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AHHOTALMSA

I/I3yqu0 BIWAHUE LTCIIKOJIOIUTHYCCKUX 6aKT€pI/II\/'I Ha BCXOXECTb M PpPa3BUTHUEC Ppa3HbIX COPTOB
JIOHHUKA U JIIOLEPHBL. YCTaHOBJICHO, YTO 00pa0OTKa CEMSIH LIEIUTFOIONUTHISCKUMHI OaKTEpHUsSIMHU TOBBIIIAA
BCXOXKECTh CEMSIH JOHHUKA 10 63,8%, mouepHs! 10 89% u cTuMynupoBaia pocT U pa3BUTHE pacTeHui. [Ipu
3TOM, JUTMHA CTeOMNs JOHHUKA yBenndminack B 1,6-2,8 pasa, kopHs - B 2,1-4,8 paza, niuuHa cTe0Is TOLEepPHEI
B 1,7-3,7 paza, kopus B 3,1-5,4 paza. [lo pe3ynbraram ucciegoBanuii ObuUIM 0TOOpaHBl HaANOOJEE AKTUBHEIC
LITAMMBI. TPH LITAaMMa AJIs1 JOHHUKA U YETBIPE AJIS JIIOLCPHBI.

KioueBble cijioBa: LEIUTIONOIUTHYECKUE OaKTepuu, NOHHHK, JIIOLEPHA, CEMEHa, BCXOXECTb,
CTUMYJISILIAS POCTa

Tpamuuunonnot otpaciasto AIIK pecnyOnuku  siBisieTcs >KUBOTHOBOJACTBO. OCHOBHBIM
bakTopoM, CAEP>KUBAIOIIUM Pa3BUTHE STOW OTPACIH, SIBJISIETCS HEAOCTATOYHOCTh KOPMOBOM 0a3bl
[1]. B Ka3axcrane oqHUMHU U3 OCHOBHBIX KOPMO-0000BBIX KYJIBTYP SIBJISIOTCS JIIOIIEPHA M JIOHHUK,
KOTOpBIE BO3AENBIBAIOTCS HA 3€pHO U 3elieHyl Maccy. TpaBa [OHHMKAa U JIOLIEPHBI
XapaKTepU3yeTcss BBICOKHM COAEP)KaHUEM TPOTEHHA, B COCTaB KOTOPOTO BXOAST OCHOBHBIC
HE3aMEHUMbIE aMUHOKHUCIIOTHI (JTU3UH, BaJIUH, TPUNTO(AH, METUOHHUH U Jp.). VX KOIW4YecTBeHHOE
cojepkaHue B Oeike 3THX KyabTyp B 1,5-3,0 pasa Beimre, ueM B Oenke 3epHOBBIX [2]. Takxe,
KOpPMO-0000BbIE KYIbTYphl CIIOCOOHBI aKTHBHO (DUKCHPOBATh a30T aTMoc(epbl U OCTaBIATH C
MO’KHUBHBIMH ocTaTkaMu B TiouBe 10 40-100 kr/ra a3oTa, uyto nmpupaBHuBaercs k 10-20 T/ra HaBo3a
[3]. B Oyaymiem 3T KyJabTypbl OYAyT 3aHUMATh BEAYyIEE MECTO B OHOJOTHMYECKOM 3EMJICICITHH
JUTsL TIOZIep KaHusl wioopoaus mouB [4,5]. B Toxke Bpemsi, cocTosiHIe KOpMOBOii 0a3bl Kasaxcrana
MOKa3bIBAET, YTO JOJsI KOPMO-0000BBIX KYJIbTYp B ceBooOopoTe cocTaBiseT Bcero 15%, uto B 2
pa3a HIKe PEeKOMEHJIOBAHHOTO, U M3-32 HU3KOH YpOXKalHOCTH KYJIbTYp, CYIIECTBYIOIIUX MTOCEBOB
HEJIOCTATOYHO JUTS Pa3BUTHSI )KMBOTHOBOICTBA Kazaxcrana [6,7].

OnHoM W3 TPUYMH HU3KOM YpPOKaWHOCTH KOPMO-O0O00OBBIX KYJIBTYp SIBISIETCA IUIOXast
BCXOXKECTh CEMSH, YTO CBSI3aHO C OHMOJIOTMYECKOH OCOOCHHOCTBIO WX CTpOCHHWs. YacTh ceMsH
JIOHHHUKA U JIOLEPHBl MMEET HEMPOHHUIIAeMYI0 JUIsi BOJABI U BO3JyXa O0OJOYKY, M3-32 KOTOPOW
CeMEHa He MOryT TpopacTtaTh Ccpa3y Tocle ToceBa. OJTO CBOMCTBO  Ha3bIBaeTCs
TBEPJIOKAMEHHOCTBIO ceMsiH. JIOHHHMK | JoriepHa coaepkat ao 30-70% rtakux cemsiH [8]. [pu
MOCEeBe M3-32 TBEPIOH 000JIOUKH, CeMEHa He AAf0T JPY>KHBIX BCXOJIOB, YTO CO3/IA€T Pa3peKEHHOCTh
MOCEBOB W 3HAYUTENILHO CHIIKAET YpPOKaWHOCTh 3€JIEHOM MacChl 3TUX KYIbTYp C €IMHHIIBI
wromazu [9].

