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PECULIARITIES OF THE LENTIL PRODUCTIVITY
FORMATION UNDER THE USE OF NITROGEN-FIXING
AND PHOSPHATE-MOBILIZING MICROORGANISMS

Abstract. Research goal. To study the peculiarities of lentil productivity formation under the effect of
nitrogen-fixing and phosphate-mobilizing microorganisms in the Forest-Steppe of Ukraine. Methods. Field,
laboratory, and statistical. Results. The maximum number and weight of active nodules on the lentil roots were
formed in the stage of bean filling when the plant's need for nitrogen was the highest. Seed inoculation with
formulation Rizohumin contributed to a 5.3 times increase in the number of active nodules in the budding stage,
4.5 times in the flowering stage, and 3.8 times in the bean-filling stage compared to the control treatment. The best
indicators of active symbiotic potential demonstrated the treatment with seed inoculation with Rizohumin and the use
of phosphate-mobilizing formulation Polymixobacterin and Azohran B in combination with foliar dressing using
Alga 600. In the same treatments, in the flowering stage, the maximum content of leghemoglobin in the fresh
mass of nodules (5.58 and 5.50 mg/g) was obtained. In the flowering stage, plants formed the maximum leaf area
(40 300 m2ha) in the treatments with Rizohumin, Azogran B, and Alga 600. When using a combination of
Rizohumin, Polymixobacterin and Alga 600, 128.0 kg/ha of nitrogen, 43.4 kg/ha of phosphorus, and 60.8 kg/ha
of potassium was needed for yield formation. At the same time, under the joint application of Rizohumin,
Azorgan B and Alga 600, the need was 118.0 kg/ha, 40.0 kg/ha, and 56.0 kg/ha, respectively, which corresponded to
the maximum indicators of the nutrient uptake in the experiment. The use of Rizohumin + Azogran B +
+Alga 600 resulted in the lentil yield of 1.79 t/ha; whereas in the treatments with Rizohumin + Polymixobacterin +
+Alga 600, the maximum yield was obtained (1.95 t/ha).
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Introduction. Lentil belongs to crops with quite high drought and cold resistance and good
adaptability to growing in temperate climates [1]. However, existing standpoints on the inexpediency of
fertilization do not allow attaining the maximum realization of the crop biological potential [2]. Apart
from this, it should be noted that growing eco-lentil requires minimal use of mineral fertilizers and other
synthetic agrochemicals [3].

Neglecting the basic biological requirements of the crop eventually leads to unstable productivity,
significant influence of uncontrolled growing factors, etc. Thus, if one does not take into account the
factors of demand for lentil seeds, in Ukraine, in 2017, the crop occupied 8 300 hectares with the average
yield of 1.4 t/ha, in 2018, 24 500 hectares with a yield of 0.8 t/ha, and 2019, 7 300 hectares in yield of
1.07 t/ha [4].

The importance of using nutrients for the formation of the crop unit of legumes grows with the fact
that they require much more than cereals. Despite the demand for the availability of nutrients in the soil,
mineral fertilizers are not often used in legumes, because under favourable conditions of symbiosis
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(pH 6-7, sufficient supply of phosphorus, potassium, magnesium, boron, molybdenum, the availability of
specific strains of nodule bacteria, optimal soil moisture) lentil can uptake up to 160 kg/ha of nitrogen
during vegetation [5].

However, in practice, due to the influence of adverse conditions, the activity of symbiosis weakens,
and only 20-60 kg of nitrogen per hectare is fixed. Such differences between optimal conditions are often
caused by increased soil acidity, lack of moisture, nutrients or soil-specific microorganisms, etc. [6].

The nitrogen problem is inseparably linked to the availability of phosphorus to plants since plants in
the first half of the vegetation season use most of the phosphorus. Besides, phosphorus in the soil is
relatively low-mobile compared to other nutrients. For example, phosphorus compounds can be absorbed
by root hairs from a distance of 2-4 mm, while nitrogen and potassium can be absorbed from a minimum
distance of 15 mm and NO3even from a distance of40 mm [7].

Phosphorus is often present in the form of unavailable to plants compounds. To illustrate, the main
source of phosphorus to plant is anions of orthophosphoric acid (H2P04", HPO2- and PO43), but plants can
partially absorb poly- and metaphosphates and some organic phosphorus compounds. Plants best absorb
H2PO4" anions, and worse HPO24-. Anion PO43-is unavailable to plants, it is used only by certain legumes,
buckwheat and some other plants [8].

