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The analysis of the root system of soybean plants was carried out using presowing treatment with the in-
oculant Rizoaktiv R, and those on which nodule formation was observed with the locally abundant species
of mutualistic nitrogen-fixing rhizobial bacteria. Positive effect of both the preparation with inoculation and
the effect of the native rhizobia on the symbiotic apparatus of soybean plants was noted. The variant with
presowing bacterization counted twice as many nodules as the control variant in the first year of studies
and 1.5 times in the next year. High nitrogenase activity of soybean plants were noted. Accordingly to which
the increase in the yield during the year 2017 was 24%.
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ntroduction. In our time, inoculation of plants

with biological preparations is one of the irre-
placeable technologies for growing legumes. The yield
of legumes increases due to the presence of effective
nodule bacteria on soybean roots and sufficient nitro-
gen nutrition. This becomes possible because of the
ability of plants and bacteria to create legume-rhizo-
bium symbiosis (LRS) — root nodules [1]. An impor-
tant condition for the symbiotic system formation of
legumes is the presence in the soil of free-living nod-
ule bacteria. The formation of nitrogen-fixing nod-
ules is possible due to the interaction of a certain
species of the bacteria with the host plant.

Formulation of the problem. It is known that in
the rhizosphere of the roots of leguminous plants
is a huge number of the microorganisms, but only
Rhizobia is able to form nitrogen-fixing nodules
there. The bacteria Bradyrhizobium japonicum is
strict soybean symbiont. The development of root
system promotes the formation of an active sym-
biotic soybean apparatus, provides the plant with
the main part of nitrogen and the effective re-
duction of this element from the atmosphere to
ammonia. As the result of photosynthesis, in the
presence of organic bonds, biological fixation of ni-
trogen is forming [2]. The effectiveness of LRS is
characterized by the properties of nitrogen-fixing
bacteria, such as: competitiveness, virulence, ni-
trogenase activity, complementarity with the host
plant. It is important to use biological preparations
based on nodule bacteria such as Bradyrhizobium
japonicum to improve vegetative parameters and
yield of soybean plants. Therefore, the aim of the
work was to establish the influence of B. japoni-
cum on the formation of the symbiotic apparatus
of the soybean.

Materials and methods. Field research was
conducted during 2016—2017 on the experimen-
tal field of the department of agroecology and bi-
osafety of the Institute of Agroecology and Envi-
ronmental Management of the National Academy
of Agricultural Sciences of Ukraine (Khmilnitsky
district, Vinnytsia region). Presowing treatment of
soybean seeds (Moravia variety) was carried out

directly on the day of planting with the inoculant
Rizoaktiv R. The experimental variants: 1. Witho-
ut bacterization (control); 2. With bacterization
(preparation Rizoaktiv R). Samples were selected
in the budding phase of plants — when the largest
nitrogenase activity is noted. Biometric indicators
of plants were determined by conventional meth-
ods [3]. The above ground mass of plants, the mass
of roots and the mass of the nodules was deter-
mined by the weight method. The field studies,
observations, records and sampling were carried
out in accordance with the methodology of carry-
ing out field experiments on Dospehov [4].

The nodules nitrogenase activity was de-
termined by acetylene-reductase method on
Chrom-4 chromatograph [5]. The determination of
the protein content was carried out on near in-
frared (NIR) grain analyzer Perten 8800 (Italy)
intended for express analysis of seeds moisture,
fat and protein quantity. Statistical processing of
research results, calculation of standard deviation
and the least significant difference (LSD) were
performed using standard computer programs
Statistica 10 and Excel 2016.

Results and discussion. The results of the study
show that under field conditions with insufficient
moisture, the variant with bacterialisation of soy-
bean seeds with Rizoaktiv R preparation was char-
acterized by an increase in practically all the studied
vegetative parametrs. Root length and root mass of
soybean plants grew by 1.29 and 14 times com-
pared to the variant without inoculant (Table 1).

The number of beans was 21.3 units / plant,
it was in 1.26 times greater than in the control
variant, but the weight of the beans decreased. It
was argued that it arose because of low amount of
precipitation during the vegetation period of the
2016 year. The below ground part of the plant de-
veloped better than the above ground part through
the compensatory properties that presented in
soybean variety. In addition, the data obtained
confirm the resistance to drought. Literature re-
views indicate that, with insufficient precipitation,
the root system of plants continues to develop [6].
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Table 1

Vegetative parameters of soybean plants

. . Number of beans .
Variant Root length, sm Weight of root, g units/ plant Weight of beans, g
2016
Control (whithout 165=0.6 453+0.7 169+1.2 345%0.3
bacterization)
Rizoaktiv R 20.3*1.1 6.35+0.8 21.3+0.6 8.84+0.4
2017
Control (whithout 14.25+0.8 5.7%0.7 18.20,6 8.21%0.4
bacterization)
Rizoaktiv R 18.45+1.2 7.3+1.1 25.1%1,5 9.16=+0.7

Jlocepeno: po3pobaero agmopamu

With a satisfactory amount of precipitation and
humidification during 2017 year, the variant with
presowing treatment of the inoculant Rizoaktiv R
contained 1.37 times more beans, and their mass
remained as in the control.

Therefore, in the both conditions, of insufficient
amount of precipitation of the first year and with
sufficient amount of precipitation in the following
year, presowing treatment of soybean seeds with
nodule bacteria B. japonicum contributed to a bet-
ter development of the below ground part of plants.

The results of root system investigation in vari-
ants with inoculation of soybean plants with Rizoak-
tiv R preparation and without its application showed
the formation of the active symbiotic apparatus of
this culture. It is suggested that such structures
were created by native nodule bacteria contained in
the soil. It was considered that the investigated soy-
bean variety was complementary to some aboriginal
rhizobia strains, which contributed to the formation
of an effective symbiotic system [7].

Note that the search and update not only soy-
bean varieties, but also nitrogen-fixing bacteria —
symbionts of the legumes, which can react to the
root extract of the plants by the formation of func-
tional nodules is an extremely important practice
in our time. These studies reflect that the seed
bacterization positively influenced the formation
and development of the nodulation apparatus of
soybean plants and promotes its active functioning
regardless of the weather conditions.

Comparison of the parameters of the symbiot-
ic apparatus of plants treated with a preparation
based on nitrogen-fixing bacteria B. japonicum
with plants without treatment, showed its active
functioning in both variants of the experiment. The
variant with presowing bacterization was charac-
terized by twice as many nodules in the first year
and 1.5 times during the second year of studies
compared to the control variant (Fig. 1).

At the same time, we noted an increase of the
number of nodules during year 2017 under con-
ditions of a satisfactory amount of precipitation
formed by aboriginal soybean bacteria, which is
2.5 times more than in the previous year 2016 with
insufficient precipitation. This may indicate their
rapid activation in the soil during the period of
research, as in the literature reviews [8].

Observing the development of the nodulation
apparatus of soybean under conditions of insuf-
ficient moisture, noted that in the variant with
the using of the inoculum, its formation occurred
on the basal roots, and in the variant with the local
soil rhizobia, the nodules were located on the late-
ral roots, it was possible that the soil composition
and moisture content did not give the opportunity
to get on the central root [9].

Studies have shown that there was an increase
in nitrogenase activity when using an inoculant
during the growing season during the year with
a low amount of precipitation by 24% compared to
the control. Under conditions of satisfactory mois-

tening the following year, a simi-
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lar situation was observed with the
functioning of the symbiotic appa-
ratus of soybean by the established
aboriginal soybean nodule bacte-
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Nodulation apparatus of soybean
plants

T ria — their activation was taking
= place (Fig. 2) [10].

In the variant with bacterization
with Rizoaktiv R, which contains
active strains of nodule bacteria,
during the year with a satisfacto-
ry amount of precipitation nitroge-
nase activity of soybean nodules was
2.2 pmol of C H, per plant per hour,
and in the variant without bacter-
ization, 2.1 pumol of C,H, per plant
per hour, accordingly.

So nitrogenase activity of soy-

1,37

Control RizoaktivR | Control

RizoaktivR

bean symbiotic apparatus, formed
by active strains of nitrogen-fixing

Fig. 1. Nodulation apparatus of soybean plants

Jlocepeno: po3pobaerHo agmopamu

soybean bacteria, only slightly ex-
ceeded that of the variant with ab-
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Fig. 2. Nitrogenase activity of soybean nodules

Jlocepeno: po3pobaero agmopamu

original bacteria, it was assumed that in the soil
there are competitive populations of rhizobia.

Thus, preparations of nitrogen-fixing bacteria
not only form an active symbiotic apparatus and
promote nitrogen fixation, but also positive influ-
ence on the yield and seeds quality (Table 2).

In the variant with presowing Rizoaktiv R bac-
terization the yield was 2.61 t/ha in the insuffi-
cient precipitation conditions. In the year with
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Table 2
Yield and seeds quality
. . Protein
Variant Yield, t /ha content%
2016
Control (.Whi.thout 1.86 36.9
bacterization)
Rizoaktiv R 2.61 38.9
LSD,. 0.16 041
2017
Control (‘Whi.thout 931 38.1
bacterization)
Rizoaktiv R 2.87 414
LSD,. 0.11 0.56

Jocepeno: po3pobaeHo aemopamu

satisfactory moistening, the harvest of soybean
in this experimental variant was at the level of
2.87 t/ha. Therefore, the yield increment was 24%.

Under conditions of insufficient moisture, pro-
tein content in soybean seeds increased by 5.4-8.7%
in this two years.

Conclusion. Presowing inoculation positively in-
fluences the development of plants under differ-
ent weather conditions. Consequently, the use of
a highly active soybean inoculant Rizoactive R with
B. japonicum, help to form the active nitrogen fix-
ing apparatus of soybean Glycine max (L.) Merril
During the second year of the study, in the variant
with usage of the microbiological preparation the
yield increase from 0,56 to 0,75 tons per hectare.
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IHCTUTYT arpoekoJorii i NpPUPOIOKOPUCTYBAHHA
HamionasbHoi akageMii arpapHux Hayk YKpainm

CUMBIOTUYHI AIIAPAT COJ,
C®OPMOBAHII BRADYRHIZOBIUM JAPONICUM

Anorangis

IIpoBeneHo aHAJI3 KOpEHEBOI CUCTEMM POCJMH COi, IpM 3aCTOCYBaHHI IIepeIlociBHOI 06pOoOKN IHOKYJIAHTOM
Pusoaxtus P, Ta Tux, Ha AKMX crnocTrepiraiay POopMyBaHHA OyJbOOUOK CIIOHTAHHMMM pacaMy CUMOIOTMYHMX
rpyHToBux 6akrepiit. CriocTepirasiy o3uTMBHMI BILIMB IIpelapary Ta MicleBux pac 0ysib004koBuX OaxTepini
Ha cuMOiOTHMUYHMII anapaT pocauH coi. BapiaHT i3 nepeamnociBHOIO OakTepur3alli€ro HaJIigYyBaB y ABa pasu Oilib-
11y KiJbKicTb 0yJsbOOYOK Ha BigMiHY BiJf KOHTPOJBHOIO BapiaHTy MEPIIOr0 POKY MOCJiIMKeHb Ta B 1,5 pasu —
IIPOTATOM HACTYIIHOTO POKY. BifilsHaueHO BMCOKY HITpOreHa3HY aKTUBHICTb POCJIMH CcOi. 3aBIAKU I[bOMY IIPU-
b6aBra Bposkaio nporarom 2017 pory mociimsxkens craHoBumia 24%.

Karo4doBi ciosa: O6ynb0ouky, HiTporeHasHa aKTHUBHICTb, azoTdikcyBaJsbHi OakTepii, 6060BO-pm30biaabHMIL
cumbios, cod.

I'ymenior VLY., I'pysunckwuii C.}O., BpoBko I1.C., Yabaunok S1.B.
JIHCTUTYT arposKOJIOTUY ¥ IIPUPOJIOTIOIb30BAHNA
HammonasnpHOI akageMmuy arpapHbIX HaYK Y KpaHbI

CYMBUOTUYECKWI AIIIIAPAT COM,
CP®OPMUPOBAHHBINI BRADYRHIZOBIUM JAPONICUM

AHHOTANUA

IIpoBeseH aHaM3 KOPHEBOW CUCTEMBI PACTEHMII COM, IPM MUCIOJb30BAHUM IPENIIOCEBHON 00paboTKM MHO-
kysnanToM PusoakTus P, u Tex, Ha KOTOpbIX Habusromasock o0pas3oBaHue KJIyOEeHbKOB CIOHTAHHBIMM pacaMu
CUMOMOTHYECKNX IIOYBEHHBIX OakTepuil. OTMeUeHO MOJIOMKNUTENbHOE BIMAHNE KaK IIperapaTa Tak M MEeCTHBIX
pac KIyOeHbKOBBIX DaKTepumii Ha CMMOMOTHYECKNMII allapaT pacTeHuil cou. BapmuaHT ¢ mpennoceBHON OakTe-
pusanmeit comepskas B IBa pasa 0OoJblllee KOJIMUECTBO KIyOEHbKOB B OTJIMYME OT KOHTPOJILHOTO BapuaHTa
B IIEPBBIN T'of MCCJIeNOoBaHMIL, U B 1,5 pas3a — B TedeHme ciefnyioiiero roga. OTMedeHO BBICOKME ITOKA3aTeJu
HUTPOTEHA3HOM aKTUMBHOCTY pacTeHuit cou. Buarogapsa wemy npubaBka yposkaa 2017 roga mcciaenoBaHNUA Co-
craBiana 24%.

Karouepbie cioBa: KiIyOeHbKM, HUTPOTe€HAa3HaA aKTUBHOCTD, apoTuKcupyoime 6akrepnun, 6060B0-pn3odbm-
aJIbHBIN CMMOMO3, COA.



