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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 m¥ha) 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).

Key words: lentils; seed inoculation; tuber bacteria; leghemoglobin; symbiotic potential.

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 NOj; even from a distance of 40 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 (H,PO, , HPO," and PO,"), but plants can
partially absorb poly- and metaphosphates and some organic phosphorus compounds. Plants best absorb
H,POy, anions, and worse HPO,*. Anion PO, 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 of the 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: pHgye 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 of the 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 of 25 m’.

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 of Rhizobium leguminosarum (first component) nodule bacteria and
a solution of physiologically active substances of biological 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.

— g2 ——
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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
of active | ofactive | ofactive | ofactive | ofactive | ofactive
nodules nodules nodules nodules nodules nodules
Control (without | No foliar dressing 4.0 6.8 7.1 27.2 8.8 36.9
application) Alga 600 4.0 6.7 7.2 27.1 9.2 36.8
Without ) .| No foliar dressing 42 6.6 7.9 29.2 10.0 39.8
. . | Polymixobacterin
inoculation Alga 600 3.8 6.8 7.3 26.3 9.3 36.0
Biophosphorin | No foliar dressing 3.9 6.7 6.9 26.3 9.1 36.0
(Azogran B) Alga 600 4.0 6.7 73 27.5 9.7 37.4
Control (without | No foliar dressing 214 3.5 30.8 218.9 34.0 267.3
application) Alga 600 20.4 33.1 33.4 230.2 35.8 278.8
) . ) | 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 21.7 34.4 31.6 2353 35.1 283.1
(Azogran B) Alga 600 20.7 33.8 34.4 238.4 36.2 288.3
LSDy s 1.1 1.6 1.8 23 2.5 4.4

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 of the 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 of the total and active symbiotic potential (table 2).




Bulletin the National academy of sciences of the Republic of Kazakhstan

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 Introduction in the Foliar dressing Budding — flowering Flowering — bean filling
inoculation row T - — yon : E
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 33.4 19.9 98.8 56.4
Without . .| No foliar dressing 343 21.6 92.8 57.1
. . Polymixobacterin
inoculation Alga 600 342 19.7 101.0 55.7
Biophosphorin | No foliar dressing 34.7 20.1 94.7 52.1
(Azogran B) Alga 600 34.4 20.5 101.9 58.2
Control (without | No foliar dressing 214.8 191.2 493.6 442.0
application) Alga 600 221.3 200.8 551.1 504.5
. . . .| No foliar dressing 227.2 206.9 521.8 479.7
Rizohumin | Polymixobacterin
Alga 600 241.3 221.1 597.9 553.3
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 % of the 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 % of the 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 of the 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

. . o . . Phenological stage
Seed inoculation| Introduction in the row Foliar dressing - - -
Budding Flowering Bean filling

Control (without No foliar dressing 0.20 2.12 1.85

application) Alga 600 0.20 2.15 1.93

Without . . No foliar dressing 0.21 2.38 2.11
. . Polymixobacterin

inoculation Alga 600 0.19 2.18 1.96

Biophosphorin No foliar dressing 0.20 2.07 1.91

(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

LSDy 05 0.05 0.17 0.11
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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 of wet 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 (m?/ha) as affected by the components
of the agricultural technology, the average for 2017/19

Seed Introduction . . Stem . . .
inoculation in the row Foliar dressing Emergence formation Budding | Flowering | Bean filling

Control (without No foliar dressing 24 10.0 19.6 32.0 20.2

application) Alga 600 2.4 10.0 19.6 34.4 21.9

Without . . No foliar dressing 2.4 11.1 20.9 35.2 229
. . Polymixobacterin

inoculation Alga 600 24 11.1 20.8 36.4 23.4

Biophosphorin No foliar dressing 24 11.5 21.5 35.1 23.1

(Azogran B) Alga 600 2.4 11.5 21.3 36.4 23.4

Control (without No foliar dressing 2.5 12.4 22.1 37.8 222

application) Alga 600 2.5 12.4 22.1 38.9 24.5

) . . . No foliar dressing 2.5 13.7 23.1 39.1 24.7
Rizohumin | Polymixobacterin

Alga 600 25 13.7 232 39.9 25.4

Biophosphorin No foliar dressing 2.5 13.9 234 39.3 24.6

(Azogran B) Alga 600 2.5 13.9 23.5 40.3 25.0

LSDq s 0.2 0.3 0.4 0.5 0.2

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

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

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

In the bean filling stage, the leaf area decreased significantly with an average of 23 400 m*/ha. 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 of the 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 P,Os4 K,0
. L No foliar dressing 84.4 28.6 40.0
Control (without application)
Alga 600 92.1 31.2 43.7
Without . . No foliar dressing 100.3 33.9 47.6
. . Polymixobacterin
inoculation Alga 600 113.3 384 53.8
) . No foliar dressing 103.3 35.0 49.0
Biophosphorin (Azogran B)
Alga 600 110.3 37.4 523
) o No foliar dressing 99.1 33.6 47.1
Control (without application)
Alga 600 103.2 35.0 49.0
. . . . No foliar dressing 112.7 38.2 53.5
Rizohumin Polymixobacterin
Alga 600 128.0 434 60.8
) ) No foliar dressing 109.7 37.2 52.1
Biophosphorin (Azogran B)
Alga 600 118.0 40.0 56.0
LSDg s 2.3 0.7 1.2

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 Foliar dressing Yield (t/ha)

Control (without application) No leli;; ii)eg sing 15;

Without inoculation Polymixobacterin fo leli;rl (;i)e(? e i ‘;?)
Biophosphorin (Azogran B) Ro leli; 2?:5 sing }zi

Control (without application) No fOAlli;; (;E)e(? sing i :g

Rizohumin Polymixobacterin No leli;; ?:5 sing 182
Biophosphorin (Azogran B) No leli;; (;i)eg Sing i?g

LSDg s 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 of the 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 m*/ha; in the control treatment, it was only 32 000 m*/ha. Moreover, in the
treatment with Rizohumin, Azogran B and Alga 600, lentil plants formed a leaf area of 40 300 m*/ha.

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.

0. . Hpncsmcmolcl, C.B. Cnoﬁozmmolcl, 0. B. TOH‘ll/Iﬁz, I. n. nyona3,
J. M. Kapnyk®, A. K. Kpusenko®, U.B. Ceucrynosa’, A. A. [lasaunuenxo’

'Vkpanna YAFA BrosHeprus 1aKbUIAaphl )oHE KAHT KbI3bLIIIACH nHCTUTYTHL, Kues, YkpanHa;
2Yern/IHa OCIMJIIK CYPBINTApbIH capanTay WHCTUTYThI, KieB, YkpanHa;
’B.B. Jloxy4aeB aThIHAAFbl XapbKOB YITTBIK arpapiblK YHUBEPCUTETI, XapbKOB, YKpanHa;
*BeJoIepKOB aThIHIAFbl YITTHIK arpapiblK yHUBepcuTeTi, Kies, YkpanHa;
*Yxpanna YIITTHIK FHUIBIM aKaieMUsCHIHbIE O1ecca MeMIIEKETTIK aybLIIIapyAaIIbLIBIK
9KCIEPUMEHTTIK cTaHiusicel, Onecca, YKpanHa;
BHOSpPTYpIiNIK %OHe TAGHFATTHI MaliIaNaHy YITTHIK yHHBepcHTeTi, Kues, Ykpanna

A30T TY3YHII )KOHE ®OCPAT MOBUJIN3AIUSAJIANTBIH MUKPOOPTAHU3M/IEP/II
KOJJAHY APKBIJIBI 2KACBIMBIK JTAKBIJIBIH KAJIBIIITACTBIPY EPEKIIEJIIKTEPI

0. 1. le/lCﬂ)KHlOKl, C. B. Caro6oasiniok’, O. B. Tomuwmii’, T. H. nyona3,
JI. M. Kapnyx®, A. UI. Kpugenxo®, H. B. CBucrynosa’, A. A. Iaginyenko’

'MucTuTyT GHOSHEPreTHUECKUX KyIbTyp U caxapHoii ceexist HAAH Ykpaunsi, Kues, Yipauna;
*YKpanHCKHil HHCTHTYT SKCIIEPTH3bI COPTOB pacTeHuii, Kues, YkpauHa;
3 XapbKOBCKHIi HAIMOHANBHBIN arpapHbIi yHIBepcuTeT uM. B.B. Jlokyuaea, XapbkoB, YKpauHa;
*BesIo1epKOBCKMIi HALMOHATBHBIN arpapHbIii yHuBepcuTeT, Kies, Ykpanua;
>OpeccKast TOCyAapCTBEHHAs CeNbCKOX03siicTBeHHas onbiTHas cranuust HAAH Yipanns, Onecca, YkpanHa;
SHammoHasbHBII YHHBEPCUTET GHOPAa3HOOOPA3Hs U IPUPOIONONb30BaHMs, Kues, Ykpaunna

OCOBEHHOCTH ®OPMHUPOBAHUSA YPOKAMHOCTHU YEYEBHUIIGI 1O/ BIUSTHUEM
A30TOUKCHUPYIOIIIUX T POCPATMOBNJIN3UPYIOIIINX MUKPOOPI'AHNU3MOB

AKTYyaJbHOCTh TeMbI HccenoBanus. [lomydeHue cTaOWIIBHOIO M 3KOJIOTHUECKH YHCTOrO ypOXKas CeMsH
4e4yeBUIbl TpeOyeT MHUHHMAJIBHOTO IPUMEHEHUs MUHEPAJIbHBIX YAOOpPEHHH W JpYruxX CHHTETHYECKHX
arpoxumukaroB. [loaToMy m3ydeHue ocoOCHHOCTEH NPUMEHEHUS a30TPUKCUPYIONIMX U (OCHaTMOOMITNZNPYIOIIIX
MHUKPOOPTaHMU3MOB M BHEKOPHEBOW ITOJKOPMKH PAcTeHHI W OINpEeeeHUs] BKJIaJa 3THUX JJIEMEHTOB TEXHOJOTHUH B
(hopMHpOBaHUS IPOAYKTHBHOCTH KYJIBTYPBI OCTAETCSI aKTyaJIbHBIM BOIPOCOM.

Heap — m3yunTh 0COOEHHOCTH (HOPMHPOBAHUS HPOJYKTHBHOCTH YEUEBHIBI IO/ BIMSHUEM IPUMEHEHHS
a30TQuUKCHPYOHX U (HochaTMOOMINZNPYIOINX MUKPOOPTAHU3MOB B YCIOBHAX JlecocTenn YKpauHbl.

MeTtoasl. [ToneBoii, 1a00paTOPHBIA, CTATUCTUYECKUH.
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PesyabTaThl. J[0Ka3aHO, YTO CO3/aHUE ONTUMAJbHBIX YCIOBUHM IJIsl pOCTa U Pa3BUTHUs PACTCHUN YE€UEBUIIBI
CKa3pIBaeTcs W Ha (OPMHUPOBAHUH KOJOHHUI KITyOSHBKOBBIX OakTepuil Ha KOPHEBOH cucreMe. Tak, MaKCHMalIbHOE
KOJIMYECTBO U MAcca aKTHBHBIX KIIyOCHbKOB Ha KOPHEBOM CHCTEME YeueBHIIb (POPMUpPOBaAIach B (pazy HaimBa 6000B
— KorJa u oTpeOHOCTh B a30Te Y pacTeHHi Oblia MakcuMaibHa. VIHOKysius ceMsiH PusorymMuHoM criocoGcTBOBasIa
YBEJIMUYCHHUIO KOJIMYECTBA aKTUBHBIX KIIyOeHbKOB B (ha3zy OyroHuzaimu B 5,3 pas, B a3y userenus — B 4,5 pa3 a B
(hazy HamuBa 6000B — B 3,8 pasa mo cCpaBHEHHIO C KOHTposeM. Kpome TOro, mpum NpHUMEHEHUH
(hochaTMOOHITH3UPYIOIIMX TpernapaToB U BHEKOPHEBO# moakopMku Anbra 600 ObuUl OTMEUEH POCT KOJIHYECTBA
AKTHBHBIX KIIyOCHBKOB U UX Macchl B a3y [[BETEHHs M HAJTUBA OOOOB.

JlanHbIe ompeneneHus CHMOMOTHYECKOTO MOTEHIMANa CBUAETENBCTBYIOT O TOM, YTO Ha BapHaHTax 0e3
WHOKYJISIIMU PU30ryMuHOM B Mex(a3Hblii nepuoja OyTOHH3ALMHU-I[BETEHHUs OOIIMI CUMOMOTHYECKAs MOTEHIIHAI
6bu1 34,0 ThIC. KI' CYTOK/Ta, a aKTUBHBIH cuMOuMoTHYecKuid moteHnuan — 20,3 ThIC. KI' CYTOK/T@, YTO COCTAaBJISLIO
Tonbko 59,6 % oT obmero. A BOT IydlMe IIOKAa3aTeNH AKTUBHOTO CHMOMOTHYECKOrO MOTEHIMana ObLIM Ha
BapMaHTaX WHOKYJISLUM CeMSH PH30ryMHHOM, H OpuUMeHeHus (ochaTMOOMIM3UPYIOIUX —I[IpenapaToB
[MomumukcobakrepuH n A3orpad b B coderannn ¢ BHeKOpHEBO#l moxkopMkoii Amsra 600. Kpome Toro, B ¢a3zy
LBETECHHS, MAKCUMAJILHOE COJIEpIKaHKE JIETTeMOrI00rHa B KilyOeHbKax yeueBHIbl — 5,58 u 5, 50 M/ chipoii Macchl
KJIyOC€HBKOB OBLJIO Ha aHAJIOTHYHBIX BAPHAHTAX OIIBITA.

B ¢a3y uBereHuss MakCHMalbHbIE IMOKA3aTeNM IUIOLIAM JIUCThEB PACTEHHs YEYEBHUIIBI CHOPMHUPOBAIM Ha
BapHaHTe MHOKYJSIINU PusorymuHoM, BHeceHnn A3orpana b u o6padotku Amera 600 — 40,3 ThIc. M>/ra.

Omnpeneneno, uto npu npumeneHnn Pusorymuna, [Tonmmukcobaktepuna m Anbra 600 Ha (opmupoBaHue
ypoxast HyxHO Obuto 128,0 kr/ra azora, 43,4 kr/ra ¢pocdopa u 60,8 kr/ra kamus, a BOT 32 BHeCEHUs1 Pu3orymuHa,
Aszoprana b u Ampra 600 coorBerctBenno 118,0 kr/ra asora, 40,0 kr/ra docdopa u 56,0 kr/ra Kaaws, 9TO
COOTBETCTBOBAJIO MAaKCUMAaJIBHBIM ITOKA3aTeIISIM YCBOCHUS 3JIEMEHTOB TUTAHUS 110 OMBITY.

[Ipumenenne Pusorymmna + Azorpana b + crumymsarop pocra Amsra 600 crocob6cTBOBao (GOpMHPOBAHUIO
YPOXKaHOCTH CEMSIH YeueBHIbl HA ypoBHE 1,79 T/ra, a B Bapuanrte BHeceHus: Puzorymun + [lonumukcobakrepu +
ctuMynAaTop pocta Anbsra 600 moxy4eHo MaKCUMaIbHBIE 3HaYeHHS - 1,95 T/ra.

KiloueBble cioBa: dYeueBHIA;, WHOKYJSIIHMS CEMSH; KIyOCHBKOBBIE OaKTepWH; JIETTEMOTJIOOWH;
CUMOHOTHYECKas! TOTESHIIHAIL.
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