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NO3AOPABUTEJNIEH AQPEC MO CNYYAN OTKPUBAHE HA HAYYEH ®OPYM C
MEXAOYHAPOOHO YYACTUE

»EKONOI’nA n ArPOTEXHONOINMN — ®YHOAAMEHTAJTHA HAYKA U NMPAKTUYECKA
PEAJIU3ALINA”

nocBeTeH Ha MexXxayHapoaHuA AeH Ha no4yBaTta 5 AeKeMBpU

oT [lupektopa Ha MHCTUTYT NO NOYBO3HaAHUE, arPOTEXHOSOMMU M 3alMTa Ha
pacteHusTa ,,Hukona lNywkapoB”, npoc. aH UpeHa OumutpoBa ATaHacoBa
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Yeaxaemu 2-H MuHucmbp Ha 3emedenuemo,
Yeaxxaemu 2-H Npedcedamen Ha CerickocmornaHcKka akademus,

Yeaxxaemu NOCTU, Ckbniu KOJIE,

3a meH e zonsima yecm Oa crniodesisi ¢ 8ac MO3U 8aeH MOMEHM Ha Hauwama
akademuy4Ha obwHocm — MIHcmumyma o no4yeo3HaHue, a2pomexHOI02uU U 3aujuma Ha
pacmeHusma H. [lywkapos, CernckocmonaHcka Akaldemusi, Hay4yHo mexHu4yeckume
cbo3u 8 3emedenuemo, Cbro3a Ha creyuanucmume rno kadecmeomo 6 bwbreapus u
bbrizapckomo rno4yeosedcko Opyxecmeo, rnpe3 masu 200uHa U Hawume npogecuoHanHu
U repcoHarsiHu ycunusi 3a rocmuzaHe uenume Ha 3eneHama Codenka u Opyau
UHuyuamueu Ha EC 3a ycmou4ueocm u rnodopodue Ha NOYBUTE, koumo ca UeHeH,
He3aMeHUM U He8b306HO8UM MpPUPOOEH pecypcC.

C Hapacmeawama 3azpuxeHocm Ha obwecmeomo u ¢hoKycupaHe Ha uHmepeca
8bpXy U3MEHeHUemo Ha KiaumMama Uu posfsima, KOsImO [io4eume U3MbliHaeam 3a
ocueypsisaHemo Ha Hawemo ycmoul4ueo 6blewe u omyumalKu 8axHuUme peweHus,
koumo e3e KoHgpepeHyusima Ha OOH 3a usmeHeHuemo Ha knumama (COP 27), kosmo ce
nposede 8 Eaunem npe3 Hoemspu, HIMa no-0o0bpo speme om OHewHuUs1 0eH, 5 [Jekemepu
— CeemosHusi 0eH Ha noysama, 8 KoUmo akademMuyHama obwHocm Oa crodenu u
pasnpocmpaHu Hawume 3HaHuUsi U UHghopmauusi 8 obrnacmma Ha o4e803HaHUemo,
eKoJioausima, agpomexHosI02uume U pacmumerHama 3awuma.

Kayecmeomo Ha xueoma HuU U ycmou4ueocmma Ha OKo/iHama cpeda 3asucsm om
Hay4YHume u3cnedsaHusi — 0aHHUMe u uHghopmauyusima 3a rnodgama, Koumo Hue y4eHume
rnony4yaeame, 3a 0a ce eapaHmupa rnpedocmassHemo Ha UeHHUMe eKocucmemMHuU ycriyau,
Koumo rodyeama u3ebpuiea 8 rosi3a Ha 4Ho8e4yecmaeomo.

Hawama KoHbepeHuuss eknw4Yyea y4YyeHU U creyuaaucmu om  pasfiuyHu
npoghecuoHanHuU cpedu U uHcmumyuuu, npedcmaesnseawu Uenusi Criekmbp 0om
ekcriepmu, Koumo pabomsm 6 obrnacmma Ha [1o4e803HaHUemo, ekosnoausma u
aspomexHosoauume.
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Hadsieame ce, 4ye yyacmHuyume Ha Hawama KOH(hepeHUUs we rnoKaxam Kak ce
cripassime ¢ npedussukamesicmeama nped Hawemo obwecmeo U we usrosnseam mosu
opym kamo cmumyn 3a paspabomeaHe Ha UHOBAMUBHU pPeWeHUs 3a YyCreuwHo
yrnpaeneHue Ha deliHocmume 8 3emMedenuemo U OKosIHama cpeoa.

3HayumenHu 3annaxu npodw/mkasam Oa 3acszam 3emedeniuemo U OKOofHama
cpeda, Kamo MHO20 OmM MsiX ca C8bp3aHU C ro4yeama: epoausi, 3azyba Ha ebarepold u
buopasHoobpasue, ynnabmMHS8aHe U 3anedameaHe Ha [iodyeama, 3aMbpcsieaHe,
3acornsieaHe u  ompuyamesHo gb3delicmesue 8bpXy  OKOfIHama cpeoda,
rnpodosoricmeeHama cu2ypHOCM, U Ka4eCcmeomo Ha XpaHu U eKocuCmeMHuU ycriyau.

Cyumam, 4ye Komeaume, KOUMO y4acmeam Ha ma3su KOHgepeHyus we rnpedcmassm
ceoume Hali-uHogamueHU udeu U MOCMUXeHUS 3a 83UMaHe Ha rpasusiHume peweHusi 8
ma3su Hacoka, 8 rnos3a Ha obuwecmsomo.

Omkpueam KoHbepeHyusima ,Ekonoausi u agpomexHosroauu — ¢hyHOameHmarHa
Hayka U npakmuyecka peanusauusi, Ha kKosimo OHec ombensazsame U Hawus
rnpogbecuoHarieH npasHuk — CeemogHuUsim 0eH Ha ro4yeama - 5-mu 0ekemspu.

Yecmum npasHuk ckbru 2ocmu u koneau! bnazodapsi su 4e cme myk! bbOeme
30pasu u Xenasi HO8U MBOPYECKU yCriexu.

lMpop. OH UpeHa Jumumposa AmaHacosa
Lupekmop Ha MHCmumym o rno4yeo3HaHue,
aspomexHosio2uU U 3aujuma Ha pacmeHusima
~Hukona lNywkapos*, Cogbusi
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NIEHAPHU OJOKITAOWU
PLENARY REPORTS

NMIIEHAPHbIE OOKIAAODbI
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KOHBEHLUATA HA OOH 3A BOPBA C ONYCTUHABAHETO U HEMHOTO
MOBAJNTHO N HALUMOHAJTHO 3HAYEHMUE

Mpod. a-p Metoamn Teoxapos

lpedcedamen Ha bbrzapcko no4yeoeedcKo OpyKecmeo

Pestome

HanpaBeH e 06CTOeH Hay4YeH U KpUTUYEH aHann3 Ha CbObpPXXaHWETO, NpuaraHeTo u
3HadyeHneto Ha KoHeeHuusitTa Ha OOH 3a Gopba c onycTuHABAHETO Ha rnodanHo u
pernoHanHo pasHuwe. PasrnegaHn u JonbfiHEHM ca cneunduyHuTe  (KOMMEKCHW)
YyCNoOBWHA, KOUTO B pasnuyHa CcTeneH onpeaenat pa3HooOpasneTto M xapakTepa Ha
OMyCTUHSIBaHE B OTAENHWUTE 3acerHatM pamoHn Ha cBeta (Adpuka, Asusa, JlaTuHcka
Amepuka n Kapubekm 6GacenH, CeBepHo CpegusemHomopue, LleHTpanHa u M3TodHa
EBpona). [etannHo ca OTpa3eHM W MpPeOoLEeHEeHW MponyckuTe W HepjocTaTbuuTe B
npuopuUTeTHM obrnactu, nporpamm U TEMU U ca MNPEANOXEeHW MepKn U AeVHOCTU 3a
nogobpsiBaHeTo WM. HanpaBeHM ca KOHKPETHU MpeanoXeHus 3a akTyanusauus Ha
KoHBeHUusTa n HaumoHanHaTa nporpama 3a gencrteve 3a 6opba ¢ onyCTUHABAHETO
OTHOCHO BbLMNPOCW, CBbP3aHW C MpunaraHe Ha ObpPXaBHUYECKM M HaAyyeH noaxod npwu
OLEeHKa Ha npouecute U SBMEHWsTa, BoAewM [0 AerpagauMoHHM U OEeCTPYKTUBHU
npouecu, paunoHarnHo nornssaHe M ona3BaHe Ha MOYBEHUTE, NO3eMIIEHN, TOPCKN N BOLHMU
pecypcu, Bb3CTaHOBSIBAHE M MOBULIABaHE Ha MOYBEHOTO MMOAOPOAME, CMeKYaBaHe Ha
KNUMaTU4yHMTE NPOMEHU, CyLUMTE U 3acyllaBaHWATa M OorpaHMyaBaHe Ha nocneacTeusita
1M, 3anecsiBaHe, ced 1 onoXxapsBaHe Ha ropute, onassaHe Ha BGMONOrMYHOTO paBHOBECHE,
npuemMaHe Ha 3eneHarta caernka U Cb3gaBaHe Ha 3efieHM CUCTEMW, npunaraHe Ha HOBU
MEeToAM Ha wu3cnedBaHe, AemorpadCckusi pacTeXx W MUrpaumsa Ha HacereHuero,
nogobpsiBaHe Ha couuanHata, MKOHOMUYEecKa, 3akoHo4aTtesnnHa U npaBHa pamMka, ocobeHo
B pPerMoHn cbc 3abaseHn pecdopmu n gpyrn. HaumoHanHata nporpama 3a OeWCcTBUE €
noasiokeHa Ha 3aabnboveH aHanmM3 U HayvyHa KpUTUKa M ca MpPeanoXeHn KOHKPETHU
MEepKN N AENHOCTU 3a akTyanusauunara.

Knroyoeu dymu: onycmuHsisaHe, 6opba ¢ orycmuHsieaHemMo, cyula u 3acyulasaHe,
rnoysu u 3emsi, Oeepadayusi Ha 3emMsima, epo3usi, Cyxu, roslyCyxu U Masiko e/1axHu 30HU.

OnycTUHABaHETO Ha NPUPOAHUTE pPecypcu — BaXeH rnobaneH M HauuoHaneH
npoo6nem

OnycTnHsABAHETO Ha NPUPOAHUTE, PECNEKTUBHO NO3EMIIEHUTE N NMOYBEHN pecypcu, e
BaxeH rnobaneH W HauMoHaneH ekornorvdeH npobrnem ¢ 6e3CnopHM MKOHOMWUYECKM,
couManHn un gemorpadcksm nocneacTtBuMst M 3HadeHue. Tpu  Mnpg  Aywm ot
OCEMMUNMApOHOTO HaceneHwe Ha nnaHeTata XuBee B CyxuTe pamioHW, KOUTO
npeacrtaenaeart 46 % OT 3eMHaTa NOBLPXHOCT. 3a Manko noBeYve OT MOSMIOBUH BEK, CyXUTE
panoHu ce ysenu4yasaT ¢ 4 %, a 40 Kpas Ha Beka we gocturHat 25 %. CbleBpeMeHHo,
eQHa TpeTa OT cyllaTa Ha 3eMdaTa e 3aeTa C MyCTUHW, a Apyra egHa TpeTa OT Heda e
Aerpagvpana ot epo3ust U u34epneaHe Ha XpaHUTenHuTe BelecTBa. [lJokasaHo e, 4e camo
10 % OT cyxo3eMHUTe eKoCUCTEMU U3xpaHBaT YoBevecTBoTO (Teoxapos, 2011). CywunTe u
3acyluaBaHuATa, NOPOUTE N HABOOHEHUATA Ce NPeBpbLUAT B exerogHu 6eqcTBmsa 3a MHOMO
CTPaHW K 3aTpydHsiBaT pellaBaHETO Ha NPOAOBONCTBEHUS npobnem. [bpxaBute He ca
CKINOHHWN Oa WHBECTUpPAT B TakMBa pavioHn ¢ manbk noteHuman. KoHseHumsta Ha OOH 3a
bopba C onycTMHsiIBAHETO, peauua OpyrM €BPONEenckn U MeXOyHapOAHW LOOKYMEHTU
HaMNOMHSAT, Ye TOBa He € Bb3MOXHO Aa npoabiikaBa M Te 3aablkaBaT AbpXaBuTe Oa
N3NbIHABAT KOHKPETHU mporpamun n mepku. Cnopen EBponenckaTa areHuMst No OKOmHa

14



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

cpena, 23 % ot Teputopusita Ha EC e yyBCcTBUTENHA KbM NpoLecuTe Ha OnyCTUHSBaHe,
0cobeHo B 0XXHUTE 11 panoHu. B Pe3ontouuaTta Ha EBponenckus napnameHT (EM) (2021) ¢
TpeBora ce cbobulasa, Yye ,KbM MOMeHTa EBPONENCKUAT CbO3 N ObpXKaBUTE-YNEHKN He ca
Ha NMbT Aa U3MbIIHABAT CBOUTE MEXAYHAPOAHW N €BPONENCKN aHraXXMMEHTU, CBbP3aHu C
noysute n 3emute”. ElN ce obpblua KbM CTpaHUTE-YNEHKN ,3a 6opba ¢ onyCTUHABaAHETO,
Bb3CTAHOBABaHE Ha [ferpaguvpaHuTe 3eMn W MNOYBW, BKI. U 3eMuTe, 3acerHatum ot
OnyCTUHsAIBaHe, Cylun n HaBogHeHnsa”. B CeeToBHaTa xapTta Ha noysute (2016) ce nocouysa,
Yye gerpagaumsara Ha novBMTE MO CBOSATA CbLYHOCT HaMarnsBea UM enuMMHMpa NOYBEHUTE
QYHKUMN N TsXHATa CNOCOOHOCT [a nogbpXKaT €KOCUCTEMHMUTE YCIyrn, KOUTo ca oT
XM3HEHa BaXXHOCT 3a 4oBeKka kato bnarononyyme. B cneumanHua goknag, EBponerickata
komucuna (EK) (2019) nocouBa, 4e ,OnNyCTMHSIBAHETO npeacTaBnsiBa 3annaxa 3a
EBponenckua cbto3 (EC), KkoeTo oOkasBa 3HAYUTENHO BbL3AEWCTBUME  BbPXY
3eMenon3BaHeTo”.

KoHnBeHuusita Ha OOH 3a 6op6a c onycTUHABaHETO — CbBpeMeHHa nporpama u
cTpaTerma 3a 6opba c onycTMHsABaHETO

PbkoBOOAHO Hayano 3a peluaBaHETO Ha Te3u Bbhpocu ce siaBa KoHBeHuuATa Ha
OOH 3a 6opb6a ¢ onyCTUHABAHETO, KOATO 0OXBaLLa MNOYTN BCUYKM ,ropeLlm” TOYKM Ha CBETA
N NnpeacTaensiBa BaXeH MexayHapoaeH AokymeHT. OnpegeneHo TpssibBa ga ce nocoyu, ve
BbNpekn paspaboreHata HauuoHanHa nporpama 3a pgenctBue B OGopbata c
onyctuHaBaHeTo, KoHBeEHUMsSTA He ce no3HaBa [o6pe 1 He ce M3NblHABa ¢ Heobxogumara
OTrOBOPHOCT M BHUMaHWe OT OTAENHUTE ObpKaBW, BKI. U OT bbnrapus.

Llenta Ha HacToswwmA Ooknag € Aa ce gage no-wmpoka rnacHoct Ha KoHBeHumsTa
Ha OOH, ga ce HanpaBu 06CTOEH M CbObpXXaTeneH aHanua 1 Ha Ta3n 6asa ga ce OTKpPoAT
ocobeHnTe (PUCKOBM) YCroOBMS, MPUM KOUTO MNpoTM4YaT npouecute Ha pgerpagauus wm
OnyCTUHsAIBAHE Ha rnobanHo 1 HauMoHanHoO paBHULLE, Aa CE OLEHN HEeNHaTa 3Ha4YUMOCT U
NPUNOXNUMOCT B OTAENHUTE PErMOHM Ha CBETa, Bb3MOXHOCTM 3a akTyanu3auus Ha
HaumnoHanHata nporpama 3a penctBne 3a 6opba € onycTMHABAHETO, CbOOGpPa3HO
YyCNoBMATA Ha Hawata CcTpaHa W HacTbNuMTe nNpoOMeHn npe3 nocnegHute 3-4
aeceTuneTus.

KoHBeHuuaTa Ha OOH 3a 6opba ¢ onyCTUHABAHETO € pe3ynTaT OT KOH(epeHuusaTa
Ha OOH no okonHa cpega n passuTtue, nposeaeHa npe3 1992 r. B Pno ge XXanenpo, B
KOATO yyacTBaT BMAHWM y4yeHu oT usan cBaT. [NpueTta e Ha 17.06.1994 r. B [Mapux, a BnNu3a B
cuna Ha 26.12.1996 r, cneg kato e patuduumpaHa ot 50 cTpaHu. bbvnrapusa 4
patudumumnpa npes 2001 r. CtpaHmte no KoHseHuusita ca 197, Bkn. n EC c Heroute 27
AbpXaBu-uneHkun. [1Hec 19 € ocobeHo akTyanHa B CTpaHu, KOMTO U3NUTBAT cunHa cywa wu/
NN ONyCTMHABAHE, Pecn. pasnuMyHN OerpafauyMoOHHN U OECTPYKTUBHM NpoLecu OT Tesun
AaBneHus. ManonseaHata eKOnorMyeckn onacHa v TBbpAe pasHoobpasHa TepMMHOMOormns
Cb3gaBa TPEBOXHM MUCMM 3a OMa3BaHETO Ha MOYBEHUTE M MNO3eMieHn pecypcu. Han-
ynotpebsiBaHuTe TEepMUHM 3a uUenuTe Ha KoHBeHumsATa ca: onycTuHsiBaHe, ©opba c
ONYyCTMHABAHETO, Cylla, CMEeKk4YaBaHe nocneguuuTe OT cywara, 3eMs, Aerpagauusi Ha
3emMdaTa, MoYBKM, CyXW, MOSTYCYXM M ManKO BMaXHW 30HM, 3acerHatu 30HM U ObpXXaBMu,
pernoHanHa opraHusaumsa 3a MKOHOMMYECKa WHTerpaumsi, cnabo pasBuTM U pPasBUTH
abpxasn, ctpaHn no KoHBeHumdATa. Kato Bogelw, TEpMUH, ONYCTUHABAHETO O3HA4yaBa
,BIOLLIaBaHe Ka4yeCTBOTO Ha 3eMUTE B CyXUTe, MOMYCyXMTe U MarnkoBNaXXHUTE panoHu, B
pe3ynTtat Ha Bb3AEUCTBUATA Ha Pa3nMYHU (PakTopu, BKI. M3MEHEHUATA Ha Krvmarta U
AEenHOCTTa Ha YoBeka”.

KoHBeHuusatTa Ha OOH e wmexayHapogHo crnopasymeHue, KOETO onpeaens
rmobanHata pamka 3a genctsuata cpelly 6opbata 3a onyctuHaBaHe. Ha npaktuka T e
BaXkHa MexayHapogHa nporpama M cTpaTterns 3a paspaboTrBaHe, Npean BCUMYKO, Ha
HaLUMOHanNHM nporpamMmu 3a AencTBMe B peanua CTpaHu 1 30HM Ha ceeTa. Cnopepn obwute
pasnopenbun, ctpaHn no KoHBeHUusITa ca 3acerHatuTe M pasBUTUTE AbpXkKaBW, KOUTO
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N3NbMHABAT CBOUTE 3aOb/DKEHUs KaTo noTbpnesBwn v nognomarawm. C npuoputet ce
nonsear ctpaHute ot Adpuka. 3a M3NbAHEHWETO K ce pas3paboTBaT HaLMOHAmHW,
nogpervoHanHn M pervMoHanHu nporpamu 3a genctsme. PbkoBogelwum MHCTUTYUMKM ca
KoHdepeHumss Ha cTpaHute K [locTosiHeH cekpeTapmat. OT ocobeHa BaxHOCT ca
3aKknyuTeNnHUTE pasnopenbu, KOUTO KacadT M3NbSIHEHMETO Ha MEPKUTE U 3aJadvnte B
nporpamunte 3a 6opba C ONyCTUHSABAHETO, BbB BCEKU OTAENEH pervoH Ha nnaHetata. B
Tasn Bpb3Ka, OT MPUIOXKEHUTE aHeKCW, Kacaewm WU3NbIIHEHWETO W Ha pernoHanHo
paBHULLE Ce BWXAOA, Ye TS € HacovYeHa M KOHKPETHO Mpunoxmnma B CTpaHuTe oT Adpuka,
Asus, JlatmHcka Awmepuka u Kapubckuss 6acenH, CesepHoto CpegmsemHomopue,
LleHTpanHa n U3touHa Eepona.

AHekc | 3a npunaraHe Ha KoHBeHUMATa Ha permoHanHo paBHuLye 3a Acpuka

MpaBu BnevatneHne, ye KoHBeHUMATa B TO3M PeErnMoH obxealla ronam 6pon cyxw,
NosTlyCyxm n Marsiko BraxkHu 30HU B 54 obpxxaBu ¢ HaceneHue Hag 1,4 mnpa xutenn. LenTta
Ha TO3M aHeKC e Ja CbAeNCTBa 3a orpaHuyaBaHe Ha npouecuTe n AeNHOCTUTE, CBbP3aHn
C ONYCTMHSBAHETO W/MNW CMeK4YaBaHe MnOoCneACcTBMATa OT cylwara B 30HM C 4ecTo
NOBTapsILLKN Ce ,)KEeCTOKN” cylun. 3a uenta ce otyuTaT crneununyHmte (PUCKOBMU) YCIOBUS
Ha >XMBOT B OTAENHUTE CTpaHMW, LUMPOKOTO pasnpocTpaHeHne Ha 6egHocTTa B TAX U
aemorpadckna pactex. CunHata 3aBUCMMOCT Ha HaceneHMeTo OT NPUPOOHUTE YCnoBUA
KaTo M3TOMHUUM Ha cpefacTBa 3a CbLUeCTByBaHe, KOETO B CbYeTaHWe C gemMorpadckuTe
TeHAeHUnn n daktopu, cnabara TexHonornyHa 6asa 1 HepaumoHanHaTa nNpoM3BOACTBEHA
npakTuka Bogu OO CepuosHa Aerpagjaumsi Ha pecypcHata 6asa (3ems, No4Bu, pactTuTeneH
N XXUBOTMHCKM CBAT, GBuopasHoobpasve u ap.). Ha Tasm ocHoBa pasBuUTUTE ObpXKaBw,
cbobpasHo un. 6 ot obwmTe pasnopenbm Ha KoHBeHUusATa, ce 3agbimkaBaT Aa okassaT
nomoLy (pnHaHcoBa, TpaHCchep Ha TEXHOMOIMK, 3HaHWS, METOAM U HOY-Xay MU AOCTbMNa OO
TSX) Ha B3aUMHOCBITNIacyBaHa OCHoOBa. B perMoHanHuTe nporpamu ca BKIKOYEHM MEPKK 3a
peliaBaHe Ha npobnemuTe, Bb3HUKBALLM BbB Bpb3Ka C MUrpaumsaTta, npegumsBukaHu ot
€KOMNOMMYHM 1 coumanHn akTopu, pecn. NPOObIDKUTENHO MOBTAPSLWM Ce Cylun W/unu
HEeOOCTUr Ha XpaHu U nNuTerHa Boga. CuctemuTe 3a paHHO NnaHuMpaHe, NPOrHo3MpaHe u
npeaynpexaeHne 3a cMekyaBaHe Ha MoCNeacTBUATa Ca HEU3AbPXaHU U MUrpaumnaTa Ha
HaceneHMeTo eXxerogHo ce paswumpsiBa U yBenumyasa OT pasnnyHuTe reorpaddCkm 30HM Ha
Adprka KbM passuTuTe cTpaHu. [lponyckat ce MHOro BaXXHWM MOMEHTU B aHeKkca oT
3a4biKeHUsITa Ha pasBuTUTE U crnabopas3BuTUTe CTpaHu, Ye BCUYKO MO-rope Ham-6bp3o
MOXEe [a Ce OCbLUeCTBM Ha MexaynpaBuTencTBeHa MNpPOeKTHa OCHOBa u4pe3 aobpe
MOArOTBEHM HAYYHU M HAYYHO-MPUMOXKHW MNPOEKTU, pa3paboTeHn W PBbKOBOAEHW OT
YTBbPAEHW E€KUMN N YYEHWN Ha BOAELLM MHCTUTYTU N OpraHM3aummn, Taka, KakTo ce npaseLle
B MuHanoto. PasBuxpunara ce murpauusi OT 1Or KbM CeBep nopagu HecrnasBaHe
peweHnaTa Ha KoHBeHUMATa W MOMUTUYECKUTE TPELLKM M BMeLLaTencrBa Ha HSAKOU
Abpxasn, Hanarat OOH fga akTyanuaupa To3n BaXKeH JOKYMEHT, 3a A4a My npuaane HoBO
CbObpXXaHWe C KOHKPETHW perMoHanHu U nogpernoHanHn Mepku U 3agadn, Taka, KakTto e
HanpaBeHO B aHekca 3a LleHTpanHa n W3toyHa EBpona. 3a uenta e Heobxogumo
npuemaHe Ha KpUTepum U M3UCKBAHWS 3a MNOBMLLABAHE KynTypata Ha 3emenenve u
onasBaHe Ha No3eMrieHuUTe M NOYBEHM pecypcu. B HaunoHanHuTe nporpamu 3a pervoHa
OTCbCTBAT ObpPXaBHUS M HaydeH noaxon 3a npunaraHe Ha MepKM 3a Bb3CTaHOBABAHE
NNOLOPOAMNETO Ha LUIMPOKO pPas3npoCTpaHeHuTe Aerpagupann eKocucTteMu CbC 3acosneHu,
MpuMmnTMBHM M Cnabo pasBMTU MOYBM, KOUTO Ca MOAMOXEHW B HaW-ronsamMa cTteneH Ha
onyctuHaBaHe. He 6uBa aa ce no3sonsiBa NpeB3eMaHe Ha LeNMHHM NPOCTPaHCTBa M ropu,
6e3 rpmka 3a MOYBEHOTO MNNO4OPOAME Ha MOCTOSIHHO ObpaboTBaemuTte 3emu. N He Ha
nocrnegHo MACTO, He MoXe [fJa npoabikaBa rpybata Hameca B YNpaBreHWETO WU
MKOHOMMKaTa Ha cnabopassBuTuUTe AbpXaBwu B pernoHa. Bcvyko ToBa onpegens nowoTto
Ka4yeCTBO Ha XXMBOT N HUCKNS MHAEKC HA YOBELLKO pas3BMTUE B MHOMO AbpxaBwn Ha Adpuka.
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AHekc Il 3a npunaraHe Ha KOHBeHUMATA Ha permMoHanHo paBHuLle 3a A3us

B TO3M aHekc ce nogyepTtaBa, Ye rofiiMa 4act OT TepuTopudatTa Ha 48 asmaTcku
AbpXaBu ¢ Hacenenve 4,3 Mnpg Aywun, CbLO ca 3acerHat OoT OnyCTUHsIBaHE UK cylla
UM ca 3acTpaweHn OT TAX. Te3n AbpxaBu ca pasHooOpasHM MO OTHOLWEHME Ha
KIMMMaTUYHW, XUAOPOSOMMYHK, Tornorpadpckm M OUMOMNOrMYHMU XapakKTEPUCTUKN, CXEMWU Ha
3eMenon3BaHe U CouMarnHo-MKOHOMUYECKM cucTemun. [lpupogHuTe pecypcn B TsX
MHTEH3MBHO Ce eKcniioatmpar C Len noflyyaBaHe Ha noBeve cpeacTsa 3a CblUeCTByBaHe.
Heyctonunemute cuctemm 3a npov3BOACTBO, HEMOCPEACTBEHO CBbP3aHU C NMOBCEMECTHA
OenHOCT, BOOAT OO0 Aerpagauusi Ha no3eMieHuTe M MOYBEHW pecypcu U ,3acunBaHe
ekcnnoatauusTa Ha OCKbAHUTE BO4HM pecypcn’. Habniogaea ce 3HauMTenHa 3aBUCUMOCT
OT CBEeTOBHaTa KOHIOHKTYpa Npu pellaBaHe Ha couunanHute npobnemu, kato OGefHoCT,
Nowo CbCTOSIHAE HA WU3XpPaHBAHETO Ha HaCceneHMeTo, OTCbCTBME Ha CUCTEMKU 3a
NPOM3BOACTBEHMN pPe3epBU, MUrpauusi, BbTPELLUHO OBWXKEHME U AeMOorpadiCKm pacTex.
HeobxoanmocTtTa oT MeXayHapoaHO Hay4YHO-TEXHNYECKO n TEXHOMNOMMYHO
CbTPYAHNYECTBO € MoBeYe OT 3agb/bKMTenHa 3a MOoCTUraHe Uuenute Ha YCTOWYMBO
pasBuTne, CBbp3aHM Cc BopbaTta C ONYCTUHABAHETO M CMEKYaBaHe nocreacTeusTa oT
cywara. B HaumoHanHute, perMoHanHu W NOoApernoHariHA nporpamm ce npenopbysBa
BKMIOYBaAHE Ha OAEWHOCTM KaTo M3rpaxgaHe Ha kanauuTteT, obpasoBaHue n MHdopMmupaHe
Ha oblwecTBeHOCTTa, Wu3cneaBaHus, TpaHcdep, npuagodbmBaHe W aganTupaHe,
paspaboTBaHe 1 BHeAPSABAHE HA HOBWM TEXHOMOrMK. ToBa € Bb3MOXHO Aa Ce NOCTUTHE, Tbi
KaTo gobpe pasBMBalLMTE CE a3nvaTCKU Abp)KaBuW, BbMPEKN TBbPAE CMOXHUTE U OCOBEHM
NPUPOOHN YCrOBUA, Ce CTPEMAT ha M onaseaT W orpaHuMyaBaT €KoNormyeckuTe
Bb3deNcTBMdA. Hsikonm no-pasBuTU  ObpXaBu MPaBUSTHO  OLEHSIBAT  MKOHOMWYECKM
NO3EMIIEHNTE M NOYBEHM PECYPCU U 3eMATA B TAX MMa BMCOKA NapuyHa CTOMHOCT. [pasu
BrieyaTneHne, 4ye B HauUMOHANHUTE MPOrpaMn ce BKMAYBAT aHanuauv 3a Murpauusita u
aemorpadCcKnTe acnekTn, CBbp3aHn CbC cyllaTa U onyctuHaBaHeTo. CnabocT B aHekca e,
ye He ce npeanaraT KOHKPETHU MEPKU 3a CMeKdYaBaHe Ha KIMMaTU4YHUTE MPOMEHU W
orpaHvyaBaHe Ha TEXHUTE Bb3AENCTBMS, Bb3 OCHOBa Ha PamkoBarta koHBeHumst Ha OOH
3a nameHeHue Ha knumarta (2015).

AHekc lll 3a npunaraHe KoHBeHUMATA Ha perMoHasniHoO paBHMLWA 3a JlaTUHCKa
Amepuka n Kapnockusa 6acenH

B KoHBeHuusiTa ca nocoyeHn OBLWMPHWN YyS3BUMU 30HW B permoHa, KoMTo ca ounm
CEPUO3HO 3acerHaTu OT OMNyCTMHSIBAaHE W/UMM Cylla M Ha KOUTO Ca MPUCHLUN XETEPOreHHU
€KOCUCTEMN U XapaKTepPUCTUKM C paswmpsiBal, obxsata Cu npouecu OT couuranHu,
KyNTYPHN, MIKOHOMUYECKN N EKOFIOTMYECKN NocneacTBms. PErMoHbT cbabpka eaHn oT Haw-
roremMuTe pecypcum Ha buopasHoobpa3neTo B CBETa U TOBa Mo Npasu OLLE MO-3HAYUM U
BaXKEH 3a Noabp)KaHe Ha EKOCUCTEMHUTE YCNYrn B Ta3um KXHA YacT Ha KOHTUHeHTa. EgHo
OT HanW-CEpUO3HUTE MOCNEeACTBUA OT OMYCTUHSIBAHETO WM cyllaTa € pes3kus cnag Ha
NPOAYKTMBHOCTTA Ha EKOCUCTEMUTE, KOETO Ce M3passiBa B HamansBaHe Ha gobueuTe B
3eMedenueTo, KMBOTHOBBLACTBOTO W FOPCKOTO CTOMAHCTBO W HapylwaBaHe Ha
BGruonornyHOTO paBHOBecue, obefHsiBaHe M BriollaBaHE KayeCcTBOTO Ha >uBoTa. B Tasum
Bpb3Ka, B HaLMOHANMHUTE NporpamMun 1 ctpatermm ce npenopbyBa U ce gaBa Bb3MOXHOCT
Aa ce paspaboTBaT pasnMyHM TEMU C LEN BHeOpsiBaHE Ha TEXHOMOTMMYHWU pPEeLLEHUS,
CMeK4yaBalwM nocrneacTBmata oT cywarta wu 6bopbata cbCc 3acywasaHeTo. [lpaBu
BNeYaT/ieHne, 4e B TO3N PErMOH Ha CBETA Ca BKMIOYEHN KOHKPETHM TEMWU 3a pauMOHANHO
non3eaHe M oOrna3BaHe Ha MOYBEHUTE pecypcu, YCBOsiBaHE U edeKTUBHO Mon3BaHe Ha
BOAHUTE pPECYpCKU, B 4aCTHOCT BogocbopHMTE OacenHn, ycToMuMBa eKcnroartaums Ha
NPUPOOHUTE PeCcypcu BbB BUCOKOMSIAHMHCKNTE paroHu. CheunanHy TeMu ca ninaHupaHu
32 YCbBbPLIEHCTBAHE W Cb3gaBaHE Ha CUCTEMW 3a MOHUTOPUMHT U PaHHO
npegynpexgeHne, Ha CUCTEMM 3a OUeHKa Ha [JaHHM, KOUTO OTyuTaT Mno4YBEeHuUTe,
KNUMaTUYHUTE, METEOPOSIOTNYHUTE, XUOPONOrMYHUTE, BUONMOrMYHUTE, NKOHOMUYECKUTE U

17



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

coumanHute daktopu wn ycnousi. B yHMCOH c pasnopenbute Ha KoHBeHuusiTa 3a
BGuonorn4yHo pasHoobpasue, cneumanHo MSCTO e OTAEeNneHo Ha cTpaTernm 3a YCTOMYMBO
N3Non3BaHe W CbxpaHsiBaHe Ha 6GuopasHooOpas3vMeTo Ha HUMBO OOLWMHM WU 3aLUTEHU
Teputopun. ToBa € HanbfHO OOSICHMMO, crneq Kato PernoHbT e Mo3HaT KaTto ,0enute
ApoboBe” Ha KOHTMHEHTA M cBeTa M ce HabngaBa MHOMO BHMMATENTHO OT BCUYKM
CBETOBHWN €KONOormyHu opraHmsaumm. Kato cnaboct moxe ga ce oT4yeTe OTCbCTBMETO Ha
crneumanHu Mepku 3a orpaHM4yaBaHe Ha ropckuTe MoXapwu u cedTa B ropute, BCreacTeue
Ha KOeTO ce HapyluaBa GMONOrM4YHOTO paBHOBECHE.

AHekc IV 3a npunaraHe Ha KOHBEHLUMATAa Ha pervoHanHo paBHULIEe 3a
CeBepHoTO CpeanseMmHomopue

OcobeHnte ycnoBua Ha pernmoHa Ha CpeguseMHOMOPMETO KaTo UsaAno  ce
XapakTepmuanpaTr CbC CyX KNumaT BbpXYy 3HAYUTENTHUM TEPUTOPUWU, C HEPaBEH MIT@aHMHCKM
pened CbC CTPbMHM CKITOHOBE W AOCTa pa3HOObOpaseH nemnsax, CE30HHM CyLUM, MHOro
ronsiMa NPOMEHSIMBOCT U MHTEH3MBHOCT B KOSIMYECTBOTO Ha BanexuTte, BoAewm 40 nopou
n HaBogHeHus. NocouBa ce, Ye nouBnTe ca 6eaHN U CUIHO MOAMOXEHU Ha epo3usi, BbPXY
KOUTO NecHo ce obpasyBa MOBBLPXHOCTHA Kopa. [OpCKUTE NoXapu U yHULLOXaBaHETO Ha
ropute M ropckarta noctenka ca 4decto sieneHue. Kpusata B TpaguUMOHHOTO CENCKO
CTOMaHCTBO € CBbp3aHa C W30CTaBAHETO Ha 3eMW M MOCTENEeHHO paspyllaBaHe Ha
noyBo3alUuTHaATa U BOOOXPAHUTENHA pons Ha noysute. CneumduyHUTEe ycrnoBusa ca
CBbP3aHN M C HEYyCToNYMBaTa N HenpaBuITHa eKcnroataumsa Ha BOgHUTE pecypcu, BogeLla
A0 HaHacsiHe Ha Cepuo3HM Bpeau Ha OKorfHaTa cpeaa, BKA. XMMUYECKO 3aMbpcsiBaHeE U
TOKCMKaUMS, 3aconsiBaHe U M3TollaBaHe Ha BOAOHOCHWUTE MOYBEHU CrOEeBEe WU MbIIHO
onycTuHsiBaHe Ha nousute. B Pesontounara Ha ElN ot 2021 r. ce nogyeprtasa, ve ,25 % ot
HanosiBaHMTe 3emenerncku 3emn B CpeamseMHOMOPUETO Ca 3acerHaTu oT conta’, T.e. OT
npoTnyawiM akTUBHW Mpouecu Ha 3aconsiBaHe. [lpenopbyBa ce pa3paboTBaHETO Ha
HaUMOHaNHM nporpamMmuM C KpaTKM CPOKOBE, KOUTO Oa BKMNHOYBAT KOMIMMEKC OT MEpPKW,
OTHacsLWM ce OO0 YCTOMYMBO YyNpaBfeHME Ha nacuvuiata u ropute, NovYBeHUTE U BOLHM
pecypcu, npunaraHe Ha CbBpPEMEHHM CUCTEMU Ha 3eMernor3BaHe, 3aluTa OT TOpPCKU
noxapw, npegoTeBpaTsBaHe epo3usTa Ha noduBute u ap. [llpenopvyBa ce pa ce
pa3paboTBaT M U3NbIHABAT NOAPErnOHanHW, PerMoHanHn UM CbBMECTHM Nnporpamu 3a
AENCTBME MeXOy OTAENHW CTpaHu wunu rpyna takmBa. CnabocT B aHekca e, Yye He ce
oTpassiBaT [AOCTaTb4yHO exerogHuTe 3arybu u yHUWOXaBaHETO Ha OGUOMOrMYHOTO
pasHoobpa3ve OT TropckuM noxapu, XxapakTepHu 3a pervoHa. Cnopen PamkoBata
KOHBEHLMSA 3a nameHeHue Ha knumarta (2015), nnaHupaHeTo U NpueMaHeTo Ha AENHOCTU
Nno 3eneHata cAaenka u M3rpaxnaHeTo Ha 3efieHM CUCTEMM Ca HEOTNOXHM 3ajadn 3a
permoHa Ha CeBepHoTo CpeanseMmHoMoOpHUe.

AHekc V 3a npunaraHe Ha KoHBeHuusTa 3a LleHTpanHa n U3touyHa EBpona

Tebpae cneunuyHn N KOMMMAEKCHN ca yCcnoBusaTa, OTHacAWM ce go npobnemuTe u
npeausBMKaTencTBata Ha ObpXXaBuTe OT Te3n permoHn Ha EBpona. Te ce oTHacaT npeau
BCMYKO [0 MpOLECUMTE Ha WKOHOMWUYECKN MpPEXod, YKpenBaHe Ha couuanHarta u
MaKpOMKOHOMMYECKA pamKa 3a nasapHu U MKOHOMUYECKM pedopMun. KbMm cneumpuyHnTe
yCIoBMsi ce nocoyBa MHOroobpasmeto oT bopMu Ha Aerpagjaumsa Ha 3emMsita B pasnnyHu
eKkocucTteMu, nocneguumTe oT 3acyllaBaHe W PUCKOBETE OT OMYCTUHSABAHE B TEPUTOPUN,
npeapasnofioXXeHn KbM MOYBEHA €po3usi, MPUUYMHEHA OT BOOHUTE CTUXMM WU BATHLPA,
KakBUTO ce HabniogasaT M B bbnrapus. Kato KpuaucHu ycrioBusi B 3eMedenuneto ca
onpeneneHn HamansiBaHeTo Ha obpaboTBaemarta 3eMsi U HEenoaxoasalUTe CUCTEMU 3a
HanosiBaHe, MOCTEMEHHOTO BfiOWIAaBaHe Ha CTPYKTypuTe W eKocuctemuTe, onassalym
noyBuTe n BoguTe. Kato usano ce nocTaBsA akUEHT Ha HeycToMuMBaTa ekcnnoaraumsa Ha
BOAHWUTE pecypcu, BoAella A0 Cepuo3HM €eKOSIOrMYHU Bpeaun, B T.4. HaBOAHEHUA U
3aconsiBaHe, XMMWYECKO 3aMbpCsiBaHE M M3TOWABAHE Ha BOAOHOCHUTE XOPU3OHTU W
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noysute. KbM KpU3MCHUTE YCIOBUS Ce MOCOYBAT YeCTUTE FOPCKM Moxapu n 3aryoute B
FOPCKOTO MOKPUTUE, PUCKOBETE OT HapacTBaLM MKOHOMUYECKN MU COLMarnHn 3aTpygHeHns B
panoHuTe, 3acerHatu oT Aerpagaums Ha 3emsTa U novBuTe, ONyCTUHSIBAHE, CyLua, MOpou m
HaBOAHeHUsA. AHanum3anTe nokaseaT, 4e cywute B WM3touHa u HOromstouHa EBpona B
npoabiHKeHME Ha NOCNeaHUTe TPU-YeTUpPU OAECETUNETUS Ca CE30HHO NPOLBLIHKUTENHN UNK
nepuoanyHoO NOBTapPSLLN Ce, BKM. U y Hac. Te ca CbYeTaHu ,C U3MNOM3BaHE Ha NPaAKTUKK 3a
HEeyCTOMYMBO pasBuUTUE, B pe3yntar Ha duandeckn, OGUONormyeckn, nOsIMTUYECKM,
couManHn U MKOHOMUYECKU (baKTopKn”, KOETO BOOU OO0 TEXKM AeMorpaddCkm U eKoNormyHu
NnocrneacTBusl, Kato paswmpsaBaHe apearna Ha nycreeuwmre 3eMu 1 3annyaBaHe Ha MHOro
cenuwa, ocobeHo n y Hac. lMpenopbyBa Ce HaUMOHaANHUTE nporpamu 3a OeWCcTBue 3a
bopba c onycTuHABaHETO Aa 6bAaT Hegenuma 4acT OT nonmMTuyeckata UM 3akoHoadaTenHa
pamMKka 3a yCTOMYMBO pa3BMTME W da ce pasrnexnar No Noaxoasdill HauuH pasnuyHuTe
dopmn Ha gerpagjaumsa Ha 3emsaTa, ONyCTUHSIBaHe W 3acywwaBaHe. CTpaHuTe moraT ga
N3NbINHABAT CaMOCTOATENHO U CbBMECTHO, B PaMKUTE Ha CbLUECTBYBaWM UK Obaewm
ABYCTpPaHHM OOroBOpeHOCTU. B nogpervnoHanHuTe u perMoHasnHu u CbBMECTHW nporpamMmm
3a OeNCTBME MMa Bb3MOXHOCT a Ce U3MNoM3Ba Hay4yHa M pa3BoMHa OEMHOCT 3a u3bpanu
€eKoCUCcTeMM B 3acerHatn obnacTtn Ha onyCTUHABAHE.

HaunoHanHa nporpama 3a geMcrteue 3a ,,YCTOMYMBO yrnpaBrieHMEe Ha 3eMuUTe U
6op6a c onyctuHaBaHeTo B P Bbnrapua”

KoHBeHUMATa B Hawarta cTpaHa e paTtudpuumpaHa ot HC no npegnoxeHue Ha
MwuHuctepckua cbeet npes 2001 r. Mpe3 2014 r. e npueta HaumoHanHa nporpama 3a
aencrteme 3a ,YCTOMYMMBO ynpaBneHve Ha 3emute n 6opba C ONyCTUHABAHETO B
P Bbvnrapus”. lNporpamaTta e pa3paboreHa Bb3 OCHOBa Ha 43 Hay4YHW U HAY4YHO-MPUMOXHU
pa3pabotkn, 17 3akoHa, 8 pasnopeadbu v 2 npaBunHMKA. ToBa ca W3TOYHUUN, KOUTO
CbAbpXaT LIMPOKOTEMATMYEH U pasHOOOpa3eH AoKasaTericTBEH MaTepuan C akTyanHu
AaHHW U uHGopmaums. [lMporpamata uma SICHO opmynupaHa uen: ,orpaHnvyaBaHe
aerpagaumara Ha 3emute n 6opba C onycTMHsIBAHETO 3a 3anasBaHe U pa3BUTME Ha
KanauuMTeTa Ha ekocucTemuTe 3a MocTUraHe Ha uucta, 6esonacHa M npueBnekaTenHa
OKOJSTHa cpeda, MKOHoOMMYecka cTabunHoct, nogobpsiBaHe Ka4ecTBOTO Ha XMBOT . ocousa
ce, 4ye nnowTa Ha 3emMuTe CbC 3eMedencko npegHasHadeHne e 5192940 ha, koeto
npeacraenasa 46,8 % OT TepuTopmudATa Ha cTpaHata. Kato ce umaT npegswg v opyru
arpapuKoOHOMWYECKM OaHHW, TOBa € CUrypeH nokasarten, ye B Obaewle bbnrapusa we ce
pasBuBa KaTo arpapHa ctpaHa (Teoxapos, 2010). ETo 3aw0, onasBaHeTO Ha NO3EMIIEHUTE
M MOYBEHN pecypcuM € MbpBOCTEMEHHA HauMoHanHa 3agada. [locodBa ce ouwe, 4e
nanonaeaHarta 3emegencka nnowy (M3M1) e B pasamep ot 4976815 ha n npencrasnsea 44,8
% oT nnowTa Ha cTpaHata. ObpaboTtBaemute 3emun 3aemat 3469388 ha n npeacrasnsaear
69,7 % ot UN3I. Ot 1ax 50 % ce obpaborBart noag Haem, 45 % - nog apeHga u 5 % ot
3emnte - OT cobcTtBeHMumTe. OnpedeneHo Moxe [fa ce Mpeanorioxu, 4Ye camo
cobcTBeHNLMTE, KOMTO obpaboTBaT camu 3emsTa, Ce rpuxkar 3a Hes,, cbobpasHo
YCTaHOBEHUTE CUCTEMU Ha 3emMefenue M U3NCKBaHUATa 3a MNoBuLaBaHE Ha MOYBEHOTO
nnogopoane. OcTaHanuTe, KakTO € W3BECTHO, s EeKcnroatvpar M Hanarat TpanHO
MOHOKYNTYpHO 3emegenue. [lenbT Ha M30CTaBEHUTE M NycTeewmuTe 3eMu ce 3anassa U
kbM 2021 r. e manko Hag 30 %. MNpuumHuTe 3a TparHUs TpPeH Ha TO3M nokasarten ca
KOMMMEKCHN, HO Ha MbpPBO MSACTO Ca ynagbka M 3arMBaHeTo Ha ObnrapckoTto ceno u
aemorpadckna cpuB B Hero. He € Bb3MOXHO MpuM fOWOTO CbyeTaBaHe Ha MPUPOOHU U
YoBeLWKM hbakTopu, MpoLecuTe Ha OMyCTUHSIBAHE [a He Ce aKTUBM3WpaT M AenbT Ha
nycreewmTe 3eMn Ja He ce yBenvyaea B 6baeLue.

YCTOMYMBOTO ynpaBreHne Ha 3eMuTe Ce OCHOBaBa WM AOKa3Ba 4pe3 eKOCUCTEMHUS
Hay4eH noaxopn n YCTaHOBEHM Hay4YHOOOOCHOBaHN  XapaKTePUCTUKM 3a
dmankoreorpadcknute gageHoctu un ycnosus. 3a uenta B HaumoHanHata nporpama ce
npaBn 3aabnbovYeH aHannM3 Ha CbCTOSSHUETO Ha 3eMHUTE pecypcu (No4vBu, BOAM,
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pacTeHusi, XMBOTHU). PecypCHOTO MM pa3srnexgaHe B 3eMederiCku, ropcku U HapyLleHU
TEPUTOpPMM daBa NbfHa nNpeacraBa 3a MNPOTMYAHETO Ha MnpouecuTe Ha aerpagaumst u
ONyCTUHSAIBaHe, 3a MpeanpueTute MepKnm 3a oOrpaHndyaBaHe U CbLEBPEMEHHO
nogobpsiBaHe Ha TEXHMSA arpoeKkonorMyeH noteHuman. Bogewo mAcTo npu pasrnexgaHe
Ha NPUPOOHUTE pPecypcu € OTAENeHO Ha MOYBUTE, CESICKOCTOMaHCKUTE 3eMU U nacuwia,
pacTuTenHarta nokpueka u XXMBOTUHCKUSI CBAT, ropuTe, BOOHUTE pecypcn n BGMONorn4yHoTo
pasHoobpasve. XapakTepucTukata Ha gerpagauuoHHUTe U epO3NOHHM  MPOLIECH,
npotmyawm B T4AX, € nogpobHa wu HaydHoobocHoBaHa. OnmcaHM ca peauua
AECTPYKTUBHUTE npouecn, Bodewm [0 OnyCTMHsIBaHe: Jerpagjaumsa  Ha 3emsaTa,
3acyllaBaHe, NovBeHa epo3nsd, Aexymmdukauus, 3aconsBaHe, BKMCNSABAHE, TEXHOMEHHO
3aMbpcsaBaHe, CE30HHO NOBbPXHOCTHO NPEOBRaXHsIBaHe, CBNaYMLLHK npouecn n ap. He e
AoctaTbyHO, obadve, camo Oa ce xapakTepuaupaT Te3u MNpouecu, a Mo-BaXHO € da ce
NnocoYM TOYHO COPMUPAHETO W pasnNpPoCTpaHEHMETo Ha 6egHM noYBM U ronemmu
NPOCTPaHCTBa OT NMyCTeeLln HENNOAOPOAHN 3EMU B KOHKPETHN M €KONOMMYHO 3acTpaLleHmn
panoHu. B Tasn Bpb3Ka, KOrato ce TbIIKyBaT NPUYUHUTE U NOCMEeACcTBUATa OT npouecuTe,
BOAELLM OO0 OMYCTUHSIBAHE, € BaXXHO Aa Ce 3HasaAT M Ja Cce NnocodvaTr KIacoBETE WK
TMNoBETE NPUMUTUBHN U cnabo passuTy noyusu (Jintozemun, PaHkepun, Perozemu, MNMacbyHm
W Apyrm NAUTKM MNOYBWM) C NbpBMYEH reHesnc m xabutyc (Teoxapos, 2011, 2019).
O6ukHOBEHO Te ca pas3npocTpaHeHM B apeann C BUCOKa CTeneH Ha gerpagauust m
OMyCTUHSIBAHE C SICHO U3pa3eH TEPMOKCEPUYEH UMM KpuoyaudeH nepoknumar. Toea ca
KpamHW eKCTPeMHU YCrOoBUs, KOUTO CbLeCcTByBaT B Hawata CTpaHa W BoOgAaT O
ONyCTUHSIBAHE Ha onpeaeneHn 3emMeneriCkn U ropckn TepUTopum, KOUTO HE ca CMOMEHATK.
Mpn nocoyeHuTe NBAHONPOMUAHN U MOWHK noyBu (JlecusupaHn n MetamopdHK) C
BpeAHa KUCENUHHOCT, HEe NpOoTMYaT NpPoLEecKH Ha onyCcTUHABaAHE. HanpoTue, Te ca C BUCOKO
pacTUTENHO MOKPUTUE U rofiiMa BMONPOAYKTUBHOCT, OCOBEHO B €KOCUCTEMM Ha TOPCKU
TEPUTOPU, KbAETO pacTUTENHOCTTA € aumgodunHa u uuTupaHeTto Mm B obcera Ha
npouecuTe Ha OMyCTUHsIBaHE € HeOBSICHMMO W HenpaBuiHO. HegocTtaTbyHO MSCTO €
OTOENEHO Ha HapyLIeHUTE TEPUTOPUKN, KbAETO CpyTULLATa (HEMPABUIHO ONpeaensiHi KaTto
CBrayuLLla), ca XapakTepHO SIBfieHMe U 3a TAXHOTO OrpaHuvyaBaHe ce OTAENST MUIIMOHMU
neeoBe. TOYHOTO TbIIKYBAaHE Ha MOHATUATA, CBbP3aHM C MpoLecuTe, NpoTvyawm npu
HapyLlaBaHe Ha novBeHaTa NoKpMBKa U PyHKLMUTE Ha noyBaTta, € OT 0CODEeHO 3HayYeHue
3a npunaraHe Ha TOYHM peLLeHUs B npakTukata. [louBaTta e GuonormyHa cmctema, KOsito
npuTexxaesa CBOWMCTBOTO MNSIOAOPOAME M 3aBMAHA reofniormyHa U uctopudecka namet. Ta e
BaXKEH €KOSIOrMYyeH M NPOOOBOSICTBEH PECYPC M OCHOBHO CPeACTBO 3a NMPOW3BOACTBO M
Bb3NPOU3BOACTBO Ha XWU3HEHOBaXXHU nNpoaykTu. [loyBata XuBee, OBWXM Cce, OULIA,
nyncupa, passmBa ce, CTapee, HO HMKOra He ymupa cama. [pwxkaTa 3a 34paBeTo Ha
no4ysaTa e rpmxa 3a 3gpaBeTo Ha xopaTta. [MpeBpblUaHeTo Ha novBaTta B 6e3xM3HeHa maca
n Teputopuss obpuya BcAka Hauma Ha mben. Hawa OTroBOpHOCT € ga 4 onasum U
3aBellaemM 4Ynucta un 3gpasa Ha 6baewmTte nokoneHusi. ETo 3awo, npu paspabotBaHe Ha
nogobHM HauUMOHaNHM [OOKYMEHTM KaTo nporpamata, yHOAaMEHTanHUTE MOHATUA U
Bbnpocu TpsibBa Aa ca Hay4HOOBOCHOBaHM.

HanpaBeHaTta nbnHa xapakTepucTuka Ha KNUMaTU4HUTE YCIOBMS AaBa Bb3MOXHOCT
3a NPOrHo3upaHe, NnaHMpaHe U paHHO NpeaynpexaeHne Ha peauua aBreHnUs U Npouecu,
npeaun3BnKaHn OT TEXHUSA NPOMEHINB XapakTep Ha nposienexHune. Nporpamara 6u 6una no-
NbiHa, ako 6sixa npeacraBeHn NoBeve JaHHW 3a KIMMaTUYHUTE NPOMEHM Y Hac, CyLunTe U
3acyllaBaHETO NMpe3 NocnegHUTe HAKOMKO OEeCETUNETUs, KOUTO CbLUECTBEHO Ce OTpa3smxa
BbpPXY CbCTOAHUETO Ha ropckaTa pacTUTENHOCT B XbIIMUCTUTE M MNOMYNSIaHUHCKN panioHu C
NnpexogHoCpean3eMHOMOPCKM KnNuMar. HegoctaTbk € 1, Ye He ce OueHsiBa Negoknumara
ype3 eOuHHUSI NOYBEHO-KNUMaTUYEH nokasaTen — XUOPOTEPMUYEH PEXMM, KOMTO AaBa
NMbfHa NpeacraBa 3a U3MEHEHMSITA B MOYBUTE M KNMMarTa, 3a NpoLecuTe Ha 3acyllaBaHe n
OMyCTUHSAIBAHE 3a NO-ObNbI Nepuod OT BpeMe B OTAENHUTE arpoekonormyHu panoHU Ha
cTpaHata. B paspaboTeHuTe TemMaTU4HM NporpaMmmn ce oTynTa pondra U OTFOBOPHOCTTA Ha
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MECTHOTO camoyrnpasrieHMe, KoeTo obave 3a cera He € MnogkpeneHo ¢ noaxoasuwia
3aKkoHogaTtenHa 1 npasHa ypenba. B Tasu Bpb3ka, paspaboTeHnte TemMaTtuyHU nporpamu
3a 3aKoHogaTenHarta M npaBHa pamka ce HyXaasT OT OCbBpeMeHsaABaHe U nogobpsisaHe u
KOHKpEeTHU pedopMu, Taka, KakTo ce NocoyBa B aHekca 3a LleHTpanHa u M3ToyHa Espona.
KbM cneundunyHnTe npobnemn n npegmssBuKaTencTsa, B TO3M aHEKC Ce BKMYBa ,HyxaaTa
OT YyKpenBaHe Ha couumanHata W nonuTudecka pamka 3a WMKOHOMUYECKU M MasapHu
pedopMM MO BpeMe Ha WMKOHOoMU4Yeckun npexon’. lNMpobrnem, KOMTO npoabikaBa Oa €
akTyaneH 3a pelwaBaHe Npu fHewHuTe ycnosus. BebliHOCT, B camaTta HauuwoHanHa
nporpama, oLLle B 3arnaBMeTo € NOCOYEHO, Ye akTyanuaaumsaTta e 3a nporpameH nepuoa oo
2020 r. NMpeaBngeHa e mHoro npasunHo lNNporpama 3a paspaboTBaHe WM BKNKOYBaAHE Ha
y4yebHM nporpamMu 3a yCTOMYMBO YrpaBfeHWe Ha 3eMHUTE pPecypcu Ha BCUYKM HMBA Ha
obpasoBaTenHarta cuctema, ¢ Luen Bb3nuTaHne Ha Mnagute xopa KbM OonasBaHe v 3alimTa
Ha NPUpoaHUTE Pecypcu 1 okonHaTa cpeaa.

3aknoyeHue

KonBeHuuata Ha OOH 3a 6opba ¢ onycTnHABaHETO e rnobanHa n MexagyHapogHa
nporpama u cTpaTterms ¢ BaXxHO (arpo) eKornorn4yHo, MKOHOMMUYECKO M COLManHo 3HavyeHme
3a BCEKM Hapoa v Abpxasa. ToBa € NonMTUYECKN N MHOTOPYHKLUMOHANEH AOKYMEHT, NpueT
Bb3 OCHOBa Ha O0OPOBOMHO CMoOpasyMeHWe MeXay AObpXKaBuTe, C Len npegu BCUYKO
paspaboTBaHe N M3NbIHEHWE HA HaLMOHAIHW, PErMoHarnHu 1 NoaperMoHanHu nporpamu
3a gencteue 3a 6opba c onyctuHABaHeTo. OT HanpaBeHWs aHanu3 ce YCTaHOBSBa, Ye
KoHBeHUusTa aaBa gobpa npeacraBa 3a 0COBEHUTE (KOMMMEKCHM) YyCNoBUA U nNpueTute
MEpPKM N AenHOCTK 3a bopba ¢ onyCcTUHABaHETO B permoHuTe Ha Adpuka, Asus, JlaTnHcka
Amepuka n Kapubekn 6GacenH, CeBepHo CpegusemHomopue, LleHTpanHa u M3TodHa
EBpona. CwvobpasHo npupogHute, duamkoreorpaddCkM, WMKOHOMUYECKU, COLMASIHM,
Aemorpadckm n ekonorndeckn gageHoctn, KoHBeHumaTa npegnara npuMmepHn (MoaernHm)
nporpamu 3a gencTBme n paspaboTBaHe Ha TakMBa Ha HaLMOHANHO pPaBHULLE, OTYMTANKK
KOHKPETHUTE (PUCKOBM) YCINOBUS U NOTPEOBHOCTM HA BCSIKA OT 3acerHatuTte OAbpXKaBMu.

HaumoHanHaTa nporpama 3a pgencrtBuMe 3a 6opba C OnyCTUHSIBAHETO Yy Hac U
BHMMAaTENHUA NPOYUT MO Hes 3adbihkaBa CcTpaHaTa Aa nposexaa no-gobpa gbpxaBHa U
Hay4yHa MonuMTUKa 3a YCTOMYMBO YMNpaBfieHME Ha MNO3EMSIEHUTE WU MOYBEHU PECYPCH,
3emMefenneTo 1 arpapHata HM MKOHOMMKa 3a nogobpsiBaHe Ha NO3eMSieHUTe U couunarHu
OTHOLLEHMA N 3a3fpaBsiBaHe Ha gemorpadckuTe nokasatenu. [porpamata ce Hyxagae oT
cepuo3Ha M 3agbnboveHa akTyanusauus U NoCTaBsHe Ha MO-BUCOKM WU3UCKBaHUSA KbM
pasnNYHUTE NHCTUTYLMM U OpraHn3aumm 3a HEMHOTO U3MbITHEHUE.
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YCTOUYUBO YMPABNEHUE HA HEMPUATENW OT PO MELOIDOGYNE
(NEMATODA: MELOIDOGYNIDAE) B OPAHXEPUU - NOOAXOOUN U
NMPEOU3BUKATEJICTBA B BbJIFTAPUA

Xens Ununesa', Bunenuna AxHkoBa?, UnusaH Unues?®, JlaHnena MNaHeBa?,
MuneHa Kepuesa'
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Pe3rome

OCHOBHUTE 3eneH4Yyuun OTIMeXaaHu B KyNnTUBAUMOHHM CcbopakeHus B Bbnrapus ca
aomatu u  Kpactasuuu. [anoobpasyBawimte napasntm oT pog Meloidogyne ca
NKOHOMUYECKN Hal-BaXXHUTe pacTuTenHonapasuTHU HemaToau npu
3eNneHYyKonpon3BoACTBOTO. B HacTosiwara paborta ca pasrnegaHn HOBM UM KITACUYECKU
noaxoam Npw ynpaeneHNeTo Ha Te3n BPeauTenu KaTo YCTOMYMBU COPTOBE, B TOBA YUCIIO U
npucagkn, npunaraHe Ha pacTUTENHN eKCTPakTu U BuoareHTn KaTo 4acT OT UHTerpupaHo
unun GuonponssoacTeo. MNMpeanoxeHo e npepasrnexnaHe Ha nNparoBeTe Ha BPEAHOCT Mnpu
KpacTaBuLM.

SUSTAINABLE MANAGEMENT OF PESTS OF THE GENUS MELOIDOGYNE
(NEMATODA: MELOIDOGYNIDAE) IN GREENHOUSES - APPROACHES AND
CHALLENGES IN BULGARIA

Zhenya llieva', Vinelina Yankova?, lliyan lliev?, Daniela Ganeva?, Milena Kercheva'

" Institute of Soil Science, Agrotechnologies and Plant Protection “N. Poushkarov”,
Agricultural Academy
2 Maritsa Vegetable Crops Research Institute, Agricultural Academy
% Sofia University “St. KI. Ohridski”

Abstract

Tomato and cucumber are the main vegetables grown in protected cultivation in
Bulgaria. Root-knot nematodes of genus Meloidogyne are the most economically
important pests in vegetable production. In the present work the follow new and classic
approaches of pest management were considered — selection of resistant varieties and
rootstocks, different type of application of plant extracts and bioagents as a part of
integrate or bio- production. A review of damage thresholds of root-knot nematodes in
cucumber was proposed.

BbBeneHue

OcHOBHUTE 3eneHYyun OTrnexaaHu B KyNTUBALMOHHU CbopaxeHnsa B bbnrapusa ca
AOMaTKh 1 KpacTaBULM KaTo NPON3BOACTBEHNSA OAN B TAX 3aema CbOoTBETHO OT 35-50% npwu
pomatute n 60-80% npu kpactaBuuute (Purypa 1). MNonutuneHoBuTe opaHXepun U
TYHenn 3aemat 2/3 oT obwarta nnow, Ha KynTuBaUMOHHUTE CcbopaxeHus, a 85% ot
npoayKkumsita ce Nnpounssexaa Bbpxy no4sa.
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PacTtutenHonapasutHUTe HemaToam npuunHaeat 3aryom ot 12.3 % ($157 mununapaa)
B cBeToBeH Mawab (Singh et al., 2015). Nanoobpasyeawute Hematogn (FOH) ot popg
Meloidogyne ca Han-4yecto HabnogaBaHUTe W BPEOOHOCHU pacTUTENHOMNapasuTHU
HemaTtoan B 3eneHdyykonpoudsoacTBoto (Jones et al.,, 2013). 3arybute 3aBucat oOT
HavyanHata nonynauus B noyearta, BUAa U copTa Ha KynTypaTa, TEXHUKATa Ha oTrnexaaHe
KaKTo 1 peanua 6MoTrnyHM 1 abrnotndHn daktopu (Ornat and Sorribas, 2008). Kaskavalci
(2007) cvrobwaBa 3a 80% 3arybu npn gomaTtu B 3anagHa AHagona, a Ornat et al., (1997)
Habnogasa 60% npu opaHXepuUnHU KpacTaBuLMW.

NOH 4yecTto ca 4acT OT KOMMMEKCHM 3abonsiBaHWa no pacteHudaTa. [lo-ocTpoTo
npoTuyaHe Ha peauua 6onectn no 3enevyun OoT ceMencTBo Solanaceae, NpuUYMHEHU OT
natoreHHuTe rbu Rhizoctonia solani, Pythium debaryanum u Fusarium oxysporum v
GakTepun Ralstonia solanacearum, Agrobacterium tumefaciens ca cnegcteue OT
CbyeTaHOTO UM onapasuTtssaHe ¢ Meloidogyne spp. (Evans and Hydock, 1993, Francl and
Wheeler, 1993, Shahbaz et al., 2015). YctonumBocTTa KbM BaKTEPUIHO N IMOHO yBAXBaHE
ce Hapywasa npu cbyeTraHa uHBasnsa ¢ [OH. Yecto Te3nM Hematogn HamansiBat u
TONEepaHTHOCTTa Ha pacTteHusTa kbM abuotmnyeH crtpec (Castillo et al., 2003; Fourie et al.,
2016).

Llen Ha HacTodwaTa paboTa e Ja ce HanpaBu aHanu3 Ha gocerallHu n3cneaBaHus u
Aa ce npeanoxat HAKOW peLleHuss Npyu ynpaBneHUeTo Ha ranoobpasyBaliyM HemaToau B
OpaHXXepPUNHOTO NPOU3BOACTBO Ha HallaTa cTpaHa.

MaTtepuanu u metoau

Mpun cepust OT opaHXepurHM onuTK NpoeeaeHn B nepuoga 2018- 2022 r. ca nanutaHu
pasnuUyHN KOMOMHALMM Ha XMMWYECKM MpenapaTty 3a pacTuTenHa 3awuTa, pacTUTENHU
E€KCKTPaKTN U MUKpobumanHu areHTn cpelty NOH. YacT ot pesyntatute ca nyonukyBaHu, a
apyrm ca HoBu. Metoamkata v gu3aiHbT Ha onuTuTe ca nybnukyeBaHu ot llieva et al.
(2021) n Markova et al. (2023).

Kbm onutnte e pobaBeHO u3NUTBaAHE Ha KOMOMHAUMS Ha ObnrapckuaT wam Ha
Trichoderma asperellum T4 B CaMOCTOATENHO WAN KOMOWHMPAHO MPUIIOXKEHUE C
pactuteneH ekctpakt oT yecbH NemGuard EC no cxemara, npunaraHa u 3a gpyrure
LwamoBe, onucaHa B Markova et al. (2023).

B cratusita ce pasrnexgar u HAKoW pesynTtaTu OT OTNMTK 3a YCTOMYMBOCT Ha AoMaTu
oT 6bnrapckara cenekunoHHa nucta kbM NOH. Onutute ca npoeexgaHu B 1 n cbaose €
NMOYBEHO-TOpPOBa CMecKka (cTepurnHa nodBa:nsscbk — 1:1) ca 3acaxgaHun 60 OHEBHM
pacTeHus AoOMaTu M ca 3apassiBaHuW C MHBA3WOHHWU tOBEeHUNHWM Ha Meloidogyne arenaria B
KOHUeHTpaums 5 J2/1 g cyxa noysa. CTeneHTa Ha HanageHe e oT4uTaHa cneg 65 geH no
ckanata Ha Bridge and Page (1980).

Pesyntatu n obcbxpaaHe

Mpn HanpaBeHUs aHanu3 ce o4epTaBaT HSAKOMKO OCHOBHW Npeav3BUKaTencraa
CBbp3aHM C YyMNpaBrneHWeTo Ha ranoobpasyBawmMte HemaTtoan Mpu  OpaHXEePUMHOTO
Npon3BOACTBO.

Bcuukn cpewawm ce B Hawarta cTpaHa BugoBeTe Ha pop Meloidogyne cbe
MKOHOMMYECKO 3HadeHune (M. incognita, M. arenaria, M. javanica w M. hapla) ca
rnonueocmarsiHu. MNMpw npoeexgaHuTe nNpes nocrneaHuTe roguHn npoyysaHus vyecto NOH ca
YyCTaHOBSIBAHM B CMECEHW Monynauum B OpaHXepunHuTe nnowm. To3m dakT usknioysa
npunaraHeTo Ha centboobpblueHMe KaTo eduKkaceH MeToq KOHTPOS Ha HenpuaTenuTe.
Ouwe noBeYye MHTEH3NBHOTO NPOM3BOACTBO B OPAHXEPUNHUTE MIOLLM C MEXAUHHU KYNTYpU
nognomara 3agbpXXaHeTo Ha NAbTHOCTTa Ha MHBaA3MOCNOCOOHNTE cTaaumn B no4yeaTta B Mo-
BMCOKM CTOMHOCTW. Hanpumep npwv ObArocpodeH eKCnepuMMEHT C KpacTaBuuu u Ose
MEXOWHHW KYNTYypu canaTtu cnepj Kpasi Ha Beretauusita Ha BTopaTta MeXauHHa Kyntypa e
yCTaHOBEeHa MAbTHOCT OT 2 J Ha I Cyxa noysBa npes mMapT B HEOTONIsieMa opaHxepus oT
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Caposo (llieva et al., 2021). HannymeTo Ha TakmBa CTOMHOCTWU npe3 HebnaronpuaTHUS
3UMEH CEe30H Ce OTpassBa B MO-TONieMM MOPaXEHUs BbpXy MocneaBaliuTe KynTypu OT
KpacTaBuua npe3 NposieTHO-NETHNA N NATHO-ECEHHUSA CEe30H Ha OTrneXxaaHe.

A.Mnowwu (Area)
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®durypa 1. Nnowwm (A) n nponsseageHa npogykums (b) B KyNnTMBaLMOHHN CbOPaXXeHUS N Ha
oTKpuTO 3a nepmoga 2017-2021 r.(no agaHHM Ha Arpoctatuctuka — bronetnH 3a
Npou3BoACTBO Ha 3eneHdyumn 2017-2021)
Figure 1. Area (A) and production (B) at protected facilities and open field in the period
2017-2021 ( data of Agrostatistica — Bulletin Vegetable production 2017-2021)

Buposete ot poa Meloidogyne 4yecto pasBuBaT OMOMOrMYHM pacu C no-ronsama
arpecmBHOCT, KOUTO MoraT ga KOMMNpoOMeTupaT MNPeACcTaBsAHETO Ha YCTOW4YMBU COPTOBE.
Mpn Hawwm npoyyBaHMs BbPXY yctonumocTTa KbM [OH Ha nWHHM OT cenekuuoHHaTta
nncta Ha gomatn B 3K Bsaxa oTkpoeHn obpasel, ¢ NbfiHa YCTOMYMBOCT KbM arpecuBHM
nonynaumm Ha M. arenaria w M. incognita — 469/19. Mpwn ppyrmn 472/19, 44/19, 753/19,
33/19, 37/19 n 823/16 Gewe ycrtaHoBeHa cnaba CTepeH Ha 3apasa M Cce cyuTaT KaTto
nepcrnekTMBHU 3a nocneasal, otoop. MNpu kpactaBuuuTe HAMaA ycTonumemu coptose. lMpu
npoy4yBaHe BbLPXY BUAOBE 1 coptoBe oT ceM. Cucurbitaceae kaTo NnoTeHUManH1M NOAN0XKM
C YCTONYMBOCT KbB ranioobpasyBally HemaToan e naeHTuuLmMpaH HanbiIHO YCTONYMBUAT
copt Carotina Ha myckatoBa TukBa (Cucurbita moschata) (Yankova et al., 2017).
HesaBncumo, 4Ye TO3M METO4 Ha KOHTPON € LWMPOKO pas3npocTpaHeH B A3ua He e
nonynsipeH cpeq HalwuTe NpoM3BOAUTENM U Ha Nasapa HAMa npegnaraHe Ha pascag oT
KpacTaBuLmM BbpXy YCTONYNBY NPUCATKM.
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PuckbT npyn npunaraHe Ha XMMu4deckn cpenctBa 3a 6opba e npsiko cBbp3aH C
6e30nacHOCTTa U Ka4eCTBOTO Ha XpaHWUTE KaTo MOTeHUuanHa OnacHOCT 3a HaTpynBaHe Ha
necTMUMagHNM OoCTaTbuUM B pacTutenHata npogykums. TorM mMma npsiko OTHOLIeHue 3a
YOBELUKOTO 3[4paBe W OKorHaTa cpeda, kaTo B Hau-rondma CTeneH 3acara xopata
pabotewn ¢ Hematouman. ToBa Boan B 06O eBponenckn mMawab o 3abpaHata Ha
peovua xumudeckn npenapatu. o gaHHn Ha EBpoctat npes 2011 r. B bbnrapua nma
pernctpypaHn 242 akTUBHWM BellecTBa Ha nectvumgun, gokato npe3 2020 te ca 65
(EUROSTAT). Ot 19x ¢ HemartoumpaeH edekT ca 6 noa 18 TbproBcku npenaparta 3a
pactTutenHa 3awuTa. HamansBaHeTo 6posi Ha npenapaTtuTe HOCUM PUCK OT pa3BUTUE Ha
PE3NCTEHTHOCT M CbOTBETHO yBeNnyaBaHe Ha obema n yectorarta Ha usnonssaHe. EQuH ot
OCHOBHUTE efleMeHTN B 3efieHaTta caenka, cBbp3aH ¢ obuiata cenckoctonaHcka nonnTuka
Ha EC e HamansBaHe M3Non3BaHEeTO Ha XMMUYECKU NecTUunan u ysenvyaBaHe genbT Ha
nnowmte ¢ GuonornyHo npomseoAacTBo. lNMocnegHute Tpsbea A agocturHat 25% kato B
MOMEHTa TO3M MPOLEHT 3a HawaTa cTpaHa e 2,3% npwv cpeaHo esponenckn ot 9.1%.

TbpceHeTo Ha anTepHaTMBHM BELLECTBA M NoTeHUManHuM buoareHTn 3a KOHTPOM Ha
TOH e HenpekbcHaT Mpouec KaTo BKIOYBAHETO WM B CUCTEMW 3@ WHTErpMpaHo
ynpaBnenne nnn 6unonornyHo nNpomnsBOACTBO € AOoCTa AbNbl B cepus oT opaHXepuiiHu
ONUTN Ca W3NUTBAHW Pas3NUYHM KOMOMHAUUK OT BMoareHTU, pacTUTENHW EeKCTPaKTn U
KOHBeHUMoHanHu npenapatu (Tabnuua 1). MNpu npocneasisaHe Ha MHBaA3NMOCNOCOOHOCTTA

Tabnuua 1. EdukacHoct Ha DMDS un cTpaTerus 3a nocrnegpallo npunaraHe Ha
BuonecTnuman 3a KOHTpon Ha ranoobpasysalum Hematogr (M. arenaria)*

Table 1. Efficacy of DMDS alone and its strategies with biopesticides in controlling the
root-knot nematode (M. arenaria)**

MopaxeHnsa BLPXY
KopeHoBaTa cuctema

TpeTupaHe Ha nbpBa
KynTypa

TpeTupaHe Ha BTopa
KynTypa

(Bpou npunoxeHus)
Treatments first crop

(Bpow npunoxeHus)
Treatments second crop

Root damage

% HamansiBaHe

(nr. application) (nr. application) (RQ%;IIDAT) Ha NopaXXeHneTo
reduction
HeTpeTnpaHa koHTpona HeTpeTupaHa KoHTpona 6.4 a i
Untreated control Untreated control '
ngktg}ﬁga(tf)mG Oxamyl 10L/ha (1) 52D 18.8
Trichoderma (3) + YecHoB
ekcTpakT (Garlic extract) (3) 3.7 c¢c 42.2
DMDS 94.1% 0.5 kg/ha+4 L/ha
400 L/ha (1) HwukakBo TpeTupaHe He e
N3BBbPLUEHO 51b 20.3

No treatment done

*CpedHume cmotiHocmu 8 eOHa U cblWa KorioHa ombernsasaHu ¢ edHa u cblya bykea He ce
omsiu4yagam 3Ha4qumo rpu mecm Ha Tukey ¢ 95% Hueo Ha docmosepHocm. Nospedume o
KopeHume ca om4yumaHu 4pe3 uHoekca Ha 2anoobpasyeaHe (RGI) cwc ckana om 1-10 cned
rnocrnedHama 6epumb6a. DAT — OHu cried npucaxodaHe.
**Averages in the same column sharing a common letter are not significantly different in
accordance with the Tukey’s test at a 95% confidence level. Root damage was based on root
galling index (RGI) (0-10 scale) of cucumber plants at the last harvest. DAT: days after transplant
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n BpeooHOCHMs edekt Ha [OH npu nbpBoHayanHo TpetupaHe ¢ DMDS
(ammetvngucyndua) npe3 NbpBUS BeretaumMoHeH Ce30H W nocneaBawo TPUKpPaTHO
TpeTupaHe C KomMOuHauma oT ekcTpakT oT 4YecbH (NemGuard EC) n pgBa Buga
eHToMonaroreHHu bu ot pog Trichoderma — T. asperellum (T25) and T. atroviride (T11
(Tusal WG) 6ewe yctaHoBeHo Tabnuua 1, 4e uMa OByKpaTHO HamarieHue Ha cTeneHTa Ha
onapasuTsiBaHe Ha pacTeHusiTa B CPaBHEHME C KOHBEHLWMOHANHWA HeEMaTtouua OKCaMWIl
(llieva, 2021).

Mpn cxogHW ycCnoBusi, HO B pasnUYHM BapuaHTh B6sixa m3nuTaHn gBa Gbnrapcku
nsonata T. asperellum — T4 n T6. NpunoxeHNETO e LWeCTKpaTHO KaTo BapuaHTUTE ca
CaMOCTOSATESNTHO NPUIION.XKEHNE Ha naToreHHaTa reba 1 YeCHOBUSI EKCTPaKT U KOMBUHUPAHO
— CbBMECTO WM CbC pedyBaHe, KakTo e npu ropeonucaHus onut. Han pobpwu
BMOMETPUYHM pe3ynTaTn U Han-HUCBbK MHAEKC Ha ranoobpasysaHe (RGI) ca nonyyenu npu
CbBMECTHO MpunoxeHne Ha Obnrapckmsa wam T6 Ha in Trichoderma asperellum +
NemGuard. EdukacHocTTa, oT4eTEHA NPU OTAENHUTE BapuaHTU € Han-BUCOKa Npu ABarta
CbC CbBMECTHO npurnaraHe Ha buoareHTa n YecHoBuUS ekcTpakT (Tabnuua 2).

Tabnuua 2. EdukacHoCT Ha n3nuTBaHu NpoaykTun cpewy Meloidogyne spp.
Kpactasuua copT Knapa

Table 2. Effectiveness of the tested products against Meloidogyne spp. in
cucumber variety Kiara

Treatment Effectiveness (%)
Nemguard 58.82
Trichoderma asperellum strain T6 76.47
Nemguard + Trichoderma asperellum strain T6 88.24
Rotation 88.24

O6unmeTo Ha MHBA3MOHHW KOBEHUITHM CTaaun B NovBaTa € HabngaBaHO Npy BCUYKK
BapuMaHTW Ha onuTa B CpPaBHEHWE C KOHTposiaTa, HO CbLUECTBEHa pasfnunka € oTyeTeHa
camMO npuM YEeCHOBWUA EKCTPaKT, [OKaTo Mpu OCTaHanuTe BapuaHTM MAbTHOCTTA Ha
napasutute B noysata He ce NpoMeHs. [1pyM KOHTPOMHWUAT BapuvaHT MMma ABYKPaTHO
AOCTOBEPHO yBenuyeHue. Npu BTopusa 6bnrapckm wam T4 pesyntatute ca No-HUCKU, KaTo
ce poctura ecmkacHocT ot 51 %.

3akn4yeHue

OT nony4eHuTe pesynrtaTun MoraT ga ce HapassaT criegHuTe U3Boau:

N3nnTBaHUTE KOMBMHALMM HA pacTUTENEH EKCTPaKT U eHTOMOoMNaToreHH rLomu morat
Aa 6baaTt vyacT OT MHTErpupaHo ynpasneHne Ha Bpeautenute cneg dyMmmrmpaHe.

BbnrapckuaT wam T6 Ha T. asperellum ycnewHo fa 6vae npunaraH B KOMOMHaUmA ¢
YECHOB eKTPaKT nNpy BMONOrMYHO NPOM3BOACTBO NPY HUCKK (NoA 2 J2 Ha I NoYBa) 1 cpeaHn
cTonHOCTU(3-5 J2 Ha r nodsBa) Ha HadyanHata NAbLTHOCT Ha napasuTa Npu KpacTaBULM.
Te3n gaHHM ce oTnNu4aeaTt OT NpenopbYaHuTe nparosBe Ha BpeaHocT oT BABX (nog 12 J2
Ha I No4YBa) N TAXHOTO NpepasrnexaaHe e HanoXUTENHO NPKU Tasn KynTypa.

NnTtepatypa

Arpoctatuctuka, 2018-2022. lNponssoacteo Ha 3enenyvyum B bbnrapus, Ne 340, 357, 371,
386 wn 402, https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-
rastenievadstvo/danni/

Bridge, J and Page SLJ, 1980. Estimation of root-knot nematode infestation levels on roots
using a rating chart. Tropical Pest Management 26, 296-298, doi:
https://doi.org/10.1080/09670878009414416

28


https://doi.org/10.1080/09670878009414416
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/
https://www.mzh.government.bg/bg/statistika-i-analizi/izsledvane-rastenievadstvo/danni/

EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

Castillo, P, Navas-Cortes JA, Gomar-Tinco D, Di Vito M and Jimenez-Diaz RM, 2003.
Interactions between Meloidogyne artiellia, the cereal and legume root-knot
nematode, and Fusarium oxysporum f. sp. ciceris race 5 in chickpea. Phytopathology
93, 1513-1523.

Evans, K and Hydock PPJ, 1993. Interaction of nematodes with root-rot fungi. In: Khan,
M.W. (Ed.), Nematode Interactions. Chapman and Hall, London, UK, pp. 104-133.

EUROSTAT, https://ec.europa.eu/eurostat/data/database last visited on 5-12-2022

Fourie, H, Ahuja P, Lammers J and Daneel M, 2016. Brassicacea-based management
strategies as an alternative to combat nematode pests: a synopsis. Crop Protection
80, 21e41.

Francl, LJ and Wheeler, TA, 1993. Interaction of plant-parasitic nematodes with
wiltinducing fungi. In: Khan, MW (Ed.), Nematode Interactions. Chapman and Hall,
London, UK, pp. 79e103.

lieva, Z.; Lazarova, T.; Mitev, A.; Myrta, A. 2021. Monitoring of long-lasting effects of
fumigation with dimethyl disulfide (DMDS) on root-gall index, root-knot and other
nematode populations and crop yield over three protected cucumber crops in
Bulgaria. Agronomy 2021, 11(6), 1206. DOI 10.3390/agronomy11061206

Jones TJ, Haegeman A, Danchin EG, Gaur HS, Helder J, Jones MGK, Kikuchi T,
Manzanilla-Lopez R, Palomares- Rius JE, Wesemael WML., and Perry RN, 2013.
Top 10 plant-parasitic nematodes in molecular plant pathology. Molecular Plant
Pathology, 14:946-961. doi: 10.1111/mpp.12057

Markova, D, Yankova V, llieva Z, lliev |, Draganova D and Arnaoudov B, 2023. Bioagent
and plant extract strategy of control against root-knot nematodes (Meloidogyne spp.)
of greenhouse cucumber. Bulgarian Journal of Agricultural Science, 29 (6).

Ornat C, Sorribas FJ, 2008. Integrated management of root-knot nematodes in
Mediterranean horticultural crops. In: A Ciancio, KG Mukeriji, eds. Integrated
Management and Biocontrol of Vegetable and Grain Crops Nematodes. Dordrecht,
The Netherlands: Springer, 295- 320.

Ornat C, Verdejo-Lucas S and Sorribas FJ, 1997. Effect of the previous crop on population
densities of Meloidogyne javanica and yield of cucumber. Nematropica 27, 85— 90.

Shahbaz, MU, Mukhtar T, Haque MI and Begum N, 2015. Biochemical and serological
characterization of Ralstonia solanacearum associated with chilli seeds from
Pakistan. International Journal of Agriculture Biology 17, 31-40.

Singh, S, Singh B and Singh AP, 2015. Nematodes: A threat to sustainability of agriculture.
Procedia Environmental Science 29, 215-216. doi:10.1016/j.proenv.2015.07.270
Wesemael, W, Viaene N and Moens M, 2011. Root-knot nematodes (Meloidogyne spp.) in

Europe. Nematology, 13(1), 3-16. doi: 10.1163/138855410X526831

Yankova, V, Markova D, Velkov and S Masheva, 2017. Screening of cucurbitaceous
rootstocks against root-knot nematodes (Meloidogyne spp.) and soilborne pathogens
(Fusarium spp. and Pythium spp.). Agricultural Science and Technology, 9 (1), 62 —
66, Doi: 10.15547/Ast.2017.01.011

29


https://ec.europa.eu/eurostat/data/database%20last%20visited%20on%205-12-2022

EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

NMOTEHUWAIJEH PUCK OT HATPYNBAHE HA TEXXKWU METAIIN B OPU30BU
PACTEHUA B PAMOHA HA C. LANATNUUA, FOXXHA BbJIITAPUA

Bukropus KbHueBa, Hukonan [luHeB

UHcmumym o no4yeosHaHue, agpomexHosio2uu U 3awuma Ha pacmerusima ,H.llywkapos”
Coopusi, yn. ,baHcko woce” Ne 7,
e-mail: hmpushkarov@abv.bg, viktoriq.kuncheva@gmail.com

Pestome

Hannumeto Ha TOKCUYHM €nemMeHTM B SOAUBHUTE YacTuM Ha 3eMenerickKuTe KynTypu
NpeacTaBnsBa CblIECTBEH PUCK 3a 30paBeTO Ha 4oBeka. YCTaHOBSAABAHETO Ha
CNoCcOBOHOCTTa 3a HaTpynBaHe Ha TEXKWU MeTanu OT pasNMYHMUTE YacTu Ha pacTeHusTa 6u
CMOMOrHano 3a HamansBaHe Ha MOoTeHUMarHUMA PUCK OT MHTOKCMKauusi Ha nocesute. B
HacToswaTa pa3paboTka e ycTaHOBEHO, Ye MaHraHa (Mn) u xenssoTo (Fe) ce HaTpynBar,
AOMUHMPALLIO B KracoBeTe Ha opu3a, A0KaTo CbAbPXaHMETO Ha uuHka (Zn) uma
paBHOMEPHO pasnpedeneHMe Mexay 3ereHata Maca UM KnacoBeTe, HaW-HUCKO
cbabpxaHneto Ha mepq (Cu) nma B knacoseTe. M3non3BaHeTo Ha NOAXOAALWM PaACTUTENHN
BMOOBE, B PaliOHW C MOBWULLEH PUCK, KaTO MHAMKATOP 3a TEXKOMETaNHO 3amMbpcsiBaHe
n/vnun cpencTeBo 3a NpedYncTeaHe Ha novsuTe 6u OOBENO OO HamansiBaHe Ha OnacHOCTTa
OT 3aMbpcsiBaHe Ha 3emenernckarta NpoayKuums.

Knrwoyoeu Oymu: okonHa cpeda, mMexKu memarnu, 30paseH Ppuck, 3emedericka
rPoOOyKyUs.

POTENTIAL RISK OF HEAVY METALS ACCUMULATION IN RICE PLANTS IN THE
AREA OF TSALPITSA VILLAGE, SOUTHERN BULGARIA

Victoria Kancheva, Nikolai Dinev

Nikola Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection
7, Shousse Bankya, Sofia, Bulgaria
e-mail: viktoriq.kuncheva@gmail.com

Abstract

The presence of toxic elements in the edible parts of the crops represents a
significant risk to human health. Establishing the ability to accumulate heavy metals from
different plant parts would help reduce the potential risk of crop intoxication. The present
study found that manganese (Mn) and iron (Fe) accumulated dominantly in the rice
classes. At the same time, the content of zinc (Zn) had a uniform distribution between the
green mass and the ears; the lowest in copper (Cu), there are rice classes. Using
appropriate plant species in areas of increased risk as an indicator of heavy metal pollution
and/or a means of soil purification would reduce the contamination risk of agricultural
production.

Key words: environment, heavy metals, health risk, agricultural production.
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BbBeaeHue

YCTaHOBEHO €, Y& B MHOIO Marku KOSIMYECTBA HAKOM XMMUYHWU €NeMEHTU KaTto Men
(Cu), xenaso (Fe), monnbaeH (Mo), uMHk (Zn) n gp. okassat GnaronpusiTHO BNUSIHUE
BbPXY pacTexa W pasBMTMETO Ha CErICKOCTOMaHCKMUTE KynTypu U NOYBEHOTO Nyodopoaune.
CbabpXaHMETO Ha Te3n enemMeHTM Hag OonpederneHn KoHueHTpauus obade Moxe ga
posefe Ao obpaTteH edhekT — OT 3aTOPMO3siBaHe Ha pasBUTMETO A0 MbilHa TOKCUKALMA Ha
nocesa. M3non3BaHeTO Ha TakaBa pacTUTENHa nNpoAykuusi 3a XpaHa Ha xopaTta u
XMBOTHUTE OKasBa BPeLHO BMMsiHME BbPXY 3apaBeTo MM. KoHCymauusita Ha 3aMbpCceHu
XMBOTUHCKM NPOAYKTU, Makap U KOCBEHO CbLUO MMa HeratuBeH edekT BbpXy 34paBeTo Ha
yoBeka (Mladenova and Markov, 1996-2000).

Hannumeto Ha Texkn metanun B 3emMenenckute KynTypu, Npsiko UM KOCBEHO, MOXe
Aa 3acTpawu 3gpaBeTo Ha YoBeka. [lopagu Tasu npuynHa e chopmmupaHo creumanHo
nogpasgeneHme kbm OOH - ekcnepTeH KOMUTET Mo XpaHutenHu pobasku - JECFA,
cbCTaBeH OT ekcrneptu oT OpraHm3auma no npexpaHa u 3emepenue - FAO n CBeToBHa
3gpasHa opraHusdaums - WHO (JECFA, 2002). TaxHaTa OCHOBHa Len e ga YyCTaHOBAT
KOHKPETHM CTOMHOCTW Ha pasfMYHUTE TEXKW MeTanu u pyrn 3aMbpCUTENM B XpaHUTe.
BbB Bpb3ka ¢ ToBa e paspaborteH (PernameHT (EO) Ne 1881/2006 Ha EK oT 19 aekemBpwu
2006 roguMHa 3a onpegensiHe Ha MakCUMarnHo [OMYCTUMUTE KOSIMYecTBa Ha HSKOU
3aMbpCUTENN B XpaHUTE), KOUTO AedMHMpPa MaKCUMaITHOTO CbAbpXXaHWe Ha 3aMbpCUTENM
B XpaHWTe, B TOBa YUCMO MNMOAOBe, 3eneHyyun, oBowkM U ap. B npunoxeHne Ne 1 ca
AafeHN KOHKPETHU MakCUManHO JONYCTMMU KOHLEHTPaAUMM Ha HAKOW TEXKW MeTanu KaTo:
onoso (Pb), kagmun (Cd), xnBak (Hg), kanan, HeopraHmnyeH (Sn) n apceH (As).