JIisi TOBBINIEHUST BCXOXKECTH CEMSH JOHHHMKA M JIIOLEPHBI dYalle BCETO HUCHOIB3YIOT
ckapu(uKanuio, Ipyu KOTOPOI ceMeHa MPOITyCKAIOT Yepe3 CIeabHbIe MAITHHBI-CKapu(QUKATOPHI
[10,11]. DroT MeTon TpeOyeT CHEIHATBLHOTO 000pYAOBaHMs, OOJBIIMX 3aTPAT SHEPTHH U TPY/a.
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Kpome Toro, MexaHm4eckoe BO3JICHCTBUE BBI3BIBACT TMOBPEXKICHUE HE TOJLKO OOOJIOYKH, HO U
3apojpllia CEMEHH, YTO MPUBOJIUT K €ro MOPaXEHUI0O MUKPOOaMH, INIECHEBEHHUIO M 3aTHUBAHMIO, B
pe3yabTaTe 3TOr0 3HAYUTEIbHAsI YacTh IIOCEBHOIO MaTepHaia mnpomnaaaet [12]. Takxke, 3TOT crmocod
TpeOyeT OONBIIMX MaTEPHAIBHBIX W SHEPreTUYECKUX 3aTpar, M CIEeNUaTbHOro o0opyaoBaHus. B
9TOW CBSI3U, pa3pabOTKa MOCTYHMHOrO M 3(PPEKTUBHOTO CIOCOOa MOBBIIMICHUS BCXOXKECTH CEMSH
KOPMO-0000BBIX KYJIBTYP UMEET BHICOKYIO aKTYaJIbHOCTb.

Buonoruueckuii croco0 MOBBIIMIEHUS BCXOXKECTH CEMsSH, OCHOBAHHBLIM Ha MCIOJIL30BaHUU
MHKPOOPTaHU3MOB OTBEYaeT BCeM OTUM TpeboBanusM. [l coszmanus OuoynoOpeHus s
MOBBIIICHHS BCXOKECTH HanboJiee MePCIEeKTUBHO IPUMEHSTh ISIUTFOIONUTHYECKUE OaKTepun. DTU
0aKkTepuu CHHTE3UPYIOT 0COObIe (EepMEHTHl - IIEJUTIONIA3bl, KOTOPHIE YAaCTUYHO pPa3pyLIaloT
[EJUTION03y TBEPAOW O0O00NOYKK ceMsiH, o0Opa3ys B HEH MUKPOTPEIIMHBI, 000JI0YKa CEeMSH
CTAHOBUTCS MATKOW M 3apOJBIII JIETKO MPOPACTAET Yepe3 Hee. DTOT MPOIECC 3aMEHSET MPOoIece
MEXaHHUYECKON ckapudukammm cemMsH. Ha OCHOBE MEUTIONIONUTHYCCKUX OaKTepHii BO3MOXKHO
co3maHue OuoymoOpeHue Juis TOHHHKA U JIIOIEPHBI, KOTOpoe OyAeT SKOJOTHYECKH YHUCTHIMH,
OTBEYAIOIIUM TpeOOBAaHUEM OXPaHBl OKpPYXKAIOWIEH Cpelbl, HE TPEOYIOIIEro CIEeIHAIbHOTO
o0opynoBaHusl U OOJNBIIUX MaTEePHANBHBIX U DHEpPreTudyeckux 3arpar. [[ns pa3paboTku Takoro
yn00peHus: HEOOXOAUMO BBIIECIUTH, OTCEJIECKIIMOHUPOBATH INTAMMBI, U3YYUTh HX BIUSHUE Ha
BCXO0XKECTh CEMSIH M 0TOOpaTh HanOOJIEe aKTHBHBIC.

[lenpto gaHHOTO HCCIeAOBaHUSI ObUIO M3YYEHHE BIUSHMS IITAMMOB IEJUTIOJOJIUTHYECKUX
OakTepuil Ha BCXOXKECTh CEMsIH, POCT M pa3BUTHE JIOHHUKA M JIIOLIEPHBI, 0TOOp Hanboyiee aKTHBHBIX
IITAMMOB.

Marepuanbl H MeTOAbI

OOBEeKTaMH HCCIIEIOBAHUS CIY)KWIN IEIUTIOIOIMTHYECKUE OAaKTepHH, BHIACICHHBIC U3 ITOYB
U TEJUTI0JI030COIePIKaAIINX CyOCTpaToOB, COOpaHHBIX Ha MOJIsAX AMMaTHHCKOM obnactu Kazaxcrana.
B kadecTBe LEIIOI030COAEPIKAIIMX PACTUTEIBHBIX OCTATKOB HCIHOJIB30BAIM PA3JIOKUBLIMECS
CTEOJIH, INCTHSI, KOPEIIKH PAaCTEHHIH.

