PE3IOMETA

Ha Hay4YyHUTe Ny6AnKauumn n Tpyaose Ha gou,. A-p CtedaH LLnnes Ha 6bArapckm 1 Ha
aHMIMACKM €31LM, C KOUTO Y4acTBa B HAaCTOALWMA KOHKYPC M KOUTO HEe NOBTapAT
npeacTaBeHUTe 3a NpuaobneaHe Ha obpasoBaTeiHaTa M Hay4YHa CTeneH ,, AOKTop“ n
Hay4yHaTa CTeneH ,,A40KTOP Ha HayKMUTe” U HayYHaTa ANbXKHOCT ,A0UeHT”
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Pestome

B HacToswaTa nyb6AnKauma ca pasriexaat OCHOBHUTE MOMEHTU OT TEXHONOIMATa Ha
KOMMOCTUMPAHETO Ha CEeJ/ICKOCTOMAHCKU M XpaHUTeNHM oTnagbuu. OnucaHu ca
areHTMTE y4acTBallM B npoueca, WM3TOYHUUMTE Ha oTnagbuM U obpasyBaHuTe
Konndyectsa B bbarapus. PasrnegaHa e cneumdukata Ha ¢asuTe Ha npoueca U
KOMMOCTHUTE NapamMeTpu, HO € HanpaBeH npernes 1 Ha MeToauTe 3a KOMMNOCTUpaHe
M Ha QaKTopuTe, OT KOMTO 3aBMCM KAYeCTBOTO Ha KpawmHWSA NpoayKT. Hakpas Ha
nyb6anKaumaTa ca pasriefaHu u NPUIOKEeHUATa Ha KOMNOCTa.

Abstract

This publication considers the main points of the technology of composting
agricultural and food waste. The agents involved in the process, the sources of waste,
and the amounts generated in Bulgaria are described. The specifics of the process
phases and composting parameters are considered, but the composting methods and
the factors on which the quality of the final product depends are also reviewed. At
the end of the publication, the applications of compost are also discussed.

2. Singh, B. R., Gupta, S., Azaizeh, H., Shilev, S.; Sudre, D., Song, W., Martinoia, E.,
Mench, M. 2011. Safety of food crops on land contaminated with trace elements.
Journal of the Science of Food and Agriculture, Vol. 91: 8, pp. 1349-1366.
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3amMbpcABAHETO Ha 3eMene/NCcKUTe 3eMU CbC cenoBu enemeHTn (TE) ypes 6utosun m
NPOMMULUNEHN OTNAAbUM, aTMOCHEPHU OTNaraHUA U Topose e rnobaneH npobnem.
ToM KaTo HaTpynBaHeTo Ha TE B AA/MBUTE 4YacTM Ha pacTeHMATA 3aBUCU OT
XapPaKTEPUCTUKUTE Ha No4YBaTa, FEHOTUNA Ha PACTEHUATA M CENCKOCTOMAHCKUTE
NPaKTUKK, B HacTosAwaTta pa3paboTka ce npepasrnexaaT oHe3u cneumduyHM 3a
noysaTa WM pacTeHUATA, KOUTO OrpaHW4YaBaT HaB/M3aHETO Ha HexenaHn TE B
XpaHWUTENHaTa BepUra, 3a Aa ce 3almnTu 34PpaBeTo Ha XOPaTa U XXMBOTHUTE. BapuaHTn
Ha TpeTMpaHe Ha No4yBaTa KaTo in situ ctTabuansmpaHe Ha TE B no4BuTE, NPOMEHMU BHB
OU3NKOXMMUYHUTE MapamMeTpu, YnpasBAeHMe Ha TOpOBe, B3aMMOAEWCTBMA Ha
eN1eMeHTN N arPOHOMMUYHM NPAKTUKM HaMaNABaT YCBOABAHETO HA TE OT XpaHUTEeNHUTE
KynTypu. OcBeH ToBa ce 06CcbXaaT n putopemeamaumaTa u pasTteopmumm Gopmu KaTo
anTepPHATMBHU TEXHWKM 3@ HaMansABaHe Ha KOHUeHTpauuuTe Ha TE B nouswuTe.
Bb3MOXKHOCTUTE OTHOCHO pPacTeHUs ce OTHACAT A0 M360pbT HA BMAOBE U COPTOBE,
MeTabonTHUTE npouecn n MUKPobHUTe TpaHchopmaumm B pusocdepaTa, Tbi KaTo
T€ MOraT NoTeHUMaNHO Aa NOBAUAAT Ha YCBOABAHETO M pPa3nNpoCTpaHeHMeTo Ha TE B
pacTeHMATa. 3a Ta3W Len ce M3NoN3BaT FeHeTUYHM Bapuauum, 3a Aa ce usbepat
COpPTOBE C HUCBK NOTEHLManN 3a ycBoABaHe, 0COBEHO COpPTOBE MWEHMLA U OpU3 CbC
cnabo HaTpynBaHe Ha e/NIeMEHTU KaTo Kagmus. MUKPOOHOTO Bb3AENCTBUE BbBPXY
dopmaTa Ha efleMeHTUTe U TpaHchopmauunTe UM B pmusocdepaTta ca APYyrn KAoHOBU
MOMEHTU B UMKbAa Ha TE, KONTO moraT Aa npeasioXaT OCHOBATA 3a LUMPOKA rama oT
MHOBATUBHWU BMOTEXHONOIMYHM NpoLecn. B 3akntoyeHme, nogxoasaia KombmHauua ot
cneundumyHM 3a No4ysBaTa M pacCTeHMATA BApPMaAHTM MOXKEe Aa CBege A0 MUHUMYM
npeHoca Ha TE Kbm XpaHUTeNIHATa Bepura.

Abstract

Contamination of agricultural soils with trace elements (TEs) through municipal and
industrial wastes, atmospheric deposition and fertilizers is a matter of great global
concern. Since TE accumulation in edible plant parts depends on soil characteristics,
plant genotype and agricultural practices, those soil- and plant-specific options that
restrict the entry of harmful TEs into the food chain to protect human and animal
health are reviewed. Soil options such as in situ stabilization of TEs in soils, changes in
physicochemical parameters, fertilizer management, element interactions and
agronomic practices reduce TE uptake by food crops. Furthermore, phytoremediation
and solubilization as alternative techniques to reduce TE concentrations in soils are
also discussed. Among plant options, selection of species and cultivars, metabolic
processes and microbial transformations in the rhizosphere can potentially affect TE
uptake and distribution in plants. For this purpose, genetic variations are exploited to
select cultivars with low uptake potential, especially low-cadmium accumulator



wheat and rice cultivars. The microbial reduction of elements and transformations in
the rhizosphere are other key players in the cycling of TEs that may offer the basis for
a wide range of innovative biotechnological processes. It is thus concluded that
appropriate combination of soil- and plant-specific options can minimize TE transfer
to the food chain.

3. Shilev, S., Sancho, E.D., Benlloch-Gonzalez, M. 2012. Rhizospheric bacteria
alleviate salt-produced stress in sunflower. Journal of Environmental Management.
Volume 95, Issue SUPPL., March 2012, Pages $37-541. IF=8,7; Q1.

Pestome

EdekTbT OT MHOKynaumata Ha wmsonat Pseudomonas fluorescens 6wotun F n P.
fluorescens CECT 378T Bbpxy CBEXOTO TEF/10 U HAaTPYNBAHETO Ha MOHM e U3cnenBaH B
CNBbHYOrNeA0BU pPacTeHua, oTrnedaHn B NACbYHO-TOpdeH cybcTpaT ¢ AobaBaHe Ha
100 mM NaCl. UHoKynaumaTa aosene 40 yBe/MYaBaHE Ha CBEXKOTO TErno C noseye ot
10% npu TpeTupaHe CbC CON U A0 HaTpynsaHe Ha no-manko Na+ u noseye K+ B
pacTUTE/IHNTE TbKaHM BbB BCUYKM BapUaAHTU. baKTepuManHuUte WHOKY/AHTU
6naronpuATcTBaxa CboTHoLleHMeTo K+/Na+ BbB BCUYKM PacTUTEIHWU YaCTU M B ClyYas
Ha nsonata CECT 378T posenoxa Ao 66% npupact B nctaTta, 34% B ctbbnata n 16% 8
KOpeHUTe, A0KaTo ePeKTbT OT MHOKYNaUMATa Ha M3oaTa belle (camo) NO-oTYETNIMB B
nnctata U ctbbnata, cbotBeTHO ¢ 30% M 26%. YcTaHOBEHO e, Yye U ABaTa Wama
npou3BeXaaT MHAOO0/I0LETHA KMCeNNHa u cuagepodopun Npu in vitro Tectose, nopagu
KoeTo 0bpa3yBaHETO Ha MHAO/N € CUAHO 33aBUCMMO OT €K30reHHuA TpuntodaH B
cpepaTa. Pesyntatute npeanonaaraT, 4e CONeBUAT CTPecC B CTbHYOrNe[0BUTE PacTeHnA
e 006/1eKYeH YaCTMYHO Ype3 MHOKY/IaUMA C LWamoBe, KOMTO NPOU3BEXKAAT MHAOAN U
cnaepodopu, KaTo CbLo MMa NONOKUTENEH ePeKT BbpXy cboTHoweHneTo K+/Na+ B
Mnagute pacteHua. OcBeH TOBa Te3W paCTeHMA Ce XapaKTepusupaT ¢ no-gobpe
Pa3BUTU KOPEHMU.

Abstract

The effect of isolate Pseudomonas fluorescens biotype F and P. fluorescens CECT 378T
inoculation on fresh weight and ions accumulation was studied in sunflower plants
grown in sand:peat substrate with addition of 100 mM NaCl. The inoculation resulted
in an increase in fresh weight of more than 10% in salt treatments and in an
accumulation of less Na+ and more K+ in plant tissues in all cases. The bacterial
inoculants favoured the K+/Na+ ratio in all plant parts and in the case of the isolate
CECT 378T conducted to 66% increment in leaves, 34% in stems and 16% in roots,



while the effect of isolate inoculation was (only) more evident in leaves and stems
with 30% and 26%, respectively. Both strains were found to produce indoleacetic acid
and siderophores in in-vitro tests, thus the production of indoles was highly
dependent on the exogenous tryptophan in the medium. The results suggest that salt
stress in sunflower plants was alleviated partially by the inoculation with strains that
produce indoles and siderophores, having also a positive effect on the K+/Na+ ratio in
the shoot. Moreover, those plants were characterized with better-developed roots.

4. Atanassov, D., Shilev, S., Naydenova, E., Chervenkov, H., Yankova, T. 2014. Air
quality management system of the city of plovdiv -Annual analysis for 2013, 16th
International Conference on Harmonisation within Atmospheric Dispersion
Modelling for Regulatory Purposes 8-11 September 2014, Varna, Bulgaria.
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CucTemaTa 3a ynpaBaeHMe Ha KavyecTBOTO Ha aTMochepHUA Bb3AyX Ha rpas MNaosaus
paboTtn onepatneHo oT 2004 r. TA U3NbAHABA HAKOJIKO OCHOBHM 334a4N: MOHUTOPUHT
Ha KayecTBOTO HA aTMoChepHMA Bb3AYX, AMUCMEPCMOHHO MOAENMPaHe B peanHo
Bpeme, aHa/In3 Ha NPUHOCA HAa EMUCUOHHUTE CEKTOPU U ANCNEPCUOHHO MOAEeNNpPaHe
Ha CNy4yalHO M3MyCHATO NAacMBHO BellecTBO. CucTemaTa e pa3paboTeHa CTbMKa no
CTbMKa M ce 06CbKAAT HeMHUTE CKOPOLLHW pa3wnpeHma n 6baeLo passutume.

B HacToAwaTa I'Iy61'IVIKaLI,MFI ceé HanpaBwn aHa/lN3 Ha Ka4YeCTBOTO Ha rpadCKknAa Bb3AyX
Bb3 OCHOBA Ha W3XOAHWUTE AOaHHW HA cuctemaTa. [JaHHUTE OT MOHWUTOPMHra Ha
KauyeCTBOTO Ha Bb3/yxa Ce CbNOCTaBMXa CbC CTAaHAAPTUTE 3@ KayecTBo. [loaUWHNTE U
CE€30HHUTE KapTM Ha eMUcunnTe u KOHUEHTpauuuTte b6axa B3eTU OT apxmBa C
noYacoBUTE KapTu, M3FOTBEHM OT CUCTeMaTa 3a mogenmpaHe. OyepTaxa ce HAKOU
3aKkn4eHna OTHOCHO NpPMHOCa Ha pPa3INYHUTE CEKTOPU U 3HAYEHUETO Ha
METEeOPONOrM4YHNTE YCNOBUA.

Abstract

Air Quality Management System of the city of Plovdiv is working operationally since
2004. The system performs several main tasks: air quality monitoring, real time
dispersion modeling, analysis of the emission sectors contribution, and dispersion
modeling of an accidentally released passive substance. The system has been
developed step by step and its recent extensions and future development are
discussed.



Analysis of the city air quality based on the system "s outputs is made. The data from
air quality monitoring are juxtaposed to the air quality standards. Annual and
seasonal maps of the emissions and concentrations are made up from the archive of
hourly maps produced by the modeling system. Some conclusions concerning
contribution of different snap sectors and significance of meteorological conditions
are outlined.

5. Shilev, S., Azaizeh, H., Angelova, D. 2019. Biological treatment: a response to the
accumulation of biosolids. pp.: 149-178. In: Singh, D.P., Gupta, V.K., Prabha, R.
(Eds.) Microbial Interventions in Agriculture and Environment, Volume 2:
Rhizosphere, Microbiome and Agro-ecology. Springer Singapure. doi: DOI:
10.1007/978-981-13-8383-0_5, ISBN: 978-981-13-8383-0.
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ObuwecTBeHaTa 3arpueHocT 3a npobnemuTe Ha OKONHATA CpeAa HenpeKbCHATO
HapacTBa npe3 MnocnefHUTe HAKOAKO Aecetunetna. EAHO OT  Han-3HauumuTe
npeausBMKaTencTsa MNpu ynpasB/ieHMETO Ha OTnagbuuTe € MpPeyncTBaHeTo Ha
OTNagbyHUTE BOAW. AKTUBHATA yTalika popMmpaHa OT MPEeYnCTBAHETO e HensberkeH u
OnaceH CTpPaHWYeH MNPOAYKT, reHepupaH B 3HauuTenHn obemu. YTankuTe OT
OTNaAbYyHWM BOAM Ca MNOTEHUMANHO OMacHW 33 OKOJIHaTa cpeja M  HenHute
KOMMOHEeHTN (noysBu, BB3AYX, BoaM, OuopasHoobpasuve) M KpUAT onpeneneHu
PUCKOBE 33 YOBELWKOTO 34paBe. Te MOXe A3 CbAbpXKaT BpeAHM KOHUEHTpauum Ha
TOKCUMYHWU MeTanun KaTo LUMHK, KagMWUR, XKUBaK, mea n ap. B HacToAwaTa nybankaums
HanpaBuMxme npernej Ha TEKyWOTO CbCTOAHWE Ha OMONOrMYHOTO TPeTUpaHe Ha
YTaMKM OT MNpPeynucTBaTeNiHM CTaHuMM 3a OuTOBM OTMAAbYHM BOAM, KATO Ce
doKycupame BbPXY ynpasneHueTto um B bbarapuma. B Hayanoto ce pasrnexkaat
pa3/IMYHM CTpaTermm 3a TpeTupaHe — aHaepobHO pasrpaxgaHe, NMposM3a 3a
Npou3BOACTBO Ha OBMOBBINEH M Mpouecn Ha buonornyHo TpetupaHe. OnucaHum ca
npouecuTe Ha KOMNOCTUPAHE U BEPMUKOMMOCTMPAHE Ha YTalKKM OT rnefHa TOYKa Ha
nosy4YaBaHe Ha KpaeH MPOAYKT U HeroBoTO KayecTBOo. Hakpaa, AenoHWpaHeTo Ha
YTaWKM, KaTo 4acT OT ynpaBAeHMEeTO Ha Te3n OTnaabuM, Cblo bewe pasrnepaHo. B
Kpaa € nOKasaHa HayyHa  pa3paboTka, oOnuceBalia KoOMMNoCTUpaHe U
BEPMUWKOMMOCTMPAHE Ha YTalKM OT NpevyncTBaTe/IHN CTaHUUKN M3BbPLUEHA B ArpapeH
yHusepcuteT — [lnhosaus.

Abstract



The public concern about environmental issues has been constantly increasing in the
last few decades. One of the most significant challenges in waste management is
wastewater treatment. The organic part of solids (sludge) is an inevitable and
dangerous by-product generated in significant volumes. The sewage sludge is
potentially dangerous to the environment (all environmental components: soil, air,
water) and has certain risks for human health. It may contain harmful levels of toxic
metals such as zinc, cadmium, mercury, copper, etc. In present chapter we reviewed
the current state of the art of biological treatment of biosolids focusing on sludge
management in Bulgaria. In the beginning different strategies of treatment of
biosolids are reviewed — anaerobic digestion, pyrolysis for biochar production, and
biotreatment processes. Composting and vermicomposting processes of biosolids are
described from the point of view of obtaining a final product and its quality. Finally,
the landfilling of biosolids as a waste management was also considered. In the end, a
case study developed in the Agricultural University — Plovdiv was described
concerning composting and vermicomposting of biosolids.

6. Shilev, S., Azaizeh, H., Vassilev, N., Georgiev, D., Babrikova I. 2019. Interactions in
soil-microbe-plant system: adaptation to stressed agriculture. pp.131-171. In: Singh,
D.P., Gupta, V.K., Prabha, R. (Eds.) Microbial Interventions in Agriculture and
Environment, Volume 1: Research Trends, Priorities and Prospects. Springer
Singapore. DOI: 10.1007/978-981-13-8391-5_6, ISBN: 9789811383915.
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Mpe3 nocnegHuTe AeCeTUNETUA WHTEH3MBHOTO 3emMefenve € W3MNPaBeHO npes
cepuo3HM npobnemu, nopogeHn OT HeobxoaMMOCTTA OT MNO-BUMCOKM a06MBM U
KQueCcTBO Ha CeNcKocTomaHcKaTa npoayKkuma. OdyakBalkum 6poAa Ha CBETOBHOTO
HacefeHWe Aa AOCTUrHe NoYTM aesBeT Muavapga Ao 2050 r., HeobxogmmocTTa OT
noBevye KOJIMYECTBO M MNO-CUTYPHa XpaHa e o4yeBUAHA. B pe3yntat Ha ToBa BbB BCUYKM
MHAYCTPUANM3NPAHM CTPAaHM Ce Mnpunara MHTEH3UMBHO TOPEHE KAaTO HayMH 3a
yBenMyaBaHe Ha A06mBa. BCUUKM Te3n MPUNOMKEHUA HACOYEHW KbM MPOMEHU B
arpoeKkoCUCTeMUTE, BK. NpMAaraHe Ha necTMumMamn, BOAM A0 HAaTPyNBaHe Ha XMMUYHU
BELWeEeCcTBa B MO4YBMTE, BOAMTE W pacTUTENIHATa NPOAYKUMS M A0 HamansiBaHe Ha
NPOAYKTUBHOCTTA Ha KynTypuTe. ANTepHATMBA HA TO3M HaAuYMH Ha OTMNeXAaHe e
CTUMY/ZIMPAHe Ha ecTecTBEHWUTE B3aMMOLENCTBMA B CUCTEMATa NOYBA-MUKPOOMOM-
KopeH-pacTeHMe. Tyk npaBum npernes Ha B3aMMOAEWCTBMATA B pu3ocdeparta,
BOAELLM A0 NOoJly4aBaHe Ha 34paBM PACTEHMA M NOYBA U YBEMYEHO CEJICKOCTOMAHCKO
npou3BoacTBO. PacTeHMATa ca YHWKANHM OpraHU3Mu, Kouto OGQOpPMAT CBOA



MUKPOBMOM 4ype3 oTaensaHe Ha KOPeHOBWM eKcypatv B noysaTta. 1o TO3M HauuH
MPOKAPUOTHM U EYKAaPUOTHU  MWUKPOOPraHU3MW,  BKAOYMTENIHO  MONE3HMU
pusobaktepuun, MUKOpU3KM, eHaoduTM WM ap. ca ,NpuBAedYeHM” OT pacTeHuATa.
TexHUTe WHCTPYMEHTM 33 CMeKYaBaHe Ha CcTpeca MNpU pacTeHuATa ca OMNUCAHMU
noApobHO B HacToAwWwaTa Nybankaums.

Abstract

In the last decades, the intensive agriculture faces serious problems originated by the
necessity of higher yield and quality of the agricultural products. Expecting the
number of world population to reach almost nine billion by 2050, the necessity of
more quantity and more secure food is evident. As a result, in all industrialized
countries an intensive fertilization is applied as a method for yield increase. All these
applications, incl. pesticide application, conducted to changes in the agroecosystem
having as a result accumulation of chemicals in soil, water and plant production, and
decreasing crop productivity. An alternative is the naturally occurring soil-
microbiome-root-plant interactions. Here we reviewed the interactions in the
rhizosphere conducting to a healthy plant and soil and increased agricultural
production. Plants are unique biota shaping their on microbiome through releasing of
root exudates. In this relationship prokaryotic and eukaryotic microorganisms are
involved, including beneficial rhizobacteria, mycorrhizae, endophytes, etc. Their tools
for plant stress alleviation are described in present book chapter.

7. Vassileva, M., Malusa, E., Sas-Paszt, L., Trzcinski, P., Galvez, A., Flor-Peregrin, E.,
Shilev, S., Canfora, L., Mocali, S., Vassilev, N. 2021. Fermentation Strategies to
Improve Soil Bio-Inoculant Production and Quality. Microorganisms 9(6), 1254.
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MpunaraHeTo Ha NONE3HWN 3@ PACTEHUATAa MUKPOOPraHU3MK € LIMPOKO MPUETO KaTo
epeKTMBHa anTepHaTMBa Ha XMMMYECKUTE TOopoBe M nectuumaute. M3onmpaHeTo U
ceneKkumaTa Ha epeKTUBHM MUKPOOPraHM3MM, TAXHOTO XapaKTepmusmMpaHe M TecTBaHe
B CUCTEMM MoO4yBa-pacTeHne ca gobpe npoyyeHu. ETanbT Ha NPOU3BOACTBO M
bopMynmnpaHeTo Ha KpaliHMUTe NPOAYKTN obaye He ca BbB PpOKyca Ha M3CNeABaHUATA,
KOETO Ce OTpas3ABa Ha MOCTUraHeTo Ha CTabwuaHW M nocnefoBaTeNHW pesynTaTn B
obnactra. CKOPOLIEH MOJICKM ONUT C MONE3HUTE 33 PacTeHMATA MUKPOOPraHUM3IMM
npeanonara no-uHTerpupaH nornes Bbpxy NOYBEHUTE MHOKYNAHTM CbC CreuuaneH
aKUEHT BbpXy npoueca Ha MNPOM3BOACTBO WM, BKAOUYUTENHO depmMeHTaums,
dopmynupaHe, npouecy n Aobasku. To3M MUHU-NPErnes ONUCBA PA3IMYHUTE FPynun



npouecn Ha depmeHTaums M TeXHUTE XapaKTePUCTUKM, KaTo ce MmaT npeasus,
Pa3NMUYHM PaKTOPU, KaKTO XPaHUTENHKU, Taka WU OMepaTUBHU, KOUTO BAUAAT BbPXY
fobuBa Ha 6uMomaca/cnopuM M aKTUBHOCTTA Ha  MUKPOBHMA  meTabonur.
XapaKTepUCTUKUTE Ha KpalHWUTe NPOAYKTM Ha cTpaTerMmMte 3a ONTMMM3MpPaHE Ha
npoueca Ha ¢depmeHTauMa onpenensaT Mo-HaTaTbLIHWUTE CTbMKU Ha Pa3BUTUE Ha
MWKPOBOHUTE MHOKYyNaHTU. MpeacTaBeHM ca MPOLECH Ha MOTOMEHa TeYyHa U TBbpAa
dbepmeHTauMa, napTMAHM onepaumm C 3axpaHBaHe, WUMOOWIU3UPAHU KIETbYHU
CUCTEMM U MPOU3BOACTBO Ha apbyCcKynapHa MMKOPM3a, HO Ca 0O6CHAEHU U TEXHUTE
npeaumcTBa M HeaocTaTbUM. Pasrnekgat ce M npenopbku 3a MO-HaTaTblLUHO
pa3BuTME Ha pepMeHTaLMOHHUTE CTpaTerMm 3a NPomn3BoACTBO Ha buoTopose.

