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15 EXTREMELY LOW FREQUENCY ELECTROMAGNETIC FIELDSTREATED
WATER INCREASE THE EFFICIENCY THE USAGE OF SOLONETZ-
SOLONCHAK SOIL AND CROP YIELD

G.A. Safarova
Shushi University of Technology

There are large areas of the world that exist under sodic soils and need attention for efficient,
inexpensive and environmentally feasible amelioration. Records nearly a century old reveal the use of water,
crop, chemical amendment, electric current, and tillage as amelioration tools for such soils. Owing to gradual
increases in amendment cost in some parts of the world during the last two decades, this amelioration strategy
has become cost-intensive, particularly for the subsistence farmers in developing countries. The aim of the
current work is to increase the usage efficiency of the sodic soil and crop yield. For this proposes chemical
amelioration method was used: hydrochloric acid was used as ameliorant after which the soil was washed with
15 Hz extremely low frequency electromagnetic field (0.4 mT) treated water. The amelioration presses and the
crop yield were more effective in case of irrigation with magnetized water than with non-treated water,
suggesting the higher efficiency of the proposed method to increase the crop yield in the solonetz-solonchak
lands.

Key words: amelioration; extremely low frequency electromagnetic field; magnetized water; sodic soil;
solonetz-solonchak lands.

Introduction

Sodic soils are characterized by the occurrence of excess sodium (Na+) to levels that can
adversely affect soil structure and availability of some nutrients. Deterioration in these soils occurs
through changes in the proportions of soil solution and exchangeable ions, soil pH as well as osmotic
and specific ion effects (Oster et al., 1999). Structural problems in sodic soils created by certain
physical processes (slaking, swelling and dispersion of clay minerals) and specific conditions (surface
crusting and hardsetting) may affect water and air movement, plant available water-holding capacity,
root penetration, seedling emergence, runoff, erosion and tillage and sowing operations (Shainberg
and Letey, 1984; Gupta and Abrol, 1990; Sumner, 1993; Oster et al., 1999). In addition, serious
imbalances in cation nutrition usually occur in such soils, which may range from deficiencies of
several nutrients to high levels of Na+ (Naidu and Rengasamy, 1993). Such physical and chemical
changes have a bearing on the activity of plant roots and soil microbes and ultimately on crop growth
and yield (Naidu and Rengasamy, 1993).
Sodic soils exist mostly under arid and semiarid climates. Sodic soil amelioration needs replacement
of excess exchangeable Na+ by more favourable calcium (Ca2+). The replaced Na+ is leached from
the root zone through excessive irrigations. Thus, in addition to a source of Ca2+, adequate water
movement into and through sodic soils is another key factor involved during the amelioration process.

Records nearly a century old of sodic soil amelioration research and practice reveal that
several site-specific methods have been used to ameliorate a variety of sodic soils (de Sigmond, 1924;
Kelley and Brown, 1934; Oster et al., 1999). These methods include (1) leaching without amendment
application, generally applicable to ameliorate gypsiferous soils, (2) application of high electrolyte
water containing divalent cations, high-salt-water dilution, (3) use of chemical amendments, both
inorganic and organic, (4) soil profile modification through tillage, (5) horizontal flushing after
amendment application to ameliorate low-permeability sodic soils where vertical leaching is not
efficient, (6) electromelioration consisting of passing electrical current through the soils and (7)
phytoremediation dealing with cultivation of certain plant species, tolerant to ambient soil salinity and
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sodicity levels, without the application of an amendment. These methods or their suitable
combinations have been used under specific conditions.

Armenia has 30,000 km2 area. Mountains make about 70% of the country’s territory. The
average altitude is 1,800 meters above sea level. About 90% of the territory is located above 1,000
meters. In general Armenia has 14 types of soils, including 27 subtypes, multiple families, varieties
and species of soils. Saline-alkaline hydromorphic and solonetz-solonchaks soil type comprises about
31.000 ha (approx. 1.2 % of total area).

On the other hand it was shown that by non-ionizing radiation treated water have modulation
effect on plant seed germination potential (Amyan and Ayrapetyan, 2004). It was shown also that
extremely low frequency electromagnetic field (ELF EMF) and mechanical vibration at infrasound
frequency (MV at IS frequency) had frequency-dependent character on plants seed’s germination. In
case of ELF EMF effect on germination potential of barley seeds the more effective frequency
windows were 15 Hz (Amyan and Ayrapetyan, 2004). Our previous study has shown that a frequency-
window effect of ELF-EMF on physicochemical properties of water depends on the chemical and
physical compositions of the environment such as background radiation, light intensity, temperature,
and gas composition (Baghdasaryan et al., 2013).