B ombiTax mcrnonb3oBaigM ABa copTa AJOHHHKA «Apkac» U «KenTslit» U Ba copTa JIOLEPHBI
(Medicago sativa L.) «Cemupeuenckas» u «CemupeueHckast HoBas». CoOpT «ApKac» OTHOCHUTCS K
nouauky 6emomy (Melilotus albus Medik.) u xapakTepu3syeTcss HU3KHUM COJEpIKaHHEM aIKaIona
KymapuHa, copt <«OKentwiity ortHocurcs k noHHHKY skentomy (Melilotus officinalis Pall.) u
SBJSIETCS OTIAMYHBIM MepoHocoM. CemeHa pacteHuil Obutum mpepoctaBieHsl TOO «Ka3zaxckuii
HUU 3emnenenus U pacTEeHHEBOJACTBa» (0TI KOPMOBBIX, MACIHYHBIX KYJIBTYp M KYKYpPY3bl). DTH
COpTa PEeKOMEHJOBaHbI AJISl BBIPAIMBAHUS B IOT0-BOCTOYHOM permoHe KazaxcTaHa W IIMPOKO
UCIIOJIB3YIOTCS (hepMepaMHu.

Lemtrononutiueckue OakTepuu ObUTH BBIAETICHBI Ha 3JEeKTUBHON cpene I'erunHcona. [{ns
BbleTieHUsT OakTepuil 15 r mouBbl paszBoaunau 90 Ml IUCTUIUIMPOBAHHOM CTEPUJIBHOM BOJABI U
nepemMemMBain Ha meiikepe mpu 180 o6/MuH B TeueHue 2 yacoB. [lasee MpOBOAMIIN CEPUIO
pa3BelicHNH, TEepeHOCHMB | MJ TOJIYYEHHOW CYCIIEH3MH B TPOOHPKY, COAEpKamyro 9 wmi
CTC})I/IJIBHOI\/'I BOJIBI 1 T.1. 710 passenerns 107, TloceB MUKPOOPraHH3MOB POBOMIIN U3 Pa3BEICHHI
107, 10'5, 10'6, 10" 1 10°® B wamxu [Tetpu ¢ arapu3oBaHHOM cpenoit ['eTunHCOHA, HA TOBEPXHOCTH
KOTOPOH MOMelaii CTepHIbHYI0 (UIbTpoBaibHYI0 Oymary. OO0beM IOCEBHOrO MaTepHuala
coctaBisl 1| MiT TmouBeHHOW cycrieH3ud. llpu BbAeneHnn OakTepuid M3 IEJUTIOI030COIePKAITIX
cyOcTpaToB, Ha (HUIBTPOBAIBLHYIO Oymary IoOMeladd KycO4Ykd BenmuumHOu 1-2 mm [13].
3acesHHbIe 4Yalllkl HMHKyOMpoBaiuch B Tepmocrtate npu 28°C B Teuenue 10 nueit. Kaxnoe
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pa3BeJICHUE BHICEBAJIM B ISATUKPATHON MOBTOPHOCTU. Yalllku KyJbTUBHUPOBAIM IIPU TEMIEpAType
30°C B Teuenwue 7 cyrok [14].

KynbTUBUpOBaHME LEIUTIOJIONUTHUECKUX OaKTepuil MPOBOJMIN Ha JKUAKOW AIIEKTUBHOU
cpene I'etunHcona Ha mierikepe mpu 180 oO/MUH W Ha TBepABIX MHUTATEIBHBIX cpedax (cpena
I'etunncona, MITA) npu temnepatype 30°C.

JlabGopaTopHble OMBITHI MO M3YYEHUIO BIMAHUA OaKTEpUil Ha BCXOXKECTh CEMSH, POCT U
pa3BUTHE PacTECHHI JOHHUKA W JIIOLEPHBI MPOBOAMWIM B KIIMMaTH4Yeckoi kamepe pocra (Constant
Climate Chamber HPP-750, «Memmert», Germany). Ilapamerpsl pexuma KaMepbl poOCTa:
CBETOBOMH JiIeHb - 12 4, Temriepatypa 25°C, OCBEHICHHOCTh: XOJOAHbIN Oemblii cBeT - 6500
K, remueiit cBer 2700 K; HouHOM pexxuMm - 12 49; temneparypa 15°C, BiaxxHOCTB - 65%.
Jlnsi 06pabOTKM CeMsiH HCIIONB30BAM OaKTepHanbHble cycrmemsun ¢ tutpom 1x10° km/mn us
pacuera 15 mum Ha 100 r cemsH. Bpemss o0pabOTKM ceMsH TpU KOMHATHOW TeMIIEpaType
coctaBisio 2 yaca. KoHTposieM CiyXWiM ceMeHa, 3aMOYEHHBbIE B CTEPHIIBHON BOJIONPOBOIHOMN
Bojie. Jlanee cemeHna BbiceBaiu B cocynbl Ha 250 mu ¢ mouBoii. KonnuecTBo ceMsiH cocTaBisuio 7
pactenmii Ha cocyn. JnmmrenbHOCTh ONBITOB cocraBisuia 20 mHei. IIOBTOPHOCTH OMBITOB 3-X
KpaTHasl.

