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INFLUENCE OF BIOACTIVE PRODUCTS ON NITROGEN FIXATION AND
YIELD OF SOYBEAN AT DIFFERENT LEVELS OF MINERAL NUTRITION

O. S. Vlasiuk, L. S. Kvasnitska
Khmelnytskyi State Agricultural Experimental Station of the Institute of Feed Research and Agriculture
of Podillia NAAS, 1 Samchyky St., Samchyky village, Khmelnytskyi district, Khmelnytskyi region, 31182, Ukraine

Topicality. Today, in the context of environmental and economic crises in the world, attention to the
use of the potential of agroecosystems and minimization of the pesticide and agrochemicals load has
increased. For this purpose, the use of environmentally safe plant growth stimulants and the latest
microfertilizers is one of the most promising methods in crop production. Scientific substantiation and
adaptation to the soil and climatic conditions of a particular growing zone, as well as studying the impact of
bioactive products on varietal characteristics of the crop are needed to improve the environmentally safe
technology of soybean cultivation. Purpose. For increase of productivity by 15-20 % and biologization of
crop cultivation, it is necessary to determine the best variants of combining mineral fertilization with foliar
dressing, seed and crops treatment with bioactive products for soybean varieties. Methods. Field method,
guantitative-weight, laboratory, mathematical and statistical methods were used. Results. We determined
that the activity of nitrogen-fixing symbioses formation on soybean largely depends on the method of
treatment with bioactive substances, in particular, stimulants of Vympel brand and Orakul microfertilizer.
When processing soybeans with biologically active drugs, the mass of nodules increases much more
intensively than their number. The increase in the mass of bubbles was up to 50.7 % in the Diadema Podillia
variety and up to 60.8 % — in the Samorodok variety. The application of the investigated methods of seed
treatment and foliar dressing ensured an increase in the soybean seed yield of the Diadema Podillia variety
by 4.4-42.7 %, and of the Samorodok variety by 4.7-44.4 %, depending on the level of mineral nutrition.
Conclusions. Growth stimulants of Vympel brand and Orakul microfertilizers are effective for increasing
yields, enhancing nitrogen fixation soybean. The use of bioactive products can serve as an important element
of economic and environmentally safe technologies for growing soybeans, which can reduce the impact of
stress factors on plants, in particular, the lack of fertilizers.
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Introduction. Global environmental and
economic problems, as well as the shortage of
protein products for the world's population,
require increasing the production of the most
nutritious and low-cost protein-containing
products, one of which is soybeans [1, 2].

Ukraine is a leader in soybean production
in Europe, where a competitive soybean indus-
try is being formed: the area under crops, yield
and production of soybeans are increasing. Soy-
beans are both highly profitable crop and one of
the best predecessors in modern crop rotations,
which improve soil fertility [3]. Soybeans are an
ideal precursor for cereals due to the presence of
nitrogen-fixing bacteria and have a positive ef-
fect on the entire agricultural sector. This is very
economically advantageous in case of insuffi-
cient fertilizer application [4, 5].

However, in the context of production in-
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tensification, it is not always possible to achieve
the maximum genetic potential of soybean vari-
eties and efficiently use material and technical
resources in existing technologies. Therefore,
there was a need to improve cost-effective and
environmentally friendly crop cultivation tech-
nologies. One of such elements was physiologi-
cally active drugs (plant growth regulators and
innovative microfertilizers). Such products in-
crease plant resistance to diseases and activate
physiological processes, affecting metabolism,
thereby contributing to the realization of poten-
tial productivity [4, 6, 7]. According to numer-
ous studies, growth regulators and micronutrient
fertilizers increase the yield of field crops. It is
advisable to apply them both in pre-sowing seed
treatment and during the growing season [8, 9].
Scientific sources suggest that microele-
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ments (molybdenum, cobalt, boron, copper,
zinc, manganese, etc.) have a significant impact
on symbiotic nitrogen fixation and also enhance
the activity of the symbiotic nitrogen fixation
process in combination with pre-sowing bacteri-
sation and the application of plant growth stimu-
lants [10, 11].