Abstract

The application of plant beneficial microorganisms has been widely accepted as an
efficient alternative to chemical fertilizers and pesticides. Isolation and selection of
efficient microorganisms, their characterization and testing in soil-plant systems are
well studied. However, the production stage and formulation of the final products are
not in the focus of the research, which affects the achievement of stable and
consistent results in the field. Recent analysis of the field of plant beneficial
microorganisms suggests a more integrated view on soil inoculants with a special
emphasis on the inoculant production process, including fermentation, formulation,
processes, and additives. This mini-review describes the different groups of
fermentation processes and their characteristics, bearing in mind different factors,
both nutritional and operational, which affect the biomass/spores yield and microbial
metabolite activity. The characteristics of the final products of fermentation process
optimization strategies determine further steps of development of the microbial
inoculants. Submerged liquid and solid-state fermentation processes, fed-batch
operations, immobilized cell systems, and production of arbuscular mycorrhiza are
presented and their advantages and disadvantages are discussed. Recommendations
for further development of the fermentation strategies for biofertilizer production
are also considered.

8. Shilev, S., Kartalska, Y., Dimitrova, K. 2021. Chapter 4 — Bacterial alleviation of
drought stress in plants: Potential mechanisms and challenges, pp. 55-71, (Kumar,
A. & Droby, S.), In: Microbial Management of Plant Stresses: Current Trends,
Application and Challenges, ISBN: 9780323851930, DOI: 10.1016/b978-0-323-
85193-0.00008-5.
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3acywaBaHeTo € Ccepuo3eH HapacTBal, npobnem B MocCNeAHUTE TOAMHU W
Aecetunetva. Tol e pe3ynTaTt oT NPOMEHUTE B KAMMaTa U 3acAra pas/IMiHM CEKTOPMU
Ha MKOHOMMKaATA. EAMH OT HaM-3acerHaTuTe e 3emedenneto. HeaocTursT Ha BoAa
MOXe f[a noBene A0 NMOHUMKEHO KAyecTBO M KONMYECTBO Ha CE/ICKOCTOMAHCKUTE
NPOAYKTU, KOETO MOXKe Aa b6bae npeodonsHO 4Ype3 NoAxodAaAwo ynpaBieHue Ha
Boaute. HoBM M MopgepHM CcTpaTerMm W3non3saT anTepHAaTUBHO BoAOCHabasBaHe,
KaTo Hanpumep HanosABaHe C pereHepuMpaHW BOAM, CbXpPaHEeHWe Ha BoAa W
TEXHONOrMM 3a NnecTeHe Ha BoAa. BpeaHute edeKTM OT 3acyllaBaHETO BbPXY
pacTeHUATa ca nNpeacTaBeHM Ha BCUMYKM HMBA (MOpdonorMyHo, ¢pu3nMonornyHo,
MONEKYNAPHO U Ap.) U deHonornyHn ¢asm Ha pasBuTUE (MOHUKBaHE, UbPTEX,
Pa3sMHO}KaBaHe, Ha/MBaHe Ha 3bPHOTO M T.H.). B HacToAwarta cTaTMa e onucaHa
poNATa Ha noJsie3HuTe OaKTepuu, CBbP3aHW C pacTeHMATa, 3a NpeoaoNABaHe Ha
HebnaronpuaTHUTE ePeKTN OT CyllaTa BbPXy PAaCTEHUATA, BKAKOYUTEIHO MEXaHU3MU,
NOBULLUABALLM TO/IEPAHTHOCTTA HA PAacTEHMATA KbM CTPEC OT CyLla.

Abstract

Drought is a serious growing problem in recent years and decades. It is a result of
climate change and affects different sectors of the economy. One of the most
affected is agriculture. On the contrary, water scarcity may result in decreased quality
and quantity of agricultural products, which can be overcome by an appropriate
water management. New and modern strategies used an alternative water supply,
such as reclaimed waters, water storage, and water-saving technologies. The harmful
effects of drought on plants are presented at all levels (morphological, physiological,
molecular, etc.) and phenological stages of development (germination, flowering,
reproduction, grain filling, and so on). In present paper, the role of plant-associate
beneficial bacteria to overcome the adverse effects of drought on plants is described
including mechanisms enhancing drought stress tolerance in plants.

9. Shilev, S., Dirimanova, V., Danailova, A. 2022. The water reuse — a tool to
overcome the scarcity. Journal of Environmental Protection and Ecology. 23(1), pp.
142-151.

Pestome

HepocTurbT Ha Boga ce NpeBbpHa B KpUTMYEH npobnem B EBpona. Bbnpeku, ue
3aCAra BCMYKM WMKOHOMMUYECKM CEKTOPW, HEeAOCTUrbT Ha BOAA WMMA OFPOMHO



Bb34EMCTBUE BBPXY CE/CKOTO CTOMNAHCTBO KaToO e4MH OT OCHOBHUTE NOTpebutenn Ha
BoAa, pocturakm 70-80% OT BOAOYEPNEHETO B CPEeAN3EMHOMOPCKUTE PErMOHMW.
YBennyaBawmAT ce HATUCK BbPXY KOHBEHUMOHA/IHUTE BOAHWM pecypcu HaKapa
Ce/ICKOCTOMAHCKUA CEKTOp Aa Npoydu M3NONA3BAHETO HA anTepHaATUBHU U3TOYHUUM,
KaToO MpeyncTeHun oTrnagbyHM BOAM, HAPUYAHU Olle pereHepupaHu Bogu. Bbnpeku
HeAoCTUra, OT KOMTO CTpagaT HAKOM paioHu B EBpona M B 4acTHOCT B bbarapwus,
NOBTOPHOTO WM3MoON3BaHe Ha BOAA 33 HanoABaHe B MOMEHTAa He e Cepuo3HOo
3aCcTbneHo. B HactoAwoTo npoyyBaHe pa3paboTuxme cunHUTe, cnabute cTpaHy,
Bb3MOMHOCTUTE UM  3annaxute /MONUTUYECKM, WKOHOMMUYECKW, COUMANHU U
TexHonornyHn (SWOT/PEST) aHanusu, onucsallyM BbTPELWHU W BbHWHKU daKTopw,
KOUTO BAMAAT BbPXy NOBTOPHOTO M3MNoN3BaHe Ha BoguTe B bbarapua. Mscneasankm
HacbpyaBaHETO Ha MNOBTOPHOTO M3MNOJI3BaHE Ha OTNaAbyHUTE BOAU B CEJICKOTO
CTOMNAHCTBO, B pe3y/TaT Ha TOBA Npoy4yBaHe OTKpuxme noseyvye oT 50 BbTpeEwWHU KU
BbHWHKM daKTOpa, KOWUTO BAMAAT BbPXY MNOBTOPHOTO W3MNO/N3BAaHE HA BoAuTe.
OcHOBHUTE M3BOAM BAXa CBbP3aHWM C ZIOWOTO NpMemaHe OT ObLWeCcTBOTO M NMUATa,
B3EMALLWN peLleHuA, nowaTta HanouTesHa MHPPACTPYKTypa, AMncaTa Ha CTUMYAU M
cneundmnyHO 3aKOHOAATENCTBO, PUCK BbB BPb3Ka C H€30MacHOCTTa Ha XpPaHUTE, HO
CblWO M HANMYMETO Ha A06pu BPB3KM MeXAYy WHCTUTYUMUTE, Ha/MYMEeTO Ha
CbTPYAHMYECTBO MeXAy 3anHTepecoBaHMUTe CTPaHM, CbLEeCTBYBALWMAT AOCTbN A0
3HaHWA U MHPOPMaLUS.

Abstract

Water scarcity has become a critical problem in Europe. Although it affects all the
economic sectors, water scarcity has a huge impact on agriculture as one of the main
water consumers reaching 70-80% of water abstractions in Mediterranean regions.
The increasing pressure on conventional water resources has led the agricultural
sector to explore the use of alternative sources, such as treated wastewater, also
called reclaimed water. Despite of the scarcity that suffers some areas in Europe and
in Bulgaria in particular, the water reuse for irrigation is not currently a primary
option. In present study we elaborated strengths, weaknesses, opportunities and
threats/political, economic, social and technological (SWOT/PEST) analyses,
describing internal and external factors that influence water reuse in Bulgaria.
Reflecting on the idea of promoting wastewater reuse in agriculture, as a result of
this study, we found more than 50 internal and external factors that influence the
water reuse. The main conclusions were related to poor acceptance by society and
decision makers, poor irrigation infrastructure, lack of incentives and specific
legislation, risk in relation to food safety, but also the existence of good links between



institutions, the presence of stakeholder cooperation, the existing access to
knowledge and information.

10. Shilev, S., Mitova, ., Kuncheva, V., Dinev, and Kabaivanova, L. 2022.
Distribution of Soil Microorganisms in Field under Potatoes due to Fertilizer and
Organics. Indian Journal of Agricultural Research. 56(4), pp. 401-407. DOI:
10.18805/1JARe.A-669.

Pestome

M3non3BaHeTO Ha OpraHW4YeH TOP, MNOAYYEH OT KMBOTUHCKU WAM pacTUTENEeH
MaTepuran, YecTo ce cBbP3Ba C 6asaHCMpPAHO NPOM3BOACTBO NPU PA3NNYHU KYNTypu. B
HacToAwaTta nybanMKauma e uscnegBaHO BAMAHMETO Ha OPraHUMYHUTE BeLLecTBa U
M3KYCTBEHMTE TOPOBETE 33 YCTOMUYMBOTO yrNpaBAeHMe HA NoYBaTa NPU OTrAeXAaHe Ha
KapTodu B noneto. Toa npoyyBaHe obxBawa 10 roanweH nepuog (2011-2021) c
KOHTPONEH BapuaHT (6e3 TopeHe), MUHEPaANHM U OPraHMYHU (KOMMOCT) BapUaHTU M
TAXHAaTa KombuHauma (50:50%). bsxa oueHeHW npoMeHUTe B KOAMYECTBOTO U
pasnpeaeneHneTo Ha rpynuTe MUKPOOPraHM3MWN B €KCMEPUMEHTAIHUTE BapUaHTU U
CBbpP3aHUTE HeTpeTUpaHuM KoHTpoau. Onpegenn ce obwmatr OGpoin bHakTepuw,
cnopoobpasyBawmte W a30T-U3nonssawmutTe HakTepuum, aAKTUHOMMULETUTE U
nneceHute. MpPUNOKEHUTE KOMMNOCT U W3KYCTBEHW TOPOBE MMaxa CTATUCTUYECKMU
[lOKa3aH nosoxuTeneH edpekT BbPXy pacTeXHUTe napamMeTpu Ha Kaptodute.
OpraHWYHOTO TOPEHE, KAKTO WU MWHEPASIHOTO TOPEeHe C JIMCTHO MNOAXPaHBaHe,
perncTpmpa no-BMCOKU pacTeHUA C yBeanveH 6poi paskaoHeHuAa, bpoit n maca Ha
nncTaTa U cTbbieHaTa M KopeHoBaTa Maca, B CpPaBHEHME C KapToduTe TpeTupaHu ¢
OPraHMYHO W OpPraHO-MWHepPasHO TopeHe. [lpunaraHeTo Ha KOMMOCT goBeae A0
3HAUUTENIHO YBE/IMYaBaHE Ha MOMy/JauuMuMTe Ha BCUYKM  PUBMONOTMYHM  Tpynun
MWKPOOPraHM3MK, C U3KAoYeHUe Ha cnopoobpasyBawmte 6aktepun n bakTepuute,
M3MNON3BALLM MWHEpPaneH a3oT, KoeTo e fo06bp MokasaTen 3a MosBuWEHa MOYBEHA
MUKpoOMaNHa aKTUBHOCT NpPM CbOTBETHUTE 06paboTkM. MUHEpPANHOTO TOpeHe
nMmalle nonoxkuteneH edpekt Bbpxy obwma 6pon 6akTepum N BbPXy YCBOABAHETO HA
MWHEepPaaHUA a3oT.

Abstract

Background: Using organic manure derived from animal or vegetable matter is often
associated with balanced crop production. The influence of organics and fertilizers on
soil sustainability during cultivation of potatoes in field was studied. Methods:
Vegetable experiment comprising 10 years (2011-2021), having a control variant (no



fertilization), independent mineral, organics (compost) and their combination
(50:50%). Changes in the amount and distribution of microbial groups in
experimental variants and associated untreated controls were evaluated. Total
bacterial number, spore-forming bacteria, fungi, nitrogen-utilizing bacteria and
actinomycetes were assessed.

Result: Applied organics and fertilizers had statistically proven a positive effect on
growth parameters of potatoes. Organics and fertilizers supplied with mineral and
foliar feeding registered taller plants with increased number of branches, number
and mass of leaves and stem and root masses, compared to potatoes with organic
and organic-mineral combination. Application of compost led to a significant increase
in populations of all physiological groups of microorganisms excluding spore-forming
bacteria and bacteria utilizing mineral nitrogen, which is a good indicator of increased
soil microbial activity in respective treatments. Mineral fertilization had a positive
effect on total number of bacteria and on absorption of mineral nitrogen.

11. Shilev, S. V. Vancheva. 2006. Characterization of yeast tolerant to As and Cd.
Journal of Environmental Protection and Ecology 7, Ne 1, 47-51.

Pestome

3aMbPCABAHETO C TEXKM METaNMU € efuH OT BaXKHUTE eKONOTMYHM Npobaemu, KoMTo
3acAraT exeHeBMeTo HU. Bb3cTaHOBABaHETO Ha OKOJIHATa cpefa OT MeTanuTe ypes
061N PUINKOXMMUYHWN TEXHUKM € CKbMNO U HENOAXOAALLO NOpaaM NPUAaraHeTo Ha ex
Situ TEXHUKWU. BUOTEXHONIOTMYHUTE NOAXOAN, KOUTO Ca NpeAHa3sHaYeHW Aa NOKpMBaT
TaKMBA HULLM, MONYYMXaA FONSAMO BHMMaHMe npes3 nocnegHute roguHu. CKOPOLHM
NpPOoy4YBaHMA NOKa3BaT, Y€ HAKOM LLLAMOBE APOXKAN, N30/IMPAHM OT 3aMbPCEHU CPean,
NpUTEXKaBaT OTIMYHU CNOCOBHOCTM 3a M3B/MYAHE Ha meTann. Tesu nonynauum umat
BMCOKA TONIEPAHTHOCT KbM Pa3/IMYHU TEXKKM MeTann U MmoraT ga 6b4aT noTeHUMANHM
KaHAWAATM 32 e4HOBPEMEHHOTO MM M3B/IMYaHE OT 3aMbpCeHM noysu. HactosawoTo
npoyyBaHe ce poKycMpa BbpXy TONIEPAHTHOCTTA Ha PACTAWM KNAETKM Ha APOXKAN KbM
apceH M KagMmuii 3a uscnegBaHe Ha buopemeamnaumaTa Ha 3a4HUTE TEXKKU METaNMu,
KaKTO M BbpPXy TPAHCMNOpPTa Ha apCeHaT B TE€3M KNETKMW.

Abstract

The heavy metal pollution is one of the most important environmental problems,
which affect our everyday life. Metal remediation through common physicochemical
techniques is expensive and unsuitable because of application of ex situ techniques.



Biotechnological approaches that are designed to cover such niches have, therefore,
received great deal of attention in the recent years. Recent studies showed that some
yeast strains isolated from contaminated sites possess excellent abilities for metal
scavenging. These cells have high tolerance to various metals and may be potential
candidates for their simultaneous removal from wastes and contaminated soils. This
study was focused on the tolerance of growing yeast cells to arsenic and cadmium for
posterior heavy metal bioremediation studying and also the transport of arsenate in
these cells.

12. Shilev, S. 2013. Soil rhizobacteria regulating the uptake of nutrients and
undesirable elements by plants. pp.: 147-167. In: N. K. Arora (ed.) Plant microbe
symbiosis — fundamentals and advances. DOl 10.1007/978-81-322-1287-4_5,
Springer India.

Pestome

N3BecTHO e, ye MHOXecTBO pusocdepHM bGakTepum ca Nose3HM 3a pacTexka Ha
pacteHuATa. Taknea 6akTepuanHu wamose o6UKHOBEHO ce cumnTaT 3a pusobaKkrepum,
CTUMYNMpPALLM pacTexka Ha pacTeHuATa. B Ta3m rnaea ce o06CbHXKAAT pasnnyHU
MeXaHW3MM, Ype3 KOUTO, B 3aBUCUMMOCT OT cneunduUyYHUTE YCNOBUA, PacTeHUATA ce
Bb3MO/I3BAT OT pacTeXKa M pas3BUTUETO Ha pu3obakTepuanHute cbobluecTBa. Takmea
MeXaHU3MM NPAKO AN KOCBEHO BAUAAT BbPXY pacTexa M Pa3BUTMETO Ha pacTeHMUATA.
[OVpeKkTHUTE MeXaHU3MM Ca CBbP3aHU € pa3TBapaHe Ha pocdop, PUKcMpaHe Ha as3oT,
XenaTupaHe Ha Xena3o, cekpeuma Ha GUTOXOPMOHM U pasrpakaaHe Ha obpasyBaHuA
eTUNEH, l0KaTO HeNPEKUTE Ca CBbP3aHM C MOTUCKAHE HA pPacTUTeNHU GUTONATOreHU U
MHOYUMPAHA CUCTEMATMYHA PE3UCTEHTHOCT B pacTeHuATa. KombuHaumsTta oT
Pa3/IMYHM MEXAHM3MM € Bb3MOMKHO [a CblLecTByBa B [A3LEHO MeCcToobUTaHue,
KbAeTo MUKPOHHa 06LHOCT, CbCTaBEHA M OT pPM30OaKTEPUN, HACbpUYaBALLKM pacTeXxa
Ha pacTeHWsATa, HAMMpPa MNOAXOAALM HUWM 33 pas3BuTHe. Tasu rnaBa Cblo Npasu
nperneg Ha passInyHM KOMBMHALUMM OT MEXaHU3MU, NPEACTAaBEHN B MOYBUTE.

Abstract

Numerous rhizosphere bacteria are known to be beneficial for plant growth. Such
bacterial species are generally recognized as plant growth-promoting rhizobacteria. In
this chapter, different mechanisms are discussed by which, depending on the specific
conditions, plants benefit from growth and development of rhizobacterial population.
Such mechanisms directly or indirectly influence plant growth and development.
Direct mechanisms are related to phosphorus solubilization, nitrogen fixation, iron



chelation, production of phytohormones, and degradation of ethylene production,
while the indirect are fitted to suppression of plant phytopathogens and induced
systematic resistance in plants. The combination of mechanisms is possible to exist in
a habitat where a microbial community composed of plant-growth-promoting
rhizobacteria finds suitable niches for development. This chapter also reviews
different combinations of mechanisms presented in soils.

13. Georgiev, D., Dobrev, G., Shilev, S. 2018. Purification and properties of a
phytase from Candida melibiosica 2491. Emirates Journal of Food and Agriculture
30(11): 927-934. doi: 10.9755/ejfa.2018.v30.i11.1857.

Pestome

Lenta Ha HacToAWMTE M3CNe[BaHMA € Aa Ce XapaKTepu3mpa eH3umbT ¢uTasa,
nosy4yeH ot ¢uTaza-aktMBHaTa Candida melibiosica 2491 3a nocnepgBawa ynotpeba
BbB ¢yparkHaTa npomuwneHoct. C. melibiosica 2491 e n3bpaH cpen 118 wama KaTo
HaN-NPOAYKTMBEH Wam Ha ¢uTasa. B HacToAwoTo M3cnepBaHe eH3MMbBT MbPBO Ce
NPEeYmncTBa B YETUPWU CTbMKMU: yTasABaAHE C OPraHMYeH pasTeopuTesn, yatpadmatpaums,
ren xpomatorpadus u aeHatypupalla ren enektpopopesa (SDS—PAGE).

YCTaHOBMXa Ce NO-BMCOKM HMBA Ha MPEYUCTBaHE MPU M3NOA3BaHe Ha eTaHoA. len
Xpomatorpaduata nokasa MakCMmanym Ha enympaHe npum 11-12 ¢pakumm, KOUTO A
XapaKTepum3npaT Kato ¢pMTasa C BUCOKO MOJIEKY/THO TErN0. YCTAHOBEHO €, Ye CTeneHTa
Ha npeyuncTBaHe e 19,5 NbTN No-BMCOKa Npu cneymdmyHa eH3MMHA akTUBHOCT OT 2,75
U/mg npotemH u pobus or 19,64 %. OcBeH TOBa, MOJIEKY/IHOTO Terno Ha
npeyncteHata ¢utasa ce onpegenn Ha 35,9 kDa, ¢ ontumanHo pH ot 4,5 un
onTMmanHa Temnepatypa npm 55 °C. MaKcumanHata aKTUMBHOCT Ha ¢umTasata npwu
uenu Knetkm ce ycrtaHosu npu 50 °C, KoeTo e NO-HUCKO OT M3MNON3BAHETO Ha
npeyncrteHmnsa eHsmm. Ton ce akTMBMpaLlle Yype3 5 mM Ba®*, 10 mM Mn** u K* iioHw.
MbAHUAT MHXMBMPaLL, edeKT ce nocturaHa ot Fe**, Hg”* n Zn**. MegHwTe ionu (Cu™) B
KOHUEHTpauumn ot 5 mM poBenoxa A0 YacTuyeH UHXMbupaly, edpekt, Ho npu 10 mM
aKTMBHOCTTA Ha ¢uTasaTa e paBHA Ha HyAa. HUCBHK MHXMBMpaw, edeKT ce OTKpM B
CNAy4yalh Ha npunaraHe Ha Kob6anToBM MOHU (C02+) npu KOHUeHTpaumu ot 10 mM.
duTaszata NoKasa WMPOKa cybcTpaTHa cneundumyHocT u Km 3a ¢utat B pamKute Ha
0,21 mM npu ekcnepMmeHTanHUTe ycnosus, gokato Vmax 6ewe 19,9 um/ml.

B 3akntoueHume, Bbnpekn Ye ¢putasata, nonydeHa ot C. melibiosica 2491, e obewaBally,
€H3MM, KOMTO Aa ce M3M0/13Ba YCNELWHOo B NPOM3BOACTBOTO Ha pypakm e Heobxoanmo



AJa Cce nposeaat AOonNbAHUTENHU wM3ChedBaHUA, 3a Ada Ce€ TrapaHTupar HelHUTe
npeanmcrBa.

Abstract

The aim of current research was to characterize the enzyme phytase produced by
phytase-active Candida melibiosica 2491 for subsecuent use in feed industry. C.
melibiosica 2491 had been selected among 118 strains as the most productive strain
of phytase. In present study, the enzyme was first purified through electrophoresis
grade in four steps: precipitation with organic solvent, ultrafiltration, gel
chromatography and Denaturing gel electrophoresis (SDS—PAGE).

Higher levels of purification were obtained using ethanol. The gel chromatography
showed an elution maximum at 11-12 fractions that characterize the corresponding
one as high-molecular weight phytase. The purification level was found to be 19.5
folds with specific enzyme activity of 2.75 U/mg protein and yield — 19.64 %.
Furthermore, the molecular weight of purified phytase was estimated to 35.9 kDa,
with optimum of pH — at 4.5 and optimum of temperature at 55 °C. Maximum
phytase activity in case of whole cells was found at 50 °C, which was less than using
the purified enzyme. It was activated through 5 mM of Ba**, 10 mM of Mn** and K*
ions. Total inhibition effect was achieved from Fe*', Hg** and Zn**. Copper ions (Cu®")
in concentrations at 5 mM conducted to partial inhibition effect, but at 10 mM the
phytase activity was equal to zero. Low inhibition effect was determined in case of
cobalt ions (Co*") at concentrations of 10 mM. The phytase displayed broad substrate
specificity and the Km for phytate was estimated to be 0.21 mM under the
experimental conditions, while Vmax — 19.9 um/ml.

In conclusion, although the phytase produced by C. melibiosica 2491 is a promising
enzyme to be used successfully in feed production, more investigations are needed to
ensure its advantages.

14. Shilev S. 2020. Arsenate tolerance in Saccharomyces cerevisiae is associated
with the efflux capability. Acta microbiologica bulgarica, 36(2): 63-67.

Pe3tome

ApCeHbT € YecTo cpelaH 3aMbpcuTen B NOYBUTE, 3acArall, NOYBEHUA MUKPOBMOM U
BCMYKM MOYBEHWN OPraHM3MK. HacToALLOTO NpoyYBaHe U3C/ie[Ba TO/IEPAHTHOCTTa KbM
apceHaT Ha ABa Wwama Saccharomyces cerevisiae, N301MpPaHM OT 3aMbPCEHa NOYBa.
TAXxHaTa TONEepPaHTHOCT KbM HaTpueB apceHaT (AsV) belle nscnenBaHa B TeYHa cpeaa



B NPOAb/IKEHME Ha 24 4., OOKATO CNocobHOCTTA Ha nonynauumte Aa HamManat
BbTPEKNETBYHOTO CM CbAbP)KAaHWE Ha apceH BnocneacTeMe bHelwe npoyyeHa uypes
KMHETUYHMU ONUTU Ha TPaAHCNOPT Ha apceHaT npu 33,3, 133,2 n 266,4 uM ot AsV.
3aBMCMMOCTTA Ha TO/MIEPAHTHOCTTA OT ednyKCHaTa cucTemMa bewe AeMOHCTpUpaHa
Yypes U3NO0N3BAHETO HAa aMUNOPUA XMAPOXA0PUA, KOMTO € M3BECTEH KATO Cynpecop Ha
MOHHKMA TPaHCMNOPT Npe3 KneTbyHaTa membpaHa. YCTaHOBEHO €, Yye MaKCMMasiHaTa
KOHUEeHTpauma, noHocmma ot S. cerevisiae ASQ9, e okono 72,8% No-HUCKA OT Ta3un Ha
TonepaHTHUA S. cerevisiae ASO7. TpUTOKBT W W3TUYAHETO Ha apceHaT npes
KNeTbYyHUTEe membpaHM Ha ABaTa WamMa 3aBUCAT OT KOHLEHTPaUuATa Ha MeTasouns B
cpeaaTta M oT HETHUS aHMOHeH banaHc. M aBaTa wama 6bp30 NoBMLLABAT BbTPELLHATA
CU KOHUEHTpauMA Ha As A0 MAaKCMMANHA TOYKA, BbNPEKM Ye CaMO TONIEPAHTHUAT Wam
ycnaea Aa A HaManm BNocneacTsne BbB BCUUYKM M3MON3BAHU KOHUEHTpaumn. Korato
6ele NpUNoXKEeHa Hall-BUCOKATa KOHLUEHTPAUMA, KNeTKUTE Ha HETONIEPAHTHUA LWaM ce
OKaszaxa mMbpTBu. KoraTo ce nsnonssa amunopug xunapoxnopuna, 6ewe ycTaHOBEHO,
ye TOJIePaHTHUTE KNETKM Ce AbPXKAT KaTo YyBCTBUTENHU KNETKM U npu 266,4 uM
KNeTKMTe OT ABaTa WamMa Ce OKa3axa MbPTBM, Tbil KAaTO EKCTPY3MATA HA TOKCUYHUA
aHWMOH bele npeKbcHaTa. KMHETUYHUTE pPa3/IMKM B TPAHCMOPTA Ha apCeHaT npes
KnetbyHata MembpaHa o06ACHABAT pPa3/IMYHUTE CTENEHW HA TONEPAHTHOCT Ha
n3cnegBaHuUTE WaMoBe.

Abstract

Arsenic is a common contaminant in soils, affecting soil microbiome and all soil
organisms. The present study examined arsenate tolerance of two Saccharomyces
cerevisiae strains isolated from contaminated soil. Their tolerance to sodium arsenate
(AsV) was studied in a liquid medium for 24 hours, while the ability of the populations
to reduce their intracellular arsenic content was subsequently investigated through
kinetic studies of arsenate transport at 33.3, 133.2, and 266.4 uM of AsV. The
dependence of tolerance on the efflux system was demonstrated by the use of
amiloride hydrochloride, which is known as a suppressor of ion transport through the
cell membrane. The maximum concentration tolerated by S. cerevisiae AS09 was
found to be about 72.8% lower than that by the tolerant S. cerevisiae ASO7. The influx
and efflux of arsenate across the cell membranes of both strains were dependent on
the concentration of metalloid in the medium and on the anion net balance. Both
strains rapidly increased their internal As concentration to a maximum point,
although only the tolerant strain was able to decrease it subsequently in all
concentrations used. When the highest concentration was applied, the cells of the
non-tolerant strain were found to be dead. When amiloride hydrochloride was used
it was found that the tolerant cells behaved like sensitive cells, and at 266.4 uM the



cells of both strains were found to be dead, because the extrusion of the toxic anion
was interrupted. Kinetic differences in arsenate transport through the cell membrane
explain the different degrees of tolerance of the studied strains.

15. Shilev, S., Babrikova, l., Babrikov, T. 2020. Consortium of plant growth-
promoting bacteria improves spinach (Spinacea oleracea L.) growth under heavy
metal stress conditions. Journal of chemical technology and biotechnology, Volume
95 (4): Special Issue: In Focus: 7th European Bioremediation Conference (EBCVII)
https://doi.org/10.1002/jctb.6077. IF=3,4.

Pestome

3aMDBbPCABAHETO C TEXKU MeTanu BoAM A0 OKCUMAATUBEH CTPEC M A0 HAaMANEH pacTeXx
N pa3BUTUE Ha pacTeHMATa. 3acerHaTuTe pacTeHMa He moraT ga 6baaT M3non3BaHu
edeKTMBHO B Npoy4yBaHMA 3a puTOpEmMeamnaums U NOTEHUMANBT UM MOXKe Aa b6bae
3HauUUTeNIHO HamaneH. B  MHoro cayyanm, OuoayrmeHTaumAaTa C  HakTepuu,
CTUMYIMPALLM pacTeXKa HA PacTeHMATA, ce M3MNO0A3BA KATO CTpaTernAa 3a HamanaBaHe
Ha TOBA CbCTOSIHME Ha CTpec. B HaweTo npoyyBaHe Hele yCTAaHOBEHO, Y€ n3oaaTUTE
nputexkasaTt l-amuHoumknonponaH-1-kapbokecunat (ACC) aeammHasa, npoussexxaat
cnaepodopm Ha wHAon-3-ouetHa KucenumHa (IAA) w pastBapat ¢ocdatn, a
MaeHTUPUUMpPaAHETO pPasKpKW, Ye UM301aTUTe TMpPUHALMEAT KbM poaoBeTe
Pseudomonas v Bacillus. YctaHoBM ce, ye oT 17-Te u3onarta gecet nputexasat ACC
AeaMMHA3HA aKTUBHOCT, npowu3sBexpgankm 1-3,2 },Lmol.mg'l.h'1 o-KeTobyTupat wu
cnaepodopm OT KaTexon U xuppoKkcamaTteH Tun. [o-BMCOKO KoauyectBo |AA ce
Habntogasa B cyydas Ha m3onat SGPI 41 (65 ug.mL'l). B gonbnHeHWe, MHOKYIUPaHeTOo
Ha KOHCOpPUMYMM OT M30/1aTU AOBede A0 HamaneHo HatpynsaHe Ha Cd, Pb n Zn B
LUANOTO pacTeHMe, HO B CbLLOTO Bpeme yBesn4m pactutenHaTa buomaca ¢ o 100% 8
CpaBHEHME C HEMHOKY/IMPAHaTa KOHTPO/A. 10 TO3M HAYMH MOXKEM A3 3aK/TI0UUM, Ye
M3NON3BAHETO Ha Mone3Hn 6OakTepuu, NpUTEXKaBalLM CBOWCTBA, CTUMYIMPALLU
pacTeXa Ha pacTeHusTa, € MHOro nosieseH noaxon 3a obsekyaBaHe Ha cTpeca OT
TEXKN MeTann 3a pPacTeHMATa U MoXe aa 6bae yCnewHo NPUAOXKEH B CTpaTerMm 3a
duTopemegmaums.

Abstract

Heavy metal contamination results in oxidative stress to plants and leads to
decreased plant growth and development. Affected plants cannot be efficiently used
in phytoremediation studies and their potential maybe significantly reduced. In many
cases, bioaugmentation with plant growth-promoting bacteria is used as a strategy to



alleviate this stress condition. In our study, the isolates were found to possess 1-
aminocyclopropane-1-carboxylate (ACC) deaminase, to produce indole-3-acetic acid
(IAA) siderophores and to solubilize phosphates, while identification revealed that
the isolates belonged to the genera Pseudomonas and Bacillus. Out of the 17 isolates,
ten were found to possess ACC deaminase activity, producing 1-3.2 pmol.mg™".h™* of
a-ketobutyrate and siderophores of catechol and hydroxamate type. A higher
quantity of IAA was observed in the case of isolate SGPI 41 (65 pg.mL™). In addition,
the inoculation of consortia of isolates led to decreased accumulation of Cd, Pb and
Zn in the whole plant but at the same time increased the plant biomass by up to
100% compared with the un-inoculated control. Thus, we may conclude, that the use
of beneficial bacteria possessing plant growth-promoting traits is a very useful
approach to alleviating heavy metal stress to plants and can be successfully applied in
phytoremediation strategies.

16. Shilev, S. 2020. Plant growth-promoting bacteria mitigating soil salinity stress in
plants. Applied Sciences 10(20), 7326. https://doi.org/10.3390/app10207326.

Pe3tome

BnowaBaHeTo KauecTBOTO HA NoYBaTa AoBede A0 NPobaemu ¢ XpaHEHETO B CBETOBEH
Malab. Kato eauH oT Hai-cepnosHuTe cTpecoBu GakTopM, 3aCONABAHETO HA MOYBATA
OKa3Ba HeraTMBHO Bb34EeMCTBME BbPXY KOIMYECTBOTO M KAYeCTBOTO Ha 3emenencKaTta
NPOAYKLMA, KOETO Haco4yBa BHMMAHMETO KbM HeOobXoAMMOCTTa OT EKOJIOTMYHU
TEXHOJ/IOTMM 33 NpeoaofABaHe Ha Te3n HebnaronpuaTHUTe edpeKTn. M3non3BaHeTo Ha
H6aKkTepun, cTUMyaupawm pactexa Ha pacteHuata (PGPB), moxe aa 6bae Kawoyos
baKTOp 3a HamasABaHe Ha CTpeca OT 3acoNfABaHe NpPU PACTEHMATA, Tbi KATO Te Beye
Ca BbBeAeHW B MNpaKTMKaTa. PacTeHWATa, KOUTO nMpuTexkaBaT XaNoTo/sepaHTeH
MWKPOBGMOM MOKasBaT NoaobpeHne B pPasnnyHU MOPPONOrnYyHKU, GU3MONOTUYHU U
OMOXMMMYHM aCMEeKTU nopaan MHOrobpoMHMTE MM cnocobu 3a CcTMmyaupaHe
pacTe)ka Ha pacTeHMATa. Te3nm CnocobHOCTM Ca CBbP3aHM C OTAENAHETO Ha
b6akTepManHu  GUTOXOPMOHM U MOAY/NMPAHETO Ha  TAXHATA  eKcnpecus,
nogobpaBaHETO HA HA/NMYHOCTTA HA XPaHUTE/NIHM BewecTBa B MNoO4YBaTta M
0cB06OXKAaBaHETO Ha OPraHUYHU CbeAMHEHMA, KOMTO Moanbuumpat pusocepaTa
Ha pacTeHMATa U PYHKUMOHMPAT KATO CUTHAZHM MOAEKYIU, KAaTO MO TO3U HaYUH
AONPUHACAT 33 TO/IEPAHTHOCTTA HA PAaCTEHMETO KbM CONIeHOCT. To3m npernes nma 3a
uen ga U3ACHM MmexaHumsmuTe, ypes Komto PGPB morat ga noBuwaT TONEPaHTHOCTTA
Ha PacTeHMATA KbM NMOYBEHO 3aCONABAHE.



Abstract

Soil deterioration has led to problems with the nutrition of the world's population. As
one of the most serious stressors, soil salinization has a negative effect on the
quantity and quality of agricultural production, drawing attention to the need for
environmentally friendly technologies to overcome the adverse effects. The use of
plant-growth-promoting bacteria (PGPB) can be a key factor in reducing salinity stress
in plants as they are already introduced in practice. Plants having halotolerant PGPB
in their root surroundings improve in diverse morphological, physiological, and
biochemical aspects due to their multiple plant-growth-promoting traits. These
beneficial effects are related to the excretion of bacterial phytohormones and
modulation of their expression, improvement of the availability of soil nutrients, and
the release of organic compounds that modify plant rhizosphere and function as
signaling molecules, thus contributing to the plant's salinity tolerance. This review
aims to elucidate mechanisms by which PGPB are able to increase plant tolerance
under soil salinity.

17. Angelova, D., Shilev S. 2021. Composting and vermicomposting of biosolids for
utilization in agriculture. Journal of environmental protection and ecology. 22(3),
1030-1039.

Pestome

EAWH OT OCHOBHUTE €KONOrMYHM Npobaemun npes nocieaHuTe rogMHN € CBbP3aH CbC
yTalKkute, NOMyYEHN B pPe3ynTaT Ha Npoueca Ha NPeYMcTBaHe Ha OTNagbyHWU BOAM.
TAXHOTO peumKaMpaHe ce cYuTa 3a NOAXOAALL, NOAXOA, KOMTO BPbLLA XPAHUTENHUTE
BellecTsa B nNoysaTta. B HacToAWOTO NpoyyBaHe HUE MMaxme 33 uea Aa Npoyvyum
NPUIOXKNUMOCTTA HAa KOMMNOCTUPAHETO N BEPMUKOMNOCTUPAHETO Ha yTanku oT NCOB u
Apyrn 6buopasrpagMmun  maTepuanu, 3a MNoAy4aBaHE HaA KavyeCTBEH MpPOAYKT.
YcTaHOBUXME, 4Ye BEepMMKOMMOCTMPAHETO € BarKHA W 3a4b/XKUTeNHa 4acT oT
obpaboTkaTta Ha yTamkuTe. Cnes BepMMKOMMOCTMpPaHe 6Oele YCTaHOBEHO, 4e
KPaMHUAT NPOAYKT MOKPMBA C/leAHUTE W3UCKBAHMA HA 3aKOHOAATesCTBOTO:
OTCTpaHABaHe Ha Salmonella ssp.; HamanABaHe TuTpuTe Ha Escherichia coli w
Clostridium perfringens; peayunmpaHe KbmM Hyna CbOTHOLLUEHWETO NH*/NO*". TectbT
33 TOKCMYHOCT Ha Lepidium sativum L. noka3Ba 60% no-Bucokn ctbbna n 38,5% no-
ro1eMu KOpPEeHU, KOraTo KbM cemeHaTa ce f06aBuM BOAEH EKCTPAKT OT BEPMMUKOMMNOCT
B CpaBHeEHMe C pacTexa Ccamo C Boda. B ponbnHeHue, pacTeXbT Ha Agomatute
Lycopersicum esculentum L. B npoabnxeHne Ha 90 gHM nokasa no-gobpu pesyntatu



B cmec 1:1 (noyBa:BEPMMKOMMOCT), OTKOJIKOTO CaMO B MOYBa UM B CMEC C KOMMOCT. B
3aK/Il0YEHNE, TPETUPAHETO Ha yTalkmn oT MCOB ype3 KoMnocTUpaHe, NocAeaBaHO OT
BEPMMKOMMOCTUPAHE, € EKOJIoOTMYeH NoAXoh 3a pelwaBaHe Ha npobnema ¢
HaTpynBaHeTOo Ha Te3n 6Ouopasrpagumu OTnNagbuW, AOKATO  MONYYEHUAT
BEPMUKOMMOCT € NOAXO0AALL 33 NPUJIOMKEHWNE B CE/ICKOTO CTOMAHCTBO.

Abstract

One of the mayor environmental issues in the last years is the fate of biosolids
resulted from wastewater treatment process. Their recycling is considered as suitable
approach that returns the nutrients to soil. In present study we aimed to investigate
the applicability of composting and vermicomposting of biosolids and other
biodegradable materials in order to obtain quality product. We found that the
vermicomposting is important and obligatory part of the treatment of biosolids. After
vermicomposting, the final product was found to cover the requirements of
legislation: Salmonella ssp. removal; Escherichia coli and Clostridium perfringens titers
were decreasing; NH*/NO?  ratio was close to zero. The Lepidium sativum L. toxicity
test showed 60% higher stems and 38.5% bigger roots when the seeds were grown
with water extract of vermicompost compared to the growth with water only. In
addition, Lycopersicum esculentum L. plants growth for 90 days showed better results
in 1:1 (soil:vermicompost) mixture that growth only in soil or in mixture with
compost. In conclusion, treating biosolids through composting followed by
vermicomposting is environmental friendly approach to solve the problem with
accumulation of that biodegradable waste, while the obtained vermicompost is
suitable for agricultural application.

18. Chopkova, V., Petkova, M., Shilev, S. 2023. Uncovering Bacterial Diversity during
Mesophilic and Thermophilic Phases of Biowaste Composting through
NextGeneration Sequencing. Applied Sciences 13, 3111.
https://doi.org/10.3390/app13053111.

Pestome

HaTpynBaHeTo Ha 6VIOOTI'IaAbLI,M € €4AUNH OT OCHOBHUTE I'IpO6I'IeMM Ha CbBPEMEHHOTO
O6LLI,€CTBO. EaHo ot HaM-eKONOTNYHUTE peweHnAa 3a npespbllaHE Ha 6VIOOTI'IaAbLI,MTe
B MNPOAYKT € KOMMOCTUpaHeTo. bnooTnagbumte morat ga CbAbpXHKaT HEU3BECTHU
Cy6CTaHLI,MM, yCTOMHMBVI B KpaﬁHMﬂ KOMMNOCT, KAaToO MO TO3M Ha4YUH AONPUHACAT 3a
3amMmbpcABaHeE W 3aConABaHE Ha NoYBaTa. Ed)eKTMBHOCTI'a Ha npoueca Ha
KOMNOCTUpaHe 3aBUCKU B ronAMa CTeNeH OT y4acTBallnA MMI-(pO6MOM, KOeTOo e N 06€eKT



Ha MHOro nscnegBaHuA. Hactoawarta paboTta npoyysa 6akTepnanHoTo pasHoobpasue
oT me3odpunHute M TepmoduaHata ¢a3n Ha KOMMNOCTUPAHE HA ABE PA3INYHU
naowaaku. NpoyysaHeTo e NPoBEeAEHO YPe3 CEKBEHMPAHE OT CeABalL0 NOKONAEHME C
lllumina HiSeq, pa3skpuBaLLO gMHAMMKaTa U NPOMEHUTE B cneundruiHn me3opuaHU 1
TEPMOPUNHM MEeCTOOOMTaHMA Ha KYMYMHWU 33 KOMMNOCTMpPaHe. Pe3yntatute nokasear
no-ronam 6pont 6akTepuanHu BuaoBe B me3opunHUTe ¢Gasa, OTKONKOTO B
TepmoPuNHUTE, AOKa3aHO C WHAeKcuTe Ha Shannon u Chao. B gonbnHeHwue,
pa3Hoobpasneto oOT 6OaKTepuanHW BMAOBE, W3Pa3eHO OT ONepaTUBHUTE
TAaKCOHOMMUYHM €AMHULUM, € MHOro NO-BMCOKO Ha naouwagKkata Ha XapmaHau,
OTKONKOTO HA Ta3u OT ACHO nosne. YCTAaHOBEHO € NOo-roasamMo u3obuane Ha poaoseTe
Sphingobacterium, Sphingomonas, Paracoccus, Pseudomonas w Halomonas v npwu
ABeTe naowanku. B komnocta Ha XapmaHau popgosete Streptomyces, Truepera v
Flavobacterium ca B 3Ha4YNTENHO NO-TONAMO KONMYECTBO B CPAaBHEHME C KOMMNOCTA Ha
ficHo none. B 3aknlo4veHWe, ABeTe NAOWAAKM MOKA3axa OTHOCUTE/IHO 3HAYMTENHM
pa3ikM B pa3Hoobpa3neTto OT 6aKTepum NO Bpeme Ha KOMMNOCTUPAHE Ha
6mnooTnaabun. CbLLECTBEHM PA3/IMKKU CbLLO Ce HabntogaBaxa U mexay mesoduaHaTta
n TepmodunHaTa ¢asa, KaTo NbpBaTa NOKa3Ba 3HAYUTE/IHO MO-BMCOKA CTEMNEH Ha
BMA0BO H6oratcTeo.

Abstract

The accumulation of biowastes is one of the main concerns of modern society. One of
the most environmentally friendly solutions to convert biowaste into a product is
composting. Biowastes may contain unknown substances that are persistent in the
final compost, thus contributing to soil contamination and salinization. The
effectiveness of the composting process depends on the microbial communities
involved, which is the number of investigations' targets. The present work studied the
bacterial diversity of mesophilic and thermophilic phases of composting developed in
two different sites. The study was conducted through next-generation lllumina HiSeq
sequencing and phylogenetic communities, revealing the dynamics and changes in
specific mesophilic and thermophilic habitats of composting piles. The results showed
a higher number of bacterial species in the mesophilic phase than in the thermophilic
one, proved by the Shannon and Chao indices. In addition, the diversity of bacterial
species expressed by the operational taxonomic units was much higher at the site of
Harmanli than at the Yasno pole. Higher abundance was found of the genera
Sphingobacterium, Sphingomonas, Paracoccus, Pseudomonas, and Halomonas in
both studied sites. In the compost of Harmanli genera Streptomyces, Truepera, and
Flavobacterium were found to be much more abundant compared to the compost of
the Yasno pole. Finally, we conclude that the two plots show relatively significant



differences in the diversity of bacteria during biowaste composting. Substantial
differences were also observed between the mesophilic and thermophilic phases,
with the first showing a significantly higher degree of species richness.

19. Petkova, M., Shilev, S. 2023. Revealing Fungal Diversity in Mesophilic and
Thermophilic Habitats of Sewage Sludge Composting by Next-Generation
Sequencing, Appl. Sci. 2023, 13(9), 5546; https://doi.org/10.3390/app13095546.

Pestome

HaTpynBaHeTO Ha yTalikM OT OTNaAbYHM BOAM € CEPMO3EH NPOHBAEM B MHOIO CTPAHMU.
MN3non3saHeTo My 4pe3 KOMMNOCTUPAHE MMA MOTEHLUMAN Aa ce NpeBbpHe B LUMPOKO
npunaraHa TtexHonorma. OT Ta3u rnegHa TOYKA, HAWeETO NpoyyBaHe w3cnenBa
pa3Hoobpasneto OT naeceHn B Me30PUAHU U TepMOPUAHM MecToobUTaHMA npu
KOMMOCTMPAHE Ha YTalKM, KpaBelWKM TOp W NuweHn4Ha cnama. [poBeaeHo e ¢
nomoliTa Ha MeTareHomeH noaxod W cnepsawo nokoneHue lllumina HiSeq2000
CEeKBEHMPaAHe, 3a Aa Ce pasKpue TAXHOTO pa3HoobpasneTo. YCTaHOBUXME 3HAUYUTENHO
NoBMLWEHA MUKPOOHA aKTUBHOCT B TepmodunHata ¢pasa. O6paTHO, aKTUBHOCTTA Ha
eH3MMa [NoKo3Maasa e ¢ 29% no-sMcoka B Me3odpunHaTa 30Ha. O6XBaTbT Ha
CTOMHOCTUTE Ha pa3Hoobpa3meTo ca No-n3paseHn B Me3opuIHUTE MecToobuTaHums,
OTKONKOTO B TOM/I0/1t06MBUTE Bb3 OCHOBA Ha MHAEKCUTE Ha pa3Hoobpasue. Ha HMBO
Knac mesodunHute rbbm ca npeacraBeHn ot Sordariomycetes-58,7%, Pezizomycetes-
15,1% wn Agaricomycetes-12,3%, nOKaTO Hal-pa3npocTpaHeHuTe TepModUNHU bbby
ca Sordariomycetes-39,5% w Pezizomycetes-9,8%. py NO-HAaTaTbWHOTO U3ACHABAHE
Ha pa3HoobpasneTo Ha poaoBeTe € MHTepecHOo, Tbi KaTo npu 37,2 °C Psathyrella e
HaMW-pa3npocTpaHeHa ¢ 35,91%, cnepBaHa ot Chaetomidium c¢ 20,11%. Cpepg
TepmodununTe Hali-pasnpoctpaHeHun ca Thielavia v Mortierella. Heobxoammmn ca no-
HATaTbLWHW U3CNe[BaHUA Ha MPOMEHUTE B MUKPOBHOTO pa3Hoobpasme C TeyeHMe Ha
BPEMETO, 3a fJa Ce ynpaBnaBaT MeTabonuTHUTE nNpouecu 3a MosyyaBaHe Ha
KayecTBeHO No4yBeHa gobaBKa.

Abstract

The accumulation of sewage sludge is a severe problem in many countries. Its
utilization through composting has the potential to become a widely applied
technology. From this perspective, our study investigated the diversity of fungi in
mesophilic and thermophilic habitats when composting biosolids, cow manure and
wheat straw. It was conducted using a metagenomic approach and next-generation
Illumina HiSeq2000 sequencing to reveal the fungal diversity. We found significantly



enhanced microbial activity in the thermophilic phase. In contrast, the activity of
enzyme glucosidase was 29% higher in the mesophilic zone. The range of
-diversity values was more pronounced in the mesophilic habitats than in the
thermophilic habitats based on diversity indices. At the class level, the mesophilic
fungi were represented by Sordariomycetes-58.7%, Pezizomycetes-15.1% and
Agaricomycetes-12.3%, while the most abundant thermophilic fungi found were
Sordariomycetes—39.5% and Pezizomycetes—9.8%. In the further clarification of
genera diversity, it is striking that at 37.2 °C, Psathyrella was the most abundant with
35.91%, followed by Chaetomidium with 20.11%. Among the thermophiles, Thielavia
and Mortierella were the most common. Further research on microbial diversity
changes over time is needed to manage the metabolic processes in obtaining quality
soil amendment.

20. Popova, V., Petkova, M., Shilev, S. 2023. Metagenomic approach unravelling
bacterial diversity in combined composting and vermicomposting technology of
agricultural wastes. Ecologia balkanica (accepted).

Pestome

CenckocTonaHCcKkMTe OTMAAbLUM WM TAXHOTO OMOA30TBOpPABAaHE Ca B OCHOBAaTa Ha
noAnTnkMTe Ha EC, cBbp3aHM C KpbroBata 6MOMKOHOMMKA. MpeBpbLLAHETO HA Te3u
OTNagbuM B NPOAYKTM MOXKE Aa Ce M3BbPLIM Ype3 KOMMNOCTUPaHe, NocneaBaHo oT
BEPMMKOMNOCTUPAHe. Tb KaTo ePeKTUBHOCTTA 3aBMCU Hal-Beye OT yyacTBalumTe
MWKPOOPraHM3MM, HME MMaxme 3a uen Ja uaeHtTubunumpame nNPOKAPUOTHUA
MUKpOBMOM, CBbpP3aH C 4YeTupu ¢a3nm Ha KoOMMOCTMpaHe M epHa ¢as3a Ha
BEPMMKOMMNOCTMPAHE HA MWEeHMYHA C1amMa M KpaBeLlKu Top. M3non3eBaxme OLEHKA Ha
16S rDNA PCR aMnnMKOH ¢ meTareHoMHaTa TexHuKa Ha lllumina, reHepupalikm 06,0
653 057 TakcoHa oT npobute. TemnepaTypata UMalLle OCHOBHA POJiA B NPOMEHUTE Ha
H6aKkTEPMOMa NPU KOMMOCTUPAHE, BAUAENKU MONOXKUTENHO HA M3006MAMETO Ha
BMOoOBeTe, MHAEKcMTe Ha Shannon u Simpson u oTpuuatenHo Ha Ace u Chaol.
HabniopaBawe ce HamanseaHe Ha cboTHoweHmeTo C:N ot 25,94 no 14,24 v Ha pH u
EC cbOTBETHO OT 8,63 A0 7,8 v 0T 2,26 mS.cm™ A0 1,7 mS.cm-1. Knac Firmicutes (62%)
n Actinobacteria (14%) npeobnapasaT B uM3xoAHMA MmaTepuan (SM), pokato
Porteobacteria (51%) v Bacteroidota (8%) nomuHupat B NbpBaTa me3oduaHa dasa
(MP). NopobHo Ha SM, TepmodunHute npokapmotn (TP) ca npepctaBeHU oOT
Firmicutes (54%) v Actinobacteria (9%), HoO cbWw,o n oT Proteobacteria (6%). AHanN3bT
Ha OCHOBHMUTe KoopanHaTh (PCoA) noKasa 3HauMTeNHO Terno Ha obuwiaTta Bapuayma Ha



b6akTepmanHuTe TakcoHn (PC1-68,16% mn PC2-23,46%. Taka PCoA rpynupa 3aegHo SM
n TP, Ha egHO MACTO, N ABeTe me30duaHU da3um u BepmnukomnocTta (COMP) .

Abstract

Agricultural wastes and their valorization are at the heart of the EU policies related to
the circular bioeconomy. Conversion of those wastes to products could be made
through composting followed by vermicomposting. As the effectiveness mostly
depends on the microorganisms involved, we aimed to identify the prokaryotic
microbiome associated with four composting phases and one vermicomposting phase
of wheat straw and cow manure composting. We used 16S rDNA PCR amplicon
evaluation with the lllumina metagenomic technique generating a total of 653,057
taxa from the samples. Temperature had major role in the composting bacteriome
changes influencing positively species abundance, Shannon and Simpson indices, and
negatively Ace and Chaol. A reduction of C:N ratio from 25.94 to 14.24 and of pH and
EC from 8.63 to 7.8 and from 2.26 mS.cm™ to 1.7 mS.cm?, respectively, were
observed. Phylum Firmicutes (62%) and Actinobacteria (14%) prevailed in the source
material (SM), while Porteobacteria (51%) and Bacteroidota (8%) dominated in the
first mesophilic phase (MP). Similarly to the SM, the thermophilic prokaryotes (TP)
were represented by Firmicutes (54%) and Actinobacteria (9%), but also by
Proteobacteria (6%). Principal coordinates analysis (PCoA) showed a significant
weight of the total variation of bacterial taxa (PC1-68.16% and PC2-23.46%. Thus
PCoA grouped together SM and TP, by one site, and both mesophilic phases and the
vermicompost (COMP).

21. Benlloch, M., M. Tena, J. Jorrin, R. Albuena, R. Requejo, A. Pujadas, A. Lora, F.A.
Sanchez, R. Barra, M. Diaz de la Guardia, E. Alcantara, J. M. Fournier, J. Romera, M.
A. Ojeda, M. Ginhas, M. J. Benitez, E. D. Sancho, J. Ramos, M. Puig, S. Shilev. 2000.
Descontaminacion metalica de suelos del area de Aznalcollar mediante acciones de
fitorremediacion que impliquen la utilizacion conjunta de plantas cultivadas y flora
autoctona. pp. 117-120. In: Programa de investigacion del corridor verde del
Guadiamar: Picover. Junta de Andalucia (Ed.) Consejeria de Medio Ambiente. Spain.
ISBN: 84-89650-88-8.

Pestome

B HacToAwarta pa3paboTka ce wuscnegBa e¢peKTbT OT MHOFOKOMMOHEHTHOTO
3amMbpcsABaHe OT palloHa Ha A3HOJIKOAP BbPXy pacTeXka U HaTPyNBAHETO Ha TEXKKU
METann B aBTOXTOHHU U KYNTYPHW BMAOBE pacTeHuA. MPOeKTbT ce OCcHOBaBa Ha



CNOCOBHOCTUTE Ha HAKOWM PacTEeHUA A HAaTPYNBaT TEXKU METa/In, KOraTto ce passmBeat
B CWMIHO 3ambpceHa cpega. To3nM TUN u3cnepBaHe ce NAaHMpa nopagu TOBa, ye
dnTopemegmaumaTa e Han-epmMKacHaTa M CUTypHa anTepHATUBA HA €IMMUHUPAHETO
OT OKO/NIHATa cpeda Ha MeTasHn 3ambpcutenn. OCHOBHATA Len Ha NPOeKTa e Aa ce
CeNeKUMOHNPAT XMNepakymynatopu c ronama buomaca C /IeCHO KyATMBUpPaHe U
npubupaHe ¢ HANNYHUTE 3eMee/ICKM MalNMHU U KOUTO NpeacTaBAsBaT HUCDHK PUCK
OT pa3npoCTpaHeHMe Ha 3amMbpcABAHETO BbTpe B TpoduyHaTa Bepura. BbTpe B
MHTErpMpaHaTa cuctema Ha duTopemeamaumaTa ce HaMMpPAT U CeNIeKUMOHMPAHN
H6aKTepMn TONEPaAHTHU HA TEXKU MeTanM, KaKTo U M3MNOA3BAHETO HA XenaTu, KOUTo
MoraT ga NnoAnoMorHat abcopbumsaTa Ha meTanu OT pacTeHuATa. Mo TO3M HauMH ce
CTPeMMUM Aa 3aCUANM CNOCOHHOCTTA 32 HaTPynBaHe HA MEeTaIM OT PacTEHUATA U Aa ce
pa3paboTaT cneumduuHM MeToaM Ha WHAYuMpaHa ¢uTopemeamauma 3a TO3U
KOHKpeTeH BMA, 3aMbpcABaHe.

Abstract

In the present study, the effect of multicomponent pollution from the Aznolkoyar
region on the growth and accumulation of heavy metals in native and cultivated plant
species is investigated. The project is based on the ability of some plants to
accumulate heavy metals when they grow in highly polluted environments. This type
of research is planned because phytoremediation is the most effective and safe
alternative to the environmental elimination of metal pollutants. The project's main
goal is to select high biomass hyperaccumulators that are easy to cultivate and
harvest with available agricultural machinery and pose a low risk of contamination
spreading within the trophic chain. Inside the integrated system of phytoremediation
are also selected bacteria tolerant to heavy metals, as well as the use of chelates,
which can help the absorption of metals by plants. Thus, we aim to enhance the
ability of plants to accumulate metals and to develop specific methods of induced
phytoremediation for this particular type of pollution.

22. TaHesa, I'., . KoctaguHoBa, B. BaHueBa, Cr1. LUunes. 2004. 3ambpcaBaHe ¢ HedT
M HePTONPOAYKTU U BAUAHMETO UM BbPXY MOPCKaTa eKOCMCTeMa B paloHa Ha rpag,
Byprac. C60pHMK C AOKNagM Ha neTtata HayvyHO-TeXHUYecKa KOHdepeHuua ¢
mexayHapoaHo y4dactue. Ekonorua u 3gpase 2004 r., ctp. 495-500. NMNnosaus, 20
Maiz, 2004.
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Mpobnemunte C HapyweHuUa ekonornyeH 6anaHc B YepHO mope ca M3KAKYMTENHO
BaXXHM M pa3Hoobpa3Hn. OcHoBeH Npobniem, ocobeHo B palioHa Ha byprac ce ABABa
neTponsbT U HepTONpOoAyKTUTE. Llenta Ha HacToAweTo n3cneaBaHe belwe oueHKa Ha
CbCTOAHMETO Ha BOoAMTe B byprackuma 3asuvB Nno OTHOWEHME HAa KOMMJIEKCHOTO MM
3aMbpcABaHe, OCHOBHO C HepTOMPOAYKTM U BAUAHMETO MM BbPXYy MOPCKaTa
eKkocuctema. YCTaHOBM ce TeHAeHUMA KbM noaobpeHne Ha PpoOHOBUTE YyCNoBUA WU
HamansABaHe Ha HMBATa Ha eyTpoduKauma. buomacata Ha NAAHKTOHA OCTAaHA MOA
NAK. 3HaYMTENHO NO-HUCKM KOAMYECTBEHW CTOMHOCTM Ce YCTaHOBMXa Npu
3000M/1IaHKTOHA.

Abstract

The problems with disturbed ecological balance in the Black Sea are significant and
diverse. Oil and oil products are a major problem, especially in the Burgas region. The
present study aimed to assess the state of the waters in Burgas Bay in terms of their
complex pollution, mainly with oil products, and their impact on the marine
ecosystem. A trend towards improving background conditions and reducing
eutrophication levels was established. Plankton biomass remained below the MPC.
Significantly lower quantitative values were found in zooplankton.

23. Shilev, S., T. Babrikov. 2005. Heavy metal accumulation in Solanaceae-plants
grown at contaminated area. pp. 452-460. In: Proceedings of the Balkan Scientific
Conference of Biology, Plovdiv, Bulgaria, 19-21 May 2005, (Eds.) B. Gruev, M.
Nikolova and A. Donev.

Pestome

Kyntypu, uneHoBe Ha cemeinctBo Solanaceae, pomart (Licopersicon esculentum L.),
naTnagsaH (Solanum melongena L.) n nunep (Capsicum annum L.), ce oTrnexaaxa B
NPOMMLUNEHO 3aMbpCeH pernoH. ONUTHUTE y4yacTbun D6sixa Pa3NONOXKEHW HA ABe
pa3nnyHu pasctosaHusa (0,5 n 15 Km) oT M3TOUYHUKA Ha 3ambpcABaHe — KombuHaTa 3a
usetHn metanm (KUM) B 6am3oct go [Mnosaus. M3cneasaxme HWUBOTO Ha
3aMbpcABaHe Ha MOYBATA M KOHLLEHTPaUMATA B HAA3EMHUTE YACTU HA PACcTEHMETO C
TEXKM METaNN, KaTo B3EXMe MNOYBEHW U PACTUTENHM NPOOU. CbAbPIKAHUETO HA TEKKM
MeTaNn B pacTeHuATa (KopeHwu, cTbbna, nuMcTa, cemeHa, LBETOBE) ce onpeaensa no
MeTO4a Ha BAaXHaTa MUHepanu3auma. KonnuyectBeHuTe u3mepBaHuAa bAxa
M3BbPLIEHM C aTOMHO-abcopbumoHHa cneKTpockonusa (AAS). YcTaHoBMXMe, 4e
HMBOTO Ha 3aMbpCABAHE Ha NOYBATa 3aBUCKU OT PA3CTOAHMETO OT U3ToYHMKa (NFMS) 1
€ MHOro BUCOKO, AOCTUIAaMKN KOHUeHTpauum ot 630 mg Pb kg‘l, 13,2 mg Cd kg‘l, 60,1



mg Cu kg'l, 974 mg Zn kg'l. HabnopaBalwe ce cMAHO M3pa3eHa TeHAEeHUMA KbM
HamManABaHe Ha CbAbPHKAHMETO HA TEXKKM MEeTanun B Te3U KYATypu C yBeandaBaHe Ha
pasctoaHmeTo ot NFMS. KynTypute oT cemencTtBo Solanaceae ca KynTypu, KOUTO He
Ca noaxoddAwn 3a OTrAeXgaHe B NPOMUILIEHO 3aMbPCEHM panoHW. Te M3BAMYAT
3HAYUTENHU KOIMYECTBA TEXKU MeTa/In OT NoYBaTa C KOPeHUTe, AMcTaTa U naogoserte
CM M ca NOTEeHUMANHa OTpOBa 3a KpalHWA noTpebuTen Ha XpaHUTENHa Bepura.
MuKpoburonormyHata aKTMBHOCT bOele CUAHO MNOBAMAHA OT 3ambpcABaHeTo. C
HamanABaHe Ha 3aMDbPCABAHETO Ce NOBMLIABALLE aKTUBHOCTTA HA MUKPOOPraHU3MmUTe
(Ha 0,5 km ot NFMS), nokato B 6AM30CcT A0 Pabpukata GU3NONOTUYHUTE TPYNN U
MWKPOBHOTO AMLaHe 6AXa ¢ HAMasIeHN CTOMHOCTM.

Abstract

Crops members of the family Solanaceae, tomato (Licopersicon esculentum L.),
eggplant (Solanum melongena L.) and pepper (Capsicum annum L.), were grown in
industrially polluted region. The experimental plots were situated at two different
distances (0.5 and 15 km) from the source of pollution—the Non-Ferrous-Metal
Smelter (NFMS) near to Plovdiv. We investigated the level of soil contamination and
the concentration in aerial parts of the plant with heavy metals, by taking soil and
plant samples. The plant heavy metals content (roots, stems, leaves, seeds, flowers)
were determined after the method of the wet mineralization. The quantitative
measurements were carried out with atomic absorption spectroscopy (AAS). We
found that the level of soil contamination depends of the distance from the source
(NFMS) and is very high, reaching levels of 630 mg Pb kg™, 13.2 mg Cd kg™, 60.1 mg
Cu kg, 974 mg Zn kg™. A strongly exhibited tendency towards decrease of the
contents of heavy metals in these crops is observed as the distance from the NFMS
increases. The crops from the family of Solanaceae are cultures that are not suitable
for growing in industrially polluted regions — they remove considerable quantities of
heavy metals from the soil with their roots, leaves and fruit-sets, and are potential
poison for the end consumer of the nutrient net. The microbiological activity was
strongly influenced by the contamination. Decreasing the contamination the
microorganisms’ activity goes up (at 0.5 km from the NFMS), while near to the factory
the physiological groups and microbial respiration had a reduced levels.
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OTpaneyaBaHe OT WM3KOMAaemMuTe TOpvMBa WM3UCKBA WHAYCTPUAZIHUTE CEKTOPU Aa
NPemMMHaAT KbM Bb30OHOBAEMW CYypOBMHWU. EQMHMAT BapuaHT e npepaboTkata Ha
6rnomaca. 3emeaencKkoTo, FOPCKOTO M MOPCKOTO NPOM3BOACTBO Ha bnomaca obaye He
MO)e [a ce paswupsasa 6eskpalhiHo. CnegoBaTeNHO /IMHEWHUTE BEPUTM  Ha
CTOMHOCTTA, YCTAaHOBEHU B MKOHOMMKATA, basnpaHa Ha M3KONaemu ropmea, BogeLLu
OT NbpBMYHATA CYPOBMHA A0 NPOAYKTUTE U Cnend, ToBa A0 OTNaabuMTe, He ca
yCTON4YMB BapuaHT. BMecTo ToBa ca HEOBXOANMMU KPbroBM BEPUTM 3@ CTOMHOCT, KOUTO
peumMKanpaT oTnaabuuMTe U M NPaBAT OTHOBO AOCTbMHM KaTO CypoBMHA. TOBa BaXKu U
3a 6M00TNaAbUNTE, Tbi1 KAaTO Bb3HUKBAT NPM NMbPBUYHOTO NPOM3BOACTBO Ha BLoMaca,
KaKTO M 3a OCTaTbYyHWUTE W OTNAaAbYHM MaTepuanu oOT TaAxHaTa npepaboTka,
nsnonssaHe n obesspexkaaHe. TO3N OOKYMEHT AOKNaZBa 3a obemuTe U Tekylw,aTa
06paboTka Ha 6uMooTnaabum B EC, npeacraBa onumm 3a peumkanpaHe, KOMTO moraT
fa [osBedatT A0 MO-BUCOKA Aob6aBeHa CTOMHOCT M 33€TOCT, KAaKTO U MNO-HUCHBK
OTMeyYaTbK BbPXY OKOJIHATa CPpeAa, M Cblio Taka obcbXKaa HeobxogMmuTe Hay4dyHU
nscnenBaHuaA, MHGPACTPYKTYPa U PAMKOBU YCNOBUA.

Abstract

Moving away from fossil feedstock requires industrial sectors to switch to renewable
raw materials. One option is the processing of biomass. However, agricultural,
forestry and marine production of biomass cannot be expanded indefinitely. The
linear value chains established in the fossil-based economy, leading from primary raw
material to products and then to waste, are therefore no sustainable option. Instead
circular value chains that recycle waste and make it available again as a raw material
are needed. This also applies to bio-waste, as it arises in the primary production of
biomass, as well as residual and waste materials from their processing, use and
disposal. This paper reports on the volumes and current processing of bio- and
biogenic wastes in the EU, presents recycling options that can lead to higher value
added and employment as well as a lower environmental footprint, and also
discusses the research, infrastructure and framework conditions needed.
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MMWHEPANHOTO M OPraHUYHOTO TOPEHETO WrPaAT Ba)KHa PO/ 3a pacTeXka Ha
KynTypuTe U nogobpasaHeTo Ha no4ysaTa. HacTtoAweTo uscneasaHe e NpoBeseHO 3a
onpeAensHe BAUAHUETO HA [ABETe CUCTEMM Ha TOPEHE BbLPXY CbBMECTHOTO
oTrnexxaaHe Ha osec (Avena sativa L.) n ¢uin (Vicia sativa L.). EkKcnepumeHTn 65xa
nogpeaeHn nbaeH 6/10K0B AM3alH C TPM NOBTOPEHUA Npe3 BereTaluMOHHM Ce30HM Ha
2022 r. OCHOBHMTE eTanu Ha B3eMaHe Ha no4YyseHuUTe nNpobu ca (1) MNpeacentbeHo, (2)
dasza Tpetn nuct, (3) Pasa Ha 3peeHe, (4) dpasa 3eneHo TopeHe. Cnopen NonyvyeHUTe
OaHHW 3abenazBame HaM-BUCOK 06w, Opoi 6GakTepum Ha cneunanmsampaHu
XpaHUTENHU cpean B nepuoguTe npepcentbeHo m dasa 3eneHo TopeHe, npes ¢asa
TPETU NUCT € OTYETEHO HaMansABaHe Ha obwma 6poit MUKpoopraHMamu. MNonyyeHute
AAHHW NOKa3BaT, Ye Hal-BUCOK 06, 6poit MUKPOOPraHM3mMm e oTYeTeH B Nepnoaute
npeacentbeHo u <¢asa 3eneHO TopeHe, npe3 ¢asa TPEeTU AUCT € OT4YETEH.
JdexnaporeHasHaTta aKTMBHOCT 3HAYUTENIHO € MO-HWCKA B HayanHuTe age $asu Ha
OTrNeXXAaHe Ha KynTypuTe, OTKO/NIKOTO BbB ¢asaTa Ha y3paBaHe ¢ dasarta 3e/eHo
TopeHe. B To31 aoknag ce A4oKa3BaT NoJIe3HUTE CBOMCTBA HA MHTEPKNPOMNUHIA MeXay
oBec M ¢uN, C u3cnepBaHe ype3 0OWO MMKPOOHO 4YMCAO WM AexuaporeHasHa
aKTMBHOCT.

Abstract

Mineral and organic fertilization is essential in crop growth and soil improvement.
The present study was conducted to determine the effect of the two fertilization
systems on the intercropping of oats (Avena sativa L.) and vetch (Vicia sativa L.).
Experiments were arranged in a complete block design with three replications during
the growing season 2022. The main stages of soil sampling are (1) Pre-sowing, (2)
Third leaf phase, (3) Ripening phase, (4) Green manure phase. According to the
obtained data, we noticed the highest number of bacteria on specialized food media
in the pre-sowing and green fertilizing phases; during the third leaf phase, a decrease
in the total number of microorganisms was recorded. The obtained data show that
the highest number of microorganisms was reported during the third leaf phase in
the pre-sowing and green fertilization phases. Dehydrogenase activity was
significantly lower in the initial two phases of crop growth than in the ripening phase
with the green manure phase. This report demonstrates the beneficial properties of
intercropping between oats and fenugreek by examining total microbial counts and
dehydrogenase activity.
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3aMbpcABaHETO e cepuo3eH nNpobiem, KOMTO NpeansBMKa roiAM MHTEPEC B HalleTo
06LecTBo M HayyHaTa obuwHoCT. Mopaan PasAUYHU YOBELIKN AEMHOCTM BHOCHT Ha
MeTanun B NoYBUTE Ce e YBEeNNYMA Npe3 NociefHUTe HAKONKO aeceTunetva. B Hawm
AHW MNa3apbT Ha ¢puTOopemeamaums 3aema CblecTBEHO MACTO B pereHepauoOHHUSA
6usHec. HactoAwara nybnaukauma obCcbXkAaa cbabaTa Ha TOKCUYHUTE MeTann B
OKO/NHaTa cpena, OLeHKaTa Ha puUcKka M BUOAOCTbNHOCTTa Ha MeTanauTe. HanpaseH e
npernes Ha ¢utotexHonormmte. CneumaneH akueHT 6belwe oTaeneH Ha
bUTOEKCTPaKUMATA Ha apCceH. B TO3M NPOEKT ca HanpaBeHW maTemaTUYecku moaenu
Ha noemaHe Ha KaTMOHM OT KOpeHuUTe, [ABMMKEHME Ha MeTanM B MoYBaTa,
NOBBPXHOCTHW MOTOLUMU U Ap.

Abstract

Contamination is a severe problem that provoked great interest in our society and
the scientific community. Due to different human activities, the input of metals into
the soils has increased during the last few decades. Nowadays, the phytoremediation
market occupies an essential place in the restoration business. The present book
chapter discusses the fate of toxic metals in the environment, the risk assessment,
and the bioavailability of the metals. An overview of the phytotechnologies has been
made. Special emphasis was paid to the phytoextraction of the arsenic — a case study.
In this project, mathematical models of root uptake of cations, metal movement in
soil, surface flows, etc., have been made.