Craructuueckas 00paboTKa pe3yJbTaToOB MIPOBOIUIIACEH C UCIIOJIB30BAHUEM TAKeTa MPOTrpaMMm
«STATISTICA 10.0» [15].

Pe3yabTaTsl U 00Cy:KICHUE

B 51aGopaTopHBIX yCIOBUSX HMPOBEACHO M3YUCHHUE BIMSHHUE LEJUIIOIOIUTUUECKUX OakTepuid
Ha BCXOXKECTh CEMsIH M pa3BUTUE PACTCHUN JJOHHUKA U JIOLEpHBI. B ompITax MCIOJIB30BAIN 1IECTh
mrammoB  Oaktepuit (C-21(18)N, C-21IN2, C-21(2)AS, C-22TN, C-182K, C-604N), kotopsie
XapaKTepU30BAINCh BBICOKOM aKTHBHOCTBIO LIEJUIIOIA3HOIO KoMmIuiekca. ONBITHI IPOBOAMUIN B
cocynax ¢ mouyBod. CemeHa JIOIEpHbI U JOHHHMKA NEpe] MOCeBOM 0OpalaThIBallu CyCHEH3UEH
OakTepHil B TeUeHHE BYX 4acOB MPU KOMHATHOW Temmepatype (paszznen «MarepHuasasl 1 METOABIY).
B xoHTpone ceMmeHa 3amauMBalidi B CTEPUIILHOW BOJONPOBOAHOM Boje. [locme storo cemsiH
BBICEBAJIM B COCY/IbI C TIOYBOM M IMOMELIAU B KAaMepy pPOCTa.

[Tony4yeHHbIE NaHHBIE MO BIHUSHUIO HEJUTIOJIOIUTHYECKUX OaKTepUil Ha BCXOXKECTh CEMsH,
POCT U pa3BUTHE JTOHHUKA U JIFOLEPHBI NPE/ICTaBIEHbI B TA0IHLIE.

Ta6n1z1ua - BausgHue Ha LEIIOIOIUTHYECCKHX 6aKTepHﬁ Ha BCXOXKCECTb CCMAH, POCT U
Pa3sBUTHC NJOHHUKA W JTIOLNCPHLBL

BapuaHTbl Bcexoxects,% Jnvna JnHa KopHs, Kon-Bo Konunuectso
OIbITA cTe0s, cM cM JIMCTBEB, IT. | KOPHEW, MT.
1 2 3 4 5 6
JloHHHK copT «ApKacy
Kontpounb 20,3 1,88+0,1 1,07+0,03 2,33+0,1 1,0+0,04
C-21(18)N 57,1 4,58+0,2 3,73+0,2 2,88+0,1 2,75+0,1
C-21IN2 63,4 5,41+0,3 3,58+0,2 2,79+0,2 1,86+0,1
C-182K 53,5 7,54+0,2 2,73+0,1 2,57+0,1 2,43+0,1
C-21(2)AS 56,8 2,93+0,1 2,25+0,1 2,91+0,1 1,2+0,02
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[Tpogomxenne TaOInIbI

1 2 3 4 5 6
C-22TN 60,6 4,38+0,2 2,59+0,1 2,33+0,1 1,22+0,1
C-604N 57,2 4,94+0,1 3,51+0,2 2,14+0,1 3,30+0,1

Jonuuk copt «Kentbiii»
KouTpons 40,3 2,14+0,1 0,94+0,06 1,86+0,1 1,11+0,06
C-21(8)N 57,2 4,81+0,3 3,36+0,3 2,64+0,2 1,14+0,1
C-21N2 49,5 4,64+0,2 2,97+0,1 2,91+0,2 1,20+0,04
C-82K 63,8 5,11+0,3 2,71+0,2 2,86+0,2 2,36+0,2
C-21(2)AS 48,2 5,65+0,2 3,05+0,2 2,77+0,1 1,92+0,05
C-22TN 53,8 2,98+0,08 4,48+0,3 2,40+0,1 1,40 £0,1
C-604N 57,3 6,84+0,2 3,15+0,1 3,11+0,2 3,18+0,2
JIrouepna copt «CemMupeyeHcKass HOBas»
Kontposb 61,3 2,01+0,1 1,05+0,06 2,06+0,1 1,2+0,06
C-21(18)N 85,2 4,71+0,2 3,48+0,2 2,42+0,1 1,26+0,04
C-21N2 89,3 4,02+0,3 2,40+0,1 2,39+0,2 1,86+0,1
C-182K 87,3 4,73+0,1 3,54+0,2 2,73+0,1 1,86+0,1
C-21(2)AS 85,5 6,07+0,3 5,48+0,3 2,73+£0,2 2,5+0,1
C-22TN 86,8 3,90+0,2 3,08+0,2 2,56+0,1 2,92+0,2
C-604N 77,2 7,14+0,3 5,71+0,3 2,59+0,2 1,9+0,03
JlrouepHa copt «CeMupeyeHcKas»
Kontposnb 40,2 2,12+0,1 1,77+0,06 2,33+0,1 1,17+0,08
C-21(18)N 80,8 4,53+0,3 2,63+0,1 2,27+0,1 1,07+0,06
C-21N2 89,2 2,84+0,2 2,44+0,1 2,4+0,2 1,8+0,04
C-182K 87,3 3,87+0,2 2,97+0,2 2,25+0,1 1,9+0,05
C-21(2)AS 84,6 2,37+0,1 2,91+0,08 2,23+0,2 2,18+0,2
C-22TN 47,3 3,68+0,2 2,29+0,2 2,42+0,1 1,17+0,05
C-604N 79,6 4,19+0,2 2,57+0,2 2,16+0,1 1,68+0,04