The Ukrainian market is saturated with
such products, but their manufacturability and
effectiveness are unstable and can lead to unex-
pected results when combined with other mea-
sures in one technological process. Reduction of
the rate of nitrogen fertilizers in crop cultivation
technologies while maintaining the productivity
of agrocenoses is possible through the use of
stimulants and microfertilizers that improve the
state of agricultural ecosystems. In addition, the
use of environmentally friendly products that
reduce the application of agrochemicals is an
urgent task for agriculture.

The purpose of the research is to deter-
mine the optimal variants of mineral fertiliza-
tion in combination with foliar feeding of soy-
bean varieties and seed and crop treatment with
bioactive products that meet their biological re-
quirements and increase productivity by 15-20 %,
as well as biologization of crop cultivation in
the Western Forest-Steppe.

Materials and Methods. In our research,
the effectiveness of 8 variants of seed and plant
treatment using stimulants and microfertilizers
during growing season on soybean of Samoro-
dok and Diadema Podillia varieties at different
levels of mineral nutrition (1% — no fertilizers;
an — N1oP2sKos: 3rd — N20P52K52) was studied as
follows: 1. No treatment (control); 2. Treatment
in 2-3 leaf stage (Vympel); 3. Seed treatment
(Vympel-K) + treatment in 2-3 leaf stage
(Vympel); 4. Seed treatment (Vympel-K + Ora-
kul nasinnia + Orakul colofermin molybdenum);
5. Seed treatment (Vympel-K + Orakul nasinnia +
Orakul colofermin molybdenum) + treatment in
2-3 leaves stage (Vympel); 6. Treatment of
crops in the budding stage (Vympel + Orakul
multicomplex, Orakul colofermin molybdenum,
Orakul colofermin boron); 7. Treatment of crops
in 2-3 leaves stage (Vympel) and budding
(Vympel + Orakul multicomplex, Orakul colo-
fermin molybdenum, Orakul colofermin boron);
8. Seed treatment (Vympel-K + Orakul nasinnia +
Orakul colofermin molybde-num) + treatment
of crops in 2-3 leaves stage (Vympel) and bud-
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ding (Vympel + Orakul multicomplex, Orakul
colofermin molybdenum, Orakul colofermin
boron).

The soil on the experimental plots is pod-
zolised, low-humus, medium loamy, slightly
washed out on loess-like loam of brownish-
paler colour. The humus content in the topsoil is
from 3.3 to 3.7 %, nutrients: nitrogen — 112 mg/kg,
phosphorus — 260 mg/kg, potassium — 152 mg/kg.
Hydrolytic acidity is 2.35 mg kg/eq per 100 g of
soil, pH (salt) is 5.7.

In this study, the main methods of re-
search were field (phenological observations
and records), quantitative-weight (determination
of the yield structure), laboratory (determination
of the mass and number of soybean nodules),
mathematical and statistical (determination of
the reliability of the results).

All records and observations were carried
out in accordance with the work programme and
calendar plan according to generally accepted
methods of research in crop production [12-16].

Results and Discussion. According to the
results of the studies, it was found that the num-
ber and weight of root nodules depended largely
on the soybean variety, seed and crop treatment
with biologically active products (Table 1).

Unequal number and weight of nodules
were formed on the soybean roots of Samoro-
dok and Diadema Podillia varieties during the
stage of nodule formation. Thus, on average,
over the years of research, the Samorodok varie-
ty had 21-30 nodules weighing 0.35-0.89 g,
and the Diadema Podillia variety had 30-38 g
and 0.58-0.93 g, respectively. Therefore, with a
lower number of root nodules of Samorodok
variety, their weight was significantly higher
compared to Diadema Podillia variety. Accoun-
ting for nodules during seed formation showed
that their number and weight increased com-
pared to the first sampling. This suggests that
the growth of nodules in soybean continues dur-
ing the period of seed formation. In this sam-
pling, Diadema Podillia had a lower nodule
weight and a higher nodule number than
Samorodok. This indicates that Samorodok has
a slightly higher symbiotic potential than Dia-
dema Podillya.

Seed treatment with Vympel-K + Orakul
nasinnia + Orakul colofermin molybdenum in-
creased the number and weight of root nodules
of both soybean varieties compared to the control
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Table 1. Number and weight of nodules per soybean plant depending on the treatment
with biologically active substances (average for 2019-2020)

Variant Nodules per 1 plant, pcs. Nodule weight per 1 plant,g Symbiotic
Variety of pod formation | seed formation pod seed formation | potential,
treatment formation kg/ha
1 30 37 0.58 0.73 434
2 34 42 0.61 0.87 515
3 36 44 0.74 0.99 610
Diadema 4 38 45 0.84 1.01 623
Podillia 5 36 43 0.88 1.03 634
6 38 39 0.58 0.81 482
7 36 40 0.62 0.89 529
8 34 42 0.93 1.10 675
1 21 34 0.35 0.79 604
2 22 34 0.39 0.85 650
3 26 38 0.53 0.98 763
4 25 39 0.67 1.16 933
Samorodok —— 25 40 0.80 1.20 934
6 23 34 0.49 0.92 708
7 22 35 0.54 0.97 758
8 30 39 0.89 1.27 1006

Variants of treatment:
. Control;

GO wWNERE

crops in the stage of 2-3 leaves with Vympel;

»

molybdenum, Orakul colofermin boron;

. Treatment of crops with Vympel in the stage of 2-3 leaves;

. Treatment of seeds with Vympel-K + treatment of crops in the stage of 2—3 leaves with Vympel;

. Seed treatment with Vympel-K + Orakul nasinnia + Oracle colofermin molybdenum;

. Seed treatment with Vympel-K + Orakul nasinnia + Orakul colofermin molybdenum + treatment of

. Treatment of crops in the budding stage Vympel + Orakul multicomplex, Orakul colofermin

7. Treatment of crops in the stage of 2-3 leaves Vympel + treatment of crops in the budding stage with
Vympel + Orakul multicomplex, Orakul colofermin molybdenum, Orakul colofermin boron;

8. Seed treatment with Vympel-K + Orakul nasinnia + Orakul colofermin molybdenum + treatment of
crops in the 2-3 leaf stage with Vympel + treatment of crops in budding stage with Vympel + Orakul
multicomplex, Orakul colofermin molybdenum, Orakul colofermin boron.

(no treatment). Thus, for Diadema Podillia
variety, in the variants without seed treatment
during the second sampling, there were 37-40
nodules per plant, and 42-45 nodules per plant —
after seed treatment. In Samorodok variety,
these indicators were 34-35 and 38-40 nodules
per plant, respectively.

Under seed treatment, the weight of
nodules also increased: in Diadema Podillia va-
riety — from 0.73-0.89 g without seed treatment
to 0.99-1.10 g with treatment. In Samorodok
variety, these indicators were 0.79-0.97 and
0.98-1.27 g, respectively. The increase in the
weight of the nodules was up to 50.7 and up to
60.8 %, according to the variety.

The largest number and weight of root
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nodules of soybean, respectively, and the
highest indicators of symbiotic potential of
plants (1006 kg/ha) were observed in variant 8
on crops of Samorodok variety.

Thus, the combination of complex seed
treatment and two foliar feeding in the stages of
2-3" trifoliate leaf and budding has a positive
effect on the nitrogen fixation productivity of
soybean of both varieties. Studies have shown
that the level of soybean seed yield significantly
depended on the factors studied (Table 2).

The studied methods of seed and crop
treatment provided an increase in the soybean
seed yield of Diadema Podillia variety from
0.09 to 0.65 t/ha (4.4-42.7%) and of Samorodok
variety — from 0.10 to 0.67 t/ha (4.7-44.4%), de-
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Table 2. Yield of soybean varieties depending on fertilization and treatment of seeds
and crops with biologically active products (average for 2019-2020), t/ha

Samorodok Diadema Podillia
E’ & N g © S
Variants of treatment = | %] %] & 2| %

e I = O -
g | =/ =]8|2°%

1. Without seed and crop treatment (control) 135 (193 | 223 | 157 | 203 | 2.28

i'zéa\'rggatment of crops with Vympel in the stage of 2-3 144 | 204 | 235 | 1.70 | 2.12 | 2.40

3. Trgatment of seeds with Vy_mpeI—K + treatment of 164 | 215 | 256 | 1.95 | 231 | 263

crops in the stage of 2—3 leaves with Vympel

4. Seed treatment with Vympel-K + Orakul nasinnia + 178 | 238 | 268 | 206 | 2.46 | 2.75

Oracle colofermin molybdenum

5. Seed treatment with Vympel-K + Orakul nasinnia +

Orakul colofermin molybdenum + treatment of crops in | 1.86 | 2.46 | 2.77 | 2.16 | 2.56 | 2.85

the stage of 2-3 leaves with Vympel

6. Treatment of crops in the budding stage Vympel +

Orakul multicomplex, Orakul colofermin molybdenum, | 1.67 | 2.20 | 259 | 1.99 | 2.38 | 2.63

Orakul colofermin boron

7. Treatment of crops in the stage of 2-3 leaves Vympel +

treatment of crops in the budding stage with Vympel +

Orakul multicomplex, Orakul colofermin molybdenum, 1.76 1 230 | 264 | 209 | 2.47 | 2.73

Orakul colofermin boron

8. Seed treatment with Vympel-K + Orakul nasinnia +

Orakul colofermin molybdenum + treatment of crops in

the 2-3 leaf stage with Vympel + treatment of crops in | 1.95 | 257 | 291 | 2.24 | 2.65 | 2.93

budding stage with Vympel + Orakul multicomplex,

Orakul colofermin molybdenum, Orakul colofermin boron

LSD A (fertilization) 0.077 0.041

0 B (variant of treatment) 0.058 0.033
pending on the chemical and the level of miner- Conclusions.

al nutrition. It should be noted that on the back-
ground without fertilizers, the percentage effi-
ciency of these treatments in terms of yield in-
crease was slightly higher than on fertilised
backgrounds.

Mineral nutrition with the application of
N1oP2sKzs increased the yield of Diadema Po-
dillia variety by 0.36-0.46 t/ha compared to the
control, with the application of NyPs5,Ks, — by
0.64-0.71 t/ha, and for Samorodok variety — by
0.45-0.55 t/ha and 0.78-0.85 t/ha, respectively.

Among the studied methods of treatment,
the highest increase in the seed yield of soybean
in Diadema Podillia variety (0.60-0.67 t/ha) and
Samorodok variety (0.62-0.67 t/ha) was ob-
tained with complex seed treatment and two fo-
liar feeding in the stages of 2—3 leaves and bud-
ding (var. 8).
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The analysis of experimental data shows
that seed and crop treatment with Vympel stim-
ulants and Orakul microfertilizers increases the
symbiotic potential and soybean yield. The best
solution is to combine pre-sowing seed treat-
ment with Vympel-K, Orakul nasinnia, Orakul
collofermin molybdenum with crop treatment in
the stage of 2-3 true leaves with Vympel and in
the stage of budding with a complex of Vympel,
Orakul multicomplex, Orakul collofermin mo-
lybdenum, Orakul colofermin boron at the level
of mineral nutrition N2oPs,Ks,. The use of these
chemicals can serve as a measure to improve
cost-effective and environmentally friendly
soybean cultivation technologies, which helps to
reduce the impact of stress factors on plants, in
particular, lack of fertilizers.
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XmenvHuyvbka 0epiicagha CitbCbK020Cn00apcoka O0CIIOHa cmanyis [nemumymy Kopmie ma cilbCbKo20 20Cno0apcmed
Tooinns HAAH

AkTtyanbHicTh. ChOro/IHI y CBIiTi, B yMOBaX €KOJOTIYHOI Ta €KOHOMIYHOI KpH3, MiIBUIIMAIACH yBara
710 BUKOPUCTAHHSI MOTEHIIIHHUX MOXIJIMBOCTEH arpoeKOCHCTeM i MiHIMai3alii 3aCTOCYBaHHS MECTULMIIB Ta
arpoximikaris. [y 1b0ro BUKOPUCTaHHS €KOJIOT1YHO O€3MeYHNX CTUMYJISITOPIiB PO3BUTKY POCIUH 1 HOBITHIX
¢dbopM MIKpOZOOpHB € OAHMM 3 HAHOUIbII MEPCIEKTUBHHUX NPUHOMIB y POCIMHHUUTBI. BH3HAueHHs
npo0JieMu. YJOCKOHAJIECHHS TEXHOJIOT1l BUPOILyBaHHS COi €KOJIOTTYHO-0€3EYHUMH eJIeMEHTaMu MoTpedye
HAYKOBOI'O OOTPYHTYBaHHS Ta aJlalTalii 10 TPyHTOBO-KIIMATHYHUX YMOB KOHKPETHOT 30HM BHUPOLIYBaHHS, a
TAKOX BUBYEHHS 1X BIUIMBY CTOCOBHO COPTOBHMX OCOONMBOCTEH KyiabTypu. MeTa. BuzHaunti ontumanbHi
BapiaHTH MiHEPAJIBHOTO YAOOPEHHS COPTIB COl y MOETHAHHI 3 TI03aKOPEHEBUM ITiIKUBICHHSIM Ta 00pOOKOIO
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HaCiHHA 1 MOCiBiB 010JIOTIYHO-aKTUBHUMH TpenapaTaMy, 0 CIHPHSAIOTH MiJBUIIEHHIO MPOJYKTUBHOCTI Ha
15-20 % Ta Gionorizauii BupouryBanHs KyasTypu. Meroau. [lonpoBuil, KibKiCHO-BaroBui, 1abopaToOpHUi,
MaTeMaTHYHHUH, CTaTUCTUYHUKA aHaii3. Pe3yjabratu. BusHadeHo, mo akTHBHICTH (pOpMyBaHHS a30TOQiK-
CyBalbHUX CHMOIO3iB Ha COi 3HAYHOIO MipOI0 3aJIEKUTh BiJ crnoco0y oOpoOKM Oi0JOTriyHO aKTHBHUMU
pEUOBHHAMH, 30KpeMa CTUMYJSITOpaMH Mapku Bummen ta wmikpomoOpuBamu Opaxyin. 3a oOpoOku coi
010JIOTIYHO aKTHBHUMH TpenapaTaMyd Maca OyJIb0OYOK 3pOcTae HabaraTo iHTEHCHBHIIIE, HIK iX KUJIBKICTb.
[pupict macu OymbOo4yok cranoBuB a0 50,7 % y copry Miamema Ilomimist i mo 60,8 % — y copty
CaMopoioK. 3aCTOCYBaHHS JIOCIIPKYBAaHUX CIIOCOOIB 0OpOOKHM HACIHHS Ta MO3aKOPSHEBOT'O ITi/HKUBICHHS
3a0e3Meynsio 3pocTaHHd ypokaiiHocTi HaciHHA coi copty [iamema Ilominma na 4,4-42,7 %, a copty
Camoponok — Ha 4,7-44,4 %, 3a7e:KHO BiA piBHS MiHEpaJIbHOTO KUBJIeHHS. BucHoBKH. CTUMYIISTOPH POCTY
1 po3BUTKY Bummnen ta mikpogo6pua Opakyin € epeKTUBHIUMU IS MiJBUILCHHS YPOKaHOCTI Ta HOCHIICHHS
azotgikcanii coi. 3acTocyBaHHs 0i0JOTiYHO aKTHBHUX MpEMapaTiB MOXKE CIYTYBAaTH BaXKJIUBUM €IEMEHTOM
OLIaTHUX Ta EKOJIOT1YHO Oe3MeYHMX TEXHOJIOTIM BHPOLIYBaHHS COl, SKWH 3[aTeH 3HW)KYBAaTH BIUIMB Ha
POCIIHMHU CTPecoBUX (DaKTOPiB, 30KpeMa, HecTadi JOOPHB.

Kniouosi cnosa: cos, azomogikcyseanvna axmugHicmv, MiKpoOoOpUsa, CMUMYIAMOPU POCHY,
ypooicaunicmo coi
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