State Technical University. The results of this study
are shown in table 3.

Table 3

Average histometric parameters of oak seedlings treated with EMF and the hydrogel
(sampling size — 10 pcs; o = 0.05; 7, = 2.1)

Experiment Core diameter, mm Xylem ring width, mm Seconda.lry wood ves-
No options (Mzmy) (Mzmy) sels diameter, pm
(Mzmyy)

| Control 1.51+0.087 0.86+0.034 18.7+0.91
% of control 100 100 100
Experiment 1 1.79+0.122 1.43+0.074 19.6+£0.99

2 % of control 118 166 105
t calculated 1.87 6.99 0.67
Experiment 2 1.55+0.065 1.31+0.069 21.7£1.08

3 % of control 103 152 116
t calculated 0.37 5.85 2.12

According to table 3 we made conclusions. The size of the core of the com-
pared groups in the Experimental options exceeds the Control. The total xylem ring
width in Experiments 1 and 2 significantly exceeds the Control width. The wood
radial growth at the level of a root collar has the maximum values in Experiment 1.
When comparing the average diameters of the secondary xylem vessels in different
options of the experiment, there is a tendency to increase the average diameter of
the vessel segment in the series Control — Experiment 1 — Experiment 2.

Comparative anatomical study of seedlings from three options of the experi-
ment revealed the features of the stem structure at the level of the root collar ac-
cording to the study of cross sections.

In general, the secondary xylem in all considered experiment options has
common juvenile features. It is particularly worth noting the high degree of paren-
chyma formation on the last radial increment of seedlings. It is represented by both
multiple single-row wood rays, and a high content of metatracheal starch-bearing
parenchyma (fig. 2).

o 8

Fig. 2. Cross section of oak seedling in experiment
2 in the mode of crossed
Nichols (microlens GF-Plan 12.5/0.25/00/-)
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The zone of highly parenchymatized wood is on the right. Multiple oxalate
crystals and a solid light fiber (a glued ring) are observed in the cortical ring (fig. 2).

The core of all options contains a fair amount of small starch grains. There is
a tendency to an increase in the occurrence of starch in the core cells in the Experi-
ment options compared with the Control (fig. 3).
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Fig. 3. Cross sections of the core of oak seedlings in the mode of partially crossed Nichols
(microlens GF-Plan 40/0.65/0/0.17): a — Control; b — Experiment 1; ¢ — Experiment 2

The width of the secondary xylem layer is much larger in the options with
EMF treatment. There is a high degree of order in radial chains of vessel lumen
with an increase in the annual ring (fig. 4).
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Fig. 4. Cross sections of oak seedling stems at one magnification (microlens GF-Plan
3.2/0.06/0/-, gentian violet staining): a — Control; b — Experiment 1; ¢ — Experiment 2

The bark width is also of great importance in plants treated with EMF. This
preserves the integrity of the bark inner ring formed by alternating sections of pri-
mary bast fibers and clusters of stone cells. The bulk of the primary cortex is a thin-
walled parenchyma containing a large number of small druses and single crystals of
calcium oxalate, well detected in the polarization mode (fig. 2). Aggregate rays, as a
rule, end in the bark with the formation of large zones of sclerification and calcifi-
cation.