[Tpumedanue - ypoBeHb 0BepuTeNnbHOM BepositHOCTH p<0,05

W3 paHHBIX, TPUBEACHHBIX B TaONHIE, CIEAYyeT, YTO IITAMMBbI IEJUTFOIOIUTHUECKUX
6aKTepI/II71 S3HAYUTCJIBbHO IOBBIMIAIIM BCXOXECTbh CCMIH JOHHHWKA W JIFOLCPHEI. TaK, BCXOXECTh
00paboTaHHBIX CeMsH JOHHUKAa Bo3pocna 10 63,8%, B KOHTPOJNBHBIX BapHUaHTaX BCXOXKECTh
TIOHHUKA copTa «Apkac» coctaBisuia Toabko 20,3%, copta «XKentsiit» - 40,3%. ObpaboTka ceMsiH
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JIOIEPHBI [EJUTIOJIOIMTUICCKUME OaKTepUSMHU, MOBBIMIATA BCXOXKeCTh 10 89%, B KOHTpOIIE 3TOT
MoKaszaTesnb y copra JouepHsl «CemupedeHckas HoBas» coctaBiusin 61,3%, a y copra
«Cemupeuenckasy - 40,2%.

VYcraHoBneHo, 4to 00paboTKa ceMsiH OaKTepusiMH aKTHUBHO CTHUMYJIMpOBala pa3BUTHE
pacTeHmii TOHHUKA U JIForiepHBL. [Ipu 3TOM, 1ynHa cTeOs JOHHUKA copTa «ApKacy YBEIMYUIACH B
1,6-2,8 paza, mymmna kopHs - B 2,1-3,5 pasa, mmHa credist ToHHUKa copta «Kentsiii» - B 1,4-2,6,
JUTMHA KOpHS - 3,2-4,8 Mo cpaBHEHHIO ¢ KOHTpoiieM. J[immHa crebineil monepHbl, 00paboTaHHBIX
OaktepusiMu, y copta «CeMupedeHckas HoBas» U «CemupeueHckas» yBenuamiach B 2,3-3,6 u 1,7-
3,7 pa3a, nnuHa kopHs y copta «CemupeueHckast HoBas» U «CeMUupedeHcKas yBeauumiach B 3,1-
5,4 u 1,3-1,6 pa3a 1o cpaBHEHHIO C KOHTPOJIEM (PHUCYHOK).

CneBa - KOHTPOJIb; ciipaBa: 1 - 00paboTKa ceMsH TOHHUKA
mrrammoM C-21(18)N; 2 - o6paboTtka cemstH sroriepHbl mrtammom C-21N2

Pucynok - BausiHue nemnononutuyeckux 0akTepHil Ha BCXOXKECTh CEMSH JOHHUKA U
JIOLEPHBI

[To pe3ynbraTaM mcciegoBaHUi ObUTM OTOOpaHbI TpH mTamma Juis gonHuka: C-21(18)N, C-
182K, C-22TN u uetsipe mramma st rorepusl: C-21N2, C-182K, C-21(2)AS, C-22TN.

3akiaiouenue

TakuM 00pa3oM, HU3y4EHO BIHSHHE IEIUTIONOIUTUYECKAX OaKTepuil Ha BCXOXKECTh U
pa3BUTHE PACTCHHUH pa3HBIX COPTOB JOHHHWKA W JIFOIEPHBI. YCTaHOBIEHO, YTO MPEIIOCEBHAS
00paboTKa ceMsiH MTaMMaMH HEJUTIOIOIUTHIECKIX O0aKTepHil 3HAYUTENBHO MOBBIIIAIA BCX0XKECTh
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JIOHHUKA ¥ JIOIepHbl. Tak, BCX0KECTh CEeMsH JOHHHMKA Bo3pocia a0 63,8%, mouepHsl - 10 89%.
Taxoke BBISIBIIEHO, YTO 00pa0OTKa CeMsiH OaKTEpUsSIMHU aKTHBHO CTHMYJIMPOBANA POCT U Pa3BUTHE
pacTeHmii 3TUX KynbTyp. llpu 3ToM, ninuHa ctebnst JOHHWKA yBenwuduiachk B 1,6-2,8 pasza, amuHa
KopHs - B 2,1-4,8 paza, miuHa creOns mronepHsl B 1,7-3,7 pasa, xkopus B 3,1-5,4 paza. Ilo
pe3yabTaTaM MCClIeZOBaHUI 0TOOpaHbl Hanboiee aKTUBHBIC IITAMMBI OAKTEPUA: TPU IITaAMMa IS
JIOHHUKA ¥ YEThIPE IITaMMa JIJIS JIFOLEPHBI.

