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Ha UCepTALIEOHEH TPy A 3a [0JTyJaBaHe Ha 00pasoBaTeNHaTa H Hay'IHa CTEICH »JlokTop”
B oGmacT Ha BHCIIe oOpasoBamMe: 6. ArpapHM HayKM H BETCpHHapHAa ME/MIHHA,
npodecuonanyo Hampasienue: 6.1. PacTeHUEBBACTBO; Hay1HA crienraHocT: ,,Jloypo3HaHue™

na Becenunka Kamunosa Iletposa.

Tema B aBTOp HA JUHCEPTAIHMOHHHSA TPV EKonozuunu acnekmu npu

om2NeNCOaHemo Ha IYRUHA HA WIYSUATHO-TUEA0HA NOY6A

Ynen na HayauoTo xypum: nol. a-p [eprana Cnasosa Kynuesa, mpodeCHOHATHO
Hanpasienue 6.1.”PacTeHMEBBACTBO”, HayyHa CHELMATHOCT ,Menuopaunu, BKi. [lodBeHa
eposus u GopbaTa ¢ Hes”, peruCTpUpaH B HALMJL B obnact ,,Arpapan Hayku’. 3anosell 3a

sxypa Ne PJ1 05-166 ot 28.07.2026 sa Ilpencenarens Ha CCA.

Kpartko npejcTaBsiHe Ha JOKTOPaHTa:

Becesmnka Kanunosa Ilerposa ¢ pojieHa Ha 2 HOEMBDH 1970 r. o mpodecuonansa
KBaIH(HKAlH € arpoHoM, ¢ 06pa3oBaTeHO-KBANM(PHKANMOHHH CTEIICHH ,0akanasbp” 10
,,ATPOHOMCTBO U ,,MarucThp™ 1o ,,J103apcTBO H BHHApPCTBO®.

Cpennoto cu o0pa3oBaHHE 3aBBpINBA NPe3 1989 r. B 59 COY ,Bacun Jlescku®, ¢
npodu ,,Cencko cronancTso”. B nepuona 2003-2008 r. ce o0yuaBa B ArpapeH YHUBEPCUTET —
[LIOB/HB, KbIETO NpHIOGHBA 00pasOBaTEHO-KBATHGHUKAIMOHHA CTENCH ,,0aKanapp“ 110
CTIEIHATHOCT ,, ArpoHoMCTBO". IIpo/IbDKaBa 0OPa3OBAHUETO CH B CHITHA YHHBEPCUTET H IIPE3
2009 r. npuno6uBa 06pasoBaTeTHO-KBATHHKALMOHHA CTCIICH ,,MarucTep™ 1o ,,J103apcTBO U
BHHAPCTBO®.

Ot nexemspu 2011 r. 0 HacTOSIIMA MOMCHT pabotu B CToMyHa OOWUHA — PakOH
,baHKa“, KaTo NpoeCHOHAIHATA i1 JeffHOCT € CBBp3aHa C €KOJIOTHATA ¥ O3€JICHABAHCTO. 3aeMa
JUTBXKHOCTH ,,eKoNor™, ,,CTapiIi eKcrepT™ H _JM3aiHEp B O3€/ICHABAHETO™. OcHOBHHTE M
npodecHoHanHH JEHHOCTA X OTFOBOPHOCTH BKIIOYBAT opranu3ands, KOOpAHHAUMA H
TpefoCTaBsHE HA METOAMYECKH HAcOKd B 006JIaCTTa Ha O3CJEHHUTEIIHHTE JCHHOCTH, KAKTO U
yuacTHe B ICHHOCTH, CBBP3aHH C ONa3BaHETO U yNPaBICHUCTO Ha 3e/CHATa cUcTEMa.

IIpes 2024 r. 3amouBa o0yucHHE KaTO NOKTOPAHT Ha CaMOCTOSTEIHA MTOATOTOBKA B
MHCTHTYTA [0 NOYBO3HAHNE, arpOTEXHONIOTHH H 3alIHTa Ha paCTCHUATA ,Hukona ITymkapos®,
ornen ,,du3nka, epo3us U noyseHa 6uota”. JIOKTOPaHTCKOTO 11 06yuenue npe3 nepuoza 2024
7025 I. e HAacO4eHO KbM 3aXbnfouaBaHe Ha HayyHaTa M TOATOTOBKA M pAsBUTHC Ha
H3CIEOBATENCKA KOMIIETCHTHOCT B 00J1aCTTa Ha MO4BO3HAHMETO H CKONIOTHIHHTE aCICeKTH Ha
3eMEeIEITUETO.



ITpodecHonanuusaT ¥ O0Opa3OBATEIHUAT BT HA Becenmuka [lerpoBa chuerasa
HOATOTOBKA B 06JIACTTA HA ATPOHOMCTBOTO, T033PCTBOTO K BUHAPCTBOTO C IPAKTHHIECKH ONHT B
cepara Ha EKOJIOTHSATA, O3CIICHSBAHETO H YNPABICHUETO HA 3EICHUTE ILIOIH. Hatpynanuar
[[PAaKTHYCCKH ONMT M IOCTENBaaTa HaydHOM3CIEN0BaTeNCKa MOATOTOBKA ca OCHOBa 3a
Pa3BHTHETO Ha MPOYECHOHATHATE M MHTEPECH B 061acTTa HA MOYBEHUTE H arpOCKOIOrHIHATE
M3C/IeIBAHUA.

I. O0ma XapaKTepHCTHKA HA JHCCPTANHATA H apTOopedepaTa — 00eM B CTPYKTYpa

JIMCepTalHOHHHST TPy € IPEICTABCH B obem ot 143 cTpanumm, 26 Tabmunu 1 19 Gurypu
¥ € CTPYKTYpHpaH B OCEM OCHOBHH pa3Jieiia.

JIutepaTypHHAT 0630p € TEMATHIHO HACOUCH KbM 3HAICHHETO H pasnpoCTPAHEHHUETO HA
JAynuHaTa, CUMOHOTHYHATA M acOMaTHBHATA a30ThUKcALHs, IPUIOKECHHETO HA CMECeHa
MHOKy/auus Ha G06OBM KyITYpH C IPYAKOBH GaKkTepuH W APYTH DPacTEXHO-CTUMYIHpaIiH
MHKPOOPraHM3MH, KaKTO H KbM OCOOCHOCTHTE Ha azoTduKcanusATa IpH TyIHHA.

B paszmen ,,O6ekr, maTepHal METOIM® ca IPEACTaBeHH OOEKTHTE Ha M3CICABAHE —
TI04Ba, ME/IHOPAHTH ¥ PACTHTETHH KyJITYDH, H3NOI3BAHHTE XMMHIHH 1 OMOXHMHYHH METOH,
OCTAHOBKATA HA CHLIOBHTE M TOJCKATE ONMATH C JYNHHA H TPHTHKANE M NPUIOKCHATE
CTATHCTHYCCKH METO/TH.

OcHOBHATA YacT Ha JWCEPTAlMOHHHA TPYyH € obocobcHa B pasieil ,,Pe3yITaTd H
oGChKAaRE”, CTPYKTYPUPAH B YETHPH OCHOBHH HANPABJCHHS: CHIOB OMUT C JyNAHA, CHAOB
OIIAT ¢ TPUTHKAJIE, TIOJICKH OIIUTH C JIyIMHA H NOJICKH OMUT C TPUTHKAIIC. IocneaoBaTenHo ca
pasrneand eeKTMTe OT HHOKyJlauusra ¢ azoTQuKcHpally OaKTCpHaIHH INaMOBe U
NPHIOXKEHAETO HA OPraHMYHO W MHHEPAIHO TOPCHC BBPXY YHCJIEHOCTTa M ChCTaBa Ha
OYBEHHTE MUKPOOpraHW3MH, obmara OHONOrMYHa aKTUBHOCT H MuKpoOHanHus OuoMaceH
BBIVIEPOJI, ChABPKAHAETO Ha OOLI a30T, MAKPO- ¥ MUKPOCIEMEHTH, PACTHTEITHHTE NapaMeTPH,
GromacaTa M noOHBA. VI3CHeNBaHO € M MOCHEJEHCTBHETO HA NMPHIOKEHHTE MpH JyIHHaTa
TpeTHpaHHs BbPXY TPHTHKANE, H3CACABAHO KAKTO PH CBAOBHTE, TaKa H TIPH TOJICKHUTE OTHTH.

Tlonyuenute pe3ynTatd ca 0600LICHH B pasjiemTe ,HM3Bogu“ u ,,JIpuHOCH", ClIC/ABAHH OT
M3TO/3BAHATA JIUTEPATYPA H CIUCHK Ha HyONHKAIMATE, CBBP3aHHU € MCCPTAMOHHASA TPYA.

CrpykTypaTa Ha MMCEpTalMsATa € JIOTWYHA W TOC/IC]0BATeNHa M CHOTBETCTBA Ha
[IOCTABEHUTE MW3CICIOBATENCKH 3aJadd M HA KOMIJIEKCHHS XapakTep Ha NPOBEACHUTE
M3CIICHABAHUSL.

AsropedepaTsT € B 06eM OT 35 CTpaHHLM H NPE/CTaBs B CHHTC3HpaH BUA OCHOBHHTE
elleMEHTH Ha AUCEpTaHoHHNs TPy, Herosara cTpyKTypa Cie/iBa JJorukara Ha JHCEpPTALMATA 1
OTpa3siBa OCHOBHHTE METOJMYHH NO/IXO/TH, TIONYICHUTE PE3YIITaTH, W3BOJMTE W IPUHOCHTE HA
pa3paboTkara.

1. AKTYyaJHOCT Ha H3C/IeBaHUs MPobiem

Temara Ha IUCEPTALMOHHHS TPy € aKkTyalHa H ¢ CBbp3aHa C HeobxomuMocTTa OT
paspaGoTBane ¥ NPHIIArane Ha yCTOAIHBY NOAXOMH 33 IIOJAbPIaHe Ha MIOYBEHOTO ILIOJOPOIHE
M TPOJYKTHBHOCTTA HA 3EMEEJICKHTC KyITypH NpH OIpaHMHaBaHC Ha 3aBUCHMMOCTTa OT
MHHEpPATHOTO a30THO TopeHe. H3nomspaneTo Ha GuonoruyHata asoTgukcamus U
MHKpOGUATHHTE WMHOKYJAHTH MpEJCTaBisBa MEPCICKTHBCH NOAXOA 34 nogoOpsABane Ha
a30THOTO XpaHeHe Ha PacTEHHSTA M 32 CTHMY/IMpaHe Ha 61OJI0rHIHATa aKTHBHOCT HA [10YBATa.

OcoBeno 3HAYEHHE MMaT GOGOBHTE KyNTYPH, KOMTO 4Ype3 CHMOHO3aTa CH C IPYIKOBH
GaKTepUH MOTAT J1a OCHTYPAT 3HAYMTEHA KONMYCCTBA 6uostoruuno Qrkcupan asor. Cpen TAX
JynMHATA TIPEACTABIsBA MHTEPEC KAaTO KYNTypa C BHCOKO ChHIBPXKAHHC Ha OEITHYMHH H
Eb3MOXKHOCTH 32 (QyPaXKHO ¥ XPaHHTETHO NPUIOKEHHE. B nucepTallORHMA TPyl € MOCTaBEH



KOHKPETHHAT BBHIPOC 33 OT3MBUMBOCTTA Ha Osnata Clajka JYMHHA KbM HHOKYIAUMI CBC
cnenuduunn 3a Hesa OakTepum oT pox Bradyrhizobium, xakTo W 3a BB3MOXHOCTTA 32
OBHIIABAHE HA edeKTa 9pe3 KOMOMHHPAHETO UM ¢ OaKTepuH OT POX Azospirillum.

AKTyaJHOCTTa Ha pa3paboTKaTa ce onpezess i OT KOMIUIEKCHHS TIOIXO/ IPH OLCHABAHE
Ha e)eKTHTE OT MHKpOOHaIHATa HHOKy Talwsl. Mi3ciie1sBaHeTo He Ce OTpaHiiaBa €AMHCTBEHO 10
HETIOCPEACTBEHOTO BIHSHUE BBPXY JIYIMHATA, KAKTO H MoCHEeACHCTBHETO HA MPHIIOKEHUTE
TpeTHpaHHs BbPXY CJIe/[Ballla XHUTHA KyITypa — TPUTHAKAIE. I[o To3H HA4YMH ce OL[EHIBA HE CaMO
JMPEKTHUAT eGeKT OT MHOKYIAUMSATA, HO M BE3MOXHOCTTA 3a H3M0JI3BAHETO ¥ KaTo €NIEMEHT OT
CHCTeMA 32 TI0-yCTOHYHMBO YIIPABJICHHE Ha IOYBEHOTO II0I0PO/INE U XPaHCHETO HA KyJITYpHTC.

B TO3M CMHCHJ CUMTaM, Ye pa3paGoTBaHHAT MpoblieM ¢ HAy4YHO aKTyaICH H C SCHO
M3paseHa MPUIOXKHA HACOYCHOCT, KaTo Ce BIIMCBA B ChBPEMCHHUTE THPCCHUA HA OHONOTHYHH
CPEJICTBA 32 ONTHMHM3HpAHE Ha PACTHTENHOTO XPaHEHe, IOJ(BPXKaHe Ha I0YBEHATA OuoorndHa
AKTHBHOCT ¥ HaMaJIBaHe Ha HeOOXOJUMOCTTAa OT HHTCH3HBHO MIHEPATHO TOPCHE.

III. JluTepaTypHa 0CBEJIOMEHOCT H T€OPETHYHA NOAr0TOBKA HA KAHIHIATA

JlureparypHausT 0630p € paspaGoteH B 00eM OT 19 CTpaHHUM U € CTPYKTYPHPAH B €T
TEMATHYHO CBHP3aHH HANPABJICHHS: 3HAYCHHE U PasIPOCTPAHEHHE Ha JIy THHATA; CMMOHOTHYHA
a3oTduKcanus npa 6o60BHTE PACTEHHS; ACOLMATHBHA a30TQHKCAIHS; CMECCHA HHOKY Il Ha
6060BH KyNTypH C TPY/KOBH GAKTEpHH M APYTH PacTeXHO-CTMMYJMpPAIIH MHKPOOPraHU3MH,
asoT¢hukcanys IpH JTyIHHA.

IIpu pa3paGoTBaHETO HA JMCEPTANUOHHMUA TPYJl Ca H3NOI3BAHH o6mo 130 mureparypHH
M3TOYHHKA, OT KOHTO 12 Ha kupwHna 1 118 Ha naTHHUIA.

CrpykTypata Ha IuTepaTyphus 0030p crefiBa JIOTHKaTa Ha IHCCPTAllAOHHOTO
mcrenpare. CleIHaIHO BHUIMAHKE € OTAENICHO Ha KOMOUHHPAHOTO MPHIIOXKCHNE HA IPYAKOBH
faKTepHs ¥ JPYTH DacTeXHO-CTHMYIMpAIlX MHKPOOPTaHM3MH, KOETO HEMOCDEACTBEHO
06OCHOBABa EKCIIEPMMEHTAIHAS NOAX0] B JAMCEPTALMATA — CAMOCTOATENHATA HHOKYIAlU C
Bradyrhizobium v cMeceHaTa HHOKyNauws ¢ Bradyrhizobium u Azospirillum.