Conclusion

The survival rate and growth of red oak seedlings in the selected area of the
Donskoy Leskhoz nursery of the Forestry Department of the Lipetsk Region were
evaluated as a result of the research. At the end of the growing season during the
autumn records it was found that oak seedlings treated with EMF and planted in
planting holes with the introduction of the hydrogel swollen in water have shown
the best results in the survival rate and growth. It should also be noted that the
treatment with EMF and the hydrogel had a positive effect on the internal structure
of seedlings. This can improve the wood quality. Thus, the treatment of seedlings
with a low-frequency EMF in combination with the use of the hydrogel promote the
production of planting material with better parameters that will undoubtedly give a
positive economic effect.
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Based on the research results, it is possible to assume the feasibility of pro-
cessing the red oak planting material with a low-frequency EMF and the hydrogel
in the creation of crops. And the use of hydrogels in forest management of the Rus-
sian Federation can be attributed to the number of promising reclamation measures
in creation of artificial forest plantations.
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KpacHOTO B OTKPBITOM TPyHTE MUTOMHHKA. B paboTe mpuBeeHa TeXHOJIOTUS CO3/IaHusl T10-
CaJIOYHOro0 MaTepuana Jy0a KpacHOro C TOBBIIICHHBIMU MOKa3aTeIsIMHA NPHUKUBAEMOCTH
OTIBITHBIX 00PAa3IOB U X OMOMETPUYECKHX XapaKTEPUCTHK: BHICOTA CEsHIIA, TUAMETp CesiH-
I1a y KOpPHEBO# IIelKn, Macca KOpHEH M HaJ3eMHOW YacTH B BO3AYIIHO-CYXOM COCTOSIHUM
1ocJie BBICYIIMBAHMS B TeueHue 15 quell. OOpaboTKa OTHONETHHX CesHIIEB Jy0a KpacHOTO
HU3KOYACTOTHBIM 3JIEKTPOMATHUTHBIM TIOJIEM MPOBOAMIACH MO aBTOPCKOH TEXHOJIOTHH
ITOCDOII (mpenmoceBHast 00pab0OTKA CEMSH M CESIHIIEB IEKTPOMArHUTHBIM IojieM). B mo-
CTaHOBKE OIIBITOB MPUMEHSIICS THAPOTebh « OBaOMOHA», TOJMMEPHBIN BIIArOyAepKUBATEIb,
KOTOPBI TIPH BHECEHUH B IOYBY, a0COPOHPYET U YAEPKUBACT OOJIBIIOE KOJMYECTBO BIIArv
B 30He pu3ocheps! pacteHnii. CrocOOHOCTH TPaHYN THAPOTENS K pa30yXaHUIO-CHKATHIO
YIIy4IIaeT CTPYKTYypY M JIPEHaXX MO4YB, MOBBINIAs YCIOBUS a’panud U (UIbTPALUN BOIbI,
COXpaHsIET CBOM BJIAroyJep>KUBAIOlINe CBOWCTBA B TEUCHUE HECKOJBKUX JieT. [loiayueHHbIe
PpE3YJIbTAaThl UCCIIECA0OBAHNSA CBUACTCIILCTBYIOT O ABHOM ITOJIOKHUTECIbHOM BJIMAHUU o6pa60T-
KU DJIEKTPOMArHUTHBIM TOJIEM M THIPOTesieM, TaK KaK OTMEUEHO CYIIECTBEHHOE YBeJnue-
HUE TIPIKUBAEMOCTH ONBITHBIX 00PA3I0B CEsSHIIEB y0a M0 OTHOLIEHUIO K KOHTPOIIIO, TakK-
)K€ B paMKaX HCCIJICJIOBAHUS, B KOHIIC BETreTAlIOHHOTO Ce30Ha B JIabopaTopuu Kaderpsl
JIECHBIX KYJBTYP, CeJIeKINH U AeHnpoiorur Mertuinuackoro ¢gumana MI'TY um. H.D. bay-
MaHa ObUT IIPOBEJCH CPABHUTEIBHBIN TMCTOMETPUIECKUI aHAIN3 TTOTIEPEYHBIX CPE30B KOH-
TPOJIBHBIX U OIBITHBIX CTBOJIMKOB CESHIIEB Ay0a. Pe3ynbTaThl 3TOro MccieoBaHus oKa3a-
JM, 9TO 3JIEKTPOMArHUTHOE MOJI€ U THAPOTedh MOTYT OKa3bIBAaTh BIMSHWE HA aHATOMHYE-
CKO€ CTPOCHHE CEesSHIIEB, yJIydllas MX KauyeCTBEHHBbIE XapaKTepuUCTHKU. Takum oOpaszom,
IpeAnocaouHas o0padoTka CestHIEeB Jy0a HU3KOYAaCTOTHBIM JIEKTPOMArHUTHBIM IIOJIEM H
MIPUMEHEHHE THAPOTreNs Mokazand 3(QEKTUBHOCTh JAHHBIX MPUEMOB AT YBEIWYEHHS
MPUKUBAEMOCTH CESHIIEB M IIOJyYeHHUs] KAaueCTBEHHOTO I0CaJOYHOr0 MaTepuana ayoa
KpaCHOTI'O B JICCHBIX ITMTOMHHUKAaX.
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