YAK 581.557:631.461.5:633.35

SYMBIOTIC ACTIVITY OF NODULE BACTERIA OF PEA PLANTS AT THE
TERRITORY OF THE FOREST-STEPPE OF UKRAINE

V. PYLYPENKO, postgraduate student*
L. HONCHAR, Candidate of Agricultural Sciences
National University of Life and Environmental Sciences of Ukraine
e-mail: vpylypenko@nubip.edu.ua, honchar@nubip.edu.ua

Abstract. The basic results of research conducted in the northern part
of Right-Bank Forest-Steppe of Ukraine for 2014-2016 years on the typical
black soils are described in the article. The most favorable conditions for the
formation of symbiotic system was created due to the combination of sowing
seed inoculation with fertilizer C1 + Nio PiosscH1319 + Nio P10 BBCH 5550 +
N1io P10 BBcH61-65. Application of mineral fertilizers N3o Poo Kgo increases the
formation and performance of the symbiotic apparatus of pea plants. The
mentioned rate of mineral fertilizers is efficient while sowing seeds, which are
not inoculated.
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Introduction. The problem of global agriculture in the past and the
beginning of this century is the problem of protein production. | fad dressing to
the important problem of increasing of plant protein production, the special
place here belongs to leguminous, including peas [8].

Analysis of recent researches and publications. According to many
researchers, one of the most objective criteria for the best use of chemicals
in growing technologies, is microbiological testing [2, 12]. However, according
to the researchers of the Institute of Agricultural Microbiology NAAS,
considering the close interaction of certain types of microorganisms of
cultivated plants and chances of forming close plant-bacterial associations in
the soil, only rhysospheric (root microorganisms) can display the system
response to certain factors, closest to response of a plantit self [11]. This
perspective is highlighted in the works of many authors of the last century, and
in more modern materials of foreign and domestic scholars [5, 8].

Among many advantages of the pea, the most important
itsfeature is the ability of plants to associate with nodule bacteria. In addition,
thanks to symbiotic nitrogen fixation, they play an important role in
maintaining the balance of nitrogen in soils [2, 6, 7].

We know, that productivity of legumes, including peas, is determined by
many factors, andoxide playsa primary role to. In order to obtain high yields of
crops one should constantly take care of the replenishment of nitrogen in the
soil by nitrogen-fixing bacteria [9]. Based on the lack of studies about the
impact of mineral fertilization on the formation and activity of symbiotic nodule
bacteria, the practical value of this work was established [1, 10].
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The aim of the study. One of the directions of our research is to determine
the features of symbiotic apparatus of nodule bacteria of leafless pea plants at the
territory of Steppes of Ukraine depending on fertilization and seed inoculation with
bio-fertilizer.

Materials and methods of the study. The objectof the study isthe
processes of growth and development, and the formation of symbiotic apparatus
activity of nodule bacteria based on inoculation of seeds and fertilizer.

The subject of the research: varieties of leafless pea (Tsarevych and
Deviz), inoculation of seeds, fertilizers and crop yield of peas in the northern
Forest-Steppe of Right-Bank Ukraine.

The studies, had been conducted in2014- 2016 years in the SS
"Agronomic Research Station" of the national University of Life and Environmental
sciences of Ukraine (v. Phenychne, Vasylkiv district, Kyiv region). It was set up 3-
factor field experiment to achieve this goal (Table.1).

Sowing area —30 m?, accounting area — 25 m?. Repetition — quadruple,
accommodation options consistent. The main fertilizing was made before
cultivation [3, 4]. Seeding rate amounted 1.2 million of seeds per 1 ha. On the
day of sowing, they carried out the bacterization with ryzohumin
suspension. Suspension in amount of 900 g perl t of seeds was diluted in 8-
10 | of water, and then immediately treated.

The study was performed on pea plants in the stages of plant growth
and development, BBCH 13-19 (3 leaves or tendrils (with stipules)
developed); BBCH 55-59 (separated flower buds visible beyond the leaves,
but flowers are still closed); BBCH 61-65 (start flowering: 10-50% of flowers
open) [13]. Hydrothermal conditions of a growing season of a pea were
different during the studies. It allows us to determine the efficiency of the
factors under study.

1. Scheme field experiment

Factor S: Factor D: Factor I:
Sort Fertilization Inoculation of seeds
D1 - Control(C1)
S1-Deviz D2 - N3oPsoKso (C2) [1-Without  inoculation
of seeds
So- D 3 - NeoPsoKso [ — Inoculation of
Tsarevych seeds

D 4 - N30P9oKso

D 5 - NooP9oKso

D 6 - N30P9oKoo

D 7 - C1 + Nio BacH13-19 + Nio BacH 55-50+ Nio

BBCH61-65

D s - C1 + P10 BBCH13-19+ P10 BBCH5559 + P10

BBCH61-65

D g - C1+N10P10 BBCH13-19 +N10P10 BBCHS5-59 +
+N10P10 BBCH61-65

D 10 - C2 + Nio BBcH13-19 + NioBcH 5559 +

N1oBBCH61-65

D 11 - C2 + P10 BBcH13-19+ PioBBCcHss-50 + P 10



BBCH61-65
D 12 - C2 + N1oP1oBBCH13-19 + N10P10 BBCHE5-59 +
+N10P10 BBCH61-65

Winter rapepreceded the pea crop rotation. Laboratory studies had been
conducted in educational and scientific laboratories of “Analytical Researches
in Crop Growing” of the Department of Plant Science of the NULES of Ukraine.

The results of the study. Seed Inoculation with rysohumin had a
positive influence on the formation of symbiotic apparatus of the leafless
pea. The number and weight of nodules mg /100 plants varied during the study
(Table. 2-3) depending on the use of technological measures, fertilization and
varietal characteristics.

Conditions for the formation of symbiotic apparatus of Deviz pea variety
were the most favorable while sowing inoculated seeds after mineral fertilizing
with N3oPgoKgo, and foliar feeding Ci1 + N1oP1o BecH 13-19 + N10P10 BBCH 5559 +
N10P10 BecH 61-65. Thus, the number and weight of nodules were the highest and
ranged from 52,4 to 54,8 pc / plant, and from 26,2 to 27,4 g / 100 plants
(Table. 2).

Applying of high rates of mineral nitrogen had a negative impact on the
size of symbiotic apparatus. This was observed while applying NooPooKeo, as
the number and weight of nodules were at the control or even less, i.e. they
observed the inhibition of symbiotic apparatus.

2. Symbiotic activity of nodules pea plants variety Deviz depending of
fertilizer, foliar application and seed inoculation (average for 2014-2016)

Stages of plant growth and development
L BBCH 13-19 \ BBCH 55-59 \ BBCH 61-65
2 g Presowing seed treatment Ryzohumin
S wit | ? [wi| | wi | i wi | i wi | i wi | i
g 4 Number of | The weight | Number of | The weight of| Number of | The weight of
nodules, | of nodules, nodules, nodules, nodules, nodules,
units/p. 0/100 p. units/p. g/100 p. units/p. g/100 p.

D 71 132 36 66 181 255 91 128 222 339 11,1 170
D, 103 174 52 87 234 36,1 11,7 181 391 50,6 196 253
Ds 52 105 26 53 173 273 8,7 13,7 243 343 122 17,2
Ds 72 201 36 116 276 381 138 191 415 511 208 256
Ds 30 131 15 66 16,1 233 81 11,7 231 328 116 164
De 116 180 58 90 27,7 395 139 198 428 524 214 26,2
b 75 173 38 87 274 306 13,7 153 314 41,2 15,7 20,6
Ds 85 172 43 86 268 31,1 134 156 34,2 451 171 22,6
Dg 75 185 38 93 21,2 324 106 16,2 37,1 548 186 274
Do 11,1 174 56 87 204 275 10,2 138 309 394 155 19,7
Dun 10,2 183 51 92 203 338 10,2 169 365 44,2 183 221
D» 11,3 17,1 57 86 251 353 126 17,7 39,2 46,3 196 23,2
HIPos for factor «fertilization» 1,2 1,3

HIPqs for factor «inoculation of seeds» 0,6 0,6

Notes*: 1-without inoculation of seeds; 2 — inoculation of seeds




3. Symbiotic activity of nodules pea plants variety Tsarevych
depending of fertilizer, foliar application and seed inoculation
(average for 2014-2016)

Stages of plant growth and development

— BBCH 13-19 BBCH 55-59 BBCH 61-65
2. Presowing seed treatment Ryzohumin
Sawit [ 2 [ wi | 0 | wi | i [ whi | i [ wh | i | wi] |
& | Number of | The weight | Number of | The weight | Number of | The weight
>

nodules, |of nodules,| nodules, | of nodules, nodules, | of nodules,

units/p. g/100 p. units/p. g/100 p. units/p. g/100 p.
. 86 141 43 7,1 195 272 98 13,6 252 349 126 17,5
O 11,2 186 56 93 243 386 12,2 193 426 53,1 21,3 26,6
Os 6,4 11,2 32 56 188 294 94 14,7 279 37,4 140 18,7
O« 87 136 44 6,8 285 40,7 143 204 44,1 54,7 22,1 27,4
Os 42 143 21 7,2 172 254 86 12,7 264 358 132 17,9
e 125 196 6,3 9,8 286 418 143 20,9 457 552 229 27,6
n- 88 188 44 94 288 325 144 16,3 345 444 17,3 222
Hs 95 183 48 92 275 332 138 16,6 37,2 48,8 18,6 244
Ho 87 195 44 98 223 34,7 11,2 17,4 409 57 205 285
Hwo 12,7 189 6,4 95 216 292 10,8 146 33,2 422 16,6 21,1
A 115 193 58 9,7 211 356 106 17,8 395 475 198 238
i 129 188 65 94 26,7 372 134 186 42,7 49,7 21,4 249
HIPos for factor «fertilization» 1,2 1,3
HIPqs for factor «inoculation of seeds» 0,6 0,6

Notes*: 1-without inoculation of seeds; ? — inoculation of seeds

Applying the nitrogen fertilizer C>+ NiosecH13-19 + Nio BBCH55-50 +
N1o BBCH 61-65 promotes the formation of nodules on the roots of pea plants, but
it is not as intense as using Ci + NioP1o0 scH 13-19 + N10P10 BBCH 55-50 + N10P10
BacH 61-65. While applying phosphorus fertilizers P1o secH 13-19 + P10 BBcH 55-50 + P10
BBCH 61-65, We had found, that it increased the number of nodules compared to
the control, and usage of C2+ NiosscH1319 + NioescHsss9 + Nio BBCH61-
65, Showed that nodules were smaller in size and weight.

It had been established, that the varietal characteristics also have an
impact on the formation and symbiotic activity of nodule bacteria. After a
comparative analysis of the studied varieties, we have noted, that Tsarevych
variety had formed more nodules and greater weight, respectively (Table 3).

Symbiotic activity of nodules of pea plants of Tsarevych variety was the
most favorable during inoculated seeds sowing while applying mineral fertilizer
N3o Poo Koo and Ci + NioP1o0 BecH13-19+ Ni1oP10 BeCHs5-50 + N1oP1oBBCHs1-65. The
number and the weight of nodules were the highest and amounted 55,2-57,0
units / plant and 27,6-28,5g / 100 plants. Higher rates of nitrogen had a
negative impact on the number and weight of nodules.

It should be noted, that the application of fertilizers during primary tillage has
a positive effect on the formation of nodules and their size. But not all the rates of
fertilizers promote symbiotic activity of nodule bacteria of pea plants, and it is
evidenced by the data. Thus, increased rates of nitrogen usage in the amount of
90kg/ha, the destruction of symbiotic activity was observed (even lower than the
control). The least number of nodules at the roots of pea plants was observed on



the stage BBCH 13-19 — 4,2 unit / plant while adding NeoPsKeo. During the stages
of growth and development, a similar trend was observed.

Conclusions. The most favorable conditions for the formation of
symbiotic apparatus had been created by the combination of inoculated seed
sowing with application of Ci+ Nio PioBecH1319 + Nio PioBecHss59 + Nio
P10 BacH 61-65 fertilizer. Adding of mineral nitrogen has a negative impact the
symbiotic association between pea plants and nodule bacteria. While applying
mineral fertilizers N3oPgoKoo, the formation and performance of the device
symbiotic apparatus of pea plantsincrease. The mentioned rate of mineral
nutritionis effective duringseedssowing, which are not inoculated.
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CUMBIOTUYHA AKTUBHICTb BYJIbBOYKOBUX EAKTEPIU
POCJIUH TOPOXY B NICOCTENY YKPAIHU

B. C. MununeHko, J1. M. N'oH4ap

AHomauin. HasedeHi 0CHOBHI pe3yribmamu OOCIOXEHHS, MPo8edeHi 8
nigHivHIit 4YacmuHi [NpasobepexHozo Jlicocmeny YkpaiHu npomszom 2014-
2016 pp. Ha YopHO3eMi muriogoMy. BecmaHoerneHo, wo copmosi ocobrugocmi
Kynbmypu, repedrnocieHa 0bpobka HaciHHS pu3o2ymMiHOM ma yO00bpeHHS,
Masiu rno3umusHul ernnue Ha ¢hopMyeaHHsI Kirlbkocmi i mMacu 6yrbbo4yok y
pocruH  eopoxy. Haubinbw  crnpusmnuei  ymosu 0Ons (hopMyeaHHs
cumbiomuy4yHo20 anapamy CmeoptrMbCS 3a NMOEOHAHHS MOCIBHOI IHOKYNSAUIT
HacCiHHS 3 BHECEHHSIM MiHeparnbHux 0obpus y eapiaHmi Ki+N1oP1o BecH13-19 +
N10P10 BecHss-50 + N1oP10 BBCcHe1-65. Ha ¢bOHIi 8HECEHHsI MiHeparibHUX 00bpus
N3oPooKeo rocunoemscsi popmysaHHs ma rnpodyKkmueHicmbs cumbiomu4yHo20
anapamy pocsiuH 20poxy. BkasaHul pieeHb MiHepasribHO20 XUBIIEHHS €
ehekmusHUM i 3a ciebu HaciHHAM, sike He ridnsaano IHOKynsayii. BHeCeHHs
BUCOKUX piBHI8 MiHepaslbHO20 a30my HeaamueHOo eriiugae Ha cumbiomuyHul
38'130K M) pocriuHamu 20poxy i 6ynbbouykosumu bakmepismu.

Knro4oei cnoea: copm, 2opox, 6ynb6o4koei 6akmepii, iHOKynsayis
HaciHHS1, yOO6pPEHHsHI.

CUMBUOTUYECKASA AKTUBHOCTb KIYBEHbKOBbIX BAKTEPUN
PACTEHUU rOPOXA B JIECOCTENU YKPAUHbI

B. C. NMununeHko, J1. M. N'oH4ap

AHHOmMauyus. [lpusedeHbl OCHOBHbIE pe3yribmambl Uccriedo8aHUs,
coenaHbl 8 cegepHol Yacmu [NpasobepexxHoli Jlecocmenu YKpauHbl 8 medyeHue
2014-2016 e2. Ha 4YepHo3eMe mMUMUYHOM. YCmaHo8rieHo, 4mo Ccopmosbie
ocobeHHOoCcMU Kyribmypbl, npedrnoceeHass obpabomka ceMmsiH pu302yMUHOM U
yOobpeHUs, NOoXUmersibHO MOBAUSIU Ha hopMUpPOBaHUE Koru4decmea U Macchbl
KriybeHbKO8 y pacmeHuli eopoxa. Haubonee 6nazonpusimHbie ycriogusi Ons
gopmuposaHusi cumbuomu4eckoeo arrnapama co3falomcs 8 codYemaHue
MMOCEBHOU UHOKYMSyuUU CeMsiH C BHEeCeHUeM MUHeparsibHbIX ydobpeHuli 8
gapuaHme Ki + Ni1oPio BecH1319 + Ni1oP1o BecHss-59 + N1oP1o BecHsi6s5. Ha ¢poHe
8HECeHUs1 MuHeparibHbIX yoobpeHul NzoPooKeo ycunusaemcs ¢hopmuposaHus u
rpoussoOumeribHoCMb  cuMbuomu4yecko2o arnapama pacmeHuli  2opoxa.
YKka3aHHbIl ypo8eHb MUHepasibHO20 numaHusi Se19emcs 3gbgheKmueHbIMU U fpu
roceee cemeHamu, KOmMopoe He Mfoonexano UHOKYnsayuu. BHeceHue 6bICOKUX
ypoeHeli MUHepaslbHO20 a3oma ompuuamesibHO 8/lUsSem Ha CuMbuomUuYeCKyHo
c8513b Mex0y pacmeHUsIMU 20poxa U KrilybeHbKo8bIMU bakmepusimu.



Knro4yeebie cnoea: copm, eopox, KinybeHbkoeble 6akmepuu,
UHOKyNsiyusi ceMsiH, y0obpeHusi.



