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SYMBIOTIC EFFICIENCY AND CYTOKININ ACTIVITY
OF NEW MESORHIZOBIUM CICERI STRAINS

The efficiency of the introduction of nodule bacteria, microsymbionts of legumes in agrocenoses, largely depends on the
activity of biologically active substances’ biosynthesis by diazotrophs. Seed bacterization with effective rhizobia strains
capable of synthesizing exometabolites for phytostimulating activity not only promotes the formation and functioning of
symbiosis but also creates the conditions for increasing plant resistance to adverse environmental conditions. The aim of
the work was to research the symbiotic activity, efficiency and ability of chickpea rhizobia new strains to biosynthesize
phytohormonal exometabolites of cytokinin nature. Methods. Microbiological, physiological, cytological, biochemical,
and physicochemical. Results. New strains of Mesorhizobium ciceri ND-101 and Mesorhizobium ciceri ND-64 were
shown to have different symbiotic activity. The efficiency of inoculation of Skarb chickpea seeds with bacterial suspen-
sion of Mesorhizobium ciceri ND-101 was at the same level with the industrial strain of Mesorhizobium ciceri H-12.
Bacterization of Mesorhizobium ciceri ND-64 increased the chickpea roots nodules by 69%, their weight by 74%, and
nitrogenase activity by 73% relative to the positive control (inoculation with Mesorhizobium ciceri H-12), as well as in-
creased chickpeas yield by 22%. It was established that Mesorhizobium ciceri ND-64 strain exhibits the highest cytokinin
activity in the bioassay. Cytokinins in the total amount of 174.94 ug/g of completely dry biomass were detected in the
culture medium of Mesorhizobium ciceri ND-64, which is 53% higher than that of Mesorhizobium ciceri ND-101 strain
and 99% higher than that of Mesorhizobium ciceri H-12 strain. Conclusions. Mesorhizobium ciceri ND-64 strain with
high nitrogen-fixing activity and symbiotic efficiency is capable to synthesize a relatively high amount of extracellular
cytokinins. The high concentration of cytokinins indicates their important role in the formation and functioning of nod-
ules, as they stimulate the proliferation of root tissues and, in this way, have a positive effect on the chickpea productivity.
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Among the beneficial soil microorganisms,
bacteria as sources of natural biologically ac-
tive substances that are regulators of key com-
ponents of crop metabolism are of particular
importance [1, 2]. A striking example of such
organisms is nodule bacteria, which in symbio-
sis with legumes fix the molecular nitrogen of
the atmosphere and convert it into compounds
that are easily digested by plants. Rhizobia also
synthesize various physiologically active sub-
stances, which, in turn, increase the resistance
of plants to adverse environmental conditions,
increase plant yields, and improve the quality of
agricultural products [3—5].

Some studies have shown that nodule bacteria
of legumes in pure culture can produce auxins,
cytokinins, gibberellins, and other phytohor-
monal substances [6, 7]. Here is information
about direct lines correlations between symbi-
otic activity and the ability of bacteria to actively
synthesize cytokinins [8].

Recently, due to climate changes and a lack of
moisture, the area of chickpea crops in Ukraine
is constantly growing [9], therefore, it is relevant
to study the diversity of bacteria — microsym-
bionts of this culture, and to search for strains
of Mesorhizobium ciceri effective for certain soil
and climatic conditions with a complex of use-
ful properties that can significantly improve the
productivity of this agricultural crop.

The aim of the work was to research the sym-
biotic activity, efficiency and ability of chickpea
rhizobia new strains to biosynthesize phytohor-
monal exometabolites of cytokinin nature.

Materials and methods. The objects of the
research were: the industrial strain of chickpea
nodule bacteria M. ciceri H-12 [10] and new
promising strains M. ciceri ND-101 and M. ci-
ceri ND-64 [11]. Bacteria were isolated in 2016
from the nodules of chickpea plants (cultivars
Skarb and Pamyat of chickpea) grown on the
experimental fields of the Plant Breeding and
Genetics Institute, the National Centre of Seed
and Cultivar Investigation of the National Acad-
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emy of Agrarian Sciences (NAAS) of Ukraine,
and deposited in the Collection of Beneficial Soil
Microorganisms of the Institute of Agricultural
Microbiology and Agroindustrial Manufacture
of NAAS of Ukraine.

In field experiments, we used bacterial sus-
pensions, which were cultured in-depth on
a shaker at 220 rpm for three days in an or-
ganic (pea) liquid nutrient medium of the fol-
lowing composition (g/L): (NH,),SO, — 1.0;
K,HPO,—0.5;KH,PO,—0.5;MgSO,-7H,0 —
0.2; CaCO, — 1.0; sucrose — 10.0; pea broth —
1 L (100 g of peas in 1 L of H,0), pH = 6.8—
7.0. The medium was sterilized at a pressure of
1.0 atm for 30 min.

Morphological features of bacterial cells were
determined using an electron microscope Tesla
BS 540 (Czech Republic) at an instrumental
magnification of x 16,000 [12]. Bacterial cells
were tested by the method of negative contrast
enhancement with uranyl acetate.

Field experiments were conducted on the ex-
perimental fields of the Institute of Agricultural
Microbiology and Agro-industrial Manufacture
of NAASU (Region of Chernihiv), which are
characterized by the following agrochemical pa-
rameters: humus content in the arable layer —
3.6%, mobile forms of phosphorus — 210—
240 mg P,O., exchangeable potassium (accord-
ing to Kirsanov) — 160 — 170 mg K,O per 1 kg
of soil, water pH — 6.5.

The estimated area of the field experiments
was 10 m?. Experiments were repeated 4 times;
placement of variants was randomized. Prede-
cessor — spring oats. Pesticides and herbicides
were not used: weeds were destroyed mechani-
cally. When inoculating chickpea seeds, the bac-
terial load was 10° cells/ seed. The control seeds
were moistened with water (1—2% by weight).

The nitrogenase activity of the nodules was
determined by the acetylene method [13] at the
end of the incubation period. The samples were
analyzed on a gas chromatograph HP 4890A
(Hewlett Packard, USA).
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The ability of chickpea rhizobia to synthesize
biologically active substances was studied using
specific bioassays according to the guidelines for
the determination of phytohormones [14] and
methods for the determination of cytokinins,
growth inhibitors, defoliants, and herbicides
[15]. Analysis of the quantitative content of ex-
tracellular phytohormones synthesized by M. ci-
ceri was performed using high-performance lig-
uid chromatography (HPLC) [16].

To study the ability of M. ciceri to produce
exometabolites of cytokinin substances by the
method of specific bioassay and analysis of their
quantitative and qualitative content in the cul-
ture medium of M. ciceri, the bacterial suspen-
sion was centrifuged at 4,000 rpm for 1 hour.

Extracellular phytohormones cytokinins were
isolated from supernatants of culture medium
of soil microorganisms according to [14], and
their qualitative and quantitative determination
was carried out by the method of HPLC using
an Agilent 1200 liquid chromatograph (Agilent
Technologies, USA) [8, 16].

Experimental data were processed using cur-
rent mathematical statistics methods and the
computer package Microsoft Excel.

Results. The cultural and morphological
properties of the chickpea nodule bacteria strain
M. ciceri H-12 (positive control) and new prom-
ising strains of M. ciceri ND-101 and M. ciceri
ND-64 isolated from the nodules of chickpea
cultivars contrasting in seed size and height and
type of bush were tested.

According to the cultural characteristics,
these strains are characterized by a moderate
growth rate: they form small colonies on bean
agar (1—2 mm) on the 4th—7th days of cultiva-
tion (Fig. 1).

Electron microscopic studies of strains with
moderate growth rates show similar morphology
of bacteria isolated from the nodules of chickpea
plants of different cultivars (Fig. 2). The cells did
not form spores; they were mobile, rod-shaped,
and 1.0—2.0 x 0.3—0.5 um in size.
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Fig. 1. Colonies of chickpea rhizobia Mesorhizobium
ciceri ND-64 cells on bean agar on the 6th day of
cultivation

Fig. 2. Morphology of chickpea rhizobia Mesorhizobium
ciceri ND-64 cells (magnification 1 x 16,000)

The following results were obtained when
studying the effect of inoculation on the symbio-
sis formation using bacterial suspensions of M.
ciceri and chickpea seeds of the Skarb cultivar,
zoned for the Forest-Steppe zone. Thus, it was
shown that M. ciceri ND-101 and M. ciceri ND-
64 strains exhibited different symbiotic activity.
For example, inoculation of seeds with bacterial
suspension of M. ciceri ND-101 did not provide
a significant increase in nodules on the roots of
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chickpeas relative to positive control (inocula-
tion with M. ciceri H-12), their weight increased
by only 5% and nitrogenase activity — by 12.5%
(Table 1). The use of M. ciceri ND-64 for bacte-
rization of chickpea seeds contributed to the for-
mation of the largest number of nodules (69%
higher than in the positive control variant), an
increase in their weight by 74% and in nitroge-
nase activity by 73% (Table 1, Fig. 3).

It was shown that the efficiency of chickpea
seeds inoculation with bacterial suspension of
M. ciceri ND-101 was at the same level as in in-
dustrial strain of M. ciceri H-12 (Table 2). At the
same time, pre-sowing bacterization with M. cic-
eri ND-64 contributed to the greatest increase in
yield. For example, the increase was 22% com-
pared to the variant with the industrial strain of
M. ciceri H-12 (Table 2).

The following results were obtained during
the study of the culture medium for the presence
of specific cytokinin activity at certain dilutions
on the Dzherelo cultivar cucumber cotyledons.
For example, at high concentrations of bacterial
suspension (1:10 to 1:50), all studied strains in-
hibited the growth of ethylated cotyledon leaves
(Fig. 4) suggesting the presence of large amount
of exometabolites in the culture medium of rhi-
zobia. Higher dilutions of rhizobia culture me-
dium (1:500 and 1:1.000) resulted in manifes-
tation of stimulatory activity, and a difference
between the studied strains was revealed. Thus,
during the incubation of cucumber cotyledons
with the culture medium of the strain M. cic-
eri ND-101 (dilution 1:1,000), the increase was
higher than in the positive control by 12.5%
(Fig. 4). The highest rate of manifestation of cy-

Table 1. Symbiotic nitrogen fixation activity of Skarb cultivar chickpea plants
upon inoculation with Mesorhizobium ciceri in the flowering phase (leached chornozem, 2019)

Weight Nitrogenase activity,
Variant Amount of nodules, of nodules, nmol C,H, per plant
pes/plant 24
mg/plant per hour
Control (without inoculation) 84+27 204.4+9.6 1,276.2 + 44.0
Inoculation with Mesorhizobium ciceri H-12 20.8 +3.0 495.6 +4.8 1,850.0 + 56.0
Inoculation with Mesorhizobium ciceri ND-101 224+23 518.0 £9.0 2,082.0 +61.0
Inoculation with Mesorhizobium ciceri ND-64 351+23 863.6 +4.0 3,206.0 +73.0
Table 2. Influence of seed bacterization with Mesorhizobium ciceri strains
on the yield of Skarb cultivar chickpea (leached chornozem, 2019)
Increase
Variants of experiment Yield, t/ha
t/ha %
Control (without inoculation) 1.25 — —
Inoculation with Mesorhizobium ciceri H-12 1.43 0.18 14.4
Inoculation with Mesorhizobium ciceri ND-101 1.44 0.19 15.2
Inoculation with Mesorhizobium ciceri ND-64 1.75 0.50 40.0
LSD,, 0.06 = =

Note: LSD ; — the least significant difference
6
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Fig. 3. Nodules on chickpea plant roots (flowering phase): a — control (without
inoculation), b — Mesorhizobium ciceri ND-64

Dilution 1:5,000 O Treatment with
M. ciceri ND-64
. M Treatment with
H M. ciceri H-12
O Treatment with
M. ciceri ND-101
O Treatment with BAP

Dilution 1:1,000

Dilution 1:500

Dilution 1:100

Dilution 1:50

Dilution 1:10 ’é

BAP

-10 0 10 20 30 40
Increase in cotyledons weight, mg

Fig. 4. Cytokinin activity of Mesorhizobium ciceri (bioassay — cotyledons of Dzherelo
cultivar cucumber)
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Table 3. Quantitative content of extracellular cytokinins synthesized by Mesorhizobium ciceri

Concentration of extracellular cytokinins, ug/ADB

Mesorhizobium ciceri H-64

Mesorhizobium ciceri H-101

Cytokinins
Mesorhizobium ciceri H-12
Kinetin 28.51
Zeatin —
Zeatin riboside 59.43
Zeatin glucoside —
Isopentenyladenine —
1-Isopentenyladenosine —
Total amount 87.94

174.94 114.37

Note: «—» was not defined

tokinin activity was observed at 1:1,000 dilution
of M. ciceri ND-64 culture medium. It exceed-
ed the version with exometabolites of M. ciceri
ND-101 strain by 44% and M. ciceri H-12 by
62.5% (Fig. 4).

Therefore, according to the specific biotest
results, nodule bacteria M. ciceri are capable of
synthesizing extracellular cytokinins. M. ciceri
H-12 and M. ciceri ND-101 strains, which had
lower indicators of symbiotic activity and ef-
ficiency than M. ciceri ND-64, showed a lower
cytokinin activity as well.

Further, the quantitative and qualitative com-
position of phytohormonal exometabolites of
cytokinin nature synthesized by M. ciceri strains
was studied by HPLC. The largest concentration
of synthesized cytokinins, 174.94 ug/g of abso-
lutely dry biomass, was found in the culture me-
dium of M. ciceri ND-64, which was 53% higher
than that for M. ciceri ND-101 strain and 99%
higher than for M. ciceri H-12 (Table 3). Differ-
ences in the qualitative composition of cytoki-
nins were also observed. Only zeatin riboside
was detected in the culture medium of the new
strains of M. ciceri ND-64 and ND-101, while
kinetin was also detected in the culture medium
of the reference strain M. ciceri H-12. However,
it is the ability to synthesize extracellular zeatin
and its derivatives that plays an important role
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in characterizing the symbiotic efficiency of the
inoculant strain [1].

Discussion. Cytokinins are a class of stimu-
lating phytohormones that are derivatives of
adenine. These compounds are similar in struc-
ture, but have different biological activity: they
affect cell division, stimulate the formation and
activity of meristems of lateral shoots, increase
the attractiveness of tissues, delay the aging pro-
cess of leaves, inhibit the growth and branching
of roots, and together with auxins participate
in the regulation of morphogenesis, chloro-
plast formation, and stomatal regulation [17].
In legume roots, cytokinins play an important
role in the reactivation of the cell cycle, which
contributes to the formation and growth of root
nodules due to the activation of genes associ-
ated with it [18, 19].

It is known that rhizobia strains are capable of
synthesizing extracellular cytokinins involved
in the regulation of cell division processes,
which initiates the formation of root nodules
[1—8, 20].

Among domestic and foreign scientists, there
is no consensus on the direct relationship be-
tween the ability of nodule bacteria to synthe-
size cytokinin exometabolites and their sym-
biotic effectiveness [6—8, 21, 22]. Studies of
domestic scientists indicate that the ability of

ISSN 1028-0987. Microbiological Journal. 2023. (1)
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microorganisms to produce zeatin riboside (the
transport form of cytokinins) plays a key role in
the formation of an effective symbiosis between
soybean plants and Bradyrhizobium japonicum
[6—8, 23].

Our findings prove that the studied strain of
M. ciceri ND-64, which is characterized by high
indicators of symbiotic efficiency and contributes
to the early formation of symbiosis (compared to
the industrial strain of M. ciceri H-12), which ac-
tively functions throughout the entire period of
plant ontogenesis [24], contains a relatively high
amount of exometabolites of cytokinin nature in
the culture medium. In particular, the ability of
M. ciceri ND-64 bacteria to produce zeatin ribo-
side in the amount of 174.94 ug/g of absolutely
dry biomass, which exceeds the amount of this
cytokinin in the culture medium of the indus-
trial strain M. ciceri H-12 by 99% and by 53% in
M. ciceri ND-101, consistent with its high nitro-
genase activity and efficiency of symbiosis with
chickpea plants.

So, as a result of the research, the new strains
of M. ciceri ND-101 and M. ciceri ND-64 have
different symbiotic activities. The efficiency of
inoculation of chickpea seeds with bacterial
suspension of M. ciceri ND-101 was at the same
level as for the industrial strain of M. ciceri H-12.

REFERENCES

Bacterization of M. ciceri ND-64 increased the
number of nodules on chickpea roots (by 69%
relative to the positive control), their weight by
74%, and nitrogenase activity by 73%. The yield
of chickpea plants increased by 22% as a result of
the bacterization of M. ciceri ND-64 compared
to the variant of inoculation with the M. ciceri
H-12 strain.

M. ciceri ND-64 was shown to have the highest
cytokinin activity with relatively high nitrogen-
fixing activity and other indicators of symbiotic
efficiency. In the culture medium of M. ciceri
ND-64, a relatively large amount of cytokinin
exometabolites was found (174.94 ug/g of abso-
lutely dry biomass), which is 53% higher than
for M. ciceri ND-101 and by 99% — for M. ciceri
H-12. The obtained data do not contradict the
previous results regarding the increased ability
of highly virulent strains to synthesize cytoki-
nins and, in this way, influence the formation of
a highly effective symbiosis with chickpea plants.

Acknowledgements. Authors are thank-
ful to Maxym A. Kharkhota (the head of the
Laboratory of Biological polymer compounds,
D.K. Zabolotny Institute of Microbiology and
Virology of NAS of Ukraine) for technical assis-
tance and conducting quantitative HPLC ana-
lyzes of cytokinins.

1. Kots SY, Gryshchuk OO. [Phytohormones in the formation and functioning of symbiotic relationships of legumi-
nous plants and nodule bacteria]. Plant Physiology and Genetics. 2015; 47(3):187—206. Ukrainian.

2.Buhian WP, Bensmihen S. Mini-Review: nod factor regulation of phytohormone signaling and homeostasis dur-
ing rhizobia-legume symbiosis. Frontiers in Plant Science. 2018; 9:1—8. https://doi.org/10.3389/fpls.2018.01247

3.Boiero L, Perrig D, Masciarelli O, Penna C, Cassan F, Luna V. Phytohormone production by three strains of Brady-
rhizobium japonicum and possible physiological and technological implications. Appl Microbiol Biotechnol. 2007;
74(4):874—880. https://doi.org/10.1007/s00253-006-0731-9

4. Ahemad M, Kibret M. Mechanisms and applications of plant growth promoting rhizobacteria: Current perspec-
tive. Journal of King Saud University — Science. 2014; 26(1):1—20. https://doi.org/10.1016/j.jksus.2013.05.001

5.Stougaard J. Regulators and regulation of legume root nodule development. Plant Physiology. 2000; 124(2):531—

540. https://doi.org/10.1104/pp.124.2.531

6.Kozar SE. [Production of phytohormones of Bradyrhizobium japonicum and Azospirillum brasilense under their
simultaneous cultivation]. Agriciltural microbiology. 2018; 28:33—40. Ukrainian. https://doi.org/10.35868/1997-

3004.28.33-40

7.Dragovoz IV, Leonova NO, Iutynska GA. [Phytohormones synthesis by Bradyrhizobium japonicum strains with
different symbiotic effectiveness]. Mikrobiol Z. 2011; 73(4):29—35. Russian.

ISSN 1028-0987. Microbiological Journal. 2023. (1)



O.V. Lohosha, Yu.O. Vorobei, N.O. Leonova

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10

Leonova NO, Dankevych LA, Dragovoz IV, Patyka VE Iutynska GO. [Synthesis of extracellular phytohormones-
stimulators by nodule bacteria and bacteria phytopathogenic for soybean]. Reports of the National Academy of
Sciences of Ukraine. 2013; 3:165—171. Ukrainian.

. Petkevich ZZ, Melnichenko GV. [Chickpeas, lentils are promising leguminous crops for cultivation in the south

of Ukraine]. Irrigated agriculture. 2016; 65:104—107. Ukrainian.
Tolkachov MZ, Didovych SV, Kamenjeva IO. Southern branch of the Institute of Agricultural Microbiology,
UAAS. Strain of nodule bacteria Mesorhizobium ciceri H-12, an active symbiotic nitrogen fixer used to prepare a
bacterial preparation that increases the yield of chickpeas. Patent of Ukraine 17664. 2006; Oct 16.
Lohosha OV, Vorobei YO, Usmanova TO. Institute of Agricultural Microbiology and Agroindustrial Manufac-
ture, NAAS. Strain of nodule bacteria Mesorhizobium ciceri ND-64 (IMB-7835) for bacterial preparations for
chickpea. Patent of Ukraine 141783. 2020; Apr 27.
Preparation techniques for transmission electron microscopy. handbook of microscopy set: 751—801. http://doi.
0rg/10.1002/9783527619283.ch18
Hardy RWE Holsten RD, Jackson EK, Burns RC. The acetylene-ethylene assay for nitrogen fixation: laboratory
and field evaluation. Plant Physiology. 1968; 43(8):1185—1207. http://doi.org/10.1104/pp.43.8.1185
[Guidelines for the determination of phytohormones]. Academy of Sciences of the Ukrainian SSR, Institute of
Botany im. N.G. Kholodny. Kiev: Institute of Botany, 1988. p. 41—45. Russian.
Kefeli VI, Turetskaya RKh, Kof EM, Vlasov VP. [Determination of biological activity of free auxins and growth
inhibitors in plant material. Methods for the determination of phytohormones, growth inhibitors, defoliants and
herbicides]. Moscow: Nauka, 1973. p. 7—21. Russian.
Lee IJ, Foster KR, Morgan PW. Photoperiod control of gibberellin levels and flowering in sorghum. Plant Physiol.
1998; 116(3):1003—11. https://doi.org/10.1104/pp.116.3.1003
Vedenicheva NP, Kosakivska I'V. Cytokinins as regulators of plant ontogenesis under different growth conditions.
Kyiv: Nash Format, 2017. 200 p.
Khandal H, Gupta SK, Dwivedi V, Mandal D, Sharma NK, Vishwakarma NK, et al. Root-specific expression of
chickpea cytokinin oxidase/dehydrogenase 6 leads to enhanced root growth, drought tolerance and yield with-
out compromising nodulation. Plant Biotechnology Journal. 2020 Sep;18(11):2225—40. http://doi.org/10.1111/
pbi.13378
Mahto RK, Ambika, Singh C, Chandana BS, Singh RK, Verma S, Gahlaut V, Manohar M, Yadav N, Kumar R.
Chickpea biofortification for cytokinin dehydrogenase via genome editing to enhance abiotic-biotic stress toler-
ance and food security. Frontiers in Genetics. 2022; 13:900324. https://doi.org/10.3389/fgene.2022.900324
Brigido C, Glick BR, Oliveira S. Survey of plant growth-promoting mechanisms in native portuguese chickpea
Mesorhizobium isolates. Microbial Ecology. 2016; 73(4):900—915. https://doi.org/10.1007/s00248-016-0891-9
Gryshchuk OO, Kots SY, Volkogon MV. [The dynamics of cytokinins content in roots and nodules of soybean
on the early stages of legume-rhizobium symbiosis forming]. Physiology and biochemistry of cultivated plants.
2013;45(1):20—28.
Pérez-Fernandez M, Alexander V. Enhanced plant performance in Cicer arietinum L. due to the addition of
a combination of plant growth-promoting bacteria. Agriculture. 2017; 7(5):40. https://doi.org/10.3390/agricul-
ture7050040
Krutylo D, Leonova N, Nadkernychna O. Characterization of bradyrhizobia associated with soybean plants
grown in Ukraine. Journal of microbiology, biotechnology and food sciences. 2020; 9(5):983—987. http://doi.
org/10.15414/jmbfs.2020.9.5.983-987
Lohosha O, Vorobei Y. Dynamics of formation and functioning of legume-rhizobial symbiosis Mesorhizobium
ciceri — Cicer arietinum. Australian Journal of Crop Science. 2021; 15(01):129—136. https://doi.org/10.21475/
ajcs.21.15.01.2952

Received 24.01.2022

ISSN 1028-0987. Microbiological Journal. 2023. (1)



Symbiotic Efficiency and Cytokinin Activity of New Mesorhizobium ciceri Strains

O. B. Jlozowal, I0. O. Bopo6eii!, H. O. Jleonosa?

! IHCTHTYT CibChKOTOCIIORAPCHKOI MiKpoGionorii Ta arporpomuciosoro Bupotuuurea HAAH Vkpainu,
By llleBuenka, 97, YepHiris, 14027, Ykpaina

2 TucturyT Mikpobiororii i Bipyconorii im. [I.K. 3a6onoraoro HAH Vkpainu,
By/N. Akaziemika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

CUMMBIOTNMYHA EQEKTUBHICTD TA HMTOKIHIHOBA
AKTVBHICTDb HOBUX IITAMIB MESORHIZOBIUM CICERI

EdextnBHIcTD iHTpORYKILIil 6y71604YKOBMX OaKTepiil, MIKpOCKMOIOHTIB 6000BMX POC/NH, B arpOLIeHO3Y 3HAYHOIO
MipoIo 3a/IeXXNTh BiJ aKTMBHOCTI 6iocuHTe3y fiasorpodamu 6ionorivyHo aKTMBHUX pedoBMH. bakTepusaris Ha-
CiHHA e eKTMBHUMM IITaMaMM pu3o6iii, 110 30aTHI 0 CHHTe3y eK30MeTabomiTiB 3 GiTOropMOHa/IbHOI aKTUBHIC-
TIO, He JMile crpysie GOopMyBaHHIO Ta (PYHKIIOHYBaHHIO CMMOi03y, a 71 CTBOPIOE IepeyMOBY Jid IiIBUIIEHHS
CTINIKOCTI POC/IVH [10 HECIPUATIMBUX YMOB JJOBKINIA. MeTo10 po60oTy 6y/10 HOCTiANTI CUMOIOTYHY aKTUBHICTD,
eeKTUBHICTb Ta 3HAaTHICTD HOBMX LITAMiB pu3006ilt HYTY K0 6i0cuHTe3y GiTOrOPMOHANTBLHIX eK30MeTA0OITiB Ly-
TOKiHiHOBOI pupoan. Merogu. Mikpob6ionoriusi, ¢disionoriuni, uuronoriuni, 6ioxiMiuni Ta ¢isuko-ximiyni. Pe-
synbraTtu. [TokasaHo, mo HoBi mrtamu M. ciceri ND-101 Ta M. ciceri ND-64 MafoTb pisHy cM6iOTHYHY aKTMBHICTb.
EdextnBHicTb iHOKYALil HaciHHA HYTY copTy Ckapb 6akTepianbHolo cycnensiero M. ciceri ND-101 6yra Ha piBHi 3
BUpoOHMYNM mTamoM M. ciceri H-12. Baxtepusanis M. ciceri ND-64 cnpusna DifBuieHHIO KinbKOCTi Oy/Ib00YOK,
301/IbIIIEHHIO 1X Macy Ta HITPOreHa3HOI aKTMBHOCTI I[OJO MO3UTUBHOIO KOHTpoo (iHoKymAnia M. ciceri H-12), a
TaKOXX 301/IbLIIEHHIO BPOXKAITHOCTI pOCIMH HYTY Ha 22%. BcraHoBIeHO, mwo mtam M. ciceri ND-64 nposiBnse Haii-
BUIIY IUTOKIHIHOBY aKTUBHICTb y 6ioTecTi. B KynbTypanbHii piguni mramy M. ciceri ND-64 BsIB/IeHO IVTOKIHIHM
3aTaJIbHOIO KiMbKicTi0 174,94 Mr/T abcomoTHO cyxoi 6ioMacy, 1o Ha 53% IepeBUINye AaHWil TIOKA3HUK IITaMy
M. ciceri ND-101 Ta Ha 99% — mtamy M. ciceri H-12. BucnoBku. IllTam M. ciceri ND-64 3 BUCOKMMI TOKa3HUKaMMU
a30T¢iKCyBaIbHOI aKTUBHOCTI Ta CMOIOTIYHOI epeKTVBHOCTI 3TaTHMI IO CUHTEe3y MOPIBHAHO BUCOKOI KiIIbKOCTI
MO3aK/ITMHHMX LIMTOKIHiHIB. Bemuka KOHI[eHTpalis HMTOKIHIHIB CBIfYNTh PO IX BXXIUBY poib y GOpMYyBaHHi i
¢dyHKIioHyBaHHI 6y/IbO0YOK, OCKIIBKY BOHM CTYIMYTIOIOTD IIpoliecy mposidepaliil TKaHUH KOpPeHs i, B TaKMit CIo-
Ci6, TO3UTUBHO BIUIMBAIOTh Ha IIPORAYKTUBHICTD HYTY.

Kntouosi cmosa: 606060-pusobianvruti cumbios, 6ynvbouxosi bakmepii, Mesorhizobium ciceri, Hym, ayxcunu, yumo-
KiHiHU, eibepenitu.
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