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FEATURES OF LOCAL BRADYRHIZOBIA
POPULATIONS AFTER LONG-TERM PERIOD
IN THE SOIL WITHOUT A HOST PLANT

In previous years, the serological and genetic diversities of soybean nodule bacteria in agrocenoses of Ukraine have been
researched. Less attention was paid to the study of their survival in the soil. Taking into account the natural heteroge-
neity of bacteria of the genus Bradyrhizobium, the aim of this work was to evaluate the diversity of bradyrhizobia in
local populations of different soils after a long-term period without leguminous plants, to obtain new isolates of nodule
bacteria and to study their properties. Methods. Microbiological (isolation of bradyrhizobia from the nodules of trap
plants, study of the properties of strains), serological (study of the diversity of rhizobia in nodule populations, study of the
serological affiliation of strains), vegetation and field experiments (study of plant infecting with bradyrhizobia). Results.
Local populations of bradyrhizobia in sod-podzolic soil and leached chornozem were studied using trap plants of the
genera Glycine, Vigna, and Lupinus. It was established that after a 7 to 8-year period without leguminous plants, active
nodule bacteria remained in both types of soil, which nodulated cultivated and wild soybeans, cowpeas, mung beans,
adzuki beans, and lupine. The main microsymbionts of plants of the genera Glycine and Vigna on different types of soil
were soybean bradyrhizobia belonging to 6 serological groups: 46, M8, KB11, 634b, HR, and BI. The representatives of
4 serogroups corresponded to the inoculant strains of Bradyrhizobium japonicum 46, M8, 634b, and KB11, which were
periodically used in the studied areas. In addition to B. japonicum, cowpea plants trapped microsymbionts of B. lupini
serogroup 367a (4.2%) from the soil. Bradyrhizobia of serogroup B1 were detected both in nodules of cowpea (6.3%) and
wild soybean (12.5%). 45.8% of lupine nodules were formed by bacteria B. lupini of serogroup 367a. The appearance
in populations of representatives of serogroups HR and B1 along with a group of unidentified microsymbionts requires
further research. Cultivation of trap plants of wild soybeans and various types of cowpea made it possible to identify
saprophytic strain B. japonicum M8 (formed 25.0% to 83.4% of nodules) in the sod-podzolic soil, which did not infect the
roots of cultivated soybeans. 70 isolates of bradyrhizobia were obtained from nodules of trap plants, which were prelimi-
narily identified as B. japonicum, B. lupini, and Bradyrhizobium sp. Conclusions. The results confirm the importance of
using different leguminous trap plants for a more complete characterization of the local rhizobial community. Cultiva-
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tion of plants of the genera Glycine, Vigna, and Lupinus, capable of cross-infection, made it possible to detect bacteria B.
japonicum (serogroups 46, M8, KB11, 634b, HR), B. lupini (serogroup 367a), and Bradyrhizobium sp. (serogroup B1),
which exist for a long-term period as saprophytes in sod-podzolic soil and leached chornozem. 70 isolates of bradyrhi-
zobia were obtained, 35 of which were serologically related to the inoculant strains of B. japonicum introduced into the

agrocenosis at the beginning of the research.

Keywords: Bradyrhizobium japonicum, B. lupini, bradyrhizobia populations, trap hosts, wild soybean, cowpea, mung

bean, adzuki bean, lupine.

An important feature of legumes is their ability
to form symbiosis with nitrogen-fixing micro-
organisms — nodule bacteria. The use of active
strains of rhizobia to improve the growth and
nutrition of legumes is considered one of the
promising approaches in modern agriculture. As
the basis of biological preparations, they provide
an increase in yield, improve the quality of the
obtained products, and contribute to the forma-
tion of local populations of specific nodule bac-
teria in the soil [1, 2].

Scientists around the world pay considerable
attention to the study of the diversity of micro-
symbionts of various leguminous plants [3, 4].
However, there are relatively few studies of long-
term survival of rhizobia in the absence of a host
plant [5, 6]. Evaluation of the polymorphism of
soil communities of nodule bacteria contributes
to the understanding of the processes of forma-
tion of local populations and the emergence of
new rhizobia genotypes. It is also important for
the search for highly effective strains — potential
bioagents of microbial preparations.

