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Wsyuena pearknusa cou Glycine max (L.) Merr. Ha MHOKYJIAIUIO aJblr0-PU300MATbHBIMY KOMIIO3UITUAMU
Ha OCHOBe KJy0OeHbKOBBIX OaxkTepuii Bradyrhizobium japonicum u cuHeseaeHoit Bomopocau Nostoc puncti-
forme. IlokazaHo, UTO UHOKYJIAIINA CEMAH COU AJbI0-pPU300MATBHBIMU KOMIIO3UIIUAMU CIIOCOOCTBYET II0-
BBIIIIEHUIO BCXOKECTH U TIOJIOKUTEJIbHO BINAET HA (JOPMUPOBAHIE ITPOPOCTKOB. BKIITOUeHME CUHE3EJIEeHBIX
BOJIOPOCJIell B MHOKYJIAIMOHHYIO CYCIIeH3U0 pudobuit u ux TnS5-MyTaHTOB B ONPeNeIeHHBIX COUETAHUAX
MOJKET CTUMYJIUPOBATH POCT U PA3BUTHE COU, HAKOILJIIEHNE (DOTOCUHTETUYECKUX IIUTMEHTOB B JINCTHAX U CO-
IepsKaHue IPOTerHa B CeMeHaX, OJHAKO IIPU 9TOM He OKa3bIBaTh CYIIIECTBEHHOTO BIUSHUS HA a30TMOUKCU-
PYIOIIYIO aKTUBHOCTE KJIYOEHBKOB, a TaKiKe MPOAYKTUBHOCTE pacTeHuii. [losyuyeHHbIe JaHHbIE YKA3bIBAIOT
Ha HE0OXOMMMOCTh IOMUCKA 3(P(MEKTUBHBIX KOMIIJIEKCHBIX aJIbrO-PU300MATbHBIX KOMIOBUIIUH I UHOKY-
JANMUY PACTEHUH COM IIYyTEeM ONTHMAJIbHOTO IOAOOpA IIITaMMOB OAKTEPUIl U COOTHOIIEHUS NHOKYJIAIIMOH-
HBIX areHToB. Takike HEOOXOAMMO UCCJIE[OBATH AIBIO-PU300MaIbHbIe KOMIIO3UIINY, CO3JaHHbIE HA OCHOBE
MUKPOOPTraHU3MOB C TeHETUYECKU M3MEHEeHHBIMU CBOMCTBaAMU.

Knrouesnvte cnosa: 6000B0-pu300MaIbHBIN CUMOM03, AJILT0-PU300MATIbHBIE KOMIIO3UIIUN.

CuHesesieHbIE BOJOPOCJIU SABJIAIOTCS TepC-
MEeKTUBHBIM O0BEKTOM OMOTEXHOJIOTUU OJaro-
Iaps WX CIIOCOOHOCTH K (DOTOCHHTE3Y, as30T-
(huKcamuu, CHHTE3y KOMILIeKCca OMOJIOTUYECKH
AKTUBHBIX U POCTAKTHUBUPYIOIIUX BeIEeCTB,
IMOJIOKUTENbHO BIUAKIINX HaA IJOZOPOIAHE
MOYB M aKTUBHOCTH MOUYBEeHHO# Owmotrhl [1-3].
ITmanobaKTepuy TECHO CBSA3AHBI C DAKTEPUIMMU,
o0UTAIOIUMI B UX CJU3U, Hampumep Rhizo-
bium, Agrobacterium, Pseudomonas, 1 CIIoCOOHBI
00pa30BLIBATHL HOBBI€ YCTOWUYMBHIE accoIliua-
UMW, UTO OTKPBIBAaeT MEPCIeKTUBY IJsd KOH-
CTPYUPOBAHUA 3SPHEKTUBHBIX MUKPOOHBIX
KOHCOPIIMYMOB M IIpeIapaToB Ha HX OCHOBE
[4-6]. ITosmoxuTEeIbHBIE PE3YIBTATHI OBLIN IIO-
JIyYeHBI TIPU UCIOJIL30BAHUU B arpoOMOTEXHO-
JIOTUM HCKYCCTBEHHBIX aJIbIO-pU300MaIbHBIX
acconuanuil 1 WHOKYJIAIUYU CEeMSIH JIsTBEH-
1a, ropoxa u KJjeBepa [4, 7]. Ha ceroguamiauii
IeHb JOKa3aHo ycujeHue s(ppeKTa HUTPOTeHU-
3auu 0000BBIX PACTEHUH IO/ BIUAHNIEM HUCKY-
CCTBEHHBIX KOHCOPIIMYMOB Ha ocHoBe Nostoc
U pas3audYHbIX BUAoB Rhizobium [5].

IIpuMmeHeHUEe OMOJOTMYECKHX IIpPeIlapaToB
Ha OCHOBE a30T(PUKCUPYIOINX MUKPOOPTraHM3-
MOB, B YaCTHOCTHU KJIyO€HbKOBBLIX OaKTepuii, —
OIVH 13 OCHOBHBIX IIPUEMOB IOBBIIIIEHUS IIPO-
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IYKTUBHOCTU PACTEHU, ITO3BOJISIONINI COXpa-
HATH IJIOZOPOAME IIOUYB U dKOJIOTUYECKOE paB-
HOBecue OKpyskatorieil cpeasl [8]. B wacTHOC-
TH, COBMeECTHas 0O0pabOTKa CeMSH JIOIEePHBI
a30TPUKCUPYIONUMY OaKTEPUAMU 1 CUHEe3eJIe-
HOIT Bogopocsbio Nostoc punctiforme, a Taxk:ke
uX OMHAPHBIMI KOMIIO3UIIUSAME CTUMYJIHAPYET
pocT u pasBuTHe pactenuii. IIpu sTom ycTaHoB-
JIeHO, 4To Hambosee a(heKTUBHA COBMECTHASA
WHOKYJIAIUS II1aHO0aKTEPUAMU C OTIeJIbHBIMU
Tnb5-myranramMu pus3o0uil B CPaBHEHUU C UHO-
KyJasainuei ux MoHOKyJabTypamu [9, 10].
Cosganue 1 IMoJ00p COBMECTHUMBIX aJIbIO-PH-
300MAJIbHBIX aCCOIIMAIIMI, BKJIIOYAIOIINX aKce-
HUYECKVE KYJIbTYpPhl CHUHE3eJEeHBIX BOIOPOCIeH
U KJIyOeHbKOBBIX DaKTepuii, a Tak:ke nux Tnd-my-
TAHTOB, MOYKET CTaTh OSHUM U3 CIIOCO00B 0110JI0-
TUYECKON CTUMYJIANUN 0000BO-pH300MaIHLHOTO
cuMOM03a, TOBBIIIAIOIIET0 3HAYMMOCTh B3aMO-
JeliCTBUs pu300uii ¢ pacTeHUAMU U 3PPEKTUB-
HOCTb 0aKTepUAJIbLHBIX IIPEIIapaToB Ha X OCHOBE.
ITens wmacTosImieir paboOTHI 3aKJaOYaach
B U3y4YEeHUU PeaKIuU cou, a Takxke a(pdeKTus-
HOCTU €e CUMOMOTHUYECKUX CUCTEM Ha MHOKYJISA-
IIAIO CEMSH aJIbIr0-prU300MAaIbHBIMU KOMITO3UITH-
AMU, COCTOAIUMU U3 KJIYOeHbKOBBIX OaKTEPUil,
ux Tnb-MyTanTOB U CUHE3eJIeHBIX BOLOPOCIE.
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MaTepuaasl 1 METOIbI

Cewmena cou Glycine max (L.) Merr. (coprt
MapbsiHa) MHOKYJIUPOBAIU abro-pU300MaIhb-
HBIMH KOMIIO3UIIUAMU Ha OCHOBE KJIYOEHBKO-
BbIX OakTepuit Bradyrhizobium japonicum us
My3eMHO! KOJJEKIIUN a30TPUKCUPYIOIINX
MHUKpoopraHu3dmMoB MHcTuTyTa (GUIUOJIOTHUU
pacrenuii u reaetuku HAH Ykpauns! (Irpous-
BoACTBeHHBINT mramMm 6346, Tnb-myTauTsl
mramma 646 — T66, T118 u 17-2) u cuHeseie-
HOM Bomopocau Nostoc punctiforme (Kutz)
Hariot, monyuennoii us MacTuTyTa rugpobuo-
agoruu HAH Vxpaunsl. PaboTy ¢ Mukpoopra-
HU3MaMU IIPOBOAUIU II0 OOIMEIPUHATHIM
B MUKPOOMOJIOTUY IPABUJIAM.

ITocsie xpaHeHUA B YCJIOBUAX My3ed IIPU
remneparype 4 ‘C (pU3MOIOIrMUECKyI0 AKTUB-
HOCTh MeIJIEHHOPACTYIINX KJIYOeHbKOBBIX
0axkTepuil com BOCCTAHABJIMBAJIU B PeaKkTUBAa-
MUuOHHOU cpeje. I[as1 3TOr0 KyAbTYypPYy pus3o0bui
BBIPAIIIMBAJIN HA MAHHUTHO-IPOKIKEBOM arape
(MIOA)[11] upu 28 °C B reuenue 7—8 cyT mocJie
Yero Maccy KJIETOK CMbIBaIU (hU3UOJIOTHYEC-
Kkum pactBopom (0,9% NaCl), mepenocusu
B JKHUAKYI0 MaHHUTHO-IPOXKIKeBYy0 cpexy [11]
U BBIJEP:KUBAJIN TPU IIOCTOSAHHON asparuu
u 28 °C Ha Kauajake 1o 7 CyT.

KyabTypy cumesenenoit Bomopocau N. puncti-
forme BbIpamuBaIM OO CTAIlMOHAPHOM (haswl
pocTa Ha MUTATeJbHOMH cpene PuTIAKepaIbaa
(Fitzgerald) B moguduranuu Zender u Gorham
[12]. Bomopocau KyJbTUBUPOBAJIN B KOJIOaX
IpienMeliepa npu remueparype 22 = 2 ‘C u oc-
Beriennoctu 4,5—5,0 toic. gokc. KormeuTpa-
nuio xjopodpunia (C,,) B KIeTKax Bojgopociei
ompenenAaan wmeromoM nuddepeHITUATBHON
daroopomerpun (Planctofluorometer FL300
3M, Poccusa) [13]. ITapanienbHo oIpenersaiu
CTeIleHb JKMB3HECIIOCOOHOCTU BOJOPOCJIEH IIO
pasHuIle UHTEeHCUBHOCTHU (hrroopeciieHIiuu (AF)
[IO 1 TIOCJIe BHECEHU S CMMa3uHa — UHTUOUTOpAa
9JIEKTPOHHOTO TPaHCIOPTa (OTOCUHTE3UPYIO-
mux KJeTok. [lokazaress AF xapakTepusyeT
CTeleHb KU3HEeCIIOCOOHOCTU BOAOPOCIeii o Be-
JUYUHE UX TOTeHIIMAIbHON (POTOCUHTE3UPYIO-
mie#t aktTuBHOCTH [14].

WHOKYIAT 115 ceMAH OTOBUJIU IIYTEM CMe-
mIuBaHUA OaKTepUAJIbHBIX CYCHEH3UIH, COCTO-
ABIINX U3 KJIYOeHbKOBBIX OakTepuii (1-10° Kite-
TOK/MJ) u cuHesesgeHoil Bojopocau (C,,
1506,6 = 13,4 mxr/ma, AF = 0,088) B cooTHO-
menun 1 : 1.

B 1a6opaTopHOM OMBITE C IIPOPOCTKAMHE COU
ceMeHa IpOpaIUBaJIN B CTEPUJIBHBIX UYAIIKaX
ITerpu mo 50 miTyx Ha PUILTPOBAILHOI OyMa-
re, CMOUEeHHOU CTePUJIBbHOM BOJAOIIPOBOSHOM BO-
nmoii. Ilepen mpopammBaHueM ceMeHa IOBEp-

rajgm moBepxHocTHO# crepuaudanuu (0% -m
aTaHoJioM B TeueHue 20 MUH, ITOCJE YeTO MHO-
TOKPAaTHO IIPOMBIBAJU CTEPUIBHON BOIOIPO-
BOJHOII BOmOM B TeueHre 30 MUH 1 MHOKYJIAPO-
BaJM OaKTePUAMHU WJIN UX KOMIIOSUIIUAMU.
IIoBTOPHOCTH OTIBITOB — YeThIPpeXKpPaTHASA.

JHeprusa MmMpopocTa CeMAH — CIOCOOHOCTH
ceMsAH KYJbTYP K OBICTPOMY OJHOBPEMEHHOMY
IpOpacTaHUIo, KaK U BCX0KECTh,0lpPeIeIaeTcs
YHCJIOM ITPOPOIIEHHBIX ceMsH (B % ) B TeueHue
OIIpeIeIEHHOTO JJIA KaK 0 KYJIbTYPhI CPOKA.

CHATUE TIOKAa3aHUH 9HEPrUU IPOPACTAHUSA
U BCXOXKECTU CEMSH HPOU3BOAWJIU B COOTBET-
crBuu ¢ 'OCT 12038-84 [15].

WccnemoBanus Tak:Ke MPOBOAUIU B YCJO-
BUAX MOJEJBHBIX ONBITOB HA BEreTAIlMOHHON
IJIOIAAKe IIPU eCTeCTBeHHOM OCBeIeHUuUn
u BJaxkHOCTH cyberpara 60% . B ombiTax wmc-
MoJIb30BaI cocynbl Baruepa Ha 15 Kr mecka,
B KOTODPBIX BBIpAIUBAJU IO 6 pacTeHUH COu.
Cocynbl mOpenBapuUTeIbHO CTEPUJIU30BATIU
20% -m pactBopom H,0,. B kauecTBe cybeTpaTa
WCTI0JIb30BAJIN ITPOMBITHIA PEYHOU IIECOK C J[0-
0aBJIeHMEM MUHEPAJbHOUW IMUTATeJbHOI cMecHu
nmo [enbpurenio, comepsKaBIllell «CTapTOBOE»
KoJsuuecTBo azora — 0,25 mopmel (1 HOpMa co-
orBercTByeT 708 mMr Ca(NO;), x 4 H,O Ha 1 KT
mecka). Ilepex BBICEBOM ceMeHa CTEPUJIU30-
Baiu 70%-mM sTaHosloM B TeueHue 15 muH,
a 3aTeM IIPOMBIBAJIM IPOTOUYHOM BOIOM B Teue-
e 30 muH. [IPOAOKUTENTHLHOCTh OaKTEpPU-
3aliy CeMAH KOMIIO3UIIUAMU MUKPOOPTAHUS-
MoB cocraBiasayma 60 wmwmu. Pacrenua npua
aHaJIM3a oTOMpaJu B (pasdax OyroHusanuu (39-e
CYTKH OT IIOSIBJIEHUS BCXOMIOB), IIBeTeHUsd (53-1
CYTKM) U Havajga mJjomoobOpasoBanusa (5H7-e
cytku). Ilocie yuera ypoKasa B ceMeHax
COU OTIpeesiANn 00Ilee colep:KaHue ITPOTEU-
Ha [16].

Ompenenenne comeps;KaHus (POTOCUHTETH-
YeCKUX MUTMEHTOB ITPOUBBOIUJIN 110 METOAMKE
Wellburn [17]. Xmopoduia skcTparupoBaiu
numeruiacyiabdporcugom (ma 0,1 r© pacru-
resabHOro Marepuasia 10 mu [IMCO) us Beiceuek
JIUCTHEB, IIOCJE UYEro U3MEPAJIU OITHUUYECKYIO
IJIOTHOCTh PAacTBOpa Ha cmeKTpodoToMeTpe
Smart Spec Plus (Biorad, CIIIA) mpu 665
u 649 um B KioBere TosmuuOM 1 cm. [iasa wms-
MepeHu# Opayii mMPoOBI CPEeIHUX [TOJIeN TPOM-
YaThIX JUCTHEB, 3aKOHUUBIIUX POCT U 0e3
BUAMMBIX NPU3HAKOB crapeHusa. Jlucroa
oTOMpanu M3 CPEeJHUX APYCOB HATU PAHIOMU-
3UPOBAHHBIX PACTeHUU OJTHOTO BapumaHTa. U3-
MepeHUA BBITIOJHAJIN B TPEXKPATHOH ITOBTOD-
HOCTH.

Hurporenasnyio akTHBHOCTB (a30T(MKCAIIIIO)
OIIpeieJIsIN 10 YPOBHIO alleTUIeHBOCCTAHABINBA-
[OIell AaKTUBHOCTH KOPHEBBIX KJIYOEHHKOB

43



BIOTEXHOJIOT'TA, T. 3, Ne6, 2010

aleTUJeHOBLIM MeTonoM [18] m BmIpamkaau
B MUKPOMOJIAX 3TUJEeHa, 00Pa3oBaHHOTO KJIY-
OeHbKaMU OJHOTO pacTeHuda 3a 1 4. I'azoByro
cMech aHAJIU3UPOBAJIM Ha Ta30BOM XPOMATO-
rpade Chromatograf-504 (Mera Elwro, Ilojb-
mia). OnpegeseHnsa MPOBOAUIIN B IATUKPATHOMN
TIOBTOPHOCTH.

ITonyuennble pesyabTaThl oOpabaThIBaIU
CTaTUCTUUECKU. B Tabauiiax IpuBemeHbl cpe/-
HUe apudmeTruecKue 1n3 3—5 OHMOJOTMUECKUX
IIOBTOPHOCTEH ¥ WX CTAaHZAPTHBIE OIMUOKMN.
B o0cy:xeHUN pe3yIbTATOB IIPUBJIEKAJIN JaH-
HBbIEe, CTaHJapTHAasA OIIMOKAa KOTOPBIX IIPEBBI-
mana 10% . [lyia riaBHOTO ITOKas3aTeasa — ypo-
JKaliHocTu — OBLJI HpuMeHeH mokasarens HCP
(HamMeHbIIasa CyIeCTBeHHA PAasHUIIA).

PesyabTaTsl u 00CyKIeHEE

IToxasano, uTo mpu 00PabOTKEe CeMAH COU
MOHOKYJIBTYPOUl N. punctiforme yBesindmnBaoT-
CsI PHEPTrUA IPOPACTaHUA CEMAH, X BCXOXKECTD,
a TakiKe JJIMHA U Macca c(HopMHUPOBABIINXCHA
mpopocTKOB (Tabu. 1). [Ipu nHOKyIAIINY CeMAH
pU300UAMY UM UX aKTUBHBIMEU Tnb-myranTa-
mu (6346, T66 1 T118) nusyuaembie mokasaTean
CYIIIeCTBEHHO He OTJINYAJIUCH OT KOHTPOJIbHBIX.
IIpumeHeHME aJIbro-pu300MATbHBIX KOMIIO3U-
muii Ha ocHOBe N. punctiforme u B. japonicum
IIPUBOJMJIO K YBEJINUYEHUIO N3yUaeMbIX II0Ka3a-
teJieii (Tabs. 1). IIpu sTom B BapuauTax ¢ oopa-
0oTkoit wKommosunumamMu N. punctiforme +
Tn5-MyTaHT TOKa3aTeJ 1 BCXOKECTH TPEBOCX0-
OIWJIY He TOJBKO KOHTPOJb, HO U IOKa3aTesaun
BCXOKECTH B BapuWaHTaX C MOHOKYJBTYPOI
N. punctiforme.

WsBecTHO, uTO KpuTepuAMu 3(OPEeKTUBHOC-
TH KOMIIJIEMEHTAPHOTO B3aMMOIeHCTBUA MakK-
PO- U MUKPOCUMOMOHTOB ABJISAIOTCA KOJIUYIECTBO

M Macca KOPHEBBIX KJIyO6eHbKOB, KOTOpPHIE,
B OCHOBHOM, KOPPEJIUPYIOT C UHTEHCUBHOCTHIO
durcamuu armochepnoro asora [19]. B xoxe
BEreTaI[MOHHOTO SKCIEPUMEHTA MBI OTIPeeIs-
JI BUPYJIEHTHOCTb PU300UIl 1 MacCy KJIyOeHb-
KOB, 00pa30BaBIIUXCA IPU NHOKYJIAIUN CEMIH
mrammamMu u Tnd-myrantamu B. japonicum,
a TaK:Ke KOMIIO3UIIUAMU Ha OCHOBE PHU300mit
u N. punctiforme (taba. 2). MaxkcumaabHOe
KOJMYECTBO KJIyOeHbKOB 00pa30BBIBATT aKTUB-
Hbe1il Tnd-myranT T66. IIpumMenenre OuHapHON
WHOKYJIAINU (pU3006MM + BOZOPOCIN) HE TPHU-
BOJMJIO K CYIIIECTBEHHOMY U3MEHEHUIO KOJIMYe-
CTBa M MAacChl KJIYOEHbKOB, WHAYITMPOBAHHBIX
mrammoM 6346 u TnS5-myranTom 17—-2 B (ase
OyTOHMBAIMY, IIPU 9TOM YTHETAJIO KIYOEeHbKO-
obpasoBanue Tnb-myranra T66. Obpaiaer Ha
cebs BHUMaHUE TOT (pakT, uTo B (pase 1BeTeHUS
UHOKYJIANINA aJblro-pru300NaIbHBIMU KOMIIO3H-
MUAMU TPUBOAMIA K YCUJIIEHUIO BUPYJIEHTHOCTHI
Tnb5-myrauTa T66 m, HampoTUB, K ee CHUMKe-
HUO y mtamMa 17-2. Takum o6pasom, coBmecT-
Hasl MHOKYJISINA KJIYOeHbKOBBIMU OaKTePUIMU
U CUHEe3eJIeHbIMU BOJOPOCIAMU CYIIECTBEHHO
He BJIHMsET Ha KJIyOeHbKOOOpas3oBaHIeE IIPOMS3-
BOJCTBEeHHOrO Iramma 6346, MOJIy4eHHOI'0 Me-
TOAOM AHAJUTUYECKOH CEeJIEKIIUU, M MOIKET
OKas3bIBaTh KaK CTUMYJIUPYIOIee, TaK U UHTHU-
Oupymolllee BIUAHNE Ha KOJUYECTBO U MACCY
KJIYOEHbKOB, MHIYIIMPOBAHHBIX Tnd-myTaHTa-
mu mramma 646.

H3BecTHO, YTO CHMOMOTHYECKUE CBOMCTBA
KJIyOeHbKOBBIX OaKTEePUil MOTYT BIAUATH Ha CO-
IepsKaHUe TUTMEeHTOB B JIUCThAX 6000BBIX pac-
tenuii [20]. IIpexgmosiaraior, 4To comep:KkaHue
(hoTOCMHTETHUECKUX MHUTMEHTOB B JHUCTbIX
VHOKYJIUPOBAHHBIX PACTEHUH ABJISETCS OTHUM
U3 KOCBEHHBIX HOKasareyieli 3(p(HeKTUBHOCTHU
cuMOuos3a. MHOKyJIANUA CeMAH PU300UAMU
U UX aKTUBHBIMH Tnbd-mMyTaHTaMu, a TaKiKe

Tabauya 1. PopMupoBaHUE MIPOPOCTKOB COM IIPU MHOKYJISIIIMU CEMSIH aJIbro-pu300MaJIbHBIMI KOMIIO3UI[HIMU

IJHePrus MpopacTaHms BcexoskecTs J1uHA IPOPOCTKOB Macca mpopoCcTKOB

Bapuanr KOJIMYECTBO IIPOPOCIINX CeMSH % & % &

T % oIT % MM KOHTPOJIIO mr KOHTPOJIIO
Konrpous (Bozxa) 29,5+1,22 59 |37,5+1,567| 75 | 47,8+3,8 100 |95,6+1,76| 100
Nostoc punctiforme 33,0+0,58 66 42,0+0,82 | 84 | 57,9+4,1 121 117,2+2,9 123
B. japonicum 6346 31,5+0,74 63 |40,0=2,08| 80 | 45,1+3,7 94 106,9=7,7| 112
6346 + N. punctiforme| 32,5+1,65 65 |41,5+2,11| 83 | 56,6+3,0 118 [106,8+3,3| 112
Tn5-myrant T66 31,5+2,70 63 |37,0+1,35| 74 |46,8+2,9 98 98,7+3,4 103
T66+ N. punctiforme | 33,0=1,63 66 |44,0=1,73| 88 | 56,8+4,1 119 |106,8+3,3| 112
Tn5-myranT T118 28,5+1,70 57 |33,5+2,26| 67 |43,2+3,01 90 98,7+3,0 103
T118+ N. punctiforme | 31,0+1,80 62 |42,0+0,58| 84 | 51,3%3,7 107  |115,1+5,8| 120

Ilpumevanue. IIIT. — YKCJIO IPOPOCIINX CEMAH B IITYKAaX.
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Tabauya 2. KonnuectBo (1T/pacrenne) u macca (r/pacreHne) KIy0eHbKOB COM, 00pPa30BaBIINXCSI
IIpU MHOKYJISAIUN ceMaH mramMmamu u TnS-myranravu Bradyrhizobium japonicum,
a Tak/Ke KOMIIO3UIIUAMY Ha OCHOBe pusoduii u Nostoc punctiforme

da3za pa3Burud
Bapuanr Byronuzanusa IIBeTeHmeE

1T /pacTeHue r/pacTeHue mIT/pacTeHue T/pacTeHue

Koutposs (6e3 MHOKYIAIINN) 0 0 0 0

Nostoc punctiforme 0 0 0 0
IITramm 6346 74,25 = 5,86 0,34 + 0,04 73,00 = 7,82 0,85+ 0,09
IIramm T66 96,75 = 6,06 0,47 = 0,02 109,25 = 10,35 1,12 = 0,06
Tn5-myraut 17-2 89,25 = 8,32 0,43 = 0,04 105,00 = 5,58 1,12 +0,10
ITramm 6346 + N. punctiforme 72,75 + 4,64 0,34 + 0,01 79,75 + 2,29 0,82 + 0,09
IIramm T66 + N. punctiforme 69,00 = 6,36 0,26 += 0,02 121,67 = 9,60 1,29 = 0,12
Tn5-myraut 17-2 + N. punctiforme 95,75+5,57 0,49 += 0,04 91,50 += 6,24 1,04 = 0,10

CUHEe3eJeHO BOLOPOCIbIO IPUBOAUIA K YBEJIH-
YEeHUIO COMePsKaHuA B JIUCTbAX XJopoduia a
u b B CpaBHEHUU C KOHTPOJIEeM 0e3 NHOK YA
(raba. 3). Ilpumenenue aabro-pu3o0MaTbHBIX
KOMIIO3UIIMI HA OCHOBE 9TUX OAKTEePHIl JOMOJI-
HUTEJbHO MOBBINIAJIO COAep:KaHue (PpOoTOCHMHTEe-
TUYECKUX MMATMEHTOB, B CDABHEHUU KaK C KOHT-
posieM 0e3 MHOKYJISINU, TaK U C BapUaHTAMU
UHOKYJIAIUY MOHOKYJIbTYPaMU.

Tabauya 3. Conep:xanue xjopopuiia a u b
B JINCTHSIX PACTEHUH COM, HHOKYJINPOBAHHOM
Nostoc punctiforme, mraMmmamMmu
u Tn5-myrantamu Bradyrhizobium japonicum,
a TaK/Ke KOMITO3UI[UAMM HA UX OCHOBE
(hasa miBeTeHUA)

Xnopohwmi a | Xaopoduwt b
(Mr/T chIporo | (Mr/T ChIPOro
BelllecTBA) BelllecTBa)

Bapmuanr

Koutposs

1,65+ 0,02 | 0,72 = 0,07
(6e3 THOKYIAIINI)

Nostoc punctiforme | 1,78 =0,04 | 0,64 + 0,03

IITramm 6346 2,25+0,01 | 0,86 = 0,02

IITramm T66 2,71+0,07 | 1,04 0,03

Tn5-myrauT 17-2 2,39+=0,15 | 0,96 = 0,04

IITramm 6346 +

N. punctiforme 2,34 +0,08 | 0,95+ 0,05

IIramm T66 +

N. punctiforme 2,93+0,08 | 1,18 +0,08

Tnb5-myranT 17-2 +

N. punctiforme 2,67=0,11 | 1,05+ 0,06

NHOKyNATIMA cCeMAH MOHOKYJIBTYPaAMU CHU-
He3eJeHO! BOJOPOCJIY 1 KIYyOeHBKOBBIX OaKTe-
PUH MOJOMKUTEJILHO BJINAJNA TAK)Ke HA HAKOII-
JeHUue BereTaTWBHOW MAacChl PAacTeHUH cou
B oHTorenese (tabi. 4). IlpumeHenue GuHAp-
HOII MHOKYJIANNU CTUMYJNUPOBAJIO POCT pacTe-

HUIT, OOHAKO TOJBHKO B (haze OyTOHUBAIUU STU
pacTeHusA HOCTOBEPHO OIIEPesKaud B POCTE pac-
TeHUsS BapUAHTOB C HCIIOJb30BAHMEM MOHO-
KYJbTYp pu3o0uii. B mepuon 1iBeTeHUs U ILJIO-
IToo0pasoBaHUA MOKAa3aTeaIu HAI3eMHON MacChl
U Macchl KOPHEH CYII[eCTBEeHHO He 3aBUCEJU OT
coUueTaHUS WHOKYJIAIMOHHBIX areHTOB.

Ha mosgaux sramax cTaHoBJIeHHUA 0000BO-
pu3001AIBLHOr0 CUMOM03a IPOSBISIOTCS TaKKUe
BajKHBbIe NPUBHAKU, KaK as30TGUKCUPYIOIIad
AKTUBHOCTHh (CKOPOCTH BOCCTAHOBJIEHUSA N,
B NH;) u cumbuormueckas 3GGeKTHUBHOCTH
(cIIocoOHOCTh pacCTeHHII MHTEHCHUBHO pPa3BU-
BaThCs, MCHOJB3YSA CUMOMOTPO(GHOE THUTaHUIe
asorom). CumbmoTmueckas 3(PpGHeKTUBHOCTH
B pelrnaroleii cTelmenu ompeaeasieTcsa asoTPuK-
CUPYIOIIeil aKTUBHOCTHIO KJIYOeHbKOB, OCOOEH-
HO B YCJOBUAX Aeduiiura CBA3AHHOTO as3o0Ta.
IIpu sTom 5hheKTUBHOCTD CUMOM03a MOYKET 3a-
BHUCETh U OT psga ()aKTOPOB, He CBA3AHHBIX He-
TOCPEeACTBEHHO C asoTdukcaimei. Bamuyio
POJIb B OTIPEeIeIEHU Y TPOAYKTUBHOCTUA CUMOMO-
3a UTPaeT COBMECTUMOCTh MeTaboJIMUYecKuX
cucTeM IapTHepoB (Hampumep, IIyTeil TpaHC-
mopTa asoTa M yrjepoja), a TaK:Ke OTCYTCTBUE
aKTUBHBIX 3alIUTHBIX PEAKIIUHA Y PACTEHUN B OT-
BeT Ha MPUCYTCTBHE MUKpPoopranusmos [21].

W3BecTHO, UTO KaK HAXOAAIIHECTd B KJY-
OeHbKaxX pHM300UU, TaK U [Opyrue OaKTepuwu,
oburaloniue B pusochepe, MOTYT CHUHTE3UPO-
BaTh BEIIECTBA, CTUMYJIHpYIoiue ((pUTOTOPMOHBI,
BUTAMUHBI) UJIN yraeralnue (pr300MOTOKCH-
HBbI, 0AKTEePUIIUIHbIE BEIeCTBa, aHTUOUOTUKU
¢ repOUITUIHON aKTUBHOCTHIO) PA3BUTHE PaCTe-
HuA-xo3auHa [1, 2, 21]. B mamem cayuae
BKJIIOUEHNE BOJOPOC/Iel B MHOKYIAIIMOHHYIO CyC-
IIEeH3UI0 COBMECTHO C KJIYyOeHLKOBBIMU OaKTePUsI-
MU COU IPUBOUIIO K CHUKEHUIO a30T(MUKCUPYIO-
el aKTUBHOCTY OOpPa30BABIINXCS KJIYOSHBKOB
WU JKe, Ha 0oJiee ITO3AHUX 3TAlaX PA3BUTUS Pac-
TeHU, He OKA3bIBAJIO CYIIIECTBEHHOI'0 BJIUAHUSA
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Tabruya 4.Bansuue nHokynaauuu Nostoc punctiforme, mrammamu u Tn5-myranramu Bradyrhizobium
japonicum, a Tak:ke X COBMECTHBIMYU KOMIIO3UIIUAME Ha (OpMUpPOBaHNE BereTaTUBHOM MacChl PACTeHUIl cOn

(r/pactenue)
Pa3za pa3Butud

BapuanTt Byronusamnusa IIBeTenue Hauauro mrogoobpasoBanu A

Hagsemuas Macca Hapgsemuas Macca Hapgsemuasa Macca

macca KODHA Macca KODHA Macca KOpHHA
Koutposs (6e3 nHOKyIAIIIIN) 4,88+0,44 |2,86+0,26(11,89+0,33|7,56+0,40| 13,50+0,95 | 8,91+0,84
Nostoc punctiforme 7,43+0,41 |4,62+0,19|13,47+0,53|8,77+=0,49| 18,25+1,37|10,12=+0,62
ITramm 6346 7,56+0,61 | 3,49+0,29|14,48+0,92|8,65+0,63 | 20,12=1,64 | 9,43+0,91
ITramm T66 8,47+0,68 (4,03+0,27|15,87+0,72|8,74+0,60| 20,84+1,84 |{10,49=+0,85
Tn5-myrauT 17-2 7,10+0,64 |3,70+0,33|19,50=+1,348,56+0,37| 19,52+1,12 {10,33+0,61
IIramm 6346 + N. punctiforme |8,67+0,49 (4,09=+0,23|23,38+1,86(9,75+0,88| 23,70+2,15[11,34+1,07
IIramm T66 + N. punctiforme |10,01+0,92|5,17+0,37|17,20+0,71|8,97+0,59| 23,45+1,78 |11,44=+0,88
Tn5-myraut 17-2 + N. punctiforme | 8,77+0,84 {4,71+0,29|19,75+1,21|8,02+0,63 | 20,45+1,14 |10,90+0,62
Ha U3MeHeHNte NAaHHOro IMoKasaresad (Tabua. 5). Taxkum 00pa3oM, BKJIIOUEHNE CUHE3eJIeHbIX

W3 mpencraBieHHBIX B Taba. 5 mOKasaTesiei
YPOKasd CIeNyeT, UTO IPUMeHe e aJblo-Prus30-
O0MaJbHBIX KOMIIOBUIIMH AJIA MHOKYJIAIUU Ce-
MAH COU He IPUBOJAUJIO K CYIIECTBEHHOMY U3-
MEeHEeHUI0 UHTETrpaJbHOTO moKasaTess
3 (EKTUBHOCTY B3aMMOJAENCTBUA ITapPTHEPOB
cuMO01103a — 3ePHOBOI IPOAYKTUBHOCTH pacTe-
uniit (HCP, o5 — 2,26 r/cocyn). B To sxe Bpema
mpu 00paboTKe ceMsH cOu OMHAPHBLIMU KOMIIO-
surnuaMu Mukpoopranuamos (T66 + N. puncti-
forme mu T17-2 + N. punctiforme) oTmeueHo
MOBBIIIIEHVE COJEPIKAHNA IPOTEeNHA B CEMeHaxX
coorBercTBenHo Ha 10,2 1 13,0% B cpaBHeHUN
C BapHaHTAMHN MOHOPM300MAJIbHOU WHOKYJIA-
muu (Tabi. 5).

BOZIOPOCJIEN B WHOKYJISAIMOHHYIO CYCIIEH3UIO
pusobuit u ux Tnd-MmyTauTOB B OIIpeHeleHHbIX
COUeTaHUAX MOYKET CTUMYJIHNPOBATEL POCT U pas-
BUTHE COUW, HAKOILJIeHHe (DOTOCUHTETUUECKUX
MUTMEHTOB B JUCTBAX U COAEePs;KaHUe IIPOTernHa
B ceMeHaX, OJHAKO IIPU 3TOM He OKas3bIBaTh CY-
IIeCTBEHHOTO BIUAHUA Ha a30T(PUKCUPYIOITYIO
aKTUBHOCTh KJIYOEHbKOB, a TaKJyKe IPOAYKTHUB-
HOCTB pacTeHuii. [loayueHHble JaHHbIE He UCK-
JIOYAI0OT BO3MOXKHOCTHU ITOMCKA 5(PPeKTUBHBIX
KOMILIEKCHBIX aJIbro-pU300MalbHBIX KOMIIO3H-
MU MyTeM OIITHMMAaJIbHOTO IoAa0opa IINTaMMOB
OaKTepUil M COOTHOIIEHUS HNHOKYJISIIMOHHBIX
areaToB. Tak:ke HEOOXOIMMO HCCJIEIOBATD AJIb-
ro-pusobuabHble KOMIIO3UITNY, CO3JaHHbIe Ha
OCHOBE€ MHUKPOOPTaHM3MOB C T'€HETUYECKU U3-
MeHEeHHBIMU CBOHICTBAMMU.

Tabauya 5. A3oTdurcupyromas aKTHBHOCTb KiIyoeHbKOB (ADPA), yposkaii 1 comepskaHue MPoTenHa
B C€MeHaX COM, HHOKYJINpoBaHHOI Nostoc punctiforme, mramvmamu u Tn5-myranTamu
Bradyrhizobium japonicum, a Tak:Ke KOMIO3UIMAMHI HA HX OCHOBE

ADA,
memoas CoH,/(pacrenne u) HI;H(?O::H};I:;?:?H Copep:xkanue
Ypoxaii, p npoTeuHa
Bapuanr 5 HATAIO r/cocyn C KOHTPOJIEM B COMOHAX,
yTOHU3A- 701006pa- 0e3 I/IHO(I)CyJIﬂII]/II/[, o
nad 30BaHUA %

KouTposb 6e3 MHOKYIAIIUT 0 0 25,21+0,41 0 30,2
Nostoc punctiforme - - 28,21+0,81 11,9 33,8
IIramm 6346 39,00+2,46 | 67,92+7,07 | 33,67=1,03 33,6 38,9
IIramm T66 35,44+3,47 | 57,52+6,00 | 35,60+0,46 41,2 39,2
Tn5-myranr 17-2 22,93+2,66 | 44,46+5,82 | 33,55+0,89 33,1 38,48
IIramm 6346 + N. punctiforme | 24,85+1,34 | 44,48+3,49 | 34,18+0,95 35,6 42,1
IIramm T66 + N. punctiforme 23,23+0,92 | 55,94+3,63 | 33,03+0,89 31,0 43,2
Tn5-myrant 17-2 + N. punctiforme | 16,17+0,84 | 37,71+2,33 | 32,00+0,44 26,9 43,5
HCPy o5 2,26 1,54
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PEAKIIISI COI HA THORKY JIAIIIIO
AJIBI'O-PU30BIAJBHUMUA
KOMITO3HIIIAMHA

II. M. Cumnikos'
H. A. Bopobeii?
O. B. I1ayko®

TacturyTt 60Taniku imeni M. I'. XomxozHaoro
HAH Vkpaiunu, Kuis
*TacruryT Gisiosorii pocauH i reHeTUKHT
HAH Vxkpainu, Kuis
*KuiBCbKUI HAI[IOHAJIBLHUM YHiBEPCUTET
imeni Tapaca IlleBuenkO

E-mail: sytnikov@list.ru

Hocaimxkeno peaxiiio coi Glycine max (L.)
Merr. Ha iHOKYJAAIil0 aJbro-pm3obiaJlbHUMU
KOMIIO3UIIiAMU HA OCHOBi Oy/JIBOOUKOBHX OaK-
Tepiit Bradyrhizobium japonicum i cuEbO3€JIE€HOI
BomopocTi Nostoc punctiforme. Ilokasano, II0
iHOKYIAIisT HAcCiHHA col aJabro-pusobiaJabHUMU
KOMOO3UIiAMY CIPUSE IIiIBUIEHHIO CXOMKOCTI Ta
MMO3UTHBHO BILJINBA€E Ha (DOPMYBAHHA IPOPOCTKIB.
BriaoueHHA cMHBO3EJIEHX BOLOPOCTEH 10 iHOKY-
JA1iHol cycmensil pmsobiit Ta ixmix Tnb-my-
TAHTIiB 3a IIEBHUX IIOETHAHDb MOYKE CTUMYJIIOBATHU
picT Ta PO3BUTOK COi, HAKOMUUYEHHSA (POTOCUHTE-
TUYHUX IIIrMEeHTiB B JIUCTKaX i BMiCT IpPOTeiHYy B
HACiHHi, OJHAK IPU IILOMY HE BILJIMBATU CYTTEBO
Ha a30TdiKcyouy aKTHBHIiCTH OyJIbOOUOK, a Ta-
KOK IIPOAYKTHUBHiCTH pociauH. Orpumani mgami
BKa3yIOTh Ha HEOOXiAHIiCTh MOIMYyKY e(peKTUBHUX
KOMILJIEKCHHUX aJblro-pru300iaJlbHUX KOMIIO3UILii
IJA iHOKYJIAI] POCIMH COl MIJIAXOM ONTUMAJIb-
HOTO Tigbopy IITaMiB 6aKTepiii Ta CIiBBiHOIIIEH-
HA iHOKyJIAmiliHMX areHTiB. HeoOximHi Taxkox
JOCJIiIKeHHA aJbro-pu3obiaJbHUX KOMIIO3UIIIHA,
CTBOPEHMX Ha OCHOBi MiKpooprauiamis 3 reHeTH4-
HO 3MiHEHHMU BJIACTUBOCTSIMU.

Kanarwuwosi crosa: 6000B0-pusobiaabHuii cuM0ios,
aJIbro-pru300iaabHI KOMIO3UILii.
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SOYBEAN REACTION ON INOCULATION
WITH ALGAL-RHIZOBIAL
COMPOSITIONS
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The reaction of soybean (Glycine max (L.)
Merr.) on inoculation with algal-rhizobial com-
positions based on Bradyrhizobium japonicum
nodule bacteria and Nostoc punctiforme
cyanobacteria was studied. It was shown that
soybean seed inoculation with algal-rhizobial
compositions promotes germination ability and
influences positively on germ forming. Inclusion
of cyanobacteria into inoculation suspension of
rhizobia and their Tn5-mutants in some combi-
nation is able to stimulate soybean growth and
development, accumulation of photosynthetic
pigments in leaves and increase protein content
in the seeds. However the algal-rhizobial compo-
sitions have no essential effect on nitrogen-fix-
ing activity and plant productivity as well. The
obtained data show that it needs to seek the effi-
cient algal-rhizobial compositions for soybean
inoculation by optimal selection of bacteria
strains and corellation of inoculation agents.
The algal-rhizobial compositions based on
microorganisms with genetic modified proper-
ties are required for further investigation.

Key words: legume-rhizobial symbiosis, algal-
rhizobial compositions.