The use of the inoculants of nitrogen-fixing and phosphate-mobilizing microorganisms is addressed
to solve the problem of the lack of essential nutrients for lentil plants. However, in the technology of
inoculation itself, there are also unexplored issues. For example, when combining two inoculants
(phosphate-mobilizing and nitrogen-fixing) the positive effect of one of them can be blocked by the
negative influence ofthe other because there can be a competition between biological agents.

Therefore, the study of the peculiarities of the use of inoculants of nitrogen-fixing and phosphate-
mobilizing microorganisms and foliar feeding for lentil and revealing their role in the formation of lentil
productivity is essential.

The research goal was to study the peculiarities of lentil productivity formation under the effect of
applied nitrogen-fixing and phosphate-mobilizing microorganisms in the Forest-Steppe of Ukraine.

Methods and materials. The study was carried out in the zone of sufficient soil moisture with the
average annual rainfall from 600 to 620 mm and an average annual temperature of 7.8°C (Uladivske-
Liulyntsi Research Breeding Station). The soil for the experiment was chernozem with the following
agrochemical characteristics: pHSt of 6.0, humus content of 3.72 %, nitrogen content of 120 mg/kg,
mobile phosphorus content of 194 mg/kg, and potassium content of 104 mg/kg.

The weather conditions in the years ofthe experiment were generally favourable for plant growth and
development. Thus, the greatest precipitation amount during lentil vegetation was observed in 2018 with
360.6 mm, and in 2019 with 316 mm, while the least was in 2017 with 283.1 mm.

The layout of the experiment is given in Table 1. For the experiment domestic lentil variety
'‘Antonina’ was used. The experiment was carried out in a randomized plot design with four replications in
plots of an area 0f 25 m2.

Lentil seeds were treated with inoculants before sowing, then with growth stimulants in the budding
stage at the doses recommended by the manufacturer. To avoid the negative interference of
microorganisms, they were introduced separately: phosphate-mobilizing bacteria in the row zone to the
depth of lentil seed burying, while the nitrogen-fixing bacteria were used to inoculate seeds.

Biophosphorin (Azogran B) contains live cells and spores of Bacillus megaterium strain LZ 20 with a
titer of 1x109 CFU/ml and metabolism products. This bacterial strain can convert hard-to-reach
phosphorus and potassium compounds into easily digestible by plant forms.

Polymixobacterin contains a bacterium strain Paenibacillus polymyxa KV that can produce organic
acids and enzyme phosphatase, which provides dissolution of difficult to dissolve mineral and organic soil
phosphates.

Rizohumin contains a suspension ofRhizobium leguminosarum (first component) nodule bacteria and
a solution of physiologically active substances ofbiological origin (auxins, cytokinins, amino acids, humic
acids), microelements in chelated form, and macroelements in the start concentrations.

The ALGA 600 biostimulant contains the following seaweed extracts: Sargassum, a source of alginic
acid and cytokinins; Laminaria, a source of laminarin polysaccharide; Ascophyllum Nodosum, a source of
alginic acid, mannitol and phytohormones.
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The number and weight of nodules on the root system of plants were determined according to Volkohon
[10]. The content of leghemoglobin in the nodules was evaluated by the method of Posypanov [11].

Results and discussion. Seed inoculation affected the number and weight of active nodules on the
root system of lentil plants (table 1).

Table 1- The number of active nodules on the lentil roots and their wet weight (per plant)
as affected by the components of the agricultural technology, the average for 2017/19

Phenological stage

Seed Introduction Foliar Budding Flowering Bean filling
inoculation in the row dressing the number wet weight the number wet weight the number wet weight
ofactive  ofactive  ofactive ofactive  ofactive  ofactive
nodules nodules nodules nodules nodules nodules

Control (without ~No foliar dressing 40 6.8 71 272 8.8 36.9
application) Alga 600 40 6.7 72 271 9.2 36.8
Without Polymixobacterin No foliar dressing 4.2 6.6 79 292 10.0 39.8
inoculation Alga 600 38 6.8 7.3 26.3 93 36.0
Biophosphorin ~ No foliar dressing 39 6.7 6.9 26.3 91 36.0
(Azogran B) Alga 600 40 6.7 73 275 9.7 374
Control (without ~No foliar dressing 214 35 30.8 218.9 34.0 267.3
application) Alga 600 20.4 B1 334 230.2 35.8 27838
. . . . No foliar dressing 20.9 34.6 324 238.6 35.8 289.2
Rizohumin Polymixobacterin
Alga 600 20.7 34.2 34.9 246.6 36.5 293.9
Biophosphorin ~ No foliar dressing 217 344 316 2353 3B1 283.1
(Azogran B) Alga 600 20.7 338 344 238.4 36.2 288.3
LSDO® 11 16 18 2.3 25 44

Control treatments without seed inoculation with Rizohumin had rather modest indicators of colony
formation by nitrogen-fixing nodule bacteria. Thus, in the budding stage, on average, the number of
nodules per plant was 4.0, with the average wet mass of 6.7 g/plant. At the same time, in the treatments
with inoculation with Rizohumin, in this stage, the number of nodules was 5.3 times higher, and their wet
weight was 5.1 times higher than in the control treatments. Similar trends in the formation of the nodule
bacteria colonies remained through the vegetation period, with the treatments with seed inoculation being
significantly different from the control ones.