In our work, based in above mentioned phenomena, we focused on the same frequency
window (15 Hz, 0.4 mT) where most positive effect on seed germination was shown. Therefore, the
purpose of the present work is to increase the efficiency of the chemical amelioration method and crop
yeald production in sodic soils. For this proposes as ameliorate the soil with hydrochloric acid HCI (30
%) and then washed it 15Hz EMF treated water.

Conflict settings

Five-hundred-gram soil samples were randomly collected from the upper 0-25 cm soil layer
from Ararat valley (Armenia), placed in individual plastic bags, and stored in a cool, insulated box
during transportation to the laboratory. The processing of abiotic analyses of the soil samples were
done after two days of storage at 4°C.

The controlled generator and low-noise amplifier on a coil (manufactured by the Institute of
Radiophysics and Electronics of National Academy of Sciences, Armenia) generated the ELF EMF.
The Helmholtz coil had a cylindrical form with a dimension of 154 mm in diameter and 106 mm in
height. Rings of Helmholtz were formed by two equal ring coils located coaxially and parallel. The
distance between the coils was equal to their radius (77 mm). The magnetic field created by these rings
had high homogeneity. Based on our previous finding that in case of ELF EMF the most effective
frequency window was at 15 Hz (0.4 mT) for effective changes in physicochemical properties of DW
for seed germination (Amyan and Ayrapetyan, 2004) we selected this frequency for ELF-EMF
treatment in our current experiments.

A glass test tube (1) by 7 cm in diameter and 50 ml volume was placed in the coil (2) as ELF
EMF source (Fig. 1). EMF was generated by the controlled generator (4) (GZ-118, Russia) and low-
noise amplifier on the coil ((3), IRPhEA NAS, Armenia). Helmholtz coils generate a homogeneous
magnetic field (0.4 mT) and are formed by two equal ring coils located coaxially and parallels. The
harmonic voltage generated by generator (4) after being amplified by low-noise amplifier (3) passes to
the Helmholz coils (2).

Water treatment and experimental setups. Distilled water (DW) was exposed to ELF EMF
(15 Hz; 0.4 mT) for 30 minutes, whereas untreated DW that was placed in a non-activated coil for 30
minutes was used as control. Three experimental setups were done: (1) control, where no ameliorant
was used and washed with regular or non EMF treated water. Due to the saturation of soil with water,
only 20% of water amount calculated in field experiment was used (Papinyan et al., 2009). (2) Soil
ameliorated with HCI (30%) and washed with non-treatedwater. (3) Soil ameliorated with HCI (30%)
and washed with 15 Hz (0.4 mT) ELF EMF treated water. To check the efficiency of amelioration
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vegetative experiments were performed. Half a kg solonetz-solonchak soil is placed in polyethylene
tubes and fifteen seeds of winter wheat were germinated in each polyethylene tubes.

0 [
L]

Figure 1. The schematic diagram of a device for EMF treatments. (1) glass test tube with diameter 7 cm
and volume 50 ml, (2) Helmholtz coils, (3) the low-noise amplifier, (4) the generator of a harmonic field.

Chemical analysis. Soil pH was determined with a pH electrode in the filtered supernatant
after an overnight incubation period at room temperature of a mixture containing 20 g soil and 40 ml
distilled water (DW) (1:2 soil:water ratio), followed by shaking for 10 min (160 rpm) and incubation
overnight at room temperature.
The elemental analyses of Ca, Na, K, Mg by done in the filtered supernatant by flame photometry. The
filtered supernatant was prepared in this structure soil:double-distilled water, 1:10, followed by
shaking for 30 min (160 rpm) and overnight incubation at room temperature.
The rest of chemical analysis was done by standard laboratory methods of soil analysis (Alban and
Kellogg, 1959).

Statistical analysis. Statistical analyses were conducted using SPSS software (release 17).
The means of measures in two groups were compared by independent T test. Data were expressed as
means. All experiments were repeated at least three times.

Research results. The efficiency of chemiacal amelioration of solonetz-solonchak soilwas
investigated using 15 Hz ELF EMF treated water after using HCI (30 %)amalorant. Chemical
composition of soil in water solution and indicators of exchangeable Na* and K*are shown in Table 1.