3a pga ce u3berHe TOKCMYHO Bb3AEWCTBME BbPXY 3€MederickuTe KynTypu npu
HanosiBaHe C BOAWM C MOBULLUEHO CbabpaHue Ha maHraH (Mn), xensso (Fe), meqg (Cu),
UnHK (Zn), donyop (F) n kobant (Co) ce npenopbyBa HanosiBaHe C MO-Marnku MOMBHU
HOPMMW, NPEaUMHO Ha MOSICKMN KYNTYpU U NpU rpaBuTayHo HanosBaHe. [penopbyBa ce npu
NPOM3BOACTBO Ha MMOAOBETE M 3eNeHYyuuTe 3a MnpsicHa KOHcymMaums, ga He Obaat
HanosiBaHu ¢ Taknea Boau (Petkov et al., 2007).

Peguua nscnegBaHvs gokasBsart, Ye HamnosiBaHETO C BOAM C MOBULLEHO CbAbpXKaHWe
Ha TEXKW MeTanu, BOAW OO0 aKyMynMpaHeTo MM B PasfiMyHM 4YacTu Ha pacTeHudaTa.
[MpoBeaeHo e nacneaBaHe BbpXy 9anBHUTE YacTy Ha 10 pasnnyHKn 3eneHYyKOBM KynTypu,
KOUTO Cca HanosiBaHM C [[Ba Buha BoAa: MNpsiCHa W oOTnagbyHa. YCTAHOBEHO e, 4e
KOHLIEeHTpaumaTa Ha BCUYKN MU3CnedBaHU Texkn metanu (kensso (Fe), maHrad (Mn), meq
(Cu) 1 umnHK (Zn)) e No-BUCOKA B pacTeHMsITA, HanosiBaHM ¢ OTNagb4YyHM BOAM CMIPSIMO Tesw,
HanosiBaHW B NpsicHa Boga. Hanm-3HaunTenHo yBennyeHne Ha KOHLUEHTpaumsiTa Ha Xernsaso
(Fe) n manran (Mn) e KOHCTaTMpaHa npuM MeHTarta M cnaHaka, a Ha meg (Cu) n umHk (Zn)
npu mopkosuTe (Arora et al., 2008).

Mahmoud & Ghoneim (2016) npoBexgaT u3cnegBaHe BbpxXy Opu3 U LapeBuua,
HanosiBaHM C BOAM CbC CTOMHOCTU Ha KOHLEHTpauusaTa Ha TeXKn meTtanu, pH, HaTtpueso-
abcopbumoHHoto oTHoweHne SAR, BlKs n XIMNK Hag makcumanHo ponyctuMmute 3a
nonueHuTEe Boau. o OTHOLLIEHME Ha NOYBUTE € YCTAHOBEHO, Y€ KOHLEHTPaUmMsiTa Ha TEXKM
meTtanu (kagmun (Cd), onoso (Pb), unHk (Zn), meg (Cu) n manrad (Mn)) e no-Bmcoka ot
¢oHOBaTa, AOKATO TasuM B HaA3EMHWUTE 4YacTu Ha opu3a M uapeBuLaTa, € Nno-BMcoKa OT
Tasn B noyBaTta. ToBa AOKa3Ba, Ye U3MOM3BAHETO Ha BOAWM U MOYBU, 3aMbPCEHU C TEXKM
MeTanu npu oTrnexgaHe Ha opu3 U LapeBuua 3a KOHCyMauusi OT YOBeKa, Kpue puck 3a
30paBeTo My.

B wuscnegBaHe npoBegeHo B WMHaus, B panioH C pasButa MeTanogodbmeHa
NPOMULLISIEHOCT, ce AaBa MHGOPMaUMs 3a Bb3MOXHOCTTa 3a M3MNoM3BaHe Ha MakpopuTw,
KaTo MexaHM3bM 3a npedncTtBaHe Ha BogHuMTe Tena. CbWo Taka e pasrnegaHo
HaTPynBaHETO Ha TEXKM MeTanu B pasnMyHM 4acTW Ha pacTeHus Npu oTrnexaaHe Ha
pomatu (Gupta et al., 2008). OnpegeneHo € OTHOCUTENHOTO NOEMAaHE Ha TEXKUTE MeTanu
OT pasnMYHUTE YacTuM Ha pacTeHuaTa 4pe3 T. Hap. daktop Ha TpaHcdep (TF).
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OnpependaHeto Ha TF no oTHOLWeEHME Ha No4yBaTa € U3BbPLUEHO N0 MeToauKa npeanoXxeHa
ot (Chamberlain, 1983). OTHOCUTENHOTO NpPeMUMHaBaHe Ha TEXKW MeTann OT KOpeHuTe
KbM OCTaHanuTe 4acTu Ha pacTeHuaTa e onpegeneHo 4Ype3 TF no oOTHoweHue Ha
kopenute (Barman, at al., 2000). YcTtaHOBEHO € 3HAYMTENHO HATPyNBaHE Ha TEXKN MeTanu
B MakpouUTUTE OKOSIO pekaTa, CXOQHO C pasnpedeneHneTo Ha TexXKuTe MeTann B
noysaTta. [MogobeH Mogen € OTKPUT U Yy pacTeHNATa AoMaTH, OTIMNEXAaHN B CbLUNSA PanoH.
Bcnuku gaktopu Ha TpaHcdep 3a gomaTtute ca <1, KOeTo rnokassa, Ye HaTpynBaHEeTo Ha
TEXKN MEeTanu B pasfiMyHUTE 4YacTu € HE3HAYUTEITHO U He KpWe OMacHOCT 3a 34paBeTo Ha
yoBeka.

BogHute pacteHnsa nmart cnocobHOCTTa Aa akymynupaT XpaHUTenHM BelwecTsa 1 aa
ycKopsiBaT KpbroBpaTa Ha XpaHWTENHUTe BewecTBa B npupogarta. Peanua nacnensaHus
AOKa3BaT, 4Ye Makpoutute MmaT CnocoBHOCTTa Aa NPeyYnucTBaT 3aMbpPCEHU C TEXKU
mMeTanu Boau, kato rn noemart (Nasu, et al., 1984; Brix & Schierup, 1989; Srivastava &
Pandey, 1999).

MaTtepuanu u metoau

B HacToswaTta paspaboTka oBeKkT Ha u3cnegBaHe ca opu3uvlia, Hamupawim ce B
3emnuweto Ha c. Llanannua. B panioHa OCHOBEH WM3TOYMHWK Ha BOAM 3a HanosiBaHe €
HanoutenHa cuctema ,TononHuua“, KOATO BOAM Hayanoto cu oT ©OeHT Jlecmnyoso.
HanoutenHata cuctema ce 3axpaHBa C BoAM OT 43. TONONHWUA, PECNeKTUBHO p.
TononHnua. Mo nopeyneto Ha p. TononHuua ca pPasnonoXEeHW HSAKOW ronemm
npeanpuaTUA, KOUTO npeactaBnsaBaT noTeHUuManeH pUCK 3a okonHaTta cpepa: ,Enauute
Men’, XBocToxpaHunuwie ,beHkoBckn-2”. OT XpaHUMULETO Ce NPOCMYKBAT Kucenu
OTNagHM BOAM C TEXKM MeTanu B NoAarnoyBeHUTE BOAM, a NPU CyXO BpemMe XBOCTbT Ce
n3gyxea OT BSATbpa B HUBWTE, KblMTe W pekaTa. ObHOM npewbc metanc’,
XBOCTOXpaHunuie ,Yasgap”, OTKbAETO BEPOATHO Ce NPOCMyKBaT B MOAMNOYBEHUTE BOAM
Kucenu Boan, yTamkm n nHpmntpatu, 6oratm Ha apceH un Texkn metanu. ,JdvHam MNpewbe
Metanc”, pa3toBapuile 3a py4eH KOHUEHTpAT Ha . n. rapa 3nartuua, oT 3aycTBaHe Ha
oTNagHun BOAWM OAMPEKTHO B ButoBaTa KaHanusauusa v B p. 3natuiika, KOMTo BoAN OT CBOS
cTpaHa ce 3aycTBar B p. TononHuua. ,Aypybuc” 3ayctBa oTnagbiHu Boau npwu rp. 3natuua
n rp. NMupgon B p. Canbp aepe, p. Kopy aepe 1 p. 3natmwka. Tom nma yBerim4eHo HAKOSKO
MbTWU NPOU3BOLCTBO, HO HAMA NPEYUCTBATESNTHO CbOPBXEHU. MIMa KOHCTaTMpaHu 3annosu
3aMbpcsBaHNA OT 3gpaBHa M eko-mHcnekuus (OnepatmBHa nporpama ,OkonHa cpena
2007-2013 r.).

Cnopep [MnaHa 3a ynpaBneHne Ha peyHuTe 6GacemHun 3a 2015-2021 rog. ca
onpegeneHy BogHUTE Tena, NpyM KOMTO CbLUECTBYBa PUCK Aa He NOoAoBpsT eKONOrm4yHOTO
CM CbCTOSIHME, KaTo ca cucTematmavmpanu B rpynu. bacerHbT Ha p. TononHuua nonaga B
1-Ba rpyna, npu KoaTo:

1-Ba rpyna: CbliectByBa 3amMbpcsiBaHe OT CTapyM MWHHOLOOMBHM CbOPBXKEHUS,
NpoLEeCHT Ha PeKynTuBauMs U NpevyncTBaHe Ha OTnagbyHUTE BOAW € MHOro GaBeH, a B
HAKOM Crnydanm — TEXHUYECKM HEBBL3MOXEH. Bbnpeku, 4ye npu HAKOM OT BOAHMTE Tena
OTKITOHEHMATA OT A40OPO CLCTOSIHME HE ca ronemMu (YMepEeHo eKOSTOrMYHO CbCTOSAHME), Ha
npakTuka € HEBb3MOXHO Aa Ce OrpaHuyn Bb34eNCTBMETO OT CTapuTe LLETU, HAHECEHWN OT
MUHHOOO6MBHM aenHocTu (MnaH 3a ynpaBneHne Ha pevyHuTe 6acenHu , 2016-2021).

OcCHOBHMTE NPUYMHM 3a Nunca Ha nogobpeHne BbLB BOOHUTE Tena C foWo U MHOro
NOWO €EKOSIOrMYHO CbCTOSIHME Ca CBbP3aHM CbC 3aMbpPCHABaHUA OT CTapu U3TOYHULM,
N3NoN3BaHN B MMHAroTo 3a pyaoaobus n npepaboTka Ha meTanu. TakMBa BogHW Tena ca:
p. TononHuua n nputoum oT XBocToxpaHunuwe ,Meget” go a3. ,TononHuua®“.
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Ta6bnuua 1. [laHHK 3a BogHWTE Tena B panoHa Ha p. TONomnHMua U TAXHOTO €KONOTNYHO U
XUMWYHO CbCTOSIHNE
Table 1. Data on the water bodies in the region of the Topolnitsa river and their ecological
and chemical status

PeueH

Ne Kog Ha BT Nme Ha BT 6acenH

CbCcTOsiHMe N3mecTBaLn napameTpu

Ekono- Xumm-
TMYHO 1 YHO

MakposoobeHToc, pH,
1 BG3MAB0O0OR174 Peka Mepetcka Mapuua 4 4 EnektponpoBogMmocT,
SO, Fe, Mn, Cu, Ni, Cd

Peka TononHuya n

npuToumu ot

2 BG3MABOOR223  XBOCTOXPAHWTMLLE Mapuua 4 4 '(\:"ng°3°°6e”T°°’ Mn, Cu,
Megert po 3.
TononHuua

3 BG3MA800L160 Asosup TononHuua Mapvua 3 1 Xnopocoun A, Cu, As

1 EKonoa2uyHo cecmosiHue: 1- omu4yHo/006po; 2 — Heu3eecmHo; 3 — ymepeHo; 4 — nowo; 5 —
mHoeo nowo [1YPB,2016
2 Xumu4yHO cecmosiHue: 1 — 0obpo; 2 — HeuzeecmHo; 3 — fiowo; 4 — MHO20 /10Wo

AHanu3 Ha noYBeHu nNpobu

OueHkaTa Ha Ka4yeCcTBOTO Ha No4yBuTe ce npasu B cboTBeTCTBUE C (Hapenba Ne3 ot
12 asryct 2008 r. 3a HOpMuTE 3a OONYCTUMO CbObpXXaHWE Ha BpPedHW BelleceTBa B
MoYBUTE), B KOATO Ca MOCOYEHM MaKCUManHO Jonyctumute kKoHueHTpauum (MOK) Ha
n3cnegBaHWTe Mokasatenu B 3aBUCMMOCT OT TUMbT 3eMenoni3saHe, ob6ekTuTe Ha
onasBaHe, MexaHN4HUAT cbetas U pH (H20) Ha noysuTe.

MouBeHnTEe Npodu ca B3eTh oT Ase AbnbounHu: 0-20 cm n 20-40 cm.

AHanunsnpaHu ca 3a CbAbpXXaHWe Ha MakKpoeneMeHTN U TEXKN MeTanu npeau u cnep,
NPUKMOYBaHe Ha BereTaunoHHUsS nepuoa.

OnpegeneHn ca OCHOBHM MOYBEHU NapamMeTpu — OpraHvyeH Bbrnepog, ool asor,
obuw, cdocdop, pH, obuw, BbLMeEpon, HUTpaTeH as3oT, OOMEHHa MNBTHOCT N HSAKOWU TEXKM
meTanu u metanouam kato onoso (Pb), mean (Cu), unHk (Zn), kagmun (Cd), apceH (As),
xpom (Cr), Huken (Ni).

XVMUYHMAT aHanu3 Ha novBeHuTe Npobu BKMYBaA onpeaensHeTo Ha obwm dopmun
Ha MaKpoeneMeHTU N TEXKNU MeTanu, No yTBbpaeHU CTaHO4apTHU METOAMKM M3MNOoN3BaHu B
naboparopusata Ha UMA3P "H. lMNMywkapoB" n BbHLLHA NuLeH3npaHa nabopatopus.

AHanu3 Ha pacTuTenHun npoodu

N3cnegBaHeTo Ha pacTuTenHute Npobu 3a TeXKW MeTann e U3BbPLIEHO C  W3BMEK Ha
aMOHMEB HUTPAT 1 Ha amoHueB auetaT — pH 7,0. MianonseaHn ca obuyarHm arpoXmMmMmnyHu
n3Breuu 3a onpegensHe Ha YCBOMMMU 3a pacTeHusiTa MUKpoenemeHTu B noyvsu (Zeien &
Brimmer, 1989).

3a onpegensiHe Ha HaATPYMNBAHETO Ha TEXKN MeTanu B pasnnyHUTE YacTn Ha pacTeHusTa e
n3nonssaH pakTopa Ha TpaHcdep, KaTo e pasrrnefaH B Ba BapuaHTa: Mo OTHOLWEHWe Ha
noysarta 1 No OTHOLLUEHME Ha KOPEHUTE.

kbaeTo C,. € KOHUEHTpauusTa Ha pasrnexgaHna MUKpoenemMeHT B AadeHaTta 4acT Ha
pacTeHMeTo (KOPEH, 3ereHa Maca Unm Krnacose).
Cr. € KOHUEHTpaUnATa Ha pasrnexgaHnsa MUKpoeneMeHT B noysara.
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TF _ Cp.lt. 2

K

kbaeto C, e KOHUEHTpauuAaTa Ha pasrnexgaHna MUKpoerieMeHT B KOPEHUTE.

OTHOLIEHMETO MeXay novBaTa 1 pasnuyHnTe Yactu Ha pactenusTa (TF,) >1 nokasea
Nno-BMCOKa akymynauusa Ha pasrnexgaHus MeTtan B CbOTBETHaTa 4YacT Ha pacTeHUETo
cnpsimo noyeata (Barman et al., 2000).

Pesyntatu n ob6cbxaaHus

AHanuampaHn ca pasnuyHuTe 4YacTu Ha pacTeHus opu3 (KOpeH, 3erieHa maca u
Knacose), B3eTM OT opuauLle B 3eMIMLLETO Ha c. Llananuua B Kpas Ha BereTaumoHHUSN
nepuog npe3 2017 rog. 3a cbabpXaliuTe ce B TAX TEXKM MeTanu. [NonydyeHuTe pesyntatu
ca npeacrtaBeHn B Tabnuua 2. KOHUEHTpauuuTe Ha pasrnexgaHuTe TEXKN MeTanu BbB
BOAUTE W MNOYBUTE HA OPUIULLETO He npeBuUlIaBaT MakCMMasHO AonycTumuTe
KOHUEHTpaL M1, onpeaeneHn oT HaLEeToO 3aKoHO4aTEeNCTRO.

Tabnuua 2. KoHUEHTpaLMM Ha HAKOM TEXKU MeTanu B pasfMYHUTE YacTuM Ha pacTeHus
opus.
Table 2. Concentrations of some heavy metals in different parts of rice plants.

PacteHus opus o ZL Mn i iy
mg/kg mg/kg mg/kg mg/kg mg/kg
KOpeHU 18 51 700 36750 0.12
3eneHa maca 8 33 0.02 0.01 0.27
Knacose 4 31 0.06 0.04 0.11
obLWo 30 115 700.08 36750.1 0.5

MonyyeHn ca pakTopuTe Ha TpaHcdep Ha pasrnexgaHuTe MUKPOerneMeHTU Mo
OTHOLLEHMEe Ha noyBaTa M MO OTHOWeHue Ha kopeHuTe (Tabnuua 3). M3BnuuaHeTo Ha
pasrnexgaHute MUKpoeneMeHTU OT NoYBaTa B PasfMYHUTE YacTu Ha pacTeHusTa Nokas3ea,
ye KOPEHUTE Ha opu3a akymynmpart Ham-3HauYMTenHo UuHK (Zn), madHraH (Mn) n xensaso
(Fe). PacteHusita opu3 HaTpyneaT Hau-manko madraH (Mn) u xensaso (Fe) B 3eneHata
Maca u knacosete. HatpynsaHeTo Ha UMHK (Zn) OT NoyBaTa B 3ereHaTa Maca u Knacosete
Ha pacTeHusiTa € CbC CTOMHOCTM Ha akTopa Ha TpaHcdep cboTBeTHO 0,904 wu
pecnektmBHo 0,849. Moxe ga ce 3aknouu, Ye UMHKLT (Zn) npeactaensBa NoTeHUnaneH
PUCK, TbW KaTo MMa Han-BUCOKM CTOMHOCTU U € CPaBHUTENHO paBHOMEPHO pasnpenerieH
BbB BCMYKM YacTu Ha pacTteHueto. Onoeoto (Pb) ce akymynupa Hawn-Beye B 3eneHara
Maca Ha pacTeHusiTa, KakTo OT no4ysaTta, Taka M OoT KopeHute. TpaHcdepa Ha onoso (Pb)
OT KOpeHuUTe € Hal-Beye KbM 3efieHata Maca, HO Cce YCTaHOBsBa HaTpynBaHe U B
knacoseTe. HatpynsaHeTo Ha Mea (Cu) B pasnuMyHUTE YacTu Ha pacTeHusiTa € ¢ hakTop
Ha TpaHcdep <1 1 nokasea, Ye pacTeHUATa Opu3 He HaTpynBaT 3HAYUTENHM KOoNu4ecTBa
OT TO3M €NIEMEHT, KaTo pa3npeaeneHmeTo e KopeHn>3eneHa maca>KrnacoBe.

TpaHcdepbT Ha pasrnexgaHnTe MUKPOeneMeHTH OT KOpeHUTe KbM 3eneHaTa maca u
Knacosete Moxe ga ce o6obwu B Tpu rpynu. MadranbT (Mn) mn xenasoto (Fe) ce
HaTpynBaT B oTHoLweHne 20:80 — 3eneHa maca : knacose. [1py Te3n MUKpoenemeHTn Ham-
ronsiMOTO HaTpynBaHe € B KOPEeHUTe W pasnpedeneHnMeTo B OCTaHanuTe 4actu e
HesHaunTenHo. Mearta (Cu) n onosoTo (Pb) ce akymynupat B oTHoweHue 70:30 — 3eneHa
Maca : knacose. Te3n eneMeHTn HaAMaT dakTop Ha TpaHcdep >1 1 Npu TAx 3annaxaTa 3a
30paBeTo Ha 4YoBeka e Han-Hucka. NocnegHuaT pasrnexgaH enemeHT e UuHK (Zn), npu
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KOWTO pasnpeneneHneTo Ha dpaktopa Ha TpaHcdep OT KOpeHUTe KbM 3erieHata maca u
KnacoBeTe € MoYTU pPaBHOCTOWHO, T.e. OTHOWeEHMEeTo € npubnuantenHo 50:50. MNpu TO3M
MUKpPOENEMEHTN UMa Han-3HaA4YUTENHA OMACHOCT OT HaTpynBaHe Ha TOKCUYHU KONM4yecTBa
B pacTeHusiTa Opun3, KOETO BUAHO OT BUCOKMUTE CTOMHOCTU Ha dhakTopuTe Ha TpaHcdep.

Tabnuua 3. akTopu Ha TpaHcdep (TF) Ha TeXKN MeTanu B pasnnyHUTE YacTu Ha
pacTeHusiTa Opus3.
Table 3. Transfer factors (TF) of heavy metals in different parts of rice plants.

PacTteHusa opus: Cu Zn Mn Fe Fb
TF« TF, TF« TF, TF« TF, TF« TF, TF« TF,
KopeHu 0,411 1,397 2.500 6.255 0.007
3eneHa maca 0,444 0,183 0,647 0,904 3.10° 1.10* 3.107 2.10° 2.250 0.017
Knacose 0,222 0,091 0,608 0,849 9.10° 2.10* 1,1.10°% 7.10° 0.917 0.007

3akntoyeHue

OnpenendHeTo u pasbupaHeTo Ha NOYBEHUTE N pacTUTENHU hakTopm Bu goseno o
no-gobpo pasbupaHe Ha NpobnemuTe CBbpP3aHM CbC 3aMbpCABaHE Ha BOOHUTE U NOYBEHU
pecypcu, KakTo U 4O HamarnsiBaHe pycka 3a YOBELLKOTO 34paBe;

Mogoxoaswm pacTuTenHn BuAOBE Morat [a Cce M3nons3eBaT Kato WHAuKaTop 3a
3aMbpcsiBaHe Ha MOYBUTE C TEXKM MeTanu npu TOYKOBO 3aMbpCsBaHE OT WHAOYCTPUS U
oTnagbyHn Boau. CblWO Taka pacTutenHu BMAOBE MoraT fa ce wu3nonseat UM 3a
npeyYncTBaHe Ha NoYBUTE MPU YCTAHOBEHO TEXKOMETASTHO 3aMbpCsBaHe.

Opu3oBuTe pacTeHus akymynmpart Han-CUSTHO OT novBaTa B KOPEHUTEe CU UUHK (Zn),
MaHraH (Mn) n xensaso (Fe). LlMHKbT ce akymynmpa B oTHoweHue npnbnuantenHo 50:50 —
3eneHa maca : knacoee, meata B otHoweHune 70:30 u maHrad (Mn) u xensaso (Fe) e B
oTHoweHwue 20:80. MeaTa e ¢ dpakTtop Ha TpaHcdep <1 1 nokassa, Ye pacTeHUsTa opu3 He
HaTpynBaT 3HAYUTESTHN KONNYECTBA OT TO3U ENIEMEHT.

BnarogapHocTu
N3cneneaHeTo e nHaHcmpaHo oT MMHUCTEPCTBOTO Ha 06pa3oBaHMETO U HaykaTta —
HauwnonaneH coHa ,HayuHu nscneosanus” (Mpoekt KIM-06 H36/1).
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Abstract

The possibilities of high-resolution inductively coupled plasma optical emission
spectrometry HR-ICP-OES equipment in the direct determination of trace elements in
environmental samples were presented. The experiments were performed with a radial
viewing 40.68 MHz ICP-OES “ULTIMA 2" spectrometer, Horiba group, Jobin Yvon,
(Longjumeau, France), with spectral bandwidth 5 pm in the 2™ order from 160 nm to 320
nm and 10 pm in the 1 order from 320 to 800 nm. The criteria for the calculation of
detection limits were applied as proposed by Boumans. For the elements Cr, Sb, Zn, Pb,
Cd, Mn, Cu, U, and Ba were determined the lowest possible detection limits in a complex
environmental matrix. The following analytical lines were selected for the determination of
the elements of interest: Cr Il 205.552, Sb | 206.838, Zn | 213.856, Pb 1l 220.353, Cd I
226.502, Mn 1l 257.610, Cu | 324.754, U Il 385.958 and Ba Il 455.403. Optimization of the
plasma operating conditions was conducted. The lowest values for the detection limits in a
pure solvent, the line and wing background interferences as well as the detection limits in
the determination of trace of elements in different environmental samples are obtained
under the optimal excitation temperature (Texc = 7200 K). The obtained detection limits
satisfy the quality requirements of the analytical practice for the determination of Cr, Sb,
Zn, Pb, Cd, Mn, Cu, U, and Ba in water and soil samples.

Key words: ICP-OES, trace elements, ICP optimization, spectral interferences,
detection limits.

ONTUYHA EMUCUOHHA CMNEKTPOMETPUA C UHOYKTUBHO CBbP3AHA MJIASMA
NPU ONPEAENAHE HA CNEOU OT ENIEMEHTU B NPOBU OT OKOJTHATA CPELA

Hukonas Benuukosa', Onra Benesa', Metoaun Kapaaxos', Enka MeHueBa’,
Cepadum Benunukos?, HoHka [lackanosa?

" Feonoauyecku uHcmumym, bwneapcka Akademusi Ha Haykume, Cogpus
2 licmumym o obwa u HeopaaHuyHa Xumusl,
bvneapcka Akademusi Ha Haykume, Cogbusi

Pestome

[MokaszaHn ca Bb3MOXHOCTUTE Ha ONTUYHATA EMMUCUOHHA CNEKTPOMETPUS C
MHOYKTUBHO cBbp3aHa nnasma (OEC-VCI1) npu gupekTHOTO onpedensdHe Ha crneau ot
enemMeHTn B nNpobu oT okonHata cpepa. MacnegpaHuata 6saxa nposegeHn ¢ OEC-UCTI
cnektpometbp JY “ULTIMA 2" (Jobin Yvon, Longjumeau, France), 40.68 MHz WCI1 c
pagvanHo HabnaeHne 1 WNMPUHA Ha CnekTpanHarta nuHMa 5 pm BbB BTOPU NOpsSiabK OT
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160 nm go 320 nm u 10 pm B nbpBu nopsagbk or 320 go 800 nm. KputepuaT 3a
N34MCNsIBAHE Ha TrpaHULUMTE Ha OTKPUBAHE € TMpPUNOXEH B CbOTBETCTBME C Q-
KoHUenuusaTa, npegnoxeHa ot Boumans. 3a enementute Cr, Sb, Zn, Pb, Cd, Mn, Cu, U n
Ba ca onpeneneHn Han-HUCKUTE rpaHMLUM Ha OTKPMBAHE 3a KOMMIIEKCHa Mmartpuua OT
okornHata cpepa. [pu onpegensiHe Ha enemeHTUTe ca M3bpaHu crnegHuTe aHanUTU4YHU
nuHum: Cr Il 205.552, Sb | 206.838, Zn | 213.856, Pb 1l 220.353, Cd Il 226.502, Mn I
257.610, Cu | 324.754, U 1l 385.958 n Ba Il 455.403. [logobpsiBaHe Ha rpaHMUMTE Ha
OTKPUBAHE 3a YMCT Pa3TBOPUTEN, KAKTO M FPaHULMTE HA OTKPMBAHE 32 MHOTOKOMIMOHEHTHA
MaTpuyua € NOCTUrHaTo 4Ype3 OonTUMMU3NpaHe Ha paboTHUTE YCrnoBUS B WHOYKTUBHO
cBbp3aHarta nnasma npu Temneparypa 3a Bb3dyxaaHe ot (Texc = 7200 K). NocturHatute
rpaHMUM Ha OTKpMBaHe 3a40BONSIBAT W3WCKBaAHUATA 3a MakCUMarHo AonycTMMuU
KOHUEHTpauum npu onpeaensHeto Ha Cr, Sb, Zn, Pb, Cd, Mn, Cu, U n Ba BbB BOgHM U
NOYBEHN NPOOMU.

Knrwoyoeu Jdymu: OEC-UCII, cnedu om enemeHmu, onmumu3upaHe Ha UCII,
criekKmparsiHu rnpeYyeHusi, epaHulyu Ha OmKpueaHe.

Introduction

Spectral interferences may drastically deteriorate the analytical characteristics of
ICP-OES. The most difficult samples from this point of view are the soils and the
sediments. Such materials normally contain high concentrations of Al, Ca and Mg, which
cause significant background enhancement in many regions of the spectrum. They also
contain high concentrations of Fe and to a lesser extent Ti, which can give rise to serious
line overlap interferences in the determination of trace elements (Boumans, 1987). The
control and the optimization of the plasma operating conditions are of prime importance in
the determination of trace elements in different environmental matrices (Velitchkova,
2013).

Materials and Methods

Instrumentation

The experiments were performed with a radial viewing ICP-OES system ULTIMA 2,
Horiba group, Jobin Yvon, (Longjumeau, France), spectrometer with a spectral bandwidth
5 pm in the 2™ order from 160 nm to 320 nm and 10 pm in the 1 order from 320 to 800
nm, Meinhard nebulizer type P/N ER 2050 — 0710N and high dynamic detector based on
photomultiplier tubes. The specifications of the ICP-OES spectrometer are given in Table
1.

Criteria for calculation of detection limits
As proposed by Boumans for the calculation of the detection limits in pure solvent the
net line signal X, was measured. X. was defined as the difference between the gross
signal XLine +Background (X+g) and the background signal Xg (Boumans, 1987). The detection
limit was defined by Eq.1 and follows the 2o criterion of Kaiser because of the fair stability
of ICP.
CL=2+2 x RSDB x 0.01 x BEC (1)

True detection limits in the presence of complex matrices C. . is defined by Eq.2:
CLiwe = 2/5 =y Qi(ha)xCi+ 2Y2x0.01xRSDBLX[BEC+Q(1a)xCi+Qu(Ara)xC|]

Where Qi (As) = S (As) / Sa and Qw (A A) = Sw (A A) / Sa
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Table 1. Specification of ICP-OES spectrometer: HORIBA Jobin-Yvon ULTIMA 2

Monochromator HORIBA Jobin-Yvon ULTIMA 2
Mounting Czerny-Turner, focal length 1 m
Grating Holographic, 2400 grooves mm™"
Wavelength range first and second order

Entrance slit 0.015/0.02 mm

Exit slit 0.020/0.08 mm

5 pm in the 2" order from160nm to 320nm; and

Practical spectral bandwidth 10 pm in the 1% order from 320 to 800 nm

Detectors High dynamic detectors based on PMT
Radiofrequency generator Solid state RF 40.68MHz
Frequency power output 40.68 MHz, 0.5—-1.55kW

7n Il 213 856

2774539524

2314855 492

1853177 460

1393436.429

935815397

4761354 365

—_———t == -

16453333

213815 21383 213834 23873 213892

Figure 1. Spectral scans over the spectral region around the prominent line of Zn: Central
wavelength: 213.856nm (Zn Il line); Interferents: Fe and Ti. (1) Central wavelength Zn Il
213.856 nm, 1 yg ml™ Zn in a pure solvent; (2) Interfering line: Fe 213.858 nm, the
concentration of Fe 2 mg ml™; (3) Interfering line: Ti 213.835 nm, the concentration of Ti 2
mg ml™"; [Xi re (Aa)] is the net interfering signals concerning the wing background level
[Xwre(Ada)]

Results and Discussion

Optimization of operating condition procedures

The procedure of optimization of operating conditions was applied in the
determination of trace elements in environmental materials. The line intensity ratio Mg Il
280.270 nm / Mg | 285.213 nm (Mg Il / Mg |) was measured to evaluate the robustness of
the plasma operating conditions. They were affected by different constant and variable
parameters: incident power, carrier, and sheathing gas flow rates. The type of excitation
conditions from non-robust, semi-robust to robust were varied in accordance to minimize
the detection limits in the determination of trace elements by using the selected prominent
lines with different spectral characteristics in the presence of "pure" and in complex
environmental matrices.

The excitation conditions in ICP were modified by varying the incident power and the
sheathing gas flow rates at an optimal value of the carrier gas flow rate listed in Table 2. In
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this way, the aerosol formation and transport processes are the same under different
excitation conditions in the inductively coupled plasma. The relationship between the
magnitude of Mg Il / Mg | ratios and excitation temperature in ICP was obtained. The Texc
was measured by the Boltzmann plot method with titanium lines for nine combinations
between incident power and sheathing gas flow rates (Boumans, 1987). The lowest
possible detection limits in pure solvent and the true detection limits in the presence of
"pure" and complex environmental matrix were achieved.

Table 2. Type of operating conditions obtained at a constant optimal value of the carrier
gas flow rate of 0.4 | min™, variable sheathing gas flow rate and incident power

Type of Texc Incident power Sum of carrier and
operating Mg Il / Mg | K ’ W ' | sheathing gas flow rates,
conditions | min '
Non-robust 1.8 5200 + 200 700 1.4=04+1.0

3.6 6000 + 200 700 1.2=04+0.8

Semi-robust 6.0 6580 + 200 800 1.0=04+0.6
6.0 6580 + 200 1000 1.2=0.4+0.8

11 7200 + 200 1000 04=04+0.0

Robust 11 7200 £ 200 1100 08=04+04
12 7500 + 200 1100 06=04+0.2

12 7500 £ 200 1200 0.8=04+04

Determination of Cr, Sb, Zn, Pb, Cd, Mn, Cu, U, and Ba in water samples

Water sampling was conducted following International Standard Organization 1SO
5667-1, 1980 - Water quality — Sampling —standard requirements. The reference
solutions for the determination of Cr, Sb, Zn, Pb, Cd, Mn, Cu, U, and Ba in water samples
were prepared by using Merck ICP-OES mono-element standard solutions in the presence
of 1 mol I HNO..

Table 3. Detection limits in pure solvent C. (column 2) obtained by ULTIMA 2 by using
the most prominent lines of Cr, Sb, Zn, Pb, Cd, Mn, Cu, U, and Ba under optimal
experimental conditions (Texc = 7200 K), threshold concentrations under Bulgarian
Regulation No. 9 on the quality of water intended for human consumption (column 3)

Most prominent analytical lines, C, Threshold concentrations,
wavelength, A, nm (ngml ™) (ng ml™")
Cr 11 205.552 3.0 50
Sb 1206.838 10 5
Zn |1213.856 1.4 4000
Pb 11 220.353 5.0 10
Cd Il 226.502 14 5.0
Mn Il 257.610 0.13 50
Cu 1324.754 1.3 2000
U Il 385.958 1.4 30

Ba 1l 455.403 0.12 No data
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An acid blank (1 mol I HNO3) was prepared for measurement of the background
signal in A, of the selected prominent lines. The comparison of the detection limits in pure
solvent C. by using the most prominent lines of Cr, Sb, Zn, Pb, Cd, Mn, Cu, U, and Ba
under the optimal experimental conditions (Texc = 7200 K) with the threshold
concentrations under Bulgarian Regulation No. 9 on the quality of water intended for
human consumption (Regulation No. 9, 2001) show that the obtained detection limits
satisfy the quality requirements of the Bulgarian water quality regulation.

Table 4. Selected prominent analysis lines in the presence of complex matrix

. Line interferences from matrix
Selected analysis lines .
constituents
Zn |1 202.548 free of line interferences
Sb 1206.838 Line interference from Ti
Cd 1l 214.438 Line interference from Fe
Cul 324.754 free of line interferences
Mn 1l 257.610 free of line interferences
Pb Il 220.353 free of line interferences
Crll 267.716 free of line interferences
U 11 409.014 free of line interferences
Ba Il 455.403 free of line interferences

Determination of Cr, Sb, Zn, Pb, Cd, Mn, Cu, U, and Ba in soil samples

Soil samples were collected following ISO 10381-2, Soil quality sampling. Extraction
of trace elements soluble in aqua regia was used as a decomposition method by ISO
11466.

Table 5. Threshold concentrations in the determination of Zn, Sb, Cd, Cu, Mn, Pb, Cr, U,
and Ba in soil (ug g') (Regulation No. 3, 2008) (column 2), maximum permissible
concentrations for U (Sheppard, 2005) (column 3) and true detection limits obtained by the
present ICP-OES method (ug g™') (column 4)

Selected Threshold concentrations | Maximum permissible T
prominent for soils, (ug g™") concentraption for U Tru%detectlon_lgmlts
lines, wavelength Bulgarian legislation (inug g™ obtairﬁteng,tfugllC?P-)OES
A, nm (Regulation No. 3, 2008) (Sheppard, 2005) y

Zn 11 202.548 88 + 180 no data 0.12

Sb 1206.838 no data no data 1.5

Cd 11 214.438 04+1.0 no data 0.12

Cul1324.754 34 +70 no data 0.07

Mn Il 257.610 no data no data 0.07

Pb 11 220.353 26 + 50 no data 0.65

Crll 267.716 65 + 130 no data 0.12

U 11 409.014 34 +70 0.3+11.7 0.75

Ba Il 455.403 no data no data 0.06

The reference solutions for the determination of the analytes were prepared based
on a blank containing the acids used for digestion and complex matrix. A blank sample
was prepared based on a blank containing the acids used for digestion and complex
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matrix. The optimum line selection for trace analysis in a variety of multi-component
environmental materials especially without information regarding the concentration of the
matrix constituents (Al, Ca, Fe, Mg and Ti) requires the choice of prominent lines free or
negligibly influenced by line interference Table 4. The line selection was made according to
the absence or the lowest possible level of spectral interference.

The comparison of the detection limits obtained by the present ICP-OES method with
the corresponding maximum permissible concentrations of pollutant substances for soils in
ug g ' shows that the detection limits are significantly lower in comparison with the given
threshold concentration levels. Therefore, this method can be successfully used for real
contaminations in soil samples (Table 5).

Conclusions

Radial viewing 40.68 MHz ICP-OES was applied in the determination of Cr, Sb, Zn,
Pb, Cd, Mn, Cu, U, and Ba in environmental materials. The robustness of the plasma
operating conditions was evaluated. The plasma operating condition was optimized in
order to achieve the lowest detection limits in pure solvent and in a complex environmental
matrix. The optimum line selection for trace analysis in complex environmental materials
requires quantitative information on spectral interferences. The obtained ICP-OES
detection limits are significantly lower and satisfy the quality requirements from point of
view of maximum permissible concentrations for drinking waters and maximum
permissible concentrations for soils according to the Bulgarian ecological regulations. The
ICP-OES method can be successfully used for real contaminations in water and soil
samples.
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OSMOLITES REGULATION OF DUAL-SPECIES BIOFILM FORMATION BY Bacillus
subtilis AND Escherichia coli
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In a large part of soil layer and other ecological niches, bacterial species are united in
communities and develop together in the form of heterogeneous structures called biofilms,
which are formed on surfaces of different nature and nature with the participation and as a
result of the interaction of two or more bacterial species. Effects of the osmolality of the
cultivating on bacterial biofilm formation by co-culture of Bacillus subtilis and Escherichia
coli strains and the mechanisms, the form of their relationships were analyzed by using of
the crystal violet staining method combined with cultivated microbial analysis, and confocal
laser scanning microscopy under expose of different concentration of NaCl of the
cultivating.

Key words: Osmolality Regulation, Confocal laser scanning microscopy, Bacillus
subtilis 168, Multispecies biofilms.

Introduction

In a large part of ecological niches, bacterial species are united in communities and
develop together in the form of heterogeneous structures called biofilms, which are formed
on surfaces of different nature and nature with the participation and as a result of the
interaction of two or more bacterial species [Rendueles and Ghigo, 2012]. At the basis of
their formation and their resistance to the various effects of the external environment are
the relationships between microorganisms, which include competition for nutrients from the
composition of the medium for cultivating biofilms, antagonism and symbiosis. The
structure of biofims and the composition of the microbial community in them are
determined by the fluctuation in the values of environmental factors [Moons et al., 2009].
Changes in the values of environmental factors affect the physiological state of the cells in
the structure of the forming biofilm. In the process of development, conditions are created
for contacts between bacterial cells and contacts of cells with the surface on surfaces that
are different in nature and morphology. Changes in environmental conditions have an
impact on the properties of the bacterial cell, expressed in a change in the level of gene
regulation for the implementation of the process of biofilm formation or in the charge of the
cell surface, as well as on the physicochemical characteristics of the substrate [Garcia-
Gonzalo and Pagan, 2015].

The high osmotic value of the medium inhibits the expression of genes in B.subtilis
strains responsible for the formation of exocellular polysaccharides, proteins that are part
of the matrix of biofilms, and contributes to the reduction of the thickness of the pellicle in
the formation of biofilms at the interface between the air and the surface layer of the liquid
environment [Rubinstein et al., 2012]. This process is determined by the reduction of KinD
kinase activity, which leads to an increase in the level of the SpoOA factor [Aguilar et al.,
2010] and inhibition of the sporulation process during the development of the species in a
state attached to different surfaces [Rubinstein et al. al., 2012; Aguilar et al., 2010]. The
kinase KinD catalyzes the transfer of phosphate groups to the core factor SpoOA, which
ensures the maintenance of a high intracellular level of SpoOA-P, necessary for the
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initiation of the processes of biosynthesis of exocetural polymers of the biofilm matrix and
for inhibition of the initial stage of spore formation [Rubinstein et al., 2012; Aguilar et al.,
2010]. The concentration of NaCl in the culture medium of 5% stimulates the formation of
surface-active compounds by B. subtilis strains [Jha et al., 2017], which play the role of
signaling molecules, the accumulation of which in the intercellular space creates
conditions for the process of formation of biofilms on the roots of crop plants as a result of
the increase in KinC activity of the SpoOA regulatory pathway [Lopez et al., 2009; McLoon
et al., 2011] and limits the spread of strains of the species Podosphaera fusca [Romero et
al., 2007], of the phytobacterial species Xanthomonas campestris pv. cucurbitae and
Pectobacterium carotovorum subsp. carotovorum in them [Zeriouh et al., 2011]. The
increase in its content is accompanied by the inhibition of surfactin synthesis by B.subtilis
strains [Jha et al., 2017], which is influenced by the pH value of the medium [Lopez et al.,
2009], affecting the electrostatic interaction forces between the bacterial cell and the
surface layer of the substrate and the concomitant formation of biofilms. Most natural
biofilms are polymicrobial in composition, but the mechanism remains unclear about how
osmolytesregulates polymicrobial biofilm development and the biofilm matrix component
and spores in their structures.

The main objective of the present work is to study the effects of the osmolality of the
cultivating on the biofilm development and architecture of biofilms of the bacterium (B.
subtilis) during their interactions with Escherichia coli K-12 1655 strain. Effects of the
concentration of NaCl in the cultural medium on bacterial biofilm formation and the
mechanisms were analyzed by the crystal violet staining method combined with cultivated
microbial analysis and confocal laser scanning microscopy. Taken together, the results of
this study demonstrate a close link between biofilm formation and osmolality regulation in
B. subtilis and E.coli strains, allowing a better comprehension of how bacteria can cope
with unfavorable osmotic value under environmental conditions.

Materials and methods

Bacterial Strains and Culture Media. In this research, Bacillus subtilis and
Escherichia coli, both acquired from the BCCM/LMG bacteria collection of NBIMCC,
NCIPD and the “Stephan Angeloff’Institute of Microbiology in Sofia, were used. Stock-
cultures were stored at —80°C in Luria Bertani Broth (LB, NCIPD, Sofia), which were both
supplemented with 20 (v/v) % glycerol (NCIPD, Sofia). For every experiment, a purity plate
was prepared by spreading a loopful of stock-culture onto a LB agar plate [Plate Count
Agar (NCIPD, Sofia). The purity plates for Bacillus subtilis and Escherichia coli were
incubated for 24 h at 37°C.

Starting from the purity plates, pre-cultures were prepared by transferring one colony
into an Erlenmeyer flask containing 20 mL of LB medium (LB, NCIPD, Sofia). Bacillus
subtilis and Escherichia coli pre-cultures were incubated for 24 h at 37°C. Following this
incubation period, stationary phase cultures with a cell density of ~10° CFU/mL were
obtained.

Quantification of colonies. Each specimen was individually placed in a centrifuge
tube containing 4.5 mL of sterile physiological solution, and these tubes were vortexed for
1 min to detach the biofilms from the acrylic samples. After this, aliquots of 25 uL of serial
dilutions (107", 102, 102 , and 10™) were seeded in duplicate on Plate Count Agar
(NCIPD, Sofia) and MacCocey Agar (NCIPD, Sofia) for the identification of Bacillus subtilis
and Escherichia coli, respectively. Red and pink colonies grown on MacCocey Agar
(NCIPD, Sofia) were presumptively identified as Escherichia coli. After incubation at 37 °C
for 24 h, the colony-forming unit per milliliter (CFU/ml) was determined and log-
transformed (log10).

Multispecies Biofilm Formation. For the dual-species biofilm, bacteria in post-
exponential growth phase were suspended in ASW and inoculated in 24 well plates to a
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final OD600 nm of 0.3 (0.15 per strain). For the biofilms involving two bacterial strains, the
final OD600 nm was 0.3 or 0.4 (0.1 per strain). Controls included single species biofilms
formed in the same concentrations and conditions than the multispecies biofilm. To study
the influence of the osmolality of the medium, a series of experiments related to the
cultivation of Bacillus subtilis and Escherichia coli strains in M63 medium (0.02 M KH,POu,
0.04 M K;HPO,, 0.02 M (NH4).SO4, 0.1 mM MgSO, and 0.04 M glucose) were carried out,
to which NaCl was added so that its final concentration was 100 mM, 150 mM and 200
mM, respectively. For the purposes of the task, 18-hour cultures of B.subtilis 170,
B.subtilis 168 and E.coli K-12 1655 strains were prepared in advance in a medium broth
(BulBio Laboratory - Sofia). 50 ul of the liquid cultures were inoculated into 5 cm?® of M63
liquid medium (0.02 M KH.POQO4, 0.04 M K;HPO,, 0.02 M (NH4).SO4, 0.1 mM MgSO. and
0.04 M glucose) to which NaCl had been added so that its final concentration was be 100
mM, 150 mM, and 200 mM, respectively. The control sample did not contain NaCl. For
each factor, the experiment was carried out in five test tubes, in the first one only 50 pl of
the liquid culture of B.subtilis 170 strain was seeded, in the second - B.subtilis 168, in the
third - E.coli K-12 1655, in the fourth tube inoculate 50 ul of the liquid culture of B.subtilis
170 strain and 50 pl of the liquid culture of E.coli K-12 1655 strain, in the fifth place
inoculate 50 pl of the liquid culture of B.subtilis 168 strain and 50 ul of the liquid culture
culture of E.coli K-12 1655 strain. Fresh cultures are distributed in 96-well plates. Each
fresh culture was dispensed into 12 wells, placing 150 ul of the liquid fresh culture in each
well. 150 pl of distilled water is dripped into the final unseeded wells. The first plate is
placed at a temperature of 20 °C. Cultivation of the biofilms on the plates was carried out
for a duration of 24 h. After that, the plankton was separated from each well and washed
three times with saline (0.85% NaCl), 150 ul of saline was placed in half of the wells, and
the biofilm was peeled off using a knife previously burned and cooled in sterile saline of
them, and for each variant of the experiment, the suspension is collected from 6 wells in
one eppendorf.

Matrix Components Staining. For the matrix staining, a static biofilm of 48 h was
performed. Each biofilm was stained with DAPI at 5 pg/mL (Sigma-Aldrich, Darmstadt,
Germany) and one of the following matrix dyes. Exopolysaccharides were stained with the
Wheat Germ Agglutinin (WGA) associated with the Alexa FluorTM 555 conjugate (Thermo
Fisher Scientific, Waltham, MA, United States) at 100 pg/mL to label N-acetyl-
glucosamine. After 30 min of incubation of each probe, each coverslip was washed 3 times
in PBS 1x. Finally, the coverslips were mounted with a drop of ProlongTM Diamond
Antifade before observation with confocal laser scanning microscopy Leica TCS SPE at
wavelength of 540 nm.

Data Extraction From Images and Statistics. To test for statistically significant
differences (P < 0.05) between two conditions a t-test was performed and between
different time points, a two-way analysis of variance including the Bonferroni post-test
were performed using SPSS 13.0 (IBM, Armonk, NY, United States).

Results and Discussion

The osmolality of the medium regulates biofilm formation in a large number of
bacterial species (Table 1). Increase in the number of cell population in the biofilm
structure of E.coli K-12 1655 strain from (1+0.2).10° cfu/ml to (12.53+0.21).10° cfu/ml at a
concentration of NaCl of 100 or 200 mM is probably associated with the activation of the
transcription of pga operon, which is responsible for the biosynthesis of the proteins
necessary for the formation of polyacetylglucosamine, which is part of the matrix. Its co-
development with B.subtilis 168 strains does not determine its dominant role in the
process of formation of biofilm structures. The number of colonies of B. subtilis strains in
the biofilm structure kept a relatively constant value at NaCl content in the range of 150
mM to 200 mM, which increased when interacting with E. coli 1655 K-12 strain, but were
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generally more low compared to the control sample (p<0.05). At a sodium chloride content
of 200 mM in the medium, no cells of E.coli K-12 1655 strain were detected in biofilms in
its association with strains of B.subtilis species, which is an indication of a transition from
competitive relationships to antagonism under the conditions of increasing osmoticity of
the medium (Table 1). The population size of B.subtilis 170 strain decreased to a value of
13.5+0.3.10° cfu/ml in the structure of mixed biofiilms and approached its value in
monospecies biofilms (p>0.05), while for B .subtilis 168 strain it acquires a value of
12.931£0.47.10° cfu/ml as a result of the increase in salt content in the medium for
cultivating biofilms.

Table 1. The impact of the osmolality of the cultivating medium on colony forming units of
B.subtilis 168 and E.coli 1655 strains in the structures of single-species and dual-species
biofilms

Colony forming Colony forming Colony forming units in dual-
units in biofilms units in species biofilms, cfu/cm?
Ne NaCl, mM of biofilms of . .
B.subtilis E.coli K-12 5 sudtils F ool K12
168, cfu/cm? 1655, cfu/cm?
1 0 (0.53+0.06).10° (5.1+0.10).10° (10.7+0.25).10° (10.36+0.32).10°
2 100 10,13+0,15.10° 1+0,2.10° 113+0,9.10° 37,13+0,15.10°
3 150 10,34+0,25.10° 2,26+0,25.10°  37,9+0,89.10° 20,3+0,2.10°
4 200 10,23+0,20.10° 12,53+0,21.10° 12,93+0,47.10° 1,3+0,25.10°

Under stress conditions, the biosynthesis of bacteriocin from B.subtilis 168 strain is
initiated [Luo and Helmann, 2009], which appears to be the result of the repression of the
AbrB factor by SpoOA [Rubinstein et al., 2012] and the activation of the ¢"-factor [Weir et
al. et al.,, 1991]. As a result of these regulatory mechanisms, the activity of the two-
component regulatory system, consisting of the histindin kinase SpaK and the regulatory
protein SpaR, is increased. Histidine kinase undergoes autoinduction by increasing the
activity of the quorum-sensing system or by other signaling mechanisms, as a result of
which the process of transfer of phosphate groups to the main regulator and expression of
the genes responsible for the biosynthesis of lantibiotics occur [Geiger et al., 2017].
Subtelin synthesized by B.subtilis CAU131 (KCCM 10257) strain exerts an inhibitory effect
on the development of Staphylococcus epidermidis KCTC 35494, Escherichia coli ATCC
43984 O157:H7, Escherichia coli DH5a, Escherichia coli KCCM11750 strains according to
the study of Park et al. [2002]. Escherichia coli, Salmonella pullorum, Pseudomonas
aeruginosa, Pasteurella multocida, Clostridium perfringens, Micrococcus luteus,
Streptococcus bovis and Staphylococcus aureus strains are sensitive to the effects of the
bacteriocin secreted by Bacillus subtilis LFB112 strain [Rendueles and Ghigo, 2012]. Data
from previous studies on the biosynthesis of antimicrobial peptides and their influence on
competing species explains the dominant role of B.subtilis 168 strain in the structure of
biofilms formed in its association with E.coli K-12 1655 strain in the conducted study, but
its number is lower compared to the control sample. Inhibition of lantibiotic biosynthesis
[Luo and Helmann, 2009] and surfactin [Rendueles and Ghigo, 2012], as well as
increasing the activity of the regulator AbrB [Garcia-Gonzalo and Pagan, 2015], which
represses genes for matrix formation [Strauch et al., 2007] is in agreement with the
decrease in population numbers of B.subtilis strains in the structure of mixed biofilms when
reaching a NaCl content of up to 200 mM in the culture medium in the present study.

Changing the osmotic value of the culture medium in the range from 100 mM to 200
mM NaCl changes the character of the surface of the biofilms, and the coefficient
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accounting for the irregularities in the surface layer of the structures changes in the range
from 0.25+0.23 to 0 .29+0.26 for the co-culture of B.subtilis 170 and E.coli K-12 1655
strains, while for the co-culture of B.subtilis 168 and E.coli K-12 1655 strains it fluctuates in
the range of 0.221+0.32 to 0.28+0.25, which significantly exceeds the value of the control
sample (p<0.05). The increase in NaCl content in the culture medium of the biofilms in the
study was accompanied by a linear decrease in the average thickness, which varied from
5.191£0.94 pm to 3.52+£0.56 pm in the the co-culture of B.subtilis 170 and E.coli K-12 1655
strains and from 5.2810.15 pym to 2.341£0.33 pm in the co-culture of B.subtilis 168 and
E.coli K-12 1655 strains. Their values were significantly lower than the control sample,
characterized by the absence of sodium chloride in the medium, which is attributed to the
inhibition of polyacetylglucosamine biosynthesis by both strains in the process of biofilm
formation. Inhibition of the biosynthesis of exocellular polysaccharides, which are included
in the composition of the matrix of biofilms and ensure their spread on the surface of the
substrate, explain the decrease in the values of the relative area of spread and an
increase in the ratio of area to volume, which follows a linear relationship for both pairs of
strains when changing the osmoticity of the medium in the present study. At a
concentration of sodium chloride of 200 mM, their values were respectively 0.19+0.02 ym?
and 0.45+0.02 ym2.um™ in the biofilms of Bacillus subtilis 168 and Escherichia coli K-12
1655 strains (Table 2; Fig. 1).

Table 2. Morphometric features of dual-species biofilms of Bacillus subtilis 168 and
Escherichia coli K-12 1655 strains, depending on the osmolality of the cultivating medium

Mean Coefficient of Relative area, Relationship

NaCl, mM . . o area/volume,
thickness, ym unevenness Mm um? pm->"

0 10,46+0,42 0,02+0,03 0,97+0,01 0,095+0,002
100 5,28+0,15 0,22+0,32 0,61+£0,03 0,146%0,003
150 4,79+0,12 0,2840,25 0,58+0,02 0,190+0,024
200 2,34+0,33 0,1620,09 0,45+0,02 0,390+0,061

* y==-2,729.x+12,93,1°=0,991, p<0,05
** y=-0,169.x+1,1,°=0,965, p<0,05
*** y=0,1029.x-0,027,°=0,972, p<0,05

0 mM 100 mM 150 mM 200 mM

Figure 1. Microscope study of biofilms of Bacillus subtilis 168 and Escherichia coli K-12
1655 strains at different osmolality of the cultivating medium. Biofilm growth was carried
out on the cover glasses for a time of 24 h at different temperatures. The staining was
carried out by using of complex fluorescence dye Live Bacterial Gram Stain Kit (Biotum),
but the observations were carried out by using of confocal laser scanning microscopy
Leica TCS SPE at wave length of 540 nm.
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According to the study by Moons et al. [2006] the high osmoticity of the medium
causes inhibition of the activity of the genes responsible for the biosynthesis of the
exocellular polysaccharides of the composition of the matrix of the biofilms of Bacillus
subtilis strains, and in the study of Lopez et al. [2009] the increase in the salt content is
accompanied by the reduction of the synthesis of the Hag protein, which is the main
component of the fringes, taking part in the implementation of flagellar motility. Their
growth at a high salt content of 0.12 M NaCl leads to the repression of genes whose
activity is determined by the two-component regulatory system DegS/DegU by means of
the kinase KinD [Weir et al., 1991]. The expression of epasA-O operon in B.subtilis 168
strain, responsible for the formation of the exocellular polysaccharides of the biofilms, is
proportional to the increase in the activity of the low molecular weight secretory protein
YuaB [Rendueles and Ghigo, 2012], determined by the level of the regulatory protein AbrB
[Garcia-Gonzalo and Pagan, 2015], which decreases upon activation of the DegS/DegU
system due to the phosphorylation of the SpoOA regulator by the increase in KinD kinase
activity and the increase in the intracellular level of SpoOA ~P [Garcia-Gonzalo and
Pagan, 2015]. In E.coli K-12 strains, this effect is explained by the negative influence of
the regulatory protein RpoS on the transcription of yjb and wca operons under conditions
of varying sodium chloride content up to 0.7 M in the culture medium, which are
responsible for the biosynthesis of the exocellular polysaccharides [Rendueles and Ghigo,
2012].

The increase in the osmoticity of the medium creates conditions for the inhibition of
tapA-sipW-tasA operon in Bacillus subtilis strain for the biosynthesis of the TapA and TasA
proteins from the composition of the protein component of the biofilm matrix [Rubinstein et
al.,, 2012] and gene region epasA- O, the increase in whose activity promotes the
biosynthesis of the main polysaccharides of the mitric composition of biofilms [Rubinstein
et al., 2012], which is under the negative control of the regulatory protein SinR [Lopez et
al., 2009]. The two-component regulatory system in E.coli strains, consisting of the
regulatory protein CpxR and the histidine kinase CpxA, increases its activity at high salinity
of the medium [Dudin et al., 2013], thereby repressing the maintenance of curled fringes in
medium containing of sodium chloride of 100 mM [Ogasawara et al., 2010]. An increase in
its content to 200 mM is accompanied by activation of pga operon, responsible for the
synthesis of poly-N-acetylglucosamine [Rendueles and Ghigo, 2012]. The biosynthesis of
the repressor protein SinR is accompanied by the activation of the histidine kinase KinD,
which takes part in the processes of transfer of phosphate groups to the main regulator of
spore formation SpoOA and the development of Bacillus subtilis strains to biofilms, which
causes a high level of repression for the genes responsible for the biosynthesis of the
main components of the matrix composition [Rubinstein et al., 2012], which may also
account for the reduction in the relative area of spread of the structures formed in the
studied pairs of strains in the present study.

Conclusions

At cultivation in the cultural medium without NaCl, the bacterial growth rates of
single-species biofilms of Bacillus subtilis strains and biofilms as result of their interaction
with Escherichia coli strains were similar and determines the mutualism between two
strains in the structure of biofilms, but the cultivating at the concentration of NaCl in the
cultural medium over of 100 mM lead to the impeded growth and affect adversely the
process of biofilm formation by the participation of B.subtilis 168 and E.coli K-12 1655
strains, as a result of which a decrease in the value of the average thickness and relative
spreading area and an inversely proportional increase in the ratio of the spreading area of
the structures to their volume.
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INFLUENCE OF TEMPERATURE ON MULTISPECIES BIOFILM FORMATION
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Temperature and its changing in the different part of soil layers affects the
physiological state of bacterial cells during the formation of biofilms, the physicochemical
characteristics of the main components that make up the structure of the cell and biofilms,
and of the substrate. Effects of the temperature of the cultivating on bacterial biofilm
formation by co-culture of Bacillus subtilis and Escherichia coli strains and the
mechanisms, the form of their relationships were analyzed by using of the crystal violet
staining method combined with cultivated microbial analysis, and confocal laser scanning
microscopy.

Key words: Temperature Regulation, Confocal laser scanning microscopy, Bacillus
subtilis 168, Multispecies biofilm.

Introduction

Temperature affects the physiological state of bacterial cells during the formation of
biofilms, the physicochemical characteristics of the main components that make up the
structure of the cell and biofilms, and of the substrate [Asadishad et al., 2014]. The change
in the ratio between saturated and unsaturated fatty acids in the cell membrane is the main
mechanism for adaptation of Bacillus subtilis strains to the environmental temperature in
the range from 15 to 37 °C [Asadishad et al., 2014; Grover et al., 2010]. In E.coli strains,
the decrease in temperature leads to changes in the composition of the cell membrane,
resulting in an increase in the proportion of unsaturated fatty acids and a decrease in
saturated ones [Yang et al., 2014]. The impact of low temperatures causes inactivation of
pgsBCA gene for poly-y-glutamic acid, the biosynthesis of which ensures the adhesion of
cells of Bacillus subtilis strains to the surface of the substrate [Asadishad et al., 2014;
Lopez and Kolter, 2010].

The incubation temperature affects the metabolic activity of Bacillus subtilis strains
during the formation of biofilms, and the increase in its value is accompanied by the
formation and accumulation of bacteriocins [Hall-Stoodley et al., 2004], which are
distinguished by a wide spectrum of antimicrobial and its antibiofim-forming effect [Phelan
et al., 2013]. The formation of lantibiotics is the result of post-translational modification of
peptides synthesized during translation. They are classified into four classes depending on
the mechanism of their biosynthesis [Lee et al., 2008], and dehydratases and cyclases are
all involved in the overgrowth of class 1 lantibiotics [Duanis-Assaf et al., 2012]. The
conversion of the linear starting molecule with an N-terminal peptide region into a C-
terminal peptide core involves post-translational modifications of the C-terminus resulting
in enzymatic conversion of threonine and serine to dihydroalanine and dihydro-2-butyric
acid [Ji et al., 2015]. The interaction of these residues of the amino acid derivatives with
the cysteine residues of the adjacent peptide leads to the formation of thioester bonds,
generating meso-lanthionine and (2S,3S,6R)-3-antionine [Phelan et al., 2013]. The course
of these processes ensures the stability of the structure of the bacteriocin formed by
Bacillus subtilis strains and their resistance to the effects of proteases and thermal
treatment [Duanis-Assaf et al., 2012]. Bacteriocins formed as a result of increasing
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environmental temperature inhibit the growth and development of other Gram-positive
strains by inhibiting the synthesis of their cell wall [Teixeira et al., 2013] and are
distinguished by inhibitory activity regarding the formation of biofilms by other microbial
species [Sharma et al., 2018]. Most natural biofilms are polymicrobial in composition, but
the mechanism remains unclear about how temperature regulates polymicrobial biofilm
development and the biofilm matrix component and spores in their structures.

The main objective of the present work is to study the effects of the temperature of
the cultivating on the biofilm development and architecture of biofilms of the bacterium (B.
subtilis) during their interactions with Escherichia coli K-12 1655 strain. Effects of the
temperature of the cultivating on bacterial biofilm formation and the mechanisms were
analyzed by cultivated microbial analysis and confocal laser scanning microscopy. Taken
together, the results of this study demonstrate a close link between biofilm formation and
temperature regulation in B. subtilis and E.coli strains, allowing a better comprehension of
how bacteria can cope with unfavorable temperature-value under environmental
conditions.

Materials and methods

Bacterial Strains and Culture Media. In this research, Bacillus subtilis and
Escherichia coli, both acquired from the BCCM/LMG bacteria collection of NBIMCC,
NCIPD and the “Stephan Angeloff’Institute of Microbiology in Sofia, were used. Stock-
cultures were stored at —80°C in Luria Bertani Broth (LB, NCIPD, Sofia), which were both
supplemented with 20 (v/v) % glycerol (NCIPD, Sofia). For every experiment, a purity plate
was prepared by spreading a loopful of stock-culture onto a LB agar plate [Plate Count
Agar (NCIPD, Sofia). The purity plates for Bacillus subtilis and Escherichia coli were
incubated for 24 h at 37°C.

Starting from the purity plates, pre-cultures were prepared by transferring one colony
into an Erlenmeyer flask containing 20 mL of LB medium (LB, NCIPD, Sofia). Bacillus
subtilis and Escherichia coli pre-cultures were incubated for 24 h at 37°C. Following this
incubation period, stationary phase cultures with a cell density of ~109 CFU/mL were
obtained.

Quantification of colonies. Each specimen was individually placed in a centrifuge
tube containing 4.5 mL of sterile physiological solution, and these tubes were vortexed for
1 min to detach the biofilms from the acrylic samples. After this, aliquots of 25 uL of serial
dilutions (107" , 102, 102 , and 10™*) were seeded in duplicate on Plate Count Agar
(NCIPD, Sofia) and MacCocey Agar (NCIPD, Sofia) for the identification of Bacillus subtilis
and Escherichia coli, respectively. Red and pink colonies grown on MacCocey Agar
(NCIPD, Sofia) were presumptively identified as Escherichia coli. After incubation at 37 °C
for 24 h, the colony-forming unit per milliliter (CFU/ml) was determined and log-
transformed (log10).

Multispecies Biofilm Formation. For the dual-species biofilm, bacteria in post-
exponential growth phase were suspended in ASW and inoculated in 24 well plates
(Corning Incorporated Costar®, New York, NY, United States) to a final OD600 nm of 0.3
(0.15 per strain). For the biofilms involving two bacterial strains, the final OD600 nm was
0.3 or 0.4 (0.1 per strain). Controls included single species biofilms formed in the same
concentrations and conditions than the multispecies biofilm. To investigate the effect of
temperature, a series of experiments on the cultivation of biofilms in M63 medium (0.02 M
KH2PO4, 0.04 M K:HPO4, 0.02 M (NH4).SO4, 0.1 mM MgSO, and 0.04 M glucose) were
carried out according to the indicated scheme at a temperature of 20 ° C, 30 °C, 37 °C and
40 °C. For the purposes of the task, 18-hour cultures of B.subtilis 170, B.subtilis 168 and
E.coli k-12 1655 strains were prepared in advance in a medium broth (BulBio Laboratory -
Sofia). 50 pl of the liquid cultures were inoculated into 5 cm?® liquid medium M63 (0.02 M
KH2PO4, 0.04 M K;HPO4, 0.02 M (NH4)2.SO4, 0.1 mM MgSO,4 and 0.04 M glucose). For
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each factor, the experiment was carried out in five test tubes, in the first one only 50 pl of
the liquid culture of B.subtilis 170 strain was seeded, in the second - B.subtilis 168, in the
third - E.coli K-12 1655, in the fourth tube inoculate 50 ul of the liquid culture of B.subtilis
170 strain and 50 pl of the liquid culture of E.coli K-12 1655 strain, in the fifth place
inoculate 50 pl of the liquid culture of B.subtilis 168 strain and 50 ul of the liquid culture
culture of E.coli K-12 1655 strain. Fresh cultures are distributed in 96-well plates. Each
fresh culture was dispensed into 12 wells, placing 150 ul of the liquid fresh culture in each
well. 150 pl of distilled water is dripped into the final unseeded wells. The first plate is
placed at a temperature of 20 °C. Cultivation of the biofilms on the plates was carried out
for a duration of 24 h. After that, the plankton was separated from each well and washed
three times with saline (0.85% NaCl), 150 pl of saline was placed in half of the wells, and
the biofilm was peeled off using a knife previously burned and cooled in sterile saline of
them, and for each variant of the experiment, the suspension is collected from 6 wells in
one eppendorf.

Matrix Components Staining. For the matrix staining, a static biofilm of 48 h was
performed. Each biofilm was stained with DAPI at 5 ug/mL (Sigma-Aldrich, Darmstadt,
Germany) and one of the following matrix dyes. Exopolysaccharides were stained with the
Wheat Germ Agglutinin (WGA) associated with the Alexa FluorTM 555 conjugate (Thermo
Fisher Scientific, Waltham, MA, United States) at 100 pg/mL to label N-acetyl-
glucosamine. After 30 min of incubation of each probe, each coverslip was washed 3 times
in PBS 1x. Finally, the coverslips were mounted with a drop of ProlongTM Diamond
Antifade before observation with confocal laser scanning microscopy Leica TCS SPE at
wavelength of 540 nm.

Data Extraction From Images and Statistics. To test for statistically significant
differences (P < 0.05) between two conditions a t-test was performed and between
different time points, a two-way analysis of variance including the Bonferroni post-test
were performed using SPSS 13.0 (IBM, Armonk, NY, United States).

Results and Discussion

The high temperature of the environment is associated with the occurrence of
oxidative stress, which is the result of the metabolic processes taking place in the cell and
the adverse impact of environmental factors. These changes in the cell are associated with
the formation and increase of the intracellular level of reactive oxygen species, resulting in
damage to the spatial structure of proteins, the double-stranded structure of DNA and the
death of the cell [Asadishad et al., 2014; Chumsakul et al., 2010; Grover et al., 2010].

In the structure of the formed biofilms, competitive relationships were established
between B. subtilis 168 and E. coli 1655 strains at a cultivation temperature of 20 °C, while
the increase in its value in the range from 20 to 40 °C creates conditions for the
development of antagonistic relationships, as a result of which the structure of biofilms is
dominated by cells of B. subtilis 170 and B. subtilis 168 strains, but in general, a decrease
in their number of 32.4+0.13.10° cfu/ml is observed /cm3 to 0.42+0.07.106 cfu/ml in the
structure of biofilms in the co-culture of B. subtilis 170 and E. coli K-12 1655 strains, as
well as from 33.65+0.2.10° cfu/ml to 0.16 +0.02.106 cfu/cm3 for the co-culture of B. subtilis
168 and E. coli K-12 1655 strains (Table 1).

B. subtilis 168 strain is distinguished by resistance to the effects of nisin of
Lactococcus lactis, which is determined by the expression of yvql and yvqH genes,
responsible for the biosynthesis of a transmembrane protein, participating in the
mechanisms of protection against the effects of nisin and causing photoresistance, as well
and yvcR and yvcS genes, responsible for the functioning of an ABC transport system with
an unclear role [Yang et al.,, 2014]. Other studies have found a correlation between
changes in the activity of transport proteins from the composition of the cytoplasmic
membrane and sensitivity to nisin of E. coli strains. Sensitive to the effects of nisin cells of
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E. coli strains are characterized by low activity of membrane transport proteins
[Chumsakul et al., 2010], which explains the strong decrease in the number of population
of E. coli K-12 1655 strain in the structure of mixed biofilms in their association with B.
subtilis 168 strains at temperature above 30 °C in the present study.

Observations using confocal laser scanning microscopy at a wavelength of 540 nm
after staining with a fluorescent dye (Figure 1) conjugated to wheat agglutinin show a
structure characterized by an uneven surface, the thickness of which ranges to 10.46+0.42
Mm in the co-culture of B.subtilis 168 and E.coli K-12 1655 strains at culture temperature
from 20 °C, while the inequality coefficient is found within narrow limits (p>0.05).
Dispersion processes of biofilms formed by the participation of B.subtilis 168 and E.coli K-
12 1655 strains were observed in the present study, when the cultivation temperature
increased to 37 °C. The average thickness of biofilms formed by the co-cultivation of
B.subtilis 168 and E.coli K-12 1655 strains changed from 6.26+£0.24 ym to 2.70+£0.11 ym
with increasing cultivation temperature from 30 °C to 40 °C. The ratio of their relative
spreading area to volume varied in the range from 0.090+0.006 pmZ2.um= to 0.300+0.020
um?.um= in the co-culture of B.subtilis 170 and E.coli K-12 1655 strains, while the co-
cultivation of the pair of B.subtilis 168 and E.coli K-12 1655 strains is accompanied by the
formation of structures on the slides, the ratio of the relative area of propagation to the
volume ranges from 0.09+0.001 ymZ2.um=to 0.36+0.003 uym?.um™ due to the change of the
cultivation temperature from 20 °C to 40 °C (Table 2; Figure 1). The relative area of spread
of the formed structures decreases exponentially with the increase of the cultivation
temperature in the present study [y=1.3.e%%%* r?=0.99, p<0.05; y=1.8.e%%'* r?=0.92,
p<0.05]. The high relative area of spread per unit area of the structures formed as a result
of the co-development of B.subtilis 168 and E.coli K-12 1655 strains is probably
associated with the biosynthesis of the structures for cell adhesion on the surface, which
takes place at a temperature of 20 °C.

The basis of the obtained results is the repression of the operons responsible for the
biosynthesis of exocellular polysaccharides and proteins in B.subtilis strains by the key
regulators AbrB and SinR [Hall-Stoodley et al., 2004]. Gene expression is stimulated by
increasing the temperature of biofilm cultivation [Phelan et al., 2013], which leads to the
formation of the sigma factor o* [Hall-Stoodley et al., 2004]. Deletion in this gene region is
accompanied by expression of the operons, which is important for the biosynthesis of the
biofilm matrix [Asadishad et al., 2014]. SIrR is an activator in the process of biofilm
formation, which positively affects the transcription of ygxM operon in strain B. subtilis
NCIB3610 [35] and the promoter region of the ygxM and eps operons in B. subtilis ATCC
6633A strain [Asadishad et al., 2014]. Its transcription is inhibited by another regulatory
protein YwcC, which occurs as the temperature of biofilm cultivation increases [Phelan et
al., 2013].

In the study by Sharma et al. [2018] the expression of espA and csgA genes
responsible for the biosynthesis of curli-cilia in the biofilm formation process of Escherichia
coli O157:H7 (0157) strain occurs at a culture temperature of 28 °C in a medium with a
glucose content of 0.1%. Adhesion of cells of Escherichia coli (EHEC) O157:H7 strain on
an abiotic surface is favored at a biofilm cultivation temperature of 25 °C and is
significantly inhibited when its value increases to 39 °C [Chumsakul et al., 2010]. The
mechanism of cell adhesion of B.subtilis strains during the formation of biofilms on
different surfaces takes place with the participation of y-polyglutamic acid [Phelan et al.,
2013], whose bisynthesis is regulated by pgsBCA gene [Duanis-Assaf et al., 2012]. Its
expression occurs at low temperature according to the study of Asadishad et al. [2014].
B.subtilis ZJU-7 strain accumulates the maximum amount of y-polyglutamic acid at a
culture temperature of 37 °C [Ji et al., 2015], and the strong reduction in the relative
spreading area of the biofilms of the investigated pair of strains in the present study
confirms the conclusions from the study by Lopez et al. [2010], according to which the
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polymer occupies a low relative proportion in the matrix of biofilms. In other studies, high
temperature stimulated the inhibitory effect of the regulatory protein YwcC on the activity of
ygxM (tapA)-sipW-tasA operon in B.subtilis strains [Asadishad et al., 2014], which encodes
the biosynthesis of TasA, TapA, and SipW proteins from the composition of the matrix of
biofilms [Murray et al., 2010], which ensure the spread of the formed structures on the
surface layer of the substrate [Asadishad et al., 2014].

Table 1. The impact of the temperature of the cultivating on colony forming units of
B.subtilis 168 and E.coli 1655 strains in the structures of single-species and dual-species
biofilms

Colony forming Colony Colony forming units in dual-
T units in biofilms  forming units species biofilms, cfu/cm?®
Ne |emperature, of in biofilms of .
°C . . - E.coli K-12
B.subtilis 168, E.coli K-12 B.subtilis 168 1655
cfu/cm?® 1655, cfu/cm?®
1 20 5.76+0.23.10° 0,4+0.0.10° 33+0.27.10° 1.86+0.10.10°
2 30 6.26+0.10.10° 0 33.65+0.2.10° 0,3+0.00.10°
3 35 0.61+0.07.10° 0 1.73+0.07.10° 0
4 40 0,16+0.07.10° 0 0.16+0.02.10° 0

20 °C 30 °C 35°C 40 °C

Figure 1. Microscope study of biofilms of Bacillus subtilis 168 and Escherichia coli K-12
1655 strains at different temperatures of the cultivating. Biofilm growth was carried out on
the cover glasses for a time of 24 h at different temperatures. The staining was carried out

by using of complex fluorescence dye Live Bacterial Gram Stain Kit (Biotum), but the
observations were carried out by using of confocal laser scanning microscopy Leica TCS
SPE at wave length of 540 nm.

Table 2. Morphometric features of dual-species biofiims of Bacillus subtilis 168 and
Escherichia coli K-12 1655 strains, depending on the temperature of the cultivating

Temperature, Mean Coefficient of Relative area, Relationship
0 : * e area/volume,
C thickness, ym* unevenness um 2 o

Mm-.um-
20 10,78+0,37 0,03+0,01 0,9940,00 0,090+0,009
30 6,2610,24 0,02+0,05 0,6410,03 0,156+0,002
35 3,03+0,12 0,02+0,05 0,49+0,01 0,323+0,004
40 2,71+0,01 0,02+0,06 0,1910,02 0,361+0,002

* y=16,386.67%7% 2=0,938, p<0,05
** y=_0,265.x+1,265,r°=0,997, p<0,05
**%1/=0,096.x-0,0125,r°=0,969, p<0,05
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Conclusions

At the temperature of the cultivating of 20 °C, the bacterial growth rates of single-
species biofilms of Bacillus subtilis strains and biofilms as result of their interaction with
Escherichia coli strains were similar and determines the mutualism between two strains in
the structure of biofilms, but the temperature of the cultivating over of 20 °C lead to the
impeded growth and affect adversely the process of biofilm formation by the participation
of B.subtilis 170 and E.coli K-12 1655, B.subtilis 168 and E.coli K-12 1655 strains, as a
result of which a decrease in the value of the average thickness and relative spreading
area and an inversely proportional increase in the ratio of the spreading area of the
structures to their volume.

Funding

This research is supported by the Bulgarian Ministry of Education and Science under
the National Scientific Program ,Intelligent Animal Farming“, Contract Ne MHTE->KBO
L01-62/18.03.2021

References

Asadishad B., A. Olsson, D. Dusane, S. Ghoshal, N. Tufenkji(2014). Transport, motility, biofilm
forming potentia and survival of Bacillus subtilisexposed to coldtemperature and freeze-
thaw. Water Research, 58 : 239-247

Chumsakul O., H. Takahashi, T. Oshima, T. Hishimoto, S. Kanaya, N. Ogasawara, S. Ishikawa
(2010). Genome-wide binding profiles of the Bacillus subtilis transition state regulator
AbrB and its homolog Abh reveals their interactive role in transcriptional regulation .
Nucleic Acids Research, 2010; 39 (2): 414-428

Duanis-Assaf D., D.Steinberg, Y.Chai, M.Shemesh (2012).The LuxS Based Quorum Sensing
Governs Lactose Induced Biofilm Formation by Bacillussubtilis. Frontier in Microbiology,
6:1-10

Grover M., L. Nain, S. Singh, A. Saxena (2010). Molecular and biochemical approaches fro
characterization of antifungal trait of a potent biocontrol agent Bacillus subtilis Rp24.
Current Microbiology, 60 (2): 99-106

Hall-Stoodley L., J.W. Costerton, P. Stoodley (2004). Bacterial biofilms:from the natural
environment to infectious diseases. NatRev Microbiol., 2(2):95-108

Ji S.,W. Li, H. Xin, S.Wang, B. Cao (2015). Improved Production of Sublancin 168
Biosynthesized byBacillus subtilis 168 Using Chemometric Methodology andStatistical
Experimental Designs. BioMed Research International, 1-9

Lopez, D., R.Kolter (2010). Extracellular signals that define distinct and coexisting cell fates in
Bacillus subtilis. - FEMS Microbiol Rev ., 2010; 34: 134—-149.

Lee J, Zhang XS, Hegde M, Bentley WE, Jayaraman A, Wood TK (2008). Indole cell signaling
occursprimarily at low temperatures in Escherichia coli. - ISME J., 2:1007-1023

Murray E.J., N.R. Stanley-Wall (2010). The sensitivity of Bacillus subtilis to diverse
antimicrobial compounds is influenced by Abh. Arch Microbiology, 192:1059-1067

Phelan R.,M. Barret, P. Cotter, P. O’'Connor, R. Chen, J. Morrissey, A. W. Dobson, F. O’Gara, T.
Barbosa. (2013). Subtilomycin: A New Lantibiotic from Bacillus subtilis Strain MMA7
Isolated from the Marine Sponge Haliclona simulans- Mar. Drugs, 11: 1878-1898

Sharma G., S. Dang, S. Gupta, R.Gabrani. Antibacterial Activity (2018). Cytotoxicity, and the
Mechanism of Action of Bacteriocin from Bacillus subtilis GAS101. Med Princ Pract.,
27:186-192

Teixeira M.L., A. Dalla Rosa, A Brandelli (2013). Characterization of an antimicrobial peptide
produced by Bacillus subtilis subsp. spizezinii showing inhibitory activity towards
Haemophilus parasuis. Microbiol., 159:980-988

Yang, K., Meng, J., Huang, Y.C (2014). The role of the QseC quorum-sensing sensor kinase in
epinephrine-enhanced motility and biofilm formation by Escherichia coli. - Cell Biochem
Biophys, 70: 391-398

55



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

EKCMIIOATAUMOHHO-MKOHOMMUYECKA OLIEHKA HA TEXHUYECKW PELLEHUSA 3A
MEXAHU3WPAHE BPAHETO HA MACJIOOAUHA PO3A
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Pestome

BpaHeTo Ha MacnogamHa po3a e onepauus OT TEXHOMOrMYHMS npouec npu
OTrMeXaaHeTo Ha eTepuyHOMacrieHaTa KynTypa, KOATo U B HallW OHW NpoAbihkaBa Aa ce
M3BbpLUBA HaMbMAHO pbyHO. CNOXHOCTTA 3a MexaHu3MpaHeTo W e nopodeHa oT
M3NCKBAHETO 3a 3ana3BaHe Ha HaunHa 3a OTAensHe Ha LBeTa OT pacTeHUEeTo U oT
HeobxoaMmocCTTa 3a NpunaraHe Ha gudepeHumnpaH noaxon No OTHOLIEHWE Ha BCEKU eauH
OT pO30BUTE LIBETOBE.

B Oooknapa ca npeactaBeHW pesyntaTu OT u3cnedBaHe 3a onpegensHe no OnuTHU
AaHHW OT MONeBWn U3NUTBAHWA Ha eKcnnoaTtauMOHHO-MKOHOMWYECKM MokKasaTenu Ha Tpu
paboTHM 3emMenencku MalWnHW 3a MexaHu3upaHe OpaHeTo Ha uBeTa B HacCaXaeHusi C
mMacnogamHa posa. KoHcTaTMpaHO e, 4e OCHOBa 3a OCUrypsiBaHe Ha eXeOHEBHOTO
npubuvpaHe Ha npogykuuaTa B pPO30ONPOU3BOAUTENHUTE CTOMAHCTBA B MbiieH obem u
MaKCMMarsiHO Ka4yeCTBO Ha CbAbPXaLloTO Ce B LIBETOBETE €TEPUYHO MACSIO € ONTUMAITHOTO
CbyeTaBaHe Ha (paKkTopuTe ,KONMMYECTBO pasubdHan po3oB UBAT - KBanudukaums Ha
po3obepaunte - nocTbhareniHa CKOPOCT Ha ABWXKEeHue”. YcTaHoBeHO e, ve beputbeH
arperat, oopMmupaH Ha 6asata Ha BCsAka efHa OT paboTHUTE MalUMHK, NpU OBUXEHUE B
Mexaypeamsita Ha po30BM HacaXXaeHnsa cbC ckopocT B AnanasoHa 300 — 600 m/h moxe aa
ocurypu nponsBoauTENHOCT Ha BepuTOeHaTa onepaums Mexay Asa U net NbTu NO-BMCOKA
OT peanuaupaHata npu TpaguuMoHHOTO PbYHO BpaHe npw no-g4obpu ycnoBus Ha Tpya U
nosuweHa 6e3onacHoOCT 3a po3obepadyunTe.

Knryoeu oymu: macnodaliHa po3a, bpaHe, mexaHu3upaHe, 3emedericka pabomHa
MauwuHa, rnpou3gooumesnHocm.

OPERATING AND ECONOMIC ASSESSMENT OF TECHNICAL SOLUTIONS FOR
MECHANISING THE OIL-BEARING ROSE HARVESTING

Snezhan Bozhkov

Nikola Pushkarov Institute for Soil Science, Agrotechnologies and Plant Protection -
Sofia (Bulgaria)

Abstract

Harvesting of the oil-bearing rose is an operation of the technological process in the
cultivation of the essential oil culture, which even today continues to be carried out
completely manually. The complexity of its mechanization is caused by the requirement to
preserve the method of picking the blossom from the plant and by the need to apply a
differentiated approach to each of the rose flowers.
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The paper presents the results of a study to determine, on the basis of experimental
data of field tests, operational and economic indicators of three farm implements for the
mechanization of harvesting the blossom in oil-bearing rose plantations. It has been
established that the basis for ensuring the daily harvesting of the production in the rose-
producing farms in full volume and maximum quality of the essential oil contained in the
flowers is the optimal combination of the factors "quantity of blooming rose flowers -
qualification of the rose pickers - forward speed of movement ". It has been found that a
tractor/implement combination formed on the basis of each of the farm implements, when
moving between the rows of rose plantations at a speed in the range of 300 — 600 m/h,
can ensure the productivity of the harvesting operation between two and five times higher
than realized in traditional manual picking with better working conditions and increased
safety for rose pickers.

Key words: oil-bearing rose, harvesting, mechanization, farm implement,
productivity.

3KCMIYATALMOHHO-3KOHOMUYECKASA OLIEHKA TEXHUWYECKUX PELLEHUIA OANA
MEXAHU3ALIMN CBOPA MACJIUYHbIX PO3

CHexaH BoxkoB

UHcmumym noyeogedeHusi, aepomexHono2ul u 3auumsi pacmeHul
um. H. lNywkaposa - Cogpusi, bonzapus

Pe3rome

CbBop mMacnuyHom po3bl SBMSETCA Onepaumen TEXHONOrM4Yeckoro npouecca npwu
BO34enbiBaHMM  3(PUPOMACIIMYHOM  KYNbTypbl, KOTOpass W  CerogHs  npogorkaet
BbIMOMHATLCA  MOSMMHOCTbIO  BPYYHY. CHOXHOCTL €ro MexaHusauum CcBsi3aHa C
TpeboBaHMEM COXpaHeHusa crnocoba oTpbiBa LBETKA OT pPacTeHust U ¢ HEOOXOAUMOCTbLIO
AnddepeHLMpOBaHHOIO NOAX0AA K KaXXaoMy U3 PO30BbIX LIBETOB.

B noknage npeacTtaBneHbl pesynbraTbl UCCRe4oBaHUs MO onpedeneHnto Ha ocHoBe
SMMUPUYECKUX  OaHHbIX  MOMEBbIX  WUCMbITAHMMA  SKCMNyaTauMOHHO-9KOHOMMUYECKMUX
nokasartenenm Tpex CenbCKOXO3SIMCTBEHHbIX MalWH ANs MexaHu3aumm cbopa UBETOB B
nnaHTauMsix Macrm4yHOW po3bl. YCTAHOBIEHO, YTO OCHOBOW ObecnevyeHuss exenHEBHOro
cbopa npoayKkuMm B PO30OBOAYECKMX XO3AMCTBAX B MOMIHOM O6beMe M MakCumarbHOro
KayecTBa codepkallerocs B LBeTkax 3MpHOro macna sBnsgeTcsa onTumanbHOe CoOYeTaHne
(haKTOpPOB «KOSIMYECTBO PACMyCTUBLLMXCS PO30BbLIX LIBETKOB - KBanudukaums cbopLinkos
po3 - MocTynaTternbHasi CKOPOCTb [OBWXEHUS". YCTaHOBMNEHO, 4YTO YOOpPO4HbIA arperar,
cthopmmpoBaHHbIi Ha 0ase nbon M3 CenbCKOXO3ANCTBEHHbLIX MalUWH, NpU ABMKEHUN
MeXxay psaamMmn po3oBbIX MaHTauumn co ckopocThbio B AnanasoHe 300 — 600 m/4 moxeT
obecneynTb NPON3BOANTENBHOCTL YOOPOYHOM onepauun oT ABYX OO0 NATU pa3 Bbllle, YeM
npu TpaguUMOHHOM py4yHOM cbope, C NnyyYWwMMKU YCNoBUSIMMA Tpyda W MNOBbILLEHHOMN
BGe3onacHOCTbIO A5 COopLLMKOB PO3.

Knroveeble cnoea: macnu4yHasi po3a, cbop, MexaHu3auusi, CeslbCKOX035UCmeeHHasi
MauwiuHa, rnpou3sooumesibHoCmab.
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BbBeaeHue

BpaHeTo Ha uUBeTa B HacaxgeHuss C MacrnoganHa po3a € ofnepaumsita oT
TEXHOMNOMMYHMS MPOLEC, KOSATO OCMUCASA BCUYKN OEAHOCTM U pasxoaun, peanuavpaHu npu
OTrMeXxgaHeTo Ha MacrnoganHata Kyntypa. MseBbpwBa ce npu U3KIYUTESNTHO
HebnaronpuaTHM  yCroBusi, PbYHO OT Oepadunm B MOBEYETO CryvYam C HEBMCOKA
KBanudukauusa n onuT, KOETo onpeaensd HUcKata Npov3BOAUTENHOCT Ha TEXHOMOrnmyHaTa
onepauunga (Staykov, 2003; Atanasova & Nedkov, 2004; Doncheva, 2020). Cb3gaBaHeTo Ha
TEXHUYECKO CPEeACTBO, KOETO MNO3BOSisiBa Aa Ce MexaHusnpa efuHCTBeHaTa HanbiHO
HemexaHu3npaHa onepauus OT TEXHONOMMYHMA npouec 6w Guno agekBaTeH OTroBOP Ha
cbluecTByBawaTa cutyaums. CrnoxHOCTTa ce CBbp3Ba C M3UCKBAHETO 3a 3anasBaHe Ha
HauMHa 3a OTAensHe Ha LBeTa OT pacTeHMETO M C HeobxoaMMocCTTa 3a npunaraHe npu
OGpaHeTo Ha andbepeHumMpaH NOAXOA NO OTHOLUEHWE Ha BCEKM eanH OT pO30BUTE LLBETOBE.
3agbmknTenHo ycnosuMe npeau  3anoyBaHe Ha paspabotkata e oOueHkata 3a
MKoHoMMyecka uenecvbobpasHocTt (Weller, 2016; Hayes, 2021).

N3cneaBaHusTa BbpXy MexaHusnpaHe GpaHeTo Ha MacnoganHa pos3a B MIHCTUTyTa
Nno noOYBO3HAHME, arpoTexHonorMm u 3awmTta Ha pacteHuaTa ,Hukona [ywkapos®
3anoyHaxa npean epHo pecetunetve. OTymTamkm MopdonorMdHUTe ocobeHOoCTM Ha
MacnoganHara Kynrtypa, cneundukarta Ha 6beputbeHaTa AEMHOCT B PO30BU HaCaXXAEHNS U
npon3TMYaLLmMTe OT TOBa U3NCKBAHUS KbM EHEPreTMYHOTO CPEeACTBO, KOETO MOXe Aa 6bae
M3NonN3BaHO nNpu CbCTaBAHe Ha O6epuTbeH MawuHHO-TpakTopeH arperat (MTA), ca
pa3paboTeHn MOerHU MPOEKTU 3a TEXHUYECKM PELLUEHUSI Ha M3NBAHUTENHM MOAYNU U
3emMefenicku MallMHU 3a PbYHO U MNHeBMaTU4HO OGpaHe Ha UBeTa B HacaXaeHus C
mMacrnoganHa po3a, NpPoBEeAEHN Ca TEeOPETUYHU W3CneABaHusA, Cb3dadeHW ca OMNUTHMU
o6pasum 1 ca peanusmpaHun ekcnepuMeHTanHn n3nuTBaHus. 3emenencknute MalimvHm ca ot
TMN ,paboTeH MHBEHTapP® U ce N3Non3Bar cneq arperatmpaHe KbM 3eMefericCkm TpakTop.

W3cnepBaHeTo, pesyntaTn OT KOUTO ca NpeactaBeHW B maTepuana, uenum oueHkarta
Ha ekcnnoaTaunoHHO-MKOHOMMYECKN NoKasaTenu Ha paspaboTeHn TexXHUYecku cpeacrtsa
3a MexaHusnpaHe bpaHeTo Ha UBeTa B HacaXxaeHnsa ¢ macrnoganHa posa u onpeaensaHeTo
Ha ycnoBusaTa 3a edpekTMBHaTa UM M3MNon3BaHe B pO30Npon3BoaMTENHATa NpakTuKa.

MaTtepuanu n metogu

NoenHnaT 3amMucbn Ha TEXHUYECKUTE pELLEHUSA 3a pbyHO OpaHe npensuxgalle
pasnonaraHe Ha po3obepaynTte 1 cbaoBeTe 3a CbOupaHe Ha Po30B LBAT BbpXy paboTHaTa
MalwwuHa, Cc KoeTto ©Oepaunte ce ocBoboxgaBaT oOT HeobxogumocTTa pJa ce
camonpenBwKBaT B pedoBeTe M Aa HOCAT Bbpxy cebe cu cbbpaHaTa npogykums, a camo
OTKbCBAT PbYHO PO30BUS LBAT U ro NycHaT B CbAOBETE 3a HErOBOTO CbbMpaHe.

MpenHuaT 3amMucbn Ha TEXHUYECKUTE pelleHuMst 3a MHeBMaTtu4Ho OpaHe Ha
mMacnogavHa posa ce 6asvpalle Ha M3Mon3BaHeTO Ha NoTeHuManuTe Ha Bakyyma 3a
OTKbCBaHe Ha LBEeTa M TPAHCMNOPTMPAHETO My A0 Cb[ 3a HEFOBOTO CbOMpaHe 1 BPEMEHHO
CbXxpaHeHue. B ocHoBaTta 6e 3anoXeH MHEBMO-MEXAHWYEH METo4 3a MeXaHu3upaHo
OGpaHe Ha MacnogamHn po3n, B CbOTBETCTBME C KOMTO PO30OBUAT LIBAT Ce OTAENS OT XpacTa
ype3 NHEBMATUYHO 3aCMyKBaHE Ha LBETa C MEXAHUYHO OTPSA3BaHE Ha LBETHaTa ApbXKa
noA Yawkata n ce npeaBwkBa OT Bb3gyLUEeH MOTOK A0 MACTOTO 3a cbbupaHe (Bozhkov,
2022).

O6ekTn Ha uacneaoBaHeTO Osixa Tpu 3emedenckn paboTHM MalWKWHKM 3a PBYHO U
nHeBMaTU4YHO BpaHe Ha LBeTa B HacaXXAeHus ¢ macrnogarnHa poasa.

EdHomodynHama mawuHa 3a bpaHe Ha macriodautHu po3u (MP-1) e paspaboTteHa 3a
MexaHun3npaHe OpaHeTO Ha LuBeTa B Manku no pasmep crtonaHctBa. Ha dwur1 e
npeacrtaBeHa magenHata cxema Ha MP-1 n etan OT eKCnepuMEHTanHoOTO U3NuTBaHe Ha
onuTHus obpaseu (Bozhkov et al., 2015).

B cboTBeTCTBME C MOENHUS NPOEKT Ha egHoMoaynHata paboTtHa mawwuHa (cur. 1.a)
BbpXy TOBapHa nnargopma (2) ca odgopmeHn aOBe paboTHM MecTa 3a Oepaum 3a
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€QHOBPEMEHHOTO OOCNyXBaHe No edHa NofioBMHa OT [Ba CbCeAHM peda C PO30BM XpacTu.
Bcako paboTHO MACTO BKMoYBa ceparnka (4) n ctorka 3a cMeHsaeM cbj (5) 3a cbbpaHata
NpoayKuus, pas3nornoXeHa 3af cegankara Ha Apyroto paboTHO mMsCTo. 3almTeH napanet
(3) ocurypsiea 6esonacHocTTa Ha 6epaynTe Bbpxy ToBapHaTa nnartdgopma (2) no Bpeme Ha
pabota. KbM ropHata 4YacTt Ha paboTHaTa MawmHa ca NpuKpeneHn oceBeTuTenHu Tena (6)
3a OcBeTsABaHe Ha 30HMTE OT pefoBeTe Ha MacnodamHOTO HacaxaeHuwe, obCnyxBaHU OT
po3obepaynTte, Npu 3anodBaHe Ha paboTa npeaun u3rpeBa Ha cnbHUETO. MoHTUpaHu
BbpXy MP-1 ca 6yToHMTe Ha curHanuampalla cuctema 3a KOMyHuKauus mexay Gepadnte
N TpakTopucTa no BpemMme Ha paboTa (Ha dur. 1.a He ca nokasaHwn).

TpumodynHama mawuHa 3a bpaHe Ha macnodaltiHu po3u (MP-3) e pa3paboTeHa Ha
bazata Ha egHomopgynHata MP-1 ¢ uen noBuwaBaHe Ha NPOU3BOAUTENHOCTTA Ha
G6eputbeHata onepaums. Ha cur. 2 e npeacraBeHa ngenHara cxema Ha MP-3 n etanu ot
eKcnepuMeHTarnHoTo n3nuTBaHe Ha onuTHUA obpasel, (Bozhkov et al., 2012; 2017).

(6)

®durypa 1. EqHoMoaynHa mawmHa 3a 6paHe Ha macnoganHm posmu
a - ngenHa cxema Ha paboTHaTa MalLMHa B CbCTaBa Ha MalLUMHHO-TPaAKTOPEH
arperart (Bug oTrope):
1 — pen ¢ po30BuM XpacTu; 2 - ToBapHa nnatgopma; 3 — 3aWmnTeH napaner;
4 — ceparnka 3a 6epaya; 5 — cTorka 3a CMEHSIEMUS CbA; 6 — OCBETUTENHMN
Tena; 7 - TPUTOYKOBA CTOMKA; 8 — 3eMeaenckun TpakTop.
6 - eTan OT ekCnepMMEHTanHOTO N3NUTBaHE Ha oNUTHNA obpasel,

B cvotBeTcTBME C maenHust Npoekt (dur. 2.a) TpumopgynHata paboTHa maluvHa
BKMNtOYBa Hocella pama (12), B npegHaTta 4acT Ha KOATO € opopMeHa TPUTOYKOBaA CTOMKa
(13) 3a arperatupaHe kbM 3emegencku TpakTop. KbMm Hocelata pama (12) ca 3axBaHaTtu
paboTHM moaynu (8), BCEKM OT KOUTO € pasnofiokeH Mexay ABa cbceaHn obpaboTrsaHu
pena c po3osu xpactu (1). CTpaHu4yHuTE paboTHM Mogynn ca naeHTUYHU Ha MP-1 ¢ Tasu
pasnuka, 4ye ca 6e3 TPUTOYKOBU CTOMKM U ca C egHa -obpasHa pama. lNMpucbeanHeHu ca
KbM Hocewarta pama (12) ¢ nomowTa Ha KpenexHu Bb3nu (14), nossonsaBalim
NMO3MLUMOHMPAHETO MM CbOOpa3HO WMpMHaTa Mexay penoBeTe € po3oBu xpactm (1) u
paseanHaBaHETO MM MNpu HeobxoanmocT. KbM gonHusa kpan Ha [-o6pasHuTte pamu (2),
3axBaHaTu B FOpPHUS CU Kpau KbM OBaTa Kpas Ha HocewaTta pama (12), ca npukpeneHu
nocpencTBOM KOH30STHM KOHCTpYyKuum (9) xogoswu konena (10).

Mawunama 3a nHeemamu4Ho bpaHe Ha macrodalHu po3u (MBP) e pa3paboTeHa 3a
NHEBMATUYHO CbbOUpaHe Ha LuBeTa OT HacaxneHust ¢ macnoganHa posa. Ha dwur. 3 e
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npeacraBeHa maenHa cxema Ha MBP mn eTtan oT ekcnepuMeHTanHoOTO M3NUTBaHe Ha
onuTHMSA obpaseu,.

TexHM4YecKkoTO pelleHne 3a KOHCTPYKTMBHO W3MbIIHEHME Ha MaluvMHata 3a
nHeBMaTU4YHO OpaHe Ha po3n no3BonsBa (popMMpaHETO Ha efHopenoB, ABYpenoB U
TpMpenoB BapuaHTU, KakTo cneaga:

- epHopepoB BapuaHTt (MBP-1) — MBP ¢ gBe unu 4etupu paboTHu MecTa 3a
po3obepayn, BCUYKM PasnonoXeHn Bbpxy MallMHaTa;

- aBypepos BapuaHt (MBP-2) — MBP ¢ yetnpn paboTHM mecTa 3a po3obepauu,
ABe OT KOWUTO Cca pasnornoXeHu BbpXy MawuHata W [[Be ca 3a
camonpenBmxBaLlm ce posobepaun;

- Tpupegos BapuaHT (MBP-3) — MBP c wecT paboTHn MecTa 3a po3obepayn, ase
OT KOMTO Ca pasnorioXKeHW BbpXy MallMHaTa 1 YeTMPU ca 3a camonpenBmKBaLLm
ce po3obepaun.

(6)

Purypa 2. TpyumogynHa malumHa 3a 6paHe Ha MacnoganHu posu

a - ngenHa cxema Ha paboTHaTa MaluuHa (norneg ot3ag)
1 — pen c posoBu xpactu; 2 — [-ob6pa3Ha pama; 3 — ToBapHa nnatdgopma; 4 —
cepanka 3a bepavya; 5 — cToMka 3a CMeHsiemMusi CbA;, 6 — CMeHseM Ccbg 3a
HabpaHaTta npoaykums; 7 — 3awuTeH napaneT; 8 — paboteH mogyn; 9 — KOH30MHa
KoHCTpyKums; 10 — xogoBo koneno; 11 — oceeTutenHn Tena; 12 — Hocelwa pama; 13
— TPUTOYKOBA CTOMKa; 14 — KpenexeH Bb3en.

0 - eTann OT eKCNEPUMEHTANHOTO N3NUTBaHE Ha oNUTHUA obpasel,
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B 3aBMCMMOCT OT KOHKpPETHWTE YCMOBMSI Ha eKcnnoatauusi, B T.4. nepuoga Ha
n3ubTABaHE Ha PO30BMUS LBAT, HaNM4HUTE Bepayn 3a AeHs U TaxHaTa KBanudukaums,
CbCTOSIHMETO Ha OnopHaTa NOBBbPXHOCT M Ap.dakTopn, paboTHaTa MalumMHa Moxe aa 6vae
KOMMMEKTOBaHa C pasnuyeH (BKM. YeTeH M HeyeTeH) bpon Gepaun. Bcekn posobepad
pasnonara (¢wur. 3.a) ¢ oTkbeBawy, moayn (6) unm (12), cberosw, ce ot usetootgenuren (9)
n moayneH nHesmonposoA (10). ObmkMHUTE Ha MoaynHUTE Hocadm (15) 3a oTkbCBaLLmTE
MOLYNM Ha camornpeaBukeBawmte ce posobepaun (12) ce perynupaT cbobpasHo
TEXHONOrMYHaTa cxema Ha nsrpaxgaHe Ha po30BOTO HacaxaeHne. CTOMHOCTTa Ha obLwusA
3a NHeBMaTU4HaTa OTKbCBalWa cuctema (23) Bakyym ce Harnacs nocpegcTtBOM pexnmuTe
Ha paboTa Ha BakyymHaTa nomna (32), KoATO C MOMOLYTa Ha 3aABWXKBALLUSA HaKapamHUK
(31) ce 3agBwKBa MO MEXaHWYEH NMbT OT TPAKTOPEH Basn 3a OTBEXAaHe Ha MOLLHOCT Unu
no XxuapaeBnuyeH nNbT C Xugpoasuraten OT  XuapocucTtemata Ha  TpakTopa.
OepnHakBsiBaHETO Ha curnaTa Ha 3aCMyKBaHe Ha BXoda Ha OTKbCcBalwimTe moaynu (6) u (12)
ce M3BbpLUBa C BakyyMHu perynartopu (16).

(6)
Purypa 3. MawmHa 3a nHeBMaTU4HO BpaHe Ha MacrnoganHn posu

a - ngenHa cxema Ha paboTHaTta MalluHa;
6 - eTan OT eKCnepuMeHTanHoOToO U3NUTBaHe Ha ONUTHUSA obpasel,.

MHeBMaTNYHOTO BpaHe ce peanuaupa Kato BCEKM OT po3obepaymTe Haco4yBa CBOS
usetootgenuten (9) kbM pasubdHan po3oB UBAT. Cb3gageHusaT OT BakyymHaTa nomna
(32) Bakyym, pocTurHan [o0 3acMmykBawata 4YacT Ha usetootgenutens (9) npes
UeHTpanHusa nHesmonpoBod (22), obwwma cba (18), mogynHua nHesmonposod (10) wn
camusg upetootgenuten (9) yBnuya UBeTa KaTo ro HaknaHsa KbM 3acMyksawms oteop. [Mpu
KOHTAKT ¢ ocTpus pbb Ha pexelwms enemMeHT (8), pasnonoxeH B GriM30CT 4O OTBOpa Ha
usetootgenutens (9), 6e3 unn ¢ MMHUManHoO ycunue OT cTpaHa Ha po3obepaya uBeTHaTa
APbXKa Nod valwkata ce npedynsa unu npepsssa. OTAeneHnsT OT po30BUS XpacT UBAT
npes usetootgenutensa (9) n moaynHusa nHeemonposod (10) nonaga B obwmsa cba (18),
Kb4ETO BbpXy MNOABWXHW CTOMKM Ca 3axBaHaTM CMEHsieMuM CbAoBe (MONMeTUneHoBu
yyBanun) 3a cbbupaHe Ha OTKbCHATUTE LBETOBE. 3anbfiBaHETO HA CMEHAEeMUTEe CbO0BE B
obwmsa cba (18) ce KOHTpoNMpa BU3yarnHo Npes Hanu4yHUTEe B NpeaHaTa u 3agHaTta yacT Ha
MaLlUMHaTa OCTbKNEHN oTBopwu (27) n (34).

EkcnepvmeHTanHoOTO M3crneaBaHe Ha BCsSika OT TpUTe paboTHM MalUMHWM BKIHOYBaLLe
N3NUTBaHE 3a KOHCTPYKTMBHA 34paBuHa, PYHKLUMOHANHa NpurogHoCT U e(pekTMBHOCT npu
paboTta. EkcnnoatauuoHHO-MKOHOMUYECKaTa oOueHka € u3BbplleHa Ha 6Gasata Ha
pesyntatu OT MOMEeBU M3NUTBAHMA Ha MALUMHHO-TPAKTOPHM arperatn, opMUpaHn Ha
TAAXHA OCHOBa, MNpe3 po3006epHUs nepuod Ha pasfMYHU TOOUHU B HacaXaeHus B
Npou3BOACTBEHO-EKCNepuMeHTanHata 6Gasa Ha  WHctutyta no  posata  u
etepudHomacnenute kyntypu (MPEMK) B rp.KasaHnbk n B 3emnuwieto Ha rp.KpbH.
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[MoneBnTEe ONUTU Ca OCBLLUECTBABAHM MNPU CKOPOCTU Ha [AOBwxXeHue Ha beputbeHuTe
arperati, CboOpa3HO KOHKPETHUTE eKCnioaTaumMoHHW YCIOBUA, B T.4. CbCTOSHMETO Ha
ornopHaTa MOBLPXHOCT, BEeretauuMoHHOTO pa3BUTUE W CbCTOSIHUETO Ha pPO30BOTO
HacaxgeHue, KONMYecTBOTO Ha pasubdHanuTe LBETOBE BbpXy PO30BUTE XpacTw,
ycneBaemoctta Ha Oepauute pga cbbepar nognexawms 3a OGpaHe  uUBAT.
EkcnnoataumoHHO-MKOHOMWYECKUTE MoKasaTenn Ha Tpute paboTHM mMawmnHu 3a 6paHe Ha
PO30B LIBAT Ca onpeferieHn no pesynrtatute oT TeCTOBe, NPOBEAEHN crneq YCTaHOBsIBaHEe
Ha OnTMMarHUTE YCNoBUS U PeXMMn Ha paboTta Ha GeputbeHuTe arperatn, OpMUpPaHU
Ha TsaxHa ocHoBa. C XpOHOMETbP € MW3MepBaHO BPEMETO 3a npemMuHaBaHe Ha
npenBapuTENHO opa3MepeHn ydacTbUn OT peaoseTe, B kouto ce asmkn MTA. Becekn Ttect
€ npoBefeH C MMHMMYM 3-KpaTHa NoBTOpsieMOoCT. [lapanenHo ¢ pe3yntatuTte oT TecToBeTe
Ha MBP-3 ca 3anucBaHu gaHHK, OTHacAWM ce A0 CbOMpaHEeTo Ha LUBeTa B HacaxaeHusTa
oT 6epaunte, cbbupalim po3oBust LBAT MO TPAOMLMOHHUSA pbYeH HauuH. [lonyyeHuTe
pesyntatu ca 3anucBaHW U cuctemaTusmpaHu. 3a U3nonsBaHe B MpakTukata Cc TaX ca
NOCTPOEHM BapnaunoHHU pedoBe, Ha KOUTO ca onpeaesnieHn CTOMHOCTUTE Ha M3BaAKOBOTO
cpeaHo (Bijma n gp., 2017; Gocheva-llieva & Kulina, 2019).

Pesyntatu n obcnbxpaaHe

EkcnepvmeHTanHuTe nanutBaHMs Ha eGHOMOOyrIHama MawuHa 3a pb4YHO bpaHe Ha
usema Ha macnodaliHu po3u - MP-1 ca peanu3npaHn B Kpas Ha M.Man U Ha4anoTo Ha
M.loHn Ha 2015 r. B MPEMK - Kasannbk. PabotHata mawwuHa ©e arperatMpaHa KbM
3emegencku Tpaktop Fendt 209F (cwr. 1.6). Jiuncata Ha xogoHamanuTen B TpakTopHaTa
TPAHCMUCUSA HANOXM NOCTbMATENHN CKOPOCTU, NMO-HUCKM OT MMHMMarnHata B HOMUHarneH
pexnm Ha gBuratens, ga 6vaat nocturaHyn ypes pabota Ha TPaKTOPHWUS ABuUraten Ha
YacTudHm pexmnmun. Mectata Ha Gepaunte Bbpxy paboTHaTa MalmHa ©Osxa 3aeTn oT
cneunanuctn ot MPEMK ¢ uskntiountenHo BMCOKM npodecuoHanHu Kkavyectsa B GpaHeTo
Ha macnogarviHa posa.

MbpBoHa4anHo, onntnte ¢ MP-1 6sxa OCbLUECTBEHN C MUHMMAanHaTa nocrbnarenHa
CKOPOCT, OocurypsiBaHa OT TpakTopHaTa TPaHCMUCUSA B HOMUHANEH pPeXxum Ha asuratens
(okono 1,2 km/h). Bbnpekn, 4e eTanbT Ha NpPoOBEXAAHE HA EKCNepUMEHTUTE He
CbBMnagalle C eTana Ha MakCuMmanHo LBeTOA4aBaHe, MocTbhaTtenHata CKOPOCT Ce OKasa
BUcoka un cnep 6eputbeHnsa MTA octaBaxa pasubgHanu po3osu usetose. C npuBexgaHe
Ha aBuratenst 3a pabota Ha 4YacTUYHM pPEeXuMK NocTbnatenHarta ckopocTt 6e HamaneHa
OKOMO ABa NbTU, C KOETO CE OCUTYPU HEOBXOANMOTO TEXHONOIMYHO BpeMe Ha bepauunTte 3a
cbbupaHe Ha BCUYKMSA nognexauw, 3a cbbupaHe pos3oB UBAT. M3uucneHo 6Ge, 4e c
NMOCOYEHNA CKOPOCTEH pexunm ¢ 6eputbeHns MTA moxe ga 6bae cvbpaH (B gonyctmmus
3a bGpaHe BpemeBM [guanas3oH) useta oT nsow, noytn 10 pgekapa (1 ha), kKakeuTO
cTonaHuMcBaT Hag efHa TpeTa OT posonpoussoautenute B bbnrapus (Bozhkov, 2020).
Mpegnonoxu ce, 4e 3a nepmoga C MakCMManHo LBeTofgaBaHe (NPOAbLIMKUTENHOCTTA My €
2-3 AHW OT uenus nepuod Ha po3obepa) noctbnarenHara ckopocT Ha MTA Tpsibea ga ce
CHWkM go okono 400-450 m/h, koeTo uWwe no3Bonn CbOMpaHeTo Ha uBeTa OT OKosfio 6
pekapa (0,6 ha) HacaxgeHne c macrnogamHa po3a. HanpaBeHO € 3aknYeHueTo, 4ve
noctbnarenHa ckopoct B uHTepBana 400-600 m/h we ocurypu Npon3BOAUTENHOCT Ha
6eputbeHnsa MTA ot 3 0o 5 nbT No-BMCOKa OT TPaAULMOHHOTO PbYHO OpaHe Ha uBeTa oT
mMacroganHa posa.

EkcnepumeHTanHuTe n3nNUTBaHUA Ha mpumodyriHama MawuHa 3a pbYyHO bpaHe Ha
usema Ha macriodatiHu po3u - MP-3 ca peanun3sunpaxu npes3 nepuoga 18-21 mam 2016 r. B
MPEMK - Kasannbk. PaboTHata mawmHa 6Ge arperatmpaHa KbM CbLUMSi 3eMEOEncKu
TpakTop Fendt 209F (cour. 2.6). OcobeHocT Ha TecTtoBeTe ¢ MP-3 6e, 4e paboTHUTE MecTa
BbpXy TpuUTE W Moayna 6sxa noBepeHM Ha Oepaum C pasnuyeH onut B OpaHETo Ha
mMacnoganHa po3sa. [pu ocurypeHaTta (3a cmeTka Ha paboTtaTta Ha TpakTOpHUA ABuUraTen Ha
YacTUYHM pexnmn) noctbnatenHa ckopocT 300-350 m/h pasubdHanmaT usaT 6e cvbupaH
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OT BCUYKM Bepaun novTyM HambiHO OT po3oBuTe xpactu. OTAenHW NPOMNycKn Bb3HUKHAxXa
rmaBHO B crniydyauTe, korato 6Gepaunte TpsabBawe pa ce npegnasBaT OT YAbIKEHMU,
Heno4YNCTEHN ¢ pe3nTba po3oBK cTebna. YBenMyaBaHeTO Ha nocTbhnarenHara CKOpocT Ao
600-650 m/h poBege OO HapacTBaHeE Ha LBETOBETE BbPXY XpacTuTe, OCTaHanu
HEOTKbCHATW, HO MaBHO B 30HUTE, KbAETO paboTmxa Bepaym ¢ No-HUCKa KBanudmkaums.

Mo nonyyeHuTe pe3ynTtatn € U34NCIIEHO, Ye 3a crnyyanTe, Npu KoUTo posobepaumnTe
ycnsieaT gda cbbepaTr BCUMYKMST UMK C Manku Mponycku noanexai, 3a OpaHe uBsAaT,
npou3BoOANTENHOCTTa Ha Tpupenosua 6eputbeH arperat Bapupa mexay 2,7 — 3,15 gka/d
(0,27 — 0,315 ha/h), koeTo 3a BpemeTo Ao 10-11 4., korato TpsAbBa Aa NpuKNYM paboTHUA
AEeH No Bpeme Ha po3obepa, no3sonsiBa cbbupaHeto Ha usetra ot 13,5 gmo noutm 19
Aekapa Ha pgeH (1,35-1,9 hal/day). basupankun ce Ha npuetata B OGNU3KOTO MUHanNo
dopmyna 3a ocurypeHocT Ha beputbeHus npouec ,1 gekap — 1 Gepad“ moxe pa ce
N34nCnn, Ye 3a CbLLOTO Bpeme LecT Gepadya (KONKOTO ca Bbpxy paboTHaTa malumHa),
ABUXeLWM ce B Mexaypeavsta u cbbupalim po3oB UBAT MO TPAOULMOHHUA HauuH, Buxa
cbbpanu useta ot 6 gka (0,6 ha). CpaBHsiBarku NonyyYeHUTE Npu N34UCNEeHnsTa 4aHHN ce
BWXAa, Ye Hapea ¢ nogobpeHuTe ycnosusa 3a paboTta Ha po3obepaymTe M3Non3BaHETO Ha
MP-3 no3BonsiBa HapacTBaHe Ha MPOM3BOAUTENHOCTTA Ha Tpyaa MUHUMYM 2 NbTU. Moxe
Aa ce [JonycHe, 4e edeKTbT OT MeXaHW3MpaHEeTO Ha TexHOomnorMyHata onepaumsi c
TpUMOAYSHaTa MaluMHa € Nno-3Ha4YnTenNeH, Kato ce oT4yeTe (PakTbT, Ye NPU CbBPEMEHHUTE
MO-CTPOrM M3UCKBaHMS KbM BPEMETO 3a CbbuMpaHe Ha po30BUS LBAT 3a NPUKOYBaHE Ha
po3obepa B CPOK CbOTHOLLEHMETO Mexay nnowuTte n bepaynte e ,2 gekapa — 3 bepaya”,
a B nukoBuTe M 6nnsknm Ao Tax nepuoam e gaxe ,1 gekap — 2 6epava“. KoHcTaTtupaHute
nponyckn B cbbupaHeTo Ha uBeTa OT Gepaynm ¢ mManbk unm 6e3 onut B OpaHeTo Ha
MacrnogavHa posa npu gBmxeHne Ha 6eputbeHms MTA c nocTbnarenHu CKOpoCTU B
rpaHmunTe Ha 600-650 m/h gaBaT ocHOBaHME Aa ce NpeanorioXu, Ye Npu KoOMNneKkToBaHe
Ha MP-3 ¢ kBanuduumpaHu posobepayn B U3BBLHMMKOBUTE NEPUOAM Ha po3obepa Moxe
Aa 6bae cvbupaH uBeta ot nnow, Hag 20-25 gka/geH (2,0-2,5 hal/day), koeTo o3HavaBa
4YeTMpU 1 NoBede NbTU NO-BMCOKA NPOU3BOAUTENHOCT B CPaBHEHME C OcuUrypsaBaHata oT
ABWXELLMTE ce NeLkoM po3obepayn.

EkcnepumeHTanHuTe macnenBaHus Ha BapuaHTute Ha MBP 6sixa npoBeaeHn npes
ase nopegHu rognHn — 2020 r. n 2021 r. B po30BU HacaxaeHns B 3eMIULLETO OKOMO Ip.
KpbH. 3nuTBaHusaTa Ha mpupedosama mawuHa 3a nHesMamu4yHo bpaHe Ha usema Ha
macnodalHu po3u - MBP-3 ca peanusnpanu npe3 nepuoga 31 manm — 04 toHn 2021 r.
PaboTtHata mMalwwmHa e arperatupaHa kbM ManorabaputeH 3emegencku Tpaktop Kubota
GL220, yoosneTBopsiBaLy, U3MCKBaHUsATa 3a CbCTaBsHe Ha 6eputbeH MTA (cur. 3.6). MBP-
3 e n3nuTtaHa B egHa OT Bb3MOXHUTE 3@ HEMHOTO M3MOoN3BaHe kKoMnnekTauum - ¢ 5 6epava,
ABaMa OT KOMTO ca BbpXy MaluMHaTa 1 Tpuma ca camonpenswkealm ce. B 1o3m cun Bua
paboTHaTa MawwnHa no3sonsisa npubupaHe Ha LBeTa e4HOBPEMEHHO OT ABa M NOMOBUHA
peda ¢ po3oBM XpacTu. YyacTBawuTe B TeCTOBeETE po3obepaym 6sixa ¢ pasnmyeH onuTt B
OpaHeTo Ha pO30B LBAT, KAaTO eaAnH OT TaX He Ge yyacTBan OO MOMEHTa B NPeAuLLHM
TECTOBE Ha MallMHa C NHeBMaTUYHO GpaHe Ha po3w.

PeanunsupaHata npu cepusita TecToBe cpedHa CKOPOCT Ha TexHosnorumyHara
onepaumna - 253,6 m/h (0,254 km/h), ocurypu 4yacoBa npom3BoguTESNTHOCT Ha BepuTbeHns
MTA, cdopmupaH Ha ocHoBaTta Ha MBP-3 c¢ net posobepaya, 1900 m%h (0,19 ha/h).
[MpensuncneHa 3a cutyaumdara npum KomnnektoBaHe Ha MBP-3 ¢ wecTt posobepaya,
yacosaTa Npou3BOAUTENHOCT Ha GeputbeHus arperat 6u 6una 2280 m%h (0,228 ha/h),
KOSITO € gocTaTbyHa 3a NpubupaHeTo B paMKUTE Ha BPEMEBUS MHTEpBars, rapaHTupaly
nony4yaBaHETO Ha KayecTBeHa MPOAYKUMS, HA HanNU4HUA B OEHA Ha M3NUTBAHETO PO30B
UBAT B HacaxaeHue ¢ pasmepu 11-13 gka (1,1 - 1,3 ha). CpegHaTa Ha 4oBeK MoLL, KOATO
Gsixa ycnenu ga obcnyxat B CblMs AEH ONUTHU Gepaydn npu pbyHO BpaHe 3a eguH yac,
6e onpegeneHa Mo AgaHHWTe OT TecToBeTe Ha 180 m? MauucneHata c onpedeneHara
CTOMHOCT ,MPON3BOAMTENHOCT Ha Tpyada“ ce Okasa [Ba MbTW MNO-HUCKA OT peanunsnpaHarta
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OT po3obepay npu nHeBMaTn4HO BpaHe. OCHOBHUAT M3Bo4 OT manuteaHeto Ha MBP-3 e,
ye YCKOPSBAHETO HAa NOCTbLNATENHOTO ABMXeHME Ha B6epntbeHna MTA, Bb3MOXHOCTUTE 3a
KOEeTO ca 3HauYuTENHN, U KOMMNEeKTOBaHETO Ha paboTHaTa MallnHa C e4HakBM NO CPbYHOCT
n npodecuoHanHo OTHowWweHne Oepayn, ca peanHUTe CTbMNKM 3a MNOBULLIABAHE Ha
NPOU3BOAUTENHOCTTA A0 HUBA, KOUTO Lie MO3BONAT C edHa TpupedoBa MallMHa 3a
nHeBMaTU4YHO BpaHe Ha po3n B paMKUTE Ha AONYCTUMMS YacoBM AManas3oH ga ce npmbupa
npoayKkumsita oT HacaxageHusa ¢ nnowy, 15 1 noseve gekapa (1,5 ha), Bkn. n B NMKOBUS eTan
Ha Ub(TeX Ha MacnoganHaTa KynTypa.

3aknioyeHue

Ob6obwaBawmaT mn3Bog OT  eKkcnnoaTauuMoHHO-MKOHOMMYecKaTa OLEeHKa Ha
TEXHUYECKUTE PELUEHUS €, Y& MEXaHM3MPAHETO Ha BpaHeTo Ha LBeTa OT HaCaXOEHUs C
mMacrniogamHa po3a € uenecbobpasHo 3a peanuaupaHe. ONTUManNHOTO CbYeTaBaHe Ha
dakTopuTe ,KONMMYECTBO pasubdHan po30B UBAT - kBanudukauus Ha posobepauuTe -
nocTbnaTeniHa CKOPOCT Ha [OBWXEHME” € OCHOBa 3a OCUrypsiBaHe Ha eXeaHEBHOTO
npubupaHe Ha npoaykumsitTa B pPO30MNPOU3BOAUTENHUTE CTOMAHCTBA B MblieH ob6em u
MaKCMMarsiHO Ka4yeCTBO Ha CbabpKaLloTO Ce B LLBETOBETE €TEPUYHO MAcMo. YcrnoBusTa 3a
ekcnnoatauus Ha paboTHUTE MalLuMHWM 3a MexaHu3uMpaHe GpaHeTo Ha macnogarHa poasa,
Nnpu KOMTO OTKbCBAHETO Ha PO30BUS LBAT Ce M3BbPLUBA PbYHO, Ca YUCTU, NOoApaBHEHMU
mMexaypeausi, 4obpe oPOpMEHN CbC CMMETPUYHO pa3BUTa KOPOHA PO30BU HacaXaeHus
npw BUCOYMHa Ha xpacTta 1,5 - 1,6 m 1 B eTan Ha aKTUBHO LBeToAdaBaHe (crea 4-5 roguHa
OT 3acaxpgaHeTo). [MHeBMaTnyHOTO OpaHe ocurypsiBa BbL3MOXHOCT 3a CbbOupaHe Ha
pasubgHanMsa UBAT M OT pacTeHust B MNO-paHeH eTan Ha passuTue. 3a onTumarnHu
CKOPOCTU Ha OBWxeHne Ha bepuTbeH arperaTt B pegoBETE C PO30BM HAcaXaeHUst MOXe Aa
O6bae npenopbyaH gnanasoHa 300 — 600 m/h, kaTo KOHKpeTHaTa CTOMHOCT ce cbobpassiBa
C ycrnoBudaTa Ha ekcnnoartaums. MIauncneHnTe ¢ nomolyTa Ha ONUTHUTE AaHHWU pe3ynTatn
nokasBear, Ye W3MON3BaHETO Ha pas3paboTeHuTe 3emenencku MaluHW 3a MexaHu3npaHe
OpaHeToO Ha uBeTa B HacaxdeHust C macnogarHa po3a MOo3BOMsiBa Aa Ce MNOBMLUM
npoun3BoANTENHOCTTa Ha BGeputbeHaTa onepaumsa mexagy 2 n 5 nbTu. NpeumsmnpaHe Ha
n3BoANTE MOXE [Ja AdagaT npoBeXOaHeTo Ha NbfHomawabHu wu3nuTBaHWa C
NPOABLIPKUTENHOCT He MOo-manka OT eauH MblieH po3obepeH nepuoa. Pesyntatute ot
TakmBa TectoBe Bmxa ganu oTroBop, OTHOCHO ePEKTUBHOCTTA Ha pa3paboTeHuTe paboTHu
MaLUMHM NpWU eKkcnroaTauusa nNpu pasnuyHn KNnMaTu4HKM ycnoeus, doopMa u pasmepu Ha
pO30BUTE MacumBK, Nepuoagn Ha mM3ubgTsABaHE Ha PO30BMTE LIBETOBE U ApPYrn dhakTopw,
CbNPOoBOXAALLM pO306epHNS nepurog.
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Pesome

HacTtoawmaTr poknag npeactaBs 4acT OT pesynTtatu, nonyyvyeHu B nopeguua ot
€KCNEPUMEHTN, HaCOYeHM KbM pa3paboTBaHE Ha EKOMOrMyeckn YCTOMYMBM U
MKOHOMWYECKN aTpaKTUBHM MOLXOAM 3a OMa3BaHe Ha >XUTHUTE KynTypu OT 3abonsiBaHus,
NPUYMHABaAHM OT Mno4vBeHonpeHocumu dutonatoreHn. Llen Ha uacnegBaHeto 6e ga ce
npocnegat edgekTM OT MHKOpNopuMpaHe Ha MuWeHMYeHa crnama BbpXy HMBOTO Ha
CYNPecrMBHOCT Ha no4yBaTa CNpAMO PU3OKTOHUMNHO KOPEHOBO M 6GasnyHO rHMEHE C
npuunHntTen Rhizoctonia solani AG 4, KakTo U Aa ce paskpue AOMbIHUTENEH CTUMYN 3a
AEenoHMpaHe Ha ,u3nuwHata” 6uomaca oT KynTypaTa obpaTHO B nouBarta. AnyBuarHo-
JinBagHa noysa belwe oboratsiBaHa ¢ pas3nuyHu konudectea — 0, 1, 2.5 n 5 g HagpobeHa
(cermeHTM OT 2-5 cm) nweHuyeHa cnama 3a 1 L nousa, cvborBeTcTBawm Ha 0, 200, 500 n
1000 kg 3a 1 daa nnow npy 20 cm opeH cnon. BoaHOTO cbabpXXaHue B TpeTUupaHuTe m
HeTpeTMpaHu nodsn belle posexaaHo 0o ca. 70-75% MMIMNB v nogabpxaHo 3a nepuoa Ha
NMHKyBupaHe ot 180 aHm npun 17-22 °C. 3a oTYnTaHe Ha HUBOTO Ha CYNPECUMBHOCT Ha BCsKa
OT no4YBUTE MO BapuMaHTM Osixa W3NON3BaHM [OBE EKCMEPUMEHTANHM CUCTEMMW.
EkcnepymeHTanHute  eavHMuM  nNpu NbpBaTa  nNpeacTaBnsBaxa  NPaBObIbIIHM,
nnacTtmacoBu cbaose (26 x 6 x 8 cm), ¢ nognoxka M OTBOPU 3a PbYHO NopaBaHe Ha
nonueHaTa Boga OTKbM OCHOBaTa Ha CbAa, 7 CM BMCOYMHA Ha KOroHaTa OT u3creaBaHa
noyeBa BbB BCEKM CbA W ABYpPeOOB MOCEB OT mnweHuua, copt Mapapa (2 pema x 12
pacteHusi, 2 X 3 cm OTCTosHMe Mexay pacteHundara). [lpocnegssaHo 6Gelwe
pasnpocTpaHeHMeTo Ha 6onectra OT dokaneH (TOYKOB) M3TOYMHWK Ha WHOKYNyM Ha
natoreHa — 20 MHOKYNYMHM 3bpHa OT YuCTa KynTypa, pa3suta Bbpxy asToknasumpaH (30
min Ha 121 °C) e4eMuK, BHECEHN B NoYBaTa B HA4aroTo Ha ABaTa peda crieq NOHWKBaHe
Ha pacteHundata. B pgpyr, napanenHo nposexaaH ©OwuonorndeH TecT, ©6e npocrneasiBaH
NPOUEHTBLT BUAMMO OOMHW, pecn. 34paBu MWEHNYEHN PACTEHUS, OTIMEXOAaHN B CaKCUK
(2.5 L), B KOUTO u3NUTBaHWUTE MNO4YBM OAxa HacunBaHW NO BapuaHTM W (POHOBO
WMHOKYNMpaHW C YncTa Kyntypa Ha R. solani, pa3suTa BbpxXy aBTOKNaBUPaAHU €4EMUYEHU
3bpHa — no 20 g mHokynym 3a 1 L noyBa. VIHKOopnopupaHeTo Ha nlieHn4yeHa criama
MHOyuupalle BUCOK cynpecuBeH edekT B AnyBuanHo-JlnBagHata noysa no OTHOLUEHUE Ha
KOpeHOBO M ©0asn4yHO rHMEeHe no nweHuya ¢ npuamHuten Rhizoctonia solani AG 4.
TeHoeHuunTEe B pe3ynTatuTe Npu [OBYKPATHO MNpoBeXaaHe Ha pnBaTa Tecta 6sxa
MOEHTUYHM — C HapacTBaHe Ha KONMYEeCTBOTO Ha BHECEHUs B noyBarta nogobputen —
NweHn4YeHa cnama, HapacTBalle CyrnpecuBHUAT ePEKT BbPXY NPOSBUTE HA PU3OKTOHUNHO
KOpPEeHOBO M Ga3nyHO rHueHe. [Npu MbpBUA TecT pasnpocTpaHeHueTo Ha 6onectta oOT
TOYKOB M3TOYHUK Ha MHGeKuna belwwe peagyumpaHo ¢ 44.7% B noysata C MHKOPMNoOpUpaHu
5.0 g nogobputen L' noysa cnpamo HeTpeTupaHata KoHTpona. bpoaT, pecn. npoLeHTbT
Ha 34paBuTe ONUTHU pacTeHWst BbB BTOPUS TECT nokasa HapactBaHe oT 15.0% Ha 35.0% u
68.8% C HapacTBaHe Ha KONIMYeCTBOTO Ha MHKOPNopupaHa criama CbOoTBETHO OT 1 g Ha 2.5
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g, 1 5 g L' nousa. OceeH kato ycnelueH MeTod 3a KOHTPOM Hag Pu3okToHMO3a,
OMon30TBOPSABAHETO Ha GMONOrMYHMSA O6MB OT MlLeHULAa Ypes3 AenoHupaHe Ha
M3MULLIHUTE” KONMYecTBa cnama B noveaTa e OUCKYTUPaHO KaTo yCTonduMBa antepHatuea
Ha OMNnamMeHsiBaHeTO Ha CTbpHMLLIATA M CPEACTBO 3a YaCTUYHO pereHepupaHe Ha
OpraHWM4YHOTO BelLIeCTBO B MoYsara.

INCORPORATION OF WHEAT STRAW TO RENDER SOIL SUPPRESSIVE TO
RHIZOCTONIA ROOT ROT
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Institue of Soil Science, Agrotechnologies and Plant Protection “Nikola Pushkarov”, Sofia,
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Abstract

This report presents part of the results of a series of experiments aimed at
developing ecologically sustainable and economically attractive approaches to protect
cereal crops from diseases caused by soil-borne phytopathogens. The present study is
focussed on two aspects: (1) the effect of incorporating different amounts of wheat straw
on the level of soil suppressiveness against Rhizoctonia root rot (bare patch) caused by
Rhizoctonia solani AG 4 and (2) by attaining a sufficiently high level of disease
suppression to provide an additional incentive for cereal crop producers to deposit plant
residues back into the soil as an alternative to stubble burning as well as the export of
nutrients from agricultural fields. Alluvial-Meadow soil (Eutric Fluvisols, according to FAO
classification) was amended with different amounts — 0, 1, 2.5 and 5 g of cut in 2-5 cm in
length segments of wheat straw per 1 L of soil, corresponding to 0, 200, 500 and 1000 kg
per 1 daa area at 20 cm ploughed layer. Amended and unamended (control) soils were
wetted up to 70-75% of the water holding capacity and incubated undisturbed in a
laboratory for a period of 180 days at ca. 20 °C (17-22 °C). Two experimental systems
(bioassays) were used to measure disease suppressive capacities of treated soils and
untreated controls. In the first bioassay the experimental units were rectangular, plastic
containers (26 x 6 x 8 cm), with drainage holes in the bottom and detachable trays
allowing for manual irrigation from the bottom of the container, 7 cm height of the column
of tested soil in each container and a two-row crop of wheat (c. Madara, 2 rows x 12
plants, 2 x 3 cm plant spacing). The spread of the disease was measured from a focus
(point) source of inoculum of the pathogen — 20 inoculum grains from a pure culture
developed on autoclaved (30 min at 121 °C) barley, introduced into the soil at the
beginning of both rows after emergence of the plants. In the second bioassay, we
evaluated the percentage of apparently healthy wheat plants grown in pots (2.5 L) in which
the test soils were thoroughly mixed with a pure culture of R. solani AG 4 mass developed
on autoclaved barley grains — 20 g of inoculum per 1 L of soil. The incorporation of wheat
straw induced a high suppressive effect on Rhizoctonia root rot of wheat. A significant
(P<0.05) disease inhibition was observed in all treated soils. The higher the rate of wheat
straw incorporated, the higher the suppressive soil response was observed in all
experiments carried out. The highest rate of straw application (5.0 g wheat straw L™ soil)
resulted in significant (P<0.05) reduction of disease spread by 44.7% and the greatest
abundance of healthy plants — more than 68% effectiveness of the treatment. Being a
successful method of controlling Rhizoctonia root rot of wheat, the deposition of "excess"
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amounts of wheat straw in the soil has been discussed as a sustainable alternative to
stubble burning and as an approach encouraging healthier ecosystems and regenerating
organic matter in the soil.

BbBeaeHue

PW30OKTOHMMHOTO KOPEHOBO rHMEHE MO MLIEHULAa C OCHOBEH npuunHuten Rhizoctonia
solani Kihn (teneomopd Thanatephorus cucumeris (A.B. Frank) Donk) e noBcemecTHO
pasnpocTpaHeHo 3abonssaHe (Schroeder et al., 2011; Brown et al., 2014; Ozer et al.,
2021) 1 WNPOK KPBbI OT rOCTONPUEMHULN CPEL XUTHUTE KYNTYpU CbC CrsiTa NMOBbPXHOCT
(Mathre, 1982; Weise, 1987; MacNish and Neate, 1996). Buabt R. solani Bknwo4Ba
peavua aHactomosHu rpynmn (AGs), Bcsika OT KOWUTO, nopagu reHeTudHata W3onmpaHocT
nomexagy uMm, MOXe Oa ce pasrnexga Kato oTaeneH Bua, npuuMHuTEn Ha 3abonsiBaHe
(Ogoshi, 1987; Carling, 1996). lNo nweHnuyata ca nssectHn AG 2, AG 3, AG 4, AG 5, AG 8,
AG 11 (Demirci, 1998; Sturrock et al., 2015; Hayden et al., 2018; Ozer et al., 2021). Y Hac
e yctaHoBeHa AG 4 Ha nartoreHa, xapakTepusupailia Cce C BMCOKa arpecuBHOCT MO
OTHOLLUEHME Ha TOCTONPUEMHMKA, CnopagudHO pasnpoCTpaHeHne U  NepuoanYHU
enuaemMmyHn nposisn (BvyeB u ap., 2017; AnawkoB wn gp., 2017). PU3OKTOHUAHOTO
KOPEHOBO N Ba3nyHO rHUEHE ce NPosiBSABa BbB BCUYKM (hasu OT pa3BUTMETO Ha MNeHuuaTa
(Parmeter, 1970; Sneh, 1996), yecTto noag copmaTta Ha ACHO ovepTaHu, HepaBHOMEPHO
pasnpbCcHaTN 30HU (,xapmaHun”) oT 6onHu pacteHus (Roberts & Sivasithamparam, 1986;
MacNish & Neate, 1996) c HeKPOTUYHN HanNeTHABaHWUS B OCHOBaTa Ha cTbbnata u kagsso
rHneHe no kopenute (Weise, 1987; Ogoshi et al., 1990). HanagHatnte pacteHusa octasar
no-apebHn un xnopoTtudHu, nonarat m 3armeat (Weise, 1987; Sneh, 1996). OcseH
npunaraHe Ha €eKCTEH3MBHO cenTboobpalleHue, apyr npenopbyBaH mMetoa 3a 6opba ¢
Pu3okToHMo3arta no xutara € npbCkaHe CbC CUCTEMHO AEeWCTBaLl, PyHrMuug B MOMEHTa
Ha nosiea Ha 6omnectta B nocesute. MetoabT € ¢ orpaHnvyeHa edeKTUBHOCT, Tbi KaTo
OCHOBHaTa 4acT OT M3NPbCKaHWSA XMMWYEH MPOAYKT Mnonaga no TOPHUTE eTaxu Ha
pacTeHusaTa, a 30HaTa Ha MHQEKUMa € B OCHoBaTa Ha cTbbnata u kopeHute. KbMm
MoMeHTa obaye 3bPHOMPOM3BOACTBOTO He pasrnornara ¢ no-gobpo cpenctso 3a 6opba ¢
bonectTa.

MpunaraHeTo Ha opraHnYHM NnogobpuTenn, Npeau3BMKBaLLM 0OpaTUMM U3MEHEHUS B
CbCTaBa M CTPyKTypaTa Ha MOYBEHUS MUKPOOMOM, BOAELLM OO0 CbCTOSIHME Ha MOBMLLEHA
obwa n cneyndunyHa CynpecmMBHOCT Ha NodBaTa KbM No4yBoobuTaBalin uTONaToreHun e
Han-ePEKTUBHUAT N YECTO eKCrnepuMEHTMpaH Noaxond KbM Ona3BaHe Ha 3emenenckute
KynTypu oT 6onectu no kopeHute u 6a3nte Ha pacteHundata (Bailey and Lazarovits, 2003;
Mazzola, 2007, 2010; Chandrashekara et al., 2012; Wei et al., 2020; De Corato, 2021 n
MH. Ap.).

WHKopnopupaHeTo Ha nMWweHW4yeHa crnama e CBbp3aHO C MOBMWAaBaHe Ha
OpPraHM4yHOTO CbabpKaHue n GuopasHoobpasme B novBaTa 1 NOBULIEHA MUKPOOUONornyHa
aktuBHocT (Tardy et al., 2015; Chen et al., 2017; Su et al., 2020; Yu, 2020). Toea oT cBos
CTpaHa BOAM OO pedyumpaHe Ha 3abonsBaHusi MO KOpeHuTe u 6asute Ha uBeTa U
3ereHYyumn, NPUYnHSBaHM OT pasfiMyHM aHacTOMO3HW rpynn Ha Buaa Rhizoctonia solani
(Bvues, L. v Oancrt, I., HenybrnukysaHu 0aHHU). 3a0opaBaHETO Ha CTbpHULLIATA C BCUYKK
pacTUTenHW OCTaTbUW cred nuweHuua pegyuupa nposiBUTe Ha KOpeHoBO M 6a3nyHo
rHMeHe ¢ npuyauHutenu Fusarium spp. (Ledingham, 1970; Cook et al., 1978), Rhizoctonia
cerealis, n ppyrm cwutonatoreHHn ou (Jenkyn et al.,, 1994; Yang et al.,, 2019).
LLinpokomawabHo mnscnenBaHe, nposedeHo Ha TepeH oT Jenkyn et al. (1994) nokassa, 4ye
WHKOPMOPUPaHETO Ha cnamata B MoYBaTa, KakTo M U3rapsHeTO Ha CTbPHULLETO OKasBaT
4YeCTO HeeaHO3Ha4YHW U Henpeauanmmn edekTn BbpXy oTaenHu 6onectn no nuweHuuara.
Pankhurst et al. (2002) cpaBHABaT edeKkTn OT M3rapsiHe Ha CTbPHULLE M 3a0paBaHe Ha
pacTUTENHUTE ocTaTbuM crieq MNuweHuua B CbYETaHME C pPasnuyHM NoYBeHU obpaboTKu.
ABTOpUTE KOHCTaTUpaT M3BECTEH CynpecuBeH edekT cnpsamMo R. solani, CbLeBpPeMeEHHO
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N3TbKBAT, Ye NosydyeHuTe pesynTtaTtu ce HyxaaaT oT noTebpxaeHue. MNo-kbcHo Paulitz et
al. (2010), cpaBHsiBankN Bb3OEWUCTBMETO OT U3rapsiHE Ha CTbPHULLETO crea nweHuua,
OTCTpaHsiBaHe Ha cramaTa OT NOoSieTo M OCTaBsiHE Ha CneacTbpHULLE, KOHCTaTupart, 4ve
TpUTE 3emMenenicku MpakTUKM He BOASAT OO0 SACHO M3pa3eHn pasnuumsa B MNposiBUTE Ha
Pu3okToHMO3a No cnefpawata Kyntypa ¢ npuduHuten R. solani AG 8. Lintnpanute Tyk
M3TOYHULUM KaTo UAno odvepTaBaT nunca Ha obuwa TeHOeHUMs U eQHO3HAYHOCT B
pesyntatmte OT pasnu4HM npoydBaHuss Bbpxy PU30OKTOHMO3a noO nweHuuatra u
YNPaBneHNETO Ha CTbPHULLETO W pacTUTENHUTE OCTaTbLM, NPOBEXAAHW Ha pPasfvyHK
MecTa 1 No pasfiIMyHO BpeME.

B ycnoBusTa Ha CbBPEMEHHOTO 3emefenue, NPOM3BOACTBOTO HAa Criama OT XWUTHU
KynTypu npeBuLlaBa TbPCEHETO B CEKTOPU KaTO XXMBOTHOBBACTBO — 3a XpaHa M NOCTUSKA,
WHOYCTPUS UMM 3a MNONYMSPHW B MWHANOTO TPaaWUMOHHM MpakTukn. WsrapsHeTo Ha
cnamaTta pegyuupa HexenaHaTta nfneBenHa pacTUTEnHocT, obrekyaBa nocnegpalumte
006paboTkm Ha novsaTta U KaTto LANo npegnara MKOHOMUYEH HauYMH 3a OCBOOOXAaBaHe Ha
obpaboTBaemMuTe NNOWM OT pacTUTENHUS ocTaTbk creq pekontupaHe. OctaBa OTKPUT
BbMPOCLT 3a HaMupaHe Ha onTumanHa dopma 3a JenoHupaHe Ha ,MU3NUWHUTE”
Konu4yecTBa crnama cref pekosiTupaHe Ha XXUTHU KyNTypu CbC cngaTa NOBbPXHOCT NpeaBua
dakTa, Ye n3rapsiHEToO Ha CTbpHULLaTa Boau crneq cebe cu 34paBOCIOBHU, EKONOMUYHU U
TexHonornyHu npobnemn (Hesammi et al., 2014; Abdurrahman et al., 2020) 1 ce cunTa 3a
HeyCcTon4MBa CTONaHCKa NpakTuKa.

HacTtoawumaTr goknag npeactaBs 4acT OT pesynrtatu, nonyyvyeHu B nopeguua ot
eKCNepuMeHTN, HacoyeHM KbM paspaboTBaHe Ha €KOMormyeckn YCTOMYMBU W
MKOHOMMYECKM aTpaKTUBHWU NOOXOAM 3a OrnasBaHe Ha XUTHUTE KyNnTypu oT 3abonsiBaHus,
NPUYUHABAHM OT MOYBEHOMNPEHOCUMU buTonaToreHn. MacnegBaHeTo akueHTupa BbpXy
ABa acnekta: (1) ebekta OT MHKOpPNoOpUpaHe Ha pasfnyHM KONMYecTBa MeHnYeHa crama
BbPXY HMBOTO Ha CyNpPeCUBHOCT Ha rnoysBaTta CrpsMO PU3OKTOHUAHO KOPEHOBO M 6a3nyHo
rHMeHe ¢ npudnHuTen Rhizoctonia solani AG 4; n (2) Hann4MeTo Ha JOoKa3aH CynpecuBeH
edeKT cnpsiMmo 3abonaBaHeTo Aa NOCNYXW KaTo ONbMHUTENEH CTUMYN 3a AeNOHMpPaHe Ha
M3nuwHata® 6uomaca obpaTHO B noyBata W KaTo edHa OT  anTepHaTuBuTe Ha
OnflaMeHsIBaHETO Ha CTbpHULLATa cref nweHuua.

MaTtepuanu u metoau

lNoysa u noyseH nodobpumern.

3a uenuTte Ha mnscnegBaHeTo Gelwe msnonasaHa AnyesuanHo-finBageH Tvn noysa ot
panoHa Ha HanpasneHue 3awmTta Ha pacteHusTa Ha UTMASP ,Hukona lMNywkapos” kpawn rp.
Koctunbpog (30.0% nsacbk, 17.5% npax, 52.0% rmuHa pH (KCI) 6.56, 4.03% xymyc). OT
n3bpaHmnss HeobpaboTBaem TepeH Osixa cbbupaHu WHOMBMAOYANHM MOYBEHU Npobu —
MOHONUTKN, Ha AbnbounHa Ao 20 cm C NeTMEeTpoBO OTCTOSHME MeXOY TOYKUTE Ha
npobos3emaHe. CbbOpaHuTe wWHOMBMAOYANTHM MOHOMUTM Osixa CMecBaHM U HaMbiIHO
XOMOreHMU3MpaHu Ypes pasmecBaHe, creq KoeTo novsata belue npecsaBaHa npes cuto (3 x
3 cm). EgHakeu konudectsa (7.0 L) oT cTepunuampaHata n HectepunumampaHa no4vsa bsxa
pasnpegensiHn B nnacrtmacosu cbaose (cakcum ot no 10 L). 3a nogobputen Ha noyBarta
Gewe wu3non3eBaHa cyxa, npean ToBa OanupaHa, nWeHu4eHa crnama, gobuta ot
obpaborBaem TepeH kpan rp. KoctmHbpon. CTtpbkoBeTe cnama 6sixa HapsisBaHM Ha
CerMeHTn ¢ gbmkuHa 2-5 cm. NouBata Oewe oboratsiBaHa C pasfnMYHM KonuyecTtBa OT
HagpobeHaTta nweHunveHa cnama — 0 g, 1 g, 2.5 gunn 5 g 3a 1 L noyBa, cCboTBETCTBALLMN
Ha 0 kg, 200 kg, 500 kg n 1000 kg 3a 1 daa nnow, npn 20 cm AbnN6o4YNHA Ha OPHUA CIOWN.
Cnen nbfHO XOMOreHusnpaHe Ha noyearta u nogodputens, cbaoBeTe Gsxa pasnonaraHu
Bbpxy IlabopaTopeH nnoT BbB (PUTOCTAaTHO MOMELLEHME W MOKPUBAHM C JIMCTOBE
GuUnTbpHa XapTna. TpeTupaHutTe n HeTpeTupaHn ¢ nogobpuTen noysn 6axa MHKyOMpaHu B
npoabimkeHne Ha 180 gHu npm Temnepatypa 17-22 °C. 3a onTMmarnHo npoTudaHe Ha
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MUKPOBMOMNOrMyHMTE NPOoLIECH, BAXXHOCTTA Ha No4yeaTa bGelwe nogabpKaHa B rpaHuun ca.
70-75% ot ININB ype3 nepnogmyHK NOMMBKKU C YeLMsiHa BoAa.

Guonozu4yHu mecmose 3a cyrnpecugsHocm.

3a ycTaHoBSIBaHe Ha HMBOTO Ha CYNPeCcUBHOCT Ha oboraTteHa C NnuweHn4yeHa crnama u
HeTpeTMpaHa MOYBU MO OTHOLUEHWE Ha PU3OKTOHMMHO KOPEHOBO FHUEHE MO MueHuuaTa
OGewe un3nonseaH pas3paboTeH OT Hac AMPEKTEH MeTod, npwunaraH B NPeaxoAHW Haluum
nscnegsaHus (BbueB u gp., 2017). MetoabT ce ocHOBaBa Ha CnocobHocTTa Ha bonectta
Aa ce pasnpocTpaHsiBa OTHULLHO MO pacTeHusiTa B NoceBa OT €AMHUYEH M3TOYHWK Ha
nHdekuus (nog dopmara Ha ,xapmaHu”, Sneh et al., 1996; Schroeder and Paulitz, 2008).
Mo 1.1 L oT n3cnegsaHaTa noysa 6elle HacuneaHa B NpaBObIb/HU, NSIaCTMacoBN CbaoBe
c pa3mepu 26 x 6 x 8 cm. BbB Bcska onuTHa eanHunua (Cba) 6sxa 3acsiBaHu No ABa pena
oT no 12 (24 BbB BCEKU Cb[) BMCOKOKAYECTBEHM cemeHa nweHuua, copt Magapa Ha
pascTosiHne 2 cm B pega 1 3 cm mexay aAsarta pega. OnutHUTE eanHnumn — No YeTnpn 3a
BCEKM BapuaHT, 6s1xa pasnonaraHu B HanbfHO paHgoMu3npaHu 6riokoBe B nabopatopusi ¢
Npsik 4OCTbMN Ha OHEBHa CBETNMHa u Temnepatypa ot okorno 20 °C. NHOKynymM Ha BMCOKO
arpecuBeH Wwam Ha R. solani AG 4, nsonupaH oT CUMNTOMHW MLLEHNYEHN pacTeHns, belue
pasBMBaH NpeaBapuTENHO B YNCTM KynTypu B [eTpuesn bntoga BbpXxy aBToknasupanu (30
min Ha 121 °C) eyeMun4eHn 3bpHa B NnpoabimkeHne Ha 14 gHn npu 26 °C. Cnep noHMKBaHe
Ha ONUTHUTE pacTeHunsa (NeT aHu cnepg cemtbarta) 6s1ixa BHacsaHM No 20 MHOKYNYMHU 3bpHa
B €dNHUS Kpan Ha Bceku cbi Ha okono 0.5-1 cm abnbounHa B no4ysaTa, nog dopmaTa Ha
dokaneH (ToYkoB) U3TOYHMK Ha MHGekums. Llenewe ce, r-6aTta ga ce pasnpoctpaHsiBa oT
M3TOYHMKA Ha WHeKuna 4Ype3 HapacTBalwmss MuUen BbB W Nog Bb3OeWCTBME Ha
nscnegBaHata nodsa. Bceku cba Gewe cHaboeH ¢ nognoxka, nos3sonsBalia pPbyHO
nogaBaHe Ha Boda OT noasfoXkata KbM OTBOPUTE HA AbHOTO Ha BEreTaumMoHHUSA CbA.
E>xxegHeBHO B nognoXkaTta Ha Bceku cbh belwle gobaBsHa YellMsaHa BoAa, Taka 4e B Hes
Aa ce nogabp)ka MNocTosiHeH BodeH cTbnb ¢ BucoumHa 1 cm. o To3M HaumMH Ha
NoBbLPXHOCTTA Ha wu3cnegsaHata no4vsa (7 cm koroHa) Gewe cb3gaBaH MNOCTOSIHEH
oTpuuaTteneH BOAEH NoTeHuuar, ekBMBaneHTeH Ha okomno -6.5 cmH20 BogeH ctbnb (h).
Ot gpyra cTpaHa, ¢ nonmMBka 4Ype3 NPOCMYKBaHE Ha BoaaTta B novBaTa OTKbM OCHOBATa Ha
cbAa ce us3bsareawle OOMbIHUTENEH, MEXaHWYEeH NPEHOC Ha BereTatMBHU CTPYKTYpPU Ha
natoreHa OT WM3TOYHMKA Ha WHOKynyM. OnuTbT 6Gelle OTYMTaH Ha BCEKM ceageM OHU B
npoabimkeHne Ha 35 aHn cnea nHokynupaHe. [Npu BCSKO oTYnTaHe 30paBHOTO CbCTOsIHME
Ha BCSKO MLIEHNYEHO pacTeHne Oelle oueHsBaHO BM3yanHo KaTo ,3apaso”, ,605HO”,
,<3arMHano” wunu ,Nunceawo”, N OTOensa3BaHO BbpXy CXemaTudyHa KapTa, nokassalla
MECTOMOSOXEHMNETO Ha OTAENHUTE pacTeHUs1 BbB BEreTaumMoHHnsa cba. Ha 6a3ara Ha Te3un
kapTu Oewe onpegensHa AucTaHumsita (NepuMeTbp) Ha  pasnpocTpaHeHwe Ha
PU3OKTOHUAHOTO THWEHEe B [ABaTa pefa pacTeHus OT M3TOYHMKA Ha  UHGEeKuus.
AunctaHumsaTa Ha pasnpocTpaHeHne Ha BonecTta npu NOcCNegHoOTo OTYMTaHe cryxelle 3a
OCHOBEH MNapaMeTbp, XapakTepuaupal, HMBOTO Ha CYnNPecMBHOCT Ha mnoyBata no
OTHOLUEHNe Ha 3abonNsABaHETO BbB BCSKO MOBTOPEHUE, PECH. BapuaHT Ha TpeTupaHe.

B apyr, napanenHo npoexaaH GuonornyeH Tect noduBmute B6sxa MaHunynmMpaHu no
aHanorm4yeH HauuH, crieq KOeTO HacuneaHu No BapuaHTu B cakcum (2.5 L) n ¢oHoBo
WMHOKYNMpPaHM C YMcTa KynTypa Ha cbluma wam R. solani, pa3BuT BbpXy aBTOKMaBMpaHu
evyemMmnyeHun 3bpHa — no 20 g nHokynym, pasmecexHn B 1 L noysa. BbB Bcsika cakcusa 6sxa
nocsieaHun no 15 BMCoOKokayecTBeHN cemeHa oT copT Magapa. Cnea noHukBaHe, 6poaT Ha
pacTeHusiTa BbB BCsKa cakcusi Oewe posexgaH go 10. 3a Bcekum BapuaHT 6sxa
n3non3eaHn No neTt cakcum (nosTopeHus). MNMpocneassaH 6e NPOUEHTLT BUAMMO BOHM,
pecn. 3apaBu MNWEHNYEeHN pacTeHNs BbB BCAKO NMOBTOPEHNE W BapuUaHT B NPOAbIDKEHNE Ha
30 oHn cnepn 35 gHu cnep centbata. OnuTuTe Bsxa NpoBeXaaHn OBYKPATHO.
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Cmamucmu4ecku aHanusu.

EkcnepvmeHTanHuTe gaHHW, NOMyYeHU B Kpasi Ha Bceku onuT Gsixa obpaboTrBaHm
CTaTUCTUYECKM W aHanuaupaHu no cTaHgapTeH MeToq 3a BapuauMOHEH aHanus u no
metoda Ha Duncan, nsnonssawm F-TecT 3a OuUeHKa Ha 3HAYMMOCTTa Ha aHanusa u t-Tect
3a 3HAYMMOCT Ha pasnukMTe Npu HMBa Ha focrtoeBepHocT P<0.05, P<0.01 n P<0.001
(Gardiner, 1997). EkcnepumeHTanHuTe [aHHM OT OTAENHUTE MOBTOPEHUS HA BCEKU
BapuMaHT ©6sixa aHanuaupaHum MoOTAENHO 3a YCTaHOBSABAHE HA XOMOFEHHOCT Ha
pesyntatuTe, cneqj KOeTo pesynratute OT [ABa nocriefoBaTenHo nposedeHn onuta b6sxa
obegnHeHn n npeactaBeHn CbBMECTHO. Bemykn aHanmam 6sxa nssbpLUBaHM C NporpamMeH
npoaykT ,Statgraphics18”.

Hueo Ha koHmpon ebpxy bonecmma.

HVMBOTO Ha KOHTPON Hag PWU3OKTOHMWHOTO KOPEHOBO THUEHE MO MlieHuuaTta 4pes
NOBULLABaHE Ha MOYBEHaTa CYyNpPecMBHOCT Gelle KankynmpaHo no BapuaHTu B CpaBHEHWE
C HETPEeTUpaHNTE KOHTPOMM Crnopen AucTaHuuaTa Ha pasnpocTpaHeHue Ha Gonectta oT
TOYKOB M3TOYHMK Ha MHpeKUns (Npy MbpBMA OT ABaTa TecTa) Un NPOLEHTHLT Ha 34paBuTe
pacTeHusi (Npu BTOpua TecT) no popmynata Ha Abbott (1925),

E% = 100-(T*100/K), kbaeTo:

E« — epeKTMBHOCT Ha TPeTUpPaHETO, HUBO Ha KOHTPO!;

T — pasnpocTpaHeHne Ha Gonectta (Cm) OT TOYKOB M3TOYHMK Ha WMHeKuMa mnm
NPOUEHT 34paBU pacTeHuss npu (OHOBO WHOKYNMpaHe 3a CbOTBETEH BapuaHT C
WMHKOpNopupaHe Ha rweHn4yeHa cnama;

K — pasnpocTpaHeHne Ha 6onectrta (Cm) OT TOYKOB M3TOYMHUK HA MHAEKUMS Unu
NPOLEHT 3apaBu pacTteHuMs npu (POHOBO MHOKYNMpaHe 3a KOHTpOoSrieH BapuaHT 6e3
TpeTupaHe.

PesynTtaTtu

MeToobT Ha npoBeXgaHe Ha onuMTa W napaMeTbpbT Ha OT4YNTaHE —
pasnpocTpaHeHne Ha PusokToHmnosaTta no nweHuuata 6sixa 6asmpaHn Ha cnocobHocTTa
Ha R. solani, peCneKkTMBHO Ha MPUYUHABAHOTO OT naTtoreHa 3abonsBaHe, akTMBHO Aa ce
pasnpocTpaHsBaT B MoceBa OT €AWHUYEH MW3TOMHWMK Ha WHpekuuna (dur. 1). Ot
pesyntatuTe, NpeacTaBeHn Ha Tabnuua 1 e BUAHO, Ye, KaTo LsAno, MHKOPNOpMpaHeTo Ha
nweHnyeHa crnama B AnyeBuanHo-fluBagHa noysa fosefe A0 3HauyuTenHo (P<0.05)
orpaHMyaBaHe Ha pas3npocTpaHeHWeTo Ha PusokToHMoO3aTa B CUMMynupaH MoceB OT
nweHuua. [lokato B KOHTPOMHUS HETpeTupaH BapuaHT 3abonaBaHeTo Gelle [OCTUrHano
21.25 cm OT N3TOYHMKa Ha MHOKYNyM Ha 35-1 IeH OT MHOKYNMPaHETo, TO C HapacTBaHe Ha
KONMMYeCTBOTO Ha MHKOpropupaHaTa B noysata crnama ot 1 gHa 2.5 g, n 5 g L noysa BbB
BapuaHTMTe C TpeTupaHe, pasnpocTpaHeHMeTo Ha 6onectta ©Oewe peayumpaHo
CbOTBETHO C 7.1%, 38.8% u 44.7%. Han-cuneH nHxmnbupaly edpekt Bbpxy bonectra bele
OTYETEH BbB BapumaHTa B HAW-roNsMO KONMYECTBO BHeCeH nogobputen. VIHTepeceH 3a
oTbenassaHe 6e akTbT, Ye W B [ABaTa NPOBEAEHU eKcrnepumeHTa 6onectra ce
pasnpocTpaHsBalle 6bp30 — OO ceaAMust AeH creq MHOKynupaHe Ha no4ysaTta C naToreH,
cneq koeto — o 35-us fgeH — 6elle oTY4eTEeHO He3HauYUTENHO HapacTBaHe Ha 30HUTE C
BMAMMO OOMHWM wW/Mnu 3arMHanuM pacTeHus B OTAENHW MNOBTOPEHUA Ha W3NUTBAHUTE
BapuaHTu (HenpedcmaeseHu OaHHU).
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Tabnuua 1. EdekT Ha pasnuMyHM KOnuyecTBa MUWEHMYeHa cnama, WHKopropupaHa B
AnysunanHo-JlusagHa nodsa BbpXy pasnpoCTpaHEeHMEeTO Ha PU30KTOHMO3a No nweHuua ot
TOYKOB N3TOYHUK HA UHJDEKLMSI.

No BapuaHT (Tpetupane) PasnpocTtpaHeHue Ha NHxnbupaHe Ha
3 b6onectTa® (cm) 6onectTa (%)°
1 HeTpeTupaHa koHTpona 21.25a’ C

2 1.0 g cnama L™ nousa 19.75 a 71

3 2.5 g cnama L' noyBa 13.0b 38.8

4 5.0 g cnama L' noysa 11.75b 44.7

LSDo,o5 =1.625

#OmyemeHo Ha 35-musi deH cied UHOKynupaHe.

> CmoliHocmu, 0603HayeHu ¢ pasnudeH GyK8EH CUMBOJSI ca Cmamucmuyecku pasfuyHu npu
P<0.05, cvenacHo memoda 3a pasnpedeneHue Ha Duncan.

¢ UsyucneHo no ghopmynama Ha Abbott (1925).

KonTpoma 5.0 g cnama
L-! mouna

durypa 1. PasnpocTtpaHeHune Ha PusoktoHnosa (R. solani
AG 4) no nweHnua OT TOYKOB U3TOYHMK Ha UH(PEKLMS

BrvonornyHuTe TectoBe Ha ApyruTte OBa NapanenHo MNpoBeAeHW eKCnepuMeHTa ce
OCHOBaBaxa Ha (POHOBO MHOKYrNMpaHe Ha novsaTta C U3KyCTBEH MHOKYNyM Ha R. solani AG
4 (dwur. 2). NpoueHTUTEe BUOAUMO 34paBu MLIEHNYEHN pacTeHUs MO BapuaHTK Ha 35-na geH
cnen vHokynupaHe (centba) Ha ONUTHUTE pacTeHust ca OTpas3eHn Ha Tabnuua 2. N npu
TO3W HaYMH Ha eKcrnepuMeHTUpaHe, cunHo HanageHwe — 0% 3gpaBu pacTeHus, bewe
OTYETEHO B KOHTpornHaTa noysa 6e3 nopobputen. bewe HabniogaBaHa cbwaTta
TeHAeHuus Ha 3HauuTenHo (P<0.05) HapacTBaHe Ha MHXMBUpaLMsi, pecrn. CynpecuBeH
edekT Ha TpeTupaHaTa novysBaTa C HapacTBaHe Ha KonuyecTBaTa Ha BHeceHa B Hes
nweHundyeHa cnama. OTHOBO HaW-CUITHO MOTUCKaHE Ha PU3OKTOHMWHOTO KOPEHOBO W
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6Ga3n4HO rHMeHe no onUTHUTE pacTeHus belle HabnogaBaHO B NovBaTa C MHKOPNOPMPaHO
HaWi-ronamo konu4yectso — 5.0 g cnama L™ nousa — 68.75% cnpsiMo KoHTponara.

Tabnuua 2. EdekT Ha pasnuyHK KonmyecTBa MLWIEeHMYeHa crama, MHKopnopupaHa B
AnysunanHo-JlnBagHa no4ysa Bbpxy MNposiBU Ha Pu3okTOHMO3a no nweHunya. PoHOBO
WHOKYInupaHe

NHxnbupaHe Ha

Ne BapuaHT (TpetupaHe) % 3apasu pacteHus? GonectTa (%) °
1 HeTtpetnpaHa koHTpona 0a® C

2 1.0 g cnama L noysa 15.0b 15.0

3 2.5 g cnama L' nousa 35.0c 35.0

4 5.0 g cnama L™ noysa 68.75d 68.75

LSDo,os =12.375

#OmyemeH Ha 35-musi deH cned UHOKyUpaHe.

> CmoliHocmu, 0b0o3HayeHu ¢ pasnuyeH OyK8eH CUMB0/I ca CMamuCMUYecKU pasfiuyHu npu
P<0.05, cvenacHo memoda 3a pasrnpedeneHue Ha Duncan.

¢ UsqucrieHo rno ¢popmyrnama Ha Abbott (1925).

N
bV

(7 Jll \W’

Konrpona 1.0 gcmama 2.5 g ciama 5.0 g cnama
L1 moura L' mousa L' mouna

®Purypa 2. [posieu Ha PusoktoHnosa (R. solani AG 4) no nweHuua npm (ooHOoBO
WHOKYNunpaHe Ha no4ysarta

Ouckycus

YCTaHOBEHOTO B TOBa M3CrnedBaHe 3HayuMTenHo MOTMCKaHe Ha pasBUTMETO Ha
PU3OKTOHUMNHO KOPEHOBO M Ba3nyHO rHMeHe Mo nweHuua ¢ npudanHuten R. solani AG 4,
[OKa3Ba, Ye BHACAHETO Ha pasfMyHW KonuyecTBa MeHuveHa cnama B AnyBuarnHo-
JineagHa noysa, nocneaBaHo ot 180 gHM MHKyOMpaHe 3a npoTMYaHe Ha npouecu Ha
pasnaj Ha BHeceHaTa opraHuMyHa maca, Hayuupa BUCOK CyrnpecuBeH edekT B noysaTa no
OTHOWweHne Ha 6GonectTta. TeHaeHUMUTE B pe3yntatute M OT ABata OMOMOrMyHM TecTa,
npunaraHn B M3CMNedBaHETO Cca WOEHTUYHW — C HapacTBaHe Ha KOMMYeCTBOTO Ha
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nogobpuTens, ce orpaHn4yaBa pa3npPOCTPaAHEHNETO Ha 3ab0NsABaHETO OT TOYKOB U3TOYHUK
Ha WH(eKuMs B no4ysata, a OpoAT, pecn. NPOUEHTLT Ha 34paBUTE ONUTHU pPacTeHUs
HapacTBa 3HA4YMTESTHO, KOraTo MHOKYNYMbT Ha natoreHa e BHeceH )OHOBO (pa3MeceH C
noysaTa). BbB BCMYKM NpoBedeHN ONUTU HaW-BUCOK cynpecuBeH edekT Belle nocturHat
cnen vHKopriopupaHe Ha 5.0 g nuweHnveHa cnama L' noysa, koeto cbotBeTcTBa Ha 1000
kg 6uonornyeH octatbk 3a 1 daa nnow, npn 20 cm opeH crnow. NocTUrHaToTo HMBO Ha
KOHTpON npu Tasun gosa — nog 70% peayuupaHe Ha 3abonsiBaHeETO, CbOTBETCTBA Ha
,2HENbIIEH, YacTU4eH”, ,cpedHO OO0 MNOoSfie3HO HUBO" Ha KOHTpos. M makap, 4e Torkosa
BMCOKA €(eKTMBHOCT He € MocTMraHa Aopu C M3MNON3BaHEe Ha XUMUYHU QOYHMULMAMW,
NPEeACTOAT AOMbIIHUTENHN U3CneaBaHns 3a ONTMMU3MpPaHEe Ha KONMUYECTBOTO MLUIEHMYEHA
cnama 3a WMHKoprnopupaHe B rnoyBarta C orfef Ha nocturaHe Ha nbfeH KoHTpon (Hag 80%
NHXxMbmnpaHe) Ha Pun3okToHMO3aTa Mo nweHunua. B npeoxogHo Hawe umacnegsaHe Gelle
YCTaHOBEH 3HauuTeneH cynpecuBeH edqekT CcnpsiMo PU30KTOHMO3a MO nMuweHuua B
AnysunanHo-JlusagHa noysa cnen UHKoprnopupaHe Ha fobpe pasnoxeH, 060pcku oB4M TOP
(BvyeB u gp., 2017). KombuHupaHeTo Ha OBeTe ameHaupawm cuctemu 6m goeeno o
afUTMBEH UNN CUHEPrnCTUYEH MHXMbupall edekT no OTHoLEeHME Ha 3abonsBaHeTo.

MooxoabT Ha mM3uUcnsiBaHe Ha Agos3aTa nogobputen kbMm ob6em noyeBa MO3BOMSABA
ANPEKTHO eKCTpanonupaHe Ha NoryvyeHuTe OT Hac pesynTtati KkbM 00CTaHOBKaTa Ha TepeH
B 3bpHOMpPOM3BOACTBOTO. MogenbT Ha nposiBUTE W pPas3npoCTPaHEHWETO  Ha
Pu3okToHMO3aTa B NwEHNYEeHUTE NOCeBUN — Ha ,xapmaHun” (Dada, 2017), naBa Bb3MOXHOCT
Aa ce npoeege 6opba, kKakTo BbpXy Uanata obpaboTBaema nnowy, Taka 1 foKanHo, 4Ypes
WHKOpNopupaHe Ha ocTaTbUM OT cramMa B 3acerHatute OT Oonectrta y4yacTbUu U
npunexawmte MM 30HM OT MO HSAKONKO MmeTpa. M3nonasaHeTo npu HeobxoauMmocT Ha
GanupaHa cnama cbC CTaHAapTHO Terno Ha 6anarta, no3BonsBa MakCMMasnHO TOYHO
N34ncCnsiBaHe Ha KONMMYECTBOTO BHECEH B nouvsBaTa nogobputen. M3cneaBaHusa Ha gpyru
aBTOpMU, NpocneasiBalliy CbOTHOLIEHMETO Ha AobuBa OT 3bpHO M JobuBa OT cnama Ha
eQMHuLa nnowy, B 3aBMCMMOCT OT COpTa M COpPTOTMNA Ha CbOTBETHaTa XWUTHA KynTypa
(KyteB n gp., 2014) no3sonsiBaT CpaBHUTENHO TOYHO Aa Ce Oonpeaenu KonnM4ecTBoTO Ha
npegsugeHata 3a MHKOpNopuvpaHe crama B novysata 6e3 HeobxogumocT OT
npegeaputenHo banupaHe.

Peouua aBTopu cbobuiaBaT 3a KOHTpPON Hag 3abonaBaHusi, MNPUYMHSABaAHM OT
Rhizoctonia spp. n gpyrn no4ysoobutaBallm NaTtoreHn no mnieHnua Ypes MHKopnopmpaHe
Ha nweHu4eHa cnama B noysata (Cook et al., 1978; Jenkyn et al., 1994; Prew et al., 1995;
Cook et al., 2013). Pitt (1964) yctaHOBsABa, Ye MHKOPNOPUPAHETO Ha MHOKyNMpaHa ¢ R.
Solani nweHn4yeHa cnama B noveBaTa BOAM OO0 3arMBaHe Ha nartoreHa. [pyrn asTopu
cbobLlaBaT 3a 3HaAYUTENHO MOBMLIABaHE Ha HMBOTO Ha CYNPECMBHOCT Ha noysBarta Mo
OTHOLLEHME Ha BMAOBeE OT pof Rhizoctonia kaTo pe3ynTaTt OT BHAacAHE Ha criama OT XXWUTHM
kynTypu. Cnea ABe A0 TPUrOAULLHO MynyMpaHe Ha novsata ¢ opu3oBa criama Chen et al.
(2010) ycraHoBsiBaT noBuLaBaHe Ha nonynaunmoHHaTa MNMbTHOCT Ha pu3ocdepHn 3a
nweHunuata Gaktepumn ot pon Pseudomonas, aHTaroHucTn 3a R. cerealis. Singh et al.
(2019) m3nonseaT pasnarailara ce B novsarta rfleHn4YeHa cnama, kato 6oraT M3TOYHUK 3a
nsonvpaHe Ha Streptomyces spp., TPOMOTUPALLN pacTexa Ha KynTypaTta u nposiBsBalum
aHTaroHUCTUYHa akTUBHOCT cnpsiMo R. solani. C HacToALWOTO mn3cnegsaHe cbobuiaBame
3a NMbpBU MbT 32 MHOYUMPAHE Ha CYNpecuMBEH OTrOBOP MO OTHOLUEHME Ha aHaCTOMO3Ha
rpyna 4 (AG 4) Ha natoreHa, NPUYNHABALL, PU3OKTOHUMHO KOPEHOBO M Ba3nMYHO FHUEHE MO
nweHuua, 4Ypes WMHKOpNopupaHe Ha MweHundeHa crama B nodsa. MexanHusmuTe 3ag
KOHCTaTMpaHusa cynpecmBeH OTroBop ca o6ekT Ha Apyro uacnegBaHe. Mo nutepartypHu
AaHHW € U3BECTHO, Ye cboTHowweHneTo C:N B cnama OT XUTHU KynTypu € NnpubnuantenHo
100:1. Mpun cvoTHoweHne C:N no-Bucoko ot 25:1 B gobaBeHUTE KbM OpraHUYHU
MaTepuanu novsarta ce npespblia B GUonornyeckm cynpecnBHa cpega no oTHOLLEeHue Ha
peavua dutonatoreHn. BeposTHa npuunMHa 3a ToBa €, 4Ye nNpU Te3nm YCNnoBus
pe3svaeHTHUTE  MNOYBEHW  MUKPOOPraHM3aMuM B Mpoueca Ha pasrpaxgaHe Ha
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WMHKOpNopupaHaTta opraHn4yHa Matepus ycBosiBaT NpeMMyLLECTBEHO a3oTa B no4ysara. Tosa
cb3nasa a3oTteH gecmunt (Roy et al. (2006) n n3ocTps KOHKYPEHTHUTE B3aMMOOTHOLLEHUS
B MUKpoburoma.

Bbnpekn pencrteawa 3abpaHa, 3emegencks npoussogutenn B bBbnrapua um
EBponenckus cbto3 4yecto NpubareaT A0 u3rapsiHe Ha CTbpHULLA Creq XUTHWU KynTypu C
Orned Ha yHULLOXaBaHe Ha MHOKYNMYM OT (OUTOMATOreHn — pbXaun, NIMCTHU HaneTHABaHUS,
dy3apnosn, rmaBHM M Ap., 3@ KOUTO € [oKasaHO MM ce npuema, 4e ce 3anas3sar C
octarbuM OT KynTypata. W3rapsHETO Ha CTbpHUWATa € cpen Han-apeBHUTE
AOKYMEHTUPAHN PacCTUTENHO3ALUUTHM NPaKTUKWA, NpenopbyBaHM NpuU MeHuua u gpyru
xutHn kyntypu (Vergil, 70-19 BC, Lembke, 2005, trans.; Zadoks, 2013). Beprunuin B
cesoute 'eoprukun (Georgics, Vergil, 70-19 BC) npenopbyBa nsrapstHeTo Ha CTbPHULLIETO Aa
ce ocbliecTBsaABa C ,nykawmn”’ nnambum (“crackling flames”, Lembke, 2005, trans.). OT
rmegHa Tovka Ha CbBPEMEHHOTO MO3HaHWEe, a BEPOSITHO M OT ToBa MO BPEMETO Ha
Beprunuin, npenopbkarta akueHTMpa BbpXy 6bp30 n3rapsiHe Ha pacTUTENHUTE oCcTaTbuUM Ha
NOBBLPXHOCTTA, KaTO Ce OrpaHn4yM pucka oT TpaHcopMMpaHe Ha ropeHeTo B Noa3eMeH
noxkap C uarapsiHe Ha OpraHM4YHOTO BELLECTBO U Xymyca B no4saTa. PasnunyHun acnektn ot
N3NON3BaHETO Ha OMbH C PUTOCAHUTapPHa LUen B TPaaUUMOHHOTO — NpeanHayCcTpuanHo u
CbBpPEMEHHOTO 3emegenue ca obobuweHn oT Hardison (1976; 1980), Thurston (1992),
Bockus (1998), Kutcher and Malhi (2010) n gp.

Mpe3 Xll Bek Ibn Al-Awam (1988) B NcnaHna npenopbyBa M3Mon3BaHe Ha criama u
APYr OpraHnM4yHM ocTaTbuM 3a Bb3CTaHOBSIBAaHE Ha MO4YBEHOTO nnogopoave. Peguua
CbBPEMEHHN MN3CNeABaHMs CbLLO NOTBbLPXAABAT, Ye crieq MHKOpropupaHe Ha crnama oT
XUTHU KyNTypu — €eOHOKpaTHO cneqj pekonTupaHe WM MHOFOKpaTHO — cneq Bcska
cnegpalla KynTtypa, ce HabniogaBa noBuwaBaHe Ha gobuBa OT cregBalla KynTypa,
NnoBulLABaHE Ha CbAObPXAHUETO HA OPraHW4YHO BELLECTBO UM WHTEH3MBHOCT Ha
CEeKBECTMpPAHE Ha BbInepoga oOT Bb3gyxa, nogobpeHa CTpykTypa M MOPbO3HOCT,
HapacTBaHe Ha obuiaTta 6uomaca OoT MMKPOOPraHM3MM, HapacTBaHe Ha nonynauuMTe Ha
GakTepun, yyacTtBawm B TpaHcopmauusiTa Ha as3oTa U Bbrnepoga W peayuupaHe Ha
nonynaumm ot natoreHHn rou (Shen et al., 1997; Zhang et al., 2014; Han et al., 2018;

Yang et al., 2019; Singh et al., 2021; Wan et al., 2021; Getahun et al., 2022) v peanua
apyrn, o6obweHn B pabotata Ha Nicholson et al. (2014). OueBugHo e, 4Ye cnamara Kato
nogobputen umMa npsiko OTHOLUEHME KbM MOBMLLABAHE Ha KayecTBOTO (abMOTMYHM —
PUNYHM U XUMUYHU XapaKTEPUCTMKU) U KpaTKOCpOYHaTa MPOOYKTUBHOCT Ha no4yBaTta,
KakTo M KbM nogobpsiBaHe Ha MNOYBEHOTO 3apaBe (OMONOrMYHUTE XapakTEPUCTUKK) WU
AbIrocpovHaTa NpoaykKTMBHOCT Ha noysata (Pankhurst et al., 1997).

lMpeactaBeHUTE B HACTOALOTO M3cneaBaHe pesyntaTi — HalnM U Ha Opyrn aBTopw,
AOKa3BaT, 4Ye M3MNOoN3BaHeTO Ha MleHMYeHata cnama Kato nogobputen Ha noysata
nHayumpa cynpecuseH edpekT no oTHoweHne Ha R. solani n gpyrn Buaose outonaroreHu
no KopeHute 1 Gasute Ha XUTHU KynTypu. CbrnacHoO KoHuenuuata, npeanoxeHa ot Sir
Albert Howard (Howard, 1940; 1947) n paspaboteHa no-kbcHo oT Pankhurst et al. (1997),
noyBoobuTaBawmTe dutonaTtoreHHn rbbu, KaTo Hegenuma 4Yact oT  OMonornyHuS
KOMMOHEHT Ha MnoyBarta, ce pasrnexgar eqHOBPEMEHHO KaTo (hakTop 3a M MHAMKATOp Ha
noyBeHoTO 3apaBe (Pankhurst et al., 1997). NpenBug dakra, Ye cynpecuBHaTta no4sa e
,<3apaBa noysa” (“healthy soil”, Higa and Parr, 1994; Vatchev, 2004; Janvier et al., 2007),
TO MHKOPMOPUPAHETO Ha MWeEeHUYeHa cnaMa MoXe [a ce pasrnexza Karto noaxod KbM
nogobpsiBaHe, KakTO Ha Ka4yeCTBOTO Ha no4BaTa, Taka M Ha PacTUTENHOTO M MOYBEHO
3gpase. M3cnenBaHns Ha apyrn asTopu (Ledingham, 1970; Mazzola et al., 1997; Cook et
al., 1978; 2013; Prew et al., 1995; Paulitz et al., 2010; Tardy et al., 2015; Chen et al., 2017,
Han et al., 2018; Yu et al.,, 2019) KoHCcTaTMpaT pasnuyHK, 4YeCTO MPOTUBOPEYaLM CU
pe3ynTtaTti OT NpunaraHe Ha e4Hu N CbLUM NPaKTUKK 3a OEeNOHMPaHe Ha cnamMara OT XUTHU
KynTypu 1 ynpaBneHne Ha CTbPHULLETO, B T.4. 1 OT onfnlameHsaBaHe. Moxe fa ce 3akniouu,
Yye CTOMaHCKM M arpoOHOMMUYECKM hakTopu, KaTo MOYBEH TWUM, CUCTEMA Ha 3emepenve,
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CcTOnaHcka WCTopusi Ha rMoneTto, cenTboobopoTHM cxemu, 06paboTkM Ha noysaTa,
KaneHOapHO BpeMe Ha M3BbpLUBaAHE Ha MeponpuaTusTa U Ap., okaseaT BrMsSiHE BbpXy
KpaHUTe pe3ynTaTh OT U3MNoM3BaHe Ha pasnMyHM HauyMHU 3a yrpaBreHne Ha CTbPHULLETO
M Ha pacTUTENHUTE OCTaTbLM OT XXWUTHU KyNTypu Ha noneto. ToBa Hanara u3nona3BaHe Ha
eMnMpuYeH HayyeH noaxod, npocregsisaly edekTuTe OT npuraraHe Ha KOHKPETHM
MEepPONPUATUS NPU KOHKPETHUTE YCITOBUS HA TEPEH.
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N3CNEABAHE HA UHTEMPUPALLIA UBMEPBATEJIHA CUCTEMA 3A LIEJIUTE HA
NMPEUU3HOTO 3EMEAEJIUE

CeuneH CtosiHoB', lecucnasa Muxainosa', Acnapyx AtaHacos', Xpucto CtosiHOB?,
CrtenuaHa Xpucrosa®
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Pe3rome

B Hactoawma [oknag e HanpaBeH OMUT 3a MHTErpypaHe Ha u3MepBartenHa
anapaTtypa B Nofesu yCroBus, C Len uscnensaHe Ha BaXkHW No OCHOBHU rpynu napameTpum
B Npeum3HOTO 3emenenue. M3cneaBaHa € Bb3MOXHOCTTa 3a M3MEpPBAHE Ha MEXaHW4HU
CUNIM 1 MOMEHTU, NapaMeTpPU Ha OKONHaTa cpena, noyea, reorpadcku KOOPANHATKU, KaKTO
N NnapamMeTpu 1 koedUnEHTN 3a onpeaensiHe Ha Beretauusita Ha pacTeHusTa.

HanpaBeHu ca Hsikonko mscnensanust B A3W I ToweBo, B nepuoga 2021-2022r.,
KOUTO [gokasBaT YHKUMOHaANHOCTTa W paboTocnocobHOCTTa Ha u3MmepBaTenHarta
cuctema. [lonyyeHute pesyntatu ca npegcrtaBeHn B TabnuyeH u rpaduyeH Bug,
N3BbPLUEHA € cTaTuCcTu4ecka obpaboTka 1 ca HanpaBeHU CbOTBETHUTE U3BOAMWN.

Knrwoyoeu Oymu: eecemauyuoHHU KoeghuyueHmu, u3MepeaHe, u3MepeamersrieH
rnpeobpasysameri, No4Y8eHa NMIIbLMHOCM, rPeyU3HoO 3emederue.

RESEARCH OF AN INTEGRATING MEASUREMENT SYSTEM FOR PRECISION
AGRICULTURE PURPOSES

Svilen Stoyanov', Desislava Mihaylova', Asparuh Atanasov’, Hristo Stoyanov?,
Steliana Hristova®

'Dobrudzha College of Technology, Technical University of Varna, 2Dobrudja Agricultural
Institute, *Insititute of soil science, agrotechnologies and plant protection
"Nikola Poushkarov"
e-mail: svilen.stoyanov@tu-varna.bg, desislava.mihaylova@tu-varna.bg,
asparuh.atanasov@tu-varna.bg, hpstoyanov@abv.bg, stelityhristowa@abv.bg

Abstract

The current paper presents an experimental set, integrated in field conditions in order
to observe a couple of parameters, separated in groups, important in view of the
application of the precision agriculture principles. Within the scope of this investigation is to
provision measuring of mechanical forces and torques, environmental parameters,
parameters of soil, geographical coordinates, as well as parameters and coefficients
determining plant vegetation.

Several on-field tests have been carried out at DZI General Toshevo, during the
period 2021-2022, which prove the functionality and operability of the measuring system.
The obtained results are presented in tables and graphics, statistical post-processing is
performed and relevant conclusions are drawn.

Key words: measurement, measuring transducer, precision farming, soil density,
vegetation coefficients.
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BbBeaeHue

N3cneaBaHeTo Ha MHOXECTBO MapaMeTpu B MNPEUM3HOTO 3emefenue BuHarn e
NOCTaBANO Ha NpedeH nraH pa3paboTBaHe Ha M3MepBaTernHa cuctemMa ¢ obuy 3axpaHealy,
moayn. ToBa e Heobxo4MMO, ThbI KaTo anapatypuTte paboTaT npeanMHO B NOMEBU YCNOBUS
Ha pasnMyHM 3axpaHBalLM HaMpexeHust U BCsika M3MepBaTenHa anapaTtypa cu uma
CbOTBETHUTE U3NCKBAHNS KbM Ka4eCTBOTO Ha 3aXpaHBALLOTO HamnpexXeHue.

B TO3M cnyyan rapaHTMpaHETO Ha YCTOMYMBO 3axpaHBaHe € OT MbPBOCTENEHHO
3HayeHue, Tbi KaTo n3MepBaTenHUTe anapaTtypu C ronemm KoeuumeHTn Ha ycuneaHe u
ca CWMHO YYyBCTBUTENHM KbM CMYLLUEHMS B 3axpaHBaHETO, Taka Hape4yeHuTe GpymoBe.
M3non3BaHeTo Ha 3axpaHBalLMTE CUCTEMMU Ha MAaLUMHUTE € HeXenaTeriHo, Tbi KaTo TOYHO
B MU3MepBaTenHuTe TpakToBe MoraT fa fnonagHaT TakMBa CMYyLLaBalUM HanpexeHus oT
3ananuTenHara cuctema Ha MawwuHata. Bcako npoHWKBaHe Ha TakuBa CMyllaBalliu
HaNpeXXeHns CWUMHO BriolwaBa TOMHOCTTA M MOBTOPSEMOCTTa Ha MNOMNyYeHUTe pesynTaTu.
OcBeH ToBa MHOMO OT CbBPEMEHHUTE MalLUMHMU MMAaT SOCTaTbYyHO CUCTEMU U 3alLUUTU U
BKIMOYBAHETO Ha KOHCYMaTopu OT TUna MHBEPTOPU HEe € XenaTenHo, Tbil KaTo ToBa NbK OT
Apyra cTpaHa MOXe fa npegusBuka cMylleHus npu pabotata Ha 6opa-komnioTbpa Ha
MawmHaTa U Apyrn 4yBCTBUTEMNHM MoAynu. MHBEPTOPBT CbLLUO MOXe Oa NOBMAMsie U Ha
YyBCTBUTEIMHM M3MepBaTenHM MOAYNN, nopaaun akTa, 4e B NoBMLLABALLMS TpaHCOMaTop
Ce MHOyuMpa BMCOKO 3axpaHBalLLO HamnpexeHue, KOeTo ce ynpaBnsiBa OT CMMUCTOPHMU
kntoyose [Bachiyski S, 2013].

lMocTaBeHa e 3agayaTa 3a pa3paboTBaHe Ha cuUCTEMa 3a U3MepBaHe Ha BaXXHU B
npeumsHoTO 3emegenue napametTpu € obuw, He3aBUCMM  3axpaHBall, Mogyn,
yOooBneTBopsiBaLy, N3NCKBaHUATA Ha perncTpupaLumre, n3mepBaTenHu n
npeobpasyBaTenHM Mogynuv No OTHOLIEHWE Ha Ka4yeCTBO Ha 3axpaHBaLLOTO HanpexeHue u
AocTaTbyHa NPoabIMKUTENHOCT Ha paboTa.

OOGeKT 3a uscneaBaHe, MeToaMm.
M3mepBaTenHaTa cucteMa ce CbCTOM OT 3axpaHBalla 1 n3mepBaTeriHa YacT.
[MpoekTupaHa e 3a n3amepBaHe Ha 5 rpynun napameTpu:

- CUMNOBU — MEXaHUYHU CUIN N MOMEHTH

- NapamMeTpu Ha OKornHaTta cpeaa

- NapaMeTpu Ha noyearta

- reorpadpcku KoopamMHaTH

- NapaMeTpu 3a onpeaensiHe Ha Beretaumsita Ha pacTeHusaTa
Bnok-cxemata Ha namepBaTenHaTa cMctemMa e nokasaHa Ha cwr. 1.

OcHOBEH eneMeHT Ha 3axpaHBaljaTa 4acT e akymynatopbT. 3a M3BbpLIBaHE Ha
namepBaHus M 3apag Ha 6atepum e poctatbyeH mogen Tun LAVA mopen PS8-12
napameTtpun:12V,-9Ah, Initial Current 2,7A.. Ton moxe ga o6e3neym KOHCymaLmsi Ha TOK OT
nopsabka Ha 0,8+0,85A B pamkute Ha eanH paboteH aeH. [Npu HeobxoaumocT oOT
AONbMHUTENEH 3apsi4 Ha akymynaTopuTe Ha gpoHa e HeobXxoAMMO W3MNOoN3BaHETO Ha
aKymynartop C no-ronisiM KanauyuTet. 3apexaaHeTo Ha akymynaTtopa KOHTpona Ha 3apsiga
ce OcCbllecTBABa OT aBTOMaTUYeH 3axpaHBaw, mogyn — mogen MWCCO1A ¢ srpageH
KOHTpoOnep 3a onpedensiHe Ha 3apsiAHOTO HanpeXeHne, MOMEHTHO CbCTOSIHUE U BPEMETO
3a 3apsag. lNpu goctvraHe Ha onTUManHUTE 3a akymynartopa napameTpu, 3apsiaHOTO
YCTPOWCTBO Ce U3KN4YBa aBToMaTtn4yHo. MIHgukaTopbT 3a 3apsg — mogen BC6-12 nokasea
CbCTOSHMETO Ha akymynatopHata OaTepus no Bpeme Ha pabota M CBOEeBPEMEHHO
CUrHanuaupa npu 4oCTuraHe Ha KPUTUYHU CTOMHOCTW.
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durypa 1. bnok-cxema Ha namepBarenHa cuctema

HanpexeHneto oT akymynatopa ce nogasBa Ha uHBepTop — mogen HL300, kouto
ocbllecTBsBa npeobpasyBaHe Ha MOCTOSIHHOTO HanpexeHne 12V B NPOMEHNMBO
HanpexeHue 220V, 50 Hz, Tun moguduumpaHa cuHycovaa.

M3mepBaTenHaTa YacT ce CbCTOM OT HSKOMKO MOAyna, KaTo BCEKM OT MogynuTe nma
COBCTBEHM TOKOM3NPaBUTENHU N PUMTBPHU CUCTEMM (HE ca NoKa3aHu Ha Bnok-cxemara).

3a uamepBaHe Ha MexXaHU4YHW CUM U MOMEHTM e paspaboTeHa uHTerpupatila
n3mepBartenHa cucrema, cobcrBeHa KOHCTpykums. NogpobHo e pasrnegaHa B [Stoyanoy,
2022]. Bb3MOXHOCTUTE M BKMOYBAT OCBEH M3MEpPBaAHE Ha TErMUTENHUTE napameTpu Ha
MalWHUTE N U3MEPBaHEe Ha CUIMIM U MOMEHTW Ha OrbBaHe Ha CTbbraTta Ha pacTeHusTa,
KOeTo e 6bae peanuanpaHo Ha eauH cnegpawy etan.

M3mepBaHeTO Ha napameTpuTe Ha OKonmHaTa cpeja Cce u3Bbpwea C
MUKponpoLecopHa uamepBaTenHa cucrtema, mogen SH800-cur2 [sigma-tech, 2022].
Ms3nonasat ce 2 KOMNnekra gatuvum — 3a U3MmepBaHe Ha Temnepartypa, abcomnoTHa u
OTHOCUTENHA BNaXHOCT Ha Bb3dyxa W Ha noyeata. [locnegHuTe ce BkapBaTt B No4yBaTta Ha
abnbounHa 70mm. Cuctemara nma BrpafeH KOHTponep 1 Mmoxe ga pabotn B ABa pexunma:
cyxa u mokpa pasa. Busyanmsumpar ce nocpeactBoM BrpageHus codTyep: abcontoTHa
BraXHOCT B AnanasoHa 0,05+6600 gr./m® n oTHocuTenHa BnaxHocT 2-100%.

3a M3mepBaHe Ha no4yseHaTa MBbTHOCT Ce WM3MOoMn3Ba MexXaHW4yeH NeHeTPOMETbp —
mogen —Wile-SCT-04082020 [Wile, 2022]. 3amepBaHudaTa ce nssbpuat no ASAE S313.3
ctaHgapT. [leHeTpoMeTbPBT UMa 2 pexuma Ha paboTta (HMCKa W BUCOKa MOYBEHa
NNbTHOCT), KOUTO Ce 3aJaBaT CbC CMsSIHA Ha HakpanHuuute ¢ anametTpun Y2 u % uH4a
(12,7mm un 19,1mm). Bcekn pexxum nma cobcTBeHa ckana Ha uHgukatopa - (pur.3).
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DO NOT
EXCEED

SOIL COMPACTION

durypa 2. /IamepBartenHa cucrtema durypa 3. lHoukaTtopHa ckana

M3mepBaHuATa ce ocblLuecTBABAT Ha npeaBaputenHo dukcnpanm obnboymHn 37
(7,62 cm); 6”7 (15,24 cm); 9”7 (22,86 cm); 127 (30,48 cm); 15” (38,10 cm) n 18” (45,72 cm).
XKenatenHo e cepuuTe M3amepBaHMs fa ca Ha dUKcupaHn ObnboynHu. [MonyveHuTe
pes3yntatm Ha aucnnesd Ha neHeTpoMmeTbpa ca B PSI (dpyHT Ha KBagpaTeH WHY).
Mpeobpa3yBaHETO MM B €BPOMNENCKN M3MEPBATENHU €AVHULN MOXEe [a Ce W3BbpLUM C
OHMaWnH KankynaTopu 3a HanaraHe unu no dopmMynu - Hanpumep B kgf/cm? — (1)

P=P*fig/ lem’ (1)

KbaeTo P; — nokasaHne Ha NneHeTpoMeTbpa
fg= 0,451265 — KOpeKkunoHeH KoedUUNEHT — OYHT - Knunorpam
lom-= 2,54 - KOPEKUNOHEH KOEULMNEHT — NHY — CAHTUMETBP

AHanornmyHo morat ga ce m3pbpiat npeobpasyBaHus B Pa, MPa, Bar n gpyru
n3mepBaTenHn eguHULM 3a HansraHe.

3a onpegensHe TeHAEHUMWTE Ha Beretauuata npu pacTteHusTa € W3nonssBaHa
cuctema cbeTodwa ce ot BesnunoteH netatened anapat (BMJ1A) DJI Mavic 2 Pro ¢
BrpageHa kamepa c pesontouna 20 MP 1" n CMOS ceH3opHa maTtpuua Hasseblad L1D-20
[Dji, 2022]. BIJ1A ce xapakTepuaupa ce C MakCMManHo nofneTHo Bpeme oT 31 MUHYTW.
Kbm BIJIA e pobaBeHa kamepa MAPIR Survey 3W [Mapir, 2022] (RGN, NDVI) cbc
CeH3opHa wMatpuua Sony Exmor R IMX117 - 12 MP c¢wurd. OnpegensiHeto Ha
BeretauMoOHHUTE MHOEKCU Ce M3BbplBa Ha 0Gaszata Ha nonyvyeHuTe U300paxeHus C
nporpamara Pix4Dmapper [pix4d, 2022].

3a onpepgensiHe Ha reorpad)cknTe KOOPAUHATK Ce N3NoN3BaT CEH30PHUTE CUCTEMU HA
BINJ1A 3a HaBurauusa v cneyunanusmpaH cogTyep.

®Purypa 4. BIMJ1A npu nsnutaHe
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Pe3ynTtatu n o6cbxaaHe

1. OnpepensiHe Ha arpoOMeTeOpPOSIOrMYHM NapameTpum.
ArpomMeTeoponornyHiTe napameTpu ca Wu3MepeHn B panioHa Ha [oOpymkaHCku
3emefernckn MHCTUTYT — leHepan ToweBo (cdur. 5) B 2 noneta - Tabn.1 — aBryct 2022r.
Mony4yeHnTe gaHHKW OT ApyruTe noneta ca MOeHTUYHM M He ca nokasaHu. 3a namepsaHe Ha
napamMeTpuTe Ha nodBaTta CeH3opuTe Gsixa NOCTaBEHM HA MakCcumarnHa ObnbodnHa oT 75

mm.

®durypa 5. IamepBaHus Ha none

Tabnuuya 1. N3mepeHn arpoMeTeoponiorMyHMTEe NnapameTpu

MapameTpu - oKonHa cpeaa

MapameTpu - no4sa

MecTononoxeHve Temnepa- BnaxHocT CkopocT Ha OcBeTteHoCT Temnepa- BnaxHoct
Typa % BATbpA Lux Typa %
[°’C] [m/s] [°’C]
Mone rpax
nnc 29,6 45 1,4 1760 27,9 44,5
rp. [ ToweBo
Mone dacyn 29,6 45 1,4 1760 28,8 44,6

2. Onpep,en;ll-le Ha no4yBeHaTa NNIbTHOCT

OnpepensiHeTo Ha noYBeHaTa NITbTHOCT (PUr.6) ce U3BbLPLLM Ha
AbnboynHa 6 MHYa (15,24 cm) 3a NbPBOTO MNofe U 3 UH4Ya (7,62 cm) 3a
octaHanute noneta. WMsnonssaH 6e HakpanHuk 19,8 mm, kouTo
OTroBapsi Ha paswupeHaTa ckana Ha wuamepBaTenHus npubop.
M3mepBaHuaTa 6sxa B rpaHvumte 25+350 PSI. B wuscnepBaHute
noneta nunceaxa y4acTbUU CbC CUMHO YNSTbTHEHME HA MOYBEHUS
cnon — Hag 400 PSI, nonagawm B KpuTU4HaTa 4YepBeHa 30HaA Ha
MonyyeHuTe pesyntatm ca pageHn B Tabnuua 2.

NMBbTHOCT.

MNpeobpasyBaHuTe pesyntaTtu B kgf/cm? ca aageHu B Tabnuua 3.

®Purypa 6. [NouseHa NABTHOCT
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Tabnuua 2. lNonyyeHun pesyntatv — noyBeHa NNbTHOCT B PSI

Onunt Ne

MecTononoxeHne 1 5 3 4 5 6 7 8 9 10

Mone rpax 100|150 | 100 | 175 | 25 | 140 [ 150 | 150 | 100 80

Mone dacyn 250|200 (175|300 | 175|100 | 120|150 | 300 | 120

Mone cacyn 300 | 250 | 100 | 150 | 100 | 275 | 225 | 250 | 250 | 350
ABydasHo npubupaHe

None cnbHYornen 100 | 200 | 100 | 125|200 | 50 | 250 [ 100 | 200 | 225

Mone uapesuua 300|225 150|250 | 150 | 275|350 | 200 | 175 | 150

Ta6nuua 3. MNonyyeHn pesynTaT — NoYBeHa NbTHOCT B Kgf/cm?

MecTononoeHu Onwr Ne
ecrorionoXenne 1 2 3 | 4 5 | 6 7 8 9 10
Mone rpax 7.031/10.55|7.031| 12.3 |1.758(9.843{10.55({10.55|7.031| 5.625

Mone cacyn 17.58|14.06 | 12.3 [21.09] 12.3 |7.031|8.437(10.55|21.09| 8.437

Mone cpacyn 21.09|17.58|7.031(10.55(7.031|19.33|15.82| 17.58|17.58 | 24.61
ABydasHo npmbup.
More cnbHuornen |7.031|14.06|7.031|8.78814.06|3.515|17.58|7.031|14.06| 15.82

MNone uapesmuya |[21.09]15.82]10.55|17.58|10.55|19.33|24.61|14.06| 12.3 | 10.55

[MonyyeHuTe pesyntatu OT M3MepBaHMUATA NOKasBaT U AaBaT Bb3MOXHOCT Aa 6baar
andepeHumMpanHn  pasnuyHMTe MOCEeBM MO OTHOLWIEHWE Ha BfMSHWMETO Ha [JajeHa
TEXHONOMNA BbPXY YMITbTHABAHETO HA MOYBEHUSA CION.

Han-cunHo ynnbTHABaHE Ha no4yBaTa ce Habniogaea npu dacyn, oTrnexgaH no
TexHonorna ¢ asydasHo npubupare. MNMogobHM CTOMHOCTM Ca HOPManHW Tbil KaTto Mo
BpeMe Ha npouecute Ha npubupaHe, MHOXECTBOTO XOAOBE Ha pasfMyHU MalIMHW 3a
nokocsiBaHe, NpubupaHe Ha OTKOCUTE U BbpLUEEHE N TPaHCNopTHaTa TeXHUKa ca npu4vHa
ca CUIHO NPUTBIMKBAHE Ha FOPHUS MOYBEH CrOW, OCOBEHO NpW HanMuuMe Ha Mo-ronamo
KONMMYecTBO Brara no Bpeme Ha npubupaHerTo.

Han-Huckn CTOMHOCTKM ca nornyveHn 3a nonetara ¢ rpax u cnbHYornen. CTonHocTuTte
npy rpaxa CbLO ca HOpManHW, TbW Kato KynTypaTta pa3sBuBa gobpa KopeHoBa cuctema,
No BpemMe Ha Beretauusita npakTUYECKM HsIMa XOAOBE Ha MaluvHW, a npubupaHeTo e
MOHO(a3HO CbC 3bpHOKOMOGanH. OcBeH TOBa, rpaxbT OCBOOOXOaBa MOMNETO Ha paHeH
eTan, KOeTo npegoTepaTsaBa nocrneasallo ynnbTHABAHE.

CnbHYornegbT NO BpeMe Ha M3MepBaHUATa BCe OLle He e npubpaH, nopagn KOeTo
CTOMHOCTUTE CbLLO Ca HOpMaISiHO HUCKKU. ToBa ce Ob/MKM Ha HEKONKOKpATHUTE OKOoNaBaHUS
Nno Bpeme Ha Beretaumdata, KOUTo He No3BONsBaT NpeynbTHABaHE Ha MexXaypeaneTo.

Mpn uapeBuUaTa CTOMHOCTUTE CbLWO Ca HOPManHO BUCOKW, TbW KaTto nopagu
0CcoBEeHOCTUTE Ha TEXHONOMNATa € NPOBEAEHO CaMO €4HO OKOMaBaHe.
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3. Cratuctnyecka obpaboTka
N3BbplieHa e ctatuctnyecka obpaboTka Ha MONyvYeHUTe eKCnepuMEHTanHu OaHHU
[M|haylov 2020]. Onpegenenu ca:
Qimax - MAKCMMariHa CTOMHOCT Ha noYBeHaTa NbTHOCT B CbOTBETHOTO MNore
- @imin - MMHMMarHa CTOMHOCT Ha NoYBeHaTa NAbTHOCT B CbOTBETHOTO Nose
- Ri- pasmax Ha pesyntatute
- Agp-CPeaHo apMTMETMYHA CTOMHOCT —MaTeMaTMyecko ovakBaHe

- & - CpeaHo KBaapaTU4HO OTKIMOH. — ANCTEPCUSt HA U3CreaBaHETO

L |Ziaba
t - —_—
S 1

- 0 - cpeadHo KBagpaTU4YHa rpeLlka Ha cpegHata CTOMHOCT

5_ [ZZabe

d\|n(1r1— 1)

- @omax, Aomin- BEPOSITHOCTHW rPaHMLM Ha 6a3a Ancnepcust Ha U3cnenBaHeTo
- Qomax , Qomn - UHTepBan [#e. — 38, . +35] ¢ BeposiTHOCT 0,996
- n-—06pon onuTn B egHa n3Bagka

Tabnuua 3. CtaTuctnyeckn pesyntartu

CratucTuyecku pesynratm

MecTononoxeHune . -
Aimax Aimin 7 Ri acp (&) a Aomax Aomin domax Aomin
Mone rpax 175 | 25 | 150 | 117 | 44.547 | 14.087 | 161.547 | 72.453 | 159.261| 74.739
Mone dacyn 300 | 100 | 200 | 189 |72.90823.055| 261.908 | 116.092 | 258.166 | 119.834
Mone Opan‘;y” ABY®D. | 350 | 100 | 250 | 225 |83.333 | 26.352 | 308.333 | 141.667 | 304.057 | 145.943
More cnbhuornen | 250 | 50 | 200 | 155 | 67.495 | 21.344 | 222.495 | 87.505 | 219.031| 90.969
Mone uapesuua | 350 | 150 | 200 | 222.5 | 70.168 | 22.189 | 292.668 | 152.332 | 289.068 | 155.932

4. OnpepensiHe Ha BereTauMoOHHUTE Koe(PULNEHTH.

W3cneaBaHeTo e npoBedeHO B paMKmTe Ha ONUTHO none Ha [dobpymkaHcku
3emegenckn UMHCTUTYT, c. [letnewkoBo, obwuHa [eHepan TowesBo (43.657963,
28.023110).

3a nscnegsaHe Ha TEHAEHUUUTE NPU U3MEHEHME Ha BeretaumoHHUTE Mpouecu npu
3MMHa nweHuua e uanonssaHa dotorpameTpud. NocpeacTBOM 3acHeMaHe Ha LU[noTo
none c nopeguua OT CHUMKM ( B uU3cnegBaHaTa 30Ha OT okono 20 xekrapa) 3acHeTu oT
BucoymHa 100mM. bposa Ha CHUMKUTe 3aBUCK OT 3a4aLeHOTO Npe3acTblBaHE HAa CHUMKUTE,
koeTto € MuHumMym 70% un Bapupa 00 90%. 3a KOHKpeTHaTa nnou, U BUCOYMHA Ha noseTa
CrnpsiMo NpoueHTa Ha npe3acbneaHe Bapupat ot 400 go 600 6pos.
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Mopaan orpaHn4eHne Ha BpeMeTo 3a MoneT, MakcMmarnHaTa nnow, Ha obnutaHe Ao
n3yepneaHe Ha GatepusaTa e okorno 25 xektapa. ToBa Hanara Heob6xoaAMMocTTa OT CMsIHa
Ha GaTtepusiTa UNM HEMHOTO MNpesapexnaHe, 3a KOeTo e HeobxoaumMo [ga ce M3nonisea
akyMynatop C MHBEPTOP Ha HanpexeHune. ToBa 61 yBENMYMNO NowTa, KOATO € Bb3MOXHO
Aa ce 3acCHeMe C HSKOMKo usnutanmsa. Ha durypute ca gageHu cHumkn RGB -(pur.7) n
NIR kamepu - ur.8.

o

®Purypa 7. RGB kamepa ®Purypa 8. NIR kamepa

[Mpn nonetnte e yctaHOBEHO, Y€ MaKCMMaIriHOTO MOSIeTHO BpeMe He HaaBuwasa 20
MUHYTKU. ToBa NpomnsTtuda ot pakta, Yye BIJIA Hocu BTOpa Kamepa ¢ maca ot 200rp. npu
Maca Ha gpoHa ot 900rp.

M3BbplieHO e yBennyaBaHe Ha HabnogaeBaHaTa 30Ha, 4ype3 3 nocregoBaTteriHu
noneta Ha 3acTbnBawuTe 30HW. [locpeacTBOM KauaHe M cMsiHatTa Ha OaTtepusTa e
nocTurHaTo obnutaHe Ha nnouwy ot 120 xekTapa.

OT nony4eHata oTpaxaTenHa kapTta, pur.9A, e nony4yeHa Kapta Ha OTPaXEHWETO Ha
usnata nnow, B NIR cnektbpa 1 Ha 6a3aTa Ha CTOMHOCTUTE Ha LBETOBETE € reHepupaH
NDVI seretaumoHeH nHgekc - pur.9b.

0.42

s

iR¢!
! 0.02

| 0.09

—— T 034

A

®durypa 9. O6paboTkaTta Ha cHUMKUTE OT TpuTe noneta-A, NDVI nHgekc Ha yact
OT 30HaTta-b

OueHeHn ca nonyyYeHuTe rpeLlkn B KOOpANHATUTE Npu onpegensiHe Ha reosiokaundaTa
Ha napuena. MuHMmanHaTa M MakcumarnHata rpelwka npegcraBnsaBaT WHTEpBanu Ha
rpewkn B reonokauuata mexagy -1,5 n 1,5 nbTm makcMmanHata TOYHOCT Ha BCUYKU
n3obpaxerusa. Kononute X, Y, Z nokasBaT MPOLEHT WN300paXeHns C rpeLkn B
reonokauusitTa B pamKuTe Ha npeaBapuTenHo 3ajafeHuTe UHTepBanu 3a [peLuku.
lpewkata B reonokauusTa e pasnukata Mexay MbpBOHAYanNHOTO M M34YUCINEHOTO
n3obpaxerHne no nosvuun. MNMpu namepsaHeTo T8 Bapupa mexgy 1.2 + 1.5% no X, Y, Z
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Tabnuua 5. Tpabea aa ce ma npeaBua, Ye rpeLlkmTe B reoriokaumsaTa Ha n3obpaxeHneTo
He CbOTBETCTBAT Ha TOMHOCTTA Ha HabntogaBaHuTe 3D To4kw.
Pesyntatnte oT namepBaHusita ca npeactaBeHn B Tabnuumn 4 n 5.

Tabnuua 4. Relative camera position and orientation uncertainties

X [m] Y [m] Z[m] w [degree] W [degree] y [degree]
Mean 0.144 0.142 0.265 0.126 0.146 0.059
Sigma 0.193 0.229 0.250 0.389 0.359 0.255
Kbaeto:

- Sigma - cTaHgapTHOTO OTKIIOHEHUE Ha rpeLuKaTa BbB BCsSKA MOCOKA;

- Mean — 6a3oBa CTOMHOCT Ha HECUTYPHOCT Ha NO3ULNATA;

-W, Y, y, - TPEKNTE NO TpUTE OCKM B bIMUTE, NpeacTaBnsiBaliy OTHOCUTENHA
HECUTypHOCT Ha abComnTHUTE NO3NUMM Ha Kamepara, onpefenswy TOYHOCTTa Ha
nNo3numnATa Ha KOopAMHaATUTE BbPXY reHepupaHaTa kapTa Ha NnoneTo;

- X,Y, Z - CpegHa HeCUrypHOCT B NocoKa Ha abConiTHUTE NO3NLUKN Ha Kamepara.

Tabnuua 5. AbcontoTHa Bapuaums Ha reonokauusaTa

Min Error | Max Error | Geolocation Error X | Geolocation Error Y | Geolocation Error Z
[m] [m] [%] [%] [%]

- -15.00 0.00 0.00 0.00
-15.00 -12.00 0.00 0.00 0.00
-12.00 -9.00 0.00 0.00 0.00
-9.00 -6.00 0.40 0.00 0.00
-6.00 -3.00 1.98 3.36 1.38
-3.00 0.00 44.66 45.45 48.22
0.00 3.00 51.38 50.59 50.20
3.00 6.00 1.58 0.59 0.20
6.00 9.00 0.00 0.00 0.00
9.00 12.00 0.00 0.00 0.00
12.00 15.00 0.00 0.00 0.00
15.00 - 0.00 0.00 0.00

Mean [m] 0.000050 0.000027 -0.001211
Sigma [m] 1.503449 1.275852 1.422455
RMS Error [m] 1.503449 1.275852 1.422456

KnumaTtuyHute ycnosusi namepeHn Ha onutHOTO nose npe3 2021r. ca nokasaHun Ha

Tabnuua 6.
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Tabnuua 6. KnumatnyHmn ycnosus

. Wind

index/date | " te”["(%irat“re speed | Wind direction | Humidity [%] | Sunlight [w/m?]
[m/s]
07.05.2021 23 6.7 South 54 143.2
14.05.2021 19 6.2 South 73 200,5
24.05. 2021 25 5,2 Nord 45 224
30.05. 2021 23 47 West 46 262
05.06. 2021 22 3.4 Nord 45 1709
14.06. 2021 19 1 West 60 163.4
25.06. 2021 30 41 | Nord west 62 140,9
30.06. 2021 24 5 South 89 130,2
09.07. 2021 28 51 | Nord west 62 2007
18.07. 2021 31 1 Nord 51 143
26.07. 2021 30 0 Nord east 39 158,7
3akn4eHue

PaspaboTeHaTa u3aMepBaTenHa cucTema Mo3BOMsiBa TOYHA OLEHKa Ha BaXHW 3a
3emMepernckiTe nNpounsBoauTeNu BenuunHu. CblUecTBEHO NPeaUMCTBO Ha U3MepBaTenHaTa
cucTeMa € He3aBUCHMOTO 3axpaHBaHe Ha BCUYKM MOAYNM, KOETO OT CBOsl CTpaHa
[JoMnpuHacsa 3a W3KMYBaHe Ha rpeLukUTe, MOPOAEHU OT HecTabunHW 3axpaHBaluu
HanpeXeHnsa 1 rapaHTUpaHe Ha ycToiyMBa NOBTOPSAEMOCT Ha pesyntatuTe. Cuctemara Lie
HamMepu OCHOBHO MPWUMOXEHUE NPU U3rOTBAHE Ha KOMMIIEKCHU OLEHKM 3a Pa3BUTUETO Ha
pacTeHusTa Ha CbOTBETHWUTE eTanu W MpOorHosupaHe Ha GbOELOTO UM pas3BUTME 3a
onpenerneH nepuog.

BnaropapHocTu: ,Hay4yHuTe nscnegBaHus, pesyntatmte OT KOUTO ca NpencTaBeHu
B Hacrtodwara nybnukauusi, ca wu3sbpweHn no npoekt HIM111/2022r. B pamkute Ha
npucobliata Ha TY-BapHa HayyHOm3cnepoBaTericka OEWHOCT, (puHaHCupaHa ueneso OT
AbpKaBHUA brogxeT “.
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NPUNOXEHUE HA XUAPABJIIMYHU CUMYNTALUMOHHU MOAEJN 3A U3CNEOBAHE
HA HAMNMOUTENHU KAHAIIN

APPLICATION OF HYDRAULIC SIMULATION MODELS FOR STUDYING IRRIGATION
CANALS

MarpanvuHa BbnkoBa

"HanoumenHu cucmemu" EAL]
e-mail: magdalina_zaharieva@abv.bg

Summary

In order to study irrigation systems, as well as to develop effective scenarios for
management and operation in already built and operating facilities, it is appropriate to use
computer models.Their use is also appropriate for adapting to ever changing operational
conditions. Application of hydraulic simulation models gives an opportunity to identify
problems without changing the physical parameters and without disturbing canal
operation, as well as assessing the effectiveness of the proposed solutions. In the recent
years, a number of computer programs have been developed to model flows in the rivers
and open canals. This article reviews the features and scope of three models -
CANALMAN, SIC and HEC RAS. Several model applications for studying irrigation canals
performance have been presented.

YBoa

HamupaHeTo 1 npunaraHeTo Ha Han-bNaronNpUATHUTE peLleHns 3a pasnpeaeneHneTo
Ha BOOHUTE PECYpPCU 3a 3a[0BOSMISIBAHE HEMPEKBbCHATO pacTAwmuTe noTpebHOCTU OT BoAa
3a MUTENHU HYXOW, XMOPOEHepretTMka W HanosiBaHe, € eguH OT Hal- CblUeCTBeHuTe
npobnemu B ynpaBneHNETo Ha BOAUTE.

OcHoB8HO 6b30elicmeuemo om U3SMEeHeHUemo Ha Kiumama 6 Esporna ebpxy
800HUMe pecypcu ce Habnodasa B CpegmseMHomopckna 6GacernH, CeseposanagHa
EBpona n nnaHnHckuTe panoHn. 3a panoHa, obxsawaw, 6acenHa Ha CpegmsemMHO Mope,
Kbgeto nonaga wn P. bbnrapusi, noBuwaBaHETO Ha cpegHUTe TemnepaTtypu u
HamansBaHeTO Ha BOOHUTE PECYpCU MOXe Oa YBENu4uu ys3eumMocmma KbM 3acyuwiasaHe,
20pCcKU noxapu u 2opewu ewHuU [EEA, 2011,FAQ].

3a pa otroBopu Ha rnobanHuTe npeansBuKaTencTsa, CBbP3aHn ¢ NPON3BOACTBOTO Ha
XpaHu OT cektopa 3emegenue, EBpona, Bkn.u bbnrapus, Tpsbea ga ce CTpeMn KbM
yBenuyaBsaHe Ha NPOM3BOACTBOTO UM Npu No-epekTUBHO M3MNON3BaHe Ha pecypcuTe.

B MnHanoTo xngpoMennopaTuBHUAT CEKTOP € Gu OCHOBEH 3a arpapHusi OTpachbi Ha
P. bbnrapusi, CBMOETENCTBO 3a KOETO € HanUYHWAT xuapomenuopartvmBeH doHAa. [pes
BTOpaTa nornosBuHa Ha 20-Tu BeK B CTpaHaTta ca marpageHu 236 HanouTerHuTe cUcTemu,
npeauMHO C OTKPUTK KaHanu. B kpast Ha 80-Te rogMHM Ha MMHaNUsa BEK B CTpaHaTa uma
narpageHn noytn 1,2 MNH. Xxa nonuMBHM Nnoww, npeacrtasnaeawm 29% ot
obpaboTrBaemata 3emsi n Habasawm 50% oT cenckocTonaHckata npoaykums. Cneg 1990 r.
HanosiBaHeTo B bbnrapusa 6enexn cnag. Npensua Bb3pacTtTa Ha CbOPBbXKEHUATA, CTPOEHU
N BbBedeHM B ekcnnoatauus npe3 60-te n 70-Te rogMHM Ha MWHanNMs BeK, CbLUUTe
MOHACTOSALEM Ca CUITHO aMopTU3MpaHM U HeobxogMmocTTa OT pexabunurtaumata u
OOHOBAIBAHETO UM € Bce TMo-Hanexawa. Te ca npoeKkTUpaHM WU CTPOeHM 3a
luMpokomawabHo 3emepenue, koeto B roguHute cneg 1990 r, cneg nNOCTENEHHOTO
NPecTpyKTypupaHe Ha [ObpXaBHUTE 3eMederniCkM CTOMaHCTBa B 4YaCTHW, NpeTbpnsiBa
NnpomMsiHa.
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CovrnacHo PMC Ne 512/19.07.2000r, koeTo oTpassiBa pe3yntatute oT U3BbpLUEHOTO
npebposieaHe npe3 2000 r, rogHUTe 3a HanosBaHe nnowwu B P. bbnrapusa eb3nmsar Ha 5
417 467 gka. AkTyanuaupaHe Ha Te3un JaHHW O MOMEHTa He € OCbLLEeCTBABAHO, HO dhakT
€, Ye MNPOUEHTLT Ha HamnosiBaHMTE MNMOWM B CTpaHaTa eXerogHo HamarnsiBa, KaTo
nocneguua OT CbCTOSIHUETO Ha CbOPbBXKEHMsITa 3a AOoCTaBka Ha Boda 3a HanosiBaHe,
pa3noKbCaHOTO Pa3nofioXKeHNEe Ha OTAENHUTE NOTPeduTenn n roneMmsa NPoLEHT Ha 3arybu
Ha Boga. B HAKou cuctemu, 3a HOPMAasnHOTO UM PYHKLMOHMPAHE N OCUrypsiBaHe Ha BoAa,
ypes3 CbLUEeCTBYBALLUMTE rpaBUTa4yHM BPb3KW, B KaHanute crnegpa ga OGbae OocurypeHo
HanMM4YMETO Ha MNOCTOSIHHO BOAHO KOMMYECTB, YEeCcTO 3a OTKMIOHEeHUs, KOMaHOHO
Pas3nofioXXeHM CNpsiMO CbOTBETHOTO CbOPbBLXEHME, 3a Aa 6bae Bb3MOXHA AOCTaBKaTa Ha
BOAHW Macu Jopu OO eOuH- eauHcTBeH Bogononaeaten. [Ministry of Agriculture, 2016;
Patamanska 2012].

MogapbxKKaTa M ekcnnoatauMsta Ha cbopbXeHudata, dopmaTta U HauyumHuTe, Mo
KOUTO Ce pernameHTupar u peanuaupar CbLUMTE, ca 4acT OT AbpXKaBHaTa MNonuTuKka B
cekTopa.

Llenta Ha HacTodwwaTta cTatna e aa ce NpeacTaBAT CbBPEMEHHN METOAM M CPeacTBa,
ype3 KOMTO MOXe [a Ce OUEeHU eKcrsioamayuoHHUS Kanauyumem Ha CbliecTByBaluTe
OTKPUTWU KaHamnu, KakTo 1 ga ce TbpCAT Bb3MOXHOCTU 3a nogobpsiBaHe OEWCTBUETO UM C
orneg agantaums KbM NPOMEHEHUTE NOHaCTOSALLEM YCoBus Ha pabora.

OCcHOBHM nogxoau 3a MogenupaHe Ha npouecuTe B OTKPUTUTE HaNoOUTEsSTHU
KaHanu

XvnopaBnuyHOTO MoAenupaHe MoXe Aa ce pasfeny Ham-obuwo Ha ekcrnepuMeHTanHo
unn uandecko n YucneHo mogenvpaHe. Pu3nMYecKoTOo MogenupaHe Ha MNoToka
npegnonara M3rpaxagaHeTo Ha mMoaern, KoOuTo e MawabupaH. dusndeckute xuapaBnuyHU
MOOEenn BUHaru ca TpUANMEHCUOHAITHM.

3a n3yyaBaHe Ha NOBEAEHMETO Ha HANOWUTENHUTE CUCTEMW, KaKTO U n3crnenBaHe Ha
pasnMYHUTE Bb3MOXHM CLEHapuM Ha YNpaBneHNeTo UM Npu Bede marpageHun n pabotewum
CbOPBXEHUS, € NOOAXOASALLO M3MNON3BaHEeTO Ha YNCNEeHnTe xuapasnuyHm mogenn. C TaxHa
nomouy € Bb3MOXHO Aa 6baat ngeHtudguumpadn npobnemuTte B ekcnnoaraumsaTta, 6e3 ga
ce NpPoMeHAT hmsmnyecknuTe NnapaMeTpu n ga ce Hapylwasa paboTata Ha KaHanuTe, KakTo
M ga ce oueHM edeKTUBHOCTTA Ha npeanaraHWTe peleHns 3a nogobpsBaHe Ha
AENCTBMETO Ha CbLLECTBYBaLLM kaHanu. MiscneaBaHeTo Ha pasfnuyHn anTepHaTuBM, KOUTO
n3nonsegat B MNO-ronsiMa CcTeneH Bb3MOXHOCTUTE Ha CbllecTByBallaTa HanouTenHa
NH(ppacTpyKTypa, NO3BONSABA Aa CE MUHUMM3NPAT pa3xoauTe 3a NogobpeHus.

YucneHnte mogenu morat ga 6baat eqHoAMMEHCUOHANHN, ABYAMMEHCUOHANHN NN
TPUAMMEHCUOHANHN 1 B NOCNEAHNTE TOANHN Ce npunarat Ypes cumynaumm ¢ KOMnioTbP.

OcCHOBHU ypaBHeHuUs1

TeyeHneTo B OTKPUTUTE KaHanmM Ha HanoutenHara cuctema ce MpPOMeHs
MPOCTPAHCTBEHO (CTAUMOHAPHO CbCTOSIHME) WM KaKTO MNPOCTPaHCTBEHO, Taka W BbB
BpeMeTo (HecTauMoHapHO CbCTOSHWE). W OBeTe CbCTOSHWS  CblliecTByBaT B
eKcnroaTaunoHHN YCNoBUA NPW MPOBEXOAaHETO Ha BOAHM Macwu OT OTKpUTa KaHanHa
Mpexa. HecTtaunmoHapeH pexuM Ha Te4eHUEeTO, Bb3HUKBA, KOrato ce NPOMEHAT BOAHUTE
KOnuMyecTBa B KaHarna u npeacraBnsBa Han-obwWmaT criyyan Ha aswxkeHune. CtaunmoHapeH
PEXMM Ha TeYEeHWETO B OTKPUT KaHan ce AoCTura, Korato Bb34enCTBMETO, BCNeACTBUE Ha
NPOMeHUTE Ha BOOHUTE KonuyecTBa cTaHe npeHebpexmnmo manko [Stantchev, 1974].

WN3cnensaHe noBegeHNETO Ha notoka npy 6e3HanopHU TeYeHWs!, KakbBTO € Criyyas C
KaHanute OT HafnouTenHata CcuUCTeMa, € CBbp3aHO C [MpuraraHeTo Ha  CroXHU
matemaTnyeckn mogenu. CuuTaHa  3a HaW-TOMeH Mofern, onuceaw, AWHaMUYHOTO
noBegeHne Ha NoToka B OTKPUTU KaHanu, e cuctemara ypasHeHus Ha CeH- BeHnaH (1871).
Ta npeactaensiBa OBe YacTHU AMdepeHUManHn ypaBHEHUS, uU3BedeHUW OT 3aKoHWUTe 3a
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CbXpaHeHVe Ha UMMyrnca U MacaTta, Npy NPUEMaHeTo, Ye NOTOKbT € eQHOAMMEHCUaneH,
BEPTUKANHUTE YCKOPEHWsI ca MpeHebpexMMo Marku, CeYeHMEeTO Ha kKaHana W
XMapaBNNUYHUTE NapaMeTpy B pasrnexnaHns MHTepBan ca NOCTOSIHHM U HAIMa CTPaHUYHU
OTKITOHEHUSI UITN CHOPBXKEHWS.

MbpBOTO OT YypaBHeHuATa Ha CeH-BeHaH, W3BECTHO KaTo YypaBHeEHME Ha
HenpeKkbCHaTOCTTa, € ypaBHEHNETO 3a CbXpaHeHNe MacaTa Ha NoToka:

A (x, t d s
(68 8Q(t) _
at dx

BTopoTo ypaBHeHWe e 3a CbXxpaHeHue Ha umnyrnca (3ana3BaHe Ha KONMYeCcTBOTO
ABWXKEHMNE):

] + gA(x,t) (@ + Se(x,t) — Sb(x}) =0

X

2() | 2 [Q*(xD)
at dx | Alx, t)

KbaeTo A (x,t) e nnowTa Ha HaMOKPEHOTO ceveHune, m?, Q(x,t) e BOAHOTO KonnyecTso B m%/
s, V(x,t)e cpegHata ckopocTt B m/s, Y(x,t)e abnboynHata Ha Bogarta, m, S¢(x,t)e HaknoH Ha
TpueHe (m/m), Sy(x) € HaKMNoH Ha NernoTo B (m/m) n g e 3eMHOTO ycKopeHue, m/s?.

HaknoHbT Ha TpueHe S;ce npeactass ¢ ypaBHEHNETO HA MaHuWHT 3a CbnpoTMBEHWE
Ha notoka:

,nﬂ 2
s, =22

A?R/s
R =A/P

Kbaeto n e koeduumeHT Ha MaHuHr(sm™®),R e xugpaenuueH paguyc (m), P e

HaMOKpeHust nepuMeTbp. [Subramanya, 2009; Ferreira, Fernandes, Gomes, 2017; Litrico,
Fromion, 2009].

3a HaMMpaHeTo Ha pelleHre Ha cucTemara YacTHU audepeHumanHn ypaBHeHUsa Ha
CeH-BeHaH ce BbBexgaT HavarnHu 1 rpaHUYHU YCroBUS.

HavanHute ycnosusa ca cBbp3aHM CbC 3aJaBaHe B HA4YanoTo Ha U34ncreHusaTa, npu
t=0, Ha BogHoTO KonuyectBO Q(x,0) u pgbnbouymHata  Y(x,0) 3a BCUYKM TOYKM NO
AbIDKMHaTa Ha pasrnexaaHusa uHitepsan xe (O,L).

B 3aBMCMMOCT OT xapakTepucTuKuTe Ha Te4YeHWeTo B KaHana ce geduHupar u
pasnnyHU rpaHNYHN YCnoBusa. AKO TEYEHMETO € MNOAKPUTUYHO, 3a NofnyvyaBaHe Ha pelueHne
Ha ypaBHeHusATa ca Heobxooumu ABe rpaHUYHW YCMNOBUSA — e4HO B HavanoTo U edHO B
Kpas Ha y4yacTbka. Haun-vecto ce geduHupa 3aBMCUMOCT 3a efHa OT XWUApPaBfUYHUTE
MPOMEHIIMBY B HA4YanoTo U B Kpasi HA BCEKU U34YUCIINTENEH y4acCTbK.

AKO TeYEeHMEeTO € CBPBbX KPUTUYHO, € HeobxoaumMo AeddUHUPAHETO Ha ABe rPaHUYHN
YCNOBWSA B HA4aroTo Ha yyacTbKa.

3a MeXOWHHW cry4aun, KoraTto TEYEHMETO € OTYaCTU MoA KPUTUYHO, OTHACTU CBPBLX
KpUTUYHO, MoraT ga 6baat geduHupaHu egHo, OBe, WU TPU FPaHWYHW YCrOBUS, B
3aBUCUMOCT OT KOHKpeTHaTa cuTyaums [Litrico, Fromion, 2009].

YpaBHeHuaTa Ha CaH —BeHaH ca Henpunoxummm, Korato No HAKakea npuyvHa -
Hanuuve Ha WMToBe, NPENUBHULM U OPYrN CbOPBXEHUS MO TpaceTo Ha KaHana, MOTOKbT
ce rnpekbcBa. HanvumneTto Ha TakMBa CbOPBXKEHUSA Ce NpMemMa KaTto Hanmyne Ha BbTPeLLHM
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rpaHuum. Te ce mogenupaT C Bpb3Kata Mexay NPpOMEHNMBUTE Ha MOTOKa, ussedeHa oT
Teopemarta Ha bepHynu.

Cuctemarta 4vacTtHu gudepeHumnanHm ypaBHeHns Ha CeH-BeHaH HAMa aHanuTUYHO
pelleHne. 3a pellaBaHeTo 1 ce npunarat pasnuyHu nogxoau. MNbpBoHavYanHo ca TbpceHu
rpaPuyHN peLLeHns, KOUTO B QHELLUHO BpeMe MOYTU He ce u3nonseaT. HaBnusaHeTo Ha
KOMMIOTPUTE Cb3gafe YCMoBUA 3a pPasBUTUETO M MNPUAraHeTO Ha YUCNEeHU MeToawu,
AaBalLy Bb3MOXHOCT 3a TOMHO peluaBaHe Ha ypaBHeHuaTa Ha CeH-BeHaH. Bcekn oT Tax
nma cBouTe NpeauMMcTBa M HeaoCTaTbUM OT rfedHa Todka Ha CXOOUMOCT, YCTOMYMBOCT,
TOYHOCT U €PEKTMBHOCT.

3a nbpeu nbT Stoker (1957) npunara meToga Ha KpanHUTE pPasfnIMKU 3a HaMupaHe
Ha 4ucreHo pelweHne Ha cuctemata Ha CeH-BeHaH. Cnen toBa ca paspaboTeHn
3HauuTeneH 6pon OpYyrn YMCREHM CXEMWU: METOL Ha XapaKTepucTukuTe, pasHoobpasHu
BapuMaHTN Ha METOAMTE Ha KparHUTE PasfnKn, KaKTO U CXEMU Ha KpanHUTE eflEMEHTH.

MonynapeH 4ucneH MeTod 3a pelleHne Ha ypaBHeHusiTa Ha CaH- BeHaH, konto
npegoctaBss Bb3MOXHOCT 3a MOflydaBaHe Ha MO-TOMHO pelleHne e MeToaa Ha
xapaktepuctukute. [lpy Hero ypaBHeHMATa MbpBOHAYanHoO ce npeobpasyBar B
XapakTepuctuyHa dpopmMa M crieq ToBa Ce pellaBaT yYpe3 CXemMa Ha KparvHuTe pasfuKku.
Makap 4ye T03n meToa e 6un nsBecTeH owe npes 60-Te roaguHNM Ha MUHaNUA BEK, TOM He ce
npegnoynTta 3a npunaraHe, Tbi KaTo Npu Hero AeuUHNpaHeTo Ha rpaHNYHUTE YCIOBUS €
3aTpyaHEHO nopaau NpoMeHnMBaTta CTblka no BpeMe.

Metoaute Ha  KpaWHUTe PpasfiMKM Ce  U3Non3BaT  HaW-vYecTto  npu
eqHoauMeHcHmanHuTe mogenu. Tesm cxemn ca 6asmpaHu Ha NpUHUMNAG Ha NPeBpbLUAaHe Ha
andepeHumanHnuTe ypaBHeHUMst B anredpuyHu umspasm 4pe3 TpaHchopMuUpaHe Ha
NPOV3BOAHNTE B KPaMHW pasfnuvkKn, Taka Yye ABeTe HEU3BECTHU XAPaBINYHMU NPOMEHIMBU B
AafeHa Toyka B Kpad Ha BpeMeBUS UMHTepBan ce wuspasdBaT 4ype3 U3BECTHUTE UM
CTOMHOCTUN B Ha4anoTto My. Han-obuo Te3an cxemm ca ¢ TOMHOCT OT MbPBU UK BTOPU pea U
N34MCneHnsTa ca fecHn U OTHOCUTENHO Obp3n. lNpunarat ce ABe CXeMU Ha KpamHuTe
pasnukn: ABHa N HESIBHa cxema.

Mpn aBHaTa cxema, YacTHUTE NPOU3BOAHU Ce 3aMeCTBaT C KpamHW pasfnuky, Taka ve
HEN3BEeCTHUTE YCNOBUS B Kpasi HA BPEMEBUS MHTepBan ce nspassaBar yYpes3 U3BECTHUTE B
Hayanoto My. PelleHneTo He 3aBUCK OT APYrM CTOMHOCTM B MHTEpBara, KaTo ce M3rnor3Bea
caMO eHO ypaBHeHME 3a OLeHKa Ha NPOMEHNMBUTE 3a efHa CTbMKa No Bpeme. fBHaTa
CXema € fiecHa 3a npunaraHe, Ho YCTOM4YMBOCTTA Ha peLleHNETO 3aBMUCKU OT rofieMmHaTta Ha
CTbMNKarta no BpemMe. YCTOMYMBOCT Ce ocurypsiea 4ype3 m3bop Ha M34YUCIUTENHUTE CTBMKU
OT ycnoBueTo Ha KypaHT:

Ax

At =
V+C

KbaeTo At e usymcnuTenHa cTbrka no Bpeme, AX e nuncnutenHa cTbrnka no gbmkuHa n C
€ CKOpPOCTTa Ha BbJiHaTa.

To3an anropuTbM MMa npeammcTBa Npu CUMyrauma Ha peskn MUMKoBe W yaapHU
BbJTHW, Nopaaun paboTtaTta ¢ manka crbnka ot Bpeme. OT gpyra cTpaHa, nopagn mankata
CTbMKa NO BpeMe rnpu cumMynaums Ha npoabIDKUTENHN NPOLECH B KaHarnHM CUCTeMU, Npu
N34MCneHusTa ce HaTpynea rpeLuxa.

Mpn HesiBHaTa cxema, anpokCcuMauusita C KpamHW pasfivMky 3a MpOoCTPaHCTBEHUTE
NPOU3BOAHNW € MO OTHOWEHME Ha HEU3BECTHUTE MPOMEHIBMU N nonyyeHuTe
anrebpuyHMTEe ypaBHEHMSA 3a UdAnata cucTemMa ce peluaBaT e4HOBPEMEHHO 3a BCskKa
CTbMKa OT Bpeme. TakoBa pelleHne M3nckBa ronsim ob6em M34MCrieHusi, HO NO3BoNsABa
N3MNON3BaHETO Ha MO-rofieMn CTBLMKW MO BpeMe U pesyntatute ca no-ycrtonymsm [Litrico,
Fromion, 2009; Chaudhry 2014]. OcHOBHO NpeaMMCTBO Ha HESABHUSI METOA €, Y€ HsMa
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OrpaHN4YeHMs Ha CTbNKata Mo Bpeme. YcnosBmeto Ha KypaHT He ce npwunara, HO
NpUeMaHeTo Ha MHOMO rofieMn CTbMKM NO BpemMe MoXe Aa [oBede OO HETOYHOCT B
peLLEeHNETO.

[MbpBaTa HesiBHA wm3uucnuTenHa cxema € paspaboreHa oT Preissmann (1960).
OTTOraBa pasnuyHn aBTopM ca Npeanaranu u ce npunarat pasHoobpasHM YUCIIEHN CXeMM,
HO cxemaTa Ha Preissmann e Bb3npueTta KkaTto Han-gobparTa.

XuapaBnuyHM CUMYNaUMOHHU MoAaenu

B nocnegHunte 30 rogmHn 6s1xa Ccb3gageHu ronsiMo pasHoobpasne OT KOMMTbPHU
nporpamn, npegHasHayeHn 3a MOLENMpaHe Ha TeYeHUs B PeKn U OTKPUTU KaHamnw.-
CANALMAN, DUFLOW, CARIMA, MODIS USM, SIC, ISIS, MIKE, HEC RAS, BRANCH u
Ap. Tean mogenu OCHOBHO Ce pasfnuyaBaT Mo rofieMmHaTta Ha cuctemara OTKPUTU KaHanw,
00eKT Ha MoaenupaHeTo, U No TUMOBETE TeYeHUs, KOMTO MoraT ga 6baat cUMynupaHu.
Mpeon ga 6bae m3non3BaH, BCEKM OT Te3n KOMMIOTbPHU Mogenu cneasa ga 6bae
BanuaupaH n kanuopupaH.

Mogenbt CANALMAN (Canal Management) e paspaboreH or Department of
Biological and Irrigation Engineering, Utah State University, USA. Ton e xugpasnuyeH
Mogen, npegHasHayeH 3a CMMynupaHe Ha HecTauMoHapeH MOTOK B pa3kfioHeHa cuctema
KaHanuM C TpaneuoBMOHO HanpeyHO ceyeHue. TedYeHWEeTO B KaHanuTe € pasgernieHo oT
XNOPOTEXHUYECKN CHOPBXEHUS KaTo LWmMToBe, 6eHToBE 1 Ap.

CANALMAN pewaBa nbnHUTe ypaBHeHus Ha CeH-BeHaH no HesiBHa cxema.
MogenbT MOXe AMPEKTHO Oa CcuMynuMpa TeyeHue No U4anoTo Tpace Ha KaHanHarta
cucTemMa, BKITOYUTENHO B paskiioHeHusiTa. MakcnmanHnat 6pon Ha KaHanHuTe ydacTbum
e 40 ¢ go 20 m3nyckaTesiHM CbOpPbXEHUS, 4 pasknoHeHNa U 9 NIMHENHU CbOPBXKEHUSA B
ydyacTbk. MopgenbT He MOXe [a cuMynuMpa KaHanu, 3axpaHBaHuW OT  HSAKOSKO
BOLOM3TOYHUKA, KaKTO W Obp30-M3MEHALWO Cce TedeHue, obpaTHW TevyeHus npu
perynupaLlm CbopbXeHUs1, XMApPaBindeH CKOK UM CBPbX-KPUTUYEH MOTOK.

Mogenbt CANALMAN e oueHsBaH 3aegHo ¢ gpyrn mogenu: USM, MODIS,
DUFLOW u CARIMA ot KomucumaTa no u3nUTBaHUATA Ha XUAPaBIMYHM MOAENU Ha
American Society of Civil Engineers (ASCE) n e onpegeneH kato U3KNMKYUTENHO TOYEH.
MpeanmcTBO B CpaBHEHME C OCTaHanuTe MoZenn €, 4Ye Npu Hero € Bb3MOXHO
cMMmyrnaumaTa ga 3anovHe npwu Cyxo nerno, KOeTo nos3sofsiBa fga Obae npunaraH npu
CUMYNMpaHe Ha TeYEeHMETO B Masnkm U CpedHW KaHanu OT HanouTenHaTta cuctema, KbM
KOWTO He ce nogasa HenpekbCHaTo BoAa

CANALMAN e wun3nonseaH 3a MOAENUpaHe Ha HanouTenHu kaHanu B Pesavar,
Pakistan, Right Bank Main Canal system of the Kangsabati project, West Bengal, India, 3a
onpedensiHn Ha rpanaBuvHaTa U KanubpauuMoHHW napameTpu Ha kaHann ot “Track 47
settlement scheme in Ippologama AGA division, Sri Lanca, npoekT 3a HanosiBaHe Lam
Nam Oon n Huai Aeng, North Thailand v gp. [Khan, 2006].

MogensT SIC (Simulation and Integration of Control for Canals) e paspa6oTeH ot
CEMAGREF, nonactosawem IRSTEA (Institute for Research in Science and Technology for
Environment and Agriculture), ®paHumsa. OCHOBHOTO My npegHa3HadeHne € 3a
n3cnegBaHe Ha XMOpPaBMYHOTO MOBEJEHMEe Ha rMaBHUTE M BTOPOCTENEHHW KaHanu oT
OTKpUTa Mpexa HanouTeNnHW KaHanu unu pekn. MogenbT ce CbCTOM OT Tpu Mogyna
(TALWEG, FLUVIA un SIRENE), kouto wMoratr pga paboTaT CcaMOCTOATENHO unu
nocneposatenHo. MNbvpeuat mogyn TALWEG ce nsnonssa 3a cb3gaBaHe Ha dpannoseTe C
AaHHW 3a Tonorpadmata u reoMeTpusita Ha KaHana, Kouto ga 6baaT m3nonseBaHu npu
N34NCNEHMATA Ha CTaLMOHApPEH U HECTALUMOHAPEH peXxnm Ha TeyeHueTo. B Tasm yact ce
BbBeXAaT M NpoBepsaBaT AaHHKU, NoyYeHn OT TonorpaddCKko nscrneaBaHe Ha KaHana unm ot
npoekTHata AokyMmeHTaumda. Btopuat moayn FLUVIA ce uanonsBa 3a u34UCNEHUS Ha
cTaumMoHapeH NOTOK B KaHana. B pesynrtar ce nonyyaBa npocun Ha cBobogHaTa BogHa
MOBBbPXHOCT 3a BCsSKa KOMOMHAUMS Ha BOAHWUTE KONMMYECTBa WSIM CbCTOSIHMETO Ha
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TEYEHMETO B NPOBEXAALLUUTE KaHanu n nperpagHute cbopbXxeHusd. C To3m mogyn e
Bb3MOXHO oOnpefensHe Ha HeobxogumuTe YCrNoBUMS B NpoBeXAalumMTe KaHanu u
perynupaiimte CbOpbXEeHUs 3a U3MbSIHEHME Ha JafeH NnnaH 3a pasnpefeneHne Ha
BodaTa npu nogabpxaHe Ha Heobxogmmara obnboynHa nped nperpagHNTe CbOPBbKEHUS.
Tpetata yact SIRENE ce nanonssa 3a mogenvpaHe Ha HecTauMOHapeH MOTOK B KaHana.
C Hes ce TecTBaT pasnu4YHM NNaHOBE Ha BodopasnpeneneHne n onepaumm C LUTOBE U
APYTN  XNMOPOTEXHUYECKN CbHOPBXKEHUS (PbYHM WM aBTOMaTU4HKM). To3nm moadyn ce
cTapTMpa crnef MoenupaHe Ha CTauMOHapeH peXuMM Ha TevyeHuMeTo B KaHana. Ham-
AobpoTO pelleHne 3a peanuanpaHe Ha HOB MnaH 3a pasnpedeneHve Ha Bogarta ce
noabupa cpen HSKONKO Bb3MOXHOCTU. EdekTMBHOCTTa Ha BogopasnpenerneHneTo ce
OLeHsIBa NO HSAKOMKO nokasartens, BrpageHu B nporpamara.

Moodenbm SIC e npunazaH 6 Had 30 Obpxxasu Mo ceema 3a pPasfiuyHU HarnoumesHu
cucmemu: Kirindi Oya Right Bank Main Canal, u Uda Walawe, Sri Lanka, Primahal
Distributary at the Lower Gugera Canal, Punjab; Chasmah Right Bank Main Canal
Pakistan, Canal de la Neste, Canal de Gignac, Canal de Provence, France, Maricopa
Stanfield Irrigation District, USA; Canal de La Begonia, Canal Alto del Yaqui, Canal de
Delicias, Mexico u dp.[ Malaterre, 1990]

MogensT HEC RAS e paspaboteH ot US Department of Defense, Army Corps of
Engineers 3a mogenupaHe Ha OBWXEHMETO Ha BogaTa B PEKM UMM CUCTEMA OT OTKPUTH
kaHanu. [lporpamata mogenupa efHo- W [OByOUMEHCMarneH MnoTOK 3a Mpexa oT
€CTEeCTBEHN peyvHu nerna u kaHanu. KOMNoOHEeHTUTe Ha npoBeXaaHus OT nporpamara
XnapaBnuyeH aHanu3a ca: M3YUCINEeHUA Ha BOAHWSA Npodoun B CTALMOHAPHO CbCTOSIHUE,
€0QHO- WUnM OBYAMMEHCMOHANHM CuUMynauunm Ha MnoToka B KaHana B HecTauMOHapHO
CbCTOSIHNE; N3YNCIIEHNS 3a KBa3W- UM HaMbiHO HECTALUMOHApPHO OBWXEHWE Ha HaHOCW B
rPaHMYHUTE y4YacTblM; aHanNn3 Ha Ka4ecTBOTO Ha BoaaTta. BCuykmM KOMMNOHEHTM n3anonsear
oOWN TreoMeTpUYHM [aHHKW, KakKTo W CTaHOApPTHU TEeOMETPUYHU W XMOPABIIMYHU
N34NCNUTENHN npoueaypu. B gonbnHeHMEe KbM KOMMOHEHTUTE 3a aHanus, cucrtemara
CbObpXa U HAKOMKO Bb3MOXHOCTW 3a XMAPAaBUYHO OopasmepsiBaHe, KOUTO MoraTt fa ce
n3non3eaTt BegHara crneg n34ncrieHne Ha npodunuTte Ha BogHaTa NOBbPXHOCT.

OCHOBHUTE M34YUCIIEHUSA MPU CTALMOHAPHOTO TeyeHne ca BasupaHn Ha peLLeHMeTo
Ha egHOAMMEHCMAanHOTO YpaBHEHWE 3a eHeprusita. 3arybuTe Ha eHeprusi ce oueHsiBat
ypes TPUEHETO W CBUBAHETO (paslWMpPEeHUEeTO). YpaBHEHMETO 3a CbXpaHeHue Ha
WHepumsaTa Moxe Aga Obae M3NOM3BaHO B CryyauTe, KOrato BogHaTa MOBBbPXHOCT ce
NPOMeHa O6bp30 — MNpyU XMAPABMYEH CKOK, MPWU M3YUCNEHME HA MOCTOBE WNKU Mpu
n34nucrneHme Ha npodunuTe Npu crivBaHe Ha pekn. 3a HecTauMoHapeH MOTOK, MOgenbT
pelaBa NbrHUTE ypaBHeHNS Ha CeH- BeHaH No HesBHa Cxema Ha KparHUTe pasiuKu.

HEC-RAS vma Bb3MOXHOCT Aa Modenupa mpexa OT KaHanu, paskioHeHa cxema
WNN  eOuHWYEeH Yy4yacTbK, KaTo ce [JOonycka W3MNon3BaHeTo Ha CROXHW opMn Ha
HaNpPe4YHOTO CeYeHne, KakTo 3a OTKpUTa, Taka M 3a 3akpuTa KaHanHa mpexa. lNporpamarta
MOXe [a MoAenvpa MoaKPUTUYEH, CBPBXKPUTUYEH U CMECEH PEeXUM Ha TeYeHUeTo,
3aegHo C MOCTOBE, BOAOCTOLMN, NPENMBHULM U Op.

MHOro mnone3HoO KayeCcTBO Ha nMporpamara € Bb3MOXHOCTTa 3a rpaduyHo
NpeacTaBsiHe Ha pe3ynTatute. 3a HyXXAMUTE Ha NPOEKTMPaAHETO € Bb3MOXHO MpunaraHeTo
Ha anTepHaTMBHM NoAxoau, KOUTo MoraT Aa 6baaT NecHO OueHeHW 4Ypes3 onuusaTa 3a
CpPaBHEHME Ha pasfMYHUTE KOMOMHaUMKM OT reOMeTpUs Ha KaHana M BOOHM KOnuyecTBa.
Bb3MoOXHO e nomecTBaHeTo Ha GIS kapTu 1 Bb3QyLLUHU CHUMKMK C orneq NnpeacTaBsaHeTo Ha
peannucTuyHN n30bpaxeHnsa Ha KaHannTe UM reoMeTPUYHM AaHHM 32 CbOPBXKEHUATA.

MogenbT € wu3non3BaH 3a aHanuM3 Ha BOOOpas3npedeneHMeTo B KaHanu OT
HanouTenHa cuctema Lower Rio Grande Valley, Texas, USA;3a aHanu3 Ha xuapasnuyHuTe
napameTpu Ha East Branch of the California Aqueduct;npu mogenupaHe Ha notoka Ha
noasemHu Boau B BHacenHa Ha p. Tuul, Mongolia, 3a cumynupaHe Ha XugpasrvyHUTE
napameTpu B HanoutenHa cuctema Doroodzan, Iran u kaHan Moghan, lran; npu

95



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

onpefgensHe Kanauuteta Ha rnaeeH kaHan Thiba, Mwea Irrigation Scheme,Kenya n ap.
[US Army Corps of Engineers, HEC, 2016].

NMpunoxeHne Ha cCUMyNauMOHHUTE MOAENM 3a U3cnegBaHe Ha HanouTesiHU
KaHanm

ColuecTByBaT PasnmMyHu NPUITOXKEHNS HA XMAPABANYHUTE CMMYNALMOHHN MOLENM 3a
aHanu3 Ha JenUCTBMETO Ha HanouTeNHUTE KaHanu Npyu yCTaHOBEHO yNpaBreHne, AocTaBka
n rpadomun. KomMnioTbpHOTO MOAENMpaHe AaBa Bb3MOXHOCT 3a U3CrnenBaHe Ha TEYEHUETO
B HanouTenHuTe KaHanu, pasBUTUE Ha CcTpaTermnm 3a KOHTPON M eKkcnnoarauus,
npenpoeKkTupaHe n pexabunuraums Ha CbLLECTBYBALLWN KaHanu, Npoy4BaHMs 3a NMPOMEHMU
B rpadumka Ha BoAonogaBaHe KbM pasnpegenuTenHuTe KaHanu, uacneaBaHusa 3a
HeobXxo4MMOCT OT BbBexXaaHe Ha OydepeH BOOOM3TOMHUK B HANoUTeNHaTa cuctema u ap.

MogenupaHe e npunaraHo npu pewaBaHETO Ha pasnuyHu npobnemu Mo
ekcnnoatauusaTa W ynpaeneHWeTo Ha HanouTenHu kaHanu. B 3aBucumocT oOT
Bb3MOXHOCTUTE Ha n3bpaHnsa Moaen, TOM ce M3non3ea CaMoCTOATENTHO UMW CbBMECTHO C
apyr. lpumep 3a CbBMECTHOTO nNpunoxeHne Ha wmogenute CanalMan wn SIC e
npoekTupaHeTo Ha AObnbokoBoaeH kaHan Pehur, KoeTo ce wu3BbplUBa naparnenHo ¢
npenpoekTnpaHe Ha paskroHeHusitTa Machai n Maira, North-West Frontier Province,
Pakistan. KomntoTbpHmnat mogen SIC e npunoXeH Ha etan NpoOeKTUpaHe 3a U34nucneHue
Ha XuApPaBNWYHUTE MapameTpu, rpanaBuvHW, EBEHTyalHO OTNnaraHe Ha HaHoCKU U
cTabunHocTTa Ha TEYEHMETO NPU NPOMSHA B CKOPOCTTa, KakTo 1 AbnboynHata Ha BOOgHUS
MOTOK BbB BCEKM Y4YaCTbK C Orfeq OOCTaBsAHE Ha HeobxogummuTe BOOHM KOnMYecTBa C
AocTaTbyeH 3anac. BknioyBaHeTo B NpoekTa Ha aBTOMaTU3NPaHN YCTPOMCTBA 3a KOHTPOS
Ha BOQHOTO HUBO € HanoXxuno gobaBsaHETO Ha noaxoasiy codpTyep 3a MOAENMPAHETO UM.
C nomowita Ha mogena CanalMan e nscnegsaHo NogobpeHOTO ynpaBeHne Ha WuToBeTe
Mo TPaceToO Ha kaHana 4pe3 MbSIHOTO MM 3aTBapsiHE MPe3 HolTa C orfen NecTteHeTo Ha
BOAA.

MpeaBng Bb3MOXHOCTUTE MY 3a XMAPABANYHO MOAENMpaHe Ha peku n kaHann, HEC
RAS e npunaraH B peauua Obp)KaBu MO CBETa Npu NPOEKTUPaHETOo, ynpaBfeHMeTo n
Cb3[aBaHETO Ha CTpaTernun 3a noBuLLABaHE KanauuMTeTa Ha KaHanuTte, 4OCTaBALUM BOL4HMU
macu. B HanoutenHa cuctema Cressy-Longford Irrigation Scheme, North Eastern
Tasmania, mogenupaHe ¢ HEC RAS e u3nonseBaHo 3a onpegensiHe MakCUManHuaT
KanaumTeT Ha CUCTEMAaTa M Ha OrpaHuYeHusiTa, Npousxoxaaly oT HeobxoammocTTa Aa
ObOe rapaHTMpaHO, 4Ye BCSKO TMOBULIEHME Ha BOOHMTE KonmyecTBa Wwe 6bae
0e3npenaTtcTBeHO OTBEAEHO M3BbLH CUCTEMaTa KbM Mpunexawm ecTecTBeHM BOOHU
TeuyeHus. B pesynTtaTt OoT MogenvpaHeTo € YCTaHOBEHO, Ye cucTemata He ce M3nonaea C
NbJIEH KanaunTeT u T Moxke 6e3npobnemMHO Aa npoBexaa 3Ha4YMTENHO Nno-roriemm oednTu
[Barton,2008].

3aknoyeHue

[MoHacTosAWEeM YecTo NpunaraHuTe CUMynaumMOHHM MOAENN Ha KaHanm ca 06HOBEHM,
npunarat eeKkTMBHN YUCNEHN anroputMm M umat uHTepdenc, GasmpaH Ha MacoBO
nanonsanna Windows. TakmBa WHCTPYMEHTM BeYe Cca LWUPOKO W3MOM3BaHn B
HaNOsIBAHETO 3a pellaBaHe Ha peauua UHXEeHePHW 3agayum npu nnaHvpade, NpoekTupaHe,
ynpaBneHne n ekcnnoataumsa Ha HanouTenHu cuctemn. B cdepata Ha HanosiBaHETO,
XNOpaBnuyHUTE CUMYMauMOHHM MOLENM Cce W3MNOoMn3BaT [NaBHO 3a aHanmM3 Ha
Bb3MOXHOCTMTE 3a NpoBeEXAaHe W pasnpegeneHne Ha BOOHM Macu OT HamnouTenHuTe
CUCTEMWU, 3a u3crneaBaHe Ha ePeKTUBHOCTTA U e(PMKaCHOCTTa Ha pasnUYHUTE UM HAYUHU
Ha pgewnctBue. [lonyyaBaHuTe pes3ynTtatu gaBaT siCHA npeactaBa 3a XuOpaBiMYHOTO
noBegeHne Ha CbOPBLXEHUSATA MO TpaceTo Ha KaHana. Te cnyxaT KaTto OCHoBa 3a
obocHoBaBaHe M paspaboTBaHe Ha eEKTUBHU BapuaHTM U CUeHapuu 3a ynpasneHue u
eKkcnroatauua Ha KaHanute, 4Ype3 KouTOo Ja ce MuHMMM3upat 3arybute Ha Boga u

96



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

eHeprusi, ga ce ocurypy 6e3npensaTcTBeHO npoBexnaHe Ha HeobXxoaumuTe BOAHM
KonnyectBa C ornen e@gekTUBHOTO WU3MONn3BaHe Ha Bojata W yabikaBaHe Ha
eKcnnoaTaunoHHUS XNBOT Ha CbopbXeHuaTa [Hussain, Shakir, Khan, 2013].
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Pesome

MoyBaTa e xabutaT Ha edHa 4YeTBLPT OT BCUMYKM OpraHM3amm Ha 3emsarta. B eguH
KaBpaTeH MEeTbp Mo4YyBa MMa OrpoOMHO MHOroobpasve OT xunsgm Buaose: GakTepuw,
MUKPOCKOMUYHM bOKM, Hematoan, AbXOOBHU 4epBen, MUKPOApTPOMoAW, NpPOoTO30M,
EHXUTpanam M Opyrn NOYBEHW OpraHnamMu. Te MmaT BaKHO 3HayeHue 3a (PYHKUMUTE Ha
noyBaTa. lNouBeHOTO GuopasHoobpasme e ek3ecTeHunaneH KOMNOHEHT 3a NNogopoane B
CENCcKOTO CToMaHCTBO. MoyBeHaTa 6MoTa MMa KakTo OMPEKTEH, Taka N MHONPEKTEH edeKT
BbpXY NoyBeHaTa ekocmuctema. Kpbroppara Ha opraHMyHU CbeAMHEHMWS, HAaTPYNBAHETO Ha
XyMyC, CTpyKTypata Ha no4saTa, no4YBoobpasyBaHETO, epo3usiTa, AOCTbMHOCTTA Ha
XpaHUTENEHN eneMeHTM 3a pacTeHusiTa M MHOro ApyrM npouecu ca MOoBMSHU OT
nonynaummte Ha NOYBEHUTE OPraHN3MMm.

Knroyoeu dymu: 6akmepuu, ebbu, 3eMHU Yepseu, buopasHoobpasue, royaa.

IMPORTANCE OF SOIL BIOTA FOR AGRICULTURE
(review paper)

Jonita Perfanova, Hristo Valchovski

Agricultural Academy, ISSAPP “N. Pushkarov”
department: Soil physics, erosion and soil biota
e-mail: h_valchovski@abv.bg

Abstract

Soil is the habitat of one fourth of all living species on Earth. In one square meter of
soil there is a huge variety of thousands of species: bacteria, microscopic fungi,
nematodes, earthworms, microarthropods, protists, enchytraeids and other soil organisms.
They have an important impact on soil functions. Soil biodiversity is an existential
component for fertility in agriculture. Soil biota has both a direct and indirect effect on the
soil ecosystem. The decomposition of organic compounds, the accumulation of humus,
soil structure, soil formation, erosion, accessibility of nutrients readily available for plants
and many other processes have been influenced by the populations of soil organisms.

BvBegeHue

MoyBeHaTa OMOTa (PYHKUMOHANHO ce pasgens Ha Tpu QYHKUMOHANHM  Fpynu:
XUMUYHU MHXEHEPU, €KOCUCTEMHU WHXeHepu u BuonormdHmn perynatopu (Turbe et al.
2010).

XVMUYHM UMHXeHepu ca OakTepumte M MUKPOCKONUYHUTE rbbu. Te OCHOBHO ca
OTrOBOPHW 3a TpaHCopMaumdaTa U pasnaraHeTo Ha opraHumyHaTa matepusd. baktepunte
Ca €[HOKIETbYHN MPOKAPUOTHN OpPraHM3Mu, KOUTO Ce XapaKTepusupaT C U3KIHYUTESNHO
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MHoroobpasue. B eanH rpam noysa moraT ga 6vaat otkputn okono 10 000 6akTepuanHu
Bnga (Torsvik, Ovreas et al. 2002). [lo cera egsa 1% OT NpoKapuoTHMTE BMAOBE ca
n3yvyeHun. bakrepmanHata 6uomaca B NoYBM OT YMEPEHMUTE LLUMPUHU MOXE Aa OOCTUrHe 1-
2t/ha (Killham, 1994). MukpockonnyHuTe oM B NodBaTa, KOMTO ca u3yveHu ca okono 80
000 Buaa, cuuta ce 4e obwumsa um G6pon e 1 500 000 (Hawksworth 1991). Te cbopmupar
OB HULWKKM Muuen B novsaTta, go 200 meTpa B eguH rpam noyea (Bardgett, 2005).

BuonornyHnte perynatopy ca eHXxuTpamaute, HemaTtoauTe, MNpoTUCTUTE U
MUKpoapTponogute. Te ca OTroBOpHM 3a perynupaHeTo Ha nonynauuuTe Ha Apyru
MOYBEHN OPraHM3Mm 4Ype3 XULLHWUYECTBO M NapasuTtuabM. EHXMTpaman ca MUKPOCKNUYHMU
yepBen ¢ pamepu ot 1 go 50 mm. EgBa 3abenexumm ¢ NpocTo oko, 06MKHOBEHO Benu Ha
UBAT. Te ce XpaHAT OCHOBHO C GaKkTepumn, MUKPOCKOMUYHM MbOU N OopraHudyHa maTtepust.
[MpeanounTaT KMCENWU MOYBM C BMCOKA MOYBEHA BNAXHOCT. [1pOTUCTU MM owe U3BECTHU
KaTo MNpOTO30M Ca €AHOKMNETbYHM eyKapuoTHM OpraHmamMu. Te ca MUKPOCKOMUYHWU MO
pasamepn (10 go 50 mwukpomeTbpa). B eomH rpam nodBa 4YUCNEHOCTTA UM MOXe Aa
pocturHe go 1 000 000 nHamemngn. HematogmMTe ca MUKPOCKOMNUYHM YEepBEU C pasMepu oT
0.5 po 1 mm. o cera ca otkputn 80 000 BMaa, kaTo ce cmdATa 4e HabpoaT Hag 500000
TakcoHa (Bongers and Bongers, 1998). Npeactaensasat pasHoobpasHa rpyna, xpaHella ce
C MMKPOCKOMWYHM BOAopacnm OT nodsBarta, bakrepum n rebu. Cpen Hematogute mma
peouua napasuvtM U HenpusaTenu no pacteHusita. MukpoapTponogute ca Marku
Ge3rpbbHa4YHM oOpraHM3amMmn Cc TBbpLO ek3ockeneT. Kbm Tasm rpyna ce npuuuicnsieat
konembonute n akapute. Habposasat noseyve ot 1 000 000 Bnga. OCHOBHO ca XULLHULM K
napasmTu.

EKocncTteMHUTE MHXEHepU ca AbXOOBHUTE 4YepBeun, MpaBkuTe, M30MOAUTE, HSKOMU
MarnkM 3eMHu 003aiHUUM N TEPMUTUTE B TPOMUYECKUTE MOYBWU. Te ca OTroBOpPHM 3a
OCTPYKTYpPsIBAHETO Ha noyBaTta, POPMMPAHETO Ha KaHanu, Nopu u arperati B nodsaTta.
AbxnoBHUTE YepBen popmMmpaTt OCHOBHATa vacT oT Guomacara Ha nodseHarta 6uota (50-
60%). HabposiBaT HAKOMNKO xvnagu Buaa rpynvpadn B 5 cemenctsa. 1o pasmepu cunHo
Bapupar - OT HAKOSMKO MunumeTpa ao 3 metpa. MpaBkute ca coumanHu HacekoMm, KOUTO
XusesT B konoHun. Habposisat Hag 12000 Buaa no ceeta. AganTupaHn ca KbM BCHAKaKBU
TMnoBe xabutatm u nodsun. KM3onogute ca pasHoobpasHa rpyna OT pakoobpasHu
opraHnamn. Habposeat Hag 10 000 Buaa. Ham-u3BecTHM OT TaX ca MokpuuuTte. Mankum
6o3aHMUM C XM3HEH UMKbN B nodBata. Kbm Tasu rpyna ce npuyucnseaTt poBeLum
603anHNLM KaTo KbPTULM, CNAMNO Kyye, HAKOW BUOOBE MOMEBKN, MULLKK U Ap.

Pesyntatu n obcbxpaaHe

[MoyBeHUTE OpraHM3MM MMaT BaXKHO 3HA4YeHWe 3a NNoJopOoAMETO Ha noysarta.
Baktepunte umat OCHOBHO Yy4yacTMe B pasfaraHeTo Ha opraHuyHata matepus Wt
HaTpPynBaHETO Ha XymMyC B noyBaTa. AKTMHOMULETUTE Ca rpamMnosnioxXuTenHn Gaktepun,
KOUTO CUHTEe3upaT ronsam 6pon aHTMbmoTuum u mMoraT ga pasrpaxgat peauua TOKCUYHM
cbeavHeHna (nectnunamn), KouTo 3ambpceasar nodsara. (Turbé et al., 2010). Hakon Bngose
aKTMHOMULETN MMaT BaXHO 3HA4yeHMe 3a pasrpaxgaHeTo Ha TPYLHOAOCTbLMNHUTE
BbIMEPOAHN CbeOUHEHWA B MNoyvBaTa KaTto JIMMHWUH UM uenynosa. Taka Hanpumep
akTuHomuuetnte ot pog Nocardia morat ga MuHepanuampar Xymyca M Mo TO3M HauduH
HamanaBaT nnogopoaMeTo B arpoekocuctemute (Zvyagintsev et al.,, 2005). Lpyru
aKTMHOMULETN y4yacTBaT B paanaraHeTo Ha uenynosarta kKato Hanpumep: Streptomyces
cellulosae, Streptomyces violaceus, Micromonospora chalcea v gp. (Vlahov and Ivanov,
1999).

Baktepuute ydyacTBawn B acuMmunauuaTa Ha MuHepanHuTe ¢opMum Ha asor,
HUTpUdUKaUmaTa, OeHuTpudurKkaumaTa, asoTdukcaumara u  amMoHuduKaumaTa ca B
OCHOBaTa Ha No4yBeHOTO nnogopoaue. lNpu HUCKM KOHUEHTpauuMyM Ha as3oT B noysata
MUKPOOPraHM3MmnTe YCBOSIBAT MHTEH3MBHO MMWHEpaneH asoT, KaTo Mo TO3M HayuH o
nmobunuaumpar B knetkute cu. baktepun ot pogosete: Bacillus, Proteus, Pseudomonas,
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Clostridium »n gp. B3emaT akTMBHO y4dacTue B amoHudukaumdata. HutpudumkauyuaTa ce
n3pbpwBa OT HUTpPo3HM (Nitrosomonas, Nitrosococcus n ap.) n HutpaTtHu (Nitrobacter,
Nitrospira n ap.) 6aktepumn, Kato B pe3ynTaTr ce HaTpynBaT HUTPATU, KOUTO Ca OCHOBHOTO
a30TCbAbPXAaLWLO CbeAUHEHME, U3MOM3BaHO OT pacTeHusaTa. [eHntpudukaumsata npotuya
Npv NOYBM C BMOLUEH Bb3AYLIEH PEXUM M BUCOKA NOYBEHA BNa)XXHOCT. MMKpoopraHmamm ot
pogosete: Thiobacillus n Pseudomonas pegyumpaT HUTpatUTEe A0 HUTPUTU N B
nocrneactsnme o auasoteH okewg u asor (Vlahov and lvanov, 1999). BuonornyHaTta
dumKcaumus Ha as3oTa ce OCbLleCcTBsBa OT CBOOOAHO XXMBEELLUM M OT rpyakoBun Gaktepun,
KOUTO XunBeAT B cMumbunosa ¢ 606oBuTe pacteHusi. CBOOGOAHO XnBeewmuTe a3oTdukcmnpaim
GakTepun ce npuumucnaBat kbM pogoseTre Azotomonas, Azotobacter, Azospirillum,
Beijerinckia, Clostridium n gp. CumbunotnyHute Gaktepumn ca ot pogosete — Rhizobium,
Sinorhizobium, Mezorhizobium, Bradyrhizobium wn gp. (Zvyagintsev et al.,, 2005). 3a
CENcKOTO CTOMAHCTBO lOMIIMO 3Ha4YeHue mumat rpygkosute Gaktepumn oT pog Rhizobium.
CpegHo Te dukecumpar ot 10 go 50 kr a3ot Ha gekap (Kimenov, 2000).

OcobeHa pons B pasrpaxgaHeTo Ha Lernynosata B o6pabotsaemu niowm nmart r.om
oT pogoseTte: Aspergillus, Penicillium, Trichoderma, Chaetomium, Botrytis, Myrothecium n
ap. (Vlahov and lvanov, 1999). [dpyrm BuOoBe MUKPOCKONUYHM rbOW y4yacTBaT B
MUHEpanuaaumsTa Ha a3oTcbabpXalum cbegmHeHmst. OCHOBHO TOBa ca NpeacTaBuUTENU Ha
knacoseTte: Chitridiomycetes n Mucorales. BaxxHo 3HauyeHWe 3a HaTpynBaHETO Ha XyMyC B
noyesata umMar TbMHooLBeTeHUTe BuaoBe oOT poposeTe: Ulocladium, Stemphylium,
Cladosporium u Alternaria. MukpockonuyHute r.om oT nocnegHuTe aBa M3bpoeHun poaa
nmart crnocobHocTTa ga dwumkeupatr asoTa M MO TO3M HAyMH YyBenuMyaBaT MOYBEHOTO
nnogopoane. Hsakon smpose rvou (Verticilium, Fusarium, Botrytis, Phoma v gp.) ca
naTtoreHHW N napasuTupaT BbpXy pacTUTENHUTE TbKaHW, KaTo MO TO3M HayMH HamansasaT
nobusute B arpoekocuctemute (Zvyagintsev et al., 2005).

Oute nposiBABaAT MyTyanUCTUYHM B3aMMOOTHOLLEHUS C pacTeHusATa, KOUTO ce
Hapu4aTt mukopusa. MukopusaTa ce cpella Npu NoYTU BCUYKM CyX03eMHU pacTeHus. EgHa
YyacT OT MUKOPU3HUTE rbOn hopmmpaT acoumaummn ¢ pasnuyHn pacTeHus, 4oKaTo apyru ca
BMaoBo cneunduydHu (Perotto et al., 1996). MukopusHute re6m ca MHOrobpomrHu, Kkato ce
npuuncnsieat kbM  knacosete: Glomeromycetes, Zygomycetes, Ascomycetes u
Basidiomycetes. PacteHusaTa, nognomaraHn OT MWKOPU3HUTE rbOM nonyyaBaT Boda M
MuHepanHu enemeHTn (N, P 1 gp.), KOUToO pacTteHusiTa CaMOCTOATENHO He moraT ga
ycBoAT. CblecTByBaT M MUKPOCKOMUYHM bOKW, KOUTO UrpasT ponsd Ha €EKOCUCTEMHMU
JMHXEHepu”. Taka Hanpumep, HSKOM BUAOOBE CUHTE3MpaT [MUKonpotens, HapeyeH
rMoMasnuH, KOMTO MMa BaXXHa OYHKUMS 3a arnomMepauusata Ha noyseHuTe Yactuum (Rillig,
2004).

BuonornyHuTe perynatopu KOHTpoONMpaT uYMCNEeHOCTTa Ha nonynaummte Ha
GakTepunTe M MUKPOCKOMMYHUTE rbbu. TyK OCHOBHa ponsi MmaT MUKpOapTponoauTe,
NpoTUCTUTE U HemartoauTe. [MaToreHHN No CeriCKOCTOMAHCKM XXMBOTHU U HENPUATENU no
peguvua pacTUTENHM KyNTypKu ca YacT OT HematoauTe. Te okasBaT HeratMBeH eeKT KakTo
BbpPXY pPacTEHMEBBLACTBOTO, Taka M BbpPXy XMBOTHOBBLACTBOTO. Hskoum Bugose oOT
BuonornyHuTe perynartopy mMoraTt 3amectBaT (PyHKUMUTE HA EKOCUCUTEMHUTE MHXEHEPU B
noyeata. Taka Hanpumep eHXUTpangute B CUITHO KUCENW MO4YBM, KbAETO OTCbCTBAaT
AbXOOBHU YepBeEN OCTPYKTypsiBaT noyvsaTa U BAUAAT BbpPXY aKTUBHOCTTA Ha MOYBEHUTE
MukpoopraHmamm (Turbe et al., 2010).

ObXOoBHUTE 4YepBen MpoBokupaT Obp30TO MOBMLWABAHE HA aKTMBHOCTTA Ha
ypeBHaTa MUKpodopa, KOATO OT CBOSI CTpaHa pasrpaxga MorbfHaToTo OT nodBarta
opraHuyHo BewecTBo. 1o BpeMe Ha NpemMuMHaBaHETO Mpe3 XpaHOCMUMATENHUA TPakT Ha
yepBenTe HamansiBa KOMMYEeCTBOTO Ha MpoTo3ouTe, Hemartoaute, Mbute U Op. B
norbnHata novsa. B KonponuTuUTe M CTEHUTE Ha KaHanNUTE Ha NymobpuumMauTe NPouechLT
npoabikaBa, Tb KaTo Te CbAbpXaT HYXXHUTE XPaHWUTENHW pecypcu 3a pas3BuTue Ha
NMOYBEHUTE MWKPOOPraHM3amMu, KOETO BOAM 3a KpaTbK nepuoa OT BpemMe OO0 6bp3a
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MUHepanu3auus 1 yBenuyaBaHe Ha OOCTbMHUTE (POPMU Ha XPaAHUTENHWM enemMeHTU 3a
pacTeHusaTa. YepBenTte B 3aBMCMMOCT OT BMAa CU MoraT fa CTUMynupart pasnaraHeTo U
MUHepanu3auusaTa Ha opraHuyHaTa maTepusi, KOeTo Boam Ao 3arybu Ha Bbrnepod. B gpyru
cnyyan nymopuumauTte MoraT Aa CbXpaHsiBaT Bbrrepoga B cTabunHu arperatu (Xymyc) u
Taka fa yBenuyasaT HeroBoTo konu4yecTtso B noysarta (Brown et al., 2000). B pesynTtaT Ha
cneuyndnyHNTE B3aMMOOTHOLLEHUS, NPOTUYaLLM Mexay pusoctepHaTa u gpunocgepHara
MUKpodhriopa ce yBenu4yaBa pasnpoCTPaHEHMETO Ha rpyakoBute GakTepum B nodsaTta.
(Stephens et al., 1994). Toea Boan Ao 100 KpaTHO yBenu4YaBaHe Ha rpPyaKUTE MO KOPEHUTE
Ha YepBeHa getennHa (Thompson et al., 1993) n gBorHO yBennyasaHe Ha gobuea OT ToBa
pacteHme B cpaBHeHue ¢ no4ysu 6e3 yepsen (Doube et al., 1994c). XpaHocMmunaTenHuaT
TPaKT Ha YepBenTe € HacensiBaH OT peauua Gaktepuun. B pesyntar oT TaxHata AeWHOCT
yepBeuTe OTAENAT eKCKPeEMEHTH, Boratv Ha aMOHMEBU U hOoCdaTHU COMKU, KOUTO Ca BaXKHM
3a pasBUTMETO Ha pacTeHusTa. Konponutute ca T.Hap. ‘ropewm TOYKN® | CbabpXKalun He
CaMO rofnsgMoO KONMMYECTBO MUKPOOPraHU3mMu, HO U AOCTbMHM XPaHUTEMNHW efneMeHTUn 3a
pacteHusita (Turbé et al., 2010). KomnocTbT (BEPMUKOMMOCT) Cb3dafeH OT ObXOOBHUTE
yepBen B CpaBHEHME C rnoyBaTa CbAbpXa 5 MbTU NOBeYe asoT, 7 NbTn noseye drocgop u
11 NbTM NoBeYve Kanun B ycBouMa popma 3a pacteHusaTa (Cochran, 2002). ObxaoBHUTE
yepBeu MoraT 3HauYUTENHO Aa yBenuyart BogonponycknmeocTTa Ha noysata (Clements,
1982). ®dopMmnpaHETO Ha Makpomnopu M KaHanu C pasfvyHa rorieMuHa no3BorisiBa Ha
BofaTa Ada ce NpuaBWXK HaZomny Nno novBeHnsa npodun u ocurypssa Ha pacTeHusita no-
NpoabIMKMUTENHO ycBOMMKU BogHu pecypcu (Bardgett et al., 2001). Yepsenute oT cem.
Lumbricidae BnMaaT NO3WMTMBHO B €4HU Criydan WUnv HeraTMBHO B APYrn Criydam BbpXy
€PO3NOHHMTE npouecu. TyHenuTe, NPoKonaBaHn OT ObXOOBHUTE YepBeun crnomarart 3a no-
pobpaTta mHpunTpaumsa Ha Bogata B no4ysaTta (RothandJoschko, 1991) n nmat BaxHO
3HayeHne Npu NPONMBHU ObXOOBE, KOUTO Ca CbLUECTBEH (haKTop Npu BoAHaTa eposuns
(Hopp, 1946). EnuMmuHupaHeTo Ha nonynauusaTa Ha AbXOOBHUTE YepBEN MOXE Oa AoBeae
Ao HamansasaHe 0o 92% Ha uHdunTpauuatTa Ha Bogata (Clements, 1982). Cowo Taka
aKTMBHOCTT@ Ha aHeCcuK 4YepBeuTe MMa 3Ha4YeHWe 3a aKTUBU3MpaHE Ha epO3NOHHU
npouecn, Tbil KaTo Te Ce XPaHAT C pacTUTENHM OCTaTbLM Ha NOBbPXHOCTTA Ha Mo4veaTta
KaTo ™ u3gbpneaTt B TyHenute cu. [1o TO3M HadunH ce HamansaeBa MOoKpuBKata oT
pacTuUTenHM ocTaTblUM, KOSATO nNpegnassea nodsata ot epo3uda (Darwin, 1881; Binet and Le
Bayon, 1999).

Otgen ,®usunka, epo3nda n noyseHa 6uota“ npu UMA3P ,H. MNywkapos” nposexaa
n3cnenBaHnsi, CBbp3aHW C BMAMSHMETO Ha noyBeHata 6uoTa Bbpxy 3emegenuero. B
nabtopartopus ,Mukpobuonormss Ha noysata” ca WU3onMpaHu ronam 6pon CUMMOMOTUYHMK
asoTdukcmpawim baktepum npu ronsm 6pon 6060BU KynTypu - cosl, 3eneH dacyn, rpax,
HaxyT, pbCTbLUM, NOLUEepHa, Nanyaa, newa n ap. n ca nogdbpaHn epekTMBHN ABOWKN COPT
pacTeHune-rpygkosn Oaktepuun. [MpoyyBa ce BAUSIHUETO Ha 3€MHUTE YepBEU BbPXY
epo3undata, U3NYHM M arpoXMMMYHM  CBOWCTBAa Ha noyeata. MWa3scnegBa ce
BGropasHoobpasneto Ha GakTepun, MUKPOCKOMUYHM MbOU N ObXO0BHU YEPBEN.

3aknoyeHue

[MoyBeHUTE OpraHM3mMm OKal3BaT KOMMSIEKCHO BNWSHWE BbPXY peauua npouecu B
3emegenuetro. BaxHo e pga 6baoaT no-nogpobHO nNpoyyYeHW B3aMMoOOeNCcTBUSATA Ha
oTAenHuTe NpeactaBUTeNn Ha noyseHata 6uoTa B arpoekocuctemuTte. ToBa 61 NO3BONKUMIO
e(eKTMBHOTO npunaraHe Ha OMONOrM4yHO 3emMedenve M MoryYyaBaHETO Ha EeKONOrM4Ho
4YncTa NPOAYKUMUS.
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AHAINMU3 CTAHOAPTHOWU U MHOBALIMOHHON TEXHONOIMMN OYUCTKU
PACTUTEJIbHbIX MACEN
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e-mail: petrosadchuk@ukr.net, d.domuschi@ukr.net, yenakiev@yahoo.co.uk

Pe3rome

B naHHOW cTaTbe nNpoBedeH CUCTEMHbIN aHanmn3 AHEProeMKUX TEXHOMOMMN OYUCTKU
pacTuTenbHblXx Macen. [MpoaHanuavpoBaHa 3MHEKTUBHOCTb MCMOMb30BaHUSA 3JHEpPrum
NepBMYHOrO TOMMMBA OPraHMYEecKoro npoucxoxaeHus. [lpeacraBneHbl CpaBHEHUS
nokasarenem 3HeproaddEKTUBHOCTN TPaAMLMOHHBIX W  MHHOBALMOHHOW TEXHOMOormm
OYNCTKN pPacCTUTENbHbIX Macen. YCTaHOBMEHO, YTO MHHOBAUMOHHAA TexHornorust Tpebyet
pacxoga TonnmBa Ha 6% MeHbLue.

Knroveeble cnoea: eudpamauus, cunbmpayusi, pacmumesibHoe  Macrslo,
ariekmpu4yeckoe riorne, ynbmpaseyKogoe rnorie.

ANALYSIS OF STANDARD AND INNOVATIVE ENERGY TECHNOLOGIES FOR
PURIFICATION OF VEGETABLE OILS

P. I. Osadchuk’, K. A. Sheyda Golbad', T. A. Revenyuk', D. A. Domushchi?,
Y. I. Enakiev?®

'Odesa National Academy of Food Technologies (Odesa, Ukraine)
?Odesa State Agrarian University (Odesa, Ukraine)
3Nikola Poushkarov Institute of soil science, agrotechnologies and plant protection
(Sofia, Bulgaria)

Resume

This article analyzes the quality of vegetable oils and their energy-intensive refining
process. The hypotheses on which the innovative project for vegetable oil purification
technologies is based are presented. A scheme for the purification of vegetable oils by
physical methods is presented, which includes ultrasonic and electromagnetic equipment.
The main differences between the innovative proposed idea and traditional methods for
the purification of vegetable oils are discussed.

Key words: hydration, filtration, vegetable oil, electric field, ultrasonic field.

BBepeHune

B aHepretudyeckoMm ©OanaHce 9SKOHOMUMKM arponpOMbILLSIEHHbIA CEKTOP 3aHMMaeT
nuampytowmne nosnumm npu KpamHe HM3Kon 3pgEeKTUBHOCTM UCMNONb30BaHUS pPeCcypCcoB.
OaHMM 13 3HeproeMkmx nNpoueccoB B NULLEBOW M nepepabartbiBatolen UHAYCTPUM eCcTb
TEXHONMOMMN OYUCTKU MOSTYYEHHbIX pacTUTEmNbHbIX Macen. VMIMeHHO npouecc yaaneHus
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COMYTCTBYOLMX BELLECTB M3 Macesi pacTUTENbHOIO MPOMCXOXOEHUA B 3HAYUTENbHON
CTENeHn onpenenseT, Kak Ka4ecTBO rOTOBOro NPOAYKTA, Tak M 3aTpaTbl HA 3HEpreTu4eckme
pecypchbl (Harutyunyan et al., 2004).

AKTyanbHocCTb

Ana nonyyeHns paduHMPOBAHHOIO pacTUTENbHOrO Macna HeobxoaMMo MPOBECTU
psO TEXHOMOrMYeckMx onepauunm Ha cooTBeTcTByloweM obopygoBaHun. Hawnbonee
pacnpocTpaHeHHasi cxema COCTOUT U3 NEPBUYHON N BTOPUYHOW OYUCTKM, KOTOpasi B CBOKO
ouyepedb, BKMNoYaeT B cebs onepaunn: punstpoBaHue, LeHTpudyrmpoBaHue, rugpartaumm,
HenTpanusauumm, gesogopaumm n otbenmeaHuna. M3-3a CNOXHOCTU [JaHHOrO npouecca u
ncrnonb3oBaHMs Bonblloro konuyectsa o060pyoOBaHUS, B COBPEMEHHbIX YCMOBUSX,
BO3HUKaEeT npobrnema no CHWXEHWUIO 3HepreTMYeckux 3atpaTr MOCKOMbKy MaTepuanbHble
3aTpaTbl Ha npuobpeTeHne 1 NPOM3BOACTBO IHEPrOHOCUTENEN YBEMUUYNBAKOTCS C KaXabIM
rogoMm. B ycnoBusx cTtabunbHOro pocta LeH Ha SHeproHocuTenun, B  YCIOBUSX
9HEepPreTU4eCcKoro Kpusmca ata npobnema ABnNseTCA akTyanbHOWN.

AHanus nuTepaTypHbIX UCTOYHUKOB

CepbesHblii aHann3 3HEepProakoriorMYyeckux MNpobnem B UMHAYCTPUANbHO Pas3BUTbIX
CTpaHax NPOBOAMTCS PerynsipHo, CoOOUPaKTCA M CUCTEMATU3NPYHOTCS AaHHble Kak 06
OTAENbHbIX NMPOMBILLIIEHHBIX OOBbEKTAX, Tak M O COCTOSIHUM OKpY»KatoLen cpedbl B LIENTOM.
B pesynbrate 3aHepreTMyeckuMx MccrnenoBaHuid caenaH BbiBOAd, YTO COBEPLUEHCTBOBaHUE
9HEProTeXHONOrMN OYUCTKM pacTUTENbHbLIX Macen CBsi3aHbl, B NepBYylD o4yepedb, C
COKpallleHMeM 3TanoB O4YMCTKM. [pu 3TOM B UCCREOOBaHUSIX KUHETUKU YyOoaneHus
CONYTCTBYIOLWMX BELUECTB B MNpoLeccax: rmapatauuun, HentTpanusauun, nesonopauuu,
oTbenuBaHuA 1 MOJenupoBaHWEe 3TUX MPOLECCOB, NPOONemMbl 3HepreTU4eckux 3sartpart
npouecca 04MCTKN, 0COBEHHO AN MHHOBALMOHHBLIX TEXHOMOIMIA, UCCNEeaYOTCA PEAKO.

Llenb uccnegoBaHum

Llenblo nccnemoBaHus SBNSETCS  aHanMmM3  3HEPreTUHMEcKMX 3aTtpar  CTaHOaApPTHbIX
TEXHOMOTMA OYUCTKN pacTUTENbHBLIX Macen U npeanaraémMo UHHOBAUMOHHOW TEXHOMOMMM Ha
OCHOBE 3MeKTPOPU3NYECKNX MHTEHCUDMKATOPOB.

Pe3ynbraThl 3KCnepuMeHTanbHbIX UCCrefoBaHUmN

Cpean aktopoB, (OPMUPYIOLLNX Ka4YeCTBO pPacCTUTENbHbIX Macen, pasnuyaoT
Cblpb€ W TEXHOMOrMK npomnssoacTBa. [lokaszatenu kayectBa OQHOMMEHHbIX Macesl TECHO
CBSA3aHbl CO CTEMEHbI MX O4YMCTKU. [lpM OueHKe KayecTBa pacTUTENbHOro Macrna mno
PUINKO-XMMUYECKMM MOKa3aTensaM Haubonee BaXHbIMU SBMSKOTCA: LBETOBOE 4MCIO,
KACNOTHOE 4MCro, MaccoBas [JONs BrarMm WM neTyyux BewecTB, MaccoBas Aong
docopcoaepxawmx sewectB (Shirokova et al., 2007). OpraHonenTuyeckue nokasartenu
3Ha4YMMbl NpU onpedeneHnn Tuna U CbipbeBOW MPUHALMNEXHOCTU pacTUTENbHbLIX Macen,
dusnyeckne — npu MAEHTUUKaALUN pacTUTENbHbIX Maces, BbIABMASAT MokasaTernb
npenomMmneHuns, BA3KoCTb, TeMnepaTypy 3actbiBaHus (Osadchuk et al., 2013).

WccnenoBaHnss nNpoBOAMIIMCb Ha OCHOBE M3BECTHbIX METOOOB aHanMTUYECKOro
MeHeKMeHTa. Takue nNonoXeHus crnpaBeanuBbl  Ans  OOMbLWMHCTBA  MULEBbIX
nponssoacTs. OgHako npu NPou3BOACTBE, paCTUTENbHbIX Macesn, a MMEHHO NpoBeAeHne
NMpOLIECCOB WX OYMCTKW, WCMNONb3YITCH 3JHEproemMkue onepaumm, KoTopble BHOCAT
pasnuuna B 3HepreTudecknn 6GanaHc (Golykh et al., 2011). Kpome TOro, npu
9HEepreTMYecknx MCcnegoBaHUsiX TakMX MPOM3BOACTB BO3HMKaET cepbe3Hasa npobrnema
BbIIBUTb KOHKPETHOE BMWSHWE KaXOOW TEXHOMOormm OouvncTkM B obuem GanaHce.
PaspaboTka Takmx MWHHOBAUMOHHBLIX MNPOEKTOB TpebyeT CUCTEMHOro aHanmMsa BCeX
3NEeMEHTOB KOHBEpPCUM 3Heprum B TexHonorum (Abbasi et al., 2016).
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MHHOBaAUMOHHbIE TEXHOMNOIMK, Kak NpaBuo, He UCMOMb3YKTCA B CBS3M C BbICOKOW
KOHCTPYKTUBHOW  CIOXKHOCTbIO M TPYAHOCTbIO  SKCnyataumm, MWW HU3KOW
npounssoantensHocTbio (Chen, 2004). TpagMUMOHHBIE TEXHOMOMMN OYUCTKM PaCTUTENbHbIX
Macen CTOSIKHYNIUCb C CEpPbEe3HbIMM MPOTUBOPEYNAMU. 3adadya UCCNedoBaHus, BbICOKUX
3Ha4YeHUNn KO3I((PUUMEHTOB YyaaneHust CONyTCTBYIOLWINMX BELEeCTB pellaeTca nyTem
NCMOMb30BaHNA XMMUYECKMX PEeareHToB W YBENIMYEHMEM PaCXOOO0B 3HEProHOCUTENEMN.
OpHako, yBenuyeHue pacxoaoB XUMUYECKMX coeuHeHun npueBoauT K
NpoMnopuUMoHanbHOMY POCTY 3aTpaT 3HEepPrMM Ha MX yaaneHue, YTO HeraTMBHO BIUSIET Ha
cebectoumocTb npoaykumm (Ocagyyk and Bezbakh, 2021).

B cootBeTCTBUM C BbIABUHYTOW TUNOTE30M METOLAONOMMNA  3HEPreTUYeCcKoro
MEHEeMKMEeHTa OCHOBaHa HA CUCTEMHOM aHanu3e BCEW TEXHOMOIMYECKOM LEenoYKn
KUCTOYHUK SHEprMm — ero TpaHcdopmaumMm B COOTBETCTBYHOLWMA BWUO 3HEPrum -—
pacnpegenutenbHas uenb — obopygoBaHue». PaccMoOTpyMm TpPagMUMOHHYKO CXemy Ansi
OYUCTKM Macen C Takmx no3vumni, Korga nocne unsTpoBaHMA NPOBOAAT MNpouecc
rmgpaTtaumn. VMIHHoBaunoHHoe obopyaoBaHue (yrbTpasBykoBasd YCTaHOBKA C (OUMBTPOM,
SNEKTPOMarHUTHbIA annapaT C rMapartaTtopoM) UCMOMb3YHT SMEKTPUYECKYHD SHEPruto, a
TpagnunoHHoe obopyaoBaHus Ansa unsTpaunm U rmgpataumm — gpyrue Buabl SHEpruu.
[MpeanoxeHHass METOAONOrMA MNO3BOMSIET MPOBECTU OOBLEKTUBHOE CPaBHEHME AN 3TUX
cxeM. AHanna ceoguTcs K addEKTUBHOCTU UCMONb30BaHNA 3HEPINMN NEPBUYHOIO TOMNMMBA
OpraHM4yeckoro npouvcxoxaeHus. Pacxoabl Tonnmea nNpuHATbl paBHbiMU 100%. MNogpobHo
KOHBEPCUS SHEPrnM TOMNSMBA B driEMEHTaX YCTaHOBOK 0O6bsiCHAETCA cxemamu (covr. 1, 2).

MNoTtepu B koTenbHoM [loTepu Npu TpaHCNOPTUPOBKE

Tonnueo,
100% Ll Harpes macna npu

Map, 80%
nap 50% d)MHpraU'MM NonesHas

3Heprus, 30%

Harpee macna
npv rmgpataumm

MNotepu npu Harpese

dwur. 1. KOHBepCl/IFI SHeprin B Tpa}J,I/ILl,I/IOHHOIZ TEXHOJ10TN OYHUCTKU Macria

[NoTepu Ha TpaHcdopmaLmo
3HEprum 1 ee JOCTaBKY

TonnuBeo,
100% -

yB
OreKkTposHeprus, I'IoneaHa;:)
45% aHeprus, 36%

MY

[NoTtepu npu Harpese

®dur. 2. KoHBepcusa aHeprmm B UHHOBALIMOHHOM TEXHOMNOMMMU OYUCTKU Macen
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B cxeme (dour. 1) aHanuManpyeTca BapuaHT, Korga temnepaTtypa Harpesa macna npu
dunsTpauun 1 rmgpataumm oguHakoBbl. B 3TOM cnydYae WHHOBaUMOHHAS TEXHOMOrus
TpebyeT pacxoga TonnmBa Ha 6% MeHbwe (cur. 2). [pu yBenuyeHun TtemnepaTypbl
Harpesa (4TO XapakTepHO ANs NpakTU4eckux 3agad), 3pdPeKTUBHOCTb YNbTPa3ByKOBOM U
9NEeKTPOMarHUTHOM yCTaHOBOK OyadeT pactu. Kak npaBuno, rnaBHbIM MPUOPUTETOM
ABNAETCA MakCUMMaribHOe COXpaHeHne B roTOBOM NPoAyKTe NMULLEBOro NoTeHuuana Cblpbs.
B atom cnyyae, TpagnunoHHoe o6opyaoBaHNe He MOXET KOHKYpMpoBaTh C NpearoXKeHHOM
CXEMOW yNbTPa3BYKOBOW N SNEKTPOMArHMTHoOM o6paboTku.

Mpepnaraem onepupoBaTb B pacyeTax 0as3oBbIMU XapakTepPUCTUKaAMU MUCTOYHMKA
9Hepruu, Hanpumep, Tonnuea C Tensoton cropaHns 40 MIx/kr. Ha atom ocHoBe
npoBedeHa oueHKa 3PEEKTUBHOCTM WUCMOMb30BAHUA SHEPrMnm B TPaAAULMOHHbLIX
TEXHOMNOMMAX OYMUCTKM Macrna W NpeasioKeHHbIX MEeTOAOB C  MCMOSb30BaHUEM
yNbTPa3BYKOBbIX M 3M1EKTPOMArHUTHbIX NOMEN.

Pesynbsratbl aHanus3a npuBegeHbl Ha durype 3, roe MNpuHATBHE  criegylowme
0bo3HayeHus:

Ml — naporeHepatop;

MNP — napoBag pybaLuka;

M® — npecc-punetp;

Y — rmgpaTtayMoHHasi yCTaHOBKa;

MT — napoBas TypbuHa;

Ol — anekTporeHeparop;

YY — ynerpasBykoBasi yCTaHOBKa;
OMY — anekTpomarHUTHasi yctaHoBKa.

Tonnuso, Map, Macrno, Ocapok,
E=40 Mok T [ E=20 MOwikr [P TP [P E =40 M ™ 1@ [T E = 8 M
a) TpaaMuMoHHasa unsTpaumst macna
Tonnueo, o r R Map, ] ry Ocapok,
E =40 MIOx/Kr E=20 MIx/KI E=16 Mx/kr
6) TpaAMLMOHHas TEXHOMOMUs rmapaTaumm
Tonnwueo, ] AneKkTpoaHeprus Ocapok,
E = 40 MIX/KT nT | or E = 12MIx/kr vy E=10 MIx/i
B) ynbTpa3BykoBas 06paboTka C aneKTporeHepaTopom
Tonnveo, OnekTpoaHeprns | Ocapok,
E = 40 MIK/KF nr{or E = 24MIx/kr oMy E=20 MIx/kr

r) anekTpomarHuTHasi 06paboTka ¢ anekTporeHepaTopomM

*Bce napameTpbl npuBegeHbl B 1Kr Tonnuea.

Puc. 3. KoHBepcus aHeprnm B TEXHONOIMMSX OMUCTKN Macna.

B pacuetax npuHaTo: aHepretudeckun KIL npeobpasoBaHuMs TonnmBa B
9MNEKTPOIHEPIU0 Ha NapoTypOUHHBIX anekTpocTaHumnax 32%, a Ha ra3oTypbuHHbix 60%;
KMA npeobpasoBaHus 3neKTPUYECKOW SHEPrMM B YNbTPa3BYKOBbLIX U 3MNEKTPOMArHUTHbIX
kamepax 75%.
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CpaBHeHVe nokasaTternein aHeproaddMEKTUBHOCTU TPAOULMOHHBLIX U NPEAnoXeHHOW
TEXHOMOIMN OYUCTKM pacTUTENbHBLIX Macern npusedeHsl B Tabnvue 1.

Tabnuua 1. CpaBHeHne nokasaTenen 3HeprodEeKTUBHOCTN TPaAULMOHHBLIX W
WHHOBALIMOHHOW TEXHOSOMMM OYUCTKN PacTUTENbHbBIX Macen

QHeproTexHonorus KY3, J, do,
M[x/kr macno MIDx/Kr H.3. KI O/KI H.93.
TpaguunoHHas 15-2 15-5 o_5
dunsTpauns
dunsTpaums ¢ 0,7-0,9 3,5-5,5 6-8
ncnonb3oBaHnem Y3
TpaguunoHHas rmgparauus 1,2 3-8 3-6
Mmgpataums ¢ OMI 0,8 3,5-55 35-75

*ede, d, = Ke yOareHHOo20 ocalKa/ke HeghmsiHO20 3KeueasieHma.

3HayeHne do, = 8 Kr O/Kr H. 9. B HacToslllee BpeMsa LOOCTUTHYTO MPU UCMbITAHUAX
uUnbTPaUMOHHbIX annapaTtoB ¢ Y3. BusyanbHO OTMEYEHO, YTO B KaBUTALMOHHOW Kamepe
nocrne o6paboTkn ynbTpasByKOBbIM MOSIEM CO3[aeTcs «TymMaHoobpasHble» COoeaUHEHWUS
(Osadchuk et al., 2020). AnnapaT peanusyeT npouecc KaBuTauuu, 3TO 3HAYUTENbHO
CHWXaeT 3aTpaTbl 3HEPrun Ha Harpes NPoayKTa.

MOXHO [OCTMYb 3HaYUTErNbHO BOoNbLUMX 3HaYeHUn d, NpU YETKOM CornacoBaHum
MOLLHOCTU Y3 reHepaTopoB C XapakTepuCTukamu pacTuTernbHbiX Macen. [lposegeHHble
OLEHKN CBUOETENbCTBYIOT O OHEPreTM4ecKoOM W 3KOHOMMUYECKOM MNpenmyLLecTBe
npeasioXeHHbIX annapatoB. KOHeYHOo, KanuTarnbHble 3aTpaTbl Ha MPOEKTMPOBaHME U
N3roTOBMEHME TakmxX annapatoB OKaXyTCs Bblle, YeM Y TPaAWLMOHHBLIX KOHCTPYKUUA Y
TPebyHOT OTAENbHbBIX Pac4ETOB.

3aknoyeHue

1. MNMpoBeaeH CUCTEMHbIN aHanNuU3 3HEeProeMKuX TEXHOSTOMMN OYUCTKU pPacTUTENbHbIX
Macen B Xo4e, KOTOPOro BbISBNEHO, YTO TPaguUMOHHbIE TEXHOMOMMU  OYUCTKM
pacTUTENbHbLIX Macen CTanknBarTCs C Cepbe3HbIMU MPOTUBOPEYNSMNA.

2. [MposeneH aHanu3 adHEKTUBHOCTM UCMOSb30BAHNA SHEPINN NEPBUYHOIO TONMBa
OPraHN4eckoro NPOUCXOXAEHUS. YCTAHOBIEHO, YTO MHHOBALMOHHAA TexHonornsa tpebyet
pacxoga TtonnmBa Ha 6% wMeHbwe. [lpy yBennyeHun TemnepaTtypbl HarpeBa (4TO
XapakTepHO  AOns  npakTudeckux  3agad), 9ddEKTUBHOCTb  YrbTPasBYyKOBOM U
9MNEeKTPOMarHMTHON YCTaHOBOK ByaeT pacTw.

3. MNpencraBneHbl cpaBHEHUA MoKkasaTenen aHeproddEKTUBHOCTU TPALULNOHHBIX U
WHHOBALUWOHHOM TEXHOMOMMN OYUCTKM pacTUTenbHbIX Macen. [lpoBefeHHble OLEHKU
CBUAETENbCTBYHOT O 3HEPreTUHECKOM M 9KOHOMUYECKOM MpeuMyLlecTBax npeanioKeHHbIX
annapaTos.
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BEPOATHOCTHAA OLUEHKA COCTOAHUA MAWWXWH OCHOBHOIO
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Pestome

MpencrtaBneHa  BepOATHOCTHAA  OUEHKA  COCTOSHMS  MalWMH  OCHOBHOIO
TEXHOMOIMMYHOrO 3BeHa YOOPOYHO-TPAHCMOPTHOrO KOMMMekca Ha Yybopke 3epHOBbIX
KynbTyp. O6ocHoBaHbI nokasarenu po6oThI 3epHOY6OPOYHbIX KombarHoB
MCNONb30BaHNEM aHANUTUYECKUX 3aBUCMMOCTEN TEOpMM MaCCOBOrO OOCNyXMBaHUA W
uenen MapkoBa. BblYMCNEHbI XapakTEPUCTUKN HAOEXHOCTUN BCEX ANIEMEHTOB TEXHUYECKOMN
CMUCTEMbI, TAaKOW Kak 3epHOYyOOpOYHbIN KOMOarH, OT y3NnoB, arperatoB OO0 MPOCTEWMLLMX
Jetanemn.

Knroyeeblie cnoea: yb6opO4YHO-MPaHCIOPMHbIU  KOMIIEKC, 3€PHOYOOPOYHbIU
KombaliH, pabomocrnocobHoe coCmMosiHUE, MEXHUYECKUE OMKa3bl.

PROBABLE ASSESSMENT OF THE CONDITION OF MACHINERY FROM THE MAIN
TECHNOLOGICAL UNIT OF THE HARVESTING AND TRANSPORTATION COMPLEX

D. A. Domushchi', P. I. Osadchuk?, A. D. Ustuyanov’,
E. V. Molchanyuk', Y. I. Enakiev?

'Odesa State Agrarian University (Odesa, Ukraine)
’Odesa National Technological University (Odesa, Ukraine)
3Nikola Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection,
Agricultural Academy (Sofia, Bulgaria)

Resume

A probabilistic assessment of the condition of machines of the main technological unit
of the harvester-transport complex for the harvesting of Cereal crops is presented. The
main parameters of combine harvesters are justified using analytical dependencies with
mass service theory and Markov chains. A methodology for determining probabilistic
characteristics of the reliability of all elements of a grain harvester is presented.

Key words: harvesting and transport complex, combine harvester, working
condition, technical failures.

BBepeHune

MpoaoMKNTENBHOCTL YOOPKN 3EPHOBLIX KYMbTYP M BEnMYMHA 3KCMNyaTaluUOHHbIX U
3HepreTMyecknux 3aTpaT Ha YOOpKy ypoxasi 3aBUCUT OT HanMuus U  COCTOSIHUS
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3epHoybopoyHbix kKombarnHoB (3K), TpaHcnoptHbix cpeacts (TC), BcnomoraTenbHOMm
yb6OpOYHON TEXHUKKN, OopraHu3aumm paboTbl yOOPOYHO-TpaHCNOPTHLIX komnnekcoB (YTK),
NOroAHbIX YCMOBUA U OPYrNMX NPOM3BOACTBEHHbLIX (hpakTopoB (Domuschi and Osadchuk,
2020).

OueHka aPPeKTMBHOCTN UCMONb30BaHUA TexHUKM YTK oueHuMBaeTcs He TOSbKo
CUCTEMOW MoKasaTenen aKCnryaTaunoHHbIX U SHepreTmyeckux 3atpat Ha ybopky ypoxas
(Domuschi et al., 2020), HO 1 HagEXHOCTLIO MaLUMH OCHOBHOIO TEXHOMOIMMYECKOro 3BeHa
YTK (Enakiev et al., 2016).

B cucteme OCHOBHOIO TEXHOMOMMYHOrO 3BeHa YOOPOYHO-TPAHCNOPTHOIO KOMMSeKca
paboTa 3epHOYB6OPOYHbIX KOMOANMHOB SBNSETCA OCHOBOMOMAararwLen, XOTS He SABMNAETCA
He3aBNCUMOWN. HapgexHoe yHKLNOHNPOBaHNE 3epHOYBOPOYHbIX KombanHoB
obecrneymBaeTcs CUCTEMOW B3auUMOLEMWCTBYIOLWMX 3BEHbEB OOCNyXMBaHUA mnpouecca
y6opKu.

Moatomy ana o6ocHOBaHMS MokasaTenen MChnomnb30BaHUS  3epHOYBOPOYHbIX
KombanHOB LUenecoobpasHO MCMonb3oBaTb aHanUTUYeCKMe 3aBUCUMOCTU  Teopuu
MaccoBoro obcnyxuneanuna n uenen Mapkosa (Wentzel, 1972).

MaTtepuanbl u meToAbl

HagexHoe (pyHKUMOHMPOBaHME MaLUMH TEXHOMOMMYEeCKMX KOMMIIEKCOB Ha ybopke
3EePHOBbLIX KyNbTyp BO3MOXHO npu ontumarnbHoun cTpyktype YTK. O6ocHOBaHME CTPYKTYpbl
N cocTaBa TEXHOSOMMYECKMX KOMMIIEKCOB AN yOOPKM 3epHOBbLIX KyNnbTyp NpeacTaBneHo B
nccnegosanuax (Mochulyak et al., 2020), Ho YTK Takke OOMKEH WMMETb BbICOKYH
TEXHUYECKYIO HaZleXXHOCTb MalumH — 3K OCHOBHOro TexHorormyeckoro 3seHa (Domuschi et
al., 2021).

PaccmoTtpum 3K Kak CrOXHYK CUCTEMY, COCTOSIHUS KOTOPOW NMpeacTaBneHbl B TakoM
Buge (cdwur. 1). NMonaraem NOTOKM COOLITUN, NepeBOAsALIMNE CUCTEMY W3 COCTOSIHUS B
COCTOsIHWNE, NMPOCTENLLMMMU.

MorofgHble ycnosus, pasmepbl
nonemn, ypoxamHocTb 1 T.A.

;\«12 }\61
——1
Sz 51 SG
p———iy
;\.21 ;\16
}\‘1 }¥31 }\-14 }&41 )\51
3amMeHa y3nos, ?L51 Bupabl TO, cnocobbl
AETaﬂeﬂ BOCCTaHOBAEHUA
53 S4 SS

MoeopoThl, Nepee3abl, UX Bpems pa3rpysku, XnebHas macca,
ANWHA, CKOPOCTb ABUXEHUA obbem eMKoCTEHN, paboyas ckopocTb
nap. paccTtosHue komb6aiiHa u op.
nepeBO3KK U AP.

®dur. 1. Npadbl BEPOATHOCTHBLIX COCTOSIHUA 3€pHOYBOPOYHOro KombariHa n OCHOBHbIE
dhakTopbl, BANAIOLINE HA HUX
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B Buay TOro, 4to nOTOKM TpeboBaHMM Ha OOCNYyXUBAHWE MWMEKT ClyYarHbIN
Xapaktep, a peanusaums TpeboBaHMM Ha BCe BuAbl OBCNAY>XMBAHWUS  MOXET
OCYLLECTBMATLCH pasfUYHbIMKM CpeaCcTBaMKu, C pPasfinYyHOM WHTEHCMBHOCTbLIO, cUcTemMa
3KCnnyaTaumoHHOro obecnevyeHnss HaO4eXHOCTU  (PYHKUMOHMPOBAHUS MOXET ObITb
OTHeceHa K knaccy cnyyanHblx (Sidorchuk et al., 2011).

B ob6GcnyxunBarowyto noacuctemy YTK noctynaeTr noTok 3asiBOK, KOTOpPbIA
XapakTepusyeTcss napaMeTpoM WHTEHCMBHOCTM Aj, NpeacTaenswowmm cobon cpepHee
4YUCIO 3asiBOK B eQuHuULy BpeMeHwu. lNeproa BpeMeHn OoT Hadana obCcrnyXuBaHus 3asiBKu
A0 MOMEHTa €ero 3aBeplueHus ABNSeTCA BpemeHeM o6CnyxunBaHusa tos. Benuuumny,
obpaTHyl0 cpedHeMy BpeMeHW OOCnyXuMBaHWA 3asBOK, Ha3blBalT MapaMeTpoMm
obcnyxuBaHna Ai.

B ntobon momeHT BpeMeHn cMeHbl 3K MOXEeT HaxoanTbCsl B OOQHOM U3 COCTOSIHUN: S+
— kombanH ucnpaBeH, paboTaeT B 3aroHe; S, — HeucrnpaBeH, NPOUCXOAUT YCTpaHeHue
TEXHUYECKMX OTKa3oB; Sz — coOBepllaeT MNoBOPOThl, nepeesnbl; Sis — NPOBOAUTCS
TeXHonorn4yeckoe ob6CnyxunBaHue; Ss — MPOM3BOAUTCHA YCTPAHEHWE TEeXHOSTOrMYeCcKnx
0TKa30B; Sg — NPOBOANTCA TexHuYeckoe obcnyxusaHme (Domuschi et al., 2022).

BepoaTHOCTb TOro, 4To B MOMEHT t cuctema Haxogutest B coctosHn S (i = 1, 2, 3, 4,
5, 6) o6o3HauMm 4epes3 Piy. OTU COCTOSAHUS HECOBMECTHbI, 00pasytoT MOMHyK rpynny
COObITUI, UX BEPOATHOCTHbIE XapPaKTEPUCTUMKM HEe MEHSIOTCA 3a Bpems npebbiBaHus B
cocTosiHuM S;. O4yeBMAHO, YTO Ans Noboro MomMeHTa BpemMeHu t cymma BeposTHOCTEN
COCTOSIHU paBHa eauHuLe:

2

Z () = 1 (1)

i=1

3agava coctouT B TOM, 4YTOOblI onpegenuTb BEpPOSTHOCTU cocTodHun Pi(t) kak
dyHKUMM  BpeMeHn. JITW  BEpOATHOCTW  YAOBMETBOPSAIOT — ONpederneHHoro  Buaa
anddepeHumnanbHbIM ypaBHEHUSIM, Tak Ha3biBaeMbIM ypaBHeHUSM KonmMoroposa.

Pe3ynbraTthbl n 06cyxxaeHue
[ns paccmatpuBaemoun cuctemMbl ypaBHeHNA Konmoroposa UMerT BUA:

dP,

ol_f_i = (M2*+hizthaathas+hie)P1+AziPothsiPatharPatdeiPstherPe
dp,
Tt = Pilii- Pikig

[nsa ycTaHOBMBLUErocA pexuma cuctema ypaBHeHurn KonmoropoBa MoOXeT ObITb
npeacTaBneHa B Buae anredbpanyecknx ypaBHEHWI:

—(A2t Azt haathsthie)P1+A21Pot+ 31 Pa+Ag1Pat s Ps+he1Pe=0
P1ik1i- P1Adin=0

Pelwas cucrtemy ypaBHEHNN COBMECTHO C HOPMMPOBOYHbIM ycrioBuem dopmMynbl (1)
MOXHO MOMNyYnTb NpeaenbHble BEPOSTHOCTU COCTOSAHUN:
:|—1

11 o /ll'
P, = =~ p; P = |1+ =
i /’L 1 1 ;A«i]

(2)
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MHTeHcuBHOCTL nepexoda 3K n3 pabotocnocobHOro CoCcTosHUSA B APYrne COCTOSIHUS
(Ai}) onpemenstoTca NO 3aBUCUMOCTSIM, NpeAcTaBneHHbiM B Tabnvue 1. MHTEHCUBHOCTb

nepexoga B paborocrnocobHoe coctosiHue (Aji) 3aBUCUT OT cocTosiHMSA 3K 1 HaxoauTtcs u3
BbIpaXXEHUS:

(u)=(T) ", (3)
rae T; — cpeaHee BpeMs NpoBeaeHUs j-ro BO3OAeNCTBUS, Y.

M3 npuBedeHHbIX 3aBUCUMMOCTEN BUAHO, YTO MNOTHOCTUM BEPOSITHOCTEW nepexona

ABMATCA PYHKUMAMN PasfimnyHbIX OakTOpoB:

A21¢12) = f(TyCT, L nau, T6p);

7\,31(13) = f(VK, Lr, W,);

7\441(14) = f(l—nep, Tpa3, Uo, U, W),

As1(15) = f(Ty o, L1o,);

Ahe11e) = f(BMAbl n ctpatermm PTO, Tto) U MOryT ObiTb onpeneneHbl CtaTudeckm u
aKkcnepumMeHTansHo (Domuschi and al, 2020).

Tabnuua 1. VIHTEHCMBHOCTM Nepexoda U3 COCTOSAHUSA S B COCTOAHME S; (Aj)

MHTEHCMBHOCTb PacueTHas
MpumeyaHna
nepexoaa dopmyna
MHTEHCMBHOCTb T COEOHES BDEMS
BOSHIKHOBEHIA haz=(Tep) 6ZP3OTKZ3ﬁOﬁ agOTbl
TEXHUYECKNX OTKa30B M P
KkombaWnHa, ¢
(M12)
VIHTEHCMBHOCTD W — npon3BoaAnTENbLHOCTb
nepeesnos c w P oA o
3= — kombawnHa, M?/c;
nons Ha none P )
F — nnowaab nons, m
(A13)
U — ypoxanHoCTb, Kr/M?;
BV V, — paboyas ckopocTb 3K, M/c;
MHTEHCUBHOCTL 2 _3’6—PU P P _
14= B — wunpuHa 3axeara xatku, M;
TEXHOMOMMYECKNX YK3U, )
o Ks —Koahpu1UNEHT 3anoNHeHNs;
obcnyxuBaHun 5
(ore) v — oO6beMHasi macca, Kr/m>;
" V, — TEXHONOMMYecKasi EMKOCTb,
M3
MHTEHCMBHOCTb -
BO3HUKHOBEHUS Ms= 7 Lto — pacctosiHne nepeesaa
TEXHOMNOMMYECKNX re TEXHONOrNMYEeCcKNX
OTKa30B OTKa30B, M
(A15)
v - 7 TO
N — NOPSAAKOBbIA HOME ;
VIHTeHCUBHOCTL Mo= 2, (2m0) c Z ﬂee KBa aTI/IFZIHoe
TEXHNYECKNX - , ©—0Cp gTKJ'IOHerl/I%'
0BCnyKMBAHMI (1,, — nT,) ,
(re) x exp| — > Tro — CpegHas NepuoanyHoOCTb
10 2no”) TO, (c, kr, M?)
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MpumeHeHne cuctemMbl ypaBHeHu KonmoropoBa Onsi onpegeneHusi BeposATHOCTEN
coctosHun 3K, xapaktepmsyetcd TakMmm ocobeHHocTsaMKU. [puHMMaloTCa  TONbKO
WHTEHCUBHOCTM Mepexoda, CBA3blBalOWMe MepBOe COCTOsIHME C  OCTalbHbIMKU, YTO
MO3BONNT CYLLECTBEHHO YNPOCTUTb COOp M cuctemaTmsaumio Heobxoanumon nHpopmauuu;
WHTEHCUBHOCTU NepexXoaoB Aj MOryT BbITb onpefeneHsl Ans pasHoro cpoka cnyx6bl 3K; a
TEXHUYECKOe OOCnyXMBaHWE Y4YMTbIBAEeTCA TOMbKO Takoe, KOTopoe MpuMBOAUT K
ANUTENBbHBIM NPOCTOSAM.

Ona obocHoBaHMs MexaHu3ama obpas3oBaHMs MNOTOKa TexHuyeckux oTkasoB 3K
pPacCMOTPUM €ro CTPYKTYPHYIO CXeMy, NpeacTaBvB ee B BUAeE «aepeBax (cwur. 2).

KOMBANH- S1
Alg A
/7 T AN s
XaTka MonoTtunka Neuratens Cunosas XopoBas Cucrema

YyacTb npaeaeHus
nepeaava ynp

LN [\ /] A L]\

ﬁ/\i/\ NN

Y3Nbl ATPEFATOB / NMogcuctema «B»/

AN N

Il
OETANW Y3N10OB / NMNoacuctema «O»/

®ur. 2. CTpykTypHas cxema o6pa3oBaHMs TEXHNYECKOro oTkasa

Takaa cxematusaumna 3K no3BonuT paccMOTpeTb OTAENbHble NOACUCTEMbI B BUAE
nepapxm4eckon CTPYKTypbl N aHanm3 BO3HMKHOBEHUS OTKa30B NPOU3BECTU NO OTAENbHbIM
COCTaBIIAIOLLNM «CUCTEMA — SNIEMEHTY.

BepoaTHoCTb Ge3oTkaszHoOM paboTbl Ans arperatoB KoMbamHa MOXHO paccyuTaTtb C
NMOMOLLbIO CUCTEMBbI ypaBHeHUn KonmoropoBa aHanornyHo 3asBucumocTtn (2). Mpu atom
HeobxoAMMO BblAENUTb COOTBETCTBYHOLUME BEPOSATHOCTM COCTOSHUMA  HaxoXOeHus
kombarHa B peMOHTe (BOCCTAHOBMEHMM), CBSI3aHHble C OTKA30M feTarie KOHKPETHOro
arperata. WHTEHCMBHOCTU nepexofoB NS arperatoB pacCyUTbIBAlOTCA Ha OCHOBaHUU
napameTpoB NOTOKOB OTKa3oB AeTanen (Domuschi and Ustuyanov, 2020):

o
/’Lllz = Z @, ®©
(4)
rae Q — uucno arperatoB, TpebyroLwmx pa3bopkn AN 3amMeHbl OTKa3aBLUEW AeTanu, Wr;
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Wiy — NApaMeTp NOTOKa OTKA30B j-W AeTanu arperarta, KoTopblv onpegensieTca no
MHTepBanam HapaboTKu:

m

.. (
ey L @ ®)
=7 N NAt .

r4e nj — YNCrno OTKa30B j-i AeTanu arperata B i-OM MHTepBare HapaboTku, ea.;
M — YNCNO JeTanen arperara, y KoTopbix 3addMKCUPOBaHbI OTKa3bl, LUT;
At — nHTepBan BpeMeHn (HapaboTku), C;
N — yncno arperatoB, HaxogALWMXCA Nogd HabnaeHneMm, LWT.

TexHnyeckne oOTKasbl (OTKasaBlUMe [feTanu, Yyanbl, arperatbl) B COCTOAHUWM S,
BOCCTaAHaBMMBAKOTCA C OMNpeaerieHHOM WHTEHCUMBHOCTLIO A2, KOTOpasi 4vauwe BCEro
onpegensietca ana 3K no rpynnamM CroXXHOCTU OTKa30B.

N3 pucyHka 2 BMAHO, 4TO cxeMa 0bpa3oBaHUA TEXHMYECKOro OTKasa BKIOYaET psif
YPOBHEN. OTU YPOBHM COOTBETCTBEHHO CBSA3aHbl C PEMOHTOM XaTKW, MOSOTUIKN,
ABuraTtensi, CunoBon nepegayn (pemMHu, uenu 1 T.4.), XOOOBOW 4acTu, rmapocuctemMbl n
cUCTeMbl yNpaBneHus.

Takum o006pas3om, HaunmHasi C MNEepBOro YPOBHS, PEKYPPEHTHO BbIMUCNAOTCSA
XapaKTEPUCTUKN HAOEeXHOCTU BCEX 3MIEMEHTOB CUCTEMbl OT arperatoB OO MNPOCTEMLLMX
aetanen. Ha kaxgom HOBOM Luare HOPMMPOBAHUA cuctemon Oyaet aABNATbCA OO4MH U3
arnemMeHToB 6onee BbICOKOrO Mepapxnuyeckoro ypoBHS, HAOEXKHOCTb KOTOPOro onpeaerneHa
Ha npegblgywem ware. Hanpumep, Ha BTOpOM Liare noacucrtema byger «CucteMom» no
OTHOLLUEHUIO K 9nieMeHTaM creaytowen NnoacucTemsl.

BepoAaTHOCTN COCTOSAAHUSA CUCTEMbI Ha «K»-OM YPOBHE MOXHO MOMYyYUTb aHaNoOrmMyHo
3aBUCUMOCTH (2) npu t—oo:

—1

6
1+ > Ak

Bt = — , (6)
Az
Pk
BEPOATHOCTb HAaXOXAeHUsA B COCTOAHUN ~2 6y,u,eT paBHa:
21k
Kk 2 Kk
1

N3 copmyn (6) u (7) BMAHO, 4YTO CyLWECTBYEeT HeonpenerieHHOe MHOXECTBO A,
obecneumBaioLlee yCTaHOBMBLUMINCS MOTOK OTKazoB o = AT cuctembl. [na ycTpaHeHus
3TOW HeonpeaerieHHOCTN MOXXHO BOCMNOS1b30BaTbCHA METOLOM BECOBbIX KO3 (PULMEHTOB.

MeTon BecoBbIX KO3I(PUUMEHTOB MO3BOMNSAET pewwuTb 3agady HOPMUPOBaHUSA
6€e30TKa3HOCTU 3NEMEHTOB CUCTEMbI ON1s1 YCTaHOBNEHHoW HapaboTtku T, ¢ npu ycnosuu,
YTO NOTOK OTKA30B ABMSAETCH MPOCTENLUNM C CYMMapPHOW MHTEHCUBHOCTBLIO MO hopmyrne:

A= > a (8)
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Mpn aTom nonaraetcs, YTo BCe coctasnawowme A« = AW, Marbl MO CpPaBHEHUIO C A,
T.e. B CUCTEME HET 3reMEHTOB, MOTOKM OTKa30B KOTOPbIX Obinn Obl CpaBHMMBbI MO
WHTEHCMBHOCTW C NOTOKOM OTKa30B BCEN CUCTEMBI.

BecoBble koadpdumumneHTol Wi, yuuTbiBalOWME BaXHOCTb WM OTHOCUTENBHYHO
3Ha4YNMMOCTb ANEMEHTOB B CUCTEME MOXHO HaNTU NO hopMyre:

S, y!

I S S 9)

W,

rae Sk — OLeHOYHbIN nokasaTtenb ANA «K» - F0 afieMeHTa.

B kauyecTBe nokasatenen Si MNPUHATbI WMHTEHCUMBHOCTM OTKa30B, A« MNapameTpbl
KOTOPbIX ONPeaenstoTcs aKCNepuMeHTansLHo.

3aknoyeHue

1. Takon NOAXOA K OLEHKEe COCTOSAHWIA 3epHOYBOPOYHbLIX KOMOANHOB yKa3blBAET Ha
TO, 4YTO NpU OpraHu3auMm CUCTEMbI 3KCMyaTauMoHHOro obecneveHnss Ge30TKas3HOW
pabotbl YTK, HeobxogumMo yuuTbiBaTb HapaboTKy (pecypc) A0 OTKasa M BO3pPaCTHOW
CcOoCTaB 3epHOYOOPOYHbIX KOMOANHOB.

2. Pesynbratbl pacyeToB MOryT MCMOMb30BaTbCA ANs1 MPUHATUS yNpaBleH4YeCcKmX
PELLUEHUN, CBA3aHHbIX C pa3paboTKOW OpraHU3auNOHHO-TEXHUYECKUX MEPONPUATUN,
KOTOpble HanpaBneHbl Ha AOOCTWXKEHWEe 3afdaHHbIX MnokasaTenem HageXHOCTU
3epHOYy6OpPOYHbBIX KOMOAMHOB 1M ONTMMKU3aLMKM UX COCTaBa.
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Abstract

In Greece, the agricultural sector has always been a structural feature of its
economic structure and social fabric, as well as a component of the economy and growth,
both nationally and much more at the regional level In addition, in Greece agriculture plays
a key role in supporting the socio-economic sustainability of rural areas, as this sector is
the main user of agricultural land. In general, the importance of agriculture in Greece, is
proven by the fact that it occupies a large percentage of its land, and participates in the
trade balance significantly The total area of rural areas of the country is 82%, and their
population is 43% compared to 23% respectively In addition, 56% of arable land is located
in lowland areas, while the rest is in mountainous or semi-mountainous areas. Finally,
82.7% of the used agricultural land is located in less-favored areas, of which 56.4% are in
mountainous areas. The arable land in Greece covers a large part of its territory. The
paper discusses the features of environmental and economic production relations; the
analysis of land use is given as well.

Key words: soil resources, sustainable agriculture, agricultural production.

Introduction

The contribution of the Agricultural sector in Greece has always held an important
position. Its role is multidimensional, covering many and sensitive sectors, both economic,
social and environmental. In the past it was a means of recovering the post-war economy
of Greece and in the current era of the global economy and the COVID19 pandemic it is
again a stable means of developmentlt participates in many indicators of the economy and
affects it to a great extent.. Agriculture contributes to the economy through the products it
produces, through the exchange markets it carries out. In addition, it is a provider of a
series of products and services, determining both food self-sufficiency and food safety,
producing better quality and safer food, as well as regulating other sectors of the economy,
such as manufacturing and the country's trade balance. The sustainability of agricultural
production is of vital importance for humans because agriculture is the main source of food
for the ever-increasing population. The soil for humanity is the quintessence of life and
health. The management of soil fertility and its quality-health is the key to the development
of sustainable agriculture (Simonis and Setatou, 2008). At the same time, especially in
recent years, agriculture has been continuously applying regulations for the preservation
and protection of the environment. The participation of agriculture in the economic
development of a country's economy depends on many factors, such as the national
wealth of the country, the territory, its international relations and the stage of economic
development. The larger the agricultural sector, the greater its participation in the
economy. Also, the fact is that as an economy develops, the participation of the agricultural
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sector decreases and this is due to the inelastic demand for the income of agricultural
products and the increase in agricultural inputs from non-agricultural sectors, as well as
from the increase in the part of the expenditure of its products intended for processing,
packaging and presentation.

Materials and Methods

In the paper the statistics used have come from the databases of the Hellenic
Statistical Authority and the Ministry of Rural Development and Food, supplemented with
additional information from Eurostat and FAOSTAT

Results and Discussion

During the last five decades the contribution of the Greek agricultural sector to the
Gross Domestic Product (GDP) has decreased from 15% to less than 5%. As diagrams 1
and 2 show, the share of agricultural production in GDP. it decreased from 9.9% in 1995 to
7.3% in 2000 and then to 5.2% in 2006. The sector's contribution to the Greek economy is,
however, more important than that of the European Union (EU) average. In addition, in
Greece agriculture plays a key role in supporting the socio-economic sustainability of rural
areas, since this sector is the main user of rural land and employs about a third of the rural
workforce. Arable land in Greece covers a large part of its territory. The total cultivated
agricultural land (arable crops, horticultural land, permanent crops and fallows) in the year
2019 amounts to 3 million 216 thousand 540 hectares. In 2019 52.8% of the cultivated
area (1 million 698 thousand 850 hectares) was used for arable crops, 1.9% (59 thousand
570 hectares) for horticulture, 33.8% (1 million 88 thousand 230 hectares) permanent
crops and 11.5% (369,880 hectares) were fallow. That is, it approaches approximately
31% of the total area, compared to the 171,603,000 of the EU-27, while the forest 50%,
the grasslands 12%, the wetlands 2%, the cities, villages and infrastructures 4 % and the
other land uses (quarries, mines, etc.) the remaining 2%.. The total area of the rural areas
of the country is 82% compared to 57.6% of the EU-27, and their population is 43%
against 23% respectively (Paschalidis et al., 2020). It is worth noting that the cultivated
land in Greece has decreased mainly due to the reductions in the production of cotton and
tobacco, as well as cereals and oil crops. The cultivated areas of Greece show a
significant decrease in the period 1990-2011Compared according to FAO data, the areas
in 2011 decreased by about 22% compared to those in 1990.In addition, 56% of the arable
land is in lowland areas, while the rest is in mountainous or semi-mountainous areas.
Finally, 82.7% of the used agricultural land (U.S.A.) is located in disadvantaged areas, of
which 56.4% is in mountainous areas. The corresponding numbers for the E.U. -25 is
55.4% and only 16.3% (Kaditi and Nitsi, 2010). The irrigated agricultural area is also an
important parameter for crop efficiency. Overall in Greece in 1999 44.6% of all crops were
irrigated, while in 2009 40.6% (EL.STA, 2012). Overall, the majority of Greek crops
showed a reduction in irrigation except for Western Greece, the lonian Islands, Attica, the
Peloponnese and the South Aegean. The area of Thessaly in particular has been
experiencing a particular water shortage problem in recent years. The irrigated lands
based on the geomorphological characteristics for the mountainous areas occupy 21.9%,
for the lowlands 48.3%lrrigation in 92% of the country's irrigated lands is done with
systems and techniques that do not ensure the rational and sustainable management of
water resources, with large losses in transportation and irrigation. Regarding the type of
crops that occupy the largest percentages of irrigation are horticultural crops which are
irrigated by 97%, by 43% arable crops, by 38% tree crops and by 36% viticulture. The
structural characteristics of Greek agriculture are what characterize it and create the
specifications and conditions for further development. These consist mainly of the
following: the very large number of small and fragmented agricultural holdings, the low
percentage of irrigated agricultural land, the high percentage of economically active
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persons in the population employed in agriculture and their old age (about 60% are over
55 years old and in the multi-occupation of farmers (Petropoulos D., 2020)From the
examination of the distribution of the total number of agricultural holdings in orders of size
according to their area, there is an increase in the number and percentage of the total, of
very small holdings up to 2 hectares and at the same time there is a slight increase in the
number-percentage of holdings with an area of more than 20 hectares. The conclusion
about the conservation character of very small properties is confirmed. At the same time,
however, the gradual concentration of land in farms of a larger area is visible. While farms
with an area of up to 20 hectares in 1995 constituted .44.01% of the total and held 76.30%
of the total land area, 213 constituted 51.4% of the total and held 64.35% of the total of
land area. Despite the survival of the very small farm, if we look at the structure of the
farms that own Agricultural Area in Use (UAA), based on their area, there is a tendency to
concentrate land in larger holdings at a slow but steady pace. The concentration trend is
stronger for the categories of holdings with an area of 300 acres to 1000 acres. The
percentage of these holdings that own more than 1,830 acres from 0.08% has reached
1.0% in 2013. This trend will continue in the coming years and is fueled by the applied tax
policy, but also by the continuous compression of family income — mainly of small and
medium-sized farms — through the increase in production costs and the formation of low
selling prices. It is noted that the average area of agricultural exploitation in Greece is 4.8
hectares, one of the smallest among the EU countries. The average agricultural holding at
EU level is four times that of Greece. Based on 2017 data, the number of agricultural
holdings stands at almost 854,100. The total number of holdings has fluctuated since the
early 1990s, following a large decline between 1987 and 1990. So it shrank by around
100,000 farms (Paschalidis et al., 2018). The interpretation of farm immobility is linked to
social, economic and psychological factors. The economic factors are related to the
unsatisfactory development of all branches of the National Economy during this period, as
a result of which the conditions for stable and satisfactory incomes are not created.

In addition, agricultural holdings act as a shield of protection and strengthening of the
family income, for people who additionally practice the agricultural profession. The social
and psychological factors are connected with the intense institutions of the average Greek
with the province, the farming family and the agricultural activities. Thus he practices the
farming profession as a supplement, but also as a continuation of the family tradition. The
largest number of farms is located in the Central Macedonia region (96,482 in 2016),
followed by Crete and the Peloponnese, and the smallest number (20,283 in 2016) is
located in the South Aegean, followed by the North Aegean, the lonian Islands and Attica.
From 2009 to 2016 the number of holdings shows a decrease of 38,105 holdings or
5.3%.The main crops in Greece based on cultivated area are cereals, olives, cotton,
maize, grapes, tobacco, oats, potatoes, peaches and nectarines In 2018 the main crop
groups per year are distributed as as follows: 53.4% of cultivated area (1 million 719
thousand 600 hectares) was used for arable crops, 1.9% (61 thousand 890 hectares) for
horticulture, 33.7% (1 million 085 thousand 100 hectares) for permanent crops and 11.0%
(354 thousand 760 hectares) of the arable land was under fallow status. (Hellenic
Statistical Authority. 2018).This diagram above shows the percentage distribution of
cultivated agricultural land by category. The main cultivated species of Greece are of the
Mediterranean type with small variations in their production over the years, while in recent
years you have noticed the cultivation of new products. Large-scale crops (MFK) occupy a
total of approximately 55% of the total cultivated land in Greece, not counting fallows,
which is basically applied to FMK. It is therefore noticeable that 65% of the Greek
Agricultural Land concerns FMK. The FMK includes grains, industrial plants, legumes,
forage plants, biomass plants and aromatics.
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Table 1. The main crops based on cultivated area (acre)

1990 1995 | 2000 | 2005 | 2010 | 2011 | %Total
Wheat 1.003.000 | 878.800 | 857.800 | 843.900 | 510.000 | 544.000 27
Olives 691.000 | 708.716 | 781.000 | 784.500 | 834.200 | 850.000 25
Cotton 259.000 | 420.000 | 412.000 | 364.500 | 250.000 | 300.000 11,5
Maize 207.600 | 182.487 | 216.500 | 246.900 | 151.550 | 181.800 7.1
Barley 179.000 | 156.300 | 119.300 | 94.300 | 112.000 | 101.630 4,3
Grapes 145.919 | 126.712 | 124.790 | 125.400 | 99.300 | 103.200 4.0
Tobacco 78.796 | 69.000| 61.000| 54.369| 15.600| 16.122 1,8
Oats 43.000 | 44.288| 43.000| 40.400| 56.200 | 82.200 1,6
Potatoes 50.300 | 52.000 | 48.800 | 44.440| 31.350| 28.450 15
Peaches and 44100 | 53.500 | 44.800| 43.266| 43.600| 42.200 15
Nectarines

Source: FAQ (Larisi, 2014)

According to the table above, the main types are cereals, olives, cotton, tobacco,
potatoes, peaches. Grains are products of primary importance for Greek agriculture and in
2013 4.55 million tons of grain were produced. Regarding the value of the products
produced, grain crops in Greece produce about 8% of the total value of agricultural
production (Eurostat, 2015), about 770 million euros.

The second main product is olives of which the oil-producing areas have a greater
area, production and economic value. At the global level, Greece ranks third in olive oil
production. In our country, olive oil is an important food product and has the highest
nutritional consumption worldwide. The cultivated area of olive groves is steadily
increasing over the years. One of the most important factors of this phenomenon is the
fact that the olive is a plant that can be cultivated in many areas, whether they are lowland,
semi-mountainous or mountainous. Also, Greece ranks 3rd in the world in olive oil
production and 5th in table olive oil production

Table 2. Main crops based on production (tons)

1990 1995 2000 2005 2010 2011 %Total
Maize 2.013.000 | 1.838.779 | 2.094.000 | 2.534.077 | 1.718.460 | 2.165.790 10,8
Sggtar 2.760.000 | 2.537.054 | 3.033.244 | 2.573.393 761.500 324.400 10,77
Olives 1.003.724 | 2.199.300 | 2.502.000 | 2.583.185 | 1.809.800 | 2.000.000 10,59
Wheat 1.939.000 | 2.314.838 | 2.326.000 | 2.044.149 | 1.633.070 | 1.702.020 10,20
Tomatoes | 1.844.000 | 2.064.160 | 2.085.000 | 1.713.580 | 1.406.200 | 1.169.900 9,01
Grapes 1.122.435| 1.128.000 | 1.251.463 | 1.130.000 | 1.002.900 856.600 5,65
Cotton 670.000 | 1.326.000 | 1.297.000 | 1.231.597 700.000 890.000 5,25
Potatoes 953.035 | 1.050.827 | 1.012.000 818.727 791.500 757.820 4,66
Oranges 878.185| 938.235| 945.765| 936.094 770.000 740.000 4,50
Peaches
and 786.939 | 1.034.421 949.406 | 864.406 738.400 690.200 4,14
Nectarines

Source: FAO (Larisi, 2014)
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Cotton accounts for 11.5% of all cultivated crops in our country. Greece is the main
producer of cotton in Europe. It is worth mentioning that the annual production of cotton in
Greece is approximately 300,000 tons, of which 90% is exported as ginned. The cotton
areas in Greece vary per year (AD 2004-2014) from 2.7 to 3.4 million acres with an
average yield of 380 Kg/acre. With the total value of the products produced in this value
chain exceeding the amount of 1.5 billion euros. Next is maize which occupies 7.1% of the
total area and the largest percentage of crops is livestock. Barley is another grain with a
large cultivation area, covering 4.3% of the total. In our country you cultivate mainly for
livestock and brewing beer

The cultivation of the vine is closely linked to the history and tradition of Greece.
According to the data of the Viticulture Survey of the Hellenic Statistical Authority, in 2015
the vine cultivation covers approximately 103,082 hectares. Out of the total area with
vineyards, the 63,326 hectares s are cultivated with grape vines and 39,759 hectares with
raisins.

The cultivation of grapes has decreased by approximately 30% in 2011 compared to
1990. Most of the varieties cultivated in Greece are wine-making, from which the most
important grape product, wine, is produced. The production from Greek varieties is 89%
against 11% of the production from foreign ones. Most of the areas with raisins (76% of the
total area of raisins) are recorded in two regions, in the Peloponnese with 15,422 hectares
and in Crete with 14,804 hectare .Tobacco covers 1.8% of the cultivated area. It is the
product with the largest reduction in its area that came after 2005 and amounts to 71%.
The substantial countdown for the course of the cultivation and its reduction to the current
levels began after the review of the Common Organization of the Tobacco Market by the
reform of the Common Agricultural Policy in 2004 and the implementation of the new
regime from 1-1-2006.

This sudden huge change has had a huge impact on the social and economic
sectors of the country Tobacco cultivation has the advantage of high yield on a small
cultivated area, high price and that it does not need particularly fertile soils. Animal feed is
one of the most important branches of the agri-food chain, as it forms the basis of the
production of meat, milk and eggs, i.e. the main sources of protein for human nutrition.
According to recent data from Hellenic Statistical Authority, the value of animal feed
consumed in Greece amounts to 1.8 billion euros and corresponds to 70.1% of the cost of
livestock production.

One of the most important branches of FMK is legumes. The estimated area of
legumes for animal feed is close to 1 million acres, with alfalfa occupying 800,000 acres
Arboriculture is a fundamental part of the Greek economy that can contribute to the
economic recovery and development of the country in the coming years Fruit production
and trade is one of the most dynamic sectors of Greek agriculture, with a significant part of
the produced arboricultural products being exported According to data from the Hellenic
Statistical Authority, arboricultural products are among the first exportable Greek products
of the agri-food sector to increase production at a rate proportionally much faster than the
increase in domestic consumption, further strengthening the export orientation of Greek
arboriculture

Greece is the 4th largest fruit producer in the European Union and the country's
production volume is more than 4.5 million tons. It is indicated that Greece occupies the
5th place in the world production of peaches, while it is the country with the largest
production of cored (industrial) peaches and the first in their export. Also, Greece is in 4th
place in the world production of kiwifruit with a continuous upward trend of domestic
production. Most of the domestic fruit production is occupied by citrus fruits (oranges
19.7%, tangerines 2.7%, lemons 2.5%), followed by peaches (17.1%), apples (5.5%), kiwis
(2.7%), apricots (1.8%), pears (1.6%), strawberries (1.0%) and cherries (0.9%).
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The main exported fruits (by volume) are citrus fruits (34.4%), peaches (12.9%),
kiwifruit (9.8%), apples (4.8%), bananas (2, 4%), strawberries (2.3%) and apricots (2.2%).
The total production of horticulture in Greece in 2014 amounted to approximately 3 million
tons (2,865).

The most important horticultural crops in Greece based on the area occupied in 2014
are potatoes with approximately 250,000 ha, fresh tomatoes with approximately 120,000
ha (not including industrial tomato areas), watermelon with approximately 125,000 ha,
onion with about 7,000 ha, the fresh bean with about 6,300 ha and the cabbage with about
5,500 ha.

Based on the amount of production, potato is slightly ahead with 586,000 tons,
followed by tomato with 550,000 tons and watermelon with 538,000 tons (YAAT data for
2014). The fruit and vegetable sector shows strong export penetration and high
competitiveness. The total value of agricultural production in Greece amounts to 9.7 billion.
Of this total, 69% comes from plant production. Consequently, crop production has a
dominant position in the country's agricultural economy (Savvas et al., 201).

Almost half of this share corresponds to horticulture. According to a relevant survey
by "Gaia Epichirein" (2015), the largest share in the total value of agricultural production in
the years 2009-2013 corresponds to horticultural crops with 18%, followed by fruits with
16.6%.. Greek agriculture has remained roughly at the same levels in terms of the value of
agricultural production from 2010 to the present. Gross value added at producer prices in
crop production decreased from €5410/ha in 2010 to €4985/ha in 2014 (Savvas et al.,
2014).

Conclusions

While Greece has significant natural advantages for plant cultivation, plant production
faces significant deficits both in terms of know-how and organization and marketing. An
important reason that makes it difficult to modernize agricultural holdings for crop
production is their small size. The increase in the average size of crop production farms is
expected to contribute to the improvement and better utilization of technological equipment
and infrastructure (e.g. packing houses). At the same time, it can contribute to the
demonstration of greater adaptability to the changes taking place internationally, in order to
increase their competitiveness and create better conditions for trading products and
exports
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KOHTYPU HA HABJTAXKHABAHE HA NMOYBATA MNP KANKOBO HAMOABAHE HA
AOOMATW, OTIMMEXAOAHU B HEOTOIMJTAEMA OPAHXEPUA

EneHna NpbH4YapoBa, Neoprun KoctaguHoB, AHTOaHeTa N'MroBa

MHCcmumym no no4eo3HaHue, agpomexHOI02uuU U 3auuma Ha pacmeHusima
"H. lNywkapos”,
CernckocmonaHcka Akademusi
e-mail: eveha@abv.bg

Pestome

N3cnepBaHusata ca nposeneHn B nepuoga 2017 — 2018 r Ha onuTHO none
UenoneyeHe kbM MHCTUTYT MO NOYBO3HaHME, arpoTEXHOSOMMU U 3allMTa Ha pacTeHusiTa
,Hvkona lMNMywkapos®, CCA. YCTaHOBEHN Ca KOHTYpUTE Ha HaBnakHABaHE Npu YETUPU HMBA
Ha HanosiBaHe Ha pJgomatun (Solanum lycopersicum ,Big Beef”), otrnexpaHm B
HeoTonnsiemMa MONMETUNEHOBa OpaHXepusi. MPU KarnkoBO HarosiBaHe W MynyuMpaHe.
N3nuTaHu ca cnegHute BapmaHtu: T1— onTumManHo HanosisaHe ¢ 100% nonueHa Hopma 3a
nogabpxaHe Ha 90% [1MNB, T, — HanosiBaHe ¢ 60% OT onTuManHata nonuMeHa Hopma, Ts —
HanosiBaHe ¢ 80% oOT onTumanHata nonueBHa Hopma, T4 — HanosieaHe ¢ 100% nonueHa
HOpMa, onpefeneHa 4ypes usnaputen. YCTaHOBEHO e, Ye Han-gobpo pasnpegeneHne Ha
Bnarata paguarnHo 1 B AbnboymHa ce noctura npu BapuaHtn T4 n Ta.

Knrovwoeu dymu: KoHMypu Ha HaenaxHsieaHe, OoMamu, Karkogo HarosigaHe.

SOIL WETTING PATTERNS IN DRIP IRRIGATED TOMATOES GROWN IN AN
UNHEATED GREENHOUSE

Elena Grancharova, Georgi Kostadinov, Antoaneta Gigova

Institute of soil science, agrotechnologies and plant protection ,Nikola Poushkarov®,
Agricultural Academy
e-mail: eveha@abv.bg

Abstract

The study was conducted at the Chelopechene experimental field of the Institute of
soil science, agrotechnologies and plant protection “Nikola Poushkarov” during the 2017-
2018. The wetting patterns were established at four different rates of drip irrigated tomato
(Solanum lycopersicum ,Big Beef) grown in unheated plastic greenhouse under muich.
Following treatments was evaluated: T1 — optimal irrigation in pre-irrigation soil moisture
90% of the field capacity, T, — irrigation with 60% of optimal irrigation rate, Ts — irrigation
with 80% of optimal irrigation rate, T4 — irrigation with 100% pan evaporation-based
irrigation rate. The results show that soil moisture in the wetted radius and the depth are
better for T+ and T..

Key words: wetting patterns, tomatoes, drip irrigation.

BvBegeHue

OueHKUTe 3a CbCTOSIHMETO Ha MOYBEHUTE U BOAHUTE PECYPCU B CBETa cCo4aT, Yye Teaun
pecypcu, KOUTO BeYe ca OCKbAHW AHec, We 6baaT Bce MNo-OCKbAHW B Obaelle, KOEeTo
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cnopeg ®AO wm3nckBa NO-BUCOKM HMBA Ha agantaumsi M MNOBMLUEHA YCTOMYMBOCT Ha
cenckoctonaHckute cuctemn (Steduto et al., 2012). HamansiBawuTte BOAHWM pecypcu u
HapacTBawaTa KOHKYpEeHUMss Ha CenckoTo CTOMaHCTBO C ApyruTe oTpacnu  3a
N3MNON3BaHETO UM NpeBpbLUA YNpaBneHWEeTO Ha BOAUTE B €4Ha OT KPUTUYHUTE TOYKU Npu
cnpaBsiHETO C Te3u npeausBukaTencTBa. Bogarta 3a HanosiBaHe 6bp30 ce npeBpblua B
OCHOBEH oOrpaHudaBaly, aktop 3a pacTeHneBbacTBOoTO. OCHOBEH nogxod 3a
nogobpsiBaHe Ha ynpaBneHVWeTO Ha BOAHWUTE pecypcu W MNocTUraHe Ha onTMMarnHa
e(eKTUBHOCT Ha M3MNOM3BaHe Ha BoAaTa € OTIMeXAAaHeTO Ha KynTypuTe npu 3aluTeHu
YCrNoBMS 1 NMPUNOXEHMETO Ha KankoBo HanosiBaHe. Cuctemute 3a KankoBO HamnosiBaHe
nosgondeBaT nogaBaHe Ha HeobxoaumaTa BOOa 3a HanosdBaHe Ha pacTeHusaTa
HENOCPEeACTBEHO B aKTMBHUSA NOYBEH Cnon 6e3 NOBbPXHOCTHM M ObNOOYMHHM 3arybu Ha
BO4a, NpU MUHMMAanHW 3arybu ot usnapeHune n cuntpaumus. MNpn KOPEKTHO NpoeKkTupaHe
Ha HanouTernHata CUCTeMa, Taka Ye Aa OTroBaps Ha MOYBEHWUTE U pacTUTENHMU YCIOBUS,
Tasn TEXHONOrNA npuTexasa NoTeHuMan 3a yBenvyaBaHe Ha AOOUBUTE U CbLUEBPEMEHHO
HamansBaHe Ha u3noni3sBaHata Boga. PasnpegeneHnetro Ha no4ysBeHata Brara OKOMO
KankoobpaayBaTtenute n B Abnbo4nHa 3aBnUCKM OT M3MYHUTE CBOMCTBA Ha NoyBarta, obema
Ha npwnoxeHata Boga, nAebuta w© KoHdurypaumsatTa Ha KankoobpasysaTenute,
AbnboynHata Ha KopeHoobuTaemus Criov, ynpaereHMeTo Ha HanosiBaHETO, HaYanHuTe U
rpaHnyHn ycrnosus (Elmaloglou et al., 2010). KOHTypuTe Ha HaBnakHsiBaHe ca NpoyYeHu
TEOPETUYHO W €eCKNepuMMEHTanHO OT peauua aBTopW, YCTAHOBEHM [OUPEKTHO 4pe3
namepsaHe (Elnesr and Alazba, 2015). unu ype3 cumynaumoHHn mogenu (Arbat et al.,
2013). Knpesa n Motesa (1994) ycTHOBABAT, Y€ HaN-rofiiMO BNUAHME BbpXYy rorieMmHaTa
Ha KOHTypa Ha HaBMnaxHsiBaHe OKa3Ba pa3Mmepa Ha nonuBHaTa Hopma. [Mpu nognoyBeHo
KankoBO HanosiBaHe C nonueHa HopMa 10 mm npu KaHeneHa ropcka noyea, uanyxeHa 24
yaca crieq nogaBaHe Ha NonuBka ce HabniogaBa 3aHWXKaBaHe Ha ModBeHaTa Bnara B
ropHua crnon 0 — 0.05 m kato goctura go 60 - 70 % ot INMNB (Petrova-Branicheva and
Kireva, 2016). basutos n basntos (2010) nocoysar, Ye Npu KankoBo HanosiBaHe Ha nunep
Han-gobpo pasnpeneneHne Ha Bnarata paguanHo n no AbnboymHa ce nocTura Npu gea ot
N3NUTBAHUTE BapuaHTW - CbOTBETHO Npu nonueHa Hopma 20.4 mm un 17.00 mm, a npu
aomatu npu nonmeHa Hopma 20 mm (Kupea n MoteBa, 1994).

MaTtepuanu u metoau

Mpe3 2017 n 2018 r. Ha TepuTopusaTa Ha onuTHOTO none ,YenoneyeHe” Ha UMA3P
.Ankona [lywkapoB® e npoBedeH oONUT C JomaTu, OTMMeXO4aHn B OpaHXepus.
OpaHxepusita € HeoTonnsieMa nosiMeTuneHoBa ¢ paamepu 7.9 x 53 m u obwa nnowy 420
m?. OBekT Ha uacneasaHeTo ca aomatu (Solanum lycopersicum “Big Beef’). MpoBeaeH e
eHOMaKTOpPEH eKCNepuMeEHT ¢ hakTop Ha onuTa — HanosieaHe. M3anutaHm ca cnegHute
BapuaHTn: T4 — HanosBaHe cbCc 100% nonmBHa HOpmMa C nogabpXaHe Ha
npegnonueHasnaxHoct 90% T[MMNB — makcumanHo (onTMmarnHo) HanosisaHe; T, —
HanosiBaHe ¢ 60% oOT onTMmanHata nonueBHa HopMma; Ts; — HanosiBaHe ¢ 80% ot
onTMMarnHaTa nosnveHa Hopma; T4 — HanosiBaHe cbC 100% nonmBHa HopMma, onpeaeneHa
no uanaputen knac A. Cxemarta Ha onuTa € NO MeToAa Ha Abnrute napuenku B 4
nosTopeHus. fonemuHaTa Ha onuTHaTa napuenka e 18 m? u ce cbcToM OT ABa peaa
gomatn. Bpemetro Ha nonuBkute € onpegensHo 4pe3 HabnwogaBaHe Ha nouvBeHaTa
BNaXHOCT 3a akTuBHMA nouBeH cnon go 0.40 m gbnbounHa 3a BapuaHtn T1 n T4.
MonunBKM ca NpoBeEXAaHW NPWU MOHWXKXaBaHE Ha MO4YBeHaTa BMAAXHOCT Mog onTuMmarnHarta,
KOATO 3a KOHKpeTHUs1 ekcriepumeHT e npueta 90% [MINB. MNonueknuTe ca oCbLLEeCTBABAHMN
CbC CUCTEMA 3a KarnkoBO HamnosiBaHe, CbCTOsLWa Ce OT KOMaHAeH Bb3en u gse batepun ¢
no ABe NOMMBHW Kpuna Ha nexa, pasnoroXeHn Ao ABaTta peda gomatu. [NonmBHuTE Kpuna
ca ¢ BrpageHn npe3 0.60 m kankoobpasyBatenu ¢ gebut 1.5 I/h. 3a gonbnHUTENHO
HamanaBaHe Ha 3arybute Ha Boga ce npunara MynuupaHe. M3nons3BaHO € 4YepHo
nonueTnneHoBo Mmynympailo gonuo +UV 15 mic/1.20 m.
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OnutHoTo none e yact ot CoduMicKoTOo norne, pasnonoxeHo Ha 550 m Hagmopcka
BUCOYMHA. KnumatbT € KOHTUHEHTaneH CbC CTyaeHa 3uma. NoyBata Ha ONUTHUSA y4YacTbK
€ KaHeneHa ropcka, manyxeHa M Moxe ga Obae onpegeneHa kKato cpedHo A0 CUIHO
BOAOMPONYCKNMBa CbC cpeaHa unTpaunmoHHa cnocobHocT. BoaHo-manyHuTe cBoncTea
Ha TO3M noyBeH noatTun cpegHo 3a cnos 0 — 1.00 m abnbounHa ca cnegHuTe: NpegenHa
noncka BnaroemHoct (IMMNB) — 21.8 % cnpsMo Ternoto Ha abComnTHO cyxata MNoyBa;
obemHo Terno Ha no4vsata npu MMNB — 1.50 g/cm?® n BnaxHocT Ha 3aBaxBaHe — 12.3 %
CnpsIMO TermnoTo Ha abcontTHO cyxaTta novsa (CumeoHoB, 1958).

B cboTtBetcTBUE CcbC cTorHOCTMUTE Ha [MNB 1 06emMHOTO TEerno e BOOHUAT 3anac Ha
noysara, konTto 3a cnos 0 — 0.60 m abnboymHa Bb3nmn3a Ha 194.6 mm, a obwio 3a crnos O -
1.00 m — Ha 327.7 mm.

MpepenHata noncka BNaroeMHOCT Ha no4vyBaTa MMa Marsko MO-BMCOKW CTOMHOCTU 3a
nouseHnte xopm3oHTn oT 0.31 go 0.70 m gbnboyYnmHa M MO-HUCKM B OPHUA CrOoNM U B
xopu3doHTuTe nog 0.71 m abnbo4nHa.

KoHTypuTe Ha HaBnaxHsiBaHe ca YCTaHOBEHW Ype3 B3MMaHe Ha MoyYBeHu npobu Oo
0.50 m B abn6ouymHa npe3 0.10 m n go 0.50 m B paguyc npe3 0.25 m, npegn n cneaq
nnogoaaBsaHe, 24 4aca cned U3BbplBaHe Ha nonvBka. [JaHHMTE 3a KONMMYecTBOTO U
pasnpegeneHneTo Ha Bnararta B novsaTta ¢ obpaboTteHn 4Ypes Sigma Plot 14.

Pesyntatm n obcnbxpaHe

YCTaHOBEHUTE KOHTYPU Ha HaBnaxHsiBaHe npu BapuaHT T4 Npu cpegHa HamnouTernHa
HOpMa 3a ABeTe ekcnepumeHTanHu rognHn 500.79 mm (cowur. 1) nokaseart, Ye pacTeHusiTa
ca 6unn nobpe cHaboeHu ¢ Bnara B nepuoga npeaun nnogoaaBaHe KakTo B AbNIOOYMHA,
Taka M B WMpounHa. BnaxHocTta B kopeHoobutaemusa cnon e Hag 90 % ot [IMB.
Hanunyneto Ha BnaxHocT Hag 95% B cnosa 0.40-0.50 m o3HayaBa, 4Ye no4vysaTta e b6una
pobpe BnarozanaceHa npeaun HanosABaHeTo. B nepuvoga no Bpeme Ha nnogodaBaHe
Bnarata octaBa B OnaronpuaTHU 3a pacTeHMeTo rpaHumumn - Hag 85% ot [MNB, Ho ce
HabniogaBa NEKO CTECHEHWE Ha KOHTypa B paguyc, HO 3anasBaHe Ha Bnarata B
AabnodoymHa B rpaHnum Hag 90% ot [MMNB. PaguanHo OT NONMBHUTE Kpwuia BraXHoOCTTa

HamansBa, a B LEHTbpa Ha peda ce Habnwogasa gobpa BnarosanaceHocT Hag 95% ot

MnB..
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Figure 2. Soil wetting patterns before and during harvesting treatment T,

Han-HebnaronpuatHuaT BapmaHT T, - HanosiBaHe ¢ 60% OT onTuManHata nonveHa
HOpMa — O4YakBaHO MMa HaW-TECHM KOHTYpU Ha HaBnaxHsaBaHe (cwr. 2). B nepuoga npean
nnogoAaBaHe BNaXHOCTTa B KOpeHoobutaemust noyseH cnoun e mexay 85 n 95% ot INMNB.
lMogaBaHOTO KONMYECTBO BOAA BCe Nak € Buno JocTaTbyHO, 3a Aa 3a40BOMW HYXOuTe Ha
pacTeHusTa OT BOAa B nepuoga npean nnogogasaHeTo. KOHTypuTe Ha HaBnaxHsiBaHe npu
TO3X BapuvaHT MO Bpeme Ha NnogodaBaHETO Ca 3HAYMTENHO CTECHEHUW B CpaBHEHWE C
BapuaHT T4, HO e ocurypeHa BriaxHocT Hag 80% ot [INB B KOpeHoOOMUTaeMusa Crion Ha

pacTeHusTa.
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Figure 3. Soil wetting patterns before and during harvesting treatment T3

KoHTypuTe Ha HaBnaxHsiBaHe npwu BapuaHT T3 (cur. 3) ca CTeCHeHN B CpaBHEHUE C
BapmaHT T4, HO BnaxHocTTa octaBa Hag 85% ot lMNB B kopeHoobuTaemus cron. o
BpeMe Ha nnofofaBaHeTo ce HabnogaBa HamaneHue Ha obwms o6emM BRaXKHOCT, HO TOM

BCe MNaK oCTaBa 3HA4YUTEIEeH.
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KoHTypuTe Ha HaBnaxHsiBaHe Npw BapuaHT T4 Npu cpeaHa HanouTernHa HopMa 3a
aBeTe ekcnepumeHTtanHu roguHn 500.91 mm (cowr. 4) nokaseart, Ye pacTteHusaTa ca bunu
nobpe cHabaeHnwn ¢ Bnara B nepuvoga npeav nrnoaodaBaHe KakTo B Abnbo4MHa, Taka U B
WwupoymHa. BnaxHoctta B kopeHoobuTaemusa cnon e Hag 90 % ot MNMNB. Hannuneto Ha
BnaxHocT Hag 95% B cnos 0.40-0.50 m o3HayaBa, 4Ye no4vBata e Owuna [obpe
BrnarosanaceHa npeau HanosieaHeTto. B nepuoga no Bpeme Ha nnogogasaHe Briarata
OoCTaBa B GnaronpusiTHM 3a pacTeHNeTo rpaHuum - Hag 85% ot lNMNB, Habnogaesa ce neko
CTEeCHEHMEe Ha KOHTypa B paguyc, HO 3anasBaHe Ha Brarata B AbfboynHa B rpaHnum Hag
90% ot IMMNB. OyakBaHO pe3ynTatuTe ca 6nun3kun ¢ Tean npu BapuaHT T1, UMarkn Npeasug
CXOAHUTE NOSIMBHU HOPMW.

3aknioyeHue

[MonyyeHuTe pesyntaTtu OT NpPOBEAEHUTE OBYroAULUHW W3cCredBaHUA Ha OoMaTtw,
OTIMEXAAHN NMPU KaHeneHa ropcka, usnyxeHa novesa, naBaT OCHOBaHME Ada Ce HanpaBaTt
cnegHuTe No-BaXkHW U3BOAMN:

Han-ronamo BnNusiHne BbpXy KOHTYpUTE Ha HaBnaXkHABaHE OKa3Ba rorfiemuHaTta Ha
HanouTenHata Hopma.

BrnaxHoctTa Ha nouysata B crnod 0-0.50 m e oTHOCUTENHO MOCTOSiHHA M € B
rpaHmumnTe 90-95% ot NINB 3a kopeHoObUTaemMus crion.

HaBnaxHABaHETO Ha noyBaTta Npu mMacreaBaHaTa cxema e 6uno paBHOMEPHO U ca
ocurypeHun naronpusiTHy yCrioBug 3a pasBuUTUE Ha pacTeHusTa.

Han-Bucoknte CTOMHOCTM Ha HanuyHa Bnara B no4Bata Mpu OpaHXepumnHo
OTINexaaHe Ha AoMaTtu Npu KankoBO HarnosiBaHe ce [ocTurat npu BapuaHtun T4 u Ta,
CbOTBETHO Npu HanoutenHn Hopmu 500.79 mm n 500.91 mm.
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Bb3MOXXHW 3ENEHU BbIMMEPOAHW NMPAKTUKU 3A PECYPCHO
onon3oTBOPABAHE HA OTNAABUX OT OPAHXEPUUHU NMPOU3BOACTBA
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Oxpudcku*“ 8, ep. Cogpus, brneapus?,
e-mail: iordanovbg@gmail.com, yonchop@gmail.com, ekaterina_sr@abv.bg

Pe3tome

Llenta Ha TO3M [Ooknag e na ce nNpeactaBsaAT MNEepCnekTMBU 3a MHTErpupaHm
MKOHOMMYECKN edEeKTUBHU U coumnarHo NpUEeMSIMBU  arpOeKONOrMYHN  MNpakTUKK  3a
peanusnpaHe Ha OCHOBHUTE NMPUOPUTETN B CEKTOP OT CESICKOTO CTOMAHCTBO, B T.4. U MpK
MapHWUKOBO MNPOU3BOACTBO 3a nporpamHus nepuwog 2021-2027 ., npeanoxeHun ca
Bb3MOXHN WHTErpuUpaHn BbIMEPOOHN MpPakTUKM 3a HamansBaHe Ha KOnM4ecTBOTO
NMapHWKOBW ra3oBe, KOETO O NOMOrHano 3a BbBeXAaHe Ha MNPUHLMNUMTE Ha KpbrosaTta
MKOHOMMUKa, Bopba C KNMMaTUYHUTE MPOMEHW, Ype3 BHEAPSBAHETO MM B MAPHWKOBOTO
NpOM3BOACTBO, KAaKTO M MOCTUraHe Ha 3anoxeHute uenu B EBponenckaTa 3eneHa caenka
3a YCTOMYMBOCT Ha MKOHOMMKaTa Ha EC.

Knroyoeu Oymu: rnapHUKOBOMO rpou3eodcmeo, 8b21epOOHU MPaKmMuKu, pecypcHo
orosi3omeopsieaHe.

POSSIBLE GREEN CARBON PRACTICES FOR RESOURCE RECOVERY OF BIO-
WASTE FROM GREENHOUSE PRODUCTION

Jechko lordanov'!, Ruslan Janev', Yoncho Pelovski?, Ekaterina Serafimova?

National Association "Green Land", vill. Mikrevo ,. Mun. Strumjani, Bulgaria’
University of Chemical Technology and Metallurgy — Sofia, Blvd. 8 Kliment Ohridski Str.,
Sofia, Bulgaria®
e-mail: iordanovbg@gmail.com, yonchop@gmail.com, ekaterina_sr@abv.bg

Abstract: The aim of this report is to present prospects for integrated cost-effective
and socially acceptable agri-environmental practices for the realisation of the main
priorities in the agricultural sector, including in greenhouse gas production for the 2021-
2027 programming period, possible integrated carbon reduction practices are proposed,
which would help to introduce the principles of the circular economy, combating climate
change by integrating it into greenhouse production, as well as achieving the goals set in
the European Green Deal for the Sustainability of the EU Economy..

Key words: greenhouse production, carbon practices, resource utilization.

BvBegeHue

B npuetHute pernameHTM Ha EBponenckata komucus (EK) oTHOCHO uenute u
3agaunTte B obnact 3emedenue Ha ctpaHuTe uneHkn Ha EBponenckna Cbio3 (EC) 3a
OCbLLIECTBSIBAHE Ha KOMMJSieKca OT CTpaTernn ca 3anerHanu B pelueHusita Ha MapumxkkoTo
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crnopasymeHue no Knumara, cTpaterusita 3a peanuampaHe Ha "KpbroBum MKOHOMUKN” 1 Tasun
Ha "3eneHusat MNakT”.

HeobxogumocTTa OT BbBeXOaHe Ha TakmBa pereHepaTtvBHUM HUCKOBBLINEPOLHU
NPakTUKN € CBbp3aHO C HamansiBaHe MapHUKOBUTE rasoBe OT CEefiICKOTO CTOMaHCTBO U
NOETUTE aHraXUMEHTU Aa ce HamManaT HETHUTE eMUCUMM OT MapHWUKOBW ra3oBe 3a
KONMEKTUBHO MOCTUraHe Ha HeyTparHOCT Mo OTHoLWeHue Ha knumaTta go 2035 r. B cektopa
Ha 3eMenon3BaHeTo, NPCKOTO CTOMAHCTBO U cenckoto ctonaHctBo [EC A new circular
economy action plan ; 2020 ], [EC _Climate change ; 2021] .

BbB Bpb3Kka C M3NBbIIHEHMETO Ha uenuTe Ha EBponenckn 3eneH nNakT ca pasrnegaHu
NPeanoXeHns 3a peuuknupaHe M yCTOMYMBO CbXpaHeHue Ha Bbrnepoga , o6o6LeHn B
cboOLLeHe OTHOCHO ,YCTOMYMBM BbIMEPOOHN LMKIN®, B KOETO Ce MOCoYBaT HauYnHUTE 3a
yBEenMyaBaHe Ha nornbllaHeTo Ha aTtmocdepHus Bbrmepon [EC ;2022]. [nasHa
rnepcriekmuea € yragsgHemo Ha e6beriepoda U epbwaHemo My obpamHo 8
cerickocmonaHckume ro4yeu. Tosa 6u 0oserio 00 3acuneaHe Ha Obwusi MPUHOC Ha
3emedeniuemo om 2riedHa moyka Ha rpuna2aHemo Ha fpakmuku 3a pekapboHu3ayusi.
Om Opyea cmpaHa mosea we [100rIOMO2He UKOHOMUYECKU  3emederickume
rnpouseooumersiu, kKamo ocuaypu 0onbIHUMENHU 00xo0u. IMeHHO rnopadu masu rnpuvyuHa
eQHa OT OCHOBHMUTE Ha obuiaTa CericCkoCTonaHcka MonuTMKa € BbBeXOaHe Ha HUCKO
BbIMEePOLHO CEeSiCKO CTOMAHCTBO M yNnaBsiHE Ha BbINepos Ypes 3emedenckuTte nnowm. 3a
LuennTe Ha MOHUTOPUHIa M MPOBEPKUTE Ha aBTEHTMYHOCTTA U eKoNorocbobpasHoCTTa Ha
BMCOKOKa4YeCTBEHOTO W YCTOMYMBO MOMbllaHe Ha Bbrnepod, A0 Kpas Ha 2022 .
Komucuata we npeonoxm perynatopHa pamka Ha EC 3a ceptudmumpaHe Ha
NornbLUaHNATA Ha BbINepod, OCHOBaHa Ha CTabunHU 1 Npo3payHn npasuna n U3MCKBaHUs
3a OTYMTaHe Ha BbrnepoaHuTe emucun. MNpaBunara we ocurypaT HeobxoaumaTa npaBHa
paMka 3a MawabHO yBennyaBaHe Ha YynNaBAHETO Ha BbIMepoda B CErCKOCTOMaHCKUTe
MOYBM M Ha NPOMULLIIEHUTE PELLEHUS 3a OTCTPaHABAHETO My OT aTMocdepara.

MaTtepuanu u metoau

MpunaraHe Ha  UKOHOMMYECKN edEKTUBHM U EKOSIOTMYHO  €dPEKTUBHMU
AELEeHTpanM3npaHn HUCKOBBITIEPOOAHN MPaKTUKM 3@ PECYPCHO OMNON30TBOpPsiBAHE Ha
OvopasrpagumMmm oTnagbUn OT OpaHXXEPUNHUTE NPON3BOACTBA.

BbBexxgaHe Ha WMHOBATMBHM MNOAXOAM 3a OMON30TBOPSBAHE HA reHepupaHuTe
oTnagbLM KaTto pecypcu 1 Onon3oTBOPSBAHETO UM Ype3 BbINepod oTpuuaTesiHvi NpakTukn
€ Bb3MOXHO 4Ype3 M3Mon3BaHe Ha OTnagbYHUsA pecypc OoT Guomaca OT OpaHXepUNnHUTE
NPOM3BOACTBA, Mpunarankn AeueHTpanuanpaHm u aekapboHM3MpaHu npakTUKK 3a
reHepupaHe Ha anTepHaTUBHA €HEeprusi U 3agbpXXaHe U CbXPaHEHWE Ha OpraHuyeH
Bbrnepon B noysute. BaxkHo e Aa ce paspaboTeaT v npunarat MHTerpMpaHn CUCTemMm 3a
BbBEXAAHE Ha TEXHOMOMMYHU CXEMU N TEXHOMOrMYHO obopyaBaHe 3a pereHepaTtuBHO
3emegenue n Brnaro3agbp)xaHe B noyBuTe. B abnrocpoyeH nnaH Cb3gaBaHETO Ha
cuctema 4pe3 060CHOBaHO U coumanHo NPUeEMMBO OMNON30TBOpPsiBAaHE Ha Guopasrpagnumm
oTnagbuM OT MAapHUKOBUTE NPOM3BOACTBA KaTO pPecypcu 3a Te3n MHTerpupaHu CUcTtemwu,
e goBedaTt Ao AeUeHTpanuanpaHyM HUCKOBBLIMEPOAHM 3eeHn NPakTUKK, KOMTo MoraT ga
cTaHaT 4acT OT CUCTEMWU OT KPbIoBW BbIMEpOod OTpuULaTENHW pervMoHanHu npakTukM B
CEKTOP CENcKO CTOMAaHCTBO.

3a nocturaHe Ha nocoyeHaTta cucrtema oT MEepKn e HeobxogMmo aa ce peanunsnpa
cnegHata nocnenoBatesiHoCT OTNOCO4YEeHUTE MNno-A0151y CUCTEMMU .

e BbBexpgaHe Ha ageueHTpann3npadHn cncteMmm 3a MKOHOMUYECKO u,enero6pa3Ho
npon3BoacTBO Ha HUCKOBbINepoaHa eHeprma wu ctabunHo HaTpynBaHe "
CbXpaHeHune Ha opraHn4yeH Bbrnepon B No4BuUTeE,
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o BbBexgaHe Ha BUCOKOEMEKTUBHM CEMULLHM EKOCUCTEMWU 3a W3BMMYaHe W
3agbpkaHe Ha CO, 3a ycTonuMBa NpeBeHUMst NpegoTBpaTsiBaHe Ha NPUPOAOHM
GencTeus B creacTBMe Ha KNUMaTUYHUTE NMPOMEHM;

o BwbeexgaHe Ha BioCCS (6MonorMyHo namMvBaHe WM ObNrOTPaAnMHO 3adbpXkaHe Ha
Bbrnepos B MOYBMTE) MPaKTUKWU, 3a CMeKYaBaHe Ha rnobanHuTe nocneacTsus ot
KIMMaTUYHUTE NPOMEHN.

« BbBexgaHe Ha obocHOBaHa cuCTEMa 3a YCTOWYMBO pas3BUTWE Ha PErMoHU W
CMeK4yaBaHe Ha NOCMNeaCcTBMATa OT KNMMaTUYHUTE NPOMEHUN Ype3 HUCKOBLITIEPOAH
NPaKTUKK;

U PeanmsvlpaHe Ha TMpPOEeKTNn Ha KpbroBata WKOHOMUKaA MNpun wn3nNnon3BaHe Ha
NnpoayKTUTE N OTNagbLUNUTE OT CEJICKOCTOMNAaHCKOTO NMpPon3BOACTBO ,

C BbBeXgaHeTo MM LWe Cce [OeMOHCTpUpaT W MHTerpupaHn nonsm ot
pekapboHM3aLmaTa Ha NOYBUTE, YNaBsHE U CbXpaHEHWe Ha BbIfepon, HamarnsiBaHe Ha
reHepupaHuTe emMmmcum 3ambpcsiBalim atmocdepara OT 3eMenon3BaHe U KonuyecTBa
Bbuopasrpagumn otnagbun. OT gpyra cTpaHa BrOXEHUTE MNPOAYKTU Le nonobpsaT
MOYBEHOTO NNOAOPOANE N CTPYKTYpa.

Pe3ynTtaTtu n o6¢cbxaaHe

MpunoXxmmm TexXHONormm n TeXHUYECKU CUCTEMU 3a NOCTUraHe Ha LenuTe Ha
BbIMepoaHOTO 3emeaene B opaHXXepumnHUTe Npon3BOACTBa.

EgHa oT Han yecTo npunaraHuTe TEXHOSNOMMYHU CXEMWU N TEXHUYECKM CUCTEMU 3a
pereHepaTMBHO BbIMIEPOOHO OMOSI30TBOPSiIBAHE HAa 3efeHn oTnagbuu € KOMNOCTUPAHETO
OCbLUECTBSABAHO 4Ype3 aKTUBMPAHO KOMMOCTMpPaHe B 3aTBOPEHU CbOOBE 3a rapaHTupaHe
CaHUTapU3NpaHeTO Ha KpanHUSA NPOOYKT CbIMacHO U3UCKBaHUATaA OnpedeneHn Kakto oT
ObNrapckoTo 3aKoHO4ATENCTBO, Taka N Ha Te3an Ha EBponerickata Komuncus [EC REG Ne
1069/2009;2009].. PaspaboteHa n nNpunoxeHa e Tpu CEKLMOHHA 3aTBOPEHa pOTaLNOHHA
cucTtema 3a akTMBMpaHO KOMMOCTUPaHe - NokasaHa Ha cur 1. u cur. 2.

durypa 1 PoTaunoHHa 3aTBOpeHa cuctemMa 3a YCKOPEHO TEPMOGUIHO KOMMNOCTUPaHe

Taka KOHCTpyMpaHaTa 3aTBopeHata poTauMOHHa CuUCTeMa W npunaraHeTo Ha
aKkTMBMpaHa TexHOoMNornsa, rapaHTupatr Obp30TO pasBuTMe Ha TepModunHa dasa -
HeobxoaMmo ycrnoBMe 3a MbIIHOTO CaHUTapuanpaHe Ha KpamHWs NPoAyKT OT edHa CTpaHa
M OT gpyra MHOTFOKPaTHO MO KpaTKMsA CPOK (B paMkuTe Ha 28 AHM) 3a MbMHOTO 3aBbpLUBaHe
Ha NpouUechT Ha KOMMNOCTUPaHe.

Ha dwur. 2 e nokasaHa TunuyHa TemnepaTypHa rpaduka Ha npouecbT Ha
KOMMOCTUpaHe, OCbLLECTBABAH C rnpunaraHe Ha onnuceaHaTa cucTema.
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® [HeBHa TemMnepaTypa Ha Bb3ayxa
@ Temnepatypa Ha KoMnocTupaHe

dPurypa 2 TemnepaTypHa rpacumka Ha NpouechT Ha KOMNOCTUPaHe

lMpeomMmcTBaTa Ha akTUBMpPaHa TEXHOMOMMNSA 3a KOMMOCTUPAHE € UHTEH3UULMpaHus
npoLec Ha KOMMocTUpaHe Ypes npunaraHe Ha yckopurtenu 3a komnoctupaHe [Kostov.O.,at
al; 2019,]. n cb3gageHuTe ycnoBuMs B 3aTBOpeHaTa poTauMOHHa cucTema 3a
KOMMOCTUpPAHe , KOUTO OMO3BOMsiIBAaT MNOCTUraHe Ha OKOMO TPUKPaTHO HamansdBaHe Ha
HeobxoAMMOTO BpemMe 3a KOMMOoCTUpaHe Pesyntatmh OT HSKOW OpaHXepUnHU
Npon3BOACTBa M Nony4yeHn 4OOMBM NpW N3MNON3BaHE Ha ONUCAHUAT METOA;:

Mpn Npon3BOACTBO Ha goMaTteH pascand, AobuebT ce yBenuyasa 125 -237 %.
MpooyKkTbT ce nosABABa Ha nasapa ¢ 15 gHK no-paHo.

Mpn opaHXepunHO NPOU3BOACTBO Ha [JOMatyM MpU  KankoBO HanosBaHe C
npunaraHeTo Ha TO3n BUA KOMMNOCT Jo6MBBLT ce yBenu4yaea ¢ 114 - 121 %.

[Mpn opaHXepuinHO NPOM3BOACTBO Ha KpacTaBULM BbpXY 3peeLl KOMMOCT, 40OMBbT
ce yBenuyaea 150-170 %, npogykTbT ce nosiBABa Ha nasapa no-paHo ¢ 10 go 12

[HW.

B peguua aBtopcku ctatum [Pelovski Y.at al ;2018] ,[Serafimova E.,at al;2018] ,
[lordanov J.at al;2018],[Serafimova E.at al ;2021] ca nogpobHO onucaHu pasnuyHUTE
TEXHUYECKM PELUEeHNs Ha cuctemum 3a KapboHu3npaHe, NnapaMeTpu, KayecTBa Ha KpanHus
NPOAYKT U Bb3MOXHOCTUTE 3a M3MON3BaHe Ha BMONMOrMYeH BbITIEH B PA3NINYHN CEKTOPU Ha
CEeNicKoTO M FOPCKOTO CTOMaHCTBa C Uen BbBexaaHe Ha BbrnepogHo 3emegenuve. OT
rmefgHa TOYKa Ha pasrnexgaHoTo NPUNOXEHNE B MapHUKOBUTE NMPOM3BOACTBA MOAXOOALLM
ca MUPONM3HUTE MHCTanauum, C Xopu3oHTasHa Kkamepa — NPUHLUKUMNHA CXeMa, Ha KOSTO e

nokasaHa Ha dour. 3.

Purypa 3 lNpnHUMNHaA cxemMa Ha NUPONKU3Ha MHCTanaunsa ¢ XopusoHTarnHa kamepa
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Apyr nogxon B UHTErpupaHuUTe CUCTEMU € BbBEXOAHETO Ha BbIMNepoaeH ANOKCUA 3a
opraHusvpaHe Ha (POTOCUHTE3a Ha pacTeHuATa B opaHxepuuTe. [lokasaHaTa Ha Pur.3
NMPONN3Ha MHCTanauma C XOpU3OHTasHa Kamepa no3BosisiBa 0e3 CNOXHU TEXHUYECKU
N3MEHEHNsa OT rasmduumpaHusa NoTok Aa ce oTAeNnu M nssBede M3BbH MHCTanauuata npu
Heobxogumoct CO,, cneg koeto fa 6bae cBbp3aHa C nogasalla WMHCTanauus c
onpegeneH obem n Oebut BbrMepoaeH AWOKCUA AVMPEKTHO BbpHAT B OpPaHXEpPUMHOTO
NPOCTPaHCTBO.

BbrnepogHuaT guokcua e HeobxoaMMm Ha pacTeHudaTa npu XUMUYHU  peakuuu
(dboTOCKMHTE3a) 3a BMOCUHTE3aTa Ha BbIMEXuApaTUTe Kato OCHOBa Ha XpaHUTENHUTE u
CKENeTHUTE KOMMOHEHTU Ha pacTUTENHUTE KIEeTKM U TbKaHW, 3a Ja Ce OCUrypu pacTex,
pasBUTME W KaTo pesynTtar noBuaBaHe Ha [OobuBuTe OT OTMEXAaHUTe KynTypwu.
Cuctemata e HeobxoaMmo [a BKMOYBA: rasoreHepartop, BeHTMNatop, Ao3vpallo
YCTPOWCTBO, ra3oB aHanuM3aTtop, TPaHCMopTHa NUHUMS U codpTyepeH KoHTpon [Supply of
CO2 in the greenhouse;2022]. NpuHuMnHaTa cxema 3a nogaBaHe Ha BbrnepoaeH ANoKcua
3a CTUMynupaHe Ha (POTOCUHTE3a Ha pacTeHUsITa B OpaHXepun € nokasaHa Ha qur. 4.

®durypa 4. lNprHumMnHa cxema 3a nogasaHe Ha CO;

C peanusmpaHeto Ha nogobHa cucTtemMa OT OCbBLIECTBUMU HUCKOBBITIEPOOHU
AeLEeHTpanmMaMpaHn npakTuKM e Bb3MOXHO 6bp30 M edhekTMBHO Aa ce MynTunavumpar
edeKTUTE B YNCTO MKOHOMWUYECKN M COUMAneH nnaH u Kato KparHa uen ga ce uarpagar
OCHOBUTE 3a BbBeXgaHe WKOHOMUYECKM OOOCHOBaHa “3eneHa WHpacTpyktypa’,
"BbINepoaHo 3emenenune” n “3eneHa MKoOHoMuKa”.

3aknrvyeHue

Pa3paboTBaHeTO Ha HaUMOHANHWM MWHUMAanHW CcTaHgapTU 3a MporHosvpaHe u
NpaBUITHO OLIEHSIBAHE Ha yNaBsHETO Ha BblNepoa B NoyBaTa € OT CbLUECTBEHO 3Ha4YeHue.
Heobxogumo e Te Oa oTpassiBaT NPOAbLIMKUTENHOCTTA Ha BbIMEepoaHUs NPecTon B
noyBaTa, 3a OLUeHKa Ha eeKTUBHOCTTa Ha npunaraHnsa metod. [lonyvaBaHeTo Ha GoraTta
Ha BbrNepo novesa nognomara pesynratute Ha 3emenerickute nNpPou3BOAMTENW, KaTo
nogobpsiea 3apaBeToO Ha noyBaTta 1 yBenuyasa gobusure.

Kato ynpaBneHcka npakTvka npeacTaBeHUTe WHTErpMpaHuM CUCTeMM npeanarat
3HaYMTEeNneH NoTeHuunarn 3a CMek4yaBaHe Ha KNMMaTU4YHUTE NPOMEHM.

CoblectByBa HeobXoAMMOCT OT MNO-HaTaTbLHO pasBUMTME Ha MeToauTe 3a
HabnogeHve 1 yBenvyaBaHe Ha NpPaKTUYecKust OnnuT, N NoAOOPEHM OLIEHKN Ha NoTeHuuana
3a BbIMepoaHO 3eMedenne, 3a MoBMLIABaHe Ha 3HaHMATa U HamansiBaHe Ha Gapuepute
npea yCBOSIBAHETO Ha BbINepoaa 3a 3eMeAernckn Lenw.
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MOHUTOPUHI HA NOYBU OT NONAPHU EKOCUCTEMU HA O. IMBUHICTbH
(AHTAPKTUOA) U PONATA MY 3A CTPATETMUTE 3A CMEKYABAHE HA
KNMAMATUYHUTE NPOMEHMU

MwurneHa XXunsaHcku

WHcmumym 3a eopama — bbrzapcka akademusi Ha HayKkume

TeHaeHUMUTE Ha rnmobanHoTo 3aTonnsgHe Han-CUIMHO ce oTpassBaT B AMHAMMKaTa Ha
ropHata 4act Ha nuTtocdeparta, ocobeHO B MNonsipHUTE ekocucTeMu. BrnvsHueto Ha
€K30reHHUTe npouecn BbpXYy KOMMOHEHTUTE Ha eKkocucTeMmTe M Bpb3kata buocdepa-
nutoctpepata, T.e. B MNoOYBW, Boau OO0 npeobpasyBaHe Ha ENEMEHTHUTE LMKIW,
BKIMIOYMUTENHO Te3M Ha XpaHUTENHUTE BellecTBa, B pasfnyHM BPEMEBU OManas3oHu.
MonapHuTe ekocucTemMn, M no-cneumanHo Te3n B AHTapKTUKa, Ce XxapakTepusumpar C
npeobnagasaHe Ha kpuoconu /Cryosols/ — ToBa € XxapakTepHO U 3a 0. JIMBUHICTBH.
Bbnrapckata AHTapkTndecka basa Ha ocTpoB JIMBUHICTLH faBa YHUKanNHaTa Bb3MOXHOCT
3a NpoBeXgaHe Ha MOHUTOPWHI Ha MoYBeHaTa CUCTeEMa B YCIOBUSTA Ha €eKCTpPeMeH
Knumat, npu nunca Ha NpAKO aHTPOMOreHHO HaToBapBaHe M B ycCroBuaTa Ha rrnobanHu
KnuMatuyHM npomeHn. [laHHMTe 3a novBeHata cuctema Ha 0. JIMBMHICTBH ca
aHanuaupaHu B TpaHcekTa ¢ 29 ToukM 3a npoboHabupaHe B panoHa Ha BAB ,Cs. Kn.
Oxpuackn®, oT KoUTo e cbbpaH NMbpBMYEH MaTepuan 3a aHanuM3 Ha mMopdornorusTa u
CbCTaBa Ha nodyBaTa. B poknagja e npeactaBeH aHanmM3 Ha OCHOBHWUTE  MOYBEHU
XapaKTePUCTUKN B MOMSIPHUTE EKOCUCTEMU, aHaNU3npaHu ca AaHHW 3a CbObpPXKaHMETO Ha
TEXKN MeTanu U paguoHyknuau Bb3 OCHoBa Ha pesyntatm oT 1993, 2003, 2018 n 2019
rognHa. [lonbnHeHa e cBeToBHaTa 6asa faHHM ¢ nHopmaums 3a npouecute Ha BUoreHHo
HaTpynBaHe W 3a MpMHOCA Ha MOMNSPHUTE EKOCUCTEMM KbM BbrepoaHuss 6anaHc Ha
nokarHO W pernoHanHo HWBa 3a npunaraHe B CcTpaTerMuTe 3a CMeKk4yaBaHe Ha
KNUMaTUYHUTE NPOMEHN.
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MONITORING OF SOILS FROM POLAR ECOSYSTEMS IN LIVINGSTON ISLAND
(ANTARCTICA) AND ROLE FOR GLOBAL CHANGES MITIGATION STRATEGIES

Miglena Zhiyanski

Forest Research Institute — Bulgarian Academy of Sciences

Global warming trends are most strongly reflected in the dynamics of the upper
lithosphere, especially in polar ecosystems. The influence of exogenous processes on the
components of ecosystems and the biosphere-lithosphere connection, i.e. in soils, leads to
transformation of elemental cycles, including those of nutrients, in different time ranges.
Polar ecosystems, and in particular those in Antarctica, are characterized by a
predominance of Cryosols - this is also characteristic of Livingston island. The Bulgarian
Antarctic Base on Livingstone Island provides a unique opportunity to monitor the soil
system in conditions of extreme climate, in the absence of direct anthropogenic load and
under global climate change. The data on the soil system of the Livingston Island were
analyzed in the transect with 29 sampling points in the case-study area of BAB "St. KI.
Ohridski", from which primary material was collected for the analysis of soil morphology
and composition. The report presents an analysis of the main soil characteristics of polar
ecosystems, analyzed data on the content of heavy metals and radionuclides based on
results obtained from the realized expeditions in 1993, 2003, 2018 and 2019. The global
database has been supplemented with information on biogenic accumulation processes
and on the contribution of polar ecosystems to the carbon balance at local and regional
levels for further implication in global changes mitigation strategies.
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HAMNPEYHO PA3MNPEAOENEHUE HA PABOTHA TEYHOCT NP POTALIMOHEH
PA3MPBCKBAY MICRON

Bnaron EneHoB, EneHa lumutpoBa

MHCcmumym no no4eo3HaHue, agpomexHOI02uuU U 3auuma Ha pacmeHusima
"H. lNywkapos”,
CernckocmonaHcka Akademusi

Pe3ome

KayecTBOTO Ha 3emegenckata npoaykumMss HaW-CbLLECTBEHO ce BhAude OT
npunaraHeTo Ha XMMMWYHUTE npenapaTtn. B CbOTBETCTBME CbC CbBPEMEHHUTE U3UCKBaAHUS
3a KayecTBO € HeobxoaMmoO Aa He ce npeBuwaBaT HOPMUTE, KOUTO MNpuyYMHABAT
3aMbpcsiBaHE U CbLLUEBPEMEHHO OnasBaT pacTeHudATa oT Gonectn u Henpuatenu. Toea
Hanara TbPCEHETO Ha OnpbCKBaLla CUCTEMa OcuUrypsieallia onTUMasnHo KarnkoBoO MOKpUTKE.
KankoBOTO MNOKpUTME MOXEe [da Ce KOHTponuMpa C W3MNOM3BaHETO Ha pPOTaALMOHHM
pa3npbckBayu. Te umart ToBa NpeamMMcTBO, Ye Ype3 NPOMsIHA Ha CKOPOCTTa Ha BbpTeHe u/
unn pebuta Ha nogaBaHe Ha paboTHa TEYHOCT MOXE Aa ce Monyyun nNpeaBManm pasMmep Ha
Kankute.

CROSS-DISTRIBUTION OF WORKING FLUID IN A MICRON ROTARY SPRAYER
Blagoi Elenov, Elena Dimtrova

Institute of soil science, agrotechnologies and plant protection ,Nikola Poushkarov®,
Agricultural Academy

Abstract

The quality of agricultural production is most significantly affected by the application
of pesticides. In accordance with modern quality requirements, it is necessary not to
exceed the norms that cause pollution and at the same time protect plants from diseases
and insects. This necessitates the search for a spraying system providing optimal droplet
coverage. Droplet coverage can be controlled with the use of rotary sprayers. They have
the advantage that by changing the rotation speed and/or the flow rate of the working fluid,
a predictable drop size can be obtained.
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ANALYSIS OF DATA FROM FIELD EXPERIMENTS WITH STANDARD STATISTICAL
PACKAGES

Alexander Sadovski

ISSAPP “N. Poushkarov”, Sofia
e-mail: bsc.ieas@yahoo.com

Abstract

The main purpose of the present review is to present the capabilities of some
standard statistical packages, as well as to illustrate some of their applications on real
data. It includes the following statistical packages: IBM SPSS, StatSoft STATISTICA,
Statgraphics, NCSS, GraphPad Prism. Data analysis results from field trial are presented
to evaluate the effect of interaction between different rates of fertilizers: nitrogen,
phosphorus, potassium, and silicon on the vegetation of Wheat (Triticum aestivum L) on
Pellic Vertisol, Bozhurishte. Experimental design, which is 1/2 replication of a 2* factor
scheme with added control variant was used. Another example is on the development of
wheat and finding optimal values of the nutrients in the conditions of field experiment on
Alluvial-meadow soil on the experimental field in Tsalapitsa, Plovdiv district. Effect of
different fertilizer rates on some quantitative parameters of Maize (Zea mays L.) in pot ex-
periment with Alluvial-meadow soil at harvest was studied. Different statistical packages
were used in presented data analyses. Some recommendations are given in conclusion.

Key words: Field experiments, data analysis, statistical packages.

Pe3ome

OcHoBHaTa uen Ha HacTodawwms 0630p € Oa NpeacTaBuM Bb3MOXHOCTUTE Ha HSAKOW
CTaHOApPTHN CTaTUCTUYECKM NaKeTW, KaKTO W Oda WICTpUpa HAKOM OT  TEXHUTE
NPUIIOXXEHNA BbPXY pearnHu gaHHW. Ton BKMYBa CriegHuTe ctatucTudeckn naketu: IBM
SPSS, StatSoft STATISTICA, Statgraphics, NCSS, GraphPad Prism. lNpeactaBenn ca
pe3yntatTm OT aHanu3 Ha [JaHHM OT MOJfICKM OnuUT 3a oueHKka Ha edekta oT
B3aMMOJENCTBMETO MeXy pasfnyHM KonuvectBa TopoBe: asoT, docdop, Kanum u
CUNUUMIA BbPXY pas3sBuTUeTo Ha nweHuua (Triticum aestivum L), 3acsta BbpXy uanyxeHa
cmonHuua, boxypuuwe. 13nonsesaHa e ekcnepuMeHTanHa cxema, KosaTto e 1/2 pennuvkaums
Ha 24 cbakTopHa cxema ¢ fgobaBeH KOHTPOEH BapuaHT. [lpyr npumMep e BbpXxy pasBUTUETO
Ha MWeHMUua U HaMMPAHETO Ha ONTMMAariHM CTOMHOCTM Ha XPaHWUTENHUTE BELLECTBa B
YyCroBMsITA Ha MNOJSICKA OMUT BbpXY alnyBuanHo-nMBagHa no4yBa Ha OMUTHOTO Mofe B
Llananuua, obnact lNnosauB. V3cneaBaHo € BRMSIHUETO Ha pasfnnYyHUTE TOPOBM HOPMMU
BbpXY HSKOWM KONMMYECTBEHU NapameTpu Ha uapesuua (Zea mays L.) B cbgoB onut C
anysuanHo-nMBagHa noyea. B npeacraBeHuTe aHanuM3aM Ha gaHHM Bsixa M3nNon3saHu
pasnnyHn CTaTUCTMYECKN NnakeTn. B 3aknoveHne ca gageHun HAKoU nNpenopbKu.

Knroyoeu Aymu: lNoncku onumu, aHanu3 Ha 0aHHU, cmamucmu4ecKu nakemu.
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BIMUAHUE HA XBJTTATA PBXXOA (PUCCINIA STRIFORMIS) BbLPXY
NMPOAYKTUBHOCTTA NPU TPUTUKANE - METOAUN 3A CKPUHUHT MNMPU MNMOJICKA
YCNOBUA U PE3YNTATHU

Xpucto CtosiHoB', BaHsa UBaHoBa', Acnapyx ATaHacos?, Pagko Muxainos?

"CenckocmonaHcka akademusi — Cogpusi, [JobpydxaHcku 3emedernicku uHemumym —
leHepan Toweso
2[lobpydxaHCKU mexHormo2u4yeH Komex, TexHu4Yecku yHusepcumem — BapHa

XXvntata pwxga (Puccinia striformis) e eguH OT Han-BpegOHOCHWUTE MnaTtoreHu npu
TpUTMKane, KOWTO € B CbCTOAHME [a HaHece CepuOo3HM TMOPaXKEHUs BbPXY
NPOAYKTMBHOCTTA, M KayeCTBOTO KaKTO Ha 3bpHOTO, Taka WM Ha 3eneHata maca oOT
KynTypata. ToBa Hanara pa3paboTBaHETO Ha YCTOMYMBM WU TONEPaHTHU COPTOBE, B
3aBMCMMOCT OT CerieKUMOHHOTO HanpaBfeHue Ha u3non3eaHe. Kato dact ot
CenekumMoHHaTa cTpaTterusi, OueHkaTta 3a HanageHue OT XbfTa pbXaa € OT ocobeHo
3HadyeHne pa Obae wu3BbplBaHa TOYHO, ObP30 M KAYecTBEHO BbLPXY ronsaMm OGpon
cenekumoHHn matepmanu. C uen ga 6bae npoyveHa nosieata M HanageHWeTo OT naroreHa
ca u3crnenBaHu B NpoabibkeHue Ha yYeTupun pekonTtHu roguHu (2019-2022), eanHagecet
Obnrapckm n cegemHageceT noncku copta Tputukane. OTYMTaHETO Ha nosiBata W
pa3npoCTpaHEHNETO € npocneasisBaHo No moauduumpaHaTta ckana Ha Cobb, ypes3 npsiko
HabnaeHMe BbpXy ONUTHUTE MapuUenn B TpU MOBTOPEHMSI NPU €CTECTBEHO HanMyMe Ha
natoreHa. [lpe3 crtonaHckata 2020/2021 e wn3BbpLIEHO 3acHeMaHe ¢ ©e3nunoTeH
netarteneH anapart C Uen ga ce yCTaHOBM Bpb3kaTa Mexay OnpeaerieHn XapakTepUCTUKn
Ha N306paxeHNEeTO U HaNadeHUEeTo OT XbTa pbxaa. [NonyyeHnTe pesyntaTu Nokassart, Ye
ObnrapckuTe cCopToBe TpUTUKANe ce HanagaT B 3HAYUTENHO MO-BMCOKA CTEMNEH, CNpsiMO
NnosickuTe, KaTo 0CobeHOo YyBCTBUTESMHM KbM MnatoreHa ca coptoBeTe Konoput, PecnekT u
JloByaHeu. [lo-HoBuTte coptoBe [oHnm 52, bnarosect n bopucnae ce Hanagat
cpaBHUTENHO cnabo. OT Nonckiute copToBe HaW-CUMAHO ce Hanaga copT Tpucmapr.
Pesyntatnte ot HabnogeHMeTo C OpOH MOKasBaT Cepuo3Ha B3auMMOBPbB3Ka Mexay
HanageHWeTo OT XbNTa pbXaa UM ctonHoctTuTe Ha NDVI-nnpgekca. NMonyvyeHute AaHHK
nokasBaT CblLUO, Y€ MaToreHbT Ha XbNTaTa pbXaa Ce BMSEe USKITHYUTENHO MHOro OT
ycrnoBusita Ha cpepgata. [lpes crtonaHckute 2019/2020 n 2021/2022 oueHkute ca
U3KIKOYNTENHO HUCKKW, Mopagu nunca Ha YCNoBus 3a pasBUTMETO My. [lpunoxeHus
KOBapuvauuoHeH aHanu3 mokasBa, Ye XbhTara pbXxga noBnusiBa MPOAYKTUBHOCTTA,
He3aBMCUMO OT OCTaHanuTe ycnoBusi Ha cpepgaTta. CoptoBe kato bymepaHr, [JoHn 52 un
Bopucnas, Bbnpekun, Ye ce HanagaT B onpedeneHa CTeneH, ycnasaT Aa 3anassaT cBosATa
NPOAYKTMBHOCT, KOETO MM MpaBM LIEHHW KAKTO OT MNpakTU4ecka rnegHa Todka, HO U n
npeBpbLla B Noaxoasil, U3XOAEH MaTepuan B CenekuMoHHaTa nporpama Ha Tputukane B
cTpaHara.

Knroyoeu dymu: Xbnima pbxda, Tpumukane, CKpUHUHE.
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EFFECT OF YELLOW RUST (PUCCINIA STRIIFORMIS) ON PRODUCTIVITY IN
TRITICALE - SCREENING METHODS IN FIELD CONDITIONS AND RESULTS

Hristo Stoyanov', Vanya Ivanova', Asparuh Atanasov? Radko Mihailov?

'Agricultural Academy - Sofia, Dobrudzha Agricultural Institute - General Toshevo
’Dobrudzha College of Technology, Technical University - Varna

Yellow rust (Puccinia striiformis) is one of the most harmful pathogens in ftriticale,
which is capable of causing serious damage to the productivity and quality of both the
grain and the green mass of the crop. This necessitates the development of resistant or
tolerant cultivars, depending on the breeding direction of use. As part of the breeding
strategy, it is of particular importance that the assessment of yellow rust attack be carried
out accurately, quickly and qualitatively on a large number of breeding materials. In order
to study the emergence and attack of the pathogen, eleven Bulgarian and seventeen
Polish triticale cultivars were studied during four crop years (2019-2022). Emergence and
spread of the pathogen were tracked using the modified Cobb scale, by direct observation
on experimental plots in triplicate in the natural presence of the pathogen. In the
2020/2021 growing period, drone imaging was conducted to establish the relationship
between certain image characteristics and yellow rust attack. The obtained results show
that the Bulgarian triticale cultivars are attacked to a significantly higher degree than the
Polish ones, and the Kolorit, Respect and Lovchanets cultivars are particularly susceptible
to the pathogen. The newer cultivars Doni 52, Blagovest and Borislav are attacked
relatively weakly. Of the Polish cultivars, the Trismart is the most attacked. Drone
monitoring results show a strong correlation between yellow rust attack and NDVI-index
values. The data obtained also show that the yellow rust pathogen is highly influenced by
environmental conditions. In the economic years 2019/2020 and 2021/2022, the estimates
are extremely low, due to a lack of conditions for its development. Applied covariance
analysis showed that yellow rust affected productivity independently of other
environmental conditions. Cultivars such as Bumerang, Doni 52 and Borislav, despite
being attacked to a certain extent, manage to maintain their productivity, which makes
them valuable from a practical point of view, but also makes them a suitable starting
material in the triticale breedingprogram in the country.

Key words: Yellow rust, Triticale, Screening
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BANMWOUPAHE HA NMPOMHO3UPAHUTE NOBBbPXHOCTHU BOOAHUN OTTOLIK U
EPO3UPAHA NO4YBA C MOOEJIA SWAT MNPU OTIMMEXAOAHE HA NWEHULA U
LAPEBULA B PA3JIUYHU MO MALLABX BOOOCBEO0OPU

MwuneHa KepueBa', MuneHa MutoBa', Buxpa CtonHoBa', lepraHa KyHuyeBa'
]
BukTtop Konuakos'

"MiHecmumym na no4yeo3HaHuUe, a2pomexHo102uuU U 3aujuma Ha pacmeHusima
“H. lNywkapos”
e-mail: m.mitova@issapp-pushkarov.org

Pestome

MpunoxeH e mogensbt SWAT (Soil & Water Assessment Tool) (Arnold et al., 2012) 3a
CUMYNMpaHe KOMMYEeCTBOTO Ha MOBBLPXHOCTHUTE BOAWM M epo3upaHa noyBa B [ABa,
pasnuyHn no Mawabu, Bogocbopa Ha peka PyceHcku Jlom. Mankmat Bogocbop BkMo4Ba
onuTHOTO nose no 6opba ¢ NnoyBeHaTa epo3ns Kpan c. TpbCTEHUK, PyceHcko, n no3sonsisa
Aa 6bae U3BbPLUEHO BanuaupaHe Ha NPOrHO3MpaHUTE MoKa3aTenu C eKCnepuMEHTarHM
AAHHKU, NOMNyYeHU OT Nosickn onuTu. MonemuaT Bogocbop BKMKOYBA MO-ronisiMata 4yacTt oT
Bogocbopa Ha p. PyceHcku Jlom wn HenHute nputoun. [lpu ronemuns Bopocbop
BannOMpaHeTO € U3BbPLUEHO C AAHHWU 3@ peyHUTE OTTOUW, UBMEPEHU B XMApOrornyHarta
ctaHums Ha HAMX B c. boxuyeH, PyceHcko, nocodeHa kaTo outlet (Touka Ha ustnyaHe) B
mogena. MNanonseaH e nHtepdencbt QSWAT 3a QGIS. CumynaummnTe ca u3BbpLUEHU C
MHororoauwHu (1961-2021) exxegHEBHU METEOPONOrMYHU AaHHW U NOYBEHU OAHHM 3a
OCHOBHUTE MOYBEHWN €OWHULM, BKIOYEHU BbB BogocbopuTte. 3nonsBaHu ca BMCOYMHEH
Mogen Ha pernedga 3a odepTaBaHe Ha cyb-BogocbopuTte, nouBeHa KapTta M Kapta 3a
Ha4yMHUTE Ha 3eMenon3BaHe 3a M3depTaBaHe Ha T.H. xugponornyum eanHuum (HRU) Tpu
CUeHapusi 3a HayMHM Ha 3eMenon3BaHe ca CuMmynupaHu B Mankma Bogocbop:
MOHOKYNTYPHO OTIMEX4aHe Ha MNueHWua 1 Ha uapesuua U potaumsa Ha OBeTe KynTypu.
[MporHo3npannTe oTTOUM W 3arybu Ha no4ysa nokasBaT pAobpa cbrnacyBaHOCT C
eKkcnepuMeHTanHuTe gaHHu, u3MepeHn Ha noneto. 3a ronemusi Bogocbop ca npourpaHu
camo nbpBUTE ABa cueHapus. MNonydeHn ca kapTn 3a 4ENCTBUTENHUTE 3arybu OT noYBeHa
€po3us, KakTo M peguun oT JaHHM 3a AMHaMUKaTa Ha MOBbPXHOCTHUTE OTTOLM, PEYHUTE
OTTOLM N NOYBEHUTE 3arybu no rogvHu U CE30HU.

Knroyoeu dymu: SWAT modesn, noebpxHOCMHU 800HU OmMMOUU, PEeYeH OMmMOK,
rnoyseHa epo3usi, 3UMHa rnuweHuya, yapesuuya.

BnarogapHocTu: ABTOpuMTE mM3KasBatr ©OnarogapHoct Ha doHg ,HayyHu
N3cnensaHus” 3a omHaHcupaHeTo Ha npoekT KIM-06 H 46/1 2020 .

143


mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org
mailto:m.mitova@issapp-pushkarov.org

EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

VALIDATION OF SIMULATED BY SWAT MODEL SURFACE WATER RUN-OFF AND
SOIL LOSSES UNDER WINTER WHEAT AND MAIZE CULTIVATION WITHIN
WATERSHEDS OF DIFFERENT SCALES

Milena Kercheva', Milena Mitova', Vihra Stoinova', Gergana Kuncheva',
Viktor Kolchakov'

'Institute of Soil Science, Agrotechnology and Plant Protection “Nikola Poushkarov”,
1331 Sofia, Bulgaria
e-mail: m.mitova@issapp-pushkarov.org

Abstract

The watershed model SWAT (Soil & Water Assessment Tool) (Arnold et al., 2012)
was run on two watersheds of different scales within the large watershed of the Rusenski
Lom River for simulating the surface water run-off, outflows and soil losses. The small
watershed comprises the Experimental field for the soil erosion control near to the village
of Trastenik, Ruse, which allows to validate the predicted parameters with the
experimental data obtained during the field experiments.The large watershed comprises
larger area of the watershed of the Rusenski Lom River and its tributaries. The model
performance in this case was evaluated by comparing the simulated water outflow and the
registered hydrological data in the hydrological station (specified as outlet in the model) of
NIMH near to the village of Bozhichen, Ruse. The SWAT model was applied using QGIS
and QSWAT interface. The simulations were carried out using long-term (1961-2021) daily
meteorological data and attribute data for the main soil units occurring on the studied
territory. The digital elevation model (DEM, 50/50 m) was used for delineation of the sub-
basins. The soil map (1:10000) and land use map (CORINE 2006, 1:100000) were used
for delineation of the hydrological response units (HRU). Three scenarios for the
agricultural lands were investigated on the smaller watershed: continuous growing of
winter wheat, maize and crop rotation. The predicted surface water run-off and soil erosion
losses show a reasonable coincidence with the available experimental data in the smaller
watershed. In case of the larger watershed only the first two scenarios were run. The
predicted outflows at the Bozhichen station followed the dynamic of the registered data.
The obtained predictions for the actual soil losses, water run-off and river outflows were
presented as maps and time series.

Key words: SWAT model, run-off, river outflow, soil erosion, winter wheat, maize.
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ANHAMUKA HA NNEBENHATA PACTUTENHOCT U UHTETPUPAHA BOPBA C HEA B
CEUWTBOOBPALLEHUE CbC 3bPHEHO-XUTHU KYNTYPU

MunaguH HasapkoB, UnusHa NepacumoBa, 3apaBka lNeTkoBa
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Pestome

B obpaboTBaemuTe Nnowm nNneBenuTe ca OCHOBHU KOHKYPEHTW Ha 3emMenerickute
KynTypu nO OTHOLWIEHWE Ha BoAaTta W XpaHUTENHWTE BeLlecTBa, KaTto noTuckar
HapacTBaHETO, HamansaeBaT 4OOMBUTE N PeHTabMMHOCTTa Ha NPOM3BOACTBOTO OT eAMHMLA
MAoLL,.

Llen Ha wu3cnegBaHeTo € ga ce YCTaHOBM AMHAMMKaTa Ha 3anseBernsiBaHe Ha
NMOCEBUTE OT 3bPHEHO-KUTHU KYNTYpU U a ce npoy4vaT Bb3MOXHOCTUTE 3a NpunaraHe Ha
ycnewHa 6opba c nnesenute npu ycnosuata Ha ManyxeHa CmonHuua ot CoduimnckoTo
none. NpoyyeHo e BNMAHMETO Ha ABe HapacTBaliM TOPOBM HOPMWU U KOHTPONEH BapuaHT
6e3 TopeHe, ABe cucTeMn Ha obpaboTka Ha noysaTa (KOHBEHLUMOHANHa U MUHMMarnHa) wu
XMMmn4Ha 6opba ¢ xepbuumgHa cmec n xepbuuung ¢ KOMMNIEKCHO AENCTBUE B paMKUTE Ha
ABYNoOrHoO noncko centboobpalleHne (uapesBuua-TpuTukane/nweHnua) npu HenonmBHU
yCrnoBwusi.

YCTaHOBEHO €, Ye M3NUTBaAHWUTE arpotexHuveckn daktopu — centboobpalleHue,
obpaboTka Ha no4ysarta, TopeHe U xumuyHa Gopba C nnesenuTe Oka3BaT MOMOXUTENHO
BMMSIHNE BbpXYy CTEMEHTa Ha 3ansieBensiBaHe B MOCEBUTE OT 3bPHEHO-XUTHU KyNTypu Ha
NanyxeHa cmonHuua. MexaHnyHata obpaboTka Ha noysata € C Mo-3Ha4YnMMo BIMSIHWE B
cpaBHeEHME C XxMMu4dHata 6opba. BbB BapmaHTMTE C OCHOBHa obGpaboTka ,pa3poxkBaHe”
o6LWoTOo 3anneBensBaHe 1 Han-Beye, TOBa C MHOrOroAMLLIHM KOPEHOBOM3AbHKOBM MieBenu
e no-cnabo B cpaBHeHMe ¢ obpaboTkarta ,opaH’. AHann3bT Ha pesynTaTtuTe nokasea, ye
3anneBensiBaHETO Ha MOCeBUTE B [ABYNOMHOTO ceuTboobpalleHvne, uapesBuua —
TpuTUKane/nweHuua e or cMmeceH Tun. lpeobnagaBawiy ca BuAoBeTe OT rpynata Ha
KbCHOMPOMNETHUTE U MHOTOrOANLLIHUTE KOPEHOBOU3ABLHKOBW MieBenu.

OT unscnegBaHeTO ce yCTaHOBSIBA, Ye MNpWU YCrOBUSATA Ha panioHa BTOPUYHOTO
3annesensiBaHe C KbCHO-NPONETHU Nnesenu e npeobnagasallo. YCnewHoTo My peLlaBaHe
M3NCKBA CUCTEMEH Moaxod C MNPWUIOXKEHME Ha pas3nNUYHM MPaKTUKM, a OCHOBa 3a
edeKkTUBHOCTTa e centboobpalleHNeTo.

Knwoyoeu OJymu: nneeenu; uHmeezpupaHa 6opba; ceumboobpawieHusi; XUumHu
Kynmypu, usny>eHa CMOTHUya.
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DYNAMIC OF WEEDS AND INTEGRATED WEED CONTROL IN CROP ROTATION
WITH CEREALS

Miladin Nazarkov, lliyana Gerasimova, Zdravka Petkova

ISSAPP “N. Pushkarov ”, 1331 Sofia, 7 Shosse Bankya St. , Agricultural Academy,
Sofia, Bulgaria
e-mail: mil.naz@abv.bg

Abstract

In arable soils, weeds are the main competitors of agricultural crops in terms of water
and nutrients, suppress growth, reduce yields, and profitability of production per unit area.

The study aims to determine the dynamics of the wedding of cereal crops and to
explore the possibilities for applying successful weed control under the conditions of Haplic
Vertisols from the Sofia region. The influence of two increasing fertilizer norms and a non-
fertilization control variant, two soil tillage systems (conventional and minimal), and
chemical control with a herbicide mixture and a herbicide with complex action within a two-
field crop rotation (maize-triticale/wheat) under non-irrigated conditions has been studied.

It has been established that the agrotechnical factors tested — crop rotation, soil
tillage, fertilization, and chemical control of weeds- positively impact the degree of weeding
in Haplic Vertisols cereal crops. The mechanical tillage of the soil has a more significant
impact than chemical application. In variants with the main soil tillage "loosening" the total
weeding, perennial root weeds are lower than plowing. For this area, a problem is the
secondary weeding with late-spring weeds. Analysis of the results shows that the weeding
of crops in the two field crop rotation, maize — triticale/wheat is of mixed type. Species in
the group of late spring and perennial root weeds are prevalent.

The study shows that secondary weeding with late-spring weeds is dominant under
the conditions of the area. Its successful solution requires a systematic approach with the
application of different practices, and the basis for effectiveness is crop rotation.

Key words: weeds; integrated control; crop rotation; cereals.
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CbAbPXAHUE HA YPAH B TEXHOIEHHU NO4YBU, POPMUPAHU BBLPXY
ECTECTBEHO HATOBAPEHU NPOJTYBUAJIHU CEOMMEHTH

Mapuena CtonkoBa, MapuaHa XpuctoBa

UHCcmumym o no4yeosHaHuUe, agpomexHosio2uuU U 3awuma Ha pacmerusima ,H.lNywkapos”
Coopusi, yn. ,baHcko woce” Ne 7,
e-mail: mariela_stojkova@abv.bg

Pestome

N3cnensaHo e cbabpxaHue Ha ypaH (¥8U) B ecTecTBeHO eBornoupany Mnoysu c
mMeTamopdeH 1 cnabo pasBuT NPodun, NO-KbCHO TEXHOFEHHO 3aMbpCEHM OT AENHOCTTa
Ha GuBLWINA MeTanyprmyeH KomouHat “KpemukoBuu”, nokanuvsmpaH B MNOOHOXMETO Ha
ByxoBckOTO ypaHOBO pygHO none. AHanuMavpaHuTe nodYBeHu nNpodunm ca obLuo LiecT, B
TM. MeT OT npoMulineHaTa nfnowagka Ha KombuHata M eguH KoHTporieH. [JaHHu 3a
CTOMHOCTMTE Ha ypaHa ca nofydeHn 4pe3 OBa Metoda - MaccnektpomeTpusa Ha
WHOYKTUBHO CBbp3aHa nnasma, reHepupaHa 4pe3 nasepHa abnauma (LA-ICP-MS),
€0HOBpPEMEHHO C pesynTtatM 3a Hag 50 XUMUYHWM enemeHTa, KakTo U U3MepeH 4pes
OblLUEPHUA My NPOAYKT — Topuit (24Th), onpeaeneH npu rama-cnekTpoMeTpuYeH aHanus ¢
MHOrOKaHaneH aHanua3atop W AOETEKTOp C BUCOKa u4uctota Ha repmanHumn (HPGe).
Pesyntatnte gemMoHCTpupaTt, Ye CbAbpXaHWETO Ha ypaH B u3crnegBaHute npogunv B
€0VHUYHM crnyyaun npesuwasa ¢oHoBute Hopmu ot 11-173 Bag/kg n e B pamkute (5015 -
180+40 Bqg/kg). MakcumanHute CTOMHOCTM Ha MeTana ca B npodunure, ¢ MakCMMarnHo
CbAbpXaHWe Ha enbp MACHK, KOETO npegnonara NbPBUMYHO CbCTOAHME HA ypaHa noA
dopmata Ha pygHuM MuHepanu B obema Ha npoyysBaHuTe npodunn. OT HanpaBeHOTO
nscnegBaHe He ce YCTaHOBSIBA XapakTepHaTa Bpb3ka Ha TEXKWs MeTan ¢ no4vseHarta
opraHuka, a ce Habniogasa akymynaumss B KamMOUYHUTE XOPU3OHTM Ha MeTamopdHUTE
npocounn. ®akTop 3a Bb3xoAsllia MUrpaLna 1 akymyrnawums Ha ypaHa ce siBsiBa CMsiHaTa Ha
BOAHO-Bb3AYLUHUA MOYBEH PEXUM W YCTAHOBSBAHETO Ha MNEpPUOAUYHU pPeayKLMOHHMU
YyCNOBWA, HO KaTo OOLLO 3aKroYeHne - eCTECTBEHUAT PaguvoHYKNng Tbpnu Murpaumsa ot
NOBBPXHOCTHUTE XOPU3OHTU Ha n3crneaBaHUTe TEXHOTEHHN NOYBM.

Knrovoeu OJOymu: esonoupanu rnoysu, crabopasgum npogusi, MEXHO2EHHO
3ambpcsieaHe, 24U, nasapHa abnasusi, 2ama-CrieKmpoMempusl.
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URANIUM CONTENT IN TECHNOSOLS FORMED ON NATURALLY LOADED
PROLUVIAL SEDIMENTS

Mariela Stoykova, Mariana Hristova

Nikola Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection
7, Shousse Bankya, Sofia, Bulgaria
e-mail: mariela_stojkova@abv.bg

Abstract

The content of uranium (**®U) in naturally evolved soils with a metamorphic and
poorly developed profile, later technogenically contaminated by the activity of the former
"Kremikovtsi" metallurgical plant, located at the foot of the Buhov uranium ore field, was
investigated. The analysed soil profiles are six, incl. five from the industrial site of the
combine and one control. Two methods obtained data on uranium values - Laser Ablation
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS), simultaneously with results
for over 50 chemical elements, as well as measured by its daughter product - thorium
(***Th) determined by gamma spectrometric analysis via multichannel analyser with high
purity germanium detector (HPGe). The results demonstrate that the uranium content of
the investigated profiles in single cases exceeds the background norms of 11-173 Bq/kg
and is within (5015 - 180140 Bq/kg). The maximum values of the metal are in the coarsest
profiles, with the maximum content of coarse sand, which suggests a primary state of
uranium in the form of ore minerals in the volume of the studied profiles. From the
research, the characteristic relationship of the heavy metal with the soil organic matter was
not established. Still, an accumulation was observed in the cambium horizons of the
metamorphic profiles. A factor for the upward migration and accumulation of uranium is the
change of the water-air soil regime and establishment of periodic reducing conditions. Still,
as a general conclusion - the natural radionuclide undergoes migration from the surface
horizons of the studied Technosols.

Key words: evolved soils, poorly developed profile, technogenic contamination, #*2U,
laser ablation, gamma spectrometry.
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U3CNeABAHE BINIUAHUETO HA OPTAHOMUHEPANTHUTE TOPOBE BbPXY
PACTEXA U PASBUTUETO HA PYKOIJIA (EUROCA VESICATORIA SATIVA)

A. J1. PayoBa, HO. 1. EHakneB

UMHcmumym no rno4ygo3HaHue, azpomexHo102uU U 3aujuma Ha pacmeHusima
"Hukona lNywkapos”
e-mail: a_rachova1977@abv.bg, yenakiev@yahoo.co.uk

Pestome

HanpaBeHn ca cbooBM ONUTU C M3MOMBaHW OpraHOMUHEparneH Top, MOSlyYeH Ha
Gasata Ha NTUYM TOp B rpaHynupaH BWA, B HACUMHO CbCTOSIHWE U B KOMOMHauus C
PasnMYHN AOMbIIHUTENHN KOMMOHEHTM BbPXY pPa3BUTUMETO Ha TecTBaHaTa KynTtypa —
pykona (Euroca vesicatoria sativa). Onutnte ca nposegeHu B yCrnoBusaTa Ha BeretaymMoHHa
Kblla. HanpaBeHa e arpoxMMmmyHa, XMMu4Ha U (pU3NKO-MexaHU4yHa XapakTepucTuka Ha
noyBaTa u U3NUTBaAHUTE pacTeHus crneq npubupaHeTo Ha onuTa.

Knrovyesu oymu: epaHynupaH opeaHoMuHepareH mop, pykona, cb008 ornum.

INVESTIGATION OF THE INFLUENCE OF ORGANO-MINERAL FERTILIZERS ON THE
GROWTH AND DEVELOPMENT OF ARUGULA (EUROCA VESICATORIA SATIVA)

A. L. Rachova, Y. |l. Enakiev

Nikola Poushkarov Institute of soil science, agrotechnologies and plant protection
(Sofia, Bulgaria)

Abstract

Vascular experiments were carried out with used organo-mineral fertilizer obtained on
the basis of bird manure in granular form, in bulk and in combination with various
additional components on the development of the tested crop - arugula (Euroca vesicatoria
sativa). The experiments were carried out in the conditions of a vegetation house.
Agrochemical, chemical and physico-mechanical characterization of the soil and the tested
plants was made after harvesting the experiment.

Key words: granulated organomineral fertilizer, rocket, vascular experience.
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OLIEHKA HA NMOYBUTE 3A OTIMMEXAOAHE HA BbP3OPACTALUU A bPBECHU
BUOOBE OT POA NAYNOBHUA B OBLLUUHA OYIIOBO

Keman Keman', Bucep Xpucrtos'?

'-[lecomexHudecku YHusepcumem, *- UMA3P H. lMywkapos*
Corresponding author e-mail - bisseru@abv.bg

Pestome

MouBute B OOWMHa [QynoBO ca W3KMAKYMUTENHO NOAXO4AWM 3a Obp3opacTawim
AbpBecHN Buaose kato [MaynoBHusita. OcBeH ObNOOKUTE U NAOAOPOLAHM MOYBM KaTo
UepHo3semute, oTrnexgaHeTo Ha Obp30 pacTdawM OAbpPBECHU BMOOBE MOXEe Aa uUma U
3Ha4MTENeH noTeHuMan M BbpXy M30CTABEHW, HAKMOHEHW W CrabonpogyKTUBHU 3EMM.
Camo 3.04 % ot nouyBuTe B obuMHaTa ca NNAUTKU BbpXy BapoOBULM, KOUTO Ce onpenensT
KaTo Henoaoxoasiwu 3a oTrnexagaHe Ha [laynoBHus. [NpeobnagasawmTte novsu B panioHa
ca WNanyxeHute 4yepHoO3emMn KOUTO 3aemar okono  68%, cnepsat [erpaguvpanute
yepHosemu ¢ okorno 19%. [MaynoBHuaTa Moxe ga 6bae eekTnBHA M 3a 3alumTa cpeLly
epo3ndaTta, Kato B panoHa moraT fAa 6baar Bb3CTaHOBEHW 6bpP30 FOPCKM MOACU CpeLly
BEeTpoBaTa epo3usi.

Knrovyoeu oOymu: azponecoebdcmoso, 6oHumeHma oueHka, [layrnosHusi, rno4yeeH
rnomeHuar.

LAND EVALUATION FOR PAULOWNIA SPP. FAST-GROWING TREE SPECIES IN THE
MUNICIPALITY OF DULOVO

Kemal Kemal', Biser Hristov'?

1-Forestry University, 2- ISSAPP "N. Pushkarov"
Author's e-mail for correspondence - bisseru@abv.bg

Abstract

The cultivation of fast-growing trees has a high potential for bioenergy production on
abandoned and eroded lands. In agroforestry advantageous for using hybrid Paulownia
trees or short rotation cultivation are characteristics such as drought tolerance,
unpretentiousness to soil composition, and tolerance to wide daily temperature amplitudes.
Dulovo municipality has an extremely favorable soil cover, where the most fertile soil such
as Chernozem soil type is spread. Only 3.04% of the soils are shallow soils on limestone,
which are unsuitable for Paulownia. The predominant soils in the area are Haplic
Chernozems, which occupy about 68%, and Luvic Chernozems, which occupy 19% of the
area. This tree can be used for biomass production, but also it can also be effective for
protection against wind and water erosion. Forest belts against wind soil erosion can be
recovered in the region.

Key words: soil potential, agroforestry, Paulownia ssp., land evaluation.

151


mailto:bisseru@abv.bg
mailto:bisseru@abv.bg

EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

BvBegeHue

Bbnrapua uma manka Teputopusi, HO ce oTnM4aBa C TBbpAe ronsamo pasHoobpasuve
Ha no4suTe WM npupogHuTe ycnosus. CeBepHoObMrapcka necoctenHa 30Ha B KOATO €
pasnonoxeHa obwuHa [ynoBo € C U3KNI4YMTENHO OnaronpusitTHa NodBeHa MOKPUBKA,
KbLETO ca pasnpoCTpaHEHM OCHOBHO YepHo3emuTe, KOMTO ca Han-nNIogopPOaHUTE MOYBU
HawaTa cTpaHa. B pesyntar Ha Te3uM BaXHW W OnNpedensin ycrnoBusi €CTECTBEHO ca
060cobeHn panoHKU, KOUTO NpeanaraT pasfvyHU YCroBUS 3a MHTEH3UBHO NPOW3BOACTBO
Ha BMomaca OT MHTEH3UBHWU OAbPBECHU KYNTYpU, CbC CneumdunyHO CbyYeTaHNe Ha NoYBEHMU
n knumatnyHm cbaktopu (Bachavarova et al., 2005).

Mpe3 nocnegHute OBe pfecetunetns Bugose u xmbpuan ot poa [MaynosHus
(Paulownia) npuBnnyat BHUMaAHMETO Ha MHOIO M3CreaoBaTenu, rMmaBHO nopaan dakTa, ye
Te ca Obp30 pacTAWM N NOAXOASLWM 3a TECTBaHe NPWU NO-BUCOKA MbCTOTA Ha 3acaxjaHe,
npy KbCW poTauuMmn M npuTexasa NoTeHuuan 3a noBTopeHue BbanpoussexaaHe (Gyuleva
et al.,2020).

MpeaBnaeHOTO CepuMo3HO MACTO Ha Buomacara, GuoropueBaTa u OuoeHeprusata B
eHepreTukata Ha bbnrapus npegnonara, 4ye Obp3opacTsawmM AbPBECHW BWOOBE KaTo
MaynoBHuATa mMmaTt LWaHC 3a pa3BuTne B Obaelleto. Ypes manons3saHeTo Ha Obp30
pacTAWM KynTypu ce OTKpMBA Bb3MOXHOCT 3a MOKPMBAHE Ha E€HEPrunHUTE HYXOM Ha
MECTHO HMBO M Cb3gaBaHe Ha HOBM paboTHM MecTa npu ToBa CbC 3HAYUTESTHO
peayumMpaHe Ha nNapHWKOBUTE €MUCUMM 3a CMeKYaBaHe BfUSIHUETO Ha 4YOBeKa BbpXY
okornHarta cpeaa (Boyadjieva et al., 2012).

lMaynoBHMATa ce OTHaAcCAa KbM ObpBeTara, oTrnexaaHu npu ronsama rbctota u 6bp3aa
poTaumusa 3a ocurypsiBaHe Ha BUCOK U O6bp3 gobuB Ha Guomaca u ObpBECUHA OT Aekap.
[dbpBecHuAT BUAO npeactaBnsiBa MKOHOMWUYECKM W3rogeH M3TOYHMK 3a 3a40BoNsiBaHe
HapacTBalWmMTe HYXOW Ha cCBeTa OT AbpBecHa OMoOMaca BbB BpeMe Ha Hamansisalim
AOCTaBKMW N €OHOBPEMEHHO C TOBa [aBa Bb3MOXHOCT 3a OCuUrypsiBaHe Ha edeKTUBHU
nporpaMmn 3a Bb3CTaHOBABaHe Ha 0b6e3neceHn panoHW, 3amMbpPCeHU W/unu eposvpanu
3eMu, 1 3a noBuLaBaHe goxoauTte Ha MecTHo HMBO (Krumov et al., 2013, Stepchich et al.,
2016) .

Llenta Ha HacToswaTa paspaboTka € ga Obae HanpaBeHa XapakKTepucTMka Ha
rMaBHUTE NOYBEHM PasnNUuns, pasnpocTpaHeHn B obwunHa [ynoso un ga 6baat o6ocobeHn
OCHOBHUTE MoOKasaTenuM 3a OueHKa Ha MpPUrogHOCT Ha MOoYBUTE 3a OTIMeXaaHe Ha
Obp3opacTawm  kyntypu ot pog [laynoBHuss 3a npou3BoAcTBO Ha ©Ouomaca w
orpaHu4aBaHe Ha pucKa OT epo3unsl Ha NoYBMUTE.

MaTtepuanu n metogu

[MoTeHumana Ha NoYBUTE N NPUrOAHOCTTa UM 3a OTIMNEXAaHe Ha 3eMedeNnCKU KynTypu
ce onpegens 4pe3 6oHMTeTHM GanoBe. ToBa ce M3BbLPLUBA Bb3 OCHOBATa Ha aHHUTE 3a
noyBuTe  OT egpomallabHMTE noYBEHM MpoyyBaHMa - [louBeHa arpoxmmmuyecka
Xapaktepuctuka Ha 3emute Ha rp. ynoso (Todorov et al., 1970). QurutanHu kaptm —
apxmB Ha UMASP ,H. MNMywkapos®.

BoHnTeTHaTa oueHka no KynTypu e onpeaeneHa ypes ,Metogukata 3a OTHOCUTENHA
OLEeHKa Ha cernckoctonaHckute 3emu B bbnrapusa” (Petrov et al., 1988). BoHUTeTHMAT Gan
(MBY — noncko 60HUTETHO 4McCro) Moxe Aa 6bae cbe cTtonHocTy oT 0 go 100 eguHMun,
npwn HEMONMBHM YCroBus. 3a onpenensiHe Ha MNonckute GOHUTETHW Yucna 3a OTAeNHUTEe
KynTypu ca MON3BaHW MOYBEHUTE MoKasaTenu, NocodYeHn B CbOTBETHOTO ypaBHEHME Ha
leoprues (Georgiev, 2007).

Pesyntatm n obcbxpaaHe

Ot obwaTta nnow, 570 037 gka., pasnpedeneHMeTo Ha CTonaHMcBaHaTa 3emMs no
BMOOBE € KakTo creasa: mepu /nacuwal/ - 42 030 gka.; obpaborBaema 3emsa - 309 178
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AKa.; OBOLWHM rpaguHm - 9 695 gka.; nossa - 1 810 gka. MNpupogo-reorpadckmute ycnosus u
fGoraTnuTe NOYBEHM PECYPCU Ca MOAXOASALLN 3a OTrNeXaaHe Ha CENCKOCTOMaHCKM KynTypu C
no-obnbr  BereTauMoHeH nepuog Ha  passuTve. YcrnoBuaATa  bGnaronpusiTcTBar
3bPHONPON3BOACTBOTO, 3aiaraHeTo Ha TPEBHO-YPaXKHN U TEXHMYECKM KynTypu. [nowTa
Ha ropckms doHg e 132 249 pgka., B T.4. oOwnHckn ropmn 42 787 pka. lNpeobnagasat
HacaxgeHus oT obb 1 rabbp (Municipality of Dulovo, 2020).

Tabnuua 1. PasnpoctpaHeHne Ha OCHOBHUTE BMOoBe no4vsu B obul. [1ynoso, (Todorov et
al., 1970)

Table 1. Distribution of the main soil types in Dulovo municipality, (Todorov et al., 1970)

[MoyBEHN pa3HOBMOHOCTU Mnow B ha Mnow B %
AnysunanHo-genysuanHn noysmu 24 0.05
Herpagnpanu yepHosemu (TbMHOCUBU FOPCKN NOYBK) 9813 18.95
[enysunanHu noysu 616 1.19
[enyBnanHo-nuBagHu novsu 5 0.01
N3nyxeHn yepHosemu 35202 67.98
KapboHaTHu yepHo3eMun 2114 4.08
JIntozemu 1544 2.98
Perozemu 1702 3.29
PeHnasnHun 154 0.30
TUNMYHM YepHO3eMU 613 1.18

O6wwmHa [1ynoBo ce Hamupa B panioH ¢ 6riaronpusaTHU NOYBEHO-KITMMATUYHN YCNOBUS
3a pa3suTue Ha 3emegenue. Obpaborsaemara 3emsa B obwmHa [ynoso e 374 851 gekapa,
koeTo npeacrasnsgsa 6nm3o 70% oT nnowTa Ha obwwuHata. [denbT Ha peanHo
n3nonssaHnte obpaboTBaeMu MMOWM CbWO € MHoro no-sucok (Hag 80%) nopagu
necHogoCcTbNHATa M nnogopogHa 3emsl, KoATO obnarogetencrtBa yeopeH Mogen Ha
CerickocTonaHckata AeWHOCT MpuM OCHOBHWUTE KynTypu. B obuwmHata HaAMa nonueBHM
nnoLwm.

3% 3% '\1%||l'1% 0%
a,

A% = AnyBuanHo-genyBuanHu
noYBm

1% = [lerpagupanit YepHO3eMu
0 (TbMHOCHBK FrOPCKM NOUYBU)

0% OenyeBuanHu nousu

m [lenyBuanHo-nMBagHU MNOYBH
WNanyxeHu yepHozemu
KapBoHaTHW YepHo3emu

68%
JNlutozemu

dPurypa 1. PasnpegeneHne Ha OCHOBHUTE NoYBEHM TUNoBe B oOLw. [lynoso
Figure 1. Distribution of the main soil types in Dulovo municipality
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NMerenga

MouyseHK TUNOBEe

[ ] AnyewnanHo-aenyenanHn nousn KapbonatHun yepHoaemn

[ ferpaanpann uspHoaemu 7 ] Mtoaemn

- ﬂe]’lyElHEFIHM nod4yex

x| Peroaann

|:| JdenyBnanHo-NUMEAIHK NOUBK PeHaanHn
- Manys#e HM YepHO3E MK - TunuuHn YepHo3e Ml
[ Asosup

®Purypa 2. [NoyBeHa kapTa Ha obwmnHa [lynoso
Figure 2. Soil map of Dulovo municipality

MpeobnagaBalumte NoYBM B parioHa Ha obwmHa [ynoBo, kouto 3aemaT 6nm3o 68%
oT obpaboTBaemara 3ems, ca ManyxeHuTe YyepHosemun. Te ca obpasyBaHN OCHOBHO BbpXy
NbOC NPV HanNM4MeTo Ha TpPeBHa PaCTUTENHOCT HO U B ropu. [lerpagnpannte 4epHo3emm
3aemat okono 19%. B MnHanoto Te3n no4ysu ca onpegensHu Kato TbMHOCUBM FOPCKU
noysn (Teoharov et al., 2019). Te ce oTnnyaBaT C BUCOKO €CTECTBEHO MNSIO4OPOAME.
O6pasyBaHu ca CbLLO BbpPXY MO-TIIMHECT NbOC C CbabpXaHue Ha kapboHaTHu. CpewaTt ce
owe 1 AnyeBmanHo-genyesuanyu nodsu, enysnanyu noysu, [lenyBnanHo-nmBagHu noysm,
KapboHaTtHu yepHo3emn, Jlutozemu, Perozemun, PeHasnHun, TUNMYHN YePHO3EMM.

Ha Teputopusta Ha obuimMHaTa He ca permcTpupaHn BKUCISiIBaHE W 3aconsiBaHe Ha
noyBaTa, CBfayvwia, MNYHKTOBE 3@ MOHWUTOPMUHI, 3aMbpCsBaHE W 3anevataHn Mnoyswu
(Municipality of Dulovo, 2020).
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durypa 3. PasnpeneneHne Ha OCHOBHUTE nodBeHn Tunose B o6u. [lynoso B ha
Figure 3. The cover of main soil types in Dulovo municipality

NMerernga

|:| OEpaboTEasmM 3emMmenernckKi Ienmi
[ ] soam
B opv

- HeobpaboTeasmmK semi (Nacruial

durypa 4. 1anonssaHe Ha 3emute B 06LL. [1ynoBo
Figure 4. Land use in Dulovo municipality

Mpupopno-reorpadcknute ycnoBust n Goratute NOYBEHU Pecypcu ca Nnoaxoasiin 3a
OTIMEeXaaHe Ha CeriCKOCTOMaHCKM KynTypu C NO-ObNbl BEreTaumMoHeH nepuon Ha
passuTtne. TpssibBa aa ce oTbenexu, Ye ropckute macmem 3aemat 23% OT TepuTopusiTa Ha
obwuHaTta (durypa 4). OT kateropuata Ha 3emuTe B Tabnuua 11 ctaBa AcHO, 4Ye nNbpBa
KaTeropusi 3emn B obOwmHaTa ca okorno 9.9 ha wnm 0.02 %. Ham-pasnpoctpaHeHun ca
3emuTe OT TpeTa kaTteropus. Te 3aemat obwa nnowy okono 51 % wnn 25943 ha (Tabnuua
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2). Cneggart BTOpa M 4YeTBbpTa Kateropms cbe cboTBeTHO 4501.1 ha ( 8.9 %) 1 3811.3 ha
(7.36%). MHoro pobpu 3emu ca Te3nm oT 1 — 2 Kateropusa C NONCKM BOHUTETHU Yucna
mexay 100 n 80 6ana. Tpeta 1 YeTBbpTa KaTeropusi ca Taka HapeyeHute ,Jdobpu 3emun” ¢
noncku 6oHuTeTHN ynucna (MNYB) ot 80 — 60 6ana. 3emnTe OT NeTa M WecCTa KaTeropusa ca
CbOTBETHO 0OKOS10 6 U 7 %. Te3n 3emu ca oT rpynarta Ha ,,CpeaHo fobpute 3emu” OT TpeTa
BGoHuTeTHa rpyna ¢ nonckn 6oHnteTHM yucna (MYB) ot 60 — 40 Gana.

Tabnuua 2. Kateropusa n nnowy Ha 3emute B 06w, [lynoso B % u ha
Table 2. Category and area of land in Dulovo municipality - % and ha

Karteropusi 3emu MNnouw, B ha Mnow B %
1-kateropu4 9.9 0.02
2-kateropusi 4501.1 8.69
3-kaTeropusi 25943 .1 50.09
4-kaTeropms 3811.3 7.36
5-kaTeropusi 3141.3 6.06
6-kateropusi 3813.8 7.36
7-kateropusi 415.7 0.80
8-kateropusi 175.2 0.34
9-kaTeropusi 9731.6 18.79
10-kaTeropus 122.4 0.24
HekaTeropmsyemmn semmu 128.7 0.25

OctaHanute 3emu ca Jlowmn 3eMn Unn HENPUrogHu 3a 3emegenue 3eMun, KOMTo Ham-
4YeCcTO Ca nacuvLia u nMBagu Unu ca YacT OT ropckust oHA, KaTo 3emuTe OT 9 Kateropms
3aemart okono 18.8 % unu 9732 ha.

Bugosete [NaynoBHus, KOUTO HaW-4eCTO cCe NpenopbyYBaT 3a OTrNeXxaaHe; y Hac ca
Paulownia tomentosa (nmnepatopcko Obpso), P. fortunei (6enouBeTHa naynoBHusi), P.
elongata (usympydeHo 0bpeo) u xubpudbm P. shan tong (P. shannaxi), KOUTO € KpbCTOCKa
mex0y P. tomentosa X P. fortunei). UmnepaTtopckoto AbpBO U P. shan tong noHacsT no-
aobpe Hucknte 3uMHM Temnepatypu o -25°C, pgokato P. fortunei n P. elongata ca no-
YyBCTBUTENMHM KbM THAX W cnegBa da Obaar 3acaxgaHu Ha MecTa, Npu KOUTO
Temnepartypute pagko nagart nog -15°C (Krumov et al., 2013).

B obwwnHa [ynoBo cpegHuTe abCconioTHM MUHUMANHKM TemnepaTypu 3a roguHaTa ca
MuHyc 2-3 °C 3a saHyapu. CpegHute abCcontoTHM MakcumanHu temnepatypu ca 23.7 °C,
KaTto npes tonu gocturat vyecto Hag 35 °C. ABConTHMTE MWHUMAanNHW TemnepaTtypu ca
okono -32 °C. CnepoBatenHo TpsibBa ga ce BHMMaBa CbC 3aCaXgaHeTO Ha pasfMyHuTe
BngoBse ot pog NaynosHu4.

Mo-6bp30 pacTawmTe nayrnoBHMM ca anTepHaTtMBa Ha BCE MNO-TONSIMOTO YMCTO
HaTypanHo pasHoobpasue. [laynoBHusTa MOXe cCblwo Aa 6bae uM3nonssaHa Kato
anTepHaTMBa Ha peauua 6bp3opacTALLM ObPBECHM BUOOBE OTINEXAAHU Y Hac.

Knumara 3a otrnexgaHe Ha NaynoBHusTa Tpsibea ga € ymMepeHo Tonbi A0 TonbI. T4
UbdTN HanU-MHOro Npu AHeBHa Temnepatypa oT 24-30°C. PacTtexbT ce orpaHuyaBa npu
AHeBHM Temnepatypu ot 15-20°C. Jobpe e noyBuTe ga umar BucokaTta aepauus (Krumov
et al., 2013).
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®urypa 5. lNpoueHTHO pa3npeeneHve Ha pasnuyHuTe Kateropuy semu B obwy. [lynoso
Figure 5. Distribution of different categories of land in Dulovo municipality

HEKATEropRM3Ye M

dPurypa 6. Kateropusi Ha 3emute B 06L. [1ynoso
Figure 6. Category of lands in Dulovo municipality
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Nerenna

l:l Mousn NprrogHK 3a oTrnexaade Ha MNaynosHmAa

- MNUTKM NOYBK BbpXy TELPRAW CKanu HernpurofaHu 3a oTrnexnade Ha MNaynosHna

®Purypa 7. lNpurogHocT Ha 3emuTe B 00L. [lynoBO 3a oTrnexaaHe Ha BuaoBse OT p. [laynoBHus
( B 3en1eHO UBAT OAbNOOKU No4YBKM C GNaronpusTHU XMMUYHU U OU3NYHN CBONCTBA)
Figure 7. Suitability of lands in Dulovo municipality for growing Paulownia ssp. (in green
color deep soils with favorable chemical and physical properties)

[MecbunuBuTe OO NEKO MUHECTUTE NOYBM ca Han-0obpwn. J1eko rmmuHecTn noYysm morar
Aa ce nonyyaT ¢ BHacsiHe Ha opraHn4Hu nogobputenu (06opckn Top, KOMMOCTU, TOpd “
Ap.). TexKo rmuHecTMTe NOYBM HE ce npenopbyBaTt HO B 0OwmHa [lynoBo, TakMBa NoYBswm
NnoYTK He ce cpellart. [No4BMTe CbC CNOUCT HENPOHMLIAEM FOPEH CMNOoW CbLLUO TpsibBa aa ce
n3bareart. [IbpBOTO Ce pa3BuBa Han-gobpe Bbpxy cnabo kucenu go cnabo ankanHu noysu
(pH 6,0 - 7,5). NMaynoBHUATa He pacTe BbpXy MOCTOSIHHO BMNaXXHW W 3abnaTteHu Mno4vBMu.
3atoBa NpeoBNaXXHEHUTE U HUCKM TepeHu TpsibBa ga ce msbsreat. NognoyBeHnTe BOAM
TpsibBa ga 6vaat noHe 1,5 m nnu nosede nog NoBbpxXHocTTa. [NouBarta Tpsbea aa e gobpe
ApeHvpaHa n nponycknuea (Icka et al., 2016).

Tabnuua 3. lNpurogHocT Ha 3eMuTe 3a oTrnexgaHe Ha [aynoBHus
Table 3. Suitability of lands for growing Paulownia ssp

BuagoBe 3eMHa NOBbPXHOCT Mnow B ha Mnow, B %
MAUTKKM NOYBKM BbPXY TBbPAM CKanu HENPUrogHu 3a 1575 45 3.04
MaynoBHuA

MoyBw NpurogHn 3a oTrnexaaHe Ha MaynoBHus 50210.20 96.94
BoagHu obekTu 8.35 0.02

MouBute B 00w mMHa [1ynoBo ca usknoumntenHo nogxoadawm (Tabnuua 3). Okono 97 %
OT TsX ca Abnbokm noysm n camo 3.04 % ca NAUTKM, OCHOBHO BbpXy BapOBULN — MaBHO
PeHnasuHu, ¢ HebnaronpusatHu ceonctBa (Pur.7) (llinkin et al, 2017). WscnepsaHute
AbNOOKM NOYBM NOYTM HABCAKbAE NpUTEXaBaT Noaxoadlla nodBeHa peakuunsa mexay 5.8 —
8.0. CbLlo Taka NoBeYETO OT TAX NpUTexXaBaTt A0Obp MEXaHNYeH CbCTaB C U3KMYEHNE Ha
Herpagnpanute YyepHo3eMu, KbAETO MMa NoBeYe rMuHa B AbnbodnHa. NognoyseHn Boau
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psagko ce cpewat B obwwuHa [ynoBo, nmopagu nuncata Ha peknm a BOgHWUTE O6eKTU
(s30BUMpKM, e3epa n bnara) saemat camo 0.02 % oT TepuTopUuATa.

INerenoa

l:l BOAM l:l cnabo epogupaHmi

- ropa l:l cnabo 1 CpeaHo epoanpaHi
I:l MOLLLH K - CpeiHD epoaMpaHmn

- CPEAHO MOLHK I:l CPeAHD M CHUITHO epodpaHn
: cnado MOoLWHK - CHMHO €poanpaHi

|:| HeepoarpaHi 1 cnado eponmpary [ CYINHO EPOAMPEHM U CKAMM

®durypa 8. Kaprta Ha epo3usiTa Ha noyBuTe B 06LwmHa [ynoso
Figure 8. Map of soil erosion in Dulovo municipality

lMaynoBHMATa MOXe [a ce U3nonasa 3a NPOM3BOACTBO Ha BMoMaca Bbpxy epo3upanu
HaKNMOHEHN TEepeHW, 3a 3anecsiBaHe Ha OMOXapeHW TEepuUTopuM WU 3a usrpaxgaHe Ha
nones3awnTHN TOPCKM MOSICU, 3a CMECEHO OTIMeXAaHe Ha MOoSCM C MNOMCKU KynTypu
(nHTepkponuHr). OcobeHo e noaxodswlo 3acaXgaHeTo Ha MweHuua, Lapesuua, namyk,
panuua v apyru, mexgy pegoseTte Ha nllaynoBHusTa Ha noscu oT 5x20 m, 5x50 m.
M3rpaxxgaHe Ha 3allMTHM FOPCKM NOSICK, KaKTO 1 UBMLUM OT ObpBeTa C nnoLy, no-rofsma ot
eOuH gekap, 1 wupoyunHa Hag 10m. Tesm nosicn morat ga ysenuyaeat ¢ 20-30% pobusute
(Marcotrigiano et al., 1988; Krumov et al., 2013).

lMaynoBHMATa C KpaTka poTauusa moxe ce pokycumpa rnaBHO BbpXYy CMNOCOBHOCTTA U
Aa npousBexga ronemMu KonuMyecTBa NUrHouenynosHa 6Guomaca, KOSTO MOXe ga ce
n3non3ea KaTo ropMBo 3a NPOM3BOACTBO HA TOMMMHA UMK eNeKTpuYecTBo. Bb3MoXxHO e oT
2-rogvWwHN Npy ynpaeneHne Ha KbCy poTauun, Npy BUCOKa MbCTOTA Ha 3acaxgaHe Moxe
Aa ce ocurypu makcumarneHun gobmeun Ha 6uomaca ot 7,2-14,0 t\ha (Zuazo et al., 2013).

B obwwuHa [ynoso okono 3.04 % oT nnowmTte ca NAUTKKU UM CUIHO epo3upanui Ao
OCHOBHUTEe ckanu (Tabnuua 4 n  ¢wur. 8). Owe 7.37 % wnu 3815.7 ha oT 3emute Ha
obwmHata ca cunHo eposvpanu nodsn mnm obwo Hag 10 % OT noyBuTE cCa CUITHO
3acerHatm ot epos3us. CpegHo epo3upanute 3emum ca okono 5.89 % a cnabo
eposupanute ca 10.52. %. Moxe ga ce 0606wm ye 70 % o1 3emuTe B 06LWMHA [1ynoBo He
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ca noenusiHn ot eposus. Octananute 30 % ca 3acerHaTu B HAKakBa CTerneH OT Tesu
npouecn M Tam mMorat ga 6baart mM3rpageHu Mnn Bb3CTAHOBEHW TOPCKUTE MOSICU 4vpes3
n3nons3eaHeTo Ha lMaynoBHMs 3a 6bp3 pacTex.

3a 3awmta OT BeTpoBaTa e€po3ns ropckute nosic ot [laynoBHMA morat ga ce
pasnonarat HanpeyHo Ha nocokata Ha npeobnagaBaliuTe BETpPOBE, a 3a 3awuTa oT
BOAHATa epo3unsi Ha HaKMOHEHUTE MO — MO NOCOKa Ha XOPU3OHTaNMUTE Ha CKIOHOBETE.
Tesaun nosicn HamanseaT U BpegaTa OT BeTpoBaTa epo3us.

B nbpBuTe rognHn ot passutneto cu MNMaynosHusTa obpasyBa M3KMKOYMUTENHO FONeMM
nucTa, KOUTO A NpaBAaT nogatnmea Ha BATbp. CunHMTEe BeTpoBe MoraT Aa NPUYUHAT
yBpexaaHe Ha nucrtara, oo cunHo obesnncrteaHe. NMNopagu gobparta cm cnocobHOCT aa ce
pereHepupart, pacTeHusitTa morat Obp3o Aa KomneHcupat Te3n LWeTu. Bbnpekn ToBa
noTeHumanbT UM 3a pacTex we 6bae BpemeHHO HamaneH. C HapacTBaHe Ha Bb3pacTTa,
pacTeHusTa Llie HaManaT pa3Mepa Ha nucTata Cu U Fesu-TsXxHaTa NoaaTnNMBOCT Ha BATHP.
AKO pedoBHO Ce O4akBaT CUMHW BETPOBE, MOHE MNaauTe pacTteHusa TpsibBa ga Ovaar
3awmTeHun npes nbpeute Tpu roanHun (Zhu, et al., 1986).

Tabnuua 4. CteneHn Ha epo3unst Ha noysuTe B 06wW,. [lynoso no nnow, B ha n %
Table 4. Degrees of soil erosion in Dulovo municipality by area in ha and %

CTteneH Ha epo3usa Mnow B ha Mnow B %

MoLHN-abN60KM NOYBM HEEPO3MpPanU 1108.4 214
CpeaHo MoLLHM AbNOOKM NOYBM Heepo3npanu 21419.0 41.35
Cnabo mowHuM - obNOOKM NOYBMN HEEPO3UPanm 1646.5 3.18
HeepoaunpaHu n cnabo eposnpaHn novsmu 3464.2 6.69
Cnabo epo3npaHn no4su 5450.9 10.52
Cnabo v cpegHo epo3npaHmn No4vsu 873.8 1.69
CpeaHo epo3npaHun noysm 3049.3 5.89
CpeaHo 1 cunHo epoanpaHmu 743.6 1.44
CwunHo eposnpaxu 3815.7 7.37
CuvnHo epo3unpaHn 1 ckanu 1575.5 3.04
[opcku TepuTopumn - Heepo3npanu semu 8638.7 16.68
BogHun obekTtun 8.4 0.02

B obwuHa [lynoBo, KbAETO YeCTO Ce NposiBABAT CUMHM BETPOBE, [MaBHa 3ajada Ha
nosicuTe e ia HamansBaT cunara Ha BATbpa, C KOETO noysara ce npegnassa OT U3yxsaHe
(BeTpoBa epo3ns), HamansiBa ce W3NapeHWeTo Ha Bnarata M TA Ce u3nonsea no-
MbMAHOLUEHHO OT pacteHusaTa. [1pe3 3umara ropckMTe Nnosicu 3anasBaTt CHeXxXHaTa MoKpuBKa
OT u3gyxBaHe M ocuUrypsisat no-paBHOMEPHO pasrnpenerneHne Ha cHera no NnoBbpPXHOCTTA
Ha 3emdata. ToBa npegnasBa noceBuTe OT M3MpPb3BaHe W MO3BOMsiBA PaBHOMEPHO
HaBraxHsBaHe Ha rno4vsara. [lonesawmnTHUTE ropCKN NOSICKU Ca OT USKIIOYUTENHO 3HaYEeHNe
B OopbaTta cpelly KnuMatU4HUTE NPOMEHU. Te3n nosicm ocurypsiBar Ycnosus 3a
HaTpynBaHe W 3anasBaHe Ha Bnararta, nogobpsiBaT BoAHUA 3anac B no4ysarta. [NMaBHa
3a/la4a Ha ropckuTe NosiCU Ha HaKMOHEHU MIOLWM € Aa OCUTYPAT MO-MbIHO NOrbLUaHe Ha
NMOBBbPXHOCTHUTE BOAM, C KOETO Aa HaMandaT cunata Ha cTuMyallarta ce Mo HaknoHa BoAa,
norny4yeHa OT TOMEHETO Ha CHera unuM npu NPonuBHU Abxaose. 10 TO3M HauyuMH ce
nogobpsiBa BOOHUAT peXWM Ha nouvsBata Mo CKMNOHa M Ce HamarnsBa BOAHaTa eposus
(Dimitrov et al., 2014).

160



EKOIOIMA N ArPOTEXHONOI MU — ®YHOAMEHTANHA HAYKA N NPAKTUYECKA PEATTU3ALINA

0% 2%

B MOLWHU-IbNOOKKM MOYBMK
Heepo3upanu

B CpefiHO MOLLHM AbAG0KM NOYBMK
Heepo3upanu

B Cnabo mollHu - AbNOoKKM No4YBwK
Heepo3upau

H Heepo3supaxu 1 cnabo eposunpaHu
no4su

B Cnabo epo3upaHy MoOYBM

3%

7%

1%
6% L

2% % Cnabo v cpeiHO epo3UpPaHK NOYBU

'é% CpeZIHO epo3MpaHu NMOYBHK

durypa 9. PasnpegeneHve Ha no4yBuTe No cteneHn eposns B oL, [1ynoso B %
Figure 9. Distribution of soils by degrees of erosion in the municipality of Dulovo in %

MonesawmtHUTe ropckn nosicn B [Jobpymka ca € nnow, okorno 65 xun. gka.
3awmTasaTt OT BeTpoBeTe OKosfio 3 MIH. Aka.. [nowTa Ha nonesawwmnTHuTe nosicn e 2% ot
Tasu Ha 3awmTteHaTa nnowy (Rousseva et al., 2010).

EdekTbT OT nonesawmtHUTE MNOsIiCM € 3awuTa OT BATbpa, OTTaM 3adbpXaHe Ha
CHera, HamarnsiBaHe Ha BeTpoBaTa €po3vsi Ha no4vsaTa (OTHACAHETO 1), HamansaBaHe Ha
Nn3napeHneTo Ha Brara OT Mno4vBaTa, KakTo M HamansiBaHe Ha CHEroHaBsABaHWATa MO
nbTULLATA.

N3Boaun

MouBnTe B 0OWMHa [ynoBO ca MW3KMYUTENHO MOAXOAALWM 3a OTrMexgaHe Ha
Obp3opacTawm ObpBecHM BMaoBe 3a Buomaca kato okosnio 97 % OT Tax ca abnboku ¢
GnaronpuaTHM noyseHn ceomrctBa. Camo 3.04 % OT noyBMTE Ca NAUTKM MOYBM BBPXY
BapoOBMLN, KOUTO Ce OnpedensT KaTto Henoaxodswm 3a oTrnexgaHe Ha [laynoBHus.
Cnopen karteropmsaumsata Ha 3emegenckute nnowmn B obwmHa [ynoBo, Hau-
pasnpocTpaHeHn ca 3eMuTe OT TpeTa kateropusi (obpu 3emn), KOMTo 3aemat obuia nnowy,
okono 51 %. 3emute OT ocma, AeBeTa M geceta KaTteropusi, 3aemawim okono 19 % ca
HENPUrogHn 3a 3emefenve M Han-4yecTo ca nacuwa v NMBaauM UNKU ca YacT OT FopPCKUS
doHA, KaTo mMoraT Aa ce M3nons3eaT 3a Obp3opacTawm AbpBECHN BUOOBE.

NMpeobnagaBawmnte noyBM B panoHa ca W3nyxeHuTe 4yepHO3EeMW, KOUTO 3aemart
6nu3o 68%. [Oerpagupanute 4YepHo3emu 3aemat okono 19%, u CblWo ce OTnMyaeart C
Bucoko nnogopoaune. Obwara nnow, Ha YepHosemute e Hag 91 %, KaTo BKIOYBaA OLUE
Kap6GoHaTHuTe YyepHo3emMun n TunnyH1MTe YepHo3emun. Tean no4BmM ca MHOro NoaxoasLum 3a
oTrnexaaHe Ha NaynoBHus. MexgybnokoBuTe NPoOCTpaHCTBa MoraT Aa ce 3anecsiBat Kato
nonesaLlnTHM ropckn nosicu, 3a 6opba ¢ BeTpoBaTa epo3usi.
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KAYECTBO HA NMPOAYKUUATA OT AOMATU B 3SABUCUMOCT OT MNOJINBHATA
HOPMA U ®EPTUTALIUATA

MBaHka MuTtoBa, EmMmun JumuntpoB, Becena lNeTpoBa*

MHcmumym no rno4ygso3HaHue, azpomexHo/102uU U 3auuma Ha pacmeHusima
"H. lNywkapos”, Copusi 1309, yn. LLloce baHks 7,
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Pesome

Mpe3 nepuoga 2017- 2019 r BbpXy U3nyKeHa KaHereHa ropcka rnoysa npwv nosveBHU
YyCrOBMs Ha OTKPUTO, Ca NpPOBEAEHW W3cneaBaHuUs C OETEPMUMHAHTEH COPT OoMaTtwu
,HvkonnHa F1” cpegHo paHHO nMpou3BOACTBO. YCTaHoBeHO € BrnvsiHueTo Ha 50 un 100%
MONVBHM HOPMU M HapacTeallo TopeHe Ypes dpepturaumsa (N1sPsKis; NaoP12Kao 1 NasP1sKas)
BbPXY Ka4eCTBOTO Ha hopMmpaHaTa Ha NpoAyKLMS.

Pesyntatute OT TPUroguWHOTO M3cneaBaHe MoKas3BaT MO-BMCOKM KavyeCTBEHMU
nokasatenu npu gomMmatute C pegyuupaHo HanosiBaHe B cpaBHeHne ¢ 100% nonueHa
HopMma ¢ 6.0% MNo-BMCOKO CbAabpKaHWe Ha Cyxo BellecTBo, ¢ 12.3% noseye ob6wu 3axapu,
16.99% nNO-BMCOKO 3axapO-KUCESIMHHO 4YUCIO, KakTo M HamaneHo ¢ 8.3% KWUCEenuHHO
cbabpxaHue. 1o OTHOLEHNE Ha CyXOTO BELLECTBO, OBLLIUTE 3axapu U 3axapo - KUCENTMHHO
YMCNo KaTo onTMManeH W npu OBeTe MNONMBHU HOPMWU Ce siIBABA BapuaHTa TOPEH C
N2oP12K20. VI npn OBeTe nonuBHM HOpMM Cce HabniogaBa  TEHAEHUMS KUCENTMHHOTO
CbObpXXaHWe B NNOAOBETE Aa HapacTBa C TopoBaTa HOpMa, AOKaTo npu ackopbuHoBaTta
KMcenuHa He ce HabniogaeaT u3paseHn TeHAEHUN NPe3 roanHNTE.

Knryoeu dymu: demepmuHaHmeH copm Oomamu, HariosieaHe, ghepmuaauyus,
buoxumu4eH aHanu3 Ha rnnodoseme.

TOMATO PRODUCTION QUALITY DEPENDING ON IRRIGATION RATE AND
FERTIGATION

Ivanka Mitova, Emil Dimitrov, Vesela Petrova

Institute of Soil Science, Agrotechnologies and Plant Protection
“N. Poushkarov” Sofia 1309, Shose Bankia 7.
Agriculture Academy

Abstract

During the period 2017-2019, on leached cinnamon forest soil under outdoor
irrigation conditions, research was conducted with a determinant tomato variety "Nikolina
F+" - medium early production. The influence of 50 and 100% irrigation rates and
increasing fertilization through fertigation (N15PsKis; N2oP12K20 and N2sP1sKzs) on the quality
of the formed production was established. The results of the three-year study show higher
quality indicators for tomatoes with reduced irrigation compared to 100% irrigation rate -
with 6.0% higher dry matter content, 12.3% more total sugars, 16.99% more - high sugar-
acid number, as well as reduced by 8.3% acid content. In terms of dry matter, total sugars
and sugar-acid number, the N2P1:Ky fertilizer option is optimal for both irrigation
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rates. With both irrigation rates, a tendency was observed for the acid content in the fruits
to increase with the fertilizer rate, while no pronounced trends were observed for ascorbic
acid over the years.

Key words: deterministic tomato variety, irrigation, fertigation, biochemical analysis
of fruits.

BbvBeneHue

OrpaHuyeHnTe BOOHM pecypcu B CBETOBEH Mawab, KakTo M KOHKypeHuusTa cpen
NPOMULUNIEHNTE, CENCKOCTOMaHCKUTE U rpagckute notpebutenn ctaBa BCe NO-CEPUO3HA,
KOETO Hanara HenpekbCHaToTO nogobpsiBaHe Ha NOMUBHUTE MPaKTUKW, OCOBEHO B TakbB
WHTEH3MBEH OTpacbi KaTto 3eneHyykonpomssogcteoto (Tesfay T., et al.,, 2020).
HekoHTponupaHaTta ekcnnoataumsa Ha MnognovyBeHUTE BOOAW MMa CEPUO3HU MNOCreauum,
KaTo MNOHWMXaBaHe Ha HMBOTO WM, HamMansiBaHe Ha CTOMaHWCBaHUTE MNMOLM, KaKTO M
WHTEH3MBHW NPOLIECU Ha 3aconsBaHe U BriolaBaHe Ha MiogopoaAMETO UM.

CbBpeMeHHOTO 3emefenve e usnpaBeHO npeq ABe 3ajayun: OT edHa cTpaHa aa
nogabpxa AobuBa M Ka4yeCTBOTO Ha KynTypuTe, Kato CbLIEBPEMEHHO MoBMLIABa
eeKTMBHOCTTa Ha U3MNon3BaHe Ha BogaTa, M OT Apyra Aa Hamanu npou3BOACTBOTO Ha
3aMbpCUTENN B CENICKOTO CTOMAHCTBO, KOETO Ce MorfyvasBa nNpu HepasyMHO MonvBaHe
(Djurovi¢ et al., 2016; Hou M. et al., 2017; Tang et al., 2016). BeskoHTponHOTO HanosiBaHe
1 TOpeHe MoraT ga KomnpomeTupat aobusnTte, Aa Brnowart Ka4eCTBOTO Ha pekonTaTa, u a
NPOBOKUPAT HaTpynBaHe Ha HUTPATK U NeCcTULMAM B NOYBaTa U NOANOYBEHUTE BOAMW.

KombuHaumaTa ot oepTuraums, Cb4eTaHa C MMKpOHanNosiBaHe OcuUrypsiBa TEXHUYECKO
pelleHne, Ype3 KOeTO XpaHUTENHW BelwlecTBa M Boda Morat ga 6baaT AOCTaBAHM KbM
KynTypaTta 4Ype3 BMCOKO MPEeuu3HW MHTepBanu OT BpeMEe U NPOCTPAHCTBO, KaTo Mo TO3u
HauMH no3BonsBaT BMUCOKA e(EeKTUBHOCT Ha W3MON3BaHe Ha XpaHUTEnHWTe BeLlecTBa
(Ankush and Sharma, 2017; Incroci et al., 2017). EdekTMBHOCTTa Ha M3MON3BaHETO Ha
XPaHUTENHU BeLecTBa OT pacTeHusTa npu depturaums € ¢ MHOro no-BMCOKU pe3ynTaTu
(no 90%), B cpaBHeHMe C Opyr1 cuctemun 3a BHacsHe Ha TopoBeTe (40—-45%) (Agostini et
al., 2010).

YnpaBneHneTo Ha BogaTa 1 XpaHUTENHUTE BeLLeCTBa, NpegocTaBeHn ¢ TOPOBETE, ca
ABaTa OCHOBHM abMOTUYHU haKTOpW, BRMSELLM BbpXY pacTexa M MpoayKTMBHOCTTa Ha
kyntypute (Wang et al., 2015). KauecTBOTO Ha AomMaTtuTe € obLUNAT pesynTaT OT pasnnyHu
NHAMBUAYANHU 1 KOMOMHUPaHM B3amMogencTeus oT dakTopu u nokasartenu (Wang et al.,
2015). WacnegpaHunata nokasesaT (Wang et al.,, 2015), ye BbB BCUYKM AbpXKaBu
NpoOM3BOACTBOTO Ha [OMaTu ce yBenuyaBa, MpuM KOETO MOTPebMTENCKOTO TbpceHe
NMOCTEMNEHHO Ce NPOMEHS OT YBENUYEHO KONMUYEeCTBO NNogoBe A0 nnogose ¢ no- 4obpo
kayecTBOo. HeobGxoammm ca akTyanHu JaHHM NOMyYeHU Mnpu pasHOOOpasHM MNOYBEHU U
KNMUMaTUYHM YCMNOBUS CBbP3aHM C MOSIMBHUTE PEXUMUM M TOPEHe Ha [oMaTtuTe KaTto
cTtabunHa ocHOBa 3a NPOM3BOACTBOTO Ha AOMATK C NOCTVXMM BanaHc Mexay BUCOK Jo6uB
1N BMCOKO Ka4eCTBO Ha NofoBeTe.

LlenTa Ha HacTOAILLOTO Npoy4YBaHe € [a ce onpeaeny BrMSHWETO Ha HapacTBaLLm
MOMMBHU HOPMU N TOPEHE Ype3 hepTuraums Bbpxy (dOpMMpPaHETO Ha NPOAYKUNSA C BUCOKO
KayecCTBoO.

MaTtepuanu n metoamu

W3cnepBaHuaTa ca npoBedeHW Npw NOMAMBHM YCIOBUS BbPXY W3NyXeHa KaHerneHa
ropcka noysa Ha OI1 ,HMenoneyeHe” Ha UMA3P “H. MNMywkapos”. Kato onutHa kyntypa e
N3Nons3BaH CPedHO paHo3pAn AeTepMuHaHTeH copT ,HukonuHa F17 — cenekumna Ha UM—
BAH. MNo4yBaTa B onnTHUSA y4acTbk € cnabo xymycHa 1.44% cbe cnabo kucena peakumsi —
PHuo — 6,2; pHka — 5,4. CbabpXaHMETO Ha MUHeparneH as3oT e Hucko — 16.1 mg.kg™
noysa. CteneHTa Ha 3anaceHOCT C NoABWKHM dhopMn Ha drocop M Kanum e cpegHa —
11.4 mg Pioog1 M 17,7 mg K.ipg-1 NOUBa. Cxemata C BapuMaHTUTE Ha EKCNEPUMEHTaA €
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npeactaBeHa B (Tabnuua 1). ONUTBLT € 3anoXeH MO  MeTod4a Ha AbMrMTe napuenu B
4yeTMpu MOBTOPEHUs, C rofeMuMHa Ha onuTHaTa napuenka 7.5 m? HanossaHeTo ce
M3BbPLUM Ype3 MHCTanaumsa 3a KankoBO HanosiBaHe. [lonuBHWUTE Kpuna 3a KarnkoBoO
HanosiBaHe ca M3bpaHuM B 3aBMCUMOCT OT KOHTYpUTE Ha HaBraxHsiBaHe MNpu KaHeneHa
ropcka no4ea, pas3cTosAHMETO Mexay kankoobpasdyeatenute e 0.30 m, ¢ M3TU4aLLO BOAHO
konudyectBo 2 |L.h”. Te ca nocTaBeHn Mo OBa BbB BCSKa NEHTa HEMNocpeacTBEeHO [0
cTbbnara Ha goMaTuTe Ha NOBbPXHOCTTA Ha TepeHa.

PacteHnaTta ca 3acageHun B aBypenoBa neHTa no cxema 100+60x30. A30THUAT
(amoHMeBa cenuTpa) U KanuveBUAT (KanuveB Xnopwug) TOpoBe NPU BCUYKM BapuaHTn C
TOPEeHe ca BHECEHW TPUKPATHO C NOMMBHaTa MHCTanaums. TOpoBUTE HOPMU ca pasgeneHn
Mo paBHO M BHECEHW A0 hasza macoBo hopMmpaHe Ha 3aBbp3n. PocdopHaTa Hopma, nog
dopma Ha oBoeH cynepdocdart € BHECEHaA Npe3 eceHTa ¢ AbnbokaTta opaH.

N3cneaBaHuaTa Bbpxy NrogoBeTe OT AOMaTWM ca HanpaBeHWM B CTOMAHCKa 3psinocT
BbpXy cpegHa npoba ot 10 nnoga OT BCAKO MOBTOPEHME Ha BapuaHTUTE BKMIOYEHM B
onuta. AHanusuTte ca nposeaeHn B nabopatopusata Ha UMA3P ,H. MNMywkapos® n XTMY.
Cnen wuscywaBaHe Ha npobute npu 65°C ¢ npeaBaputenHa dukcaumsa npu 110°C e
onpefeneHo ab6bconTHO cyxoto BewectBo (ACB). CbabpkaHuero Ha 3axapy B
nnogoBeTe e onpeaeneHo pednekromeTpnyHo. MeToabT ce OCHOBaBa Ha NPeBPbLUAHETO
Ha D-rntoko3a u D-gpyktosa B D-rmokoso-6-cpocdat, npoaykt Ha okucneHne ¢ NAD
(koeH3nm). Tonm OT cBOA CTpaHa ce npeBpblua B [MiokoHaT-6-docdar. PopmupaHuaT
NADH (koeH3uM) pegyumpa TeTpasonuesaTa cosl 0 CUH hopMasaH, YUATO KOHUEHTpauns
ce nsmepBa pedrnektomeTpuyHo Ha anapat RQflex® ypes tectoBu neHTn. CbabpKaHMeTo
Ha oOWM KucenuHm B NNogoBeTe € onpedeneHo pednekTtomeTpuyHo. MeTtoabT ce
OCHOBaBa Ha peakuuaTa C ankaneH peakTMB Ha BCUYKM KUCENMHHM cybcTaHumm (obwia
KMCENNHHOCT), CbAabpxalu ce B Nnpobarta. Pe3yntarbT ce NpOMeEHsi B 3aBUCMMOCT OT pH 1
CbOTBETCTBa C NPOMsiHAa Ha uBeTa Ha pH uHaukatopute. OTuMTa ce Ha pednekTOMETbP
RQflex® ypes3 TectoBu neHTU. CbabpKaHMETO Ha ackopbuMHOBa KUcennHa B NIOAOBETE €
onpeneneHo pedriekTOMETPUYHO MO METoh ,Cren peakuuss ¢ monubaodocdopHa
KncennHa go docgomonmnbaeHoBo cuHbO®. Cnen ocpedHsiBaHe U nacupaHe Ha npobuTe,
AOMaTEHUAT COK Ce pa3pexaa C OKcanoBa KucenuHa u ce untpysa. Kbm Taka nonyveHus
dunTtpat ce npmubass nonvesuHunnonunuponuaoH (Divergan® RS) u pH ce Harnacasa >1
C Hakonko kankm 25% H,SO.. Cnen cmecBaHe, npobata ce unTpyBa U CbObpPXKaAHNETO
ButamnH C ce otunta Ha pednektomerbp RQflex®. 3axapHO-KUCENUHHOTO CbOTHOLLEHME
B NrogoBeTe e onpegeneHo no gopmynara:

06wmu zaxapu (%)

JKC =
Oprauuusu kucenuuu (%)

Pesyntatnte ca obpaboTeHn 4ype3 cratuctudeckum naket Statgraphics (Anova).
PerpecnoHHMTE aHanuaun ca n3rotBeHn cbe codptyepeH npoaykt MS Excel.

Pesyntatm n obcbxpaaHe

B Tabnuua 1 ca npegcrtaBeHu pesyntatute OT OUMOXMMUYHUTE aHanuanM Ha
BKIMIOYEHUTE B M3cCnegBaHETO OMOXMMUYHM MokKasaTenu 3a kadyectBo B nepuoga 2017-
2019 roguHa. HesaBucmMmo OT TOBa, Ye B nuTepaTyparta ce noco4ysa, 4Ye rnokasarenuTe Ha
Ka4yeCTBOTO Ca reHeTUYEeCKN OeTEepMUMHMPaHW, TO peavua U3cneaBaHusi ca nokasanu, 4ye
Te3N Npu3HauuM ce BNUSAT B MO- CUMHA unu no- cnaba cteneH M OT ycrnoBusTa Ha
oTrnexagaHe n oT pakTopuTe Ha BbHLWHaTa cpena (Boteva and Yankova, 2018).

Mpe3 roguHuTe Ha mscnegsaHe (Tabnuua 1) cbabpXaHMETO Ha abCofTHO CyXO
BELLECTBO B NIIOAOBETE Ha gomaTuTe ce ABMXU mexay 4.25 n 6.6% npu 100% nonueHa
HopMa u 427 n 6.9% npu 50% nonuBHa Hopma. [lonyyeHuTe CTOMHOCTM 3a
CbAbpXXaHMEHA CyXO BELLECTBO B NIOAOBETE HA AOMATUTE BbB (hbasa cTonaHcka 3psanocT
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Ca HambfHO CbNOCTAaBUMU C MOMyYEHUTE B APYrM ONUTU CbC CblumMs copT HukonuHa F
(Boteva and Yankova, 2018; Vasileva et al., 2016). OcpeQHEHOTO Cbabp)KaHME Ha CyXO
BEWECTBO B [oMatuTe 3a TPUrogulIHMS Nepuoa Mpu pacTeHuaTa € penyumpaHo
HanosiBaHe e 5.48% wnu ¢ 6.0% no- Bucoko ot Toea npu 100 % MIB.

CtonHOCTTa Ha npomeHnuBata p — Value 3a M3MEPEHOTO CyxO BELEeCTBO MNpes
ekcnepumeHTanHuTe rognHn npu 100% [MMB, kakto u npu 50% MIMNB 3a 2017 n 2018r e
Nno- manka OT HMBOTO Ha 3Ha4YMMOCT, KoeTo no nogpasbupaHe e 0.05, gokaTo BbB
BapuaHTute npu 50% IMMNB npe3 2019r npomennueata p — Value e no- ronsima OT HUBOTO
Ha 3HaunmocT 0.05, Npn KOETO BCUYKN M3MEPEHN CTOMHOCTM Ha NoKasaTensi ce rpynupar B
efHa peguua. Huckata cTOMHOCT Ha p — Value CbOTBETCTBA Ha BMCOKM CTOMHOCTU Ha
Kputepna Ha Puwep — F (c nskniodenne Ha 2018r BapnaHTuTe C peayumpaHo HanossaHe).
To3an akT ce cuumTa 3a [OKa3aTencrBo, 4Ye pasnukata mexagy nonynauuoHHOTO W
N3BaJKOBOTO CPeaHO € 3Ha4Yuma.

Mpe3 nbpBUTE ABE ONUTHM FOAMHN C HapacTBaHe Ha TopoBaTa HOpMa pacTe U CyxOoTo
BELLECTBO B MNS04OBETE Ha AOMaTUTE He3aBMCMMO OT nonueHata Hopma. [pe3 2019r, B
KOSITO Ca OTYETEHU M HaW- BUCOKM CbAbpXKaHUA Ha nokasatensa (6.6% npu 100% MIMNB n
6.9% npu 50% IMIB) 1 npn aBeTe NOMIMBHM HOPMU HaW- MHOIO CyXO BELLECTBO € N3MEPEHO
B nfiogoBeTe OT BapuaHT T3 TOpeH € N2oP12Kz.

HanpaBeHusaT MHorodakTopeH aHanms3 (npu LSD — 95.0%) nokasea, Ye OCHOBHO
BNUSHME BbPXY CUHTE3a Ha CyxXO BeLlecTBO B gomareHute nnogose npe3 2017r uma
CbBMECTHOTO [OEeNCTBME Ha TopeHeTo M HanosiBaHeTo 33.71%, cnegBaHO OT TOPEHETO
19.3% un 6.73% 3a HanosaBaHeTo, npe3 2018r AOMMHMPALLOTO CbBMECTHO BIIMSIHME Ha
ABarta u3nuteaHu aktopu ce 3anasea- 32.13%. BnusHMeTo Ha HanosiBaHETO Mpe3 Tasu
roanHa HapacTtBa Ha 30.0%, a Ha TopeHeTo e 20.24%. Npe3 nocnegHata onNuTHa roguHa
CbBMECTHOTO BMUAHWE Ha TOPEHETO W HanosiBaHeTo e pegyuupaHo [o 4.6%, a
AOMMHMpPALLIO € HanosBaHeTo ¢ 42.11% cneaBaHo OT TopeHeTo ¢ 36.91%.

N3mepeHuTe obLm 3axapn BbB hbasa crtonaHcka 3panoct ca mexay 3.2 u 4.8% npu
100% nonveHa Hopma 1 3.8 1 5.9% npu 50% nonneHa HopMa. OCcpegHEHOTO CbabpXKaHUe
Ha 3axapu B AomaTuTe 3a TPUroaullHUS nepuod Ha u3cnedBaHe npu pacTeHusaTa C
peayumpaHo HanosisaHe e 4.63% wunn ¢ 12.3% no- Bucoko ot ToBa npu 100% M1MNB. B
nutepaTtypaTta ce uuTupaTt OaHHW 3a Kopenauusi Mexay CyxoTO BELLeCTBO M 3axapute B
AomMaTtuTe, KOMTO Ce ObikaT Ha ,edekta Ha paspexgaHe“ (Anthon et al.,, 2011; ). B
N3BEedEHNTE ONUTU TakMBa 3aBUCMMOCTU ce HabnogaeaTt 1 npe3 TpUTe ONUTHU FOAMHN NPU
nbJiHaTa nonueHa HopMa 1 npe3 2019r npu pegyumpaHoTo HanosiBaHe.

Mpe3 2018r. 1 Nnpu ABETE NMOMMBHU HOPMWU HAMA CTATUCTUYECKM 3HAYUMWN Pa3NNKK
MeXOy M3MEPEHUTE 3axapHM CbAbpPXKaHUA NpU PasfnUYHO TOPEHE, Ha HMBO Ha OOBepue
95.0%. CrtomHocTTa Ha npomeHnuBata P- Value n npu gBete nNofiMBHM HOPMWU Mpe3
onuTtHaTa 2018r. Nnpn nokasaTtens o6y 3axapu € 3Ha4YUTENHO MNO- BUCOKA OT HMBOTO Ha
3HaymmocT (0.05).

M npn goBete nonuMeHM HOpMU eguHCTBEHO npe3 2019 rogwHa npu pacTteHusaTa oT
BapuaHTa ¢ Ts. N2oP12K2 3axapHOTO CbabpKaHMe € JoKas3aHo Mo — BUCOKO, B CpaBHEHME C
ApYyruTe BapuaHTW, KaTo CbObP)KaHMETO Ha obuM 3axapu B NNOAOBETE C pedyumpaHa
nonuseHa Hopma e ¢ 10.4% no- Bucoko B cpaBHeHne cbe 100% MI1B.

MHorodaktopHuaT aHanm3 (npu LSD < 95.0%) coun, 4e npe3 nbpBata rogvHa
rMaBHO Bb3AENCTBME BbPXYy CUHTE3a Ha 3axapu uMma TopeHeTo 37.57% cnepsaHo OT
HanosiBaHeTO 32.75%. BnunaHmeto Ha CbBMECTHOTO AEWCTBME Ha [ABaTta u3cnenBaHu
daktopn e 26.12%. MNpe3 2018r BnMsaHNETO Ha M3nuTBaHUTE akTopu € no- cnabo, kato
17,4% e BnusiHMETO Ha HanosiBaHeTO U 15.4% Ha TOPEHETO, @ CbBMECTHOTO UM OENCTBUE
e camo 3.19%. lNpe3 nocnegHata onUTHa rogMHa Bb3OeNCTBMETO Ha HaMoOSIBAHETO BbPXY
HaTpynaHuTe obwwu 3axapu e 3Ha4yumo 52.43%, BUCOKO € y4yaCTUEeTO U Ha TOPEHETO
36.42%, a Ha CbBMECTHOTO AeNCTBUE Ha NONMBAHETO 1 TOPEHETO ce nagat camo 5.02%.
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KnucennHHoTo cbabp)kaHue B AoMaTeHUTe NnodoBe Npes3 roanHuTe Ha ekcnepumMeHTa
ce asmxn mexay 0.39 n 0.73% npu Bucokata nonveHa Hopma n mexay 0.40 n 0.61% npu
pegyumpaHata. OcpeHEeHOTO KUCENMHHO CcbabpXaHue B gomatute cbc 100% nonveHa
HopMa 3a TpuroguwHua nepuog € ¢ 8.3% no- BMCOKO OT TOBa NpW NfogoBeTe C
peayumpaHo HanosiBaHe. lNpomeHnueaTa p — Value e no- ronsima ot HUBOTO Ha 3HA4YMMOCT-
0.05 npu nbnHata nonmeHa HopmMa 3a 2017 n 2019r.

N npu OBeTe MONMMBHW HOPMWU Mpe3 eKCnepuMeHTanHuTe roaMHu ce Habnopasa
TeHOeHuns 6e3 CTaTUCTMYECKM [OKasaHW pasfiMku  KUCENMMHHOTO CbAbpXaHue B
AomaTeHuTe NIoAoBe Aa pacTe C yBenuyaBaHe Ha TopoBaTa Hopma. PonsaTta Ha dopmara,
HayMHa M HOpmaTa Ha TOpeHe W”n 0cobeHO Ha a30THOTO W KanuMeBO TOPEHE BbPXY
Ka4eCTBOTO Ha MpoaykuusTa € AokasaHo B MHoro uscrnegsanusa (Mitova et al., 2010;
Agostini et al., 2010; Ankush and Sharma, 2017; Teklay Tesfay et al., 2020 ).

MHorodaktopHuaT aHanud npe3 2017r, npu HMBO Ha 3HadymmocT LSD - 95,0%
nokasBa, Y€ OCHOBHO BNUSIHNE BbPXYy CUMHTE3a Ha KNCENWHM B AOMAaTeHuTe NnogoBe nma
TopeHeTo 29.01%, cnegsaHo OT nonuBaHeTo 26.74% n cnabo CbBMECTHO yvacTue Ha
aBata ¢aktopa 4.95%. Mpe3 2018r BnuaHMeTo Ha TOpeHeTo ce yBenuyasa 68.44%, 3a
cmeTka Ha HanosiaHeTo 0.49% u cbBMecTHOTO genctBue Ha daktopute 0.94%. lNpes
2019r yyacTneTo Ha n3nuTBaHUTE (PakTopu BbB OPMUPAHETO HA M3yYaBaHUA Mokasarten
CbLLO € Hucko npwu HanosiBaHeTo 13.3%, Ha TopeHeTo 0.17% W CbBMECTHO OencTBue
1.76%.

CbOTHOWEHMETO Mexay obwuTe 3axapy UM KACENUHUTE B AOMaTUTE € BaXeH
KayeCTBEH rMokasaTten onpeaensiy BKyca Ha nnogoBeTe. HAKoM no-paHHM m3cnenBaHus
npuemart Kato ONTUMAanHO 3axapHO-KMCENUHHOTO CbOTHOLIEeHME mexay 5.6 n 8.7, Ho ¢
pPasBUTUETO N YCBLBBLPLUEHCTBAHETO Ha METOOUTE Ha Cenekums u arpoTexHuka Ha
oTIMexaaHe peguua w3cnegoBaTeny Bevye codaT Karto ONTMMarHO  CbOTHOLLEHME
onpegenswo gomatute kato ,BkycHu“ Hag 10 - 11 (Ganeva, 2007; Mitova et al., 2010;
Guimaraes et al., 2008). B nscnegsaHute npodbu npes roanHnTe TOBa CbOTHOLUEHUE ce
aBmxn mexay 4.78 (B koHTponHua BapuaHT cbC 100% MMNB Ha 2017r) n 12.04 (npwm
nnogosete C pegyuupaHo HanosBaHe u TopeHe ¢ NisPgKis or 2017r). lNMpn TOpeHute
pacteHnsa cbc 100% MIMNB npe3 2017r, n npe3 2019r He3aBMCUMO OT MONMBHATa HOPMa,
BapuaHT T3 NxP1Kx € dopmupan nnogoBe ¢ HanW-BUCOKO 3axapHO-KMCENUHHO
CbOTHOLLUEHME, OoKaTo Npu peayuMpaHoTo nonmBaHe npe3 2017 roguMHa , KakTto U npwu
asete nonueHu Hopmu oT 2018r nnogosete ot BapmaHT T2 N1sPsKis ca ¢ Han- ronama
CTOMHOCT Ha CbOTHOLLEHMETO 00K 3axapu/TuTpyemmn kucenuHu. lNpaeun BneyatneHne ye
CbOTHOLLUEHUATaA 3axapw/kucenuHn B gomateHute nnogose npu 50% [MMNB ca ¢ 16.99%
no- BUCOKN OT Te3n npu pacteHuaTa cbe 100% IMIM1B.
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Tabnuua 1. BnvsHne Ha TopeHeTo 1 NonMBHATa HOPMa BbpXy Ka4eCTBOTO Ha NpoAayKumusaTa OT 4OMaTK
Table 1. Influence of fertilization and irrigation rate on the quality of tomato production

O6wm 3axapu (%)

Tutpyemun kucenuum (%)

AckopbunHoBa KMcenuHa

(o)

B\";‘g;f::: ACB% Total sugar (%) Titratable Acids (%) Ascorbic Acid (mg%)

2017r | 2018r | 2019r | 2017r | 2018r | 2019r | 2017r | 2018r | 2019r | 2017r | 2018r | 2019r
100% irrigation rate

T:.0 5.03 4.87 5.99 3.2 3.8 4.2 0.67 0.39 0.43 12.16 | 10.8 15.3
T2N1sPsKis | 4.25 4.31 6.0 4.2 4.0 4.3 0.56 0.42 0.48 14.81 12.7 18.6
T3.NaooP12Koo | 4.58 4.60 6.6 4.6 4.0 4.8 0.60 0.45 0.50 1350 | 15.4 23.7
TaNsPieKos | 4.99 4.60 6.2 4.6 3.8 4.0 0.73 0.48 0.50 16.00 | 14.2 24.2
Average 4.71 4.59 6.2 4.15 3.9 4.3 0.64 0.44 0.48 1412 | 133 20.5
Median 4.61 4.60 6.1 4.40 3.95 4.25 0.66 0.42 0.48 13.91 | 13.55 | 2155
Stdev P 0.393 | 0.256 0.284 | 0.591 | 0.200 | 0.318 | 0.105 | 0.039 | 0.107 [ 1.521 | 1.771 3.72
F- Ratio 5.26 4.20 8.32 | 40.31 0.89 16.80 | 1.67 9.02 0.23 | 21.60 | 43.81 | 181.90
P-Value |0.0270 | 0.0465 | 0.0077 | 0.0000 | 0.4872 | 0.0008 | 0.2503 | 0.0060 | 0.8741 | 0.0003 | 0.0000 | 0.0000
LSD-95.0% | 0.525 | 0.369 0.322 | 0.339 | 0.399 | 0.272 | 0.190 | 0.043 | 0.236 | 1.163 | 0.978 1.031
LSD-99.0% | 0.765 | 0.537 0469 | 0494 | 0581 | 0.395 | 0.277 | 0.063 | 0.344 | 1.692 | 1.424 1.501

50% irrigation rate

Ts. 0 4.27 4.6 6.2 3.8 3.9 4.6 0.51 0.39 0.42 1055 | 11.6 17.9
Te.N1sPsKis | 5.07 4.8 6.5 5.9 4.2 5.1 0.49 0.4 0.50 13.62 | 145 22.6
T7.NooP12Keo | 5.15 5.1 6.9 5.8 4.0 5.3 0.55 0.45 0.46 10.43 | 16.8 29.1
Te.NosP1eKas | 5.45 5.3 6.4 4.2 3.9 4.8 0.61 0.48 0.50 8.25 14.9 21.5
Average 4.99 4.94 6.50 4.93 4.01 4.94 0.54 0.43 0.47 10.71 | 1445 | 2278
Median 5.11 4.9 6.45 5.05 4.0 4.9 0.51 0.45 0.48 10.39 | 14.9 22.1
St dev 0.601 0.278 0.268 | 0.947 | 0.189 | 0.275 | 0.051 | 0.046 | 0.043 | 1.937 | 1.890 | 4.053
F- Ratio 2.98 16.89 12.29 | 116.92 | 1.63 | 20.06 | 10.18 | 4.80 3.91 | 102.17 | 85.23 | 623.12
P-Value | 0.0963 | 0.0008 | 0.0023 | 0.0000 | 0.2589 | 0.0004 | 0.0042 | 0.0338 | 0.0536 | 0.0000 | 0.0000 | 0.0000
LSD-95.0% | 0.952 | 0.237 0.261 | 0.326 | 0.344 | 0.217 | 0.054 | 0.060 | 0.063 | 0.712 | 0.759 | 0.610
LSD-99.0% | 1.385 | 0.345 0.379 | 0.412 | 0500 | 0.316 | 0.079 | 0.081 | 0.092 | 1.036 | 1.104 | 0.888
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3aknoyeHue

OcpeaHeHOTO CbabpXaHWe Ha Cyx0o BELLEeCTBO B JOMaTUTE 3a TPUrOAMLIHUA Nepuos
Ha u3cnegBaHe Mpwu pacTeHudaTa ¢ pegyumpaHo HanosisaHe e 5.48% wnn ¢ 6.0% no-
BMcoko ot Toea npu 100 % IMIMB. M npu gBeTe NONMBHN HOPMUX Ha-MHOIO CyXO BELLECTBO
€ N3MepeEHO B nnogoseTe oT BapmaHTa ¢ NaoP12Kzo

OcpeaHeHOTO CbabpXaHMe Ha 3axapu OT BapuaHTUTE Ha TOpeHe, B gomartuTe 3a
TpUroguHUA Nepuod Ha uacnegsaHe npu  pegyumpaHo HarnosiBaHe € 4.63% wnn ¢
12.3% no-Bucoko ot ToBa npu 100 % MNINB

KncenuHHoTO cbabpxaHue B JOMaTeHUTe NNogoBe npes roaMHUTe Ha ekcrnepumMeHTa
ce aswxn cpegHo mexay 0.39 n 0.73% npu Bucokata nonveHa Hopma u mexagy 0.40 un
0.61% npwn pegyumpaHata. OcpegHEeHOTO KUCENUHHO cbabpxaHue B gomatute cbe 100%
nonvMBHa HOpMa 3a TpuroauwHusa nepuop e ¢ 8,3% no- BUCOKO OT ToBa Npw NnogoBeTe C
peayumpaHo HamnosiBaHe.

OcpenHeHOTO cbabpXKaHue Ha BUTaMuH ,C*“ npe3 onuTHUTE rogmMHn e egHakeo (15.97
mg% u 15.98 mg%) HesaBMcumo OT nonmBHaTa Hopma. [pu nNbnHata nonmMBHaA Hopma
npes 2017 n 2019r Han- BUCOKO BUTAMWHHO CbAbpXXaHMe MMAaT pacTeHusTa C BUCOKa
TopoBa HopMa - T4. N2sP16Kas, mokato npes 2018r npu 100%I1MB, kakto n npe3 2018 n
2019r npu pegyuMpaHOTO HamnosiBaHE € HaW- BUCOKO CbAbpXaHue Ha ackopbuHoBa
KncenunHa nmat nnogosete TopeHn ¢ T2 N1sPsKis.
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CBHIMNOCTABKA MEXAY OBUITUETO HA NMOYBEHUTE MUKPOOPITAHU3MU
CNPAMO HAKOU YCITOBUATA HA CPEOATA - PH U CbABbPXXAHUE HA
OPrAHUYEH BbITEPOA U CMELNPUYHU KOITMYECTBEHUTE KINACOBE HA
NMPOAYKTUBHOCT HA YEPHUA JIETEH TPIO®EN (Tuber aestivum Vuttad)

BunsaHa Npuroposa-lleweBa*, Kamenus lNetpoBa, Teongop HepenuH

*[lecomexHu4yecku yHusepcumem-Cogpus
e-mail: b.pesheva@ltu.bg

Pestome

M3BbpLueHa e cbnocTaBka Mexay obunmeto Ha NoYBEHUTE MUKPOOPraHU3MK CNPSMO
cneunuyHn Konnu4yecTBeHW KkracoBe Ha neTHuAT Tprtoden (Tuber aestivum Vuttad.).
N3cneaBaHo e BNMSIHMETO Ha pakTopuTe Ha cpedaTta — CbabpxaHue Ha opr. C 1 noyseHa
KMCENMNHHOCT BbPXY MUKPOOHUTE CboOLEecTBa W KONMMYECTBEHWUTE nokasatenu 3a
Haxoguwara Ha neteH Tptoden. OnuTHUTE Nnowm BKNOYBaAT 22 MOYBEHU paspes3a C
AbnboyvnHa 10 cm. C uen onpegensiHe Ha GUOreHHOCTTa Ha aHanuMaMpaHUTe yyacTblUM €
n3cneaBaH obWMAT MUKPOOEH BPOM U MPOLEHTHUAT OSAN Ha PasfIMYHUTE MUKPOOBHM rpynu.
Mpobute ca cbOpaHM cnoped BCUYKM M3UCKBAHMA 3a CTepunHocT. 3non3eBaHu ca
CTaHOAPTHU MUKPOBMONOrMYHM MeToan 3a aHanuaun. [lonyyeHute pesyntaTu nokassat
pasnnyHa OWOreHHOCT M NPOLEHTEH AsN Ha MUKPOOHUTE rpynu cnopen pasnuyHuTe
ycnosua Ha cpegata — pH, opr. C, KakTo 1 CNpAMO KONMMYECTBEHUTE KIlacoBe Ha NETHUAT
Tptocben. CunHa kopenauma mexgy obwwma mukpobeH 6Gpon m opr. C e oTkpuTa.
YcTaHOBEHUTE CTOMHOCTWN Ha pH kopenupat ¢ AMHaMukaTa B NMPOLEHTHOTO pasnpenesieHn
Ha OTAENHUTE OCHOBHM MUKPOOMONornyHu rpynn. MNMpu Hannyme Ha NO-HUCKM CTOMHOCTM Ha
pH ce Habnogaea no-ronsiMo obunune Ha MukpomuueTute. Npu BCUYkM NpobHM nnowm ¢
Knac Ha npogykTuBHOCT 1, 6elle ycTaHOBEHO NpUCHCTBUE Ha novseHn baktepun Hag 70%
cnpsmMo obLoTo MMKPOoGHO yucno. MNpu knac gee 6aktepunte 3aemat mexay 64 % n 68%
OT MWKPOOHOTO 0Bunune, gokato npu NPOOHMTE MNMOWWM C Krnac TPU Ha NPOAYyKTUBHOCT
NPOUEHTHOTO UM y4acTtue cnaga oo 31%.

Knryoeu Odymu: royseHu MUKpoopeaaHu3mu, bakmepuu, 4YepeH fiemeH mprogher,
Tuber aestivum Vuttad.

COMPARISON OF SOIL MICROBIAL ABUNDANCE RELATIVE TO ENVIRONMENTAL
CONDITIONS AND SPECIFIC QUANTITATIVE CLASSES OF BLACK SUMMER
TRUFFLE (TUBER AESTIVUM VUTTAD)

Bilyana Grigorova-Pesheva*, Kameliya Petrova, Teodor Nedelin

*University of Forestry
e-mail: b.pesheva@ltu.bg

Abstract

A comparison was made between the abundance of soil microorganisms against
specific quantitative classes of the summer truffle (Tuber aestivum Vuttad.). The influence
of environmental factors - content of organic carbon and soil acidity on microbial
communities and quantitative indicators of summer truffle deposits was investigated. The
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experimental areas included 22 soil sections with a depth of 10 cm. In order to determine
the biogenicity of the analyzed areas, the total microbial number and the percentage share
of the different microbial groups were investigated. The samples were collected in
compliance with all sterility requirements. Standard microbiological methods were used for
analyses. The obtained results show different biogenicity and percentage share of the
microbial groups according to the different environmental conditions - pH, organic carbon,
as well as according to the quantitative classes of the summer truffle. A strong correlation
between total microbial number and organic carbon was found. The established pH values
correlate with the dynamics in the percentage distribution of the individual main
microbiological groups. In the presence of more acidic values, a greater abundance of
micromycetes is observed. In all sample areas with productivity class 1, the presence of
soil bacteria above 70% of the total microbial number was found. In class two, bacteria are
between 64% and 68% of the microbial abundance, while in the sample areas with
productivity class three, their percentage participation drops to 31%.
Key words: soil microorganisms, black summer truffle, Tuber aestivum Vittad.

BbBeaeHue

Mopaan ceBouTe (PU3NMKO-XMMUYHM CBOMCTBA, NovBaTa ocuUrypsisa nogxoasila cpega
3a pas3BUTME Ha MUKpoopraHuammnte. KonnyectBeHUAT U KadeCTBEH CbCTaB Ha MOYBEHMS
MUKPOOMOM 3aBUCAT OT onpeaeneHn uankoxmmmyHute daktopm Ha no4ysata (Frgc &
Jezierska-Tys 2010). Hskou aBTOpM nocoyBaT KaTo Bogewm akTopy OCHOBHO
cbabpxaHneto Ha opr. C n HuBata Ha kucenuHHocT (Khatoon et al., 2017; Fierer &
Jackson,2006). B nocnegHuTe roAuHW Bce MoO-akTyaneH € BbNpoca 3a Bb3MOXHOTO
NMOMNOXUTEIHO Bb3AENCTBME Ha MOYBEHUTE MUKPOOPraHU3MN BbPXY pacTexa u pasBuTUETO
Ha netHnat Tpioden (Tuber aestivum Vuttad). Tuberaceae ca egHO OT Ham-
pasHoobpa3HuTe cemencTBa Ha rbbu, konto obpasysat Tprocenu (Laessge and Hansen,
2007). bpoat Ha BmOoBeTe, NpuUHagMexawu KbM TO3W pPOA OCTaBa HesCeH, HO ce
npegnonara, Ye Ton BkNtousa Han-manko 180 Buaa no uenus ceat (Bonito et al., 2010).
EovH oT Komepcunanuute Bugose e bypryHackuat Tproden (Tuber aestivum Vittad) wnu
Taka HapevyeHUNAT fieTeH Tproger, KOMTO ce OTHaca KbM YepHuTe Tprodenun. TprodenHuTte
ackokapnu ce obpasysaT B noysaTa Ha AbnboymHa 10—-20 cm. CobLuecTByBaT XMNoTe3Nn, Ye
MUKPOOpraHmM3mMuTe, MNpuCbCTBaLlM B pPU30OCEpHUS CroW, OKas3BaT BMAUSIHUE BbPXY
pas3BuTneTo Ha TprodenHus muuen (Garbaye et al. 1992;). lNpeguwHu npoy4ysaHus,
npoeegeHn B KOxxHa EBpona, nokaseat, ye nodBeHuTe Gaktepun, umart GnaronpustTHa
BNUAHME BbPXY pacTexa Ha ackokapnuTte Ha Tuber spp (Barbieri et al. 2007; Saltarelli et
al. 2008).

OcHoBHaTa uen Ha M3cnegBaHeToO € Aa Ce HanpaBu CbNocTaBka Mexay obunuero
Ha MOYBEHUTE MWUKPOOPraHU3MmM CrpsMO YCMOBUSTA Ha cpedata M crneumdpuyHn
Konu4ecTBeHUTe knacose Ha Tuber aestivum Vittad.

MaTtepuanu n metoamu

N3cnepBaHeTo e NpoBeaeHo Ha TeputopuaTa Ha 3anagHa bbnrapusa B Teputopun Ha
pasnpocTpaHeHue Ha Tuber aestivum Vittad. TeputopumTte ca nogbpaHu u NpoyveHn Ha
6a3a Ha npegBapuTenHa nHdopmaums 3a Hanuune Ha nnodHu Tena. CbbpaHu ca npobu
oT 06wWwo 22 nNpobHu nsnowm (20 ¢ Hannyme Ha neTeH Tproden u ABe KOHTponu). JaHHuTe
3a OT TprohenHnTe Haxoguwa ca CpeaHoroanluHn. Hamn-gbnrmsaTt nepuog Ha HabniogeHme
Ha NPOAYKTUBHWUTE NMOWW € 7 roguHKW, Ham-kpatkmatr — 3 roguHn. Ha 6asa Ha
N3BbpLLUEHNTE HAbNAEHNA NNOoLWNUTE ca pa3geneHn B TpK Kraca Ha npoaykTneHocT: Knac
1> o1 5 kg; Knac 2 < 5 kg; Knac 3 < 2.5 kg. lNnowTa Ha Haxoguwiata e kateropmsmpaHa
no crneaHute napameTtpu: S< 25 m? 25 m? < M < 50 m? L>50 m?.MoyseHnTe npobu 3a
cbOpaHn cnpsAMO BCUMYKM MpaBuna 3a ctepunHocT. NpobuTte ca cbbupaHn ot abnbdodnHa
10 cm. W3BbplleHUTe aHanu3M Ha MoYBUTE BKNKOYBAT OnpeaensiHe Ha OpraHuyeH
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Bbrnepos no mogndpuumpan metog Ha TopuH (Filcheva & Tsadilas. 2002) n onpegensiHe
Ha pH:0) (ISO 10390). MukpobmonormyHn aHanuau BKNOYBAT onpedernsHe Ha obwoTo
MUKPOBHO 4MCno n Ha Opos HAa MUKPOOPraHM3MuTE OT OTAENHUTE U3cneaBaHu rpynu -
Hecrnopoobpa3syBawmnte GakTepun, cnopoobpasyBawmute OakTepUU, aKTUHOMULIETUTE U
MukpomuuetTute. WManonssaH e Metoga Ha Kox, BKkMuYBalw, nocreaoBaTenHmxK
paspexaaHnst U NocsiBKa Ha NOAXOASALLM XpaHUTENHU cpeaun M NocneaBallo oTYMTaHe Ha
npopacHanute konoHun. [daHHuTe ca otyeteHmn B KOE g/abc.cyx. no4sa
(konoHoobpasyBawy eanHULM Ha rpam abconTHO cyxa noyBa) U TpaHchopMMpaHu B
norapuTMmUYHM CTONMHOCTU (log1o). laHHUTe ca 06paboTeHn Npu CTaTUCTUYECKM NparoBe Ha
3HaummocT 95% 4ypes nporpama StatSoft Statistica 12.

Pesyntatu n obcbxpaHe

Pesyntatnte OT npoBeAeHUTE MWKPOOMOMOIrMYHW aHanuaun, Kakto U OTYETEHUTE
napamMeTpu Ha no4yeata ca nocodyeHu B Tabnuua 1. [1Be oT npobHute nnowwm (M) ca
onpegeneru kato KoHntponwu (MM7 v MNr10).

MonyyeHuTe pesynTtat 3a pH BbB BOAEH M3BMEK 3a NPobGHUTE Nnowu, B KOUTO ca
OTKPUTW NSIOAHWN Tena Ha neteH Tproden Bapupat ot 6.2 oo 7.4. Cnopea nscnegBaHusTa
Ha Racolta, 2015, pH vHTepBana ot 5.5 go 8.5 e Han-nogxogsw, 3a Tptodenute. Rosa-
Gruszecka et. al.,2021 noco4Bat, 4Ye neTHUS Tprodgen npeanoymtTa MNoYBM, C BUCOKO
CbAbpKaHWe Ha Kanuum u BUCOKN CTOMHOCTM Ha pH. HacTtosweTo npoyyBaHe He OTKpmBa
3aBMCUMOCTU MeXAy [AuHamMuKaTa B KUCENMMHHOCTTA Ha no4yBata WM Kfnaca Ha
NPOAYKTMBHOCT. WHTepec npeactaengeBa funcata Ha  B3auMOBPbBb3Ka  Mexay
CbObPXAHMETO Ha OpraHWYeH BbLIMIEPOA W ONpedeneHnaT Ha TepeH Knac Ha
NPOAYKTMBHOCT Ha neTHuaT Tptoden (Tabnmua 1). lNpu no-HUCKO CbabpXaHue Ha
opraHuyeH Bbriepon e otvyeTeH nbpeu Knac Ha npogyktmeHocT (M118). Knac 3 e otyeTeH
KaKTO NpW HUCKO CbObpXKaHuve Ha Opr. BbrMepod, Taka u npu npobata C Han-BUCOKO
cbabpxaHue. [pyrn npoy4BaHUsA NOCOYBAT, Y€ 3a Aa MMa BUCOK Knac Ha NpOAyKTUBHOCT
Ha neTHUAaT Tprodben e Heobxoaumo nodsaTta ga 6bae C BUCOKO CbObpXKaHWe Ha Xymyc,
PeECnekTMBHO Ha opraHudeH Bbrnepog (Zambonelli et al.,, 2016). NMogobHo Ha Apyru
npoy4dBaHus (Khatoon et al., 2017) npu cratuctudecka obpabotka Ha AaHHUTE € OTKpuTa
CUMHa KopenaumoHHa 3aBUCMMOCT MeXOy CbAbPXXAHMETO Ha OpraHUYeH Bbrnepog W
OTYETEHOTO 00O MUKPOBHO Yncno Ha nacnegsannte npobu (r=0.89).

C noBuUWABaAHETO HA CbAbLPXAHMETO Ha OPraHUYHUAT BbLINIEPOA Ce NoBMLLABA
obMNMeTo Ha nMOYBEHUTE MUKpPOOpraHmsmu. Hsama oTkpuTa B3aMMOBpPbB3Ka MeXay
0o6MNMeTo Ha novBeHUTe MUKpoopraHmamm n Knaca Ha NpoayKTMBHOCT. He ce oTkpmBaT
TEHOEHUUN NP CpaBHSABaHE Ha MUKPOBHOTO obunue Ha uscneaBaHuTe NPOGHWM NNoLWm C
Haxoguwa Ha rfeTeH Tploden WM ABeTe KOHTPOnW, 3a pasnuka OT Apyro nogobHo
npoyyBaHe, KbAETO B KOHTPOMHUTE 30HU KOMUYECTBOTO HA MMUKPOOPraHM3MmTe €
3HauuTenHo no-Hucko (Siebyta & Hilszczanska, 2020). MNpwn aHann3 Ha CTOMHOCTUTE Ha
00LLOTO MMKPOBHO YMCNO CNPSIMO KMCENMHHOCTA Ha cpefaTa He Bsxa OTKPUTU TEHOEHLMMN.
YcTaHOBEHUTE CTOMHOCTM Ha pH obaye kopenvpaT € AuHamMukata B MNPOLEHTHOTO
pasnpefeneHn Ha OTAerHMTe OCHOBHM MUKpobuonornyHu rpynu. pu Hanuyme Ha no-
KMcenn CTOMHOCTU ce Habrniogasa no-ronamo obunve Ha mukpomuuetute (Tabnuua 1).
Mpn aHanu3 Ha paHHUTe 6Gelle OTKpUTa WHTEpecHa B3aMMOBPB3Ka Mexay obLioTo
KONMM4ecTBO Ha GakTepuuTe CnpsMO OBLLOTO MUKPOBHO YMCIIO U onpedeneHusaT Knac Ha
npoaykTMBHOCT Ha Tuber aestivum Vuttad (Purypa 1).

173



EKOJTIOIMMA N ArTPOTEXHONOINN — @YHOAMEHTANHA HAYKA N MPAKTUYECKA PEATTM3ALINA

Tabnuua 1. iacneasaHu napametpu Ha noysaTta/ Table 1. Analyzed parameters of the soill
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2 =z o T 0
1 6.60 + 0.24 6.01 £ 0.34 6.29 + 0.30 5.83 +0.33 5.54 + 0.37 51 6.3 1 2016 L
2 5.95+0.24 544 +0.34 5.47 £ 0.30 4.97 £ 0.33 5.36 £ 0.37 16.13 | 7.3 2 2016 M
3 6.63 £+ 0.24 6.25+0.34 6.20 £ 0.30 5.66 + 0.33 5.64 + 0.37 58.32 | 6.6 1 2017 L
4 6.22 +0.24 5.51+0.34 5.54 + 0.30 5.65 + 0.33 5.75 £ 0.37 2519 6.8 3 2018 S
5 6.39 £+ 0.24 5.65+0.34 6.14 £ 0.30 5.63 £ 0.33 5.25 +0.37 35.19 | 7.2 1 2018 L
6 6.55+0.24 5.66 + 0.34 6.07 £ 0.30 6.05 + 0.33 5.88 + 0.37 41.06 |74 3 2018 M
7 6.64 £ 0.24 6.07 £ 0.34 6.04 £ 0.30 6.09 £ 0.33 597 £0.37 66.68 | 5.6 Control s. 2018 -
8 6.05+0.24 5.74 + 0.34 5.53 £ 0.30 4.88 £ 0.33 5.23 £ 0.37 18 6.5 1 2018 L
9 6.65+0.24 6.10 £ 0.34 6.00 £ 0.30 6.00 £ 0.33 6.07 £ 0.37 66.94 | 7.2 3 2002 M
10 6.49 + 0.24 6.01 £ 0.34 6.14 £ 0.30 5.02 £ 0.33 5.73 £ 0.37 65.54 | 7.2 Control s. 2019 -
1 6.55+0.24 6.00 £ 0.34 6.09 + 0.30 5.80 £ 0.33 5.85 £ 0.37 4225 | 7.1 2 2019 S
12 6.58 £ 0.24 5.33+0.34 6.01 £ 0.30 5.57 £ 0.33 6.33 + 0.37 48.73 | 7.6 3 2019 M
13 6.08 £ 0.24 5.56 £ 0.34 5.74 + 0.30 5.23 £0.33 512 £ 0.37 1845 | 7.3 1 2020 L
14 597 +£0.24 5.05+0.34 5.50 £ 0.30 547 £ 0.33 5.31 £0.37 28.06 |74 3 2018 M
15 6.33 £0.24 5.63+£0.34 6.01 £ 0.30 5.59 £ 0.33 547 £ 0.37 3497 | 7.3 2 2018 S
16 6.20 £ 0.24 5.94 +0.34 5.62 + 0.30 5.30 £ 0.33 5.03 £ 0.37 29.55 | 7.1 1 2019 S
17 6.05+0.24 5.74 £ 0.34 5.32 £ 0.30 5.28 £ 0.33 5.21 £0.37 18.69 |7 2 2019 M
18 6.54 £ 0.24 6.33 £ 0.34 5.78 £ 0.30 5.30 £ 0.33 5.71 £ 0.37 43.15 | 7.4 1 2017 M
19 6.21£0.24 5.85+0.34 5.75+0.30 5.44 + 0.33 4.74 + 0.37 2484 | 7.3 1 2018 L
20 6.25+0.24 5.52+0.34 5.83 £ 0.30 5.50 £ 0.33 5.64 £ 0.37 30 6.2 3 2018 S
21 6.14 £ 0.24 5.36 £ 0.34 5.32 £ 0.30 5.77 £ 0.33 5.56 £ 0.37 2112 | 6.3 3 2018 M
22 6.23 £0.24 5.23+0.34 5.85 + 0.30 5.64 £ 0.33 5.60 £ 0.37 29.55 6.8 3 2019 S
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®Purypa 1. lNpoueHTeH aan Ha bakTepmumTe CNPAMO 00LLOTO MUKPOBHO YnCIo
B OTAENHUTE Knacose Ha nNpoayKTuBHOCT Ha Tuber aestivum Vuttad
Figure 1. Percentage share of bacteria compared to the total microbial
number in the productivity classes of Tuber aestivum Vittad

MonyyeHuTe pesyntaTu nokasBaT y4vyacTue Ha OakTepuuTe B 0BWOTO MMKPOOHO
uncno Hag 70 %, npu npobute ¢ 1 knac Ha NPOAYKTUBHOCT Ha Tuber aestivum Vuttad.
[laHHUTE ca C MHOro HMUCKa CTeneH Ha pascerBaHe. [pn NpobHUTe nnowm onpeneneHn ¢
Knac Ha nNpOAYKTMBHOCT 2, MNPOLUEHTHOTO CbAbpXaHMe Ha OGaktepuuTe OT obuwiata
MUKpobHa 6uoTa Bapupa B gocta 6nmsku rpaHmum ot 64 % 0o 68 %. JaHHute 3a Tpetuar
Knac Ha npoaykTMBHOCT Ha Tuber aestivum Vuttad ca ¢ no-ronsiMo pascenBaHe Ha
NPOLEHTHOTO y4acTue Ha baktepunte. [NonyvyeHnte pesyntatyu nokassart CTOMHOCTU OT 31
% 0o 57%, kaTto nonoBMHaTa OT cTonHocTUTe ca noa 46%.

3aknoyeHue

Hactosiweto npoyysaHe pasrmexaga noTteHuManHata B3auMOBpPb3Ka Mexay
MUKPOBNONOrMYHMTE NapaMeTpu Ha NoYBaTa U KNnacoBeTe Ha NPOAYKTUBHOCT Ha NETHUAT
Tprodpen. 3a fa 6bae oueHeHa Tasu B3aMMOBpPb3Ka ca pasrnefaHy 1 aHanmampaHu HAKom
OT OCHOBHUTE MapaMeTpu Ha NodBaTa (CbAbpXaHMe Ha OpraHUYeH BbIMEPOA M NnoYBeHaTa
KncenunHHocT). MonyvyeHuTe pesyntaTu NoKa3BaT BMCOKA Kopenauus mexagy MUKPOBHOTO
obunme M cbOobpXaHWETO Ha opraHuveH Bbrnepod. He 6Gewe yctaHoBeHa nogobHa
3aBUCUMOCT MeXAM KracoBeTe Ha NPOOYKTUBHOCT Ha NETHUAT TPoden 1 KONMYecTBOTO Ha
opraHukaTta B u3cnegBaHuTe novsu. KMcenumHHocTTa Ha mM3cneaBaHuTe MouvBM Bapupa OT
cnabo kucena go cnabo ankanHa. HacTosweTo npoy4BaHe He OTKPU KOHKPETHU BPBH3KU
mexay obLio MUKPpOBHO Yncno, KnacoBe Ha NPoayKTUBHOCT M pH. Yyactueto Ha rpynarta
Ha MUKPOMMULIETUTE CMpsSIMO OOWMAT MUKpOBeH OGpon e MOo-BUMCOKO, Npu MoyYBUTE C MO-
HUCKN CTOMHOCTM Ha pH. lpu BCMYKM NPOGHM NNOWM C Knac Ha NPOAYKTMBHOCT 1,
Baktepum cberasnaBaxa Hag 70% oT obwoTo MUKpPoBHO Yncro. MNpu knac 2 Gaktepunte
3aemat mexay 64 % n 68% oT MMKPOBHOTO 0BUNMe, AoKaTo NPU NPOBGHUTE NOLWM C Knac
TPW Ha NPOAYKTUBHOCT MPOLIEHTHOTO UM ydacTune cnaga no 31%. Hacroswara paspaboTka
€ npegnoctaBka U OCHOBa 3a ObAelun paslMpeHn NpoyyYBaHWs, KOUTO Aa CNoMOrHaTt 3a
pas3bvpaHe Ha B3aMMOBpb3KaTa Mexay Knaca Ha NpPOAYKTUBHOCT Ha NETHUST Tproden u
MUKPOBHOTO 06MnmMe Ha novBuTe.

BnaropgapHocTu

N3cnenBaHeTto e Bb3MOXHO OnarogapeHue Ha npoekt HUC-NITY Ne 1214 ot
27.04.2022 Ha Tema ,[lpoyyBaHe Ha nMOYBEHUTE napamMeTpu, BAUSEWN BbPXY
pasnpoCcTpaHEHNETO W pPa3BUTMETO Ha OOMKHOBEHUA 4YepeH neteH Tpioden (Tuber
aestivum Vittad.) B 3anagHa bbnrapus.
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EBAMNOTPAHCIMPUALIUATA HA COPIO 3A 3bPHO MNPU HENOJIMBHU YCITOBUA U
OMNTUMAITHO HANOABAHE

PymeH BasutoB

3emedernicku uHcmumym — Cmapa 3azopa 6000,
CernickocmonaHcka Akademusi, bbreapus
e-mail: rumen7588@abv.bg

Pesome

Llenta Ha mn3cnegBaHeTo € ga ce onpedenn eeanoTpaHcnMpauusita Ha copro 3a
3bpHO, OTIMEXOaHO BbPXY NMBagHO-KaHerneHa nodsa B panoHa Ha HOxHa Bwvnrapwus.
EKcnepMMeHTBT € NpoBedeH B ONUTHOTO nosie Ha 3emeaenckn MHeTuTyT - Ctapa 3aropa
kbMm CCA. BapmaHTute Ha ekcnepumeHTa ca Kakto cnegpa: 1) 6e3 HanosiBaHe; 2)
HanosiBaHe ¢ 80% ot lNINB 3a cnos 0-80cm. HanosiBaHETO € N3BbPLLEHO FPaBUTAYHO CbC
CE30HHM MbBKaBK NonueTuneHosu Tpbbonposoan. EBanoTpaHcnvpauusaTa Ha COproTo npu
HEMNOMMBHUN YCNOBMS, B 3aBUCUMOCT OT METEOPONIOrMYHMUTE YCIOBMA Ha roguHarta, Bapvpa
oT 272.4mm po 282.2 mm. [lpn wusnonseBaHe Ha HanodABaHe HaW-ronam Asn B
dopmupaHeTo Ha BogonoTpebrneHneTo 3aema nonimBHaTa Hopma - cpedHo 61,45% [Mpwu
MOMMMBHN YCMOBUA OTHOCWUTENHOTO Yy4yaCcTMe Ha MbpBOHaYanHUs BOAEH 3anac B
obpasyBaHeTo Ha ET 3HaunTenHo Hamarnsiea.

Knroyoeu dymu: copzo, 3bpHO, HarlosieaHe, egarilompaHcrnupauusi, 800eH banaHc.

EVAPOTRANSPIRATION IN SORGHUM GRAIN GROWNUNDER NON IRRIGATED
CONDITION AND UNDER OPTIMAL IRRIGATION

Rumen Bazitov

Agricultural institute - Stara Zagora, 6000,
Agriculture Academy, Republic of Bulgaria
e-mail: rumen7588@abv.bg

Abstract

The aim of the research is to determine the evapotranspiration of sorghum for grain
grown on meadow-cinnamon soil in the region of Southern Bulgaria The experiment was
conducted in experimental field of Agricultutral institute — Stara Zagora (Agriculture
Academy). The variants of the experiment are as follow: 1) no irrigation; 2) irrigation by 75
- 80% of FC (field capacity) for the layer 0-100. Irrigation was done by gravity with
seasonal flexible polyethylene piping. Evapotranspiration of maize grain sorhun under non-
irrigated conditions, depending on the nature of the year, ranges from 272.4 mm to 282.2
mm. In the conditions of irrigation the largest share in the formation of the water
consumption is occupied by the irrigation norm - on average 61,45 %. Under irrigated
conditions, the relative participation of the initial water reserve in the formation of ET
significantly decreases.

Key words: sorghum, grain, irrigation, evapotranspiration, water balance.
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BbBeaeHue

Coproto e kynTypa OT KOATO Npwu noaxoasuw, noabop Ha COpTOBETE U MNpaBuiiHa
arpoTexHonorMst Ha oOTrnexgaHe ce nony4vaBat cTabunHu gOoOMBM MNpU  eKCTPEeMHM
METEeOpPOSIOrMyHN ycnoBus. LIeHHUTe CcTonaHCKM KayecTBa, KOUTO npuTexasa COproto, a
MMEHHO BMCOKaTa CyxOYCTOMYMBOCT, A4oObp AoOGMB Ha 3bPHO M 3eneHa maca, faear
Bb3MOXHOCT TO [ja 3aeMa 3HavuUTeNeH OA5 BbB OypayKonpomn3BoACTBOTO KaKTo Y Hac, Taka
n B YyxbuHa (Gramatikov, B., et al., 2002; Dukic at al.,2003). Npn cTpMKTHO cnassBaHe Ha
arpoTexHvkaTa Ha oOTrnexgaHe v npasuneH ms3bop Ha coptoBe M xmbpuam Moxe Aa
ocurypu cypaxHms 6anaHc Ha Bcsaka depma (Videva and Gerdjikova, 2004; Zarkov and
Atanasova, 2008). NMopagn To3n ¢akT nNpe3 nocnegHMTe roguMHM COproTo cTtaBa Bce Mo-
LUMPOKO un3cnenBaHa kyntypa B bbnrapma npu HenonueHu ycnosusa (Enchev S., G.
Kikindonov,2015; Enchev, S., 2013). Corleto, A, 1985 nocousa, 4e npu HanossaHe ¢ 400m?
BOAA Ha fekap, NpOoAyKTUBHOCTTa Ha kynTypata goctura o 1 000 kg/da. OnpepensiHeTo
Ha eBanoTpaHcnupauuaTa € OT BaXHO 3Ha4YeHue 3a M3rOTBAHETO Ha MPOEKTEH MONMBEH
pexnum Ha nonckute kyntypu (Bazitov, 2020; Matev and Petrova, 2012; Petrova, V. &
Hristova, M. 2020, Petrova, 2016). Npn coproto 3a 3bpHO cpeaHoaeHoHowHaTta ET e 3
mm/d B HayanHu4a etan, creg ToBa 4OCTUra nuMKoBa CTOMHOCT oT 6 mm/d mexay 8 n 9
ceoMuuM cnepq 3acsiBaHETO M Hamansgsa Ao 4 mm/d no BpemMe Ha eTana Ha 3pssiocT,
cymapHata ET Ha coproto goctura go 495mm.(Tyagi N., et al., 2000). B 3anageH KaHsac,
Klocke et al. (2012) ycTtaHoBsiBaT, Ye 4ob6UBUTE OT 3bPHEHO COPro ce yBenuyaeaT JIMHENHO
C yBenuyaBaHe Ha nonusHata Hopma. Farré and Faci (2006) cbobuwaBaTt 3a makcumarHa
CTOMHOCT Ha Ce30HHa eBanoTpaHcnupauunaTa ot 588 mm 3a 3bPHECTO COPro 3a panoHa Ha
Caparoca (Mcnanus). Wani et al. (2012) yctaHoBsiBaT, Ye noTpebrneHneTo Ha Boda 3a
COpro, ¢ NPOAbLIMKUTENHOCT Ha BereTauMoHHua nepuog ot 110-130 gHun, Bapupa mexay
450 v 750mm, B 3aBMCMMOCT OT HMBOTO Ha wu3napeHue. Garofalo n Rinaldi (2013)
KOHCTaTupaTt, 4Ye HanouTenHute HOpMW 3a nofyvyaBaHe Ha  6Guomaca OT copro,
KyntuBupaHa BbB Pogxa, Utanusa, sapupaT mexay 633 n 768mm. Y Hac HAMa MHOro
nybnukauumn 3a oTrnexgaHe Ha COopro 3a 3bpHO NPU NONUBHM ycrnoBus. 3a pavioHa Ha
Bypracka obnact Tanchev and lvanov (1995). yctaHoBSABaT, Ye NOMATOTO €4AWH MbT COPro
no 0oOMB Ha 3bPHO CPedHO 3a TpW FOAMHM MpeBullaBa nonsTata ABa, UM Tpyu NbTU
uapesuua (CboTBETHO C 26% u 12%) n ce gobnuxkaBa OO TO3M MOMyYeH OT nonsitaTta
4YeTMpu NbTU LapeBuLa.

C HacTosaWwoTO Mu3cnegBaHe CuM NOCTaBUXME 3a LUen Ja Cce  YyCTaHOBMU
eBanoTpaHcnupauusaTa Ha Copro 3a 3bpHO, OTIMEXAaHO BbpXYy NMMBAAHO KaHeneHa noysa
3a paioHa Ha KOxHa Bbnrapusa npy NoAMBHM N HEMOSTMBHN YCIOBMS.

MaTtepuanu n metoamu

Mpe3 nepnoga 2018 — 2019 r. B oNnUTHOTO none Ha 3emMeaenckn MHCTUTyT - CTtapa
3aropa Bbpxy NOYBEH TUN NMBaAHO-KaHeneHa nodsa Gelue npoBedeH MOMCKM ONUT CbC
copro, cpegHokbceH copT Makcupea. MNoYBeHUAT TUN ce xapakTepusnpa CbC criegHuTe
BOAHO-bM3nyHM ceoucTsa: MMNB — 26.57%, koeduumeHT Ha 3aBaxBaHe (K3) — 18.19%,
MOPLO3HOCT - 47% 1 o6emHa NNbTHOCT- 1.4 kg/ m3. OnuTHLT Belle 3anoxeH No GrokoBus
MeTo B YETUPU NMOBTOPEHUS, C rofieMmnHa Ha pekonTHWUTe napuenu ot 25 m2. Coproto e
npnbupaHo BbLB deHodasa MbfiHa 3PANOCT Ha 3bPHOTO. HanosiBaHETO € U3BbLPLUEHO
rpaBMTa4HO CbC CE30HHW TIbBKaBM MNONMETMNEHOBN Tpbbonposoan. [lpoyyeHn pga
BapuaHTa: 1 - 6e3 HanosiBaHe (KOHTpona); BapuaHT 2 - onTumanHo HanosieaHe, 75- 80%
or MNMNB (100% nonmBHa Hopwma);. EanotpaHcnupauusta (ET) 3a nepuoga Ha
BeretaumMsita € YycTaHoBeHa 4pe3 BogobanaHCoBM WU3YUCIIEHMS NPU  ONTUMArHO
HanosBaHusa BapuaHT 2 3a cnoga 0-0.80m no dopmynata: ET = Wyaw — Wkp + N + m,
kbgeto: ET — eBanotpaHcnupauma B mm, W,., — BogeH 6GanaHC B Hayanoto Ha
nscnegsaHust nepmog B mm, Wkp — BogeH 6anaHc B Kpasi Ha uacnenBaHus nepmog B mm,
N — Konu4ecTBO Banexwu, nagHanu B u3crnenBaHnsa nepuog B mm, m — nosivBHa Hopma B
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mm. pe3 nepuoga Ha BereTaums Ha COproTo ca peanuanpaHu no Tpu 6posa NoNnBKK Npu
BapuMaHT 2 C uen nogabpxaHe Ha 75 - 80 % npegnonueHa BnaxHoct (MMB).
Martemartnyeckata o6paboTka Ha OaHHUTE € M3BbpLUEeHa CbC codpTyepHua npoaykt Ms
Exel. (vogyn ANOVA- 1).

Pesyntatu n obcbxpaHe

Mpn coproto, esanoTpaHcnvpauuaTa (ET) ce onpegens Kakto OT KOHKPETHUTE
METEOPOSIOrMYHN YCNOBUS Ha OMUTHUTE FOAWHW, Taka U OT MPUMOXKEHUS MOSNIMBEH PEXUM
CtonHoctuTe Ha cymapHaTa ET ot cnoa 0 — 0.80 m npw HENONMBHM U NOSIMBHU YCNOBUSA
ca npeacTaBeHu Mo roavHN 1 cpedHo 3a nepuoga B Tabnuvua 1.

Tabnuua 1. CymapHa ET no rognHmn u cpegHo 3a 2018 — 2019
Table 1. Total evapotranspiration by years and average 2018 — 2019

KbM HeHanosiBaHus KbM HanosiBaHus
MoguHa BapuaHTu ET mm to no-irrigated to irrigated
1 (mm) % 1 (mm) %
Ges Hanossare/ | g, 5 0.0 100 773 | 784
2018 without irrigation
HanosBak/ 3505 | 773 127.4 0.0 100
irrigated
Ges Hanossare/ | 5o, 4 0.0 100 730 | 788
2019 without irrigation
HanosBak/ 3454 | 730 126,8 0.0 100
irrigated
0es Harossare/ | 577 3 0.0 100 -59,1 78.6
without irrigation
Cpenro HanosiBaH/
- 352.5 59.1 127 1 0.0 100
irrigated

CpenHo 3a gBeTe roanHyM Ha M3creaBaHe HanosiBAHETO yBenuyaBa Bogopasxoda Ha
coproto ¢ 26.8% — 27.4%., kaTto Hau-ronamo e yeenundyeHmeto Ha ET npes 2018r., korato
MMa M HaW- TONsIMO HanpexeHue Ha MEeTeoposiorMyHuTe dakTopu: Temnepatypa WU
AeuumnT Ha BraXkHOCTTa Ha Bb3ayxa. Kato abcontoTHM CTOMHOCTU obadve, CTOMHOCTUTE Ha
cymapHata ET e B CMHXPOH C KOHKPEeTHUTE MeTeopornornyHu ycnosus. MNMpu otrnexgaHe Ha
OTKPUTU  NAoWM BoAopasxoda OT COProto ce phopmupa OCHOBHO OT BereTauuMOHHUTE
Banexu, HayanHus BOAEeH 3anac (HaTpynaH B MW3BbH BereTauuMoHHUA nepuoa) u
HanouTenHata Hopma (ako KynTypata ce oTrnexaa npu nonueHu ycrnosus). CpedHo 3a
roouHUTE Ha wn3cnegBaHeTO [AaHHUTe, Kacaewm dQopMMpaHETO Ha Bopopasxoga Ha
coproto B cnos 0 — 0.80m ca npencraseHn Ha durypute 1, 2, 3 1 4, a NO roanHN — B
Tabnuua 2. Ha nbvpeute ase urypm popmmnpaHeto Ha ET e npeactaBeHO B abGCOMOTHU
CTOMHOCTW, CbOTBETHO MNPU HEMOSIMBHM W MOSIMBHU YCMNOBWUSA, a Ha BTOpUTE OBE —
dopmMupaHeTo “ B OTHOcuTenHW cTtomHocTn (%). Mpun BapuaHTa 6e3 HanosiBaHe Ha
COproTo, OCHoBHaTa 4act oT ET 1 ce ¢popmupa OT OCTaHAnNoOToO BOAHO KOMMYECTBO B
aKTUBHUSA MOYBEH CNOW, WM T.H. HayaneH BOAEH 3anac M KONMM4eCTBOTO W3Noni3Baemu
Banexu npes seretaumoHHus nepuog (cwur.1). MNpu BapuaHTa C¢ HanosiBaHe Ha COProTo,
HanouTenHata Hopma yBenuyasa abConTHUTE CTOMHOCTM Ha cymapHata ET, kato egHa
YyacT OT Hesl yyacTBa BbB (POPMMPAHETO N 3a CMETKA Ha M3MON3BaeMuTe Banexu wu
Hanu4HMsA 3anac oT Bnara B nodeaTta, (pwur.2) MNpyn HENONMBHU YCNOBUSA BEreTaunoHHUTE
Banexu ocurypsiesat cpegHo 63.20% ot ET 3a cnos 0 — 0.80m, kato octaHanute 36.80%
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ca 3a CMeTKa Ha 3anacute oT Bnara (HadaneH BogeH 6anaHc), (cowvr.3). Npn BapuaHTa Ha
HanosiBaHe CbLUECTBEH OAN BbB (POPMMPAHETO Ha BOAOpasxoda 3aemMa HanovTenHarta
HopMma — cpegHo 61,45%. (pur.4).

Tabnuua 2. YyactMe Ha BOAOHMA 3anac BaneXuTe W HanouTenHata HopMa BbB
dopmupaHeto Ha ET npwu copro B cnosi 0 — 0.80m.
Table 2. Involvement of the water supply, precipitations and irrigation depth in the
formation of ET to sorghum in the layer 0-0.80m.

be3 HanosiBaHe HanosiBaH be3 HanosiBaHe HanosiBaH
MokasaTen mm | % mm | % mm | % mm | %
2018 2019
2ET 282.2 100 | 359,5 | 100 272.4 100 345.4 100
W BopaeH 3anac 97.77 350 | 43.8 | 12.2 105.1 38.6 37.6 10.9
N Banexwm 183.40 65.0 99.9 | 27.8 167.3 61.4 90.5 26.2
M - - 215,7 | 60.0 - - 217.2 | 62.9
CpegHo 2018-2019r
Mokasaren bes3 HanosiBaHe HanosiBaH
Mm % mm %
2ET 277.2 100 352.5 100
W BopaeH 3anac 101.43 36.8 40.7 11.55
N Banexwu 175.35 63.2 95.2 27.0
M - - 217.2 61.45

2ET - cymapHa esannompaHcrupayus (total evapotranspiration)
W — HayaneH eo0eH 3anac (initial water supply)
N — secemayuoHHU 8arnexu (precipitations during vegetation period)
M — nanoumenHa Hopma (irrigation depth)
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®Purypa 1. dopmupaHe Ha ET B cros

0-0.80m npu HenonMBHW ycnoBus
Figure 1. Formation of ET in layer
0 — 0.80m without irrigation

®durypa 2. dopmupare Ha ET B cnos 0 —
0.80m. npn1 onTumarnHo HanosiBaHe

Figure 2. Formation of ET in layer 0 —
0.80m under optimum irrigation conditions
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MpyM HenonvBHU yCroOBMA W Npe3 TpUTe ONUTHU TOAWHW, HEe3aBUCUMO OT
METEOPOSIOrMYHUTE pasnuyung, xogbT Ha ET 3aBucm oT BogosanaceHoOCTTa Ha noyeata U
N3NOoN3BaHNTE Banexu npe3 BeretTauuaTa Ha coproto. EBanoTpaHcnupaumata B
HayanHuTe eTann OT Pas3BUTMETO Ha KynTypaTta e HucKa, HO BnaroobesneyaBaHeTo € 6mno
AOCTaTb4yHO 3@ HOPMAanHOTO U MpoTMYaHe. He3aBMCUMMO OT KONMYECTBOTO Ha Banexute
npwv BapuaHTUTE C eCTECTBEHO OBflaXHsIBaHE CpefHOLEHOHOLLHUTE CTOMHOCTU Ha ET He
HagBuwaeat 4.2mm (Kkpas Ha tonu — Hayanoto Ha aeryct — 2018r). [Jo Ha4yanoTto Ha
nonueHua nepuog ET npu aBata BapuaHTa € NoYTu e4HakBa, crief KOeTo npu HanosiBaHus
BapuaHT CTOMHOCTUTE N ce yBenu4yaeaTt, bnarogapeHue Ha cb3gageHute GnaronpuATHU
YyCroBMsi OT HanosiBaHeTo. MakcMMyMbT Mpyv HanosiBAHUA BapuwaHT ce oTyuTa npes
nbpBaTa gecetaHeBka Ha mMmecel, aBrycT Ha 2018r. — 5.2mm., cnen KoeTto NocTeneHHo
3anoyBsa [Ja Hamansiea U KbM Kpasi Ha Beretauusita goctura CTOMHOCTU, Bnnskn o Tesu B
Ha4yarnoTo Ha BereTaLMoHHUSA NepUOA.

MpoayKTMBHOCTTA Ha eBanoTpaHcnupauusita Moxe ga 6baoe um3paseHa no Aga
PEUMnPOYHN HaunHa, a uMmeHHo: pobwus (kg/ha) 3a 1mm wuspasxogeHa Boga (1)
nspasxogeHa Boga (mm) 3a nonyyaBaHe Ha pfobue ot 1kg/ha (2). JaHHuTe 3a
NPOAYKTMBHOCTTA Ha eBanoTpaHCcnupauusaTa npyM CoproTo, u3paseHa no Asata onucaHu
HayMHa 32 ONUTHUTE FOAWHU M CPedHO 3a eKCnepuMeHTanHUa nepuog ca HaHeceHu B
Tabnuua 3. Coproto 3a 3bPHO MOXe Aa Cce cyeTe ,Ye u3pa3xofBa HanuyHata Boda B
noyesaTta CpaBHUTEMNHO pauUMOHANHO, KakKTo MpuM ONTUMAanHoO HamnosdBaHe, Taka W npu
yCNnoBuATa Ha NOYBEHO 3acyllaBaHe. CpedHO 3a OMUTHUTE FOAWHWU 3a MOfyYaBaHETO Ha
1kg [obumB Ha 3bPHO MPU HEMOSMMBHMU YCNOBUSA ce m3pasxogsat 22.47mm Boga, a npu
nonueHu ycnosus — 20.83mm. OT 1 mm u3pasxogeHa Boga, nNpy HEMNOMIMBHU YCIIOBUSA Ce
nonyyasa cpegHo 0.044 kg/ha 3bpHO a npu ontumanHo HanossaHe — 0.047kg/ha cyxa
Bbuomaca.

Tabnuua 3. NpoayKTMBHOCT Ha eBanoTpaHCNupaumsita npy Copro 3a 3bpHO
Table 3. Evapotranspiration productivity for sorgo grain

Hobus Ha | lNMpogyKTMBHOCT [1obuB Ha MpoayKTUBHOCT
3bpHO Ha ET 3bpHO Ha ET
BapuaHTy ET _kg/da ET productivity ET _kg/da ET productivity
Variants mm y!eld dry mm y!eld dry
biomass 1 2 biomass 1 2
(kg/da) (kg/da)
2018 2019

1.HeHanosiBaH

o 282.2 6140 0.046 | 21.75 | 2724 6300 0.043 23.2
no irrigated

2.HANOsBAH | 40 5 | 7339 0.049 | 2040 | 3454 | 7509 0.046 | 21.27
irrigated

CpegHo 3a 2018 — 2019 Average for 2018 — 2019

1.HenanosiBaH | 5., , 6220 0.044 | 22.47 - ; ; ;
no irrigated

2.HanosiBaH

o 352.5 7424 0.047 | 20.83 - - - -
irrigated

1 — 0obus (kg/da) 3a 1Tmm ET /yield (kg/da) from 1 mm of ET
2 — ET (mm) 3a dobus om 1 kg/da ET (mm) for yield of 1 kg/da
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3aknoyeHue

EBanoTpaHcnnpaumnata nsdmcreHa npu HenosiMBHN YCNOBUSA Ha COProTo 3a 3bpHO ce
BNMse OT XxapakTepa Ha roguHaTa v Bapupa oT oT 272.4 o 282.6 mm .

HaTtpynaHute no Bpeme n cnep npubupaHe Ha npeallecTBEHWKa 3anacu OT Brara
npu HenosnmeBHW YycnoBusa ocurypsieaT cpegHo 36.80 % 3a cnoa 0 — 0.80m, kato
octaHanute % ca 3a cMeTKa Ha U3Mnon3BaemMuTe BereTauMoHHN Banexu.

Mpn HanosiBaHe Ham-ronsaM Asn BbB (OpMMpaHETO Ha Bogopasxoda 3aema
HanouTenHata Hopma — cpegHo 61.45% [Mpy NONMBHM YCNOBUS OTHOCUTENHOTO y4vacTue
Ha Ha4YanHusa BogeH 3anac BbB hopMmmnpaHeTo Ha ET 3HauMTenHo Hamansea.

Mpn HENONMBHM YCNOBUA MaKCUMYMbT Ha CpeaHOO4EHOHOLWHUTE CTOMHOCTU Ha ET ca
B 3aBMCUMOCT OT METEOpOSiorMyHUTE ycrnoBust U goctura ot 4.2mm. lNpn onTumanHo
HanosiBaHe BOOOPA3XoO4bT € HaW-UHTEH3MBEH Mpe3 nbpBaTa [JeceTAHeBKa Ha Mecel
aBrycT creg KoeTto MOCTEMEHHO 3amnoyBa Aa HamansiBa U KbM Kpasi Ha BeretauMoHHMS
nepvog AocTura CTOMHOCTM Brv3kn 4O Te3n B Ha4yanoTo Ha BeretaumoHHUS Nepuoa.

3a nony4aBaHeTo Ha 1 kg gobus cyxa Guomaca oT xekTap Npu HEMOSIMBHWN YCNOBUSA
ce m3pasxogBaTt cpegHo 22.47mm Boga, a npu nonueHm ycnosus —20.83mm. OT 1mm
n3pasxogeHa Bofa, Npu HenonmBHW ycnoBusa ce nonydaBa cpegHo 0.044kg/ha cyxa
B6uomaca, a npu ontumanHo HanosisaHe — 0.047kg/ha
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EPO3MOHHU NOKA3ATENN NPU PA3ITMYHUN CUCTEMU HA OBPABOTKA HA
NMOYBATA OT CTALUMOHAPHU U3CINEOBAHUA, MPOBEOEHU BbPXY
KAPBOHATEH YEPHO3EM

MepraHa KyHuesa', Unnana UBaHoBa?, EBreHn EHueB?

"MIMA3P“Hukona lNMywkapos*, Cogbus, ?N3C ,06pa3yos yughnuk®, Pyce
3 PyceHcku yHusepcumem* AHzen KbHues*, Pyce
e-mail: g.kuncheva@issapp-pushkarov.org

Pe3rome

MpupooHUTe ycrnoBusi B Hawarta cTtpaHa (knumart, pened M noysv) B CbYeTaHue C
HauMHa Ha 3emenonaBaHe 00yCcnaBsAT MHTEH3UBHO pasBUTUE Ha BOAHA epo3usi, KOATO ce
SIBIBA HAN-LUMPOKO PasnpOCTPaHEHUAT U MHTEH3NBHO AEWCTBaLl, NOYBEH AerpagauloHeH
npouec. YCTOMYMBOTO YyMNpaBreHWe Ha noyBeHuTe pecypcu e rnobaneH npobnem, B
YCNOBUSATA Ha HENpeKkbCHATO HapacTBallo HaceneHwe Ha nnaHetaTa, KnuMaTU4HUTE
NPOMEHM N NPUYMHEHATA OT aHTPONOreHHaTa AeMHOCT Aerpagauust Ha NoYBuTE.

B HacToswarta cratms ca npeacTtaBeHn pesyntaTtute OT  pasfUYHU  Hay4YHU
nscnegsaHus, nposegeHn B ONMTHO none c. TpbCTEHUK, BbPXY BAUSIHUETO Ha npunaraHu
NPOTMBOEPO3MOHHN W TPaAWLUMOHHM HauMHM 3a obpaboTka Ha no4yeaTta, BbpXY
€PO3NOHHMTE nokasaTenu (NOBbPXHOCTEH BOAEH OTTOK U epo3npaHa no4ea).

Knroyoeu dymu: 8o0Ha epo3usi, MoO8bPXHOCMEH 800€H OMMOK, epo3upaHa ro4yaa,
CMayuoHapHU  epOo3UOHHU  u3criedsaHusi, mpaduUUUOHHU U  POMUBOEPO3UOHHU
mexHosoauu.

EROSION INDICATORS OF DIFFERENT SOIL TILLAGE SYSTEMS FROM
STATIONARY STUDIES, ON CALCIC CHERNOZEM

Gergana Kuncheva', lliana lvanova?, Evgeni Enchev?

"ISSAPP "Nikola Pushkarov”, Sofia, ? "Obraztsov Chiflik" IASS, Ruse
*Ruse University "Angel Kanchev", Ruse
e-mail: g.kuncheva@issapp-pushkarov.org

Abstract

The natural conditions in our country (climate, topography and soils) in combination
with the land use cause intensive development of water erosion, which is the most
widespread and intensively acting soil degradation process. The sustainable management
of soil resources is a global problem, in the context of the reduction of the growing
population of the planet, climate change and soil degradation caused by anthropogenic
activity.

This article presents the results of various scientific studies conducted in the
Experimental field in the village of Trastenik, on the influence of applied erosion control
and other methods of soil tillage, on erosion indicators (volume of surface water runoff and
quantity of eroded soil).

Key words: water erosion, surface water runoff, eroded soil, stationary erosion field
plots, traditional and erosion control technologies.
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BbBeaeHue

Eposusta Ha noysata € CNOXeH M AMHaMWYeH MOYBEH AerpajauuoHeH npouec,
KOWTO 3aBWCKU OT KNMMaTUYHW, pacTuTenHn m egadudHn daktopu. Nocneacteusita ot
NpoTMYaHETO Ha BOAHA epo3na ca 3aryba Ha no4ysa, paspyllaBaHe Ha nodYBeHaTa
CTPYKTYypa, 3aryba Ha XpaHUTENHW BeLeCcTBa, KOETO BOAWM OO BriowaBaHe Ha (OyHKLMUTE
Ha noyesata W HamansiBaHe Ha AobwuBa Ha oTrnexgaHute Kyntypu (Belayneh, 2019).
lMouyBeHaTa epo3vs urpae BakHa pPons 3a MNOBMAUSIBAHE HA XWAPOSIOrMYHUS MpoLecH
LUMKbNa Ha KITHOYOBU eNeMeEHTH, KaTo Bbrnepop 1 a3oT (Belayneh, 2019, Huang, 2022).

Penybnuka Bbnrapmna e ¢ HaN-BUCOK MHTEH3UTET Ha epo3uns Ha eanHuua nnowy (1,9 t/
ha), namexay ctpaHute Ha bankaHckusa nonyocTtpoB, kato 60,1% OT noyBuTE M ca CbC
cpefiHa, CUMHa U MHOIO CUMHa NoAaTnMBOCT Ha epoausa (Hag 0,03ha/h/haM®mm) (Ruseva,
2010).CucteMHNTE Hay4YHU u3crenBaHnga MO epo3ns Ha noyBaTa B 3eMedencKkuTe 3emMu B
Bbnrapua 3anouBat npe3 1956 . cbC cb3gaBaHeTo Ha cekuus ,llouBeHa Epo3ns” kbm
MouseHna WHctutyT npu BAH n oTkpuMBaHe Ha TpM ONUTHWU MorfeTa 3a €epPO3VOHHMU
npoyyBaHus. lpe3 nepunoga 1970-1979 e cb3gageHa OnuTHaTa cTaHuus 3a 6opba c
epo3undata B rp. Pyce ¢ OnuTHO none 3a epo3MOHHU M3crnenBaHnA B C. TPbCTEHUK —
PyceHcko. 3a nsteknute roamHuM Ha epo3nNoHHN M3cneaBaHusa B bbnrapus, ca M3BbpLUEHU
CTOTUUM HabNAeHNss Ha NposiBa Ha €pPO3MOHHU MPOLECU BbpXY CTaLMOHAPHU OTTOYHM
nnowagkm B 9 ekcnepumeHTtanHu 6a3sun. [ybnvkyBaHM ca HSAKOMKO XUMAOM HayYyHU W
Hay4HO-NONYNAPHW CTaTuKn, peguua MoHorpadun, CTyamm U y4ebHuLM, KOUTO U3SCHABAT
peanua BbNpocK, CBbP3aHn C MexaHn3ma U akTopuTe Ha epo3NOHHUTE NPOLIECH.

OnuTtHa ctaHuus 3a 6opba ¢ eposusaTa rp. Pyce, KbaeTo ca npoBeaeHn HacToswmTe
n3cnegBaHnsi, ce Hammpa B CEBEPHUSA KNMMaTudeH panoH Ha [lyHaBckaTta XbiMucTa
paBHWMHA, Ha noyBa KapboHaTteH YepHO3eM, KOMTO Ce OTNM4yaBac ronsima pasnpalleHocT U
,CTPYKTYpeH Oeduunt’, sBneHue, koeto ce HabnwogaBa B obpaborBaemuTe nowm
nopaguv NPOMEHU B TEXHUSA MEXaHW4YeH, MUKpoarperateH u CTPyKTypeH cbcTtaB (dwur. 1)
(Teoharov, 2014). B HacTosiwaTta ctatua ca npeactaBeHU pesyntatute OT pasfnyHu
Hay4yHu u3crnensaHusi, nposegeHn B ONUTHO none C. TPbCTEHWK, BbPXY BIIMSAHUETO Ha
npunaraHyu NPOTUBOEPO3NOHHM U TPAOAMLMOHHN Ha4yMHKU 3a 0bpaboTka Ha noyBarta, BbpXY
€PO3NOHHMTE nokasaTtenu (MOBbPXHOCTEH BOAEH OTTOK U epo3npaHa no4sa).

durypa 1. BogHa eposusa - ,OnutHoto none Ha UIMAS3P ,Hukona
Mywkapos® B c. TpbCTeHUK, 06n. Pyce.

MaTtepuanu n metoamu

CeBepHusa KNUMaTU4eH paroH Ha [lyHaBckaTa Xb/IMUCTa paBHWHA Ce xapakTepusnpa
C YMEPEHO-KOHTUHEHTANEH KNMMaT, C No-psA3KO n3paseHa KOHTUHEHTanHocT. PenedbT Ha
obnact Pyce e paBHMHEH A0 XbNMUCT. B obnactta Han-ronsam gsan nmat 3emuTe C HaKMoH
Ha cknoHa 3-6 un 6-9° — 48% (kato 3a cTpaHaTta To3n gan e 28%). EposmoHHoCcTTa Ha
abxooseTte 3a 63,5 % oT TeputopusaTa Ha cTpaHaTa e no-sucoka ot 601 MJ mm/ha h,
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AokaTo Tasu CTonHocT 3a PyceHcka obnact e 91 % (Ruseva, 2010), koeTto obycnass no-
BMCOK MOTEHLManeH puck oT NfoLlHa BoAHa epo3nst Ha TeputopuaTa Ha PyceHcka obnact
B CpaBHeHMWe C Tasu 3a cTpaHarTa.

Mpe3 rognHUTE Ha epO3NOHHKN n3cneasanna B OnuTHa ctaHumsa no 6opba c eposusita
B C. TPbCTEHUK, Ca NpoBeaeHn ronsiM 6pon Hay4yHU eKCnepuMeHTU C pasnuyHuM TUNose
obpaboTka Ha no4ysBata U NpU PasnUYHU KyNTypu.M3nuTBaHM ca HyneBu, MUHUMAIHK
obpaboTkn, npopsisBaHe, npopsidaBaHe C  XxogooobpasyBaHe,xogoobpasyBaHe C
O6pasgoobpasyBaHe, MNOBBPXHOCTHO MyNYMpaHe C pPasfU4HM OpraHWYyHWU MaTepuanu,
BEPTUKANHO Myr4MpaHe n ap.

Epo3noHHMTE NokasaTenu B roAMHUTE Ha U3crefBaHe ca OTYMTaHW Ypes npunaraHe
Ha cTauMoHapeH MeToq, Ypes3 uarpaxgaHe Ha CTalMOHApPHM OTTOYHM MAOLWaAKU C Mol
npu 75 m?, OT KOMTO OTTMYALLMAT ce ABydaseH OTTOK € Haco4YBaH B OTTOKOYNOBUTEMHU
KOHTENHepWn n ca onpeaensHm 06eMbT Ha NOBbPXHOCTHUSA BOAEH OTTOK U KONMMYECTBOTO Ha
epo3unpaHara noysa.

Pesyntatu n obcbxpaHe

[Mpn NONCKM ekcnepMMeHTM B ONUTHO none . TpbCTeHUK, NpoBeAeHN Npe3 nepuoaa
2004-2006 r. ce ycTaHOBSIBa BNUAHMETO Ha peayuupaHn obpaboTkm BbpXy epo3udata Ha
noysarta v 3arybute Ha OopraHM4HO BeLecTBO U XpaHuTenHu enemeHTun (Tzvetkova, 2005;
Mitova, 2006;Tzvetkova, 2007). W3nuTaHM ca wecTt BapmaHTa Ha obpaboTka Ha
noysata(Tabn. 1). Ham-HMUCKM ca KonmnyecTBaTa Ha M3HeCeHaTa noysa Npy BapuaHTa a,
npwn KONTO ce n3nonsysa HynesaobpaboTka Ha noyBaTta. bnunskn go Tax ca CTOMHOCTUTE Ha
noyBeHMTe 3arybu Ha BapuaHTUTE as U as, NPU KOUTO € MNPUIIOXKEHO MNpopsi3BaHE C
xogoobpasyBaHe n 6paszgoobpasysaHe. [pn TAX € Hal-BUCOK OTTOKOpeAyUMpalLumna eqpekT
OT No4YBO3aLNTHUTE 0OpaboTkn. [lo-cnab e NpPoTMBOEPO3NOHHUAT eEKT Npu BapuaHTta
a4, Ha KOUTO e OCblLEeCTBEHA MUHMUManNHa obpaboTka Ha noyBaTtabe3 eceHHO M3opaBaHe
(Tzvetkova, 2005; Mitova, 2006; Tzvetkova, 2007).

Tabnuua 1. Epo3noHHn 3arybu Ha noysa n o6em Ha NOBBbLPXHOCTHUA BodeH OTTokK (Tsvetkova,
2005; Mitova, 2006; Tsvetkova, 2007)

NMoBbpXHOCTEH Epo3supaHa MoBbLpXHOCTEH Epo3unpaHa

Foauha | Bapuaut OTTOE, m¥*ha’ noEBa, Ifg.ha'1 Foauha | Bapuaut OTTOFI:, mha™ noqua, Eg.ha"

ai 125.2 790 as 265.8 2751

a 80.9 438 a 1954 1612

as 89.8 485 as 176.3 1637
2004 a4 154.1 1593 2005 as 474.7 7991

as 93.1 504 as 178.9 1696

as 162.4 1651 as 464.7 7539

B nscneaBaHe, npoeeneHo npes nepuoga 2010 — 2012r. ca usnutaHn Tpu BapuaHTta
Ha obpaboTkaTta npu Tpu kyntypu (Georgieva, 2012, 2013). Na3nutBaHuTe KynTypu ca
nweHnua (Co-C2), eveMuk (as-az) n uapesuua (bo-bz) (dwur. 2, 3 n T1abn.2). MNMpn Bcsaka
KynTypa ca 3anoXeHW: KaTto MbpBU BapuaHT (ao, bo, Co) - TpaguumoHHM o06paboTkm,
NPUNOXEHN Hadomny Mo CKNOHa, BTOPU BapuaHT (ai:, by, C1), TpagnumoHHn obpaboTku,
NPUNOXEHN HAaNPEYHO Ha HaKMOHa Ha CKIoHa. TpPeTUAT BapuaHT Npu e4emMuk (az), BKIOYBa
MUHUManHM 06paboTKn C BEPTUKANHO MynYMpaHe C MNeHnYHa criama, OCbLLEeCTBEHN Npe3
eceHTa cneq npubupaHeTo Ha npealwecTseHuka. MNMpu uapesuuaTa, NoCrnegHUAT BapuaHT -
b,, ocHoBHaTa obpaboTka Ha noyBaTa — Abnbokata opaH e 3ameHeHa ¢ GesoTBanHarta
TEXHOMOMMYHa onepaunsa paspoxksaHe (¢ Ymsen kyntneatop) Ha agbnbounHa 0,40 m. Mpun
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NnocneoHUs BapwuaHT, Npuv nieHuua (cz), e NpunoXxeHa OUPeKTHa ceuTba HanpeyHo Ha
HaKrMoHa Ha CKMoHa, Mpe3 eceHTa, Mecel, OKTOMBPW Ha HeobpaboTEeHO CTbPHULLE CbC

cesifika KyntmsaTop.

B M A eTe N Bode  oTTor kel ;
NoBbpxHOCTEH BoAeH oTTok mha?, MoebpxHocTeHBoARH OTTOK M ha™, MoBBPXHOCTEH BOQEH oTToK mha™,

ey e i 400 Uap=enua MLEHALA
15¢ N
150
200 100
< bEkRRRRERREE - Tl
o Il b e U T B AT AT I v I
T e N Ty B = I T B B = =} ”_" 'Z" ‘-1
S " e o o m®M o|le @ N & :'r \‘ %
2010 2011 2012 20
mbo mbl mhz
HSD[.05]=26.96; HSD[.01]=34.4 HSD[.05]=37.75; HSD[.01]=48.15 HSD[.05]=26.13; HSD[.01]=33.66

®urypa 2 NoBbPXHOCTEH BOAEH OTTOK MPWU ONUTU C NPONETEH e4eMUK (Ao, a1, az),
uapesuua (bo, b1, bz) 1 3umMHa nweHuua(c,, ¢1, ¢z2), 2010-2012 r. (Georgieva, 2011, 2012,

e Epo3vpaHa nouea, kg.hat 50 Epo3sMpada novea, , kgha 2500 Epo3upada nouea, , kgha
‘ . 4000
15 3000
1 2000
- 1000 I I I
TiT iz ITIT AT Iir T AT AT AT o M lhr
g2 g x5/8 gy gy T 3 45 45/3 5/ 5 8
202533849884 R 3R 5 8 & & 3 304
201 2011 2012 2010 2011 : 2011 2012 2013
W30 mal maz mbo mbl mbz Moo mcl mc2
HSD[.05]=226.16;, HSD[.01]=288.57 HSD[.05]=562.75; HSD[.01]=717.67 HSD[.05]=313.05; HSD[.01]=403.3

durypa 3 EposmpaHa noyBa npm oNuT C NPONeETEH e4emMuK (a,, a1, az), uapesuua (bo, b1,
b2) n 3uMHa nweHnua (Co, C1, C2), 2010-2012 r.(Georgieva, 2012, 2013)

Tabnuua 2. NoBbLPXHOCTEH BOAEH OTTOK M KOMIMYECTBO Ha epo3npaHaTa no4yea npu onuTu
C nporneTeH edemuk (ao, a1, az), uapesuua (b, b1, b2) 1 3umMHa nwenunuya(c,, ¢4, cz), 2010-
2012 r. (Georgieva, 2012, 2013)

MoBbPXHOCTEH BoAeH oTToK (m°ha™)

BapuaHTtu o ai a bo b+ b, Co C1 C2
CpeaHo 133,6 89,7 41,8 190,82 10445 51,05 1214 79,0 63,6
MuHUMyM 95,5 64,1 30,8 129,0 65,2 32,3 86,4 57,4 48,2
Makcumym 176,2 1246 54,2 272,2 170,8 80,5 164,1 1029 86,5
Cr. 30,8 19,1 8,2 52,6 35,2 16,3 31,4 16,5 144
OTKITOHEHUe

EposvpaHa noysa (kg.ha™)

CpeaHo 1856,7 1105,9 240,2 2828,08 1069,83 242,73 1438,2 844,6 6958

MuHnmMym 1369,0 885,00 183,0 1818,3 607,7 148,4 948,0 592,0 498,0

Makcumym 2275,0 1342,0 287,0 40475 1642,2 359,3 1916,0 1124,0 913,0

Cr. 328,7 170,5 37,1 886,5 392,8 81,4 376,2 2175 152,1
OTKITIOHEeHUe
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Mpn NnpunaraHe Ha BepTUKANIHO MynyYUpaHe CbC crnama, 3a OTrnexgaHe Ha nporneTeH
€4eMUK Ha HaKITOHEHW TepeHU, MOBLPXHOCTHUAT BOAEH OTTOK Hamanssa oT 2,7 go 3,4
NbTU, a epo3npaHaTta no4ysa ot 7,4 oo 8,0 nbTK, B CpaBHEHME C nnowmuTe obpaboTBaHu
TPaauLMOHHO MO HaknoHa. Npu oTrnexaaHe Ha uapeBuua ¢ MMHUManHM obpaboTku, 6e3
obpbllaHe Ha nnacta, CpeaHoroAulHUTE CTOMHOCTUM Ha MOBBbPXHOCTHUSA BOAEH OTTOK
HamanseaT oT 3,4 o 4,0 nbTK, a Te3n Ha eposmpaHarta no4vsa ot 11,3 go 12,3 nbTL.
MoBbPXHOCTHUSA BOAEH OTTOK Hamansea oT 1,8 go 2,0 nbTn, a epo3npaHara noyea ot 1,9
A0 2,2 nbTu, NPXM BapuaHTa C NuweHuua, ¢ NpUnoXeHa OMpekTHa cenmtba, B CpaBHEHME C
nnowmTe, 06paboTBaHN TPAAULMOHHO MO HAKIoHa.

Mpe3 nepuoga 2012 — 2019 roguHa, Ha OBa eTana ca 3anoXeHW U WU3BEOEHMU
eKCrnepuMeHTM BbpXy MPOTUBOEPO3MOHHATa UM MNOYBO3aWMTHA e(EKTUBHOCT Ha
YCbBbPLUEHCTBAHN TEXHONOMKN 3a MMHMMAarHa u HeTpaanunoHHa obpaboTka Ha noyBaTa 3a
oTrnexgaHe Ha 3eMefderiCkM KynTypyu Ha HaknoHeHu 3emegencku 3emm (Dimitrov, 2016,
2017, 2018, Ivanova, 2019 a,b) (cpwr. 4,5,6,7,Tabn.4). MNpe3 nbpBUs €Tan Ha EKCNEPUMEHTA,
ocbulectBeH npe3 2012 — 2015 r., e npunaraH KOMMNOCT KaTto MynyupaLy, matepuan, a npes
nepuoga 2015 — 2019 r.,3a Ta3u uen ce nsnonaea obopckn Top.EkcnepumeHTUTE BKMtOYBAT
ABe KynTypu — MeHuya n uapesuua.

200 MoebpxHOCTEH BOQeH oTToK, M ha, muenuya, 2013-2019

150
.....

Aaabibbhib bbb

14.04.12.0 5.14.05.31.0518 7.05.05.24.05.06.06.12.06.29,04.06.05.27.05.19.06,02,07.25.05.16.06.26

16.30.06.02.05.04.06.17.06,

2013 2014 2015 20
P<0,001; HSD[.05]=13.34; HSD[.01]=16.32

®urypa 4. NMoBbPXHOCTEH OTTOK NpU onMUT nwweHuua (m3.ha”),2012-2019 .

250 MoEbpxHOCTEH BOALH OTToK, , M ha?, yapeenya
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= -

2016
Edo mdl mdz md3
P<0,001; HSD[.05]=18.31; HSD[.01]=22.31

®urypa 5. MNoBbPXHOCTEH OTTOK Mpu onuT Lapesuua (m*.ha™'), 2012-2019 .
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Eposnpana nouea, kg ha?
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el WeZ We3

P<0,001; HSD[.05]=138.74; HSD[.01]=169.74
durypa 6. Eposupara nousa npu onut nwenuua (kg.ha™), 2012-2019 .

Epo3npaHa nouea, kg ha?

2014 115
- # mdo ‘[J. I-.'Iz iz

P<0,001; HSD[.05]=234.41;, HSD[.01]=285.59
durypa 7. EposupaHa nousa npu onut uapesuua (kg.ha™), 2012-2019 r.

BapuaHTute npu nwenunua (eo, €1, €2) n npu uapesuua (dodid.) ca CbOTBETHO - €o; do-
TPagUUMOHHA TEXHOMOMMA MO HaKMOHa Ha CKMOHa— KOHTpona; e, d{—TpaguuMOoHHa
TEXHOMOrMA, npunaraHa HanpeyHo Ha HakfoHa; €z, d; — MOBbPXHOCTHO MynYMpaHe C
KOMMOCT unun obopcku Top. Kato 4eTBbpTM BapuaHT ca 3aroXeHu - €3 — NOoCceB MNuleHnLa, ¢
BEPTUKANHO MynympaHe C KOMMOCT unm obopcku Top; ds—nocesB LapeBuLa, OTrnexaaH no
YCbBbPLUEHCTBAHa MOYBO3aLLMTHA TEXHOMOIMs, BKIHOYBALLA NPOTUBOEPO3MOHHUTE MEPKM
pa3poxkBaHe (KaTo OCHOBHa obpaboTka Ha nodsaTa), BepTUKariHO MynymMpaHe ¢ 0bopcku
TOp, Npopsi3BaHe ¢ xoqoobpasdyBaHe Npu centbarta n okonasaHeto (Dimitrov, 2016).

OTTKOpEeayumpaliata M NpoOTMBOEPO3MOHHA €(EKTMBHOCT HA YCbBbPLUEHCTBAHUTE
MOYBO3ALUUTHN TEXHOMOrMM  Npe3 ABaTta eTana ca CXOOHW, KaTto CTOMHOCTUTE Ha
NMOBBbPXHOCTHUSA BOAEH OTTOK NpW NpunaraHeTo MM Npu nuwexHuua, Hamanseat ot 2,5 go 3,0
NbTW, a Te3n Ha eposupaHata nodsa oT 6,2 Ao 6,5 nNbTW, B CpaBHEHWE C MrowuTe
oTrnexgaHn TpaguUMOHHO MO HaknoHa Ha cknoHa. [lpu TAXHOTO npwunaraHe npwm
LapeBuua, CTOMHOCTUTE Ha NOBbPXHOCTHUSA BOAEH OTTOK Hamansasear oT 5,2 0o 5,4 nbTu, a
Te3n Ha epo3upaHarta no4ysa ot 21,5 0o 24,3 NbTW, B CpaBHEHUE C NNoWMTe, OTrnexaaHu
MO HaKroHa Ha CKIoHa.
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Tabnuua 4. NoBbLPXHOCTEH BOAEH OTTOK M KONMMYECTBO HA epo3upaHaTa no4ysa npu onuTu
¢ uapesuua (do, d1, d2,ds) n 3uMHa nweHnua(e,, €1, €2 e3), 2012-2019 r. (Dimitrov, 2018,
Ivanova, 2019a, 2019b)

MNoBbpXHOCTEH BodeH oTTok (m°ha™)

BapuahTy eo e e2 e3 do d1 d2 d3
CpeaHo 913 645 540 329 1904 1119 982 393

MUHUMYM 624 449 374 224 1062 652 596 240

Makcumym 1193 90,0 727 459 2664 1595 1426 586

CT. OTKNOHEHue 16,8 13,8 11,5 7,3 451 26,0 23,9 8,5
EpoaupaHa nouysa (kg.ha™)

CpegHo 1057,3 5940 3271 1653 24619 980,5 851,1 1334
MuHuMyMm 1193,6 6346 3553 76,4 11936 6346 3553 764
Makcumym 3758,7 1501,6 1378,0 305,7 3758,7 1501,6 1378,0 305,7

CT. oTKNOHeHne 6476 237,8 267,7 529 6476 237,8 267,7 52,9

Mpe3 2021 roguHa e 3anoxeH onuT ¢ ABe KynTtypu nwenuua (B1-B3) n uapesunua
(B4-B6), kato nbpBMTE ABa BapuaHTa ca OTHOBO C TpagULMOHHM 06paboTKM, npunaraHu
Hagony (B1, B4) n HanpeyHo Ha cknoHa (B2, B5). lNMpn TpeTus BapuaHT ce npunara
AnpekTHa centba, npu nwenunua (B3) n npeakyntypa (oBec ¢ panvua) npegun centbata Ha
uapesuua (B6) (dur.8, Tabn.5).

WWwww&m uwﬁwwdd

IEJ_ E -[— -[—_1 [— :.5 ..... 2505 3l05. lede. 1808 Z6.06.
IEJ. E IE IE-l E :

ANOVA :P = 0.094 ANOVA: P=0,0081

Purypa 8. [MoBLPXHOCTEH OTTOK M epo3MpaHa noysa npu onut nweHunya 2021 r.

Tabnuua 5. NoBbLPXHOCTEH BOAEH OTTOK M KONMMYECTBO Ha epo3npaHaTta noysa npu onuTu ¢
uapesuua (B4, B5, B6) n sumHa nwenuua(B1, B2, B3), 2021r.

BapunaHty MoBbpxHOCTEH BodeH oTTok (m*ha™), 2021 Epoavpana nouysa (kg.ha™) 2021
B1 B2 B3 B4 B5 B6 B1 B2 B3 B4 B5 B6
CpepnHo 86,2 62,8 53,7 1140 76,3 66,5 1100,7 628,0 379,0 15586 6950 633,8
MuHumym 65,5 54,4 438 881 582 499 890,8 4619 320,0 1070,9 577,0 4958
Makcumym 107,3 726 68,1 1525 89,0 77,9 1386,7 752,7 5515 20675 818,7 7514

CT. OTKNOHEeHue 140 65 75 202 11,2 104 1550 90,3 83,5 376,5 914 885

OT pesyntatute, nonyvyeHn 3a obema Ha MNOBbPXHOCTHUA BOAEH OTTOK M
epo3npaHata noyBa, Ce YCTaHOBSIBA HaW-3HAYMTENEH MNPOTUBOEPO3MOHEH edeKT Ha
BapvaHTu B3 npu onuta ¢ nuweHnua u BapmaHT B6 npwu onuta ¢ uapesuua. [Jobbp
NPOTMBOEPO3MOHEH edIeKkT UMaT U BapuaHTUTe, OTIMeXAaHW HanpeyHO Ha HakrfoHa Ha
CKIOHa.
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3aknyeHue

Han-3HauntenHun 3arybute Ha noysa OT BOAHA €pOo3usl, KaKTo U Haun-ronam obem Ha
NOBBbPXHOCTHUSA BOAEH OTTOK, C€ OTYMTaT NpWU NpunaraHe Ha KOHBEHUMOHANHM 06paboTkm
Mo HakNoHa Ha cknoHa. lMpunaraHeTo Ha NO4YBO3aALMTHM MEPKM HamarnsiBa CbLUECTBEHO
NMOBbPXHOCTHUSA BOAEH OTTOK WM 3arybuTe Ha no4yeBa OT BogHa epo3usi. MuHumanHu un
Hyrneen o6paboTKKM, KaKTO M novBo3awmTHM obpaboTkm 6e3 eceHHa opaH HamansasaT
3arybute Ha no4ysa npu KapboHateH YepHosem ¢ 2 go 7 nbTu. [lovBo3awmTHUTE METOAM
NMOBBLPXHOCTHO U BEPTMKANHO MYfYMpaHe CbWO MMAT 3Ha4YUTENHa MPOTMBOEPO3NOHHA
€(EKTUBHOCT.

BnarogapHocTu

ABTOopuTe Gnarogapat 3a (PUHAHCMPAHETO Ha HayyYHWUTE K3cneaBaHus No MNPOEKT
,EQEKTUBHOCT Ha NPOTUBOEPO3NOHHU arpoTeXHONOrMn 3a nogobpsiBaHe Ha Ka4ecTBOTO U
XNOPONOTNMYHMSA PEXUM Ha MoyBaTa M OorpaHMyaBaHe Ha eMUCUMUTE Ha NapHUMKOBW rasose”
oT ®oHa ,HayuHn Nscnegsanusa” (gorosop KI1-06 H 46/1 2020).
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Resume

The article gives an assessment of the features of the change in the properties of
Chernozems with prolonged extensive agricultural use and when being in the deposits for
a certain set period. The following variants of the experiment were considered: virgin
Chernozem, layland, permanent fallow land, permanent winter wheat without fertilizers,
permanent corn without fertilizers. The object of the study was typical heavy loamy
Chernozem. Soil samples were taken on a site of virgin non-native steppe from the
humus-accumulative horizon A of Chernozem (a layer with a thickness of 5-25 cm). The
greatest and least negative changes in the chemical properties of typical Chernozem with
long-term extensive agricultural use have been determined.

Key words: Chernozem, virgin, layland, permanent fallow, arable Chernozem,
properties of Chernozem.

Introduction

Agriculture on Chernozems is effective due to a combination of a hydrothermal
regime favorable for most crops and high potential soil fertility. The combination of these
properties allows you to get high yields from a smaller area. However, it is impossible to
allow a decrease in the fertility of Chernozems. This task is of paramount importance,
since the replacement of the natural soil-forming process with a naturally anthropogenic
one entails a number of irreversible changes in the functioning of Chernozems, which
affects their regimes and properties (Lebedeva et al., 2013; Zubkova, 2022).

In recent decades, the problem of properties and regimes deterioration of arable
Chernozems has worsened. This is due to the refusal of agricultural producers from crop
rotations and orientation to narrow specialization and even to long-term permanent one
crop cultivation (Belobrov et al., 2022; Gabibullaev, 2022). The situation is aggravated by
low crop cultivation and irregular use of heavy agricultural machinery, limited (or complete
absence) use of fertilizers, primarily organic, or irregular application of mineral fertilizers
containing monovalent cations (K, Na, NH.), causing negative changes in the soil
absorbing complex and physical properties of soils.

Significant areas of arable land in some countries have been withdrawn from active
agricultural turnover, transferred to the fallow and represent territories occupied by natural
vegetation (Jalankuzov and Nazanova, 2015). Currently, the total area of former
agricultural land that has passed into the category of deposits is an important reserve for
increasing the arable land areas.

Therefore, the assessment of the characteristics of changes in the Chernozems
properties during prolonged extensive agricultural use and when being in deposits during a
clearly defined period is of great practical and scientific importance.
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Materials and Methods

Replacement of natural herbaceous vegetation with cultivated plants of agrocenoses
entails a 2-8-fold decrease in the amount of plant litter (Gubarev et al., 2022). Annual
mechanical treatments increase the aeration of the soil profile, this leads to a decrease in
the humification coefficients of organic residues and an increase in the mineralization
coefficients of humic substances. At the same time, the main losses of humus, according
to some scientists, occur due to tillage and in fallow land fields (Van den Bygaart et al.,
2011).

The object of the study was typical heavy loamy Chernozem. Soil samples were
taken in the Central Chernozem State Biosphere Reserve named after A. A. Alekhine on a
plot of virgin foggage steppe from the humus-accumulative horizon A of Chernozem (a
layer with a thickness of 5-25 cm). Samples of typical arable Chernozem were selected on
the stationary field experiment of the Petrinsky strong point of the Kursk Research Institute
of the APP, founded in 1964.

The following variants of the experiment were studied: virgin Chernozem, layland
Chernozem, permanent winter wheat without fertilizers, permanent corn without fertilizers
and permanent fallow land.

The plots size is 296 m2. In 1998, 2/3 of the fallow land section was left for permanent
fallow land, and 1/3 of the section was allocated for a deposit.

Results and Discussion

Long-term agricultural use of typical Chernozem has had a noticeable effect on its
properties (Table 1).

Table 1. Impact of land use features on the typical Chernozem chemical properties

Water Plant Plant
| available | available |p o - :
Total | soluble ) 2Us0rganic Ratio of
Option humus, | Ca?, potassium | phosphorus phosphorus P05 o to
% Mg-eq/ K20 P20s P205 min
100 g soil mg/kg
Virgin Chernozem 8,13 0,8 181,0 58,6 360,0 6,1
Layland 5,00 0,69 122,3 97,0 314,2 3,2
Permanent fallow land| 4,22 0,69 123,0 177.,8 263,3 1,5
Permanent winter
wheat without 6,18 1,0 173,6 1472 265,1 1,8
fertilizers
Permanent com 5,54 0,75 119,7 113,3 3255 2,9
without fertilizers
Least significant | 4 57 | 39 39,3 31,6 78,3 -
difference

Humus content of typical Chernozem under different types of land use.

Most of all humus — 8.13% is contained in virgin typical Chernozem. In arable soils,
the humus content is noticeably lower. In the variant with permanent winter wheat, its
amount was 6.18%, in the variant with permanent corn 5.54%, and in the variant with
permanent fallow land only 4.22%. In general, under the influence of long-term extensive
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agricultural use, typical Chernozem with permanent cultivation of winter wheat lost 24% of
humus, with permanent cultivation of corn 32% and in conditions of permanent fallow land
48% compared with virgin Chernozem.

As a result of the transfer of fallow land to the layland, the humus content in the
typical Chernozem increased by 0.78% over 20 years. The growth rate of humus was
0.039% per year. Despite the increase in the humus content during the transfer of
permanent fallow land to the layland over the past period, its amount not only did not reach
the level of virgin Chernozem, but also the soils of agrocenoses.

The humus content in the Chernozem of the layland was 5.00% or 62% of its amount
in virgin Chernozem. The content of water-soluble calcium. Long-term agricultural use of
Chernozem did not significantly affect the content of water-soluble calcium. Its amount
varies from 0.69 mg-eq in the Chernozem of permanent fallow land and deposits to 1.0
mg-eq in the variant with permanent winter wheat.

Typical Chernozem contains a significant amount of available exchangeable
potassium. Its content varies between 119.7-173.6 mg/kg of soil. Various uses of
Chernozem did not have a significant impact on the content of exchangeable potassium,
the availability of which remains at a high level.

The content of mobile phosphorus in virgin Chernozem was 58.6 mg/kg of soil. In
arable soils, its content increases sharply — up to 113.3-177.8 mg/kg of soil and reaches a
high level of security. This is due to the mineralization of organic matter and the transition
of organic phosphorus into mineral forms. It is known that up to 70-80% of all phosphorus
reserves in soils account for its organic compounds (Orlov et al., 2004). In virgin
Chernozem, the content of organic phosphates is the highest and amounts to 360.0 mg/kg
of soil.

The use of Chernozem in arable land is accompanied by the mineralization of
humus, as a result of which the content of organophosphates in the soils of agrocenoses
decreases to 263.3-325.5 mg/kg of soil. As a result of the release of organophosphate
phosphorus, the content of its mobile forms increases. At the same time, the most mobile
phosphates are contained in the Chernozem of permanent fallow land, and in the
Chernozem under permanent corn there is less mobile phosphorus than in the variant with
permanent winter wheat.

When transferring permanent fallow land to a deposit, the content of mobile
phosphorus decreases, which is due to its active inclusion in the composition of organic
humus compounds. So, in comparison with the Chernozem of permanent fallow land, the
Chernozem of the deposit contains 50.9 mg/kg more organophosphates. But all the same,
the content of mobile phosphorus in fallow Chernozem remains higher than in virgin
Chernozem.

In arable soils, there has been a significant change in the ratio of the content of
organophosphates to the mineral forms of phosphorus. In virgin Chernozem, this ratio is
equal to 6.1. In the variant with permanent corn, the ratio of Phosphorus organic/
Phosphorus mineral ratio decreases to 2.9, and in the variant with permanent winter wheat
to 1.8. This may indicate a more active release of phosphorus from organic compounds
under the influence of winter wheat.

The lowest value of the Phosphorus organic/Phosphorus mineral ratio — 1.5 is noted
in the variant of permanent fallow land, where the most significant mineralization of soil
organic matter occurred. As a result of replacing permanent fallow land with a deposit,
there is not only an increase in soil humus, but also the amount of phosphorus in its
composition, as a result of which the Phosphorus organic/Phosphorus mineral ratio
increased to 3.2. Different conditions of use of typical Chernozem affect its physico-
chemical and physical properties differently (Table 2).
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Table 2. Impact of land use features on tipical Chernozem physicochemical and physical
properties

Hydrolytic| Exchange , Water
. acidity Ca?* Waterproof assemblies treated
Option pHH20
mg-eq/100 g of soil |Content, % Average sludge,
’ " |diameter, mm %
Virgin Chernozem | 6,20 5,52 55,2 82,1 2,27 0,81
Layland 6,36 5,12 49,9 52,0 0,81 2,29
Perma;ir(‘jt fallow 1 677 | 335 542 43.0 0,63 3.05
Permanent winter
wheat without 6,42 4 38 48,5 7,6 0,47 3,81
fertilizers
Permanent corn | o5, | 5 44 50,4 60,5 1,20 1,82
without fertilizers
Least significant | ) 7 | ( 59 47 26 0,19 0,39
difference

The pHH.0 values of the studied soils lie in the neutral region, while there are some
differences between the variants. The lowest pH value of pHu20 — 6.20 is inherent in virgin
Chernozem. In arable soils, the reaction of the medium increased somewhat. Under the
influence of permanent winter wheat and permanent fallow land, pHH0 increased by 0.16
and 0.22 units, and the variant with permanent corn reached 6.77. When the permanent
fallow land was transferred to the deposit, the pHH.0 value decreased to 6.22.

The value of hydrolytic acidity has also changed in a similar way. In virgin
Chernozem, it was 5.52 mg-eq/100 g of soil. Under the influence of permanent winter
wheat, hydrolytic acidity decreased by 0.40, and permanent fallow land by 1.14 mg-eq/100
g of soil. The lowest value of hydrolytic acidity — 3.35 mg-eq/100 g of soil is noted in the
variant with permanent corn, where the highest pHwo value is also observed. The
replacement of permanent fallow land by a deposit is accompanied by an increase in
hydrolytic acidity to 5.41 mg-eq/100 g of soil.

The calcium ion is the most important exchange cation. Therefore, the saturation of
the soil absorbing complex with it is of great importance for creating the formation of
physico-chemical and physical properties of the soil favorable for cultivated plants.

Chernozems are characterized by a high content of exchangeable calcium
(Shcherbakov and Vasenev, 2000; Shcheglov, 2017). In virgin Chernozem, its typical
amount was 55.2 mg-eq/100 g of soil. Arable soils contain unequal amounts of
exchangeable calcium. In the variant with permanent corn, the amount of exchangeable
calcium is at the level of virgin Chernozem. In the variant with permanent winter wheat, the
content of exchangeable calcium decreased to 49.9 mg-eq/100 g of soil, and under the
influence of permanent fallow land to 48.5 mg-eq/100 g of soil. In the fallow Chernozem,
the content of exchangeable calcium was 50.4 mg-eq/100 g of soil. In general, it can be
stated that, taking into account the value of hydrolytic acidity in arable Chernozem, there
was a decrease in the values of the exchange capacity. Depending on the characteristics
of the use of Chernozem, the exchange capacity decreased by 3.17-7.84 mg-eq/100 g of
soil.

This was especially noticeable in the conditions of permanent fallow land. Of great
importance for the effective use of arable land is the nature of the soil structure, the quality
of which directly depends on the water-air regime of the soil and the growing conditions of
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cultivated plants. Virgin Chernozem is characterized by a very high content of waterproof
aggregates — 82.1% and the waterproofness of the structure is excessively high. The
average diameter of waterproof units is 2.27 mm. Long-term use of Chernozem in arable
land, accompanied by mechanical destruction of structural units under the influence of
agricultural machinery and mineralization of humus led to a decrease in the content of
waterproof aggregates.

In the variant with permanent winter wheat, their number decreased to 52%, and in
the variant with permanent corn to 43%. Based on this, it can be assumed that winter
wheat has a more pronounced aggregating effect than corn. At the same time, the
waterproofness of the Chernozem structure in both cases is assessed as good. Along with
a decrease in the number of waterproof units, their average diameter has also decreased.
Compared with the average diameter of waterproof aggregates of virgin Chernozem in the
variant with permanent winter wheat, it has become 2.8 times smaller, in the variant with
permanent corn by 3.6 times.

Permanent fallow land had the most negative effect on the waterproofness of the
Chernozem structure. Only 7.6% of the waterproof units have been preserved here, and
the structure has become non-water resistant. At the same time, even in comparison with
the variants where winter wheat and corn were permanently cultivated, the average
diameter of waterproof units in the variant with permanent fallow land decreased by 1.7
and 1.3 times, respectively.

The replacement of permanent fallow land with a deposit contributed to a noticeable
aggregation of the soil mass. The content of waterproof aggregates was 60.5% and the
original non-water-resistant structure was transformed into an excellent one from the point
of view of waterproofness. At the same time, the average diameter of waterproof units
increased by 2.6 times.

The content of water-treated sludge is one of the indicators of the agrophysical state
of the soil. With an increased content of this category of silty particles, the soil acquires a
number of unfavorable properties. In the wet state, the viscosity and stickiness increase,
the swelling of the soil mass increases, as a result of which filtration worsens, the number
of air-bearing pores decreases and the gas exchange of soil air with atmospheric air
becomes more difficult.

Typical Chernozem is characterized by a low content of water-treated sludge. In
virgin Chernozem, its amount was 0.81%. As a result of the mineralization of humus and
the destruction of the soil structure in the soils of agrocenoses, the amount of water-
treated sludge increases. Under the influence of permanent winter wheat, the content of
water-treated sludge increased to 2.29%, and under the influence of permanent corn to
3.05%. The highest content of water-treated sludge — 3.81% is noted in the variant with
permanent fallow land.

The higher content of water-treated sludge in the permanent fallow land Chernozem
is due not only to the mineralization of humus and the annual mechanical destruction of
the soil structure as a result of tillage. There are also no conditions for gluing fine particles
due to organic substances of root secretions and newly formed humus compounds from
plant residues.

Due to this, the amount of non-aggregated fine particles peptized by water increases
in the permanent fallow land Chernozem. When transferring permanent fallow land to a
deposit, the content of water-treated sludge decreases to 1.82%, but still remains higher
than in virgin Chernozem.

Conclusion

Long-term extensive agricultural use of typical Chernozem has led to a significant
change in its properties. In arable Chernozem, there was an increase in pH values, the
content of water-repellent silt and mobile phosphorus. At the same time, the content of
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exchangeable calcium, organophosphates and the exchange capacity decreased
markedly.

The most significant changes occurred with the content of humus and waterproof
aggregates. As a result of extensive agricultural use, the humus content in typical
Chernozem decreased by 1.95-3.91% or 24-48% of its initial content, waterproof
aggregates by 30-75%, while the average diameter of waterproof aggregates became
smaller by 1.46-1.8 mm, the content of water-treated sludge increased by 2.8-4.7 times.

The most noticeable negative changes occurred in the Chernozem of permanent
fallow land. They are so deep that when replacing permanent fallow land with a deposit, in
most cases the properties of Chernozem are restored only to the level of soil properties of
agrocenoses with constant cultivation of agricultural crops. At the same time, the
restoration of humus content occurs slowly, at a rate of about 0.04% per year, which must
be taken into account when regulating the humus state of soils.
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Pe3rome

Bcsika npupogHa Boga cbabprka onpeaeneHo KonnmyecTeso pagnaums. Hanvuueto Ha
PaOVOHYKNMAM BbB BOAHUTE M3TOYHMUM MOXe [da ce ObIDKM Ha eCTeCTBeHuTe
pagnoaKkTUBHN €NeMEHTU, CpeLlalln ce B CKanuTe, KakBUTO ca OCHOBHWUTE NPOAYKTU Ha
pasnag Ha ypaHa U TOopus WUNU Oa MMaT aHTPOMOreHeH MPOM3XOA, OTIIOXKEHM Hal-Beuve
ype3 Bb3gyWHUA donayT. [lMpeamMeTr Ha HaACTOAWOTO uM3cneaBaHe ca no-ronemuTe
HepernameHTMpaHM BOOOU3TOMHUUM Ha TepuTopuaTa Ha obnact Kbpokanu, KouTo He ce
MOHMUTOPMPAT, HO CE M3MOM3BaT OCHOBHO 3a NMUTENHM 1 OuToBM Lenn. Tbil KaTo CbCTaBbT
Ha OCHOBHAaTa ckana, npe3 KOsATO NMPeMuHaBaT MOA3EMHUTE M MOBbLPXHOCTHUTE BOAM, €
onpenensuy, 3a Ka4eCTBEHUSA U KONMMYECTBEH paauornorMyeH CbCTaB Ha BOAUTE, MOXe Aa
Cce o4akBaT CTOMHOCTM, Hag HopmarTa, perfiaMmeHTMpalla CbAbpPXXaHMETO UM B NMUTENHU U
noasemMHu Boaun. Teputopusita Ha obnacTt Kbpoxanu e 6orata Ha rpaHuT, MpamMmop, rHauc,
KOUTO CbObp)KaT MOBULUEHW KOHLEHTpauuM Ha ecTecTBeHM paguomsotonn. 3a ga ce
npocnean Tasu Bpb3karta, Hapepq ¢ uscneapaHute 30 HepernaMeHTUpaHn BOOOU3TOHMHUKA,
Gelle onpedeneHa crneuuduyHaTa akTUBHOCT Ha ecTecTBeHuTe 2'°Pb, 28U, #°Ra, #°U,
22Th, K 1 TexHoreHHus *’Cs Ha nouysuTe B BrNM30CT A0 BCEKU U3CNeaBaH BOOOU3TOYHMK.
MouBeHNTE NpPoOM NOTBbLPXAABAT CPEeQHMTE 3a HalMTe reorpadCcku LWMPUHN CTOMHOCTH,
unTUpaHn B nutepartypata. PaguonorvaTta Ha Bogarta, Noka3a CbAbpXaHuWe Ha ypaH Ao
0,020£0,004mg/l. Obwara anda 1M GeTa aKTUBHOCT, ONpedeneHn 4ype3 HUckodoHoBa
anda-6eta anapatypa ca cbotBeTHO Ao 0,18+0,04 Bq/l 3a anda akTMBHOCT M CbLUO
TOnKoBa 3a OeTa aKTUBHOCT.

Knroyoeu dymu: paduoakmusHocm Ha eodume, obwa anga u bema akmugHocm,
ecmecmeeH ypaH.

RADIOLOGY OF NATURAL WATER SOURCES IN KARDZHALI REGION

Milena Hristozova, Radoslava Lazarova, Ivanka Yordanova, Plamen Tomov,
Veneta Krasteva, Martin Banov, Mariana Hristova

Institute of Soil Science Agrotechnologies and Plant Protection “N. Poushkarov”,
Agricultural Academy, Sofia
e-mail: hristozova_m@abv.bg

Abstract

Every natural water contains a certain amount of radiation. The presence of
radionuclides in water sources can be due to natural radioactive elements occurring in
rocks, such as the main decay products of uranium and thorium, or to an anthropogenic
origin, deposited mainly through aerial fallout. The subject of the present study are the
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larger unregulated water sources in the territory of the Kardzhali region, which are not
monitored, but are mainly used for drinking and household purposes. Since the
composition of the bedrock through which underground and surface waters pass is
decisive for the qualitative and quantitative radiological composition of the waters, values
above the norm regulating their content in drinking and underground water can be
expected. The territory of Kardzhali region is rich in granite, marble, gneiss, which contain
high concentrations of natural radioisotopes. To trace this referans among the 30
unregulated water sources studied, the specific activity of natural #'°Pb, #*U, *Ra, ?*°U,
22Th, “K and technogenic 'Cs of the soils near each studied water source was
determined. The soil samples confirm the average values for our latitudes quoted in the
literature. Radiology of the water showed a uranium content of up to 0.020+£0.004mg/l.
Gros alpha and beta activity determined by a low-background alpha-beta counter were up
to 0.18+0.04 Bq/l for alpha activity and the same for beta activity, respectively.
Key words: radioactivity of waters, gross alpha and beta activity, natural uranium.

BvBegeHue

N3TouHnTe Pogonu ce xapakTepuampaTr C HUCKOMMAHWHCKM U XBbIAMUCT pened, C
Marnka Hagmopcka BucodnHa (320 m) u ronsiMa pasdneHeHocT. ToBa No3BonsiBa Mankus
Opon Ha HacerneHueTo B pervoHa Aa marpaxpga rocra cenuwHa mpexa (14.5 cenuwa Ha
100 km?). Taka AOCTBMBLT M U3MNOMN3BaHETO Ha NPUPOAHN Pecypcu ca MakcumanHu. fonama
4YacT OT HacerneHueTo B parioHa M3Mon3Ba He BOAOMPEeHocHaTa cUCTeMa KaTo OCHOBEH
M3TOYHWMK Ha NUTEMHa BOA4A, a HepernameHTupaHu BogomsTouHuMuM. BoguTe ca ¢ nnutka
umpkynauusi. BogHmaTt cbetaB € pa3sHoobpaseH, OCHOBHO - XuapokapboHaTeH 1 HaTpueBo-
kanuueB. CbabpxaHMETO Ha cyx octatbk Bapupa ot 0.06 m 0.8 g/l. lNMo-ronsmoto
KONMUYeCTBO Ha KanuuMeBuUTE U MarHe3neBUTE KaTUOHW, onpeaens no-ronamara TBbpAoOCT
Ha BoguTe B panioHa. ExxeqHEeBHOTO M3Non3BaHe Ha Te3n BOAM 3a MUTENHO-OUTOBM HyXaW,
MOXe Aa goBefe OO0 HaTpynBaHe Ha Mo-rofiiMo KONMYECTBO COMKU B XXUBUTE OPraHn3mMmu u
OT Tam A0 pasBUTUE Ha yponuTMasa, PUCK OT aTepoCcKneposa, KOXHU npobnemu, apTpuT,
nonnapTpuT, MHKOPNOPMUPaAHETO Ha MO-TOSIEMU KONMYEeCcTBa MarHe3anmesu CONW Hapyllasa
dyHKUUUTE Ha CbpAeYHO-CbAoBaTa U HepBHaTa cuctema (Sengupta, 2013).

lMoyBoobGpasyBamnTe CKanu B MU3cnegBaHnsa panoH ca NpeguMHO rpaHuTu, Mpamop,
FHaMC, LUMCTU, KOUTO Ca XapakKTEpPHU C MOBULIEHO CbAbpXaHWe Ha ypaH W Opyru
ectectBeHn paguoHyknuaum (Raykov, 1978). lNpu BUCOKO CbObpXaHMe Ha ypaH B
OCHOBHaTa ckana, npu npouecuTe Ha WU3BETPsSHE YpaHbT M AbLIEPHUTE MY MPOOYKTU
npemMuvHaBaT B noyBata W nognodBeHuTe Boau. Morat ga ce pasTBOpPSAT BbB BoAdata U
CbObPXAHNETO Ha €CTECTBEHWN PaAMOHYKNUAM B HES Aa NPeBULIM AONYyCTUMUTE 3OpaBHU
HOopMUW. Han-BaxkHMTe NPOAYKTW OT pasnaja Ha ypaHa ca pagun, nonoHun, pagoH-222. B
3aBMCUMOCT OT CbObPXaHMETO Ha eCcTeCTBEeHUTe paaMou3OoTonM B OCHOBHaTa ckana,
HAKOW paamoHyknuan kato 28U, *Ra u gpyru, ce pastBapsaTt Aobpe B NOBbPXHOCTHUTE
BOOM, KbAETO KOHUEeHTpaumata um moxe Aa 6bae 3asuweHa. [Mopagn 3acuneHa
aHTpornoreHHa [AerHOCT B panloHa: OfOBHO-UMHKOBM MUHW, 3ratogobuvBHa MuHA,
npovM3BoACTBO Ha TopoBe, [A0O6MB Ha rHanWc, MpamoOpHW Kapuepu U Ap.,
pasnpoCTPaHEHNETO M KOHLUEHTpaumsaTa Ha eCTeCcTBeHU paavomsoTonu B no4ysaTta ce
yBenu4yaea, B CrneacTBue Ha KOEeTO, HMBOTO Ha paaMOakTUBHOCTTA BbB BoAaTa HapacTsa.
OcBeH KaTO pUCK 3a 34paBeTo Ha 4oBeKa, 3aBULLIEHOTO KOMMYECTBO Ha paguoHyKnuau
BMMsie BbPXy BCUYKM XMBM oOpraHu3amu. [lo-ronsama yacT OT u3cnegBaHata TepuTopus
nonaga B eBporierckara ekonornyHa mpexa Hatypa 2000 (MEW, 2013).

MaTtepuanu n metogu

Kato o06ekt Ha wu3cnegBaHeto ca nogbpaHm 30 OT HaW-M3NON3BaHUTE,
HepernaMmeHTUpaHn BoAOU3TOUHULN B parioHa Ha M3TouHuTe Pogonu. O6ekTuTe BKNoYBaT
YyelMn ¢ NpupoadHa Boda, ¢ ronsim Aebut, B 6rM3ocT 40 HaceneHn mecTa, Bogarta OT KOUTO
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Ce N3nonseaT LenoroguLliHoO, OCHOBHO 3a NUTENHU Hyxan. KonnyecTBoTo Ha Besika npoba
e 3 n., 6e3 koHcepBupaHe. W3cnepgBaHusiTa ca npoBegeHuM B nabopatopusTa no
pagnoekonormss M pagnomnsoTonHW uscnenBaHus, akpegutupaHa ot WA ,Bbnrapcka
cnyxba no Akpegutaums” no BOC EN ISO/IEC 17025:2018 3a onpegensHe Ha
CbObPXXAHNETO HA ECTECTBEHU N N3KYCTBEHU PA4MOHYKNIMAN BbB BOAW, NMOYBU N XPaHW.
OnpepensaHeto Ha obwara anda m obuwa 6era akTMBHOCT BbB BOAW € CMoOpen
ctangaptm: BAC ISO 9696:2017 n BAC ISO 9697:2018. Cnopea metoamkata, 1000 ml
nogkucreHa BoAa Ce KOHUEHTpMpa 4pe3 KOHTponupaHo wuanapsisaHe o nog 50 mil.
Hob6asa ce 1 ml csapHa KucenvHa u ce HarpsiBaHe 4O CyXO BellecTBo. B mydenHa newy ce
nsrapa 3a 1 yac npu Temnepatypa 350 °C. Oxnaxga ce B ekcukatop. MamepBa ce
konuyectsoTo 1 oT 0.2000 g. OT abCcontoTHO CyXOTO BELLECTBO Ce NPUrOTBSA MiaHLIeTKa,
KOATO ce n3MepBa B HUCKO(POHOBA anda-6eta anapartypa B npoabimkeHme Ha 600 s.
M3nonaea ce meToamka 3a onpeaensiHe Ha eCTeCTBEH ypaH BbB BOAHWU Npobu.

Pesyntatu n obcbxpaaHe

Bcuuku kunBm cbluecTBa ca M3NOXEHU Ha OENCTBMETO Ha ecTecTBeHaTa paguauus,
dopmMupaHa, KakTo OT KOCMUYECKOTO fTbYeHne, Taka U OT eCTeCTBEHUTE PaanOHYKNNaW B
3eMHaTa MnoBbPXHOCT. CbluecTByBaT roneMu Bapuauum B reorpadcko OTHOLUEHWE, HO
cpegHaTta CTOMHOCT Ha eCcTecTBeHUs pagnaunoHeH poH B bbnrapus e 2.3 mSv 3a roguHa.
Marnka 4acTt OT Hero ce AbJKK Ha nNuTenHaTa Boga. Cneam ot pagMoakTUBHU ENEMEHTU Ce
OTKPUBAT BbB BCsIKa BOAA. TAXHUAT CbCTAB U KOHLEHTpauus 3aBUCAT OT PaanoOXMMUYHUSA
CbCTaB Ha OCHOBHaTa cKara v no4ea, npe3 KouTo NnpemMmHaBsa cypoBaTta Boaa.

KauyecTBOTO Ha BogaTta, npegHasHadyeHa 3a nuTenHo-outoBu uenu B bbnrapus ce
KOHTponupa ot MnHMCTEpPCTBO Ha OkonHaTa cpena v Boaute. Hapeaba Ne 9 ot 2001 r.
onpeaenst U3MCKBaHUSTa KbM KayecTBOTO M 6Ge3onacHocTTa Ha Te3uM BoAu, 3a ga ce
rapaHTMpa 34paBeTO Ha Xopata M Aa ce u3berHat HebnaronpuaTHUTE edekTn Ha
3aMbpcsABaHETO Ha nuTenHaTta Boga. BopocHabauTtenHute opraHu3aumm w3BbpLUBaT
NOCTOAHEH KOHTPOM BbpPXY PaguonorMyHoTo CbCTOSIHME Ha NuUTenHaTa Boda. B painoHa Ha
N3TouHnTe Pogonu, napanenHo ¢ Te3n BOAOM3TOYHUUM CEe M3MoNn3BaT M3BOPHM BOAWU, HE
noanexawim Ha MOHUTOPWUHT. MpeanoynTaHMeTo KbM M3BOPHA BOAA € 3apaau TBbpAoCTTa
Ha NUTEenHa Boga OT BOAOMNPEHOCHaTa cuctema Ha To3n pernoH. OCHOBHO, OT Hann4neTo
Ha BapOBUK M OTfaraHeTo My KaTo Hakun, Npu TemnepaTtypa Hag 50° C.

3a ga ce oueHn 30paBHUAT PUCK MO OTHOLLEHME Ha pagMoaKTUBHOCTTA Ha NuTenHaTta
Boda, ToBa Wu3cneaBaHe aHanuaupa 30 HepernameHTupaHu BOAHWM o6ekTa, u4pes
onpegensiHe Ha oOwarta anda m obwara 6era akTMBHOCT B TaAX. MamepeHo e un
KONMMYECTBOTO Ha €CTECTBEHUs1 ypaH. Pesyntatute OT npoBeAeHUTE u3cneaBaHus ca
panenu B Tabnuua 1.

Mo OTHOLWEHME Ha pagMoNorMYHNTE nokasatenu, 3a gonyctuma Hopma B bbnrapus
ce npuemaT CTOMHOCTM 3a obuwa anda-akTMBHOCT - no-Hucku ot 0,1 Bg/l, 3a obwa beTta-
aKTMBHOCT - cboTBeTHO 1,0 Bqg/l. NapameTpnMyHMTE CTOMHOCTM 3a MHOMKATMBHATA A403a
Tpsabea ga ca no-Huckn ot 0,1 mSv (Hapep6a Ne 9 ot 2001). Npu n3nonssaHeTo Ha
HepernaMmeHTMpaHn U3TOYHMUM 3a NUTENHO-OMTOBM HyXOW, roguwHata edekTuBHa Ao3a
OT BCUYKN PagNOHYKINMAM B TAX, MOXe Aa npecko4dn npara ot 0,1 mSv.

B wmn3cneoBaHute BOoaHM 06ekTn obwata Gerta aktmBHOCT Bapupa oT  <0.02 pgo
0.18+0.04 Bq/l. ToBa e nog HopmaTa 3a NUTENHa BoAa.
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Tabnuua 1. PagnonorMyHu nokasatenm Ha HepernameHTMpaHn BOAOM3TOYMHULUN,
N3Non3BaHNTE 3a NUTENHN HYXaM B Kbpaxkanuicka obnact
EctectBeH  O6wa anda O6wa 6eta WHankatnBHa

Ne MecToHaxoguLe ypaH aKTMBHOCT  aKTUBHOCT aosa

mg/l Bq/l Bq/l mSv
1 M. ,,CTaHka Yyewma” <0.002 <0.01 0.03+0.01 <0,1
2 ,CTyOeH knageHew” 0.002+0.0004 0.02+0.01  0.09+0.02 <0,1
3 c. CTygeH knageHey, 0.003+0.001 <0.01 0.07+0.02 <0,1
4 ~,MupyoBa yewma” 0.012+0.003 0.18+0.04 0.06+0.02 <0,1
5 xuxa ,Ceexect” 0.005%0.001 <0.01 <0.02 <0,1
6 M. ,Cydnap aepe” 1 0.003+0.001 <0.01 <0.02 <0,1
7 M. ,Cydnap aepe” 2 0.004+0.001 <0.01 <0.02 <0,1
8 XK., Adpyx6a”, K-rpag 0.004+0.001 0.02+0.01  0.18+0.04 <0,1
9 Kpymosrpag 1 0.004+0.001 <0.01 0.05+0.01 <0,1
10 K-rpag — knageHey, 0.008+0.002 0.05+0.01 <0.02 <0,1
1 c. Tokauka 0.003+0.001 <0.01 <0.02 <0,1
12 c. Kangunka 1 0.004+0.001 <0.01 <0.02 <0,1
13 c. Jlewapka <0.002 <0.01 <0.02 <0,1
14 c. Metnuka 0.003+0.001 0.02+0.01 <0.02 <0,1
15  c. ABpeH - c. bawuHo <0.002 0.0210.01 <0.02 <0,1
16 c. Kangunka 2 0.005+0.001 <0.01 <0.02 <0,1
17 c. ABpeH 1 0.005+0.001 <0.01 0.04+0.01 <0,1
18 c. ABpeH 2 <0.002 <0.01 <0.02 <0,1
19 c. YepHuyero 1 0.003+0.001 <0.01 <0.02 <0,1
20 c. Kasak 0.003+0.001 <0.01 <0.02 <0,1
21 c. JonHa kyna 1 0.004+0.001 <0.01 <0.02 <0,1
22 c. JonHa kyna 2 0.004+0.001 0.03+0.01 <0.02 <0,1
23 c. [opHa kyna 0.008+0.002 0.08+0.02 0.03+0.01 <0,1
24 c. Manka yuHka 0.004+0.001 <0.01 <0.02 <0,1
25 LJAgarene”-knageHed, 0.004+0.001 <0.01 <0.02 <0,1
26 LZ/Apnartene” 2 0.003+0.001 <0.01 0.1+£0.02 <0,1
27 c. KoBun-knageHeu 1 0.004+0.001 0.02+0.01  0.03%0.01 <0,1
28 c. KoBun-knageHey 2  0.005+0.001 0.1+£0.02 0.09+0.02 <0,1
29  c.Jlynnyka 0.020+£0.004 <0.01 0.081£0.02 <0,1
30 Momuunrpag 0.003+0.001 <0.01 0.15+0.03 <0,1

Pesyntatnte 3a obwa andga aktusHocT ca ot <0.01 go 0.18+0.04 Bqg/l. B 28 ot
obekTnTe He e HeobXoaMMO OONBIIHUTENHO PaANOSIOrMYHO NPOoYyYBaHe, Tbi KaTo obliata
anda-akTMBHOCT 1 obLiaTta 6eTa-akTUBHOCT Ca CbOTBETHO MO-HUCKM OT NparoBute, Toraea
ce npuvema, 4ye vHAMKaTMBHaTa gos3a e no-Hucka ot 0,1 mSv. B gBa ot obektute ca
YyCTaHOBEHW aKTUBHOCTU Had Aonyctumute Hopmu, cboTBeTHO 0.1+0.02 n 0.18+0.04 Bqg/l.
B Te3n cnyyam ce m3anckBa aHanu3 3a YCTaHOBSIBAHE Ha KOHKPETHUTE pPaauvOHyKNMawm,
cbrnacHo Hapepba 9 ot 2001. KonnyecTBOTO Ha €CTeCTBEHUS ypaH B Te3n npobu
obsicHABa No-BUCOKMTE pe3ynTaTn. BaemaHeTo Ha BogHM Npobu OT Tsx Belle NOBTOPEHO U
npes3 NeTHUs XMOposioXKKN MUHUMYM 3a panoHa Ha M3TtoyHuTe Pogonu. PesynTtatute ca
cpaBHMMU. Bbrnpeku, ye B Te3n criydam uadmcrieHata mHamkatmeHa gosa e nog 0,1 mSy,
TpsbBa Aa ce oT4yeTe AbMTOCPOYHOTO KYMyNaTMBHO OBnbYBaHe Ha NOeTUTE paanoaKkTUBHM
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N30TONWN U PaaNOHYKNWAM 34paBOCOBHUTE Npobnemu, 40 KOUTO ToBa MOXe Aa JoBeae
(Council Directive, 2013). AbcopbupaHnte B KpbBTa paavoOHYKNMAW ce HatpyneaT B
onpegeneHn TbKaHW, 3a KOUTO CcTaBaT TOKCMYHW. [loBedye OT MOnoBMHATaA ypaH ce
envMMuHupaT 6bp30 4Ype3 ypuHata, a ocTaHanata 4acT Cce CbXpaHsiBa B ObOpeuwute,
KOCTUTE U MeKkuUTe TbKaHu. PaguaT ce otnara npegmumHo B koctute (Wrenn et al. 1985).

Han-ronam npuvHOoC KbMm obwarta anda akTMBHOCT umaT anda-usnbysaim
PaaNOHYKITMAM C BUCOKM eHeprm (C BUCOK NIMHEEH NpeHocC Ha eHeprusa low linear energy
transfer (LET), kato pagnin-226, nonoHnin-210, ypaH, obluepute Ha pagun-228 n gp. Tesun
pPagnoaKkTUBHN €NeMeHTU W TeXHWUTe pasnagHu MpoAyKTM ca BKIKOYEHM B 3eMHaTta
NMOBBbPXHOCT B pa3fMyHa CTeneH, cnopen XMMU4HUs CbCTaB Ha OCHOBHATa ckana.

B reonoxkua cbctaB Ha WM3TouHuTe Pogonn, Hapen C nACbUM, FMWHW, YaKbw,
BapoBuUN, nNpeobnagasaT n mMeTaMmopHUTE cKanu — rHancm, mpamopm n amgpudonmTu.
CbCTaBbT Ha Te3n ckanu BKIoYBa NO-BUCOKA KOHLIEHTpaLMA Ha ecTecTBeH ypaH (lvanova
et al., 2015). PagnoHyknugute, KOUTO ce nonyyasaT Npu pasnagaHeto Ha ypaH-238 u
TOpun-232, ca WMPOKO pasnpocTpaHeHn B 3eMHaTta Kopa. [loBeveTo OT Tax ca anda-
nbyBaTENN N BKNKOYBAT M30TOMNM Ha NONOHMIK, pagoH u pagun (UNSCEAR, 1972).

ToBa [gaBa OCHOBaHWE 3a O4YaKBaHO MO-BUCOKO KOMMMYECTBO Ha pas3TBOpPEHUTe
AObLUEPHN NPOAYKTM Ha ypaHa, KOMTO MoraT [a npemMuHaT OT OCHOBHATa ckana u noysara
BbB BOAHMA cnon. KoHueHTpauuuTe Ha ypaHa B nNuTerHaTa Boga ca NMPOMEHNMBU — B
otyeTeHute npobu — ot <0.002 go 0.020+0.004 mg/l. Pesyntatute oOT uscnegBaHuTe
npobu 3a Hanu4une Ha ecTeCTBEH ypaH ca B rpaHMUMTE Ha HopmaTa 3a nuTerHa Boaa, npu
napameTpuyHa ctonHocT - 0.03 mg/l. [leT oT TAx ca nog rpaHuuaTa Ha OTKPUBAEMOCT

<0.002 mg/I.
B nscnegsaHus paroH uma no-3acurieHa aHTpornoreHHa AenHOCT, 3apagn HanndaneTo
Ha pyogHW W HepyoHW Haxoguwia - OfIOBHO-UUHKOBUTE W MOMMMETanHUTe pyawu,

ekcnnoaTtauus Ha Haxoaulia Ha rHamc n mpamop, 3natogobus 1 ap. YUpes Tasm OenHOCT,
KOHLIEHTpaLuMsATa Ha OCHOBHUTE €CTeCTBEHM MOYBEHU PagMoaKkTMBHU enemeHTu kato “°K,
210pp - 235y, 238y, 22Th p ?Ra, moxe ga 6boe 3asuweHa. OcseH ToBa Poponute ca
TepuTopuaTa OT Bbnrapusi ¢ Ha-BUCOKO 3ambpcsiBaHe OT TexHoreHeH uesun (*Cs), B
pe3yntat oT aBapusaTta B YepHobun (Yordanova, 2002; 2014; 2015). Toea moxe ga 6vae
AONBbIIHUTENEH PUCK 3a NonagaHe Ha aHTPOMOreHHN pagvMoHYKNMAW BbB BOAHATa cpefa.
Mpn HanpaBeHM MNOYBEHM M3CMNeABaHUs, B CbLUMS PaNOH, MNONy4YeHUTE pe3ynTatu He
nokasBaT CbLUECTBEHM OTKIIOHEHUS OT cpegHuTe 3a nousuTe B EBpona mn 3a pgpyru
TepuTopum Ha bvnrapusa (Hristozova, 2022).

3aknioyeHue

baxa wuscnegBaHn OGpyTHMTE HMBA Ha o W [ paguoaktuBHocT Ha 30
HepernameHTUpaHn U3TOYHULM Ha NUTenHa Boda B panoHa Ba M3TouTnHe Pogonu, ¢ uen
Aa ce rapaHTMpa 6e3onacHoOCTTa Ha nuTerHaTa Boga 1 obLLecTBEHOTO 34paBe.

O6wmTe HMBa Ha a u B pagnoakTnBHocT B 30 OT nscnegBaHUTe HepernameHTupaHm
BOAOU3TOMHMUM B WM3TOyHMTEe Pogonu ca MOo-HUCKM OT HOpMWUTE 3a NUTEMHa Boga B
Bbnrapusa v rapaHTupart, 4e npvemMaHaTa OT 4YoBeKka Boga Moxe Aa 6bae KOHcymMupaHa
BGe3onacHO B NPOAbITKEHNE Ha LeSns XXMBOT.

CbabpXaHMeTO Ha HaW-TeXKUS eneMeHT B npupogaTta - ypaHbT B U3cCnenBaHuTe
BOAOEMM € B paMKUTE HA HOPMasmHOTO (POHOBO HUBO.

Hsama npomeHn B cTomMHOCTUTE 3a obwa anda n 6eta akTMBHOCT NPU MOBTOPHU
n3mMepBaHus Ha nNpobu, B3eTU Npe3 NETHUA XUOPOMOXKM MUHMMYM 3a panioHa U npes
NPONeTHO-eCeHHU NPOBOB3EMaHNS.

M3cnenBaHusa KaTto HACTOSAWOTO MOraT Aa YCTaHOBAT TOBa M Hanoxat MHgpopmupaHe
Ha HaceneHweTo wWNM fa aosedaT [0 KOpurMpawm [encTBUS KaTo 3aTBapsHe Ha
CbOTBETHOTO CbOPBXEHME.
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BNMUAHUE HA CMECEHO 3ANJIEBEJNIABAHE BbPXY NPOAYKTUBHU ENIEMEHTU
NP OPUEHTAJICKU TIOTIOH
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Pesome

O6eKT Ha mn3cnegBaHETO ca NpoMsHaTa BbB BMCOYMHATA Ha pacTteHudaTta, 6pos Ha
nucTata u TsaxHaTa NMCTHa Mol B 3aBUCMMOCT OT 6pos Ha OHUTE B KOHKYpPEHLUMS Ha
TIOTIOHEBUTE PaCcTEHUS C NneBenHaTa acounaums.

Mpoy4BaHeTo e npoBedeHo npe3 nepuoga 2020-2021 r. B IHCTUTYTa NO THOTIOHA U
TIOTIOHEBUTE M3genus - MapkoBo. MI3amMeHeHMETO BbB BUCOYMHATa Ha pacTeHusita, 6pos
nucta v nNucTHaTa NoLw € OTYMTAHO YETUPUKPATHO, a NepuoanTe Ha 3anneBensiBaHe ca
CbOTBETHO 3a 7, 14, 21, 28, 35 n 42 gHn. Cnen npemaxBaHETO Ha NNEBENUTE pacTeHUSTa
ce nogabpXXaxa YMCTU OT MNeBenu A0 Kpasd Ha BeretauusTta. B napanenHute BapuaHTu
nneeenute 6s1xa OCTaBsiHM Oa Ce pas3BMBaAT CbOTBETHO npeau u cnea 7-mus, 14-tus, 21-
Bus, 28-mua, 35-tma n 42-pua geH. BucounHata Ha pacteHusaTa, 6post Ha nucTtaTta u
nNUcTHaTa nnowl npes3 usnata Bererauusi Hamansiea C yBenuMyaBaHe Ha 6posi Ha agHuTe,
npes KoOMTO MMa 3anneBensaBaHe. 3aBUCMMOCTTA € NIMHENHA OT cegMusi 40 YeTupaeceT U
BTOpMS OeH. XapakTepbT Ha KpuBata MNpu M3MepBaHEe cnen 4YeTupuaeceTus OeH e
HennHeeH. [TbpBOHaAYanNHOTO yBENMYEHME Ha BMCOYMHATA Ha pacTeHuaTa u 6pos Ha
nuctata e nocnegBaHo OT pedyKuusi, KOSATO MMa EKCMOHEeHUManeH Xxapaktep C BUCOK
kKoepuumeHT Ha pgetepmuHaums. KpuTuUYHMAT nepuod, AeduHUMpaH OT KpuBUTE Ha
OTroBOpa, B KOWTO pacTeHusTa TpsibBa ga 6baat cBobogHM OT NneBenu ce 3aknodasa
MeXay OCMUs U ABageceT 1 BTOpUS OeH.

Knroyoeu dymu: momioH, nnesenu, enemeHmu Ha 0obusa, Kpusu Ha omaoeopa.

EFFECT OF WEED COMPETITION ON PRODUCTIVE ELEMENTS IN ORIENTAL
TOBACCO

Ivko Stamatov', Stanislav Stamatov?

"Tobacco and tobacco products institute — Plovdiv, Agricultural academy,
e-mail: ivkok@abv.bg
?Institute of Plant Genetic Resources — Sadovo, Agricultural Academy

Abstract

The object of the research is the change in the height of the plants, the number of
leaves and their leaf area depending on the number of days in competition of the tobacco
plants with the weed association.

The study was conducted in the period 2020-2021 at the Tobacco and Tobacco
Products Institute - Markovo. The change in the height of the plants, the number of leaves
and the leaf area was counted four times, and the periods of weeding were for 7, 14, 21,
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28, 35 and 42 days, respectively. After weeding, plants were kept weed-free until the end
of the growing season. In parallel variants, weeds were allowed to develop before and
after 7, 14, 21, 28, 35 and 42 days, respectively. The height of the plants, the number of
leaves and the leaf area throughout the growing season decreases with an increase in the
number of days during which there is weed. The dependence is linear from the seventh to
the forty-second day. The nature of the curve when measured after the fortieth day is non-
linear. The initial increase in plant height and number of leaves is followed by a reduction
that is exponential in nature with a high coefficient of determination. The critical period
defined by the response curves in which the plants must be free of weeds is concluded
between the eighth and the twenty-second day.
Key words: tobacco, weeds, yield elements, response curves.

BbBeaeHue

3a npaBuWNHOTO pasBUTME Ha TIOTIOHA crieq pascaxgaHeto e HeobxoguMmo ga ce
cb3gagaT yCcrnoBuMsi 3a MOLWLHO pas3BMTME Ha KOpeHoBaTa cucTeMa, kaTo ce Oocurypu
GnaronpuaTeH BOOHO-Bb3QYLUEH U XPaAHWUTENEH PexuMm Ha pacteHusita. lNodysaTta Tpsabsa
Aa ce noaabpka YncTa oT NieBenn U B POXKaBO CbCTOSIHUE.

ArpoeKkosniorMyHuTe yCcrioBusi, Npyn KOUTO ce OTrnexaaTt TIOTIOHUTE Y Hac, onpeaensrt u
BMOOBMSA CbCTaB Ha NneBenuTe B TIOTIOHEBUTE HacbxaeHus. NpeobnagaBat npeavMHoO
KbcHonponetHute nnesenu. OT paHHONPONETHUTE NMEBENN NO-MacoBO Pa3npoCTpaHeHne
MMaT caMO HSIKOM BWOOBE MOSICKM CUHAM, KOMTO MOHWKBAT cried nbpBaTa NofnoBuvHa Ha
nponetta. MHororognwHNTE NneBenu ca npeacraBeHn ot 6anypa n Tpockota (Dimitrov, et
al., 2005).

[MoYTN BCMYKM TIOTIOHEBU PaNOHM MacoBO Ca 3ansfeBefieHn C OOMKHOBEH LMp U
kokowe npoco. Makap n B no-manbk pasmep, NOBCEMECTBO ce cpeLuat 6sna kyva nobyna
N Kowpsea. B oToenHn pamoHM OCHOBEH nreBen € Morfckus cuHan. TydyeHuuata
npeacraenasa nNpobnem NpeguMMHO Ha HSKOM KbCHU THOTIOHWM. B nocnegHute rogmvHu B
HAKOM PONOHWU ronemun pasmepu nmat 6anypbT M YEpHOTO Kyye rposae. Hsikon Buaose
(TaTyn, abyTunoH), n3BecTHM camo KaTto BypeHu, 3anodBaT 4a ce ovyepTaBaT KaTo OCHOBHM
3annesenutenu (Dimitrov, et al., 2005).

Mpe3 nbpBute 40 gHM cnea pascaXxaaHeTo OPUEHTANCKUAT THOTIOH pacTe 6aBHO u e
N3BbHPEAHO YYBCTBUTENEH KbM 3anneBensaBaHeTo. PacteHusaTa morat ga 6vaat CUSHO
NOATMCHATM OT nneBenute B To3n nepuod. lnesenute Obp30 3arnywaBar U Ps3KO
3aTOpMO3sBaT pacTexa u pasBuTneTo my.

Cnopep, Dimitrov, et al., (2005) o6ukHoBeHO gokato passue 1/3 oT HopmanHusa Gpon
nucTa, TIOTIOHBT 3anas3Ba CuUHata CuM pereHepaumMoHHa CrnocoBHOCT M ako nresenuTe
O6baart oTcTpaHeHu, Npu GnaronpUATHM arpOEKOSIOrMYHN YCNOBUSA TOM MOXE HanmbIlHO Aa
ce Bb3CTaHOBU M Aa gaae HopmarneH gobums u kayecTBo. ChLuTe aBTOpM cbobLLaBarT, 4Ye B
No-kbCHM a3n oT passutneto — 1/3 pgo 2/3 oT HopmanHua ©Opon nucTa,
pereHepaunoHHaTa crnocobHOCT Ha TIOTIOHA PA3KO Hamansaea, B pesynTar Ha KOeTo npu
CWUIHO 3anneBernsiBaHe 4obuBUTe U Ka4eCTBOTO MoXe Aa ce noHmxaT Ha 50%. Cnepq ¢asa
2/3 oT HopManHua 6pon NUCTa TIOTIOHBT HE pearnpa CUMHO Ha 3anneBensaBaHeTo N YeCTo
TOW Bb3NPENATCTBA pa3BUTUETO Ha NNEBENMW.

KoHTponbT Bbpxy npesenute, 6asnpaH Ha KPUTUYHUS NEPUOL € BaKeH noaxopn, C
KONTO Aa 6baaT nonyydeHn ontumManHu pesyntaTtu. (Duary and Hazra 2013; Ahmed et al.,
2014). OnpegenaHeTo My, MOXe Oa HamManu M3non3BaHeTo Ha xepbuunam u ga Hamanm
pasxogute (Knezevic et al., 2002; Mahmoodi and Rahimi, 2009).

Hsikon aBTOpM onpenenat KpUTUYHUS NepUoa KaTo BpeMETO Mexay ABa UHTepsana,
a MeHHo nepuopga 6e3 n cbe nnesenu (Uremis et al., 2009).

Llenta Ha wun3cneaBaHeTO € YyCTaHOBABaHE Ha KpUTMYHWMA nepuog 3a 6opba ¢
nneesenuTe, cneg KOMTO ce MposiBsiBa OTpuULATENHO Bb3AEWCTBME Ha 3ansieBensiBaHeTo
BbPXY NPOAYKTUBHUTE €NIEMEHTU NPU OPUEHTANCKNA TIOTHOH.
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MaTtepuanu u metoau

Mpoy4BaHeTo e npoBegeHo npe3 nepuoga 2020-2021 r. 3anoxeH n mM3BeneH e
arpoTexXHMYECKM ONUT C OpUeHTanckus copt ToTioH Kpymosrpag 78 C.

lMocTtaHoBKaTa Ha onuTa e hopMmupaHa oT ABaHaAL4ECET ONUTHN BapuaHTa C ronemMmHa
Ha onuTHaTa napuernka 3a Bceku BapuaHT 22,0 m? Ta obxsalla nepuoauTe, npes KOUTo
TIOTIOHa € Oun 3anneBeneH crneq pascaxgaHeTo. [nesenute ca NpemMaxBaHu PbYHO KaKTO
cneasa:

8 MbpeUs 8apuaHm riyiesesiume ce rpemaxeaxa Ha cedmusi OeH cred pascaxoaHe;

emopusi eapuaHm beuwe 3ariniesernieH 3a YyemepuHadecem OHU;

mpemusi 3a 0eadecem U eOUH OHU;

yemebpmusi 3a 0eadecem U 0ceM OHU;

nemus 3a mpudecem u nem OHU;

wecmus 3a Yemupudecem u dea OHU.

Cnep npemaxBaHeETO Ha NneBenuTe, pacTeHNsaTa ce noaabpxaxa YMCTU OT nneBenu
[0 Kpasi Ha Beretauusta. B napanenHuTte BapuaHTu nnesenute Osxa OCTaBeHW fa ce
pa3BuBaT CbOTBETHO Npeau un cnepq 7-us, 14-na, 21-us, 28-na, 35-ua n 42 na geH.

OnHamukata Ha pacTtex u nuctoobpasdyBaHe e npocnegeHa npe3 20 aum npu 10
paHOOMU3NPaHN pacTEHNsI OT BCEKM BapUaHT.

3a onpegensiHe Ha AbMKMHATa U WMpUHaTa Ha nuctaTa ca uamepenun no 10 nucra ot
BCEKWN BapUaHT OT YeTupun ctbbnenn nosvuum (7, 14, 21 n 28-mn nucr).

N3BbpLueHa e matematmyecka obpaboTka Ha JaHHUTE, NOCPeaCTBOM ANCNEPCUOHEH
aHanms.

Ha4yanoto n KpasT Ha KPUTUYHMA Nepuon, B PaMKUTE Ha KOWTO KOHTPOMbT Ha
nneeBenuTe e 3agb/DKUTENEH, € OUEHEH OT KPMBWUTE Ha OTroBOpa Ha eneMeHTUTe Ha
nobvBa B CpaBHEHWe C BapuaHTa, Npu KOWTO Te ca Gunu npemaxeBaHW npes3 usnara
Beretaumsi cneg ceammns aeH. KpuTUYHUAT nepmoa 3a KOHTPOI Ha NneBenuTe € U34ncreH
ype3 MoHTMpaHe Ha Logistic n Compertz mogen. Tpu-napameTpuyHOTO ypaBHEHME ONMUCBa
edeKkTa OT HeraTMBHOTO BIMSIHME Ha MNNEeBEnuMTe BbPXy €eneMeHTuTe Ha [obuea npwu
yBenuyaBaHe Ha nNpoabiKMTENHOCTTa Ha 3annesensBaHe. Mogenst Compertz e
A0OKa3aHo, Ye NPOrHo3vpa Bpb3Kata Mexay OTHOCUTENHUSA oOMB, NOBNUSAH OT AbKMHATA
Ha nepuoga 6Ge3 nnesenu. ManonssaHoTo Logistic ypaBHeHMe onpeagens HayanoTo Ha
KPUTUYHUA Nepuog, Npu KOMTO KynTypuTe morat Aa 6baar 3anneBeneHu, a ypaBHEHUETO
Compertz ce uanonsea 3a onpegensHe Ha Kpas Ha nepuoga 3a NpuUemMnvMBuM HMBa Ha
3aryba Ha fobus.

Pesyntatu n obcbxpaaHe

Ot paHHuTe B Tabnuua 1 ce Bwxkaa, Ye BUCOYMHATA Ha pacTeHuaTa n 6pos Ha
nuctaTa npes usanaTta Beretauusi Hamansiea ¢ yBenvyaBaHe Ha OHUTE, npe3 KOUTo uma
3annesensBaHe. 3aBUCMMOCTTA € NUMHEeWHa OT cegmMust OO0 YeTUpAeceT M BTOpUsS OeH
(BapuaHTy oT 1 8o 6).

3anneBensBaHETO, KOETO Ce Cry4vBa creg cegMms U YeTepuvHageceTusl AeH Cblio
BOAW OO0 MOHWXKEHWE Ha Te3n nokasaTtenu. XapakTepbT Ha KpuBata npu namepBaHusTa
cneg 40-tma geH obaye e HenuHeeH. [TbpBOHAYanHOTO yBENMMYEHME HA BMCOYMHATA Ha
pacTeHusiTa u 6posa Ha nucTaTta BbB BapuaHTh 7 1 8 e nocrneaBaHo OT peayKuus.

Pasnuknte BbB BMCOYMHATA Ha pacTeHusiTa u 6posa Ha popmMuMpaHUTe nucta npes
uenusa nepuog crneg pascaxngaHeto npu BapuaHtn ot 3 oo 12 cnpsiMO KOHTPOSHUS
BapuaHT 1 ca CTaTUCTMYECKM AOKa3aHW, C U3KMNKYEHNE Ha BapuaHT 7 Npu N3MepBaHETO Ha
40-Tna OeH.

BucounHaTa Ha pacTeHMeTo KbM Kpasi Ha BeretaumsaTa ce konebae mexay 145,4 cm
no 115,1 cm B oTAenHUTE BapuaHTU CbC CTAaTUCTUYECKM JOKa3aHu pasfivku No Mexagy uUM.
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Pepnykumsata BbB BucodmHata e 20,8%, a HamaneHMeTo e eKCNoHeHUManHo C BUCOK
KoedunumeHT Ha getepMmuHaums (dwr. 1).

KputnyHuat nepuod, npes KOWTO pacteHusTa TpsibBa ga 6baart unmctu oT nnesenu ce
AedvHMpa OT KPUBUTE Ha OTrOBOpPA, KOWTO 3a BMCOYMHATA Ha pacTEHNETO € MeXay OCMUS
n nBageceT 1 BTopus AeH, cur. 2

Tabnuua 1. [JuHamuka Ha pacTex M nuctoobpasyBaHe Ha OPUEHTAsNICKUS COPT THOTHOH
Kpymosrpag 78 C
Table 1. Dynamics of growth and leaf-formation of Oriental tobacco variety
Krumovgrad 78 C

IdnHamuka Ha pacTex un nucroobpasyBaHe
Dynamics of growth and leaf-formation
40 gHM 60 oHK 80 aHM 100 AHM
40 days 60 days 80 days 100 days
= 0 = 0 £ » £ 0
B\f'p‘."a"m ‘:‘:t,g; o 2 gg?».’ o2 S,«_sz o2 %,«_sfw: o2
ariants | g &5 | 82 |gkF| 82 | gEF | 82 | gEF | &g
S8u| 20 [P 22 | F8u0 | 22| F52| 29
852 98 |852| 88 | 852 | 88 | 8s2 | g3
éo._'g, Lng éo.f,, Lng én.f,, Lng én._-g, mg
T z T z T z T z
1| 7WF 32,7 14,0 63,8 21,8 115,8 33,2 1454 42,7
2 | 14WF | 29,6*** | 12,8*** | 61,1 21,2 112,9 32,3 | 139,7*** | 39,9***
3 | 21 WF | 26,9*** | 12,0*** | 58,4** | 19,9"** | 109,1*** | 31,0*** | 137,0*** | 38,5***
4 | 28 WF | 22 4*** | 10,3*** | 53,2** | 19,0*** | 104,6*** | 30,1*** | 130,9*** | 37,1***
5 | 35WF | 204*** | 94™* |471** | 18,0 | 100,4*** | 28,8*** | 123,5*** | 36,3***
6 | 42 WF | 17,9 | 8,4** |46,6** | 17,0* | 97,3 | 27,7 | 117,8*** | 354"
7| 7TWC | 31,2 13,3 | 57,3 | 19,4*** | 106,2*** | 30,2*** | 133,9*** | 37,6™**
8 |14WC | 28,4* | 12,2*** | 58,4* | 19,8** | 110,4** | 31,0 | 136,5*** | 38,4***
9 | 21 WC | 24,9*** | 10,7*** | 52,6*** | 18,5"** | 103,6*** | 29,6*** | 131,6*** | 36,4***
10| 28 WC | 22,0*** | 10,0*** | 48,1*** | 17,8*** | 95,2*** | 28,0*** | 123,1*** | 354***
11| 35 WC | 20,4*** | 9,5"** | 45,0*** | 17,1 | 92,9** | 26,9 | 119,5*** | 34,8
12| 42 WC | 17,7 | 8,5 | 42,6 | 16,0*** | 91,7*** | 26,1*** | 115,1*** | 34,0***
*LSD 0,5; **LSD 0,1; *** LSD 0,01.
oo | S~ ~__ S B~
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®Purypa 1. ExkcnoHeHumanHo HamanseaHe
Ha BUCOYMHATA Ha PacTEHMETO
Figure 1. Exponential reduction in plant
height

Purypa 2. KpuTuyeH nepuof Ha 3annesenssaHe
Figure 2. A critical period for weeds competition
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bpoaT Ha nuctata B kpas Ha BeretauusaTa npyv OTAENHUTE BapuaHTU ce Konebae
mexay 42,7 no 34,0 ¢ matemaTU4eckn OOKasaHW pasfnukm Mexagy OTAeSNHUTE BapuaHTu
(tabn. 1). Pegykumara e 20,4%, a 6poaT M HamansiBa eKCnOHeHUnanHo, dowr. 3.

KpUTMYHUAT nepuog no OTHOWeEHMe Ha Oposi Ha nucTata ce 3akfyaBa Mexay
OCMUA N ABafeceT U WwecTtunsa geH, dur. 4.

45,0
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30,0

> 00147
250 y =40,838¢

2 _
20,0 R =0,6868
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WF wc

Bpoii auctanmcta
Number of leaves

— Expon. (Bpoit
nvctanmcta Number
of leaves)

durypa 3. EKCnoHeHUManHo HamansasaHe
Ha 6pos Ha nucTaTta
Figure 3. Exponential reduction in the
number of leaves
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®Purypa 4. KputnyeH nepmog Ha

3anneBendBsaHe

Figure 4. A critical period for weeds

competition

Ha 1abn. 2 ca npeacraBeHn pasmepuTe Ha nuctata OT YeTUpK CTbOMEeHM nNo3nuum
npu copt Kpymosrpag 78C. Jlucta ¢ Han-ronemm pasMepu npu BCUYKM BapuaHTU ca
otyeTeHu npu 14-tm nuct — ot 22,3/14,1 3a BapuaHTt 12 pgo 27,3/18,3 cm 3a BapmaHT 1.
AbmknHata v WwnpmvHaTa Ha nuctata npyu BCUYKM U3MEPEHM NO3ULMK Hamarns JIMHEWHO
npwn BapuaHth ot 1 go 6. lNpu napanenHuTe BapuaHTU HapacTBaHETO Ha pa3MepuTe Ha
nucTarta oT BapuaHT 7 KbM BapuaHT 8 e nocneasaHo OT peayKunsa Ha TeEXHUTE pasmepu.

Pasnuknte no oTHOLWEHME Ha Ob/MKMHATa U LUMpUHAaTa Ha nucTata oT cpefeH uU ropeH
B6epuTbeH NosAC ca CTaTUCTUYECKN QOKa3aHu Npu BapuaHTuTe oT 3 A0 12 B CpaBHEHME C

KOHTPONHUSA BapuaHT 1.

Tabnuua 2. Paamepun Ha nucTa Ha opueHTanckus copt TioTioH Kpymosrpag 78C
Table 3. Proportion of leaf of Oriental tobacco variety Krumovgrad 78 C

Pa3mepu Ha nucTtata
Proportion of leaf
7-Mu nucTt 14-Tn nucrt 21-Bu nucT 28-mu nuct C A
7" leaf 14" leaf 21% leaf 28" leaf pearo Average
BapuaHTtn
Variants | 2§ | sE | 26| g5 | 25| g5 | §5 | g5 | £5 | g5
X | 35 | 5 | 35 | ¥E§ | 8s | ¥ | 8s | ¥E5 | &8s
2| S| 52| 32| 532|353 | 532|328 52 S35
a8 |32 | a3 |32 | a5 |32 | a3 | 3= | g5 | F=
1| 7WF | 23,2 14,7 27,3 18,3 23,7 15,9 20,3 13,4 23,6 15,6
2 | 14WF | 229 14,4 | 26,1* 17,7 23,1 15,4* | 19,8* 13,2 23,0* 15,2
3|21WF| 226 14,1 | 25,2** | 17,2** | 22,6** | 15,1*** | 19,5*** | 12,9** | 22,5"** | 14,8"**
4 |28 WF | 220" | 13,8* |24,7*** | 16,7*** | 22,0*** | 14,5*** | 19,0*** | 12,4*** | 21,9*** | 14,4***
5 | 35 WF | 21,5*** | 13,4*** | 24,4*** | 16,4*** | 21,5*** | 14 1*** | 17,7*** | 11,6*** | 21,3*** | 13,9***
6 | 42 WF | 20,6*** | 13,1*** | 23,8*** | 16,0*** | 21,6™** | 13,7*** | 17,1*** | 11,2*** | 20,8*** | 13,5
7| 7TWC | 221** | 13,9* |24,9***|16,8*** | 22,2*** | 14,7*** | 19,3*** | 12,6*** | 22,1*** | 14,5***
8 |14WC| 226 14,2 | 25,3***| 17,3** | 22,9* | 15,2** | 19,6™** | 12,8** | 22,6™** | 14,9***
9 |21 WC | 22,0** | 13,7** | 24,7*** | 16,4*** | 22,1*** | 14,3*** | 18,9*** | 12,0*** | 21,9*** | 14,1***
10| 28 WC | 21,1*** | 13,1*** | 24,2*** | 15,8*** | 21,3*** | 13,7*** | 17,5*** | 11,7*** | 21,0* | 13,6***
11|35 WC | 20,8*** | 12,7*** | 23,5*** | 15,2*** | 21,0"** | 13,3*** | 16,8*** | 10,8*** | 20,5*** | 13,0***
12| 42 WC | 20,2*** | 12,4*** | 22,3*** | 14,1*** | 20,1*** | 13,1*** | 16,5*** | 10,5*** | 19,8*** | 12,5***

*LSD 0,5; ** LSD 0,1; *™** LSD 0,01.
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M3mepeHaTa cpegHa AObfPKMHA Ha nUCTa OT 4YeTvpuTte CTbOMneHu nosvuumn B
OoTOenHuTEe BapuaHTu ce konebae mexay 23,6 n 19,8 cm, ¢ maremaTnyeckn gokasaHu
pasnuku no mexagy um (tabnuua 2). Pegykuusata B To3n pasmep € 16,1 % 1 Ton HamansBea
E€KMOHEHLManHoO C BUCOK KoedUMEHT Ha AeTepMuHaums, ur. 5.

KpUTn4HMAT nepuog no OTHOLLEHWE Ha TO3M pa3Mmep Ha nucTa € nokasaH Ha cur. 6 n
ce 3aKnto4vaBa Mexay OCMUs U TpuaeceT 1 BTOPUS AEH.
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Figure 6. A critical period for weeds
competition

CpegHaTta wupurHa Ha nucta ce konebae mexay 15,6 oo 12,5 cm cbC cTaTtucTUYECKU
AOKa3aHW pasnuky noMmexay MM C U3KNYeHune Ha BapuaHT 2 (tabn. 2). Peaykumsarta B
LuMpMHaTa Ha nuctHaTa netypa e 19,9%, a ekcnoHeHUnanHoTo HamaneHne e nNnokasaHo Ha

durypa 7.

KpVITVILIHVIﬂT nepunog no OoTHoWweHune Ha WwupuHata Ha JIMCTta € MHOIo KpaTtbK U Ce
3aKrilodaBa Mexay ceamMunda U aBaHagecetna OeH, cbmr. 8.
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BucoynHaTta Ha pacteHnata u” 6p09| Ha Inunctata npe3 udrnarta Beretauunsa

HamMandaBa C YyBeJin4aBaHe

Ha [gHuTe,

npes

KOUTO WMMa 3alreBendBaHe.

3aBucuMOCTTa € NuMHelrHa oT ceamus A0 YeTUpaeceT U BTOPUS OEH.
KputnyHuaTt nepuon, npe3 KoMTo pacTeHusTa TpsibBa pga 6baat uuctu ot

nneesenn ce pgeduHUpa OT KPUBUTE Ha OTroBopa,

KOUTO 3a BWUCOYMHATa Ha
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pacTeHMeTo e Mexay OCMUsa 1 ABageceT U BTOPUS LEH, a N0 OTHOLWeHMe Ha Bpos Ha
nucTaTta — Mexay ocMua U ABajeceT U LWeCcTus AeH.

AObmknHata v WwupmuHata Ha nuctaTta npyv BCUYKM N3MEPEHUN NO3ULMN Hamangsa
NUHEeNnHo npwu BapuaHtTn ot 1 go 6. lNpn napanenHnTe BapuMaHTU HapacTBaHETO Ha
pasMepuTe Ha nucTtata OT BapuaHT 7 KbM BapuaHT 8 e nocneaBaHo OT peaykums Ha
TEXHUTE pasMepu.

KpUTMYHUAT nepuog nNo OTHOLWIEHWE Ha pasMepuTe Ha NUCTa ce 3akroyaBa Mexay
OCMUA 1 TpUAECET M BTOPUS AEH 3a Ob/PKMHATA Ha NUCTa, a 3a WupuHaTta Ha nucrata —
Mexay ceaMus U ABaHageceTust AeH.

INutepartypa

Ahmed M. Shaalan, Khaled A. Abou-zied and Mansour K. El nass 2014 Productivity of
Sesame as Influenced by Weeds ompetition and Determination of Critical Period of
Weed Control. Alex. J. Agric. Res. Vol. 59, No.3, pp.179-187

Dimitrov, A., Bozukov, H., Nikolov, P., & Drachev, D. 2005. Tobacco production for farmers.
Ed. “Videnov and Son”, Sofia. ISBN 954-8319-40-3 (Bg).

Duary B. and D. Hazra 2013. Determination of critical period of crop-weed competition in
sesame. Indian Journal of Weed Science 45(4), 253256

Knezevic, S.Z., S.P. Evans, E.E. Blankenship, R.C.Van Acker and J.L. Lindquist. 2002.
Critical period for weed control: the concept and dataanalysis. Weed Sci. 50, 773-
786.

Mahmoodi, S. and A. Rahimi. 2009. Estimation of critical period for weed control in corn in
Iran.World Academy of Science, Engineering and Technology 49: 67-72.

Uremis, I., A. Uludag, A.C. Ulger and B. Cakir .2009. Determination of critical period for
weed control in the second crop corn under Mediterranean conditions. African J. of
Biotech. 8(18): 4475-4480.

212



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

BIMUMAHUE HA CMECEHO 3AIMJIEBENABAHE BbPXY NOBUBA U KAYECTBOTO HA
JINCTATA NPU OPUEHTAJICKU TIOTIOH

UBko CtamaTtoB', CtaHucnas CramatoB?

"MHecmumym no momioHa u moomioHesume u3denusi — 1noedus,
CernickocmonaHcka akademusi, e-mail: ivkok@abv.bg
2MIHiecmumym no pocmumernHu 2eHemuy4Hu pecypcu — Cadoeo,
CesnickocmonaHcka akademusi

Pestome

O6eKkT Ha uacnegBaHeTo ca npomMsHata B gobuBa M Ka4yecTBOTO Ha fnucrata B
3aBUCUMOCT OT 6pos Ha OHUTE B KOHKYpPEeHLMsl Ha TIOTIOHEBUTE pacTeHusi C nneBenHaTta
acouunaums.

Mpoy4BaHeTo e npoBedeHo npe3 nepuoga 2020-2021 r. B IHCTUTYTa NO THOTIOHA U
TIOTIOHEBUTE wm3genuna - MapkoBo. [locTtaHoBkata Ha onuTta opmupa ABaHageceT
BapmaHTa 06eKT Ha (pakTopa KOHKypeHuus. lNepuogute Ha 3annesennssaHe ca 7, 14, 21,
28, 35 n 42 pHn. Cnen npemaxBaHETO Ha NNEBENUTE pacTeHuATa ce nogabpkaxa Ynctm
OT nneBenn A0 Kpasi Ha Beretauusta. B napanenHute BapuaHTu nnesenute 06sxa
OCTaBSAHW Oa ce pas3BuBaT CbOTBETHO npean u cnepn 7-mus, 14-tua, 21-sm4, 28-mua, 35-
TV U 42-pusi OEH.

CpegHuat gobmB Ha cyxm nuCTa Hamansiea ¢ yBenuyaBaHe Ha 6posi Ha gHUTE, Npes
KOUTO MMa 3annesBensiBaHe. 3aBUCMMOCTTa € JfIMHerMHa OT ceaMusl A0 YeTupuaeceT U
BTOpMS OeH. XapakTepbT Ha KpuBata nNpu M3MepBaHe cren YeTMpuaeceTuss OeH €
HenuHeeH. [MbpBOHAYanHOTO yBenuyeHne Ha Jobuea e nocnegBaHo OT peayKums, KOSiTO
MMa eKCrMOHEHUManeH XapakTep C BWCOK KoeuuueHT Ha agetepmuHaumsa. Hapen c
HamaneHneTo Ha gobuBa ce HabnogaBa W MOHWXKEHWE Ha KayeCcTBOTO Ha CypoBMHaTa,
KOETO € M3pa3eHO B MO-HUCBLK MPOLEHT Ha MbpBa Kfaca M MO-BMCOK MPOLEHT Ha TpeTa
Knaca.

Knroyoeu dymu: momioH, nnesernu, dobusa u kKa4ecmeo, Kpueu Ha omeaoeopa.

EFFECT OF WEED COMPETITION ON YIELD AND LEAF QUALITY IN ORIENTAL
TOBACCO

Ivko Stamatov', Stanislav Stamatov?

"Tobacco and tobacco products institute — Plovdiv,
Agricultural academy, e-mail: ivkok@abv.bg
?Institute of Plant Genetic Resources — Sadovo, Agricultural Academy

Abstract

The object of the research is the change in the yield and the quality of the leaves
depending on the number of days in competition of the tobacco plants with the weed
association.

The study was conducted in the period 2020-2021 at the Tobacco and Tobacco
Products Institute - Markovo. The staging of the experiment forms twelve variants subject
to the competition factor. The weeding periods are 7, 14, 21, 28, 35 and 42 days. After
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weeding, plants were kept weed-free until the end of the growing season. In parallel
variants, weeds were allowed to develop before and after 7, 14, 21, 28, 35 and 42 days,
respectively.

The average yield of dry leaves decreases with an increase in the number of days
during which there is weed. The dependence is linear from the seventh to the forty-second
day. The nature of the curve when measured after the fortieth day is non-linear. The initial
increase in yield is followed by a reduction that is exponential in nature with a high
coefficient of determination. Along with the decrease in yield, there is also a decrease in
the quality of the raw material, which is expressed in a lower percentage of the first class
and a higher percentage of the third class.

Keywords: tobacco, weeds, yield and quality, response curves.

BbBeneHue

KaTo KOHKYpEeHTM Ha TIOTIOHEBOTO pacTeHMe nneBenuTe npedar Ha HEeroBoTo
pasBuTUE, a Npu NbTHO M3pacTBaHe MOXe W Aa ro yHuwoxar. Bpegar, kato Hamanasar
nobuBa, NoHW>xaBaT Ka4yeCTBOTO Ha NucTtarta, 3aTpyaHsiBaT U OckbnsBat obpaboTkute u
GeputbaTta Ha TIOTIOHA M M3TOWABaT NnoyBaTta. TBbpAe ronsiMa € U KocBeHata Bpeda oT
TAX, KOSATO HaHacAT BbPXy THOTIOHA KaTo [OCTOMNPUEMHMUM Ha onacHu 6onect u
Henpuatenn. CnepoBatenHo GopbaTta ¢ nneBenute Npu OTIMEXOAHETO Ha THOTHOHA €
HeobxogMma He camMO 3a MnpemMaxBaHe Ha npekuTe LWeTHU, KOUTO Te HaHacAT Ha
TIOTIOHEBATA KynTypa, HO M 3a HamansiBaHe Ha noBpeauTe no THOTHOHA OT Gonectn wm
Henpuatenu (Dimitrov, et al., 2005).

Bopbarta ¢ nnesenuTe ce BOAN NO MEXaHUYEH N XUMUYEH HAYUH.

[MneBenuTe Ha TIOTIOHEBUTE MNONIETa MoOraT ga HaHecaT 3Ha4YUTENHW LWeTU Ha
TIoTHOHOMpou3BoacTBoTO. OT 0bwuTte 3arybu B cBeToBeH Mawab, KOUTO MpuyMHaBaT
BpeauTