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RESEARCHESON THE DEVELOPMENT OF BIOADDITIVES BASED
ON CONSORTIA OF SOIL MICROORGANISMS

Abstract. A new promising direction of increasing the yield and quality of agricultural products, preserving
and replenishing the natural fertility of soils is the development of biologically active additives with organic and
organomineral fertilizers.

The purpose of our research was to develop and optimize the technology of obtaining directional bioadditives,
study the patterns and effectiveness of their effects on plants. Bioadditives based on consortia of soil microorganisms
providing for accelerated growth of plants, improving their qualitative characteristics, as well as increasing the
fertility of poor soils were developed and tested.

The technology of fermentation of aerobic cultivation of the following bioadditives based on consortia of soil
microorganisms Azotobactervinelandii, Beijerinckiafluminensis, Bacillus cereus and Bacillus maceranshas been
worked out. In our researches, we used a less complex mineral composition, which ensures a good growth of cul-
tures and accumulation of the necessary amount of active biomass of bacteria.Cultivation of consortia was carried
out in a laboratory fermenter. Sowing of cultures in a nutrient medium was carried out simultaneously. During
cultivation samples of a cultural liquid were selected and the quantity of each kind of bacteria of the consortium was
determined in them. The determination was carried out by dilution and seeding on a solid nutrient medium (Koch
method). A consortium of nitrogen-fixing bacteria was plated on a nitrogen-free medium (Ashby), a consortium of a
mineral of dissolving bacteria on MPA + CA =1: 1.

The results of the experiment showed that the concentration of cells in the resulting preparation was
10" cells/ml. Of these, 25% was attributedto Azotobactervinelandii, 30% to Beijerinckiafluminensis, 20% to Bacil-
lus macerans, and 25% to Bacillus cereus.

Keywords: biofertilizers, bacterial biomass, mold fungi, a consortium of microorganisms, a liquid nutrient
medium, mineral fertilizers, Azotobactervinelandii, Beijerinckiafluminensis, Bacilluscereus, Bacillusmacerans.

Introduction. As the development of agricultural ecosystems created to maximize production, the
impact on nature caused by the redistribution of energy and matter on the surface of the Earth is
constantly increasing. The perfection of labor tools, the introduction of high-yielding crops and varieties
that require a large number of nutrients, began to violate the natural processes[1-5].

Unreasonable methods of protecting crops and the system of land are devastating, soil erosion and
loss of fertility due to irrational use and non-compliance with preventive measures and technology of soil
protection, contamination of surface and groundwater with residues of pesticides and nitrates coming
from agricultural lands; and much more [6-10].

To regulate and solve these problems, scientifically based techniques and methods are needed that, in
certain cases, can only partially prevent or reduce the undesirable effects that arise in the production of
primary biological products under various management conditions [11-15].

One of the most promising approaches to this task is the development of bioadditives based on
consortia of soil microorganisms and plant growth regulators for the intensification of plant growing.
Since ancient times, people have used soil microorganisms to increase crop yields. Prior to the appearance
of chemically bound nitrogen in the cultivation of bread or the use of pastures, people could rely on
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replenishing the soil with nitrogen only as a result of the activity of microorganisms. Based on soil
bacteria in the XX century, such fertilizers as azotobacterin and phosphorobacterinwere created [16-19].

The aim of the research work is to study and develop biotechnology of bioadditives based on a
consortium of soil microorganisms and plant growth regulators

Research methods

Study the growth kinetics of bacterial cultures. To determine the growth parameters of the micro-
organismsbioadditives and the optimal fermentation time of Azotobactervinelandii, Beijerinckiaflu-
minensis, Bacillus cereus and Bacillus macerans, the kinetics of their cultivation was studied in
laboratory experiments.

In the study of the growth dynamics of Azotobactervinelandii, Beijerinckiafluminensis, Bacillus
cereus, and Bacillus macerans, a series of shaker experiments and a laboratory unit with a volume of 1
liter were performed with aeration and medium stirring at a mass exchange level of 4.0 kg O,/m’h. The
composition of the mineral medium was used the same as for analyzing the effect of the carbonaceous
substrate on the cultivation process. As the carbon source for all four cultures, sucrose was used at a
concentration of 3 g/l.

Results and discussion

When sampling, microscopy of samples with drug staining was performed, which showed the
presence of at least 90% of living cells in them. All growth curves of bacterial cultures, obtained from
experimental data (table 1, figure), have a typical S-shape.

Table 1 — Dynamics of biomass accumulation (g/1) of bacteria when cultivated on a liquid nutrient medium

Culture Cultivation time, hours
Azotobactervinelandii 0 3 6 9 12 16 20 25
Beijerinckiafluminensis 1 4,5 5 7 8,1 8,3 8,4
Bacilluscereus 1 2 4,7 8 8,5 8,9 9,5 9.8
Bacillusmacerans 1 1,6 4.8 5,5 7,3 8 8,8 10
18
16
14
12
g 10 B Azotobacter vinelandii
=
5 8 B Beijerinckia fluminensis
Z Bacillus cereus
2 ® Bacillus macerans
O .
0 3 6 9 12 16
Cultivation time, hours

Bacterial biomass accumulation in cultivation in a liquid medium

However, due to the complexity of the composition and the absence of such a component as the juice
of soybean seedlings, which is used in significant quantities (10%), it is not advisable to recommend this
compound for industrial production in our region.

In our studies, we used a less complex mineral composition, which ensures a good growth of cultures
and accumulation of the necessary amount of active biomass of bacteria.

— 54 ——
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Cultivation of consortia was carried out in a laboratory fermenter. Sowing of cultures in a nutrient
medium was carried out simultaneously. During cultivation samples of a cultural liquid were selected and
the quantity of each kind of bacteria of the consortium was determined in them. The determination was
carried out by dilution and seeding on a solid nutrient medium (Koch method). A consortium of nitrogen-
fixing bacteria was plated on a nitrogen-free medium (Ashby), a consortium of a mineral of dissolving
bacteria on MPA + CA = 1: 1. The repetition of the experiment is threefold. The averaged results are
presented in tables 2 and 3.

Table 2 — Dynamics of nitrogen-fixing bacteria in cultivation in a consortium on a liquid nutrient medium (Cl/ml)

Option Cultivation time, hours
. 0 3 3 9 12 16 20 25
Beijergl"cr]‘{jzl}l‘sznmsis 1,2:10° 2-10° 10-10° 7-10° 6,5-10° 2-10° 7-10" 7-10"
4 5 5 6 8 11 11 13
Aootobactervinelandii 6-104 1~105 5-105 4-106 4-108 1-10 . 4-10]1 4~10]3
810 1-10 410 2-10 2:10 10-10 3.10 3.10

Table 3 — Dynamics of the numbers of Bacillus cereus and Bacillus macerans in a consortium on a liquid nutrient medium (Cl/mL)

Option Cultivation time, hours
Option Cultivation time, hours 3 3 9 12 16 20 25
0 3 5 7 13 21 24 30
, 1-10° 2:10° | 2-10° | 7-10° 3-108 8101 2-10" 2-10"
Consortlum: 4 5 5 7 6 10 11 13
Bacillus cereus 710 1-10 4-10 1-10 210 4-10 1-10 1-10
Bacillus macerans 9.10° 1-10° | 510% | 2-10° 1-107 3-101° 1-10" 1-10"

Previously, for the joint cultivation of Azotobactervinelandii and Bacillus mucilaginosus, a nutrient
medium composition was proposed that includes %: soybean-10 seed juice, 0.5 sucrose, 0.5 starch, yeast
extract -0.005, MgS04 -0.02, K2HPO4 -0.1, NaCl-0.02, CaCO3 -0.3, a solution of microelements-0.3,
vitamin-B1-3 ppm, vitamin B12-3 ppm.

The solution of microelements includes,%: Na2Mo04-0.5, H3B0O3-0.5, FeClI3 -0.5.

In our studies, we used a less complex mineral composition, which ensures a good growth of cultures
and the accumulation of the necessary amount of active biomass of bacteria. Cultivation of consortia was
carried out in a laboratory fermenter. Sowing of cultures in a nutrient medium was carried out simul-
taneously. During cultivation samples of a cultural liquid were selected and the quantity of each kind of
bacteria of the consortium was determined in them. The determination was carried out by dilution and
seeding on a solid nutrient medium (Koch method). A consortium of nitrogen-fixing bacteria was plated
on a nitrogen-free medium(Ashby), a consortium of mineral dissolving bacteria on MPA + CA = 1: 1 (figure 1).

The repetition of the experiment is threefold. The averaged results, dynamics of nitrogen-fixing
bacteria in cultivation in a consortium on a liquid nutrient medium are presented in tables 2 and 3.

Conclusion. The experiment was carried out without growing the plants. Before applying the
bioadditives, the soil was moistened to a humidity of 70-75% and kept at room temperature (20-22 °C) for
24 hours. Bioadditive for the experiment was developed in the laboratory. The concentration of cells in
the resulting preparation was 10 “cells/ml. Of these, 25 % were Azotobactervinelandii, 30% - Beijerin-
ckiafluminensis, 20% - Bacillus macerans, 25 % - Bacillus cereus.

The seventh day in the control conditions, the number of fungi and bacteria was practically the same
and amounted to 1-10 cells/g of soil, respectively, with one bacterium dominated by one species of rod-
shaped bacteria with dilapidated colonies.

The introduction of bioadditives into the soil caused a decrease in the fungal microflorasoil
(0.4-10 cells/g) and an increase in the number of bacteria (20-10 cells/g), and the species diversity of
bacteria also increased.

The introduction of compost in the soil led to an increase in the number of microflora and, to a
greater extent, mushroom. The number of fungi and bacteria in

This variant was 4-10 and 6-10 cells/g.

The joint application of bioadditives and compost to the soil promoted the increase in the number of
bacteria in comparison with the control, compost andbioadditive. The number of bacteria in variants No. 4
and No. 5 was 64-10 cells/g and 84 cells/g, respectively, of fungi -2-10 and 3-10 cells/g, respectively.
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A. A. A0ybakuposa, K. b. llloiibin0aesa, A. JI. Jaybln6aii, /I. E. Kynacosa, 7K. H. bBaumup3aesa
M. OyesoB atbigarsl OHTYCTiK Kazakcran Memiekertik yausepeureTi, [lIsimkenT, Kazakcran

TOIBIPAK MUKPOATF3AJIAP KOHCOPIIUYMBIHA HETI3JIEJITEH
BUOKOCIIAJIAP /KACAY HEI'I3IH 3EPTTEY

AHHoTanms. bronormsuiblk OeyiceHAl KOocTalapAbl JKOHE OpPraHWKAIBIK JKOHE OPraHUKaJbIK MHHEpaJIbl
TBIHANTKBIITApABl TaMBITy aybUIapyallbUIbIK ©HIMICPiHIH calachblH apTTHIPY, TONBIPAKTHIH TaOWFU KYHapiibl-
JBIFBIH CaKTay OHE TONTHIPY YIIiH JKaHa MEPCIEKTHBAIBIK OaFrbIT OOJIBIT TaOBIIAb.

3eprTeyaiH Makcarhl - ocepi 0ap OMOKOCHIMIIAJAPIbl ajy TEXHOJOTHSCHIH 93ipiiey KOHEe OHTaWIaHIBIPY,
OCIMJIIKTEpre OJIapIIblH THUIMJI 9CEepiH )KOHE 3aH/bUIBIKTAPBIH 3epTTey Ooubin Kelneni. bruokoceimMIinanap ecimMaikTep-
JIH Te3 ©CyiH KamMTaMachl3 €TETiH TOIMbIPAK MHUKPOOPraHU3MIEPIHIH KOHCOPILMYMbI HETi3iH/Ae 93IpJeH/i KOHE
CBIHAJI/IBI, OJIAP/BIH CalajblK CHIIATTaMaJapblH JKaKCapTThl, COHJAM-aK Hallap TONbIPAKTapIblH KYHapJIbUIbIFbIH
KOFrapblIaTThI.

Tonsipak Mukpoopranusmiepinin Azotobacter vinelandii, Beijerinckia fluminensis, Bacillus cereus u Bacillus
macerans KOHIOpPLIMYM/apblHa HETI3/IeNTreH Kejeci 0MoOMOKOCKIMIIanapasl a3po0Thl ©Cipy allbITy TEXHOJIOTHSCHI
azipnenai. Kyprisiiren 3eprreyre coiikec, MUHEpaJLAbl KOCIIaHBIH KYPJeJi KOCHACHIH KOJIAHY YCBIHBUIIBI, al Oyl
OakTepusi OMOMaccachIHBIH JKaKChl 6CiN-IaMybIHa KOII MeJIIep e )KUHAKTallyblHa MYMKIHIIK Oepeni. Koncopumym-
IIBI ©cipy JTabopaTtopusuIbIK (epMeHTepae Kyprizinmi. KopekTik oprara KynbTypaHbl ery Oip mesringe eTTi. Ocipy
OapeICHIHIA YT JAKBUIABIK CYHBIKTHIKTAH aNIBIHBII, OaKTepHsiIap KOHCOPIIMYMBIHBIH op0ip KeKeJlereH TypiHe onap-
IIBIH MOJIIIepiHe 3epTTeyIep KYPri3iimi. AHBIKTay OapBICHI CYHBUITY OMIiCiHE caif, KaTThl OpTara KaiTa ery apKbLIBI
xy3ere acbipbuianbl (Kox amici). A3oT dukcupiieyln 6akTepusuiap/blH KOHCOPIIMYMBIH a30ThI KOK DIIOU OpTachiHa
ery MITA-CA = 1:1 muHepanpl bIIbIpaTy OaKTepHsIapbl KOHCOPILMYMbBIHA Cail KYPTri3iii.
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KOpBITBIHIB TOXKIpHOeTep KOpCeTKEH/ICH, alblHFaH GaKTepHs KacylanapbHBIH KOHUeHTpammsachl 10" wi/mi
aprTel. OnbIH imiaae 25% Azotobactervinelandii, 30% - Beijerinckiafluminensis, 20%- Bacillus macerans, 25% -
Bacillus cereus Typansr.

Tyilin ce3nep: OMOTHIHAUTKBIIITAP, OakTepus OMOMaccachl, CaHBIpayKyJIaKTap, MHKpPOar3a KOHCOPIIMYMBI,
CYHBIK KOPEKTIK OpTa, MHHEpaN/Ibl ThIHAWTKBILTAP, AZotobactervinelandii, Beijerinckiafluminensis, Bacilluscereus,
Bacillusmacerans.

A. A. A0ybakuposa, K. b. llloiibin0aeBa, A. JI. Jaybln6aii, JI. E. Kynacosa, 7K. H. baiimup3aeBa
IOxH0-Ka3axcranckuii rocyJapcTBEHHbIN yHUBepcUTET UM. M. Aya3oBa, IlIsmvmkent, Kazaxcran

N3YYEHUSA PASPABOTKU BUOJIOBABKHA
HA OCHOBE KOHCOPIIMYMOB ITOYBEHHBIX MUKPOOPI'AHU3MOB

AHHoTanusi. HOBBIM INepCHEKTUBHBIM HANpaBICHUEM MOBBIIICHHS YPOXAWHOCTH M KadeCTBO CEIBCKOXO-
3SIMCTBEHHON NPOAYKLUM, COXPAaHEHHS M BOCIIOJHEHHUS €CTECTBEHHOTO IUIOJOPOAMS IMOYB SIBISETCS pa3paboTKa
6MOIOrMYECKN AKTUBHBIX 100aBOK ¥ OPraHUIECKUM U OPTaHO- MUHEPAIBHBIM YIOOPEHUSIM.

Ienpto HammMx HCCleAOBaHUN OblIa pa3pabOTKa M ONTHMH3ALUSA TEXHOJOTHH IOJYYEHHS OHO100aBOK
HAIpaBJICHHOTO ACHCTBUS, U3yUYeHHE 3aKOHOMEpHOCTEH 1 AP PEeKTHUBHOCTUMX BO3JEHCTBHS Ha pacTeHHs. beum pas-
paboTaHbl M HCIBITAaHBI OMOJ00aBKM Ha OCHOBE KOHCOPIIMYMOB IOYBEHHBIX MHKPOOPTaHM3MOB OOECIIEUHBAIOIINE
YCKOPEHHBIH POCT PACTEHUH, YIy4LIEHHUs] UX KaueCTBEHHBIX XapaKTEPHUCTHK, a TaKXKe MOBBIIIAIONINE TUIOJ0POIUS
OCITHBIX MTOYB.

OtpaboTtano TexHOJOTHA (pepMEHTAH a’3pOOHOTO KYJIHTHBHPOBAHUS CIEAYIOMHNX OHOM00aBOK HA OCHOBE
KOHCOPIIMYMOB TOYBEHHBIX MHKpoopraHm3MoB Azotobactervinelandii, Beijerinckiafluminensis, Bacilluscereusu
Bacillusmacerans.CormacHo wHcciieJoBaHUIO, OBUIO TMPEUIOKEHO MCIIONB30BaTh CIIOKHYIO CMECh MHHEPaIbHBIX
ymoOpeHnid, KoTopasi TI03BoJIsIIa OaKTepuu OMOMAacChHl HAKAIUTMBATHCS B OONBIINX KOoMudecTBax.Pa3Beaenue koHcop-
IMyMa MPOBOAMIN B J1abopaTopHbIX (epmeHTax.OJHOBPEMEHHO MPOBOIMIN IOCEB KYJIbTYphl B IHUTATENIBHBIX
cpenax. Bo Bpems KynbTUBHpOBaHMA 00pa3en H3BJIEKAIH U3 KyJIbTUBUPYEMOH XKUAKOCTH U UCCIIENOBAIHN I KaX-
JIOTO OTJIEJBHOTO BHJAa OaKTepHalIbHBIX KOHCOPLMYMOB M HX paszmepa.llpouecc oOHapyKeHUs! MPOBOAWIN ITyTEM
PELMPKYJIAIMK B TBepAyto cpeny (meron Kox) B coorBercTBHM ¢ MeTomoM pasz0aBieHus.KoHieHTpaT OakTepuii
a30Ta, 3aKPEIUIIONINIA a30T, CHIEIaH MOCeB B cpeae Duidu 0e3 a30Ta B COOTBETCTBHU C OAKTEPHAILHBIM KOHCOP-
LHUYMOM JUIsl Pa3lIokKeHNUs MUHepalbHOro pasznoxenus MPA-Ca 1: 1.

PesynbraThl SKCIIEpUMEHTa IOKa3ajiH, YTO KOHIEHTpaunus KJIETOK B IOJY4YEHHOM IIpernapaTe COoCTaBisuia
10" x1/mn. M3 mux 25% npuxoamiock Ha Azotobactervinelandii, 30% - Beijerinckiafluminensis, 20% - Bacillus
macerans, 25% - Bacillus cereus.

KuaroueBsbie cioBa: OnoymoOpeHus, 6akTepuanbHas Omomacca, TUIeCHEeBBbIE TPHOBI, KOHCOPIHMYM MHKpPOOpTa-
HU3MOB, JXKUJKas MUTAaTeIbHAs cpela, MHUHEpaJdbHBIE yHoOpeHms, Azotobactervinelandii, Beijerinckiafluminensis,
Bacilluscereus, Bacillusmacerans.

Caenenue 00 aBTopax:

AOy0OakupoBa Acxap AOmyrammapoBHa — MAarucTp,CTapiiuil mnpenogaBareib, FOxHo-Kazaxcranckuit Io-
CylapCTBEHHbIM yHHBepcuTeT uM. M. Ays3oBa, Beicmias mkona «Xumudeckas MHXeHepus U buorexnomorusy,
kagenpa «brnorexHomorus»

lotipinOaeBa Kapapiram bonaroBHa — maructp, crapimmii npenogasatenb, HOxuo-Kazaxcranckuii I"ocynap-
CTBEHHBIN yHUBEpCcHUTET UM. M. Aya30Ba, Bricimas mkona « Xummdeckas WHKeHepus 1 bruorexHomorus», kademnpa
«buotexHomorus»

Haysibaii Amuaa JlyliceHXaHOBHA - KaHAWAAT CENbCKOXO3SHCTBEHHBIX HayK, HOIeHT, KOxHo-Ka3zaxcranckuii
locynapcTBennslii yHuBepcuTeT UM. M. Ay330Ba, Bricmas mkona «Xumudeckas HHXKeHepHs 1 bruotexHomorusy,
kagenpa «buorexHonorusn»

KymnacoBa J[lapuxa EpammnoBHa — wMarmctp, npenogaBareib, HOxHo-Kazaxcranckwii ['ocymapcTBEHHBIN
yHHBepcuTeT uM. M. Aya3oBa, Beiciias mkona «Xumudeckas nHxeHepus 1 buorexHonorus», kadenpa «buorex-
HOJIOTHSD)

baiimupzaeBa Xamuna HypanueBHa — maructp, npenogaBatenb, FOxno-Kazaxcranckuii ['ocynapcTBeHHBIN
yHHBepcuTeT uM. M. Aya3oBa, Beiciias mxona «XuMmndeckas nHxeHepus: 1 buorexnonorus», kadenpa «brnorex-
HOJIOTHSD»
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