Papinyan et al. (2009) in the field experiment have calculated that the required amounts of
ameliorant and irrigation water for 1 ha soil is 240 tons of 30% HCI and 56.8 thousand m? irrigation
water, respectively. In ourlab experimentsonly half of required ameliorant was used, total 10 ml of
30% HCI and 2.1 | of water for 0.5 kg of soil amelioration.

During the three experimental setups filtrates periodicaly were taken and chemical analysis
were performed. It has been shown the use ofelectromagnetically treated water has advantages: in the
filtrate the concentration of Na is higher 4,2% than in non-treated water used experiments (Table 2).

The efficiency Na* removal from soil is aboout 5 % with treated water used. It has been shown
that using the EMF treated water both the amount of amelorant and washing water can be decreased by
20-25 %. For ameloration of 1 ha instead of estimated 240 tons of HCI (Papinyan et al., 2009) only
190 tons is required if using EMF treated water, saving 50 tons of HCI per ha of soil ameliorated. With
the cost of 1 tons of 30 % HCI of 50 $ (USA), it is possible to save 250 $ in this method by decreasing
amount of amelorant: at the same time the decraese of amount of water can also be advantageous:
10,000 m3x 0.03 $ (USA) = 300 $, thus using this method overall we can save 280 $.
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Table 1
The chemical composition of investigated soil water solution and the
indicators of exchangeable Na* and + K*.
3 mg-ekv/100gsoil
Soil of —
laye, pH ota exchangeable
salt, 2 - _ 2- 2 2+ Na"+K* Na“
o g COsHMCO; CI° SO Ca™ Mg Na*, K~
0-25 98 157 3'5 5.00 7.05 1047 0.50 0.08 21.94 218 183 1.8
Table 2
Chemical composition of the washed filtrate. Twenty percent of the amount
of washing water (from 2.1 I) was used.
3 mg-ekv/I 3
N B D 0‘; o2 Total , ) i - 2 éo\o
salt - - - SO, T Mg S 5€ %
setups S 3 HCO, Cl + Ca 9" Na'+K* = T s <
g/l P
1 Contr No filtrate i i i i i i 0.4 No i
ol observed
HCI +
non-
2 treate % 171' No 10,0 129’ 50,8 50,0 12,8 127,6 0,4 0,3 15,8
d
water
HCI +
g freae 7120 00 MY 6g4 480 128 1620 04 03 200
d 0 8 4
water
Table 3
The chemical analysis of the investogated soils water solution and exchangeable Na*and K*.
5 mg-ekv/I
& Exchang.
\ EgQ2 p =@ o2 Total , , .
S 2 T - _ - - * *
%% H & 8 HCO, ClI” SO, Ca Mg Na* +K* Na Na® K*
&
|_
1 SIO”" 2' 16 36 500 71 105 055 01 219 218 183 18
HCI +
non- 9
2 treate O. 0.1 0.07 1,25 0.3 0.07 0.10 0.04 1.43 1.38 450 1.8
d
water
HCI +
EMF 8
3 treate 8. 0.1 0.05 1.16 0.3 0.12 0.15 0.16 1.32 1.27 3.80 1.7
d
water
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The soils chemical analysis of the hypothetical case where the entire calculated amount of
washing water (2,1 | per 0.5 kg soil) was used is presented in Table 3.

The current study showed that even with a use of only 50 % of the amelorant the salt
concentration in the soil decreased from 1.6 % (control) to 0.1 % in the second and third experimental
setup.

Table 4
The seeds growth in the ameliorated soils

: Th fgrowing  Th f grow
Experimental setups & numbers of growing e numbers of growing

seeds after 7th day seeds after 12th day
HCI (30%)+ non-treated water 0 0
HCI (30%)+ treated water 1 4

Figure 2. The growth of winter wheat in the following setups: a) control-no ameloration, b) in amelorated
soil, c) after ameloratin 15 Hz (0,4 mT) EMF treated water was used. A- view
from front and B- view from above

To investigate the usage of ameliorated solonetz-solonchak soil and the in the lab in each
experimental setup 15winter wheat seeds were grown in polyethylene tubes. After 7 and 12 days the
number of grown seeds were calculated (Table 4, Fig. 2).

After 12 days of growth significant changes(p<0.05) in the setup where 15 Hz ELF EMF
treated water was used were observed (Fig. 2).

Conclusion

Salinity is one of the major factors responsible for soil degradation. Approximately one third
of the world’s land surface is arid or semiarid (4.8 x 10° ha), half of which is estimated to be affected
by salinity (Croughan and Rains, 1982). Salinity is a major abiotic stress at present (Rueda-Puente et
al., 2007), and is one of the most severe environmental problems affecting crop growth (Lopez et al.,
2002) and in concert with drought seems to be one of the world’s most serious problems in agriculture.

The global population is about 6.3 billion, increasing day by day at an alarming rate.
According to an estimate, it will be 9.0 billion by 2050 (Lal, 2007). Thus, there is a dire need to
increase crop productivity either through increase in yield per unit area or by increasing area under
cultivation.
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EMF treated distilled water has been shown to have an activation effect on germination
potential of barley seeds (Amyan and Ayrapetyan, 2004), more pronounced at 15Hz frequencies. It is
also known that different plants during vegetation if irrgeted byELF EMFtreated water have elevated
seedgermination, reduced root development period, increased resistance to thermal and osmotic stress
(Amyan and Ayrapetyan, 2004). On the other hand it is well documented that EMF can change the
physicochemical properties of water (Baghdasaryan et al., 2013).

During amelioration of solonetz-solonchak soil high amount of ameliorant (H2S0.-100
tonn/ha, HCI-240 tonn/ha) and 45.000-50.000 m®ha of irrigation water were used washing salt
washout from soil (Papinyan et al., 2009). Soil becomes useable for agriculture. In the first year the
yield of wheat is 40-50 c/ha, and during 3 years in that soil can be grow 100-120 c/ha of lucerne hay
(Papinyan et al., 1988; 2009). Papinyan et al., (2009) shown that solonetz-solonchak soil of Ararat
valley can be amelorated by «Nairit»'s surplus production of 30% hydrochloric acid solution.After
amelioratation the soil was washed with non-treated irrigation water(Papinyan et al., 2009). Currently
proposed amelioration method has several advantages to the conventional methods (Papinyan et al.,
2009), such as increase the efficiency of the usage the soil amelioration and at the same time the crop
yield.

Thus, the proposed goals to increase the useage of solonetz-solonchak soil, reduce the cost of
ameliorantion processes and amount of water for irregation, to induce the germination of seeds and
increase the yield of cultivated crops, have been approved with our methods.

It can been concluted that using ELF-EMF treated water it is possible to decrease of used
amount of amelorant and washing water, to increase the germinetion of the seeds, to induce the futher
growth, to encrease the yield production of agricaltural cultivatred plants and to gain ecologicaly clean
products.
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15 <8 dUnUhiUuUULNRrE3UU R UTUHYUD NKPL AUrACUSLNRY E WIUWHULUD <N1b L
PEML2USYNRE3UL OGSUGNNTOUUL UMrM3NhLUYESNRE3NRLL

q.U. Uwpwpnqw
cnphh ppbfutninghwwt hwdwuwpw

Gpypwqunh Jpw Ywu sww wnwpwsdpubip, npnup gunugnd B wnwlywiwd hnnbph nwy L
wpryniuwybitn, dwwnskih W Eyninghwwbu whinwuh hnnwpwpbjwddwu hwdwp npwnpnygjut Yuwphp niubu:
Snbipt dbY hwnninjudjwyh wpdwuwgpnieyniuubpp pwgwhwjnnd Bu oph, ptipph, phihwlwu pwnpbijwydwu,
EiEyunpwlwu hnuwuph b Jupbjwhnnh ogunwgnpdniwip npwbu hnnwpwpbjwddwu gnpdhpubip wjuwhuh hnnbiph
hwdwp:  dbpoht  Gpynt  wwutwdjwynwd  Gpypwgunh  npnp  dwubpnud pwpbjwydwu  wpdbiph  dby
wunhbwuwlywu wéh ounphhy, wu hnnupwpbjwydwt nwqdwdwpnigntup nupdbp £ hunbuuhy wndtp,
dwutwynpuwby' Yeugwnwihu  $bpdbpubph  hwdwp' qupqugnn  Bpypubpnud:  Cupwghly  woluwwnwuph
tywwwlu £ dedwgubp  wnwlwwd hnntph L pbpph wpnwnpnquywunyeut  oguwgnpddwu
wpryniuwybinnnggniup: Wu uwywwwynyd  Yhpwndtg  phdhwlwu  ninndwu  (hnnwpwpbijwydwt)  dbennp.
oguwgnpdytig hhnpnpinphn pRent' npwbu hnnwpwpbwydwl ujnie, hushg hbwnn hnnp opydbg 15hgswihwquiug
gwdn hwbwluwlywunyeni niutignn Eilwnpwdwquhuwywu (0.4d) opny:<nnupwnbijwddwu gnpdpupwgp
dupynwi £, L pbppp dwquhuwgywsé opny nnngdwu nbwpnud nwnunwd b wybih wpryniiwgbn, pwu ng
dwqUphuwgwd opny opbijhu’ wnwownpybin  ubpyuywgdws duennh wybh J6S  wpryniuwybuiniyeniu
wnwlwiwsd hnnbpnw pppwwnynieintup pwpépwgubiine hwdwp:

Pwuwih pwnbtp. pwpbjwynd, fupun  gwdp hwdwhiwywunyeudp  EEYunpwdwquhuwlwu
nwown,dwqubitnply onip,uwwnphnidwlwu hnn, wnwlwws hnnbp:

15 T YIbTPAHU3KOM YACTOTHBI DJEKTPOMATHUTHBIX MOJIEN C
OUYUIIEHHOM BOJIOM NOBBIIIAIOIMEN Y®PEKTUBHOCTDb HCITOJIb30BAHUS
COJIOHIIE-COJIOHYAKOBBIX TIOYBBI U YPOKAMHOCTHU KYJIBTYP

I'.A. CajapoBa
HIywunckuii mexnono2uueckutl yHugepcumem

Ectp Gosbiine paifoHbl MHUpa, KOTOPBIE CYIIECTBYIOT B PaMKaX HaTPHEBBIX ITOYB U TPEOYIOT BHUMAaHUS
Uit 3¢ HEKTUBHOTO, HEAOPOTOro U HKOJOTMYECKH BO3MOXKHOM MeIHOpaunuy. 3alucH HOYTH CTOJIETHE CTapble
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PacKphIBaIOT UCIIOIb30BaHNE BOABI, yPOXKasi, XMMUYECKOH IONPABKH, 3JIEKTPUIECKOr0 TOKA, a TaKKe 00paboTKH
MOYBBl B KAaueCTBE MEIHOPATUBHBIX WHCTPYMEHTOB sl TaKkuMX MOYB. BeeAcTBHE MOCTENEHHOTO pOCTa
CTOMMOCTH TIOTIPABKH B HEKOTOPBIX YaCTAX MHpPa B TCUCHHE IOCIECTHHUX JIBYX NECSATWICTHH, 3Ta CTpaTEeTHs
MENHopalys CTana 3aTpaTHBIM, OCOOEHHO Uil ()epMEpOB B pa3BUBAIOIIMXCSA CTpaHaX. Llempio HacTosmieH
paboTBl sIBIAETCA TMOBBINICHHE 3()()EKTHBHOCTH WCHONB30BAaHUS B HATPHEBBIH MOYBBI M YPOXKAHHOCTH
CEITbCKOXO3SIMCTBEHHBIX KyIbTYp. JIs 3TOr0 mpeanaraercst ObUT NCTIOIB30BaH XUMUYECKUH METO METHOPALIHS:
COJIsIHAasE KHMCJIOTa MCIOJh30BaJIaCh B KAaueCTBE MEIHOPAHTOB, MOCJIE 4ero MouBy IHpombiBanu 15 I'n kpaiiHe
HU3KOH 4YacToThl osnekrpomarHutHoro moissi (0,4 mTm) oOpabGoranHOW Boxbsl. Menuopanusi mHpecchl H
ypoXXalHOCTb ObutM Oosiee S((GEKTUBHBIMM B Cilydyae OpOIICHHS C HAaMarHW4YEHHOH BOMOW, 4YeM C
HEeoOpaOOTaHHOTO BOJIOH, YTO yKa3blBaeT Ha OoJyiee BBICOKYIO 3((EKTUBHOCTH IpejlaraeMoro MeTroja s
MOBBIIIEHHS] YPOKAIHOCTH B COJIOHIIOB-COJIOHYAKOBBIX 3eMeTb.

KnrwueBble ciioBa: Memopanus, KpaﬁHe HHU3KOH YaCTOTHI QJIEKTPOMArHuTHOE I10JIE, MArHUYHAs BOJA,
HATPUECBLIC TOYBBI, 3€MJIM COJIOHIIbI-COJIOHYAKH.
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