O60co6SBaHETO Ha CAMOCTOSTENECH IMoApasien 3a asoTQHKCalusTa OpH JIyHHA
NO3BOJISBA PA3TIEKIAKMUST HAYYEH MPoGIeM MOCTENEHHO Ja OB/e KOHKPETH3HPAH OT obuTe
3aKOHOMEPHOCTH Ha CAMOHOTHYHATA M aCOIMATHBHATA A30TQHKCAIIHS KbM cienabUIHEA 00EKT
Ha JUCEPTAlMOHHOTO U3CIECABAHE.

JIntepaTypHHAT 0630p 06XBallla OCHOBHHTE TEMaTHIHA HAlpPaBICHUL, HeoOXOIUMH 3a
TEOpEeTHYHOTO 0GOCHOBaBaHE HA [IOCTABCHUTE LN H 3a1aH. BposT, TeMaTHYHHAT 00XBAT H
npeofiaiaBAMMAT ASA HA YyKACCTPAHHHTE JIMTEPATYPHH H3TOUHHIH NOKAIBAT nobpa
HE(OPMHPAHOCT HA TOKTOPAHTA 110 H3C/IEABAHHS NPobiIeM H OCHIYpABAT Heo0XxoAHMAaTa
TEOPETHYHA OCHOBA 32 NPOBEIEHUTE EKCIIEPHUMEHTAIHHA H3C/ICBAHMS.

IV. MeroanveH MOJAX0A

3a OCTHraHe Ha MOCTABEHATa e/ U H3IbJIHEeH)e Ha popMyTUpaHuUTe 3a1a4H € IPHIIOKCH
KOMIUIEKCEH eKCIIEpIMEHTAEH M aHATUTHYEH II0X0/, BKIIOYBAlIl CHA0BH M TOJICKH OIHTH C
6sa cianka mynusa (Lupinus albus saccharatus L.) ¥ ocnesaiio oTrIexKIaHe Ha TPATHKATIC,
ChUETaHH C MHMKPOOHONOTHYHM, OHOXMMHYHM, XHUMHYHH, arpoOXUMHHHA H OHOMETPUYHH
H3CJIC/[BAHUSL.

MeToqMUHATA CXEMa € M3rpajeHa MOCIENOBATENHO, KaTo B IIbPBHs €Tall IpH CHIAOBH
YCJIOBHs € W3BHPIICHA CPABHHTENHA OICHKA HA CEAEM 1laMa Bradyrhizobium spp. (Lupinus),
KAKTO CaMOCTOSATEIHO, TAKa ¥ B KOMOHHAIHS C OPraHHYHO TOPEeHe. 3a 4acT OT NEPCIEeKTHBHHTE
BAPHAHTH € PHJIOKEHA CMECEHa HHOKYIalus C Azospirillum sp. 107. CbIOBHAT OIKT BKIIOIBA
06mo 21 BapnaHTa B YETHPH NMOBTOPEHHS, KOETO MO3BOILIBA 1a 6BaaT cpaBHEHH eeXTHTE Ha



OTHENHATE OAKTEPHATHH IIAMOBE, CMECCHATAa HHOKyJalMs U B3aUMONCHCTBHETO MM C
OpraHM4HOTO H MHHEPATHOTO TOPEHE.

A30T(HKCHPAIHAT NOTEHUHAT HA M3CJIC/IBAHMTE CHMOHOTHYHM CHCTEMH € OLCHEH [pe3
ompefieNAHE HA HUTPOICHA3HATA AKTHBHOCT O METO/A Ha AETWICHOBATa PEIyKIMA, a
BHPYJICHTHOCTTA Ha IaMOBETE — Ype3 OTYATaHe Ha 0OpasyBaHHTE IPYKA BBPXY KOpeHOBaTa
cucTeMa Ha JTynyHaTa. 110 TO3# HauMH H3I0I3BAaHKTE METO/M Ca NIPIAKO CBbP3aHH ChC 3a/1a4ara
32 OTIEHKA HA e(heKTHBHOCTTA 1 BUPYJIEHTHOCTTA Ha H3NHTBAHUTE IamoBe Bradyrhizobium.

ChIlecTBEH KOMIIOHEHT HAa METOAMYHMS IOIXOJ € ONEHKAaTa Ha BB3/IEHCTBHETO HA
IPHJIOXEHHTE TPETHPAHHMS BBPXY IOYBEHATa MUKPOOHOTA. BBpXy CENEKTHBHM XDaHHTCIHH
CpEJIH € Onpe/ielieHa YHCIICHOCTTa Ha OCHOBHH (pU3HOJIOTHYHY M TAKCOHOMUYHH I'DYIH NOYBCHH
MHKpOOPTaHHM3MH — aMOHHMQuuHMpamy, cnopooOpasygalli, —UeENyNO30opasiaraiii — H
ONMMrOHYTPOGUIHH MHKPOOPFaHH3MH, MHKPOCKONMYHHM TI'bOH, aKTHHOMHMIIETH, Gaxtepuni,
YCBOSBAIIM MUHEpPAIEH a30T, H JHa30Tpodu. JIOMBIHATENHO Ca ONPEIEICHHA obmara
6HONOTHYHA AKTHBHOCT HA MOYBaTa upes mpoxykuusra Ha CO: # MEKpoOHamHusT GHoMaceH
BBINEPOJl, KOETO Pa3lIMpsBa ONEHKATa OT YHCIECHOCTTa Ha OTHEIHH MHKPOOHHM TpYIH KBM
(YHKIIHOHATHOTO CHCTOSHHE HA NOYBEHATA MUKPOOHA OOIIHOCT.

XUMHUYHUTE ¥ arpOXMMHUHATE AHAIM3M BKJIOYBAT OMpEesHe Ha OOLI a30T, ¢pocdop,
Kaymuit, Kamuii © MEKPOEIEMEHTH B PAaCTHTEHHS MATEPHa, KAKTO X OCHOBHH XapaKTCPUCTHKH
Ha IOYBATA — MEXAHMYEH CHCTAB, OPTAHHIHO BEUIECTBO, XAAPOJIH3YEeM a30T, OABKKHA GopMHU
Ha dochop ¥ Kanmmii M mouBeHa peakuus. [lo TO3MW HAYMH € OCHIypeHa BB3MOXHOCT
6uonornyauTe €PeKTH OT TPETHPAHETO Ja OBIAT pasriienJaHu BBB BPB3KA C XPaHHTCIHHA
PeXHM M CBOHCTBaTa Ha MOYBaTa.

Baxua crpaHa Ha paspaboTkaTa € ABYCTENEHHATa CKCIEPUMEHTANHA NPOBEpKa — IIPH
KOHTPOJHPAHH CHIOBM M TIPH MOJCKH ycioBus. 1o To3n HauuH u3bpaHuTe MHKpOOHATHH
KOMOWHAIIMH ca M3IMTAHHM IIPH PEalHH MOYBEHO-KIMMATHYHY YCIIOBHA B IBE MOC/ICAOBATCIHH
TOJWHH.

Kato 1o M30paHHST METOAMYCH IIOAXON CHOTBETCTBA Ha NOCTABEHATA LICT U 33/1aH Ha
JMCEPTAOHAMS TPy, ChYeTaBaHeTO HA MHKPOOHOJIOTHYHH K OMOXMMHYHH TOKa3aTeIH C
aHANH3 Ha pacTHTENHaTa TNpPOMYKIHMs, MHHEPAIHHS ChCTaB W OCHOBHM IOYBCHH
XapaKTEpPUCTHKH, KAKTO U MOCTIE0BATEIHOTO IPEMHHABAHE OT CHJOBM KbM ITOJICKH YCIIOBHS U
NpOCTENABAHETO Ha TOCIEACHCTBMETO BBPXY TPHTHKAIE, OCHTypsABar HeobxoauMmara
KOMILIEKCHOCT 34 OL[EHKA Ha e(eKTHBHOCTTA Ha CAMOCTOSTE/HATA H CMECEHATa MUKPOOHATHA
HHOKY JallHs.

V. 3HauuMocT H y0eQHTETHOCT Ha IOJYHE€HHTEe Pe3yJTaTH, HHTEPIPETAlNHH H
H3BOJH

IToydenuTe B AMCEPTALMOHHKS TPY/l PE3Y/ITATH Ca 3HAUYMMM KaKTO B HAy1HO, TaKa U B
HAayYHO-TIPHJIOXKHO OTHOIeHHe. OcobEHO ChIECTBEH Pe3yJITaT OT NPOBEACHHTS H3CIIC/BAHHA €
OTKpOsBaHETO Ha Wam Bradyrhizobium sp. 300 xaTo Hali-cEKTHBEH OT H3IMTBAHHUTE IAMOBC.
HeroBoro IOJOXKMUTENHO JEHCTBHE € IOTBBPACHO 4pe3 HAKOJIKO HE3aBHCHMH IOKazaTens —
rpynkoo6pasyBane, GHONOrHYHa a30TGUKCAIHA, HATPYNIBAHE HA CBEXA U CyXa ouomaca, 106uB
HAa 3BPHO M CHIABPXKAHHE HA XPAHHUTEIHH elleMeHTH. IIpH CHAOBHs ONMT CaMOCTOATETHATA
HHOKYJIALKs ¢ TO3H IaM e foBena a0 122,2% yBenudeHHe Ha CyXaTa Maca Ha 3bPHOTO, a IpH
cMeceHaTa HHOKynaus ¢ Azospirillum sp. 107 yenuuenrero ¢ 107,7%. Pesynratute Aasat
ocuopanue maM 300 ga Obnje ompedeneH KaTO IEPCIEKTHBEH WHOKYJIAHT 33 H3C/IC/iBaHaTa
KyaTypa.

VY6enuTeNHOCTTAa HA HANpaBEeHUTE 3aKIIOYEHMs C€ MOBHIIAaBa OT CTaTHCTHYCCKaTa
JOKa3aHOCT HA YCTAHOBEHHTE PAa3NHuMA [IPH OCHOBHHTE HM3cie/sanu IMokasarend. Ilo Tosm



HAYMH HaNpaBeHHTE 3AKTIOYECHHS CE OCHOBABAT HE CaMO HA HAONIO/IaBAaHM TEHJCHIMH, 3 HA
KOJNMYECTBEHO YCTAHOBEHH M CTATHCTHYECKH NOTBBPACHH DPasIMdMsi MEXIY H3CICABAHMTC
BapHAHTH.

CHINECTBEHO 3HAUCHHWE MMA CBHINIACYBAHOCTTA MEXJIY Da3sIM4HHMTE IPYNH pesyiraTH.
[10I0XUTETHOTO BIMSHAE Ha MHOKyNauusta ¢ Bradyrhizobium sp. 300, caMOCTOATENHO HIH B
kombunatms ¢ Azospirillum sp. 107 u oBopcku TOp, C€ YCTAaHOBSBAa CIHOBPCMCHHO Hpe3
[IOKa3aTeNHTe 3a CHCTOSHHETO Ha IoyBeHara Mukpoduiopa ¥ OHOJOrHYHATA AKTHBHOCT,
azoTdHKCHpaINaTa aKTHBHOCT ¥ IPy/IK000pasyBaHeTo, pacTexa u (popMupaHeTo Ha OHoMaca,
n06HBa B MEHEpATHHS CHCTAaB Ha pacTeHHsATa. TOBa B3aWHMHO IIOTBBPXAABAHE HA PE3YITATHTE,
MONy4eHH 4pe3 DasNMYHH METOIMYHH IOAXONH, € CDHINECTBEH apryMecHT 3a TiXHaTa
JOCTOBEPHOCT.  PesynraTHTe OT NOJCKMTE €KCIICPHMEHTH NOTBbPXKZABAT MOJOMHMTETHOTO
BIMSHKE HA U3OpAHHTE TPETHPAHHA BBPXY pH3ocdepHara MEKpodropa, MPOAYKTHBHOCTTIA H
MHHEpAIHHs ChCTaB Ha pacTenusTa. [1pu Te3n yCcnoBus xoMOuHauusTa oT Bradyrhizobium sp.
300 n 06OpcKH TOp Ce OTKpOABA KaTo HaH-eeKTHBHA OT M3CIEJBAHUTE IO OTHOIEHHE HA
TOJIy4aBAHETO HA BUCOK JOOUB OT OHOMaca Ha JlyTHHATa.

OcofeHa HayYHO-IPUIIOXKHA CTORHOCT HMAT pe3yJITaTUTE, CBBP3aHH ¢ TIOCTEACHCTBHETO
BbpXy TpHTHKale. [IONOXKHTETHOTO NOCIHEACHCTBHE CC TNpoABSBA B PA3BUTHETO HA
pusocdeprara MEKpOdIIOpa Ha TPUTHKAIE, B GHOMETPHIRHMTE H POAYKTHBHHTE NOKA3ATENH H
B CHABP)KAHKETO Ha MAKPO- ¥ MUKPOCIEMEHTH

B pesynrar OT KOMIUIEKCHOTO H3CIIe/[BAHE €a ONPEACNICHH Karo HaM-NepCHeKTHBHH
uHOKyanusTa ¢ Bradyrhizobium sp. 300 6 kombunayus ¢ 060pcKYy Mop, camocmoamerHama
unoxynayus ¢ Bradyrhizobium sp. 300 u cmecenama uHOKyrayus ¢ Bradyrhizobium sp. 300 u
Azospirillum sp. 107. IIod06opom um e Hanpaser 6b3 OCHO6A HA CLEKYNHOCH OM nokasameiu,
Xapaxmepuupawyu nNOYEeHama MuKkpobuoI02uiHa aKTABHOCT, a30T(HKCAIUATA, PA3BUTHETO H
XpaHHTEHHS CTATYC Ha PACTCHUATA, JOOHBA U Ka4ECTBOTO Ha I1OJIyICHATa NPOMYKIIHA.

CunraM, 4e TNOJy4YeHHTe Pe3YJTATH ca YOeIuTeNHH H EKCIEPHMEHTAIHO H
CTATHCTHYECKH J00pe 0GocHOBaHH. TAxHATa JOCTOBEPHOCT CE MOAKPENA OT rOJCMHUA Opoit
M3C/ICABAHM TOKA3aTelH, M3MOI3BaHETO Ha PasjIMuHK M B3aUMHO JOMBJIBAIM CC aHATTHTHIHH
METOIH, CTATHCTHYECKATa JOKA3aHOCT HA YCTAHOBEHWTE pasjiM4Msi, NOTBBPKIABAHETO Ha
OCHOBHHTE €()EKTH IPY IIOJCKHM YCJIOBHS H IIPOC/EAABAHETO Ha [OCTEICHCTBUETO BBPXY
cneppama KyaTypa. ChIViacyBaHOCTTa MEXY Pe3yJITaTHTE OT PasiM<HUTE HANPABICHUA HA
M3CJIeABAHETO NIPHaBA Ha HANPABEHHTE W3BOAM HEOOXOOMMATA HayvHA yOeUTENHOCT, a Ha
JMCEPTALMOHHHUS TPY] — HAy4YHa U MPaKTHICCKa 3HAYUMOCT.

VL IpuHOCH Ha IHCEPTAUMHOHHMS TPYA.

IIpescTaBEHUTe pe3yNTaTH M HANpPaBEHUTE H3BOAM 1aBaT OCHOBAHWE NPWHOCHTC HA
JUCEPTAMOHHHAS TPy /1a 6BJIaT OLEHEHH KAaTO HAYYHH W HAY YHO-IPHIIOMNHH. Te ca cBbp3aHH €
pasIIMpsBaHE Ha [O3HAHMATA 33 B3AHMOMCHCTBHETO MEXIY Oamara ciuagka JAynHHa H
a30T(HKCHpALIH MEKPOOPTaHH3MH, C OlIEHKa Ha BB3MOXKHOCTHTE 33 CAMOCTOATEITHA H CMECCHA
MHKpOOHANHA MHOKYJIALKA, KAKTO M C [PaKTHYECKOTO NPHIONKCHHE Ha CEJIEKI[HOHHAPAHUTE
edheKTHBHHA KOMOHHAIIWH.

Hayunu npHHOCH
3a rbpBH BT € U3BBPIICHO CPABHUTEIHO M3CIIEBAHE HA CelCM INaMa Bradyrhizobium sp.

(Lupinus) — Ne 295, 296, 297, 298, 299, 300 u 301 or KosjekuusTa Ha JabopaTophs



,MuxpoGuonorns ua noysara“ xksM UITA3P ,H. Ilymkapos®, mpa ycnoBusTa Ha AJTyBHANHO-
nueagHa nousa (Fluvisol). CpaBHHTENIHATAa MM OLCHKA 110 OTHOIICHHC HA a3zoTduxcupamara
AKTHBHOCT, TPyIKOOOpasyBaHETO M BIMSHHUETO BBPXY DPa3sBHTHETO M MPOAYKTHBHOCTTa Ha
NyIHHATA paslIUpsiBa [O3HAHHATA 332 CQEKTHBHOCTTA HAa KOHKDETHHTE IIAMOBE NpH Ta3H
KyJnTypa.

ChIECTBEH HAY4€H NPUHOC NPEACTapisBa MPOYYBAHETO 3a IBPBH NBT B CTpaHaTa Ha
Bb3MOKHOCTHTE 332 CMECeHa HHOKYJAlHA Ha JyMHA ChC CHMOMOTHYHM a30TQHKCHpAIIM
Gakrepur OT poxa Bradyrhizobium W acolMaTHBHH azorpuKcHpald OakTepud OT pOJ
Azospirillum. Tlony4ennre pe3y/ITaTH JaBaT HOBa HHbOpMAaNKs 32 e(eKTa OT CbBMECTHOTO HM
IPAIOKEHHE BBPXY GHOINOTHYHATA AKTHBHOCT Ha I104YBATa, PACTEXKa, MUHEPATHOTO XPAHEHE H
IPOLYKTUBHOCTTA HA JIyIMHATA.

TlonyueHH ca HOBH J@HHH 3@ BIMAHHETO Ha a30TUKCHpAIHTE 0aKkTepuu BBPXY
rpyakoobpasyBaHeTo, OHONOrMYHaTa a30TQUKCAlHA, HATPYNBAaHETO HA Makpo- H
MHKpPOENEMEHTH M OHOMETPHYHHTE IOKa3aTelX Ha OsuiaTa Cliajka JIynHuHa. Y CcTaHOBEHUTE
B3aMMOBPH3KY MEXIy MUKpOOHAIHATA HHOKY Nals, IPOMEHHATE B pusocdepraTa MUKpodIIOpa
H peaKIyATa Ha PACTeHHATa JOIPHHACAT 32 NO-KOMIIIEKCHOTO XapaKTepH3KpaHe Ha CHCTEMaTa
[0YBa—MHKPOOPraHH3MU—PAaCTEHHE.

KbM HayuHMTE IPHHOCH MOXE Ja Oble OTHECEHO M YCTAaHOBEHOTO IIONOKHUTENHO
NOC/eNelCTBHE HA IIPWIOKEHUTe NpPH JyNHHATA MHKPOOHANHM HWHOKyJTauuM BBPXY
[OC/IE/BAIATA KHUTHA KyJITypa — TPHTHKaJIE. [IoJlydeHnTe pe3y TaTh MOKa3Bar, 4¢ eheKThT OT
MHOKYJIAMATA HE CE OrpaHHyaBa Jo KyJTypara, BEPXY KOATO € IIPHIIOXKEH, a e IpoiBsiBa i
upe3 mpoMeHH B pusocdepHaTa MHKpo@uopa, OGHOMETPHYHHTE IIOKa3aTelH, nobusa H
MHHEPAIHUA CHCTAB Ha CIIEJBAIlaTa KyJITypa.

Hay4Ho-npHJIOKHH NPHHOCH

B pesyiraT OT CPaBHUTENIHOTO H3MUTBAHE € CENEKIHOHHPaH [aM Bradyrhizobium sp. 300
KaTo NepCIIeKTHBEH HHOKYJIAHT 3a Gsna cnajika ynuna. Herosara ¢()eKTHBHOCT € yCTaHOBEHA
4pe3 KOMILIEKC OT IOKA3aTeNiu i € NOTBbPACHA IIPH ChIOBH U IIOJICKH YCHOBHA.

Onpenenena e eeKTHBHA TEXHOJIOTHYHA KOMOMHALMA OT HHOKYIAlKs C Bradyrhizobium
sp. 300 u BHacsHE Ha 0GOPCKH TOP, IIPH KOATO B NOJICKH yC/IOBHS € yCTAHOBEHO yBENMUCHAC Ha
n06uBa Ha mynuHa 10 80%. [Tomy4eHuaT pesy ITaT HMa HEMOCPEICTBEHO IPAKTHHCCKO 3HACHHE
M Ch37aBa MpPEANIOCTABKM 32 H3MON3BAHE Ha MUKpOOManHa HHOKyJNalMsA B CHYCTAHHC C
OpraHHYHO TOPEHE NPH OTTJIEKIAHETO HA KYNTypara.

Hay4HO-IPWJIOXEH XapakTep HMa H ONPEAENAHETO Ha IEpCHEeKTHBHH BApHAHTH —
CcaMoCTOSTENHA HHOKYIanus ¢ Bradyrhizobium sp. 300, koOMOMHHpPaHETO My C o0opcKd TOp H
cMeceHaTa HHOKyMamus ¢ Bradyrhizobium sp. 300 u Azospirillum sp. 107 — xoATO Oka3gar
[IONOXUTEHO BNMSHME HE €aMO BBPXy JyNMHaTa, HO M BbpXy nobusa, Guomacara H
XPaHWTEIHHA CTATYC HA IOCICABALIO OTIIENAAHOTO TPUTHKane. To3u pesynraT pasiiMpssa
BBL3MOXKHOCTHTE 33 NPUIO)KEHHE Ha M3CIE/IBAHATE MUKPOOHANHH HHOKYJIAHTH B CHCTEMA Ha
ceutbooOpalieHHE.

Ilpuemam  dopMy/IHpaHHUTEe TNPHHOCH KaTo 000CHOBAaHH OT NPEACTABEHHTE
eKCHePUMEHTAIHA Pe3yJATaTH. Te OTpa3sBaT KaKTO IONy4aBaHETO HA HOBH 3HAHMA 33
B3aMMO/IEMCTBHETO MEXTY JIyTMHATA U a30THKCHPAIIHTE MUKPOOPTaHH3MH, Taka H KOHKPETHH
Pe3y/ITaTH C IOTEHIKA 38 IPAKTHYECKO MprioxeHne. Oco6eHO 3HAUEHHE UMAT CEICKIAATA Ha
edextuBuus waM Bradyrhizobium sp. 300, ycTaHOBABAHETO Ha edexra OT cCMeceHara



HHOKyJauus ¢ Azospirillum sp. 107 1 10Ka3aHOTO NOCNENCHCTBUE HA IPUIIOXKEHUTE TPETHPAHUA
BHPXY ClIe/[Ballla JKHTHA Ky/ITypa.

VII. OuneHxa HA Ka4eCTBOTO HA HAYYHHTE MyOIHKANMH, 0TPa3ABAIH PE3yJTATHTE B
AMCEPTALNATA

BsB BpB3Ka C JMCCPTAIHOHHHMSA TPYH Ca MPCACTABCHM TPH HayqHHA Ty O/ THKaIHH,
ny6maxysauu B Journal of Balkan Ecology nipes 2016 u 2018 r. IlybmukanuuTe ca TEMaTHIHO
HENOCPECTBEHO CBBP3aHM C JUCEPTALMOHHOTO H3CIEABAHE M MPECTABAT OTACIHHM HACTH OT
NOMyYEHUTE EKCIIEPUMEHTAIHM PE3yJITaTH.

Ot TpuTte NyOIIMKaIHK €fHa € CAMOCTOSTENHA, a JIBE Ca B ChaBTOPCTBO. CaMmocrogrenHara
[yGIMKALMA, KAKTO M BOZEIIOTO aBTOPCTBO HA IOKTOPAHTA B OCTAHAIMTE 1IBE, 1aBAT OCHOBAHUE
Ja ce NpHeMe HAIMYMETO Ha ACHO M3pa3eH JIM4EeH IPHHOC NPH MOJy4aBaHETO, aHAIM3a H
myGJIMKYyBaHETO Ha PE3yJITaTHTE.

U tpure my6mixauuu ca B Journal of Balkan Ecology u ca NpeICTaBEHH KaTo HHACKCHpaHH
B Web of Science All Databases. [Iy6aukyBaHeTo Ha pe3yITaTHTE NIOKa3Ba, Y€ CHICCTBEHA TaCTH
OT JMCEPTAHOHHOTO H3CIEABAHE Ca MOIY4HIHM Hay4Ha MyOIMIHOCT NPEH NPE/ICTABIHETO Ha
JUCEPTALIAOHHUS TPY .

Cienl mpernes Ha IpeACTaBeHMTE NyONMKAaUMH CUATAM, 4Y€ CHABPKAHHETO HM
ChOTBETCTBA HA TEMATHKATA HA /JHCEPTALHATA H ACHCTBHTEJHO OTPa3ABa YacTH OT
moJlydenuTe B Hesl pe3y iTaTh. Hauuie e npska Bpbh3ka MEXAy NyOIMKYBaHATE H3CICABAHNL,
NOCTABEHMTE 3a/1a4¥ ¥ OCHOBHUTE PE3YJITATH HA JHCEPTALHOHHHS TPY L.

B 06o61ienne, mpejacTaBeHaTa IyONHKAMOHHA AKTHBHOCT € TEMAaTHYHO CBBp3aHa ¢
JHCEPTALMATA, OTPa3sBa CHIIECTBEHH PE3YNTAaTH OT MpPOBEICHHTE H3CIE/BaHHA M [0Ka3Ba
AKTHBHOTO YYACTHE Ha IOKTOPAHTA B TAXHOTO HAy4YHO NPE/ICTABAHE U My OIHKYyBaHE.

VIII. Kpurnunu 6enexXKH, BbIPOCH H NPENOPbKH KbM KaHAHAATA

KbM npeicraBeHus AMCEPTAllMOHEH TPYA HAMAM CBHIICCTBEHH KPHUTHYHH OenexkH.
V3ciieBaHeTo € MPOBEIEHO 3aXbI00YEHO H B 3HAUMTENEH 00eM, KaTo Ca OJly4eHH MHOXKECTBO
Hay4HH ¥ HAYYHO-IIPHJIOXKHH PE3YJITATH, KOUTO CBHJCTENICTBAT 33 CIIOCOOHOCTTA Ha KaHAK/AaTa
3a CAMOCTOSATEIHA Hay YHOM3CIIeJoBaTeNcKa paboTa.

[IpenopsuBaM Ha KaHIHATa Ja IPOALIDKH H3CIICIBAHHATA CH B pa3pabOTBAHOTO HAYYIHO
HAIpaBJIeHUE, KATO Pa3slIHPH H HAATPA/H MOy YCHHTE B TUCEPTAMOHHHS TPY /L PE3yITaTH H I
MOMyJSpU3Hpa Ype3 MyOIMKAMKM B CHCNHATM3HPAHM HAYYHH H3JaHHA. C orneg Ha
NEMOHCTPUpaHHsl H3CJIEIOBATENICKH MOTCHIMA CYHTaM 3a nejsecho0pa3sHo KaHIUJAThT 1A
TIPOJB/DKY CBOETO aKaJeMHYHO Pa3sBHUTHE W IPH BB3MOXNKHOCT Ia C& HAcOYH KbM 3aEMaHC Ha
aKaeMHYHa JUTEXHOCT, KOeTo OH My TO3BOJWIO Ja pa3BHBA IIOCIEAOBATE/IHO HayuHaTa M
npenojaparesickaTa CH J€HHOCT.

HsMaM BBIIPOCH, CBBP3aHH C HEACHOTH HIIM HEAOCTATHIH Ha AUCEPTAMOHHHUA TPY L. Karo
BBIIPOC 3a HAy4YHa JUCKyCHs OMX MOCTaBHIIA CJICTHHAS!

Ko¥ 0T moJTy4eHHTE B AHCEPTAHOHHMS TPYA Pe3yATaTH KAHIAHAATHT CHHTA 32 Haii-
NepCHeKTHBHM 32 NPOAb/UKABAHE HA H3C/IEABAHHATA M [0 KAKbB HATHH 0u pazBHII
eKcrepuMenTaIHaTa pabora B Obpaeme?

3AKIIOYEHHE



Bb3 OCHOBAa Ha IIPHIOXKEHHTE OT JOKTOpAHTA DA3IMYHH METOAM Ha M3CIIEABAHC,
NpaBUHO HM3BEJCHHTE EKCIEPUMEHTH, HAlpPABEHHTC 0600ImIcHMA H H3BOJAH CYHUTaM, dHe
IIpe/ICTABEHUAT AUCEPTALHOHEH TPY/l OTTOBaps Ha H3UCKBAHMATA HA 3PACPE u [IpasuiHuka 3a
ycIoBuATa M pela 3a NMpujoOMBaHE Ha HayuHH CTCHICHA H 32 3acMaHe Ha aKaJEMHYHH
naexuoct B CCA.

ToBa MH 1aBa OCHOBAHHE J1a OLEHs OIOKHTEIHO AUCEPTAIMOHHHS TPY 1 ¥ 1a IIPEAUIONKA
1a ce npuchau Ha Becemanka KannnHosa [TeTpoBa, 06pa3oBarcHaTa U HAyYHA CTCIICH »JAOKTOD”
B o6nacT Ha Bucime o6pazoBaHue 6. ATpapHH HayKH H BETepUHapHa MEHIHHA, npo¢deCUOHAITHO
Harpagjenne: 6.1. PacTeHHEBBACTBO; HAyYHA CHEIHATHOCT: ,,JIouBo3HAHHE™.
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Brief Presentation of the Doctoral Candidate

Veselinka Kalinova Petrova was born on 2 November 1970. She is an agronomist by
professional qualification and holds a Bachelor’s degree in Agronomy and a Master’s degree in
Viticulture and Enology.

She completed her secondary education in 1989 at Vasil Levski Secondary School No.
59, specializing in Agriculture. From 2003 to 2008, she studied at the Agricultural University —
Plovdiv, where she obtained a Bachelor’s degree in Agronomy. She continued her education at
the same university and, in 2009, obtained a Master’s degree in Viticulture and Enology.

Since December 2011, she has been employed by Sofia Municipality — Bankya District,
where her professional activities are related to ecology and landscaping. She has held the
positions of ecologist, senior expert, and landscape designer. Her main professional activities
and responsibilities include the organization and coordination of landscaping activities, the
provision of methodological guidance in this field, and participation in activities related to the
conservation and management of urban green spaces.

In 2024, she enrolled as an independent doctoral candidate at the Nikola Poushkarov
Institute of Soil Science, Agrotechnologies and Plant Protection, Department of Physics,
Erosion and Soil Biota. During the period 2024-2025, her doctoral training focused on
advancing her scientific expertise and developing research competence in the fields of soil
science and the ecological aspects of agriculture.

The professional and educational background of Veselinka Petrova combines training in
agronomy, viticulture and enology with practical experience in ecology, landscaping, and the
management of green spaces. Her accumulated practical experience and subsequent research
training provide a solid foundation for the development of her professional interests in soil and
agroecological research.

I. General Characteristics of the Dissertation and the Dissertation Abstract - Scope
and Structure

The dissertation comprises 143 pages, 26 tables and 19 figures and is structured into eight
main sections.



The literature review focuses on the significance and distribution of lupin, symbiotic and
associative nitrogen fixation, the application of combined inoculation of legumes with nodule
bacteria and other plant growth-promoting microorganisms, as well as the specific
characteristics of nitrogen fixation in lupin.

The section “Research Objects, Materials and Methods” presents the objects of
investigation — soil, amendments and crops — as well as the chemical and biochemical methods
used, the experimental design of the pot and field experiments with lupin and triticale, and the
statistical methods applied.

The main part of the dissertation is presented in the “Results and Discussion” section,
which is structured into four principal areas: pot experiment with lupin, pot experiment with
triticale, field experiments with lupin, and field experiment with triticale. The effects of
inoculation with nitrogen-fixing bacterial strains and the application of organic and mineral
fertilizers on the abundance and composition of soil microorganisms, total biological activity
and microbial biomass carbon, total nitrogen content, macro- and micronutrients, plant
parameters, biomass and yield are examined systematically. The residual effects of the
treatments applied to lupin on the subsequent triticale crop were also investigated under both
pot and field conditions.

The results obtained are summarized in the “Conclusions” and “Contributions” sections,
followed by the references and a list of publications related to the dissertation.

The structure of the dissertation is logical and consistent and corresponds to the stated
research objectives and the complex nature of the investigations performed.

The dissertation abstract comprises 35 pages and presents the main elements of the
dissertation in a concise form. Its structure follows the logic of the dissertation and reflects the
principal methodological approaches, results, conclusions and contributions of the research.

IL. Relevance of the Research Problem

The topic of the dissertation is highly relevant and is associated with the need to develop
and implement sustainable approaches to maintaining soil fertility and crop productivity while
reducing dependence on mineral nitrogen fertilization. The use of biological nitrogen fixation
and microbial inoculants represents a promising approach for improving plant nitrogen nutrition
and stimulating soil biological activity.

Leguminous crops are of particular importance because, through their symbiosis with
nodule-forming bacteria, they can provide substantial amounts of biologically fixed nitrogen.
Among these crops, lupin is of particular interest because of its high protein content and its
potential use as both food and feed. The dissertation specifically addresses the response of white
sweet lupin to inoculation with bacteria of the genus Bradyrhizobium and examines the
possibility of enhancing this effect by combining them with bacteria of the genus Azospirillum.

The relevance of the research is also determined by the comprehensive approach used to
evaluate the effects of microbial inoculation. The study is not limited to its direct influence on
lupin but also examines the residual effects of the applied treatments on a subsequent cereal
crop — triticale. Thus, the research assesses not only the direct effects of inoculation but also its
potential use as a component of a more sustainable system for managing soil fertility and crop
nutrition.

In this respect, I consider the research problem to be scientifically relevant and clearly
application-oriented, corresponding to current efforts to develop biological approaches for



optimizing plant nutrition, maintaining soil biological activity, and reducing the need for
intensive mineral fertilization.

I11. Knowledge of the Literature and Theoretical Background of the Candidate

The literature review comprises 19 pages and is structured into five thematically related
areas: significance and distribution of lupin; symbiotic nitrogen fixation in legumes; associative
nitrogen fixation; combined inoculation of legumes with nodule bacteria and other plant
growth-promoting microorganisms; and nitrogen fixation in lupin.

A total of 130 references were used in preparing the dissertation, of which 12 are in
Cyrillic and 118 in Latin script.

The structure of the literature review follows the logic of the dissertation research.
Particular attention is devoted to the combined application of nodule bacteria and other plant
growth-promoting microorganisms, which directly provides the theoretical basis for the
experimental approach adopted in the dissertation — single inoculation with Bradyrhizobium
and combined inoculation with Bradyrhizobium and Azospirillum.

The inclusion of a separate subsection devoted to nitrogen fixation in lupin allows the
scientific problem to be progressively narrowed from the general principles of symbiotic and
associative nitrogen fixation to the specific subject of the dissertation research.

The literature review covers the principal thematic areas required to provide a theoretical
basis for the stated aim and objectives. The number, thematic scope and predominance of
international literature sources demonstrate the doctoral candidate’s good knowledge of
the research problem and provide the necessary theoretical foundation for the
experimental investigations.

IV. Methodological Approach

To achieve the stated aim and objectives, a comprehensive experimental and analytical
approach was applied, comprising pot and field experiments with white sweet lupin (Lupinus
albus saccharatus L.) and subsequent cultivation of triticale, combined with microbiological,
biochemical, chemical, agrochemical and biometric analyses.

The methodological scheme was developed sequentially. In the first stage, under pot
conditions, seven strains of Bradyrhizobium spp. (Lupinus) were comparatively evaluated, both
individually and in combination with organic fertilization. For some of the promising
treatments, combined inoculation with Azospirillum sp. 107 was applied. The pot experiment
included a total of 21 treatments with four replicates, allowing comparison of the effects of
individual bacterial strains, combined inoculation, and their interactions with organic and
mineral fertilization.

The nitrogen-fixing potential of the investigated symbiotic systems was evaluated by
determining nitrogenase activity using the acetylene reduction assay, while strain virulence was
assessed by recording the nodules formed on the lupin root system. Thus, the methods used
were directly related to the objective of evaluating the effectiveness and virulence of the tested
Bradyrhizobium strains.

An important component of the methodological approach was the assessment of the
effects of the applied treatments on soil microbiota. Selective culture media were used to
determine the abundance of major physiological and taxonomic groups of soil microorganisms,
including ammonifying, spore-forming, cellulose-degrading and oligotrophic microorganisms,
microscopic fungi, actinomycetes, bacteria utilizing mineral nitrogen, and diazotrophs. In



addition, total soil biological activity was determined through CO: production, together with
microbial biomass carbon, thus extending the assessment from the abundance of individual
microbial groups to the functional status of the soil microbial community.

Chemical and agrochemical analyses included the determination of total nitrogen,
phosphorus, potassium, calcium and micronutrients in plant material, as well as major soil
characteristics — particle-size distribution, organic matter, hydrolysable nitrogen, available
forms of phosphorus and potassium, and soil reaction. This made it possible to assess the
biological effects of the treatments in relation to soil nutrient status and properties.

An important feature of the study is its two-stage experimental verification — under
controlled pot conditions and under field conditions. In this way, the selected microbial
combinations were tested under actual soil and climatic conditions over two consecutive years.

Overall, the methodological approach corresponds to the stated aim and objectives of the
dissertation. The combination of microbiological and biochemical indicators with analyses of
plant production, mineral composition and major soil characteristics, together with the
sequential transition from pot to field conditions and the evaluation of residual effects on
triticale, provides the necessary comprehensive basis for assessing the effectiveness of single
and combined microbial inoculation.

V. Significance and Reliability of the Results, Interpretations and Conclusions

The results obtained in the dissertation are significant from both scientific and applied
perspectives. A particularly important result is the identification of Bradyrhizobium sp. 300 as
the most effective of the tested strains. Its positive effect was confirmed by several independent
indicators — nodule formation, biological nitrogen fixation, accumulation of fresh and dry
biomass, grain yield and nutrient content. In the pot experiment, single inoculation with this
strain resulted in a 122.2% increase in grain dry matter, while combined inoculation with
Azospirillum sp. 107 resulted in an increase of 107.7%. These results provide a basis for
identifying strain 300 as a promising inoculant for the crop studied.

The reliability of the conclusions is strengthened by the statistical significance of the
differences established for the main parameters investigated. Thus, the conclusions are based
not only on observed trends but also on quantitatively established and statistically confirmed
differences among the treatments.

Of particular importance is the consistency among the different groups of results. The
positive effect of inoculation with Bradyrhizobium sp. 300, either alone or in combination with
Azospirillum sp. 107 and farmyard manure, was simultaneously demonstrated by indicators
characterizing soil microflora and biological activity, nitrogen-fixing activity and nodule
formation, plant growth and biomass formation, yield, and plant mineral composition. This
mutual confirmation of results obtained through different methodological approaches
constitutes an important argument supporting their reliability.

The field experiments confirmed the positive effects of the selected treatments on
rhizosphere microflora, plant productivity and mineral composition. Under field conditions, the
combination of Bradyrhizobium sp. 300 and farmyard manure was identified as the most
effective of the treatments investigated in terms of achieving a high lupin biomass yield.

The results concerning the residual effects on triticale are of particular scientific and
applied importance. Positive residual effects were observed on the development of triticale



rhizosphere microflora, biometric and productivity parameters, and macro- and micronutrient
contents.

As a result of the comprehensive investigation, the most promising treatments were
identified as inoculation with Bradyrhizobium sp. 300 combined with farmyard manure, single
inoculation with Bradyrhizobium sp. 300, and combined inoculation with Bradyrhizobium sp.
300 and Azospirillum sp. 107. Their selection was based on a combination of indicators
characterizing soil microbiological activity, nitrogen fixation, plant development and nutritional
status, yield, and the quality of the resulting production.

I consider the results obtained to be convincing and well supported both
experimentally and statistically. Their reliability is supported by the large number of
parameters investigated, the use of diverse and complementary analytical methods, the
statistical significance of the observed differences, confirmation of the main effects under field
conditions, and evaluation of residual effects on the subsequent crop. The consistency among
the results obtained from the different areas of investigation provides the conclusions with the
necessary scientific credibility and gives the dissertation both scientific and practical
significance.

VI. Contributions of the Dissertation

The presented results and conclusions provide grounds for assessing the contributions of
the dissertation as both scientific and applied. They are associated with expanding knowledge
of the interactions between white sweet lupin and nitrogen-fixing microorganisms, evaluating
the possibilities for single and combined microbial inoculation, and the practical application of
the selected effective combinations.

Scientific Contributions

For the first time, a comparative study was conducted on seven Bradyrhizobium sp.
(Lupinus) strains — Nos. 295, 296, 297, 298, 299, 300 and 301 — from the collection of the Soil
Microbiology Laboratory at the Nikola Poushkarov Institute of Soil Science, Agrotechnologies
and Plant Protection under the conditions of Alluvial-Meadow soil (Fluvisol). Their
comparative assessment in terms of nitrogen-fixing activity, nodule formation, and effects on
lupin development and productivity expands existing knowledge of the effectiveness of these
particular strains in this crop.

An important scientific contribution is the first study in Bulgaria of the possibilities for
combined inoculation of lupin with symbiotic nitrogen-fixing bacteria of the genus
Bradyrhizobium and associative nitrogen-fixing bacteria of the genus Azospirillum. The results
provide new information on the effects of their combined application on soil biological activity,
plant growth, mineral nutrition and lupin productivity.

New data were obtained on the effects of nitrogen-fixing bacteria on nodule formation,
biological nitrogen fixation, macro- and micronutrient accumulation, and biometric parameters
of white sweet lupin. The relationships established between microbial inoculation, changes in
rhizosphere microflora and plant responses contribute to a more comprehensive
characterization of the soil-microorganism—plant system.

The positive residual effects of microbial inoculations applied to lupin on the subsequent
cereal crop —triticale — can also be regarded as a scientific contribution. The results demonstrate
that the effects of inoculation are not limited to the crop to which it is directly applied but are



also manifested through changes in rhizosphere microflora, biometric parameters, yield and
mineral composition of the subsequent crop.

Scientific and Applied Contributions

As a result of the comparative testing, Bradyrhizobium sp. 300 was selected as a
promising inoculant for white sweet lupin. Its effectiveness was demonstrated through a
combination of indicators and confirmed under both pot and field conditions.

An effective technological combination of inoculation with Bradyrhizobium sp. 300 and
farmyard manure application was identified, resulting in an increase in lupin yield of up to 80%
under field conditions. This result has direct practical significance and provides a basis for the
use of microbial inoculation in combination with organic fertilization in lupin cultivation.

The identification of promising treatments — single inoculation with Bradyrhizobium sp.
300, its combination with farmyard manure, and combined inoculation with Bradyrhizobium
sp. 300 and Azospirillum sp. 107 — also represents a scientific and applied contribution. These
treatments positively affected not only lupin but also the yield, biomass and nutritional status
of the subsequently cultivated triticale. This finding broadens the possibilities for applying the
investigated microbial inoculants within a crop rotation system.

I accept the stated contributions as being substantiated by the experimental results
presented. They reflect both the generation of new knowledge concerning interactions between
lupin and nitrogen-fixing microorganisms and specific results with potential for practical
application. Of particular importance are the selection of the effective Bradyrhizobium sp. 300
strain, the established effect of combined inoculation with Azospirillum sp. 107, and the
demonstrated residual effects of the treatments on the subsequent cereal crop.

VII. Assessment of the Quality of the Scientific Publications Presenting the
Dissertation Results

Three scientific publications related to the dissertation have been presented, published in
the Journal of Balkan Ecology in 2016 and 2018. The publications are directly related to the
subject of the dissertation and present individual parts of the experimental results obtained.

Of the three publications, one is single-authored and two are co-authored. The single-
authored publication, together with the doctoral candidate’s first authorship of the other two
papers, provides grounds for recognizing a clearly identifiable personal contribution to
obtaining, analysing and publishing the results.

All three publications appeared in the Journal of Balkan Ecology and are presented as
being indexed in Web of Science All Databases. Publication of these results demonstrates that
substantial parts of the dissertation research had received scientific dissemination prior to
submission of the dissertation.

Following my review of the publications presented, I consider that their content
corresponds to the subject of the dissertation and genuinely reflects parts of the results
obtained within it. There is a direct relationship between the published studies, the research
objectives, and the main results of the dissertation,

In summary, the presented publication activity is thematically related to the dissertation,
reflects substantial results from the research conducted, and demonstrates the doctoral
candidate’s active participation in their scientific presentation and publication.

VIII. Critical Comments, Questions and Recommendations to the Candidate



I have no substantial critical comments regarding the dissertation presented. The research
has been conducted thoroughly and on a considerable scale, producing numerous scientific and
applied results that demonstrate the candidate’s ability to conduct independent scientific
research.

I recommend that the candidate continue research in this scientific field, further
developing and expanding upon the results obtained in the dissertation and disseminating them
through publications in specialized scientific journals. In view of the demonstrated research
potential, I consider it appropriate for the candidate to continue her academic development and,
where possible, to pursue an academic position that would enable her to further develop her
research and teaching activities.

I have no questions arising from ambiguities or shortcomings in the dissertation. As a
question for scientific discussion, I would propose the following:

Which of the results obtained in the dissertation does the candidate consider the
most promising for further research, and how would she develop the experimental work
in the future?

CONCLUSION

On the basis of the diverse research methods applied by the doctoral candidate, the
properly conducted experiments, and the generalizations and conclusions drawn, I consider that
the submitted dissertation meets the requirements of the Development of Academic Staff in
the Republic of Bulgaria Act and the Regulations on the Conditions and Procedure for
Acquiring Scientific Degrees and Holding Academic Positions at the Agricultural
Academy.

This provides sufficient grounds for me to give a positive evaluation of the dissertation
and to recommend that Veselinka Kalinova Petrova be awarded the educational and scientific
degree “Doctor” (PhD) in the field of higher education 6. Agricultural Sciences and
Veterinary Medicine, professional field 6.1. Crop Science, scientific specialty “Soil Science”.
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