JanbHelimee TectupoBaHue 3G(HEKTUBHOCTH OTOOPAHHBIX INTAMMOB IEJUTIOIOIUTHICCKIX
OaKTepHii B IMOJIEBBIX YCIOBUSIX IMO3BOJIUT OTOOPATh MEPCIIEKTUBHBIC ITAMMBI, HA OCHOBE KOTOPBIX
Oyzer cozaHo 6UoyI00peHue I STUX KYIbTYD.

Hccneoosanue 6vinoineno npu @uuancosou nooodepoicke Munucmepcmea o00pazosanus u
Hayku Pecnyonuxu Kazaxcman 6 pamxax epanmogozo npoekma AP08855656.
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Summary

The effect of cellulolytic bacteria on the germination and development of different varieties of sweet
clover and alfalfa was studied. It was found that the treatment of seeds with cellulolytic bacteria increased
the germination of seeds of sweet clover up to 63.8%, alfalfa up to 89% and stimulated the growth and
development of plants of these crops. At the same time, the sweet clover of the stem length increased by 1.6-
2.8 times, the root length - by 2.1-4.8 times, the alfalfa of the stem length by 1.7-3.7 times, the root by 3.1-5
times, 4 times. Based on the research results most active strains were selected: three strains for sweet clover
and four for alfalfa as the

Keywords: cellulolytic bacteria, sweet clover, alfalfa, seeds, germination, growth stimulation

The traditional branch of the agro-industrial complex of Kazakhstan is animal husbandry.
The main factor hindering the development of this industry is the lack of food supply [1]. In
Kazakhstan, one of the main forage and legume crops are alfalfa and sweet clover, which are
cultivated for grain and green mass. Sweet clover and alfalfa grass is characterized by a high
protein content, which includes the main essential amino acids (lysine, valine, tryptophan,
methionine, etc.). Their quantitative content in the protein of these crops is 1.5-3.0 times higher
than in the protein of cereals [2]. Also, fodder legumes are able to actively fix atmospheric nitrogen
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and leave up to 40-100 kg/ha of nitrogen with crop residues in the soil, which is equivalent to 10—
20 t/ha of manure [3]. In the future, these crops will take a leading place in biological farming to
maintain soil fertility [4,5]. At the same time, the state of the forage base of Kazakhstan shows that
the share of fodder and legumes in the crop rotation is only 15%, which is 2 times lower than the
recommended one, and due to the low yield of crops, the existing crops are not enough for the
development of animal husbandry in Kazakhstan [6,7].

One of the reasons for the low yield of fodder legumes is the poor germination of seeds,
which is associated with the biological features of their structure. Some of the seeds of sweet clover
and alfalfa have a shell that is impermeable to water and air, due to which the seeds cannot
germinate immediately after sowing. This property is called seed hardness. Sweet clover and alfalfa
contain up to 30-70% of such seeds [8]. When sown because of the hard shell, the seeds do not
give friendly shoots, which creates a sparse crop and significantly reduces the yield of green mass
of these crops per unit area [9].

To increase the germination of sweet clover and alfalfa seeds, scarification is most often
used, in which the seeds are passed through special scarifying machines [10,11]. This method
requires special equipment, high energy and labor costs. In addition, mechanical impact causes
damage not only to the shell, but also to the seed embryo, which leads to its damage by microbes,
mold and decay, as a result of which a significant part of the seed material disappears [12]. Also,
this method requires large material and energy costs, and special equipment. In this regard, the
development of an affordable and effective way to increase the germination of seeds of fodder
legumes is of high relevance.

The biological method of increasing the germination of seeds based on the use of
microorganisms meets all these requirements. To create a biofertilizer to increase germination, it is
most promising to use cellulolytic bacteria. These bacteria synthesize special enzymes - cellulases,
which partially destroy the cellulose of the hard shell of seeds, forming microcracks in it, the shell
of the seeds becomes soft and the embryo easily grows through it. This process replaces the process
of mechanical seed scarification. On the basis of cellulolytic bacteria, it is possible to create a
biofertilizer for sweet clover and alfalfa, which will be environmentally friendly, meet the
requirements of environmental protection, which does not require special equipment and high
material and energy costs. To develop such a fertilizer, it is necessary to isolate, select strains,
study their effect on seed germination, and select the most active ones.