In the flowering stage, the number of active nodules per plant in the Rizohumin inoculated treatments
of the experiment was 30.8-34.9, with their wet weight ranging from 218.9 to 246.6 g/plant. The
maximum indices of the number and weight of active nodules on the roots of lentil were in the stage of
bean filling when the plant's need for nitrogen was the highest.

Concerning the influence of other experimental factors on the state of the symbiotic apparatus of
lentil, in the treatments with Polymixobacterin and Azogran B, the number and wet weight of active
nodules in the budding stage were higher than in the control treatment, but their deviations were within the
experimental error. This can be explained by the sufficient availability of phosphorus in the soil at the
beginning ofthe growing season. However, in the flowering, the number of nodules per plant for the use
of phosphate-mobilizing formulations was higher by 1.6 and 0.8 g/plant and their wet weight was higher
by 19.6 and 16.4 g/plant, respectively than in respective control treatments. Similarly, we observed an
increase in the number of active nodules and their wet weight in the flowering and bean-filling stage with
foliar dressing using Algae 600. Therefore, the provision of optimal conditions for the growth and
development of lentil plants affects the formation of nodule bacteria colonies on their roots.

However, the calculation of these indicators is not enough to understand the processes of symbiotic
nitrogen fixation as a whole, and therefore the efficiency of nodule bacteria colonies is determined in
terms ofthe total and active symbiotic potential (table 2).
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Table 2 - The total and active symbiotic potential of lentil (1 000 kg-day/ha)
as affected by the components of the agricultural technology, the average for 2017/19

Interstage period

_Seed Introductioninthe oo racing Budding - flowering Flowering - bean filling
inoculation row total symbiotic  active symbiotic  total symbiotic  active symbiotic
potential potential potential potential
Control (without ~ No foliar dressing 332 20.0 89.5 51.8
application) Alga 600 334 19.9 98.8 56.4
i No foliar dressin A3 216 92.8 57.1
\.N'thOUt. Polymixobacterin g
inoculation Alga 600 34.2 19.7 101.0 55.7
Biophosphorin ~ No foliar dressing 34.7 20.1 94.7 521
(Azogran B) Alga 600 344 205 101.9 58.2
Control (without ~ No foliar dressing 214.8 191.2 493.6 442.0
application) Alga 600 2213 200.8 551.1 504.5
. . . . No foliar dressing 227.2 206.9 521.8 479.7
Rizohumin  Polymixobacterin
Alga 600 241.3 2211 597.9 553.3
Biophosphorin ~ No foliar dressing 224.0 203.7 511.9 469.6
(Azogran B) Alga 600 228.3 208.3 567.9 523.8

In the treatments without inoculation with Rizohumin, in the interstage period of budding-flowering,
the total symbiotic potential was 34 000 kg-day/ha, and active symbiotic potential 20 300 thousand kg/ha,
which was only 59.6 % ofthe total. However, with the use of Rizohumin, the total symbiotic potential was
226 1000 kg-day/ha, and the active one was 205 300 kg-day/ha, which made up 90.8 % of the total
potential. Similar patterns continued in the interstage period of flowering - bean filling. Therefore, the use
of seed inoculation with Rizohumin contributed to an increase in the active symbiotic potential to
90.8-91.6 % ofthe total symbiotic potential.

The best indicators of active symbiotic potential were obtained in the treatments with seed
inoculation with Rizohumin, and the use of phosphate-mobilizing formulations Polymixobacterin and
Azogran B in combination with foliar dressing with Algae 600.

Leghemoglobin is an indicator of the physiological activity of nodule bacteria; therefore, its study
allows more accurate description ofthe state of lentil symbiotic apparatus (table 3).

Table 3- Leghemoglobin content in lentil nodules (mg/g of wet weight)
as affected by the components of the agricultural technology, the average for 2017/19

Phenological stage

Seed inoculation  Introduction in the row Foliar dressing

Budding Flowering Bean filling

Control (without No foliar dressing 0.20 212 185

application) Alga 600 0.20 2.15 1.93

Without i . No foliar dressing 021 2.38 211

inoculation Polymixobacterin Alga 600 0.19 2.18 1.9

Biophosphorin No foliar dressing 0.20 2.07 191

(Azogran B) Alga 600 0.20 2.19 2.04

Control (without No foliar dressing 2.25 4.93 4.76

application) Alga 600 2.23 5.34 5.01

. . . . No foliar dressing 2.20 5.18 5.01
Rizohumin Polymixobacterin

Alga 600 2.23 5.58 5.10

Biophosphorin No foliar dressing 2.27 5.05 4.92

(Azogran B) Alga 600 2.30 5.50 5.06

LSDQ® 0.05 0.17 011
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In the budding stage, plant nitrogen demand was minimal compared to the other growth and
developmental stages under study, and therefore, in control treatments, the content of leghemoglobin in
lentil nodules was 0.20 mg/g of wet mass and in treatment with Rizohumin 2.25 mg/g of wet mass.

In the flowering stage, the highest content of leghemoglobin in lentil nodules was in the treatments
with Rizohumin, phosphate-mobilizing formulation Polymixobacterin and Azogran B in combination with
Alga 600, 5.58 and 5.50 mg/g ofwet mass.

However, in the stage of beans filling, there was a decrease in the content of leghemoglobin in the
lentil nodules, compared with the previous stage. The nodules gradually lost their pink colour, shape, their
structure changed, probably due to the destruction of the leghemoglobin nucleus with its conversion to
green pigment choleglobin.

Peculiarities of leaf area formation under the effect of components of the agricultural technology
through the major phonological stages are shown in table 4.

Table 4 - The leaf area of lentil (m2ha) as affected by the components
of the agricultural technology, the average for 2017/19

inofjle;'j[ion I?:]r?ﬁeutr:(t)lvc\)ln Foliar dressing Emergence forsr’;grt?on Budding Flowering  Bean filling
Control (without No foliar dressing 24 10.0 19.6 320 20.2
application) Alga 600 2.4 100 19.6 344 21.9
Without Polymixobacterin No foliar dressing 24 111 20.9 352 229
inoculation Alga 600 2.4 11 20.8 36.4 23.4
Biophosphorin No foliar dressing 24 115 215 b1 231
(Azogran B) Alga 600 2.4 115 213 36.4 23.4
Control (without No foliar dressing 25 124 221 378 222
application) Alga 600 25 124 2.1 389 245
. . . . No foliar dressing 25 13.7 231 30.1 24.7

Rizohumin  Polymixobacterin

Alga 600 25 137 232 39.9 25.4
Biophosphorin No foliar dressing 25 139 234 39.3 24.6
(Azogran B) Alga 600 25 139 235 40.3 25.0
LSDQO® 0.2 0.3 04 0.5 0.2

At the time of complete emergence lentil plants formed a rather insignificant leaf area, from 2 400 to
2 500 m2ha. However, in the inoculation treatments with Rizohumin, the leaf area was higher by
100 m2ha, although the deviations did not exceed experimental error.

During the stage of stem formation, leaf area of 11 100 m2ha was formed with Polymixobacterin,
and 11 500 m2ha with Azogran B. However, seed inoculation with Rizohumin ensured the highest leaf
area index, 13 300 m2ha and for use in the complex of Polymyxobacterin or Azogran B, respectively,
13 700 and 13 900 m2ha.

In the flowering stage, plants formed the maximum leafarea, which on the average in the experiment
was 37 100 m2ha; however, in the control treatment, it was only 32 000 m2ha. Moreover, in the treatment
with Rizohumin, Azogran B and Alga 600, lentil plants formed a leafarea of 40 300 m2ha.

In the bean filling stage, the leaf area decreased significantly with an average of 23 400 m2ha. The
better indices, similar to the previous stages, demonstrated the treatments with inoculation and phosphate-
mobilizing microorganisms, while the use of Algae 600 in this stage of growth and development did not
have a significant effect on the leaf area formation.

Considering the importance of finding the features of nutrients uptake, it is necessary to determine
how much nutrients are removed with the harvest. Since the vegetative part of the plants remains in the
field and is not processed, we did not take into account the residues of the nutrients in the lentil straw and
root residues (table 5).
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Table 5- Removal ofthe major nutrients with harvest (kg/ha) as affected by the components
of the agricultural technology, the average for 2017/19

Seed inoculation Introduction in the row Foliar dressing N P205 K20
. . No foliar dressing 84.4 28.6 40.0
Control (without application)
Alga 600 21 312 43.7
Without . i No foliar dressing 100.3 339 47.6
: . Polymixobacterin
inoculation v Alga 600 1133 384 53.8
. . No foliar dressing 1033 35.0 49.0
Biophosphorin (Azogran B)
Alga 600 110.3 374 52.3
. Lo No foliar dressing 9.1 33.6 47.1
Control (without application)
Alga 600 103.2 35.0 49.0
. . . . No foliar dressing 112.7 38.2 535
Rizohumin Polymixobacterin
Alga 600 128.0 434 60.8
. . No foliar dressing 109.7 37.2 521
Biophosphorin (Azogran B)
Alga 600 118.0 40.0 56.0
LSDO® 2.3 0.7 12

In the control treatments, lentil used 84.4 kg/ha of nitrogen, 28.6kg/ha of phosphorus and 40.0 kg/ha
of potassium to form the harvest. However, the formation of much higher productivity due to the use of
additional agricultural practices also led to an increase in nutrient removal. Therefore, removal of the
nutrients in the experiment was the maximum in the treatments with seed inoculation combined with the
introduction of phosphate-mobilizing formulation and foliar dressing using Alga 600. Under the
combination of Rizohumin, Polymixobacterin and Alga 600, pants needed 128.0 kg/ha of nitrogen,
43.4 kg/ha of phosphorus and 60.8 kg/ha of potassium to form the harvest, however, under the
combination of Rizohumin, Azorgan B and Alga 600 they needed 118.0 kg/ha of nitrogen, 40.0 kg/ha of
phosphorus and 56.0 kg/ha of potassium. Shown in table 6 are the data on lentil yield as affected by seed
inoculation, nitrogen-fixing and phosphate-mobilizing microorganisms and foliar dressing.

Table 6 - Lentil yield (t/ha) as affected by seed inoculation and foliar dressing with plant growth stimulant

Seed inoculation Introduction in the row Folia.r dressing Yield (t/ha)

Control (without application) No fg\lllg ; cégegsmg 1;2

Without inoculation Polymixobacterin No fﬂig; (égegsmg ﬁg
Biophosphorin (Azogran B) No lefg; gge;sing 12:

Control (without application) No f'zllig ; (é[)egsing 1:2

Rizohumin Polymixobacterin No fgliga; cégegsing 182
Biophosphorin (Azogran B) No fz\llig; (égegsing 1%

LSDOG 0.14

The use of Alga 600 in the budding stage ensured intensive branching of lentil plants, development of
more flowers, improved pollination of plants, and uniformity of bean formation. As a consequence, the
lentil yield was higher in all treatments ofthe experiment.

Thus, with the use of nitrogen-fixing (Rizogumin) and phosphate-mobilizing microorganisms
(Polymixobacterin and Biophosphorin), lentil yield increased significantly. Combination of Rizohumin +
+Azogran B + plant growth stimulator Alga 600 ensured seed yield of 1.79 t/ha, while combined
application of Rizohumin + Polymixobacterin + growth promoter Alga 600 resulted in lentil yield of
1.95 t/ha.
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Conclusions. Seed inoculation with Rizohumin contributed to 5.3 times larger the number of active
nodules in the budding stage, 4.5 times the flowering stage and 3.8 times in the bean-filling stage
compared to control and increased active symbiotic potential to 90.8-91.6 % of total symbiotic potential.
However, the best indicators of active symbiotic potential were in the treatments with seed inoculation
with Rizogumin, and the use of phosphate-mobilizing formulation Polymixobacterin and Azogran B in
combination with foliar dressing using Alga 600.

In the flowering stage, the maximum content of leghemoglobin in lentil nodules was in the treatments
with Rizohumin, phosphate-mobilizing formulation Polymixobacterin and Azogran B in combination with
Alga 600, 5.58 and 5.50 mg/g of wet mass.

Again in the flowering stage, plants formed the maximum leaf area, which on the average in the
experiment was 37 100 m2ha; in the control treatment, it was only 32 000 m2ha. Moreover, in the
treatment with Rizohumin, Azogran B and Alga 600, lentil plants formed a leafarea 0f 40 300 m2ha.

Under the combination of Rizohumin, Polymixobacterin and Alga 600, pants needed 128.0 kg/ha of
nitrogen, 43.4 kg/ha of phosphorus and 60.8 kg/ha of potassium to form the harvest; however, under the
combination of Rizohumin, Azorgan B and Alga 600 they needed 118.0 kg/ha of nitrogen, 40.0 kg/ha of
phosphorus and 56.0 kg/ha of potassium.

Combination of Rizohumin + Azogran B + plant growth stimulant Alga 600 ensured seed yield of
1.79 t/ha, while combined application of Rizohumin + Polymixobacterin + Alga 600 resulted in lentil
yield of 1.95 t/ha.

O. U. MpucaxHiokl C. B. Cno6oasHiokl, O. B. Tonunin2, I'. . CyxoBa3,
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3KCMepMMEHTNK cTaHuusAcel, Ofecca, YKpanHa,;
6b103pTY pAinik XaHe TaburatTbl NakganaHy ynTTbiK yHUBepcuteTy Knes, YkKpanHa

A30T TY3YLW I XX3HE ®OCHPAT MOBUTUIALNANANTBIH MUKPOOPTAHN3MAEPAL
LONOAHY APLUbBIJTbI XXACBIMbL, AALBLINBIH LANMBINTACTbIPY EPEKLUEALKTEP1
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WMHCTUTYT BMO3HEPreTUUECKMX KYNbTYP U caxapHoi ceeknbl HAAH YkpaunHbl, Knes, YKpanHa;
2Y KPaMHCKMI MHCTUTYT 3KCMEPTU3bl COPTOB pacTeHuid, Knes, YkpanHa;
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OCOBEHHOCTN ®OPMUPOBAHWA YPOXAWHOCTU YEYEBULbI NOA4 BANAHNEM
ASOTONKCUNPYROLWLNX N POCOPATMOBUTTNINPY RO LLLNX MNKPOOPITAHN3MOB

AKTyanbHOCTb TeMbl uccnefoBaHus. lMoayyeHne CTabUALHOTO M 3KOMOTMYECKM YUCTOFO ypoXKas CeMsH
yeyeBuLbl TpebyeT MWHUMaILHOTO MNPUMEHEHUS MUHepanbHbIX YAOOPEHUA U APYrUX  CUHTETUYECKUX
arpoxXMMunKaToB. M03TOMy M3yuyeHMe OCOOGEHHOCTEN MPUMEHEHUS a30THUKCUPYHOLWMX U (HOchaTMOBUNN3UPYHOLLMX
MWKPOOPraHM3MOB W BHEKOPHEBOW MOLKOPMKU pacTeHWid 1 onpefeneHns BKNafa 3TUX 3/1EMEHTOB TEXHONOMW B
(hOpMMPOBaHUSA NPOAYKTUBHOCTU KybTypbl OCTAETCA aKTyalbHbIM BOMPOCOM.

Llenb - u3yuntb 0COBEHHOCTM (HOPMMPOBAHUS MPOAYKTUBHOCTM uYeyeBWLbl MNOA BAUSHUEM MPUMEHEHMS
a30TMKCUPYHOLLMX 1 hochaTMOBUAN3NPYIOLLMX MUKPOOPTraHN3MOB B YCI0BUAX J1ecOCTeNN Y KpauHbl.

MeTogbl. IMoneBoit, NnabopaTOpHbIN, CTAaTUCTUYECKNIA.
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Pe3synbTaThbl. [loKa3aHO, YTO CO3fjaHMe ONTMMabHbIX YCNOBUWA 418 POCTa U Pa3BUTUA PacTEHWIA YeueBuMLbI
CKa3blBAeTCA M Ha (POPMUPOBAHMMN KOMOHWUI KNyBeHbKOBbIX 6aKTepuil Ha KOPHEBOW cucTeMe. Tak, MakCcMManbHoe
KOMIMYEeCTBO M Macca akKTMBHbIX K1y6eHbKOB Ha KOPHEBOW cucTeme YeueBMLbl hopMupoBanach B (basy Hannea 60608
- KOrja v noTpebHOCTb B a30Te Y PacTeHUI Gblia MakcMMasibHa. VHOKynsuusa cemstH Pu3oryMmmHom cnocobcteoBana
YBEMYEHNIO KONMYECTBA aKTUBHbIX KNy6eHbKOB B (hasy 6yToHM3auum B 5,3 pas, B a3y upeTeHus - B 4,5 pa3 a B
thasy HanmBa 6060B - B 3,8 pasa NO CpaBHEHMIO C KOHTponem. Kpome TOro, npu MpPUMEHEHUM
thochaTMOOUAM3MPYIOLUX NPEenapaToB ¥ BHEKOPHEBOW MOAKOPMKM Asbra 600 6bln1 OTMEYEH pOCT KOMMYecTBa
aKTUBHbIX KNy6EeHbKOB M MX Macchl B a3y LBETEHMSA U HanmBa 6060B.

[aHHble onpeaeneHns cUMOMOTMYECKOTrO0 MOTEHUMana CBMAETENLCTBYOT O TOM, UYTO Ha BapuaHTax 6e3
WHOKYNAUUM PU3orymmrHoM B MexasHbliA nepuoj 6yTOHM3aLMW-LBETEHUS 06LMIA CUMOMOTMYECKas MOTeHLuan
6bin 34,0 ThiC. Kr CyTOK/ra, a aKTWBHbIA CUMOUOTUYECKMIA NoTeHuman - 20,3 ThbiC. Kr CyTOK/ra, 4To COCTaBAAN0
Tonbko 59,6 % OT o6ulero. A BOT AydliMe MOKa3aTeNu aKTUMBHOIO CUMOMOTMYECKOro noTeHUuana 6biayM Ha
BapMaHTax WHOKYNAUMM  CeMSIH  Pu3orymurHom, U npuMeHeHuss  ocaTMOBUIM3UPYIOWLMX NpenapaToB
MonumnkcobakTepuH 1 AsorpaH b B coueTaHUM C BHeKOpHeBOl mnofgkopmkoi Anbra 600. Kpome Toro, B hasy
LIBETEHNS, MaKCMMa/lbHOE COZepXXaHne NerreMornobmnHa B Kny6eHbkax yeueBnubl - 5,58 1 5, 50 Mr/r cbipoit Macchbl
KNy6€eHbKOB 6bIsI0 HA @aHANOTUYHBIX BapnaHTax OMnbITa.

B (hasy LBeTeHMS MaKCMManbHble MOKasaTenu MMoWaaM NUMCTbeB pacTeHMsi YeyeBuLbl CHOPMUPOBANM Ha
BapvaHTe MHOKYNALUM PU30rYMUHOM, BHECEHMM A3orpaHa b 1 06paboTkn Anbra 600 - 40,3 Tbic. m2Ta.

OnpegeneHo, 4To Mpu MpuMeHeHun PusorymuHa, MonumukcobakTepnHa u Anbra 600 Ha (opmmupoBaHue
ypoxas Hy>Ho 6bino 128,0 kr/ra asota, 43,4 kr/ra octopa n 60,8 kr/ra kanus, a BOT 3a BHeCEHUS Pu3orymuHa,
A3sopraHa b n Anbra 600 cooTBeTcTBeHHO 118,0 kr/ra asota, 40,0 kr/ra cocdopa n 56,0 kr/ra kanus, 4To
COOTBETCTBOBA/I0 MaKCMMa/lbHbIM MOKa3aTeNsiM YCBOEHMWS 3/IEMEHTOB NMUTAHWS MO OMbITY.

MpumMeHeHne PusorymmnHa + AsorpaHa b + ctumynsatop pocta Anbra 600 cnoco6cTBOBaso (POPMUPOBAHUIO
YPOXaNHOCTU CEMSIH YeueBML bl HA YpoBHe 1,79 T/ra, a B BapuaHTe BHeCceHWUs Pu3orymuH + MonuMmkcobakTepuH +
cTumynaTop pocta Anbra 600 Mosy4YeHO MakcMMasbHble 3HaveHus - 1,95 T/ra.

KnioueBble CnoBa: YeyeBMLU@; WHOKYNSLWA  CEMSIH;  KIybeHbKOBble  6GakTepuu;  NerremMorno6uH;
CUMOBMOTUYECKas NOTEHLMa.

Information about authors:

Prysiazhniuk O.1., Doctor of Philosophy, Senior Researcher, Head of the Laboratory of mathematical modelling
and Information technology, Institute of Bioenergy Crops and Sugar Beet NAAS, Kyiv, Ukraine;
https://orcid.org/0000-0002-4639-424X

Slobodianiuk S.V., post-graduate student, Institute of Bioenergy Crops and Sugar Beet NAAS, Kyiv, Ukraine;
https://orcid.org/0000-0001-9939-596 X

Topchii O.V., Doctor of Philosophy, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine;
http://orcid.org/0000-0003-2797-2566

Sukhova H.1., Doctor of Philosophy, Associate Professor of the Department of Plant Growing of the Kharkiv
national agrarian university named after V.V. Dokuchaev, "Dokuchaevske - 2", Kharkiv, Ukraine;
https://orcid.org/0000-0002-6139-4627

Karpuk L.M., Professor, Doctor of Agricultural Sciences, Professor of the Department of Land Farming,
Agricultural Chemistry and Soil Science of the Bila Tserkva National Agrarian University, Bila Tserkva, Ukraine;
https://orcid.org/0000-0002-5860-5286

Kryvenko A.1l, Doctor of Agricultural Sciences, associate Professor, Deputy Director for scientific work
Odessa state agricultural experimental station of NAAS of Ukraine, Odessa, Ukraine; https://orcid.org/0000-0002-
2133-3010

Svystunova L.V., Doctor of Philosophy, National University of Life and Environmental Sciences, Kyiv,
Ukraine; https://orcid.org/0000-0001-8922-1261

Pavlichenko A.A., Doctor of Philosophy, Department of Land Farming, Agricultural Chemistry and Soil
Science of the Bila Tserkva National Agrarian University, Bila Tserkva, Ukraine; https://orcid.org/0000-0002-4795-
5643

88


https://orcid.org/0000-0002-4639-424X
https://orcid.org/0000-0001-9939-596X
http://orcid.org/0000-0003-2797-2566
https://orcid.org/0000-0002-6139-4627
https://orcid.org/0000-0002-5860-5286
https://orcid.org/0000-0002-
https://orcid.org/0000-0001-8922-1261
https://orcid.org/0000-0002-4795-

ISSN 1991-3494 4. 2020

REFERENCES

[1] Andrews M., McKenzie B.A., Joyce A., Andrews M.E. (2001) The potential of lentil (Lens culinaris) as a grain legume
crop in the UK: an assessment based on a crop growth model // Annals of Applied Biology 139: 293-300.
https://doi.org/10.1111/j.1744-7348.2001.tb00142.x

[2] Prysiazhniuk O.l., Karpuk L.M., Topchii O.V. (2017) Efficiency of agricultural techniques of lentil production //
Advanced Agritechnologies, 5. URL: https://doi.org/10.21498/na.5.2017.122230 (in Ukr.).

[3] Cherenkov A.V., Klysha A.l., Hyrka A.D. (2013) Modern technology of growing lentils. Dnipropetrovsk (in Ukr.).

[4] State Statistics Service of Ukraine. (2020) Areas, gross fees and crop yields by species and by region
http://mww.ukrstat.gov.ua/operativ/menu/menu_u/cg.htm

[6] Fereshte Darabi, Ali Hatami, Mohammad Javad Zare (2014) Plant growth-promoting rhizobacteria improved growth,
yield and yield components of Lentil (Lens culinaris Medic) under shading growing conditions // International Journal of
Biosciences. 4 (12): 346-352. http://dx.doi.org/10.12692/ijb/4.12.346-352

[6] Zahir ZA, Arshad M, Frankenberger WT. (2004). Plant growth promoting rhizobacteria application and perspectives in
agriculture // Advances in Agronomy. 81 97-168. http://dx.doi.org/10.1016/S0065-2113(03)81003-9

[7] Alloush G.A., Zeto S.K.,, Clark R.B. (2000) Phosphorus source, organic matter, and arbuscular mycorrhiza effects on
growth and mineral acquisition of chickpea grown in acidic soil // Journal of Plant Nutrition volume 23 (9): 1351-1369.
https://doi.org/10.1080/01904160009382105

[8] Gurigbal Singh, Narinder Singh, Veena Khanna. (2016) Growth of lentil (Lens culinaris Medikus) as influenced by
phosphorus, Rhizobium and plant growth promoting rhizobacteria // Indian Journal Of Agricultural Research. (50): 567-572.
https://doi.org/10.18805/ijare.v0iof.4573

[9] Vozniuk S.\V., Tytova L.V., Ratushynska O.V., lutynska H.O. (2016) Formation and functioning of symbiotic
systems and microbiocenosis of soybean rhizosphere using different fungicides. Mikrobiol. 78 (4): 59-70.
http://microbiolj.org.ua/ua/archiv/2016-tom-78/4-jul-aug-tom-78

[10] Volkohon V.V. (2010) Experimental soil microbiology: a monograph. Kyiv: Ahrar. nauk (in Ukr.).

[11] Posypanov G.S. (1991) Methods of studying the biological fixation of air nitrogen: a reference guide. M,
Agropromizdat (in Russ.).

89


https://doi.org/10.1111/j.1744-7348.2001.tb00142.x
https://doi.org/10.21498/na.5.2017.122230
http://www.ukrstat.gov.ua/operativ/menu/menu_u/cg.htm
http://dx.doi.org/10.12692/ijb/4.12.346-352
http://dx.doi.org/10.1016/S0065-2113(03)81003-9
https://doi.org/10.1080/01904160009382105
https://doi.org/10.18805/ijare.v0iof.4573
http://microbiolj.org.ua/ua/archiv/2016-tom-78/4-jul-aug-tom-78

