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An important direction of agricultural production and improvement of the technology
of increasing the yield of leguminous crops, in particular winter peas, is the use of modern
plant growth regulators and bacterial drugs, their complex application and the implementation
of foliar fertilizing with microfertilizers. The purpose of the research was to study the effect
of pre-sowing seed treatment with plant growth regulator Endophyt-L1 PK, the bacterial drug
BTU-p, their complex application and two foliar fertilizers (at the phase of 3—5 leaves of
LF-LEGUMES and at the phase of 3-5 of LF-LEGUMES and during budding phase LF-BEAN
+ Biobor 140) on the height and biomass growth of winter pea plants of NC Moroz and Enduro
varieties. Field research was carried out during 2019-2022 on the basis of the trail farm ‘Agro-
nomichne’ of Vinnytsia National Agrarian University at Agronomichne village, Vinnytsia district,
Vinnytsia region. The research program provided for the establishment of a three-factor field
experiment in which the varieties were studied (factor A), pre-sowing treatment of seeds of PPP
Endophyt-L1 PK, BTU-p inoculants, their complex application (factor B) and foliar fertilizing
(factor C) at the 3—-5 leaves phase with microfertilizers LF-LEGUMES and at the phase of 3—-5
of LF-LEGUMES and budding LF-BEAN + Biobor 140. Winter pea NC Moroz and Enduro
varieties were studied. The positive effect on the increase of plant height of winter pea NC Moroz
and Enduro varieties was established for applying mineral fertilizers at% ;K doses and foliar
fertilizing at various rates and phases with microfertilizers LF-LEGU. Sand Biobor 140. At
the phase of bean formation, over three years of research the average value of plant height was
71-75 cm and 70-74 cm, in winter peas of NC Moroz and Enduro varieties, respectively, which
corresponded to their varietal characteristics. Pre-sowing treatment complex Endophyt L1 PK
+ BTU-p amid main fertilizer N, P K . and with two foliar top-dressings with microfertiliz-
ers at different phases of development ensured an increase in the height of plant of varieties
NC Moroz and Enduro by 5—-10% and 6—9%, respectively, in comparison to the control. It was
investigated that the greatest biomass of winter pea plants of NC Moroz and Enduro varieties
was noted in the variants of the complex application of pre-sowing treatment Endophyte L1 PK
and BTU-p with N, 4iP K. fertilizer and two-fold fertilizing (3—5 leaves and budding phases)
LF-LEAN and LF ~'LEGUMESES + Biobor 140. At the budding, flowering, and bean formation,
the weight of plants increased by 66%, 24%, 15% and 67%, 29%, and 15%, respectively, com-
pared to the control without pre-sowing treatment. Single-dose fertilizer applying at the phase
of 3—5 leaves, the indicators increased by 45%, 14%, 12% and 46%, 17%, and 12%, respectively,
according to the above-mentioned phases and varieties

Key words: plant growth regulators, bacterial preparations, growth, biomass, fertilizing, win-
ter peas.

Ileeuyx B.B. Bniiue nepednocienoi 00pooKu HACIHHA ma nO3AKOPEHEGUX NiONHCUETICHb HA
POCHOGI npoyecu copmis 20poxy 03UMozo

Baowcnusum  Hanpsamxom  CinbCbKo20Cno0apcbko2o  8UpoOHUYmMea ma YOOCKOHANIEHHS
MEXHONO02TT NIOGUIYEHHST BPONCATHOCIT 3ePHOO0O0BUX KVIIbMYP, 30KPEMA 20pPOXY O03UMO2O,
€ 3aCMOCY8AHHA CYYACHUX BIMYUSHAHUX De2YIsAmopie pocmy pOCIuH i OaxmepianbHo2o
npenapamis, ix KOMHIEKCHO20 3ACMOCY8AHMA MA 30IUCHEHHSA NO3AKOPEHeGUX NIOJICUBTCHD
Mikpooobpusamu. Memoio nposedennsi 00cnioxHcenb OVI0 usueHHs Jii nepeonocienoi 06pooKuU
HACIHHA pe2ynsimopom pocmy pociu Enoogim-L1 PK, 6akmepianonum npenapamom BTY—p, ix
KOMNIIEKCHO20 3ACMOCYBAHHSA MA 080X NO3AKOPEHe8UX Nioxcusiens (v ¢pazy 3—5-mu aucmkie LF—
BbOBOBI ma y ¢paszu 3—5-mu nucxie LFE-6OBOBI i y bymonizayii LF~bOBOBI + Biobop 140) na
BUCOMY MA HAPOCMAHHS biomacu pociuH 20poxy o3umozo copmie HC Mopos ma Enoypo. [lonvbosi
00CniONCeHHs 8UKOHY8AIU 6npo0osac 2019-2022 pokie Ha 6azi 00CHiOHO20 20CNO0ApPCMEa
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«Aeponomiune» BiHHUYbKO2O HAYIOHANLHO20 apapHo2o YHigepcumemy 6 ceii Aeponomiune
Binnuyvrozo pationy Binnuyvkoi obonacmi. I[poepamoro 0ocuiodxcens nepedbauanocs 3akiadeHHs.
mMpupakxmoproeo nouboeo2o 00cCuioy, y axkomy eusuanu copmu (gpakmop A), nepeonocieHa
06pooxa nacinnsi PPP Enoogim-L1 PK, inoxynsumom BTY—p, ix komnaexcnhoeo 3acmocysamnnsi
(¢paxmop B) manozakoperese nioscusnenns (paxmop C) y ghazy 3—5-muaucmrie Mikpooodpusamu
LF-BOFOBI ma y ¢asu 3—5-mu nucxie LF-FOBOBI i y 6ymonizayii LF-bO5OBI + bio6op
140. Copmu copoxy ozumoeo, wjo euguanucs, — HC Mopos i EnOypo. Bcmanosneno nosumusHuil
6NIUB HA 30ITbULEHHSL BUCOMU POCIUH copmie 2opoxy o3umozo HC Mopos i Enoypo 3a énecenns

Mminepanbhux 00bpue y 0osi N, P, K, ma nposedenns nosaxopenesux niodicuenensv y pisHux

Hopmax ma ¢hazax mikpooobpusamu LF-BOBOBI ma bBiobopom 140. V pasy opmysanns
00016 cepeone 3HaUEeHHs GUCOMU POCIUH 3d MPU POKU OOCTIONCEHb Y 20POXY 03UMO20 COPMIE
HC Mopo3 ma Enoypo cmanosuno 71-75 cm ma 70-74 cm 6i0nogioHo, wo 6ionosioano ix
copmosum ocoonueocmsam. Komnnexcna nepeonociena oopooxa Enoogpim L1 PK + BTY—p na
¢oni ocnoenozo yoobpenns N, P, K, ma 3 0s0pazosumu nosakopeneeumu niO*CusieHHAMU
MIKpOOobpueamu y pizui gasu pozeumky zabesneuysano npupicm eucomu pociur y copmie HC
Mopos ma Enoypo na 5—10% ma 6—9% 6i0nogiono y nopieHsaHi 3 KOHMPONbHUM 8APIAHMOM.
Jocniosceno, wo natibinvuia biomaca pociut 20poxy ozumozo copmie HC Moposz ma Endypo oyna
BIOMIYEHA Y 8APIAHMAX 3 KOMIJIEKCHUM 3ACMOCY8AHHAM nepeonocienol oopooru Enoogim L1 PK
i BTY-p 3 yoobpennsin N P, K i 06opasnum niodcusrennim (3—5-mu aucmie i 6ymonizayii)
LF-FEOBOBI i LF-FOBOBI ¥ 541050]7 140, de y gpazu 6ymonizayii, ysiminus, gpopmyeanis 606i6
YV NOPIBHAHHI 3 KOHMpOLeM Oe3 nepednocierHol 0OpodKu maca pociun 3pocmaina Ha 66%, 24%,
15% ma 67%, 29%, 15% eionosiono. [Ipu 3acmocysanni 00no2o niddxcusnenus y ¢pazy 3—5-mu
AUCMKI8 NOKasHuKu 3pocmanu Ha 45%, 14%, 12% ma 46%, 17%, 12% 6ionosiono 0o suuje
3a3Hayenux (haz ma copmis.

Knrwwuosi cnosa: peeyismopu pocmy pociuw, 6akmepianvhi npenapamu, picm, diomaca,
NIOJACUBTIEHHS, 20POX OZUMUIL.

Introduction. Modern agricultural science constantly faces the question of developing
and improving technological methods of growing of agricultural crops, which would
ensure not only high yields of economically valuable parts but also improve their quality
indicators. This problem is also acutely related to leguminous crops, the grain of which
has high protein content.

It is known that the main source of plant protein both for animal husbandry as well
as for population nutrition is legumes, which occupy an important place in the structure
of the plant protein resources of Ukraine. An important leguminous crop in Ukraine is
pea, which, compared to other legumes, has a high grain yield, good quality indicators,
and a short growing season. Pea grain is a valuable food product for the population
and an integral component of livestock feed, as it contains 22—24% crude protein, which
is well-balanced in terms of the content of basic amino acids, including critical ones,
and is also rich in mineral salts and vitamins [1].

In addition to plant protein resources, peas act as the best precursor for many agricul-
tural crops, in particular for winter wheat. This is a typical nitrogen-fixer.

In Ukraine, the area of spring peas is intensively reduced and amounts to 131,000 ha.
However, in recent years, the winter pea of NC Moroz variety has been introduced,
having a number of advantages over the spring pea, namely: a steady crop of grain
and green mass; soil protection from wind and water erosion; effective use of moderate
temperatures or moisture in the late autumn and early spring periods.

The use of fertilizers has a significant effect on the yield of field peas [2, 3].

It is known that the systematic use of fertilizers not only increases the productivity
of agricultural plants, furthermore it also affects the properties of the soil.

One of the possible directions of agricultural production and improvement
of the technology of increasing the yield of agricultural crops is the use of chemical
means of controlling biological processes with the help of plant growth regulators [4]
and bacterial preparations [5, 6], which reduce material and financial costs. The use
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of these substances in our time makes it possible to solve quite a lot of problems in
the practice of crop production. A number of agrotechnical methods and technologies
for growing certain crops are implemented, on the basis of which costs are sharply
reduced, sometimes several times, and labor productivity increases, that is, with the help
of drugs of these groups, agriculture can be transformed into a more intensive one [7].
However, there is a need for further studies of the effectiveness of these drugs in their
complex interaction, which can lead to synergism, antagonism, and additivity.

Therefore, the search for ways is aimed at researching new varieties of winter peas
in the conditions of the right-bank forest-steppe and increasing the yield level of grain
crops due to the introduction of new technological methods of its cultivation.

In a number of works, issues of research on the yield of seed peas under the influence
of growing technologies with the use of plant growth regulators [8], bacterial prepara-
tions [9], their combined application and foliar fertilizing [10]. There are only isolated
studies on the features of growth processes, yield and qualitative composition of win-
ter pea grain [11]. However, literary experimental data, which are focused on the use
of re-regulating and bacterial preparations, their combined application, and foliar ferti-
lizing in the technology of growing different varieties of winter peas and their influence
on the course of the main morphological-physiological and other processes in plants are
practically absent, which determined the relevance of the study of this question.

The purpose of the research was to study the effect of pre-sowing seed treatment
with the plant growth regulator Endophyt-L1 PK, the bacterial drug BTU-p, their com-
plex application and two-fold foliar fertilizing (at the phase of 3—5 leaves of LF-BEAN
and at the phase of 3-5 leaves of LF-LEGUMES and budding LF-LEGUMES + Bio-
bor 140 on the growth processes of NC Moroz and Enduro varieties of winter pea. The
objectives of the study were to study the indicators of linear growth and above-ground
biomass of winter pea varieties NC Moroz and Enduro with the use of re-regulating
and bacterial preparations, their combined application, and the implementation of foliar
fertilization.

Literature Review. Research processes of growth and development of agricultural
crops are important criteria of cultivation technologies. In the process of plant growth,
in its tissues and organs, there is a redistribution of primary assimilates and meta-
bolic products, therefore, indicators of growth processes determine the size of the har-
vest. Plant development is influenced by various factors: varietal characteristics, soil
and climatic conditions [12], cultivation technology [13]. A close relationship between
the growth and development of plants and physiological and biochemical processes was
noted [14]. Internal changes occur under the influence of various factors, in particular,
the use of bacterial and growth-regulatory drugs is reflected in growth processes [15].

Morphological features of species of the genus Pisum L. are parameters of plant height
and whisker length. However, these parameters largely depend on the varietal characteris-
tics of the culture, weather conditions and technological methods of cultivation.

It was established that the pre-sowing treatment of pea seeds of Glyans variety
with the growth regulator AKM (0.3 1/t) led to intensive sprout growth in length, while
the use of Rhizobophyte inoculant (0.5 I/t) did not cause significant changes. The great-
est effect on the growth and development of pea sprouts was found with the combined
use of the growth-regulating drug AKM (0.3 I/t) and Rhizobophyte inoculum (0.5 I/t)
at the rate of 20 I of the working solution per 1 ton of seeds [16]. Similar results were
found on pea plants of the Oplot spring variety when using the stimulating drug Regoplant
(0.01 1/t), the bacterial drug Rizokativ (2 I/t) and their mixture (Regoplant (0.01 I/t) +
Rizokativ (2 I/t) at the rate of 20 litres of working solution per 1 ton of seeds [8].
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To ensure high productivity, agricultural crops must accumulate the maximum
amount of above-ground mass, which largely determines the level of their productivity.

Literary sources [17] indicate that an increase in plant leaf-stem mass leads to
an increase in their reserves of plastic substances, which, in turn, are a necessary mate-
rial for the formation of reproductive organs and crop formation.

Therefore, a weighty indicator of plant productivity is the mass of its aerial part,
which depends on weather and climatic conditions, the level of agricultural technol-
ogy, as well as the use of various technological methods of cultivation, etc [18, 19].
Since all leguminous crops are characterized by a multi-stage and complex process
of formation of above-ground mass and harvest, which is caused by weak regulation
of the structural indicators of their coenosis and slow differentiation of plant organs, all
the above-mentioned factors exert a significant influence on their formation. In order to
maximize the productivity potential of winter peas, it is worth investigating the effect
of various technological methods on the dynamics of the growth of above-ground mass
and culture.

It is known that there is a close positive relationship between the amount of above-
ground mass and the grain yield, i.e. the greater the indicators of the vegetative mass
of a plant is the higher is its grain yield [20].

It has been proven that by treating the seeds of winter peas of the NC Moroz variety
with the microbial drug Optimize Pulse and combining the use of MaxiMox herbicide
(0.8—1.1 I/ha) with the growth regulator Agrifiex Amino (1.0 kg/ha) by spraying veg-
etative plants at phase 3—4 leaves of developed whiskers, in comparison with variants
of self-application of herbicide, growth processes were stimulated in plants, which in
terms of height and above-ground biomass were 7-65% higher than the control [11].

Materials and Methods. The research was carried out during 2019-2022 on
the basis of the trial farm ‘Agronomichne’ of the Vinnytsia National Agrarian Univer-
sity at Agronomichne village, Vinnytsia district, Vinnytsia region. In accordance with
the set goal, the research program and the field experiment scheme were developed
(Table 1). The experiment studied the effect and interaction of three factors: A — variety,
B — pre-sowing treatment of seeds with a plant growth regulator, bacterial drug, their
complex application, C — foliar top-dressing with microfertilizers. The ratio of factors
is 2:4:3. The area of the registered experimental plot is 50 m?, the total area is 60 m?.
Factorial formula 2*4*3=24 options*4 repetitions = 96 plots.

Table 1
Formation of elements of the morpho-biological structure of winter peas
(field experiment scheme)

Variety Pre-sowing treatment of Foliar top-dressing fertilizing
(factor A) seeds (factor B) (factor C)
1. without treatment (control) 2 Me dizfﬁg“i%é%nl\i%g)l 5 1ha
1. HC Moroz 2. Endophyt — L1 U - :
. Enduro 3. BTU-p 3. Media + LF-LEGUMES 1.5 l/ha +

LF-LEGUMES 2.5 l/ha +

4. Endophyt — LI+BTU-p Biobor 140 1.0 I/ha

On the day of sowing, winter pea seeds were treated with the seed poison Teviron
(1.8 I per 1 ton of seeds), the bacterial drug BTU-p (3 1 per 1 ton of seeds) and the growth
stimulator Endophyt L1 PK (10 ml per 1 ton of seeds) using PKS-20 Super. When ferti-
lizing, the complex, granular mineral fertilizer Diamofoska (NH,),HPO, with an active
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substance content of 10:26:26 (GOST: 218615) was used. Two-fold fertilizing was car-
ried out at first with LF-LEGUMES fertilizers (1.5 1/ha) at the phase of 3-5 leaves
and the second combination was used at the phase of 3—5 leaves with LF-LEAN ferti-
lizers (1.5 1/ha) and at budding phase with LF-LEGUMES fertilizers (2.5 1/ha) + Bio-
bor 140 1.0 I/ha. The variant with pre-sowing treatment of seeds with Teviron poison
(1.8 1 per 1 ton of seeds) and NP, K, fertilizer media was taken as control.

The growing technology for winter pea plants is generally accepted for the soil
and climatic conditions of the Right-bank Forest-steppe of Ukraine in experimental
plots [21]. The predecessor is winter wheat. The stubble was peeled after harvesting
the precursor. Complex fertilizers in the form of Diamofoska were applied under plow-
ing. The main tillage of the soil is plowing to a depth of 22-25 cm, PLN is 5-35, then
pre-sowing cultivation was carried out to a depth of 6—8 cm.

In 3—4 days before sowing, the seeds were treated with a poison regulated by the ‘List
of pesticides and agrochemicals permitted for use in Ukraine’ Teviron, t.c.s. (thiabenda-
zole, 45 g/l + flutriafol, 30 g/1) at a rate of 1.8 litres per 1 ton of seeds.

Sowing was carried out in the second decade of October in a continuous method with
a row width of 15 cm. The sowing rate is 1.1 million similar seeds per 1 ha. The depth
of sowing seeds is 4-5 cm.

During the growing season, as soon as the winter pea plants reach the stage
of 1-3 leaves, the herbicide Bazagran 48% was applied to control annual dicotyledon-
ous weeds w. s. (a. s. bentazon 480 g/l) in a dose of 2.0 I/ha, using a knapsack sprayer
with a consumption of working fluid 300 I/ha.

Research was carried out on winter pea varieties of NC Moroz and Enduro. The NC
Moroz variety was included in the State Register of plant varieties suitable for distri-
bution in Ukraine in 2016. The originator is the Institute of Agriculture and Vegetable
Growing, Novi Sad. This is the first winter variety of protein pea intended for grain
production. The variety is ultra-early, uniform ripening and high resistance to low tem-
peratures at the same level as winter wheat/ It is resistant to diseases and lodging. The
variety is suitable for mechanized harvesting with small yield losses. Recommended
growing areas are Steppe, Forest Steppe, Polissia.

The Enduro variety is an upright, ultra-early ripening, high-yield winter variety of yel-
low-peas with the possibility of autumn sowing. The originator is ‘Celgen a.s.”, Czech
Republic. It is not picky about autumn moisture. The variety is medium-early and leafless.
It is characterized by high winter hardiness (up to 16 °C), resistant to diseases and lodging.
It is recommended for growing in such areas as Steppe, Forest Steppe, Polissia.

Endophyte-L1 PK (a.s. auxins, gibberellins, cytokinins and other biologically active
substances complex, 5.0 g/l) is a highly effective drug, a product of biotechnological
cultivation of a new strain of ginseng root fungi. Manufacturer is PE ‘VCF ‘Imptorg-
service’, Ukraine.

BTU-p bioinoculant (Bradyrhizobium japonicum 50£20% + Rhizobium legumino-
sarum 50£20% titer 2x109 — 6x109 CFU/cm?, macro- and microelements, biologically
active products of bacterial life: vitamins, heteroauxins, gibberellins, etc.). Manufac-
turer is PP ‘BTU-Center’, Ukraine.

‘LF-LEGUMES’ is a concentrated complex of chelated microfertilizer of the third
generation, which includes NPK and microelements in chelated form, which is used for
foliar fertilizing of leguminous crops. Active substances are Boron (B) — 10%, Manga-
nese (Mr) — 1%, Cobalt (Co) — 1%, etc.

LF Biobor 140 is a concentrated chelated microfertilizer for foliar feeding for Boron
(B) deficiency. Active substances: Boron (B) — 140-141 g/1, Nitrogen (N) — 6265 g/l,
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Modibden (Mo) — 0.05-0.1 g/I. Preparative forms is solution. Manufacturer is Leaf-
Forte microfertilizers, Ukraine.

The height of winter pea plants was determined by measuring on 25 plants fixed with
pegs in four folded on two non-adjacent repetitions [22], and the above-ground mass
was determined by the weight method [23]. Statistical processing of experimental data
was carried out by the method of dispersion and correlation-regression analysis with
a comparison of arithmetic values and the significance of the difference between them
on PC using Excel and Statistics software packages.

Results and Discussion. It was established that during the years of the study,
weather conditions significantly influenced the formation of plant height indicators
of both researched winter pea varieties, both in the experimental variants and in the con-
trol variant without pre-sowing treatment. In the variant without pre-sowing treat-
ment and with N, P, K  fertilizer, on average, over three years of research, the height
of plants at the budding phase of winter peas of NC Moroz variety was 43.4 cm (Fig. 1).
Due to fertilization at the phase of 3—5 leaves, plant growth increased by 10% compared
to the control, and due to the complex application of two-fold feeding at the 3—5 leaves
phase and the budding phase — by 12%.

The height of pea plants at the budding phase increased by 7% after pre-sowing seed
treatment with the restorative drug Endophyt L1 amid N P, K . fertilizer. Two-fold
foliar fertilizing at the phase of 3—5 leaves of LF-LEGUMES (the first fertilizing option)
and at the phase of 3-5 leaves of LF-LEGUMES + at budding phase of LF-LEGUMES
adding Biobor 140 (the second fertilizing option) led to an increase in height plants by
15 and 19%, respectively.
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Fig. 1. The height of pea plants of winter pea NC Moroz variety using PPP Endophyt L1
PK, BTU-p, their complex application and foliar fertilizing, cm
(average for 2019—2022 years)
Notes: * — at the phase of 3—5 leaves of microfertilizer LF-LEGUMES 1.5 1/ha;

** — at the phase of 3—5 leaves of microfertilizer LF-LEGUMES 1.5 1/ha + LF-LEG-
UMES 2.5 /ha + Biobor 140 1.0 1/ha
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The inoculation of seeds with N P, K . fertilizer, the first and second fertilizing
options contributed to the improvement of growth processes and ensured an increase
in plant height by 4%, 11% and 16%, respectively, compared to the option without
pre-sowing treatment.

The best effect was found as a result of the combined use of plant growth regu-
lator and bioinoculant with N,.P, K . fertilizer, the first (at the phase of 3-5 leaves)
and the second (at the phase of 3—5 leaves and the budding phase) fertilizing options,
where the stem growth increased by: 8%, 20% and 23%, respectively.

At the phase of flowering and formation of beans, a similar dependence was observed
in winter pea crops of NC Moroz. However, the most significant growth of plants was
observed in variants with complex application of pre-sowing seed treatment and ferti-
lizer application using two-fold fertilizing. The excess compared to the control was on
average 12—14% at the phase of flowering and 8—10% at the phase of bean formation.

Plant height indicators of winter peas of the Enduro variety were noted to be lower.
In the variant without pre-sowing treatment and using N, P, K . fertilizer, the height
of plants in the budding phase was 43.1 cm on average over three years of research
(Fig. 2). Fertilizing peas at the phase of 3-5 leaves with LF-LEGUMES (1.5 I/ha),
plant growth increased by 6% compared to the control. and with the complex applica-
tion of two-fold top-dressing at the phase of 3—5 leaves of LF-LEGUMES (1.5 /ha)
and the budding phase of LF-LEGUMES (2.5 1/ha) + Biobor 140 (1.0 1/ha) — by 10%.

The height of pea plants in the budding phase increased by 6% under the incrusta-
tion of PP Endophyte L1 seeds and on the background of N, P, K, fertilizer. Two-fold
foliar feeding in the phase of 3—5 leaves (the first fertilizing option) and in the phase
of 3-5 leaves + in the budding phase (the second feeding option) led to an increase in
plant height by 14 and 17%, respectively.

H
]
|l
H
]
]
|l
]

£ 70 = =
Q
'gr gg = B B B E =] E E E
) = = E EE BE B BB EEE E
240 BE EE = EE EE =E =EE =] E = =
= [ EE- = E=S EE EE Eg. g EE- E g
S 30 EE EE = EE EE E E =] =] E E
=5 EE= EEE EE: ESf EEE EEE EEE EBEE EBEE EBEEE E
= = EE EE EE EE = Eg E EE E =
0 B =15 EE EE EE EE = EE = EE =
, BEE SRS 8BS BAE B85S BRS SBE 885 B85 BER= BSE S
/z-d\ * = ’;\‘\ * o * = * * o *
5 o S = @ Sx o g1 B E R &
5} .8 9 Ly 5} g S By .8 S Ly .= =2 S By .=
g . 2= g N = . 2= N N 2 £ S
b = + 8 b B + 8 b=t + 8 = = + 8 b=
L) = v = = =
N & sE| 3 & =FE| & gF & & gFE 38
o ] S 38 I iz 538 ] S 38 2 E S8 ]
) = = ) Bs = s = = 3= = =
0 + i) + + + + +
P = z = = = = =
= = = = = =
D O D 3 O (3
= = = = = =
Without treatment (control) Endophyt L1 PK BTU-—p Endophyt L1 PK + BTU—p
=Budding phase  ®Flowering phase Bean formation phase

Fig. 2. The height of pea plants of winter pea Enduro variety using PPP Endophyt L1 PK,
BTU-p, their complex application and foliar fertilizing, cm
(average for 2019-2022 years)
Notes: * — at the phase of 3—5 leaves of microfertilizer LF-LEGUMES 1.5 1/ha;
** — at the phase of 3—5 leaves of microfertilizer LF-LEGUMES 1.5 I/ha + LF-LEG-
UMES 2.5 I/ha + Biobor 140 1.0 I/ha
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Pre-sowing inoculation of BTU-p seeds with N P, K . fertilizer. as well as the appli-
cation of two fertilizing options contributed to the growth processes and ensured
an increase in plant height by 2%. 11% and 16%, respectively, compared to the option
without pre-sowing treatment.

It should be noted that in both Enduro variety, as well as NC Moroz variety, the higher
indicators were noted with the complex application by stimulating drug and bioinoculant
with NP, K, fertilizer, during the first and second fertilizing. The growth of the pea
stem in the Enduro variety according to the above-mentioned experimental options
increased by 7%, 20% and 22%, respectively, compared to the control.

In crops of winter peas of Enduro variety at the phase of flowering and formation
of beans, the best result was found in the case of the combined use of stimulating
and bacterial drugs and complex fertilizing, where the excess was relative to the control
averaged 12—-15% at flowering phase and 8-9% at the phase of bean formation.

The results of experimental studies on winter pea plants of NC Moroz and Enduro
varieties showed that the growth of above-ground biomass depended on the action
of the pre-sowing treatment of PPP Endophyte L1 seeds, bioinoculant of BTU-p, their
combined use amid N, P, K . fertilizer and the use of various foliar fertilizers, as well
as weather conditions during the years of research (Fig. 3, Fig. 4). Analysis of average
values of biomass for three years of the study indicates that the control variant without
pre-sowing seed treatment, but with the use of the main fertilizer and various supple-
ments caused an increase in the growth of the biomass of pea plants of the winter NC
Moroz variety. The value of the indicator of vegetative mass with the main fertiliza-
tion during the phase of budding, flowering and formation of beans were 7,89, 18,86
and 22,12, carrying out the first fertilizing at the phase of 3—5 leaves (LF-LEGUMES
1,5 1/ha), the indicators increased by 26%, 7% and 4%, and under the use of two-fold
top-dressing at the phase of 3—5 leaves (LF-LEGUM 1,5 1/ha) and in the budding phase
LF-LEGUMES (2,5 I/ha) + Biobor 140 (1,0 I/ha) the increase was 39%, 20% and 13%
according to the control option with N P, K _ fertilizer (Fig. 3).

Media + LF-50B0BI 1,5 I/ha + LF-LEGUMES 2,5 I/ha... B
Media + LF-BOBOBI 1,5 I/ha B
N45P45KA5 (media) E———— B
Media + LF-6OBOBI 1,5 I/ha + LF-LEGUMES 2,5 I/ha... Eee———— i
Media + LF-50B0BI 1,5 I/ha E
N45PA5KAS (media) E— B
Media + LF-LEGUMES 1,5 I/ha + LF-LEGUMES 2,5... e -
Media + LF-LEGUMES 1,5 I/ha B
N45PA5KAS (media) E— B
Media + LF-LEGUMES 1,5 |/ha + LF-LEGUMES 2,5... T
Media + LF-LEGUMES 1,5 I/ha e B
N45P45KAS (media) E— B

Endophyt
L1PK +
BTU-p

treatment Endophyt
L1 PK BTU-p

Without
(control)

0 10 20 30 40 50 60 70

Biomass growth, g/plant

H Budding phase  H Flowering phase Bean formation phase

Fig. 3. The effect of PPP Endophyt L1 RK, BTU-p, complex application and
foliar fertilizing on the biomass growth of winter pea plants of NC Moroz
variety, g/plant (average for 2019-2022 years)
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Fig. 4. The effect of PPP Endophyt L1 RK, BTU-p, complex application
and foliar fertilizing on the biomass growth of winter pea plants of Enduro variety,
g/plant (average for 2019-2022 years)

Ground biomass of winter pea plants of the NC Moroz variety in comparison with
the control option without pre-sowing treatment by: 14% at the budding phase, 5%
at the flowering phase, 5% at the bean formation phase. During the phase of bud-
ding, flowering and formation of beans, with the first top-dressing of LF-LEGUMES
(1.5 I/ha) there was an increase in indicators by 36%, 13% and 10%, and with the appli-
cation of the second top-dressings with LF-LEGUMES (1.5 1/ha) and LF-LEGUMES
(2.5 1/ha) + Biobor 140 (1.0 1/ha) the increase was 55%, 24% and 14% in comparison to
the variant with N, P, K, fertilizer.

The application of BTU-p bacterizator of seed material before sowing in.

The independent use of the restorative preparation Endophyt L1 in the pre-sow-
ing treatment with N, P, K, fertilization ensured the growth of the above-media with
N,.,P,K,, fertilization led to an increase in the vegetative mass of winter pea plants in
the above-mentioned phases of development relative to the control without pre-sowing
seed treatment by 12%, 3%, and 3%, respectively, carrying out the first fertilization
at the phase 3—5-th leaves the values increased by 31%, 11% and 8%, and after the sec-
ond fertilization at the phase of 3—5 leaves and at the phase of budding, the increase
was 41%, 21% and 13%, respectively, in comparison to the option without pre-sowing
treatment and with fertilizer N, .P, K ..

High biomass of winter pea plants was noted in variants with the complex applica-
tion of growth-regulatory and bacterial preparations with the main fertilizer N, .P, K,
where at the phase of budding, flowering and formation of beans, compared to the con-
trol without pre-sowing treatment, the mass of plants increased by 23%, 6% and 7% in
accordance,

The highest biomass of winter pea plants was noted in the variants with com-
plex application of pre-sowing treatment of PPP and inoculants with N P K fer-
tilizer and two-fold fertilization (3—5 leaves and budding) LF-LEGUMES (1.5 /ha)
and LF-LEGUMES (2.5 1/ha) + Biobor 140 (1.0 /ha), during the phase of budding,
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flowering and formation of beans compared to the control without pre-sowing treat-
ment, the mass of plants increased by 66%, 24% and 15%, respectively. In this variant,
slightly lower indicators were noted when N, P, K & was fertilized with one feeding
at the phase of 3—5 leaves of LF-LEGUMES (1.5 I/ha), which increased by 45%, 14%
and 12%, respectively,

The analysis of biomass growth of winter pea plants of the Enduro variety by phases
of growth and development and by years of research shows that with different pre-sow-
ing treatment of seeds and feeding with microfertilizers, the indicators differed not only
by years, but also by options.

After analyzing the average values of the biomass of winter pea plants over three
years of research, it can be concluded that this indicator was slightly lower in the Enduro
variety compared to the NC Moroz variety.

In the control variant of this variety without pre-sowing seed treatment, but with
the use of the main fertilizer N, P, K, and two-fold fertilization, an increase in
the growth of plant biomass was noted. The indicator of the ground mass with the main
fertilization at the phases of budding, flowering and formation of beans was 7.83, 18.37
and 22,06 g, when carrying out the first fertilizing of LF-LEGUMES (1.5 1/ha), the indi-
cators increased by 27%, 9% and 4%, and when using two-fold fertilization of LF-LEG-
UMES (1.5 I/ha) and LF-LEGUMES (2.5 1/ha) + Biobor 140 (1.0 1/ha) the increase was
respectively 41%, 21% and 13% in the control with the main fertilizer (Fig. 4).

The use of the bacterial preparation BTU-p and the main fertilizer N, P, K, in
the pre-sowing treatment led to an increase in the ground mass of winter pea plants in
the above-mentioned phases of development relative to the control without pre-sowing
seed treatment by 9%, 5%, and 3%, respectively. 5 leaves (LF-LEGUMES 1.5 /ha)
values increased by 32%, 13% and 8%, and when carrying out two-fold fertilizations
at the phase of 3-5 leaves (LF-LEGUMES 1.5 I/ha ) and in the budding phase (LF-LEG-
UMES 2.5 I/ha + Biobor 140 1.0 I/ha) the increase was respectively 43%, 24% and 13%
for the option without pre-sowing treatment and with the main fertilizer.

Observations showed that the use of the re-regulating drug in pre-sowing treatment
with basic fertilizer ensured the growth of the above-ground biomass of winter pea
plants in comparison with the control option without pre-sowing treatment in the bud-
ding phase by 15%, in the flowering phase by 7%, at the phase of bean formation by
5%. During the first fertilizing at the phase of 3-5 leaves (LF-LEGUMES 1.5 1/ha) in
the above-mentioned phases there was an increase in indicators by 38%, 16% and 10%,
and when applying two-fold fertilization at the phase of 3—5 leaves (LF-LEGUMES
1.5 V/ha) and in the budding phase (LF-LEGUMES 2.5 l/ha + Biobor 140 1.0 I/ha)
the increase was respectively 55%, 26% and 14% with basic fertilizer.

Biomass indicators of winter pea plants were somewhat higher in variants with
pre-sowing treatment, where a growth regulator and inoculants with the main fertilizer
were used. Thus, at the phase of budding, flowering and formation of beans, compared
to the control without pre-sowing treatment, the mass of plants increased by 24%, 9%
and 7%, respectively.

The best indicator of the biomass of winter pea plants was found in the variants with
the complex application of pre-sowing treatment with re-regulating and bacterial prepa-
rations with N, P, K . fertilizer and two-fold fertilization of LF-LEGUMES (1.5 I/ha)
and LF-LEGUMES (2.5 I/ha) + Biobor 140 (1.0 1/ha), where at the phase of budding,
flowering and formation of beans compared to the control without pre-sowing treatment,
the mass of plants increased by 67%, 29% and 15%, respectively. However, in the exper-
imental version where the basic fertilizer N, P, K . with one feeding of LF-LEGUMES

457 457745




3eMi1epoOCTBO, POCIMHHUIITBO, OBOYIBHHIITBO Ta OAIITAHHUIITBO |

| 187

(1.5 1/ha), the biomass indicators were lower and increased respectively by 46%, 17%
and 12% according to the above-mentioned phases.

Conclusions. A positive effect on the increase in plant height of winter pea varieties
of Moroz and Enduro was established for applying of mineral fertilizers in the dose
of N45P45K45 and foliar fertilizing in different rates and phases with microfertiliz-
ers LF-LEGUMES and Biobor 140. At the phase of bean formation, the average value
of plant height for the studied years in winter peas of NC Moroz and Enduro varieties
was 71-75 ecm and 70-74 cm, respectively, which corresponded to their varietal char-
acteristics. Complex pre-sowing treatment Endophyt L1 PK + BTU-p amid the main
fertilizer N, ,P, K, and with two-fold foliar top-dressings with microfertilizers during
different development phasest ensured an increase in the height of plants in varieties NC
Moroz and Enduro by 5-10% and 6-9%, respectively, compared to the control variant.

It was investigated that the greatest biomass of winter pea plants of NC Moroz
and Enduro varieties was noted in the variants with the complex application of pre-sow-
ing treatment Endophyte L1 PK and BTU-p with N, P K . fertilizer and two-fold
fertilizing (3—5 leaves and budding) LF-LEGUMES and LF — LEGUMES + Bio-
bor 140, where at the phase of budding, flowering, formation of beans compared to
the control without pre-sowing treatment, the weight of plants increased by 66%, 24%,
15% and 67%, 29%, 15%, respectively. Applying one top dressing in at the phase of
3-5 leaves, the indicators increased by 45%, 14%, 12% and 46%, 17%, 12% according
to the above-mentioned phases and varieties.

The use of combinations of biological preparations for pre-sowing seed treatment
and foliar fertilization in different rates and phases is promising for their further study
as environmentally safe measures to increase the yield of winter peas.
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