In Ukraine, the research of microsymbionts of
various leguminous plants is at an initial stage.
Several types of slow-growing nodule bacteria
of the genus Bradyrhizobium, widespread in the
country’s soils, are described in domestic lit-
erature. These are soybean microsymbionts —
Bradyrhizobium japonicum and B. diazoefficiens
[7] and lupine microsymbionts — B. lupini [8].
Their soil populations have different densities,
which is related to the duration of cultivation of
specified leguminous crops and the use of ap-
propriate biological preparations in cultivation
technologies [1, 3]. In previous years, we have
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investigated the serological and genetic diversity
of soybean microsymbionts in the agrocenoses
of Ukraine [9, 10]. However, not enough atten-
tion has been paid to studying the long-term
survival of bradyrhizobia in the absence of a host
plant. Considering the natural heterogeneity of
the Bradyrhizobium genus [11], it is important to
study the survival and qualitative composition of
local communities of these microorganisms after
a long-term saprophytic mode in the soil.

A promising method for detecting individual
strains of nodule bacteria in soil populations and
assessing their diversity is the use of the so-called
‘trap plants’ capable of forming symbiotic rela-
tionships with many types of rhizobia [12, 13].
Representatives of Glycine, Vigna and Lupinus
genera can be used as trap plants for the analysis
of local communities of bacteria of Bradyrhizo-
bium genus in the agrocenoses of Ukraine.

Considering the above, the aim of our work
was to evaluate the diversity of bradyrhizobia in
local populations of different soils after a long-
term period without leguminous plants in order
to obtain new isolates of nodule bacteria and to
study their properties.

Materials and Methods. The objects of the re-
search were local populations of bradyrhizobia
in the soils of the Chernihiv oblast of Ukraine,
strains of nodule bacteria obtained from root
nodules of plants of the genera Glycine, Vigna,
and Lupinus; plants of cultivated soybean (Gly-
cine max (L.) Merr., Smolyanka variety) and
wild soybean (Glycine soja), cowpea (Vigna un-
guiculata (L.) Walp., UD0301857), mung bean
(Vigna radiata (L.) Wilczek, Tadzhytskyi 1 va-
riety), adzuki bean (Vigna angularis (Willd.).
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Ohwi &Ohashi), and white lupine (Lupinus al-
bus L., Lybid variety). New strains of rhizobia
are stored in the collection of the Laboratory
of Plant-Microbial Interactions of the Institute
of Agricultural Microbiology and Agroindus-
trial Manufacture, NAAS (IAMAM NAAS) of
Ukraine.

Research of the composition of local bradyrhi-
zobia populations in different soils.

The research was conducted under the condi-
tions of small-scale field and vegetation experi-
ments on a sod-podzolic soil and leached chor-
nozem, respectively.

Soybeans cultivation started 20 years before
on the sod-podzolic soil of the IAMAM NAAS
experimental field. The use of inoculant strains
of B. japonicum (slow- and fast-growing) con-
tributed to the formation of a local population
of soybean microsymbionts in the soil. During
the last 7 years, legumes had not been sown in
this area. To characterize the population of nod-
ule bacteria in the year of the research, cultivated
soybeans and trap plants for bradyrhizobia, such
as wild soybean, cowpea, mung bean, and ad-
zuki bean, were grown in the field. In Ukraine,
representatives of Vigna genus are less common
or not cultivated at all. Before sowing, the seeds
were moistened with tap water; inoculation with
nodule bacteria was not performed. The area of
the registration plot was 3 m2. The experiment
had four repeats.

In the flowering phase, nodules were selected
from the roots of plants. The share of different
strains of rhizobia in nodule populations was
determined by analysis of nodule homogenates
(48 units) in the agglutination reaction (Gruber-
Widal technique) [10, 14]. We used a set of spe-
cific immune antisera obtained to active strains
of soybean nodule bacteria B. japonicum 46, M8,
KB11, 634b, OR, HR, and NR, microsymbionts
of cowpea Bradyrhizobium sp. Bl and lupine
B. lupini 367a.

The diversity of rhizobia in the nodules was
estimated by the Shannon diversity index (H),
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calculated according to the formula [15]:

H=-2PInP,

where P; is the relative incidence of the i-th
strain, calculated as n/N, where N is the total
number of nodules formed by different strains
of soybean nodule bacteria and 7, is the number
of nodules formed with the involvement of the
rhizobia strain of a specific serogroup.

The research of the local bradyrhizobia popu-
lation in leached chornozem was conducted un-
der the conditions of vegetation experiment. Soil
was sampled in the field of IAMAM NAAS. Soy-
bean cultivation started 14 years before on this
field using B. japonicum strains with different
growth rate. Over the last 8 years, legumes had
not been sown in the experimental plot.

The vegetation experiment was performed ac-
cording to the generally accepted rules in 2-li-
tre vessels. Wild soybean, cowpea, mung bean,
and adzuki bean were used as leguminous trap
plants. Cultivated soybean and white lupine
(Lupinus genus representatives are common in
Ukraine) were also grown. Before sowing, the
seeds had been moistened with tap water; no in-
oculation with nodule bacteria was performed.
Humidity was maintained at 60% of the maxi-
mum water-holding capacity. The experiment
had four repeats.

In the flowering phase, nodules were selected
from the roots of plants. The share of different
strains of rhizobia in nodule populations was de-
termined by analysis of nodule homogenates (48
units) in the agglutination reaction [10, 14].

Isolation of nodule bacteria and determination
of their morphological and cultural properties.

Isolation of nodule bacteria from soybean,
cowpea, mung bean, adzuki bean, and lupine
nodules was performed according to the guide-
lines [16]. Morphological and cultural proper-
ties of the obtained isolates were studied accord-
ing to the generally accepted methods [16].

Study of the serological properties of the ob-
tained bradyrhizobia.
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The serological properties of nodule bacteria
isolated from nodules were studied using the
Gruber-Widal agglutination test [10, 14].

Statistical analysis of the results.

Statistical processing of data was performed
by standard methods, and the software Statis-
tica 7.0 was used.

Results. At the first stage of the work, we
investigated the population of bradyrhizobia,
which lived as saprophytes in sod-podzolic soil
for 7 years. When growing leguminous trap
plants on this field, numerous nodules were
registered on their roots: 47.58 + 1.80 items/
plant in cultivated soybean, 39.58 + 2.51 items/
plant in wild soybean, 18.67 £ 1.05 items/plant
in cowpea, 16.58 + 1.11 items/plant in mung
bean, and 15.17 + 1.47 items/plant in adzuki
bean. This fact confirmed that virulent nodule
bacteria capable of entering a symbiotic rela-
tionship with these leguminous plants persisted
in the soil.

The serological analysis of nodules proved
that the dominant microsymbionts of cultivated
and wild soybeans were nodule bacteria B. ja-
ponicum, serogroup KB11, with an increased
growth rate. They formed 58.3% and 37. 5% of
nodules, respectively (Table 1). The slow-grow-
ing strain B. japonicum 46 (18.7—18.8%) and

the nodule bacteria not assigned to the studied
serogroups (16.7—22.9%) were found in signifi-
cantly smaller amounts in the nodule popula-
tions. It should be noted that wild soybean roots
were also infected by representatives of sero-
groups M8 (14.6%) and B1 (12.5%), absent in
cultivated soybean nodules. The results confirm
literature data on the ability of wild soybeans to
select from the soil and maintain a greater diver-
sity of microsymbionts in nodules compared to
cultivated soybeans [17]. The proof of this is the
maximum value of the calculated Shannon di-
versity index (H = 1.52).

As can be seen from the data (Table 1), lo-
cal nodule bacteria of the species B. japonicum
entered symbiosis with plants of the genus Vi-
gna. Cultivation of cowpea, mung bean and
adzuki bean, as well as wild soybean, allowed
detection of serogroup M8 in the rhizobial com-
munity of the soil, despite the fact that these
rhizobia had not been identified in cultivated
soybean nodules. On the roots of trap plants,
they formed a significant number of nodules
(25.0—83.4%). Soybean rhizobia of serogroup
KB11 actively infected cowpea (33.3% of nod-
ules) and adzuki bean (50.0% of nodules), but
they were not detected in mung bean nodules.
A smaller share of nodules (8.3—16.7%) was

Table 1. Ability of representatives of nodule bacteria soil populations to colonize the roots
of different leguminous plants (small-plot field experiment, IAMAM NAAS, 2021, sod-podzolic soil)

Share of nodule bacteria strains in nodules,%

Trap-hosts — ™ © e g @

X — =2 =2 =2 — =
Fl2lg|g|oc|Z2|z|%| = gﬁ £3
g5
Soybean (Glycine max) 18.8 0 58.3 0 0 0 0 0 0 229 | 0.97
Wild soybean (Glycine soja) 18.7 | 14.6 | 37.5 0 0 0 0 0 12.5 | 16.7 | 1.52
Cowpea (Vigna unguiculata) 0 458 | 333 0 0 0 0 42 | 63 | 104 | 1.27
Mung bean (Vigna radiata) 83 | 834 0 0 0 0 0 8.3 | 0.57
Adzuki bean (Vigna angularis) | 16.7 | 25.0 | 50.0 0 0 0 0 0 0 83 | 1.20

Note: * are nodule bacteria are not assigned to studied serogroups.
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Fig. 1. Nodules on soybean (a), wild soybean (b), cowpea (c), adzuki bean (d) and white lupine (e) roots upon culti-
vation on leached chornozem (vegetation experiment)

formed by nodule bacteria of serogroup 46 and
rhizobia not assigned to the studied serogroups
(8.3—10.4%).

It is worth noting that cowpea was also char-
acterized by a significant diversity of nodule
populations (H = 1.27). In addition to soybean
rhizobia, lupine microsymbionts (B. lupini) be-
longing to serogroup 367a (4.2%) were found on
lupine roots. A minor amount of cowpea nod-
ules (6.3%) was formed by bradyrhizobia related
to Bradyrhizobium sp. B1 strain, previously iso-
lated from the nodules of this plant.

At the second stage of work (under vegeta-
tion conditions), we investigated the popula-
tion of bradyrhizobia in leached chornozem. It
was formed in the soil 14 years before, and over

the last 8 years, legumes had not been sown on
this field.

In the flowering phase, numerous nodules
were formed on the roots of all trap plants:
23.92 + 1.46 items/plant in cultivated soy-
bean and 31.58 + 0.80 items/plant in wild
soybean, 17.75 £ 1.14 items/plant in cowpea,
10.92 £ 0.76 items/plant in mung bean and
7.92 *+ 0.61 items/plant in adzuki bean, and
31.75 + 2.81 items/plant in white lupine (Fig. 1).

As evidenced in Table 2, nodule bacteria B. ja-
ponicum belonging to 5 serogroups, namely 46,
MS8, KB11, 634b, and HR, were identified in the
root nodules of both types of soybean (Glycine
max and Glycine soja). The dominant microsym-
bionts of these plants were bacteria serologically

Table 2. Ability of the representative of rhizobia soil populations to colonize
the roots of different leguminous plants (vegetation experiment, leached chornozem)

Share of nodule bacteria strains in nodules,%

x =il

Trap-hosts < g é % % % % § . E é E/

S | &%

Soybean (Glycine max) 14.6 | 354 | 25.0 | 1255 0 12,5 0 0 0 0 1.51
Wild soybean (Glycine soja) 125 | 16.6 | 54.2 | 1255 0 4.2 0 0 0 0 1.28
Cowpea (Vigna unguiculata) 0 437 | 83 | 16.7 0 0 0 0 0 313 | 1.23
Mung bean (Vigna radiata) 0 66.7 0 0 0 0 0 0 0 33.3 | 0.64
Adzuki bean (Vigna angularis) 0 12.5 6.3 0 0 0 0 0 | 812 | 0.60
White lupine (Lupinus albus) 0 0 0 0 0 0 0 45.8 0 54.2 | 0.69

*nodule bacteria not assigned to studied serogroups.
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related to B. japonicum M8 and B. japonicum
KB11 strains. They formed 35.4% and 25.0% of
nodules on cultivated soybean roots and 16.6%
and 54.2% on wild soybean roots, respectively.
Bradyrhizobia of serogroups 46, 634b, and HR
were found to be minor representatives of nod-
ule populations of plants of the genus Glycine
and formed 4.2—12.5% of nodules.

Representatives of the local population of
bradyrhizobia also infected the cowpea. Bac-
teria belonging to 3 serogroups, namely MS,
KB11, and 634b, were identified in its nodules.
At the same time, nodule bacteria related to
B. japonicum M8, which formed 43.7% of nod-
ules, were the dominant cowpea microsymbi-
onts. A significant share of the nodule popula-
tion (31.3%) also included rhizobia, which did
not react with the antisera. Other representa-
tives of the genus Vigna — mung bean and ad-
zuki bean — were infected with smaller num-
bers of bradyrhizobia of different serogroups.
For example, 66.7% of nodules on mung bean
roots were formed by M8 serogroup bacteria,
the remaining 33.3% — by rhizobia not assigned
to studied serogroups. In adzuki bean nodules,
the majority of microsymbionts (81.2%) were
not identified. Bacteria serologically similar to
B. japonicum M8 were detected in only 12.5%
of nodules, and to B. japonicum 634b — in 6.3%
of the nodules.

According to literature data, plants of the
genus Lupinus can form a symbiosis with B. ja-
ponicum [11]. In our experiment, none of the

known strains of this species present in the soil
infected white lupine. Almost half the nodules
on its roots (45.8%) were formed by nodule bac-
teria B. lupini belonging to serogroup 367a; the
other lupine microsymbionts (54.2%) did not
react with the antisera.

To characterize bradyrhizobia, which acted
for a long time in the soil as saprophytes, 70
isolates were obtained from the nodules of legu-
minous plants of the genera Glycine, Vigna, and
Lupinus (Table 3).

The obtained isolates grew well at a tempera-
ture of 26—28 °C on agar bean medium [16].
According to the growth rate, all isolates were
divided into two groups. Group I — rounded,
translucent, slimy, and whitish colonies ap-
peared on day 4 to 7 of growth. The diameter
of the colonies was 2.0—4.0 mm. Group II —
round, opaque, and whitish colonies appeared
on day 8 to 10 of growth. The diameter of the
colonies was 1.0—1.5 mm.

In terms of morphology, on day 7 of culture
growth, the cells were mobile, had the shape of
slightly bent rods, were Gram-negative, and did
not form spores. As the cultures aged, the cells
lost their mobility.

All isolates did not grow on MPA (Table 3).
When growing cultures on litmus milk, the reac-
tion changed to alkaline, but the serum zone did
not form on the surface.

In terms of morphological and cultural prop-
erties (cell shape, colony size and growth rate on
agar bean medium with mannitol, growth on

Table 3. Cultural properties of nodule bacteria isolates obtained from nodules of different leguminous plants

Host-plants No. of isolates, units GrOWﬂ;goi 1(111&;;;1; eptone Reaction in litmus milk
Wild soybean (Glycine soja) 13 no growth no serum zone, alkaline
Cowpea (Vigna unguiculata) 18 » » » »
Mung bean (Vigna radiata) 13 » » »  »
Adzuki bean (Vigna angularis) 12 » » »  »
White lupine (Lupinus albus) 14 » » » »
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MPA, and litmus milk), the new strains were as-
signed to the genus Bradyrhizobium.

To study the affinity of new isolates to known
strains of soybean and lupine nodule bacteria,
we carried out their serological identification
using the agglutination reaction with 9 specit-
ic antisera: 46, M8, KB11, 364b, OR, HR, NR,
367a, and B1.

It was established that 20 isolates reacted posi-
tively with antiserum to the slow-growing soy-
bean rhizobia B. japonicum M8, 5 isolates were
related to B. japonicum 46, and 1 isolate — to B.
japonicum HR (Table 4). 10 new cultures are as-
signed to KB11 serogroup, which includes soy-
bean rhizobia with an increased growth rate.
They are isolated from nodules of wild soybeans,
cowpea, and mung bean. 10 isolates were ob-
tained from white lupine nodules, which turned
out to be related to the nodule bacteria B. lupini
367a. It should also be noted that 10 isolates, mi-
crosymbionts of wild soybeans and cowpea, re-
acted with antiserum B1 obtained for Bradyrhi-
zobium sp. B1. 14 new isolates showed a negative
result in the agglutination reaction with antisera;
their species affiliation needs clarification.

Thus, based on the main morphological, cul-
tural, and serological characteristics, 35 new

strains were found to be related to nodule bac-
teria introduced into agrocenoses 14—20 years
before and were identified as B. japonicum (25
slow-growing strains and 10 strains with an in-
creased growth rate). 10 strains are classified as
B. lupini, and 24 strains — as Bradyrhizobium sp.
and require additional identification.
Discussion. Cultivation of leguminous crops
using nodule bacteria-based biological prepara-
tions leads to the formation of local populations
of these microorganisms in agrocenoses [1—3].
The density of rhizobial communities depends
on the duration of cultivation of the host plant
and the influence of abiotic and biotic factors.
The diversity of populations is largely deter-
mined by the spectrum of used inoculant strains
and their survival in the soil [1, 7, 18]. In addi-
tion, when local nodule bacteria interact with
each other and introduced strains, new geno-
types of microsymbionts may arise, which also
causes their heterogeneity. In view of this, soil
populations are a convenient object for studying
microevolutionary processes, the result of which
is the formation of the diversity of rhizobia [19].
Wide usage of leguminous trap plants when
studying survival and polymorphism of nodule
bacteria in soil populations is known from the

Table 4. Serological affiliation of rhizobia isolates allocated
from nodules of leguminous plants of the genera Glycine, Vigna, and Lupinus

Belonging of isolates (units) to serogroups

Host-plants No. oufriifslates, —_ - < *

| S| 2| E|E| % | & | £

@)

Wild soybean (Glycine soja) 13 1 0 4 0 1 0 6 1
Cowpea (Vigna unguiculata) 18 2 7 2 0 0 0 4 3
Mung bean (Vigna radiata) 13 1 7 4 0 0 0 0 1
Adzuki bean (Vigna angularis) 12 1 6 0 0 0 0 0 5
White lupine (Lupinus albus) 14 0 0 0 0 0 10 0 4
In total 70 5 20 10 0 1 10 10 14

Note: * are nodule bacteria are not assigned to studied serogroups.
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literature. Some of these plants can simultane-
ously form nodules with both slow-growing
and fast-growing nodule bacteria [12, 13]. In
our opinion, growing different trap plants in a
certain field will allow one to more fully char-
acterize the bradyrhizobia community, since it
is known that the genotype of the host plant can
affect the spectrum of rhizobia trapped from
the soil [1, 5].

This work investigated the diversity of local
populations of bradyrhizobia in sod-podzolic
soil and leached chornozem after a long sapro-
phytic period without a host plant. Legumes of
the genera Glycine, Vigna, and Lupinus, capable
of cross-infection by nodule bacteria of the ge-
nus Bradyrhizobium, were chosen as trap plants
[11—13].

The studies have shown that after 7—8 le-
gume-free years, both types of soil retained nod-
ule bacteria that nodulated cultivated and wild
soybeans, cowpeas, mung beans, adzuki beans,
and lupines. Their groups differed in quantitative
and qualitative compositions.

The main microsymbionts of plants of the
genera Glycine and Vigna on different types of
soil were soybean nodule bacteria belonging to 6
serological groups, namely 46, M8, KB11, 634b,
HR, and B1. The representatives of 4 serogroups
corresponded to B. japonicum 46, M8, 634b, and
KB11 inoculant strains, which were previously
periodically used in the studied areas. It should
be noted that nodule bacteria of serogroup 634b
were maintained only in the more fertile leached
chornozem and were not detected on the roots
of any of the trap plants on the sod-podzolic soil.
This may be due to their lower adaptability to the
conditions in the soil environment. In addition
to B. japonicum (2—3 serogroups depending on
the type of soil), cowpea plants trapped from the
soil the microsymbionts of B. lupini serogroup
367a (4.2%). Bradyrhizobium sp. serogroup Bl
nodule bacteria were identified in both cowpea
nodules (6.3%) and wild soybeans (12.5%), but
they did not infect cultivated soybeans. 45.8% of

ISSN 1028-0987. Microbiological Journal. 2023. (5)

white lupine nodules were formed by B. lupini of
serogroup 367a. The rest belonged to unknown
serogroups.

The appearance of other representatives of
nodule bacteria (serogroups HR, B1, and groups
of unidentified microsymbionts) in populations
may be associated with various factors such as
their transfer with seeds, soil particles, or mi-
croevolutionary processes [19, 20]. Similar re-
sults were obtained by other researchers. For
example, Giongo A. et al. [5] found significant
genetic diversity of soybean nodulating bacte-
ria Bradyrhizobium spp. after a 30-year period
without a host plant. They showed the pres-
ence of bradyrhizobia in the soil, which differ
from the parental strains. There are also reports
when after several years of growing soybeans,
researchers noted the formation of nodules by
strains serologically different from the original
introduced microorganisms [21—23].

Comparing the two studied types of soil, the
larger proportion of rhizobia of unknown sero-
groups in the nodules of plants of the genus Vi-
gna when growing them on leached chornozem
(31.3—81.2% to 8.3—10.4% in sod-podzolic
soil) should be highlighted. These microsym-
bionts competed with known strains of nodule
bacteria, partially or completely displacing them
from nodule populations. In our opinion, they
may be representatives of other B. japonicum
and B. lupini serogroups or may belong to other
species of slow- and fast-growing nodule bacte-
ria, which requires additional research. Special
attention should be paid to this fact when se-
lecting potential inoculant strains for the cor-
responding leguminous crops.

Both types of soybean and cowpea (Shannon’s
index H = 0.97—1.52) were characterized by the
greatest diversity of rhizobia in nodule popula-
tions. In addition, the cultivation of trap plants
of wild soybeans and various types of cowpea
made it possible to detect B. japonicum M8 se-
rogroup (formed 25.0—83.4% of nodules) in the
saprophytic state in the sod-podzolic soil, which
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did not infect the roots of cultivated soybeans.
This may be related to the high competition
between B. japonicum strains when interacting
with the host plant and the greater complemen-
tarity of serogroup M8 bacteria to wild and rare
legume species. The results confirm the impor-
tance of using different leguminous trap plants
for a more complete characterization of the local
rhizobial community.

It should also be noted that after a long sap-
rophytic period in the soil, all representatives
of local populations of nodule bacteria main-
tained their nitrogen-fixing activity, forming
red nodules on the roots of trap plants. Soybean
bradyrhizobia of serogroup KB11 maintained
the property of the original strain B. japonicum
KBI11 to form white inactive nodules on the
roots of cowpea and red active nodules on the
roots of other leguminous plants [24].

We have previously established that nodule
bacteria of serogroup KB11 are characterized
by increased saprophytic competence (surviving
in the soil) and are related to the B. japonicum
USDA 123 strain by the nucleotide sequence
of the ITS region [25, 26]. The dominance of
bradyrhizobia 123 serogroup in nodules just
after several years of soybean cultivation was
demonstrated by scientists from the USA [27]
and Brazil [28, 29]. In contrast, Narozna D. et
al. [6] showed high survival of two strains of B.
japonicum USDA 123 and USDA 110 in Polish
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[HCTUTYT CibCHKOrOCIIORAPCHKOI MiKpobiosorii Ta arporpomucioBoro Bupobuunrsa HAAH
By llleBuenka, 97, Yepniris, 14027, Ykpaina

XAPAKTEPUCTUKA MICHEBUX ITOTTYJIALIN BPAIIPV30BIN
MMICJIA TPMBAJIOTO ICHYBAHHA B I'PYHTI BE3 POCJ/IMHM-TOCIIOJAPA

Y monepenHi poKy JOCTIIXEHO CEpOIOriuHe Ta TeHeTHYHE Pi3HOMAaHITTA O6yIb60UYKOBIUX OaKTepiil coi B arpoleHo-
3ax YkpaiHu. MeHIlle yBaru IpupinAnocsa BMBYEHHIO BY)KMBAaHHA iX y TPyHTI. BpaxoByloun mpupofiHy HEOHOPifI-
HicTb 6axTepiit pony Bradyrhizobium, MeToxo fanoi po6oty 6y/10: OLIHUTY Pi3HOMaHITTA Opafipn306iil y MicLieBUX
MOMY/ISALSX PISHUX IPYHTIB MiC/ISI TPUBAJIOTO iCHYBaHHs 6e3 6060BMUX POC/INH, OTPUMATI HOBI i30/ms1TI Oy16604-
KOBUX 0OaKTepiil Ta BUBYMTH X BractuBocTi. MeTogu. Mikpob6ionoriuti (Buginenus 6panipnsobiit i3 6ynp6010x
POCIMH-IIACTOK, BUBYEHHsI BIACTMBOCTEI! IITAMIB), CepOIOriuHi (FOCIi/KeHHs Pi3sHOMAHITTS pr3obiit y 6ym1p604-
KOBMX IIOM/ISLISAX, BUBYEHHS CEPONOTiYHOI Ha/IEXKHOCTI LITaMiB), BeTeTalliliHi, onboBi (BUBYeHHs iHIKyBaHHS
pocnun 6panipusobisivm). PesynpraTn. 3a BUKOPUCTAHHS POCIMH-TIACTOK pofiiB Glycine, Vigna ta Lupinus po-
CTimKeHo MicleBi mony/aLil 6panipusobiit y fepHOBO-IiA30MMCTOMY IPYHTI Ta BUIYTYBaHOMY YopHO3eMi. Bera-
HOBJICHO, 1110 Tic/1A 7—8 POKiB icHyBaHHA 6e3 6000BMX POCIMH B 000X THUIIaX IPYHTIB 30eperiucsa akTUBHI Oy/ib-
604KOBi 6aKTepii, AKi HOAYIIOBa/IN KY/IbTYpPHY Ta AUKY COI0, BUTHY, Malll, KBACOJIIO afi3yKi Ta JonyH. OCHOBHUMMU
MikpocumbionTamu pociut pogis Glycine i Vigna Ha pisHux tumax rpynry 0y 6paaipnso6ii coi, siki HaeXxars 0
6 cepororiunux rpym: 46, M8, KB11, 6346, HR Ta B1. IIpescraBHuKY 4 CepOrpyII BiAIOBifa/M MITaMaM-iHOKY/IsH-
taM Bradyrhizobium japonicum 46, M8, 6346 Ta KB11, sKi mepiofn4HO BUKOPUCTOBYBA/INCD Ha JOCTIKYBaHUX Hi-
nstHKax. PocmmHy BUrHM, OKpiM 6axTepiit B. japonicum, Bifbupanu 3 rpyHTy MikpocuMm6ioHTiB B. lupini ceporpymnu
367a (4,2%). bpanipusobii ceporpymu Bl BusBieHo sk y 6ynbbouxax Burau (6,3%), Tak i gukoi coi (12,5%). 45,8%
Oynp6o4ok monuHy GopMmysanu 6akTepii B. lupini ceporpynu 367a. IlosgBa B mONy/IALisAX IpefCTaBHUKIB cepo-
rpyn HR, Bl Tta rpynu HeineHTn¢ikoBaHMX MiKpOCUMOiOHTIB OTpebye JORATKOBMUX HOCTifKeHb. BupouryBanus
POC/IVH-IIACTOK UKOI coi Ta pisHUX BMUAIB BUTHY JO3BOJIVJIO BUABUTK CanlpodiTHO NMPUCYTHIN Y JepHOBO-IiA30-
nucromy rpyHri urram B. japonicum M8 (dpopmysas 25,0—83,4% 6ynp6040K), siKuit He iH(IKyBaB KOPEHi KyIbTyp-
HOI coi. I3 6ynbp6040K pociuH-macTok orpuMano 70 isonsati 6pafipnso6iii, sxi 3a MOPGOIOro-KyIbTypaabHIUMI
CepOJIOriYHIIMY O3HAKAMI TIOIIePefHbO ifeHTHdiKOBaHI K B. japonicum, B. lupini, Bradyrhizobium sp. BUCHOBKIL.
OTpumaHi faHi MATBEPAKYIOTh BXXIMBICTD BUKOPUCTAHHS Pi3HMX 60OOBUX POCIMH-TIACTOK /IS TOBHIIIOI Xa-
PaKTepUCTUKY MiICLeBOro pu3obiabHOro yrpynoBaHHsA. Bupomysanus pocnns ponis Glycine, Vigna ta Lupinus,
3JATHUX JIO MIepeXpecHOro iHpiKyBaHH:A, JO3BOMNIO BUABUTHU Y IePHOBO-IIII30MUCTOMY TPYHTI Ta BUITYTyBaHOMY
JopHO3eMi canpodiTHO iCHYI0Ui IPOTATOM TpuBanoro yacy 6axrepii B. japonicum (ceporpynu 46, M8, KB11, 634b,
HR), B. lupini (ceporpymu 367a) ta Bradyrhizobium sp. (ceporpynu B1). Orpumano 70 isonaris 6panipuso6ii, 35 3
AKNUX BUABWIVCSA CEPOJIOTIYHO CITOPiTHEHNMI 31 IITaMaMM-iHOKYIAHTaMM B. japonicum, iIHTpOJyKOBaHUMU B arpo-
LIEHO3Y Ha TI0YaTKY JHOC/i/IKEHb.

Kniouosi cnosa: Bradyrhizobium japonicum, B. lupini, monynsuii 6pafipuso6iii, pocIuHM-IIACTKY, [UKa COs, BUTHA,
Malll, KBacoJIs ai3yKi, JIFONNH.
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