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THE EFFICIENCY OF COMBINED USE OF INOCULATION
AND EM-TECHNOLOGIES IN THE CULTIVATION OF LEGUMES

Kononchuk O. B., Pyda S. V.

INTRODUCTION

Negative features of modern intensive agriculture include contamination
of the natural environment, increased energy consumption, increased doses
of fertilizers and other chemical substances used for agriculture, which no
longer provides an effective increase in yield. In order to prevent a tense
ecological situation, a new strategy of management, based on the principles
of biological protection and plant nutrition, is needed’.

The intensification of legume symbiotic nitrogen fixation in modern
farming systems can not only be achieved by directed cultivation of legumes
species and complementary strains of nodule bacteria, which are used for
pre-seed nitrogenization taking into account the specific soil, climatic and
agro-technical conditions, but also by creating mixed preparations on their
basis’.

Preparations based on nodule bacteria and natural, synthetic
physiologically active substances are successfully introduced into the
production’. The evidence about the more efficient impact of the
microorganism association on the plant than other separate strains facilitated
the emergence of a new generation of biological products based on micro-
organisms, these are phosphate-mobilizing bacteria and Bradyrhizobium

' Arposkonornueckas posib a30TUKCHPYIOUMX MHKPOOPIaHM3MOB B ALIE/IONATHH BBICIIAX
pactenuii / B.®. [Narsika u ap.; noa pea. B.@. Iateiku. K.: Ocnosa, 2004. 320 c.

2 Koup C.51., Iaruka B.IL Bionoriuna dixcaiis a30ty Ta ii 3Ha4eHHs B a30THOMY KHBJICHHI
pociuu. @izionozia pocaun: npobremu ma nepcnexkmueu pozeumxy: & 2 m. [ ron. pen.
B.B. Mopryn. K.: Jloroc, 2009. T. 1. C. 344-386.

Mateika B.®., Tonkases H.3., Byrsuna O.10. OcHoBHblE HalpaBICHUS ONTHMH3ALHH
CHMOHOTHYECKOH a30T(MKCaunu B COBpEMEHHOM 3emielendu Yipanusl. Puiuonocus u
Guoxumus kynomyproix pacmenuii. 2005. T, 37. N 5. C. 384-393.

3 Bexipunk K.M., Konomuyx O.b. Ctan i mepcneKruBM mociimkeHb BILUIMBY 00poGku
naciiua BAP Ta moxkyisuii pusobiimu Ha ajordikcaniio, pict. po3BHTOK i NPOJYKTHBHICTE
KBAcOM 3BHYAINOT i coi KynbTypHOi B ymoBax Tepnoninbebkoi obnacti. @izionozin pociun 8
Vipaini na mexci mucswonime: y 2 m. [ ron. pea. B.B. Mopryn. K., 2001. T. 1. C. 231-236.

Boakoron B.B. Tta . Hopi Giosioridni npenapati KOMILUIEKCHOT [il Ha OCHOBI aKTHMBHMX
wrramis azoTikcyBanbHux Gakrepiii Ta (BIOTOrMHO aKTHBHHX peuoBuH. Pizionozis pociun:
npoéremu ma nepcnexkmueu pozeumcy: € 2 m. [ ron. pea. B.B. Mopryn. K.: Jloroe, 2009. T. 1.
C. 393-403.
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Jjaponicum, which will allow to form more powerful symbiotic apparatus in
soybean than with the help of monoinoculation®, symbiotic and associative
diazotrophs, rhizobia and Vesicular-Arbuscular Mycorrhizal ﬂE@u.
(Cyanobacteriae) blue-green algae and nodule bacteria, that have a positive
multifunctional impact on plants etc.’

Considering the problem of creation of new multifunctional microbial
preparations with nitrogen-fixing, growth-stimulating and bioprotective
properties to increase crop yields and referring to the issue of obtaining high
quality products and improving the environment, the use of nitrogen-fixing
simbiotrof with EM-preparations (from EM — effective microorganisms).
The developer of EM-technology is a Japanese scientist Teruo Higa, who
united 86 species of anaerobic and aerobic microorganisms in preparation.
His dominant group contains photosynthetic and lactic bacteria,
actinomycetes, yeast and other enzyme-forming fungi etc. Each of these
components performs its inherent function and interacts with other
components and is useful for both plants and soil in its own Equ. Ten years
later, R. Buldagaeva and A. Nechesov, the scientists from Irkutsk (Russia),
obtained a similar to EM-preparation — “Baikal EM-1U". The first
experiments with the newly made biological product were conducted under
the supervision of P. Shablin and showed its high efficiency. Russian
preparation, compared to Japanese product, is marked by the predominance
of lactic acid bacteria over photosynthetic, not vice versa. Therefore, the
Japanese preparation had slightly better effect on plant growth, but the
Russian, as it was conceived by the authors, contributes to faster soil

* Jleonosa H.O. Ta in. EextusHicTs 3acTOCyBaHHs HITPariHy i peryistopis pocty pociuu
npu supouysanHi coi. Cirscbkococnodapeeka mikpodionozin. 2007. Bun. 5. C. 74-85.