The goal of this study was to study the effect of cellulolytic bacteria strains on seed
germination, growth and development of sweet clover and alfalfa, and selection of the most active
strains.

Materials and methods

The objects of the study were cellulolytic bacteria isolated from soils and cellulose-
containing substrates collected in the fields of the Almaty region of Kazakhstan. Decayed stems,
leaves, and roots of plants were used as cellulose-containing plant residues.

Two varieties of sweet clover "Arkas" and "Yellow" and two varieties of alfalfa (Medicago
sativa L.) "Semirechenskaya™ and "Semirechenskaya Novaya" were used in the experiments.
Variety "Arkas" refers to white sweet clover (Melilotus albus Medik.) and is characterized by a low
content of coumarin alkaloid, variety "Yellow" refers to yellow sweet clover (Melilotus officinalis
Pall.) and is an excellent honey plant. Plant seeds were provided by LLP "Kazakh Research
Institute of Agriculture and Plant Growing" (department of fodder, oilseeds and corn). These
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varieties are recommended for cultivation in the south-eastern region of Kazakhstan and are widely
used by farmers.

Cellulolytic bacteria were isolated on Hutchinson's elective medium. To isolate bacteria, 15 g
of soil was diluted with 90 ml of distilled sterile water and mixed on a shaker at 180 rpm for 2
hours. Next, a series of dilutions was carried out, transferring 1 ml of the resulting suspension into
a test tube containing 9 ml of sterile water, etc. up to a dilution of 10®. Microorganisms were
seeded from dilutions of 10 10°, 10®, 107 and 10 in Petri dishes with agarized Hutchinson's
medium, on the surface of which sterile filter paper was placed. The volume of inoculum was 1 ml
of soil suspension. When bacteria were isolated from cellulose-containing substrates, pieces 1-2
mm in size were placed on filter paper [13]. Seeded cups were incubated in a thermostat at 28°C
for 10 days. Each dilution was seeded in five replicates. The dishes were cultivated at 30°C for 7
days [14].

Cultivation of cellulolytic bacteria was carried out on liquid elective Hutchinson's medium on
a shaker at 180 rpm and on solid nutrient media (Hutchinson's medium, MPA) at a temperature of
30°C. Laboratory experiments to study the effect of bacteria on seed germination, growth and
development of sweet clover and alfalfa plants were carried out in a climate growth chamber
(Constant Climate Chamber HPP-750, Memmert, Germany). Growth chamber parameters: daylight
- 12 hours, temperature 25°C, illumination: cold white light - 6500 K, warm light 2700 K; night
mode - 12 hours; temperature 15°C, humidity - 65%. For seed treatment, bacterial suspensions
were used with a titer of 1x10° cells/ml at the rate of 15 ml per 100 g of seeds. The seed treatment
time at room temperature was 2 hours. Seeds soaked in sterile tap water served as control. Next, the
seeds were sown in 250 ml vessels with soil. The number of seeds was 7 plants per vessel. The
duration of the experiments was 20 days. The repetition of experiments is 3-fold.

Statistical processing of the results was carried out using the STATISTICA 10.0 software
package [15].

Results and discussion

Under laboratory conditions, the influence of cellulolytic bacteria on the germination of seeds
and the development of sweet clover and alfalfa plants was studied. Six strains of bacteria (C-
21(18)N, C-21N2, C-21(2)AS, C-22TN, C-182K, C-604N) were used in the experiments, which
were characterized by a high activity of the cellulase complex. Experiments were carried out in
vessels with soil.

Seeds of alfalfa and sweet clover before sowing were treated with a suspension of bacteria
for two hours at room temperature (section "Materials and Methods™). In the control, the seeds
were soaked in sterile tap water. After that, the seeds were sown in pots with soil and placed in a
growth chamber.

The obtained data on the effect of cellulolytic bacteria on seed germination, growth and
development of sweet clover and alfalfa are presented in the table.
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Table - Influence on cellulolytic bacteria on seed germination, growth and development of sweet

clover and alfalfa

Variants Germination,% | Stem length, | Root length, Number of Number of
cm cm leaves, pcs. | leaves, pcs..
1 2 3 4 5 6
Sweet clover variety "Arcas"
KoHnTtposb 20,3 1,88+0,1 1,07+0,03 2,33+0,1 1,0+£0,04
C-21(18)N 57,1 4,58+0,2 3,73+0,2 2,88+0,1 2,75+0,1
C-21N2 63,4 5,41+0.,3 3,58+0,2 2,79+0,2 1,86+0,1
C-182K 53,5 7,54+0,2 2,73+0,1 2,57+0,1 2,43+0,1
C-21(2)AS 56,8 2,93+0,1 2,25+0,1 2,91+0,1 1,2+0,02
C-22TN 60,6 4,38+0,2 2,59+0,1 2,33+0,1 1,22+0,1
C-604N 57,2 4,94+0,1 3,51+0,2 2,14+0,1 3,30+0,1
Sweet clover variety "Yellow"
KonTpois 40,3 2,1440,1 0,94+0,06 1,86+0,1 1,11+0,06
C-21(8)N 57,2 4,81+0,3 3,36+0,3 2,64+0.,2 1,14+0,1
C-21N2 49,5 4,64+0,2 2,97+0,1 2,91+0,2 1,20+0,04
C-82K 63,8 5,114+0.,3 2,71+0,2 2,86+0,2 2,36+0,2
C-21(2)AS 48,2 5,65+0,2 3,05+0,2 2,77+0,1 1,92+0,05
C-22TN 53,8 2,98+0,08 4,48+0,3 2,40+0,1 1,40 +0,1
C-604N 57,3 6,84+0,2 3,15+0,1 3,11+0,2 3,18+0,2
Alfalfa variety "Semirechenskaya new"
Kontposnb 61,3 2,01+0,1 1,05+0,06 2,06+0,1 1,2+0,06
C-21(18)N 85,2 4,71+0,2 3,48+0,2 2,42+0,1 1,26+0,04
C-21N2 89,3 4,02+0,3 2,40+0,1 2,39+0,2 1,86+0,1
C-182K 87,3 4,73+0,1 3,54+0,2 2,73+0,1 1,86+0,1
C-21(2)AS 85,5 6,07+0,3 5,48+0,3 2,73+0,2 2,5+0,1
C-22TN 86,8 3,90+0,2 3,08+0,2 2,56+0,1 2,92+0,2
C-604N 77,2 7,14+0,3 5,71+0.3 2,59+0,2 1,9+0,03
Alfalfa variety "Semirechenskaya"»
Kontposnb 40,2 2,12+0,1 1,77+0,06 2,33+0,1 1,17+0,08
C-21(18)N 80,8 4,53+0,3 2,63+0,1 2,27+0,1 1,07+0,06
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Continuation of table

1 5 3 4 5 6
C-21IN2 89,2 2,84+0,2 2,44=0,1 2,440,2 1,8+0,04
C-182K 873 3,87+0,2 29702 2,25+0,1 1,940,05
C-21(2)AS 84,6 2,37+0,1 2,91=0,08 2,23+0,2 21802
C-22TN 473 3,68+0,2 2,29+0,2 2,42+0,1 1,17+0,05
C-604N 796 4,19+0,2 25702 2,16+0,1 1,68+0,04

Note - confidence level p<0.05

From the data given in the table, it follows that cellulolytic bacteria strains significantly
increased the germination of sweet clover and alfalfa seeds. Thus, the germination of treated seeds
of sweet clover increased to 63.8%, in the control variants the germination of sweet clover of the
variety «Arkas» was only 20.3%, of the sweet clover variety “Yellow” - 40.3%. The treatment of
alfalfa seeds with cellulolytic bacteria increased the germination rate to 89%, in the control this
indicator for the alfalfa variety "Semirechenskaya New" was 61.3%, and for the variety
"Semirechenskaya" - 40.2%.

It was established that seed treatment with bacteria actively stimulated the development of
sweet clover and alfalfa plants. At the same time, the length of the stem of the sweet clover variety
"Arkas" increased by 1.6-2.8 times, the length of the root - by 2.1-3.5 times, the length of the stem
of the sweet clover variety "Yellow" - by 1.4-2.6 , root length - 3.2-4.8 compared with the control.
The length of alfalfa stalks treated with bacteria increased by 2.3-3.6 and 1.7-3.7 times in the
varieties “Semirechenskaya New” and “Semirechenskaya”, the length of the root in the varieties
“Semirechenskaya New” and “Semirechenskaya” increased by 3.1-5.4 and 1.3-1.6 times compared
with the control (figure).
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Left - control; right: 1 - seed treatment of sweet clover
strain C-21(18)N; 2 - treatment of alfalfa seeds with strain C-21N2

Figure - Influence of cellulolytic bacteria on the germination of sweet clover and alfalfa seeds

Conclusion

Thus, the effect of cellulolytic bacteria on the germination and development of plants of
different varieties of sweet clover and alfalfa was studied. It was established that presowing
treatment of seeds with strains of cellulolytic bacteria significantly increased the germination of
sweet clover and alfalfa. Thus, the germination of sweet clover seeds increased to 63.8%, alfalfa -
up to 89%. It was also found that seed treatment with bacteria actively stimulated the growth and
development of sweet clover and alfalfa plants. At the same time, the sweet clover stem length
increased by 1.6-2.8 times, the root length - by 2.1-4.8 times, the alfalfa stem length by 1.7-3.7
times, the root length by 3.1-5.4 times depending on the bacterial strain. According to the results of
the research, the most active strains of bacteria were selected, for sweet clover - three strains, for
alfalfa - four strains.

Further testing of the efficiency of the selected strains of cellulolytic bacteria in the field will
allow the selection of promising strains, on the basis of which a biofertilizer for these crops will be
created.

The study was financially supported by the Ministry of Education and Science of the
Republic of Kazakhstan within the grant project AP08855656.
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