Mockaneus B.B. Ta in. Eexrunnicts 3acrocyBanHs MikpoOHHX npenaparis Ha nocisax coi,
Bicnux azpapnoi nayku. 2006, No 9. C. 59-62.

5 Konmnos €.I1 ®opmysafina edexrusuux cuMOiosis engodiTHuX MIikpooprauidmis 3
POC/IHHAMH MIIEHHLL Ta cof: aptopedh. uc. ... AokT. Gion. Hayk: 03.00.16. K, 2011. 43 c.

® Bopo6eii H.A., INauko O.B., Kous C.f., INMapumkosa T.B. ®iionoriui ocobnusocti
PO3BHTKY JIOLUEPHH 3a IHOKYIAL 3MIlIAHHMH KyIBTYPaMH a30TdikcyBaTbHIX MIKPOOPraHnMis.
Dusuonocun u Guoxumust kyiemypoix pacmenutt. 2009. T. 41. No 4. C. 344-352.

" Auverbach R. Organic agriculture a handbook. LINDROS Contact Information. URL:
http/lindros.co.za/what-we-do/books/organic-agriculture-handbook/ (date of access: 18.03.2018).

Higa T., Parr James F. Beneficial and eflective microorganisms for a sustainable agriculture and
environment. Atami, Japan: International Nature Farming Research Center, 1994. 25 p. URL:
http//www.em-la.comVarchivos-de-
usuario/base_datos/em_for_sustainable_agriculture_environment.pdf (date of access: 14.03.2018).
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clearing from harmful substances and pathogenic microorganisms®. “Baikal
EM-1U” is produced in Ukraine under the name of “Baikal EM-1U" Ltd.
“EM Center, Ukraine” (Kharkiv) in the form of a ready solution with active
microorganisms and a concentrate where live parts are at rest and require
nutrient medium for activation’.

The aim of our research work was to establish the expediency of two-
component pre-treatment of Glycine max (L.) Merr., Phaseolus vulgaris L.
and Lupinus albus L. of Bradyrhizobium and Rhizobium strains and the use
of “Baikal EM-1U” in soil and climatic conditions of Ukraine Forest-Steppe.

1. Research results of bean

The research shows that EM enhances the diversity of beneficial soil
microorganisms, and improves soil quality and the growth, yield and
protection of crops'.

Field experiments were conducted on black soil (chornozem) with low
amount of humus and high loamy mechanical structure of agrobiolaboratory
in Volodymyr Hnatiuk Ternopil National Pedagogical University. Contents
of N (according to Cornfield) — 13,5 mg/100 g soil (low), P and K
(according to Chirikov), respectively, 14,8 and 11,4 mg/100 g of soil (high),
Mn — 68,5 mg/kg soil (middle), B — 1,21 mg/kg, Cu — 3,64 mg/kg soil
(high), exchange acidity pH 6,7 (neutral).

“Baikal EM-1U” (TU 24.1-22700554-001-2003) was used in 1 to 100 for
the humidification of the surface or 1 to 1000 for 1-hour soaking of seeds'".

8 1laGmun TLA. DddeKrnpHble MMKPOOPraHHIMbl — Hagexaa maanersi. M.; Yian-Yuo:
000 «OM-uentpy; 10 «IM-koonepauns», 2000. 34 c.

? IMaxynos K.H. u ap. DM-Texsonorus B pacrenuesojicrse. X.: AQ «LlenTtp nenbirare/ibHoii
Texuukiy, 2002. 20 c.

3senennii JlepxaBuuii peccTp necTHUMIB i arpoxiMIKaTiB, 103BOJEHHX JI0 BUKOPHCTAHHA B
Yipaini 3a 2008-2016 pokn / Minicreperso ekosiorii Ta npupogHux pecypeis Yipaiin., URL:
hitps:/menr.gov.ua/content/derzhavniy-reestr-pesticidiv-i-agrohimik ativ-dozvolenih-do-
vikoristannya-v-ukraii-dopovnennya-z-01012017-zgidno-vimog-postanovi- kabinetu-ministriv-
ukraini-vid-21112007--1328.html (nara 3seprenns: 03.02.2018).

19 Higa T., Parr James F. Beneficial and effective microorganisms for a sustainable agriculture
and environment. Atami, Japan: International Nature Farming Research Center, 1994. 25 p. URL:
http//www.em-la.com/archivos-de-
usuario/base_datos/em_for_sustainable_agriculture_environment.pdf’ (date ofaccess: 14.03.2018).

Okubo H. Kyusei Nature Farming: Historical Perspective, Present Status and Prospects for
Future Development with EM Technology / International Nature Farming Research Center. URL:
http/www.infrc.or.jp/english/KNF_Data_Base Web/PDF%20KNF%20Conf%20Data/C3-6-
092.pdf(date of access: 15.03.2018).
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An increase in the growth processes, after the simultaneous application of
“Baikal EM-1U" and rhizobia, was possible mainly due to the increase in
total area and dry mass of leaves on plants, dry weight of roots and stems.
Biopreparation “Baikal EM-1U" significantly increased not only the same
parameters but also the net productivity of photosynthesis, by 39.8% to
control. Inoculation of Rhizobium phaseoli revealed significant stimulus
only on the formation of leaf surface area and on the mass of root system
(Table 1).

Table 1
The influence of inoculation and fertilizer “Baikal EM-1U” on the
growth processes of Phaseolus vulgaris Nadiya, % to control

Indicator _wun__mﬂ_._. St. 700 _ﬂﬂ_l_va“__.mﬂ_:.
density of shoots 106.2 98,4 109.4
density of plants during the harvest 105.4 107.3 100,0
plant height” 109.5 102.9 109,1
leaves area’ 124.9 135.4 120,6
stem base diameter” 102.5 98.5 102,0
the weight of dry leaves from one plant’ 1103 94,5 115,6
the weight of dry stem without the leaves’ 1243 103.8 112,1
the weight of dry root’ 133,9 11,7 135.1
net product. of photosynthesis’ 139.8 88.5 101,2
average 117.4 104.6 111,7

]

Note: = — phase of budding and blooming,; ’ phase of budding, flowering and green
beans; * — phase of the fourth leaf, bud, blossom and full ripening

The study of leaf pigments showed that “Baikal EM-1U" had the highest
stimulating effect during the phase of budding — the rise of chlorophyll a and
main carotenoids was, respectively, 19,5 and 23,3%, “Baykal EM-1U" in
combination with rhizobia — 15,6 and 13,2% and monoinoculation with
rhizobia — 7,5 and 13,7% to control. In the phase of budding, the analyzed
factors didn’t show any significant effect on chlorophyll A (Table 2).

""" Cnoci6 o6poGiu naciuus coi kynerypuoi: mar. 106442 Vipaina: MIIK A01C 1/06

(2006.01) C12N 1/20 (2006.01). No w2015 10665; zassn. 02.11.2015; onybn. 25.04.2016, bion.
No 8.
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Table 2
The amount of leaf pigments in Phaseolus vulgaris Nadiya under the
influence of “Baikal EM-1U” and inoculation in the bud stage, mg/100 g

raw weight
) “Baikal “Baikal EM-
Indicator Control EM-1U" St. 700 1U™+ st. 700
chlorophyll a 133.0+8.0 159.04+4,0* 143.04+3.5 153.8+6.7
[ chlorophyll b 833+3.2 79,943 4 78,3462 84.0+4.7
main carotenoids 57.6+2,2 71,043 ,6* 65.5+0,9* 65.2+6.5

Note: * — significant difference from control

Phase of flowering is distinguished by strengthening the combined pre-
treatment of bean seeds with “Baikal EM-1U" and rhizobia and reducing the
effect of monocultivation with “Baikal EM-1U”. Thus, the combined effect
of investigated factors led to significant increase in chlorophyll a 28,5%,
chlorophyll b — 47,4% and the main carotenoids — 17,9% of the control,
inoculation with rhizobia — 16,4, 10,0, 3,3% and with “Baikal EM-1U" —
only chlorophyll a by 5,3% to the control (Figure I).

Figure 1. The amount of leaf pigments in Phaseolus vulgaris
Nadiya under the influence of «Baikal EM-1U» and
inoculation in the flowering stage
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The most remarkable stimulating effect on the formation and functioning
of the legume-rhizobium symbiosis between Phaseolus vulgaris Nadiya and
Rhizobium phaseoli bacteria'’ was found in the flowering stage (Table 3).

The functional activity of tubercles, which was evaluated according to the
general nitrogenase activity (GNA)", showed the highest activity after the
combined treatment with the microbes — the growth was 87,0% to control,
monoinoculation with rhizobia — 58,7% and there was no change after using
“Baikal EM-1U". At the same time, specific nitrogenase activity (SNA)' of
the tubercles significantly increased by 34,1%, only in the variant when
Rhizobium phaseoli were solely applied (Table 4).

Table 3
The legume-rhizobium symbiosis of Phaseolus vulgaris Nadiya after
using “Baikal-EM-1U” fertilizer and inoculation at flowering stage
: “Baikal EM- “Baikal EM-
Indicator Control wr St. 700 LU+ st. 700
BMUSER Gf beecics, 29,8423 50,344,9* 61,044,2% 82.847,1%
pieces/plant
PR 42,8+193 | 59.7+4.93* | 67.3+099* | 113.8+3.81*
tubercles, mg/plant
s 1474010 | 115+0.11%* | 1.16+0,08% | 1.4540,13
tubercle, mg
GINA. prituhercles kg | gy o4 09240,09 | 1.46+0.11% | 1,7240,09%
N./plant/year
SHA of RicrCles i | yamrugisl | 1547085 |31 e | 1425E0s
N./1g. dry weight/year

Note: * — significant difference from control

Higher enzyme activity of catalase in the leaves of legumes in the

flowering phase indicates the stimulation of physiological processes of
studied biological product — after the combined use of “Baikal EM-1U" and
rhizobia by 27,1%, “Baikal EM-1U" — 26,0% and rhizobia strain 700 —
18,3% to the control (216,8+15,2 ml O, per 1 g raw weight for 3 min.).

"2 Kowonuyk O.B., uga C.B., I'puropiok LIL Brums komnosuuii 106pus «baiikany EM-
1Vy 1a «Pusobodiry na cow  wyetypuy (Glycine max (L) Merr.). biopecypeu i
npupodokopucmysanns. 2010, T. 2. Ne 1/2. C. 12-21.

" Hardy R.W.F., Buns R.C., Holsten R.D. Application of the acerylene-ethylene assay for
measurement of nitrogen fixation. Seil Biol. Biochem. 1973. Vol. 5. No 1. P. 41-83.

" Vmapos MM. AuernieHoBbiii  METOHA M3YMEHMA ai0T(MKCAUMH B OYBEHHO-
MHKpoOHOJIOrHYecknX ncenejoBannax. [lousogedenue. 1976. Ne 11. C. 92-95.
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The main criterion of the effective influence of a certain factor on the
plant is its impact on productivity. Thus, the study of biological value of
bean grain yield showed that the highest growth at 3,6 cwt/ha was after the
combined use of rhizobia and “Baikal EM-1U". Monocultivation with
“Baikal EM-1U" and rhizobia turned out to be less effective — growth,
respectively, by 1,4 and 1,2 cwt/ha (Table 4).

The analysis of elements of productivity illustrates that the highest
indicated productivity growth of beans after combined application of
biological products was mainly due to the high growth of aboveground crop
mass — by 29,1%, the number of beans per one plant — 21,9% and the
number of seeds per one plant —33,2%.

Table 4
Key elements of productivity of Phaseolus vulgaris Nadiya

after applying “Baikal EM-1U” fertilizer and inoculation

; “Baikal “Baikal EM-
Indicator Control EM-1U" St. 700 LU+ st. 700
density of plants, cwt/ha | 305.6+14.0 | 32224143 327.8+10.6 305.6+:14.0
biological yield without | »c (.5 | 302124 | 32243, 33.742,5
the leaves, cwt/ha
mimhes BTSN TR SOE L1 2 i 6.9+0.4 74404 7.8+0.5
plant, unit
number ofseedsper 1 | o000 6 | 310617 | 329120 | 357424
plant, unit
murpber of secdsin a 4.10.09 4.540.10 4.440.10 4.540,10
bean, pcs
weight of 1000 seeds. g 186,246, 1 191.644.0 197.2+4.1 186.,246.0
biological crop, cwt/ha 17,5406 18.9+1.0 18.7+0,7 21.1x1.5

Note: * — significant difference from control

2. Research results of soybean
Effective microorganisms is a mixed culture of beneficial microorganisms
that can be applied as an inoculant to increase the microbial diversity of
soils. This in turn, can improve soil quality and health, which enhances the
growth, yield, and quality of crops .

'S New Biosphere Agriculture. Technology and Product Information. Queensland, Australia:
Pascas Foundation (Aust) Ltd. 2002. 24 p. URL: https/www.pascasworldcare.convindex.php/new-
biosphere-agriculture.html (date of access: 14.03.2018).
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There has been established greater efficiency of the binary fertilizer
“Baikal EM-1U" and inoculation application for sowing of the Annushka
soybean variety to the growth processes (Table 5).

The study of leaf pigment amount in different phases of growth of
soybean plants showed the most significant impact of the factors during the
phase of green beans (Figure 2).

Table 5
Growth processes of Glycine max Annushka

after the use of “Baikal EM-1U” and inoculation, % to control

. . M “Baikal EM-

Indicator Baikal EM-1U St. 634b 1U”+ st. 634b
germination 118.7 1103 123,5
field similarity 118.0 109.8 123,0
height’ 110,0 109.9 111.8
stem base diameter’ 102,0 106.1 110,7
WelElt ot sty slcms 18,8 120,7 130,5

without leaves

dry root weight’ 117.9 114,4 125.5
dry leaves weight’ 115.0 124.4 121,0
leaves area’ 105,9 123,5 125,1
average 113,3 1149 121.4

Note: * — phase of budding, flowering and green beans; * _ phase of fourth leaf,
budding, flowering, green bean and full ripening

Figure 2. The amount of leaf pigments in Glycine max
Annushka after the use of «Baikal EM-1U» and inoculation
in the green bean stage
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Under the influence of bioproduct “Baikal EM-1U" an increase in
chlorophyll a was 33,5%, chlorophyll & — 24,5%, carotenoids — 56,9% to
control. Rhizobia strain 634b increased the amount of these pigments,
respectively, by 23,0, 15,9 and 43,3%, and combined application of rhizobia
and biological fertilizer — by 27,1, 12,5 and 46,5% to control. In all tested
variants significant increase in chlorophyll a and carotenoids was observed,
which is due to the protective effect and extending of the operation of the
photosynthetic apparatus of studied factors'.

The study of legume-rhizobium symbiosis of Glycine max Annushka
showed that fertilizer «Baikal EM-1U» and strain of Bradyrhizobium

Jjaponicum 634b significantly stimulated the formation of tubercles and their

activity (Table 6), as well as other regulators of plant growth'”.

1o Bexipunk K.M., Kononayk O.b. Cran i nepcnekrusu J0CHUDKeHE BIIMBY 00poGKH
nacinus BAP Ta imoxynauii pusoGiamu Ha asordikcaniio, pict, po3BMTOK i NPOJAYKTHBHICTH
KBacoJli 3BMuaiinoi i coi kyibTypHOT B ymoBax TepHoninkchkoi obnacri. @izionoeis pociuH 6
Vipaini na mexci mucawonime: y 2 m. / ron. pea. B.B. Mopryn. K., 2001. T. 1. C. 231-236.

Kouonuyk 0.B., Iuga C.B., I'puroprok LIL Brums komnosuuii jo6pus «baitkany EM-1V»
ta «Puzobodiry ma cow  kyawrypuy (Glyeine max (L) Mem.). biopecypcu i
npupodokopucmyeanns. 2010. T. 2. Ne 1/2, C. 12-21.

7 Jleonosa H.O. ta in. EexrupricTs 3acTOCYBaHHs HITpariy i peryisiopis pocty pocint
npu supoutysanni coi. Cinbebkoeocnodapceska mikpodionoeis. 2007. Bun. 5. C. 74-85.
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Table 6
Legume-rhizobium symbiosis of Glycine max Annushka after the use of
“Baikal EM-1U” and inoculation in the green bean stage
Indicator Control | ma_“ﬁm_..mgl St. 634b “,—_ww“rm“_ mm-_.m”\—_—.u
Haksher ol nifessless |1 BEBEE T 57,7457 | 79.6+42* | 107352*
pieces/plant
dry weight of tubercles, | 53¢ 416 56 | 525,9425,55% | 606,3426,18* | 593,3415,72%
mg/plant
deyeReigiEt ane 544036 | 97:085* | 7.64031% | 5.7:047
tubercle, mg

GNA of tubercles mkg

42,76+£3.84 | 61,15£5,56* | 68.234+4.56*% | 80,20+7,92*
N./plant/year

SNA of tubercles mkg

: 128.05+£9,82 | 143,92+12.44 | 132,02+12,73 | 135,84+10.36
N,/1g. dry weight/year

Thus, despite the high number of tubercles in the control version, which
indicates the high titer of native rhizobia in the soil of agrobiolaboratory
field, there was found a growing number of tubercles by 65,6% of control
after the combined application of biofertilizer and rhizobia and by 22,8% —
after monoinoculation during the phase of the green bean. Weight of dry
tubercles per one plant was growing by 75,3% of control after the combined
treatment, and by 79,2% — after monoinoculation and by 55,4% — only after
using “Baykal EM-1U". It should be taken into account that in the latest
version the growth of total amount of rhizobia took place due to an increase
of 79,6% to the control value of tubercles, which was assessed by their dry
weight, not by their quantity and weight, as in the other two variants.

The legume-rhizobium symbiosis which appeared after the application of
“Baikal EM-1U" was characterized by higher activity than that formed by
the same indigenous bacteria in the control plants. During the phase of green
beans general nitrogenase activity increased by 43,0% and the specific
nitrogenase activity — by 12,4% of control. The tubercle that were formed
mainly by the industrial strain of Bradyrhizobium japonicum 634b had
higher by 59,6% GNA and SNA — 3,1% to control. Combined presowing
treatment with “Baikal EM-1U" and rhizobia formed the symbiosis, which
was marked with the highest GNA — by 87,6% and SNA — by 6,1% to
control.
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The carried-out research confirmed the interdependence between the
forming of soybean yield of Glycine max Annushka and the use of bio-
fertilizer “Baikal EM-1U" and its combined use with the strain 634b (Table 7).

Thus, presowing treatment of soybean seeds with biological fertilizer
“Baikal EM-1U" promoted the growth of grain productivity by 5,9 cwt/ha
compared with the control. Combined use of “Baikal EM-1U" with rhizobia
of production strain 634b increased the yield by 10,0 cwt/ha, which indicates
the synergistic effect of the studied factors. Bacteria of strain 634b increased
productivity by 0,5 cwt/ha, which shows the absence of the benefits of
applied strain over local indigenous Bradyrhizobium.

Table 7
The key elements of Glycine max Annushka crop productivity after the
use of bio-fertilizer “Baikal EM-1U” and inoculation
“Baikal EM- “Baikal EM-
Indicator Control ” St. 634b U™+ st. 634b
density of plants, | 305 ¢ 106 | 3389+10,6* | 3444:64% | 372.2+14,0%
cwt/ha
biological yield
without the leaves, 48,8+2.6 5842 8* 49.5+3,7 63,9+6,0%
cwt/ha
nimber: of batis 33,842,0 35942.5 29,142,0* 359427

per one plant, unit
number of seeds per

; 67.5+4.5 72,3452 57,5438 71,1458
1 plant, unit
number of seedsin | 5 50,4 7 2.02+0,06 2.0040,05 2.03+0,06
a bean, pcs
weight of 1009 1380428 | 1408:45 | 134522 142.844.5
seeds, g
biological crop, 27.4+1.6 33342,0 27.942.0 37.4+2 9%
cwt/ha 3 :

Note: * — significant difference from control

The analysis of elements of productivity showed that the increase in grain
productivity of Glycine max Annushka with combined application of
“Baikal EM-1U" and nodule bacteria was possible primarily due to steady
growth of stalk density of 21,8% and increase of aboveground plant weight
of 30,9% to control, which are important factors of complete legumes crop
productivity. “Baikal EM-1U” increased the stalk density by 10,9% as well
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and aboveground mass by 19,5% compared with control plants. Plant
inoculated solely by rhizobia formed 12,7% thicker crops in comparison
with control.

The obtained findings indicate that the combined use of microbial
fertilizers increased the indicators of both stalk density and crop yield of
aboveground plant mass more efficiently than the use of “Baikal EM-1U”
solely.

3. Research results of lupine white

Investigation of growth processes of Lupinus albus (variety Makarivskyi)
during vegetation after mono- and combined pre-seed treatment by
Bradyrhizobium sp. (Lupinus) strain 367a and the biopreparation “Baikal
EM-1U" showed a stimulating effect on the growth of overground
vegetative organs of plants. The height of the plant stem compared with the
control in the phase of budding, flowering and green beans was higher by
6,5%, 14,6% and 33,3%, respectively, for the combined treatment of
Bradyrhizobium sp. (Lupinus) strain 367a and biotype “Baikal EM-1U"". A
similar pattern was revealed considering the number of leaves per plant.
Bradyrhizobium sp. (Lupinus) and the biopreparatum contributed to the
branching of the stem of the plants. The number of lateral shoots of the plant
experimental variants significantly differed from the control. Mono-
application of “Baikal EM-1U" and Bradyrhizobium sp. (Lupinus) strain
367a in the phase of budding had the most significant increase in the mass of
the stem with leaves (41,3 and 45,8%), while in the flowering phase the
combination of “Baikal EM-1U" and Bradyrhizobium sp. (Lupinus) strain
367a had the best effect (54,1%). The mass of raw leaves per plant in the
phase of budding was greater by 38,6% comparing to control after
application of Bradyrhizobium sp. (Lupinus) strain 367a alone, while in the
flowering phase a 40,7% increase for the combined influence of “Baikal
EM-1U" and Bradyrhizobium sp. (Lupinus) strain 367a was observed. The
mass of the dry stem in the phase of budding was"higher (by 27,5%) under
the influence of “Baikal EM-1U”, and in the flowering phase under the

'* Babauyk H.b., Kocrputa LI, ymuyk LB., Iluaa C.B. Pocrosi npouec monuny 6110ro
3a jacTocyBaHHA kommnosuuii puzobodiry rta «baiikany EM-1Yw. Exonociuni npodnemu
CiTbCLKOZOCROOAPCHK020 GUPOGHUYMEa: mamepiaiu V 6ceyip. Hayk.-npakmud. KoHg. moaooux
vuenux (HApemue, 21-24 uwepsus 2011 p.). K.: lncruryr arpoekosniorii i 1pHpoI0KopHCTYBaHHA
HAAHY, 2011. C. 170-172.
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action of combination of Bradyrhizobium sp. (Lupinus) strain 367a and
“Baikal EM-1U" (by 46,6%).

Investigation of the amount of plastid pigments showed that in the phase
of budding after monoprocessing of seeds with biopreparation “Baikal EM-
IU” no significant difference in the content of chlorophylls a and b was
detected in the leaves of Lupinus albus in comparison with control.

Inoculation of seed with Bradyrhizobium sp. (Lupinus) and its combined
use with the “Baikal EM-1U" contributed to chlorophyll increase by 12,8
and 15,8%, respectively, and 6,2 and 14,2%, respectively (Table 8). The
flowering phase revealed a similar pattern in the accumulation of pigments
in the leaves of Lupinus albus.

Table 8
The amount of leaf pigments in Lupinus albus MakarivsKyi
under the influence of “Baikal EM-1U” and inoculation
in the bud stage, mg/100 g raw weight

! “Baikal
“Baikal Strain o
Indicator Control _WZ-M___C.. um.ﬂw_ EM-1U"+ st.
367a
272,448.0
chlorophyll a 241,448 4 266,0+4.9 2 279,6+7,7*
chlorophyll b 153,5+6.2 163.5+4.7 163,045,2 175,38, 7*
main carotenoids 71,1443 83,5+42.6* 89,544 9% 85,254

Note: * — significant difference from control

Important indicators characterizing the effectiveness of the symbiotic
system are the mass of root nodules and their nitrogen activity. It has been
established that the use of Bradyrhizobium sp. (Lupinus) standard strain
367a and its combined application with the biopreparation “Baikal EM-1U"
caused formation of the nodules mainly on the main tap root of Lupinus
albus and all nodules had pink color. Interestingly, in the soil of
experimental sites there were local races of nitogen fixing bacteria that
spontaneously inoculated the roots of the plants of the control and
experimental “Baikal EM-1U" variants. Biopreparation “Baikal EM-1U"
intensified the plant’s ability to be infiltrated by bacteria and promoted the
growth of nodules on the roots of white lupine, both during spontaneous
inoculation and in combination with the introduced strain. Bradyrhizobium
sp. (Lupinus) strain 367a in our soil-climatic conditions was characterized
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by high virulence and contributed to the formation of active nodules in the
form of large and heavy structures. The highest activity of the symbiotic
system “Lupinus albus — Bradyrhizobium sp. (Lupinus)” were shown in the
phase of budding, which is consistent with previous studies'”.

It was established that in the budding phase, pre-sowing inoculation of
seeds increased the weight of nodules on plant roots by 36,6%, treatment
with biopreparation — by 18,0% and their combined application — by 66,6%
(Table 9). A significant increase in total and specific nitrogenase activity
was detected by monoinoculation and co-administration of Bradyrhizobium
sp. (Lupinus) strain 367a and biopreparation “Baikal EM-1U".

Table 9
The legume-rhizobium symbiosis of Lupinus albus Makarivskyi after

use of “Baikal-EM-1U” bioprepation and inoculation at budding stage

; “Baikal EM- “Baikal EM-
Indicator Control 1u” St. 367a 1U"+ st. 367a
deyweight of 56,6433 66,8+39 | 773:19% | 943:11%
nodules, mg/plant
GNA ofnodules mkg | 09,007 | 1026008 | 1.960,11% | 22120012+
N,/plant/year
SNA of nodules mkg
Noflg. dry 15724044 | 15276086 | 2536+124* | 23.44+125%
weight/year

Note: * — significant difference from control

Seed productivity is an important criterion for evaluating the formation
and functioning of symbiotic legume crops systems”. The highest increase
in Lupinus albus seed yield at 6,8 cwt/ha was observed for combined use
(Table 10). Monoinoculation of seeds with Bradyrhizobium sp (Lupinus)
strain 367a or seed treatment with “Baikal EM-1U" biopreparation was less
effective (yield increase comparing to control at 18,6 and 10,1%,
respectively). The increase in seed productivity is associated with an
increase in the density of plants, the number of beans on plants of
experimental variants, and a mass of 1 000 seeds.

' Iuga C.B., Tpuryba O.B., Kononuyk O.b. ®opmysanns i yHkuionyBaHns cumGioTHUHOT
cucremn Lupinus albus L. — Bradyrhizobium sp. (Lupinus) 3a suxopucranus puzoGodiry i
picrperynsitopis. Haykosi 3anucku TepHonitecoko20 HQyioHANbHO20 ne0azozinnozo yuisepcumeny
iveni Bonooumupa 'namioxa. Cepis «bionozisy. 2014, Ne 3(60). C. 156-161.

2" Biontorinuii asor / B.IL IMaruka Ta i 3a pea. BUIL Iamxn. K.: Crir, 2003. 424 c.
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Table 10
The key elements of Lupinus albus Makarivskyi crop productivity
after the use of bio-fertilizer “Baikal EM-1U” and inoculation

“Ra o “Baikal EM-
Indicator Control ms_"ﬂ_:m?_ St. 634b _C.m_“: st. 634b
density of plants, | 303 8,98 | 329,9:9.4% | 3513:68* | 378,6x134*
cwt/ha
number of man@m per 12.540.3 13.540.9 20,1+0,6* 24.64+0.9*
1 plant, unit
number of seeds in 4.140.08 4.3+0.07 4.8+0.,05 4,9+0,07
a bean, pcs
weight of 1 000 265.6+6.4 279 8457 283.7+7.2 304,4+8,5*
seeds, g
biological crop, 23.7+1.4 26.141.9 28.1+£1.2% 30,5+2,1%
cwt/ha

Note: * — significant difference from control

CONCLUSIONS

Agriculture of the Ukraine faces many problems. Among the various
types of solutions offered, the role of Kyusei Nature Farming with EM-
technologies has a very important role. This is not indicated as a forecast,
but with a very successful experience in all parts of this world.

The leading role in the improvement of nitrogen nutrition of plants and
increase of soil fertility should be given to the cultivation of leguminous
crops, in particular, ordinary beans and soybean culture, which should be
considered not only in terms of obtaining basic products, but also as nitrogen
fixators of the atmosphere.

The intensification of legume symbiotic nitrogen fixation in modern
farming systems can not only be achieved by directed cultivation of legumes
species and complementary strains of nodule bacteria, which are used for
pre-seed nitrogenization taking into account the specific soil, climatic and
agro-technical conditions, but also by creating mixed preparations on their
basis.

Thus, presowing treatment of Phaseolus vulgaris Nadiya, Glycine max
Annushka and Lupinus albus Makarivskyi in soil and climatic conditions of
Ukraine Forest-Steppe  with EM-fertilizer ~“Baikal EM-1U" and
complementary production strains of nodule bacteria Rhizobium phaseoli
strain 700, Bradyrhizobium japonicum strain 634b and Bradyrhizobium sp
(Lupinus) strain 367a showed that predominantly more effective, according
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to the complex of physiological and biochemical parameters and the level of
crop productivity, is the combined use of bioproducts than their sole use.

The results obtained during the research enable us to suggest a combined
presowing treatment with microbiological fertilizer “Baikal EM-1U" and the
inoculation of legume seeds as a perspective tendency of crop productivity
growth.

SUMMARY

The article deals the problem of creation of new multifunctional microbial
preparations with nitrogen-fixing, growth-stimulating and bioprotective
properties to increase crop yields and referring to the issue of obtaining high
quality products and improving the environment, the use of nitrogen-fixing
simbiotrof with EM-preparations (from EM — effective microorganisms).

The results obtained during the research enable us to suggest a combined
treatment of Phaseolus vulgaris Nadiya and Glycine max Annushka in soil
and climatic conditions of Ukraine Forest-Steppe with EM-fertilizer “Baikal
EM-1U” and the inoculation of nodule bacteria Rhizobium phaseoli strain
700 and Bradyrhizobium japonicum strain 634b of seeds as a perspective
tendency of crop productivity growth (increased the yield by 3,6-10,0
cwt/ha) and nitrogen-fixing.

Presowing treatment of white lupine seeds (variety Makarivskyi) with
fertilizer “Baikal EM-1U" in combination with nitrogen-fixing bacteria
Bradyrhizobium sp (Lupinus) strain 367a contributed to the branching of the
stem, the growth of leaves on the plant, increased chlorophyll a content,
increased mass of nodules on the roots and their nitrogen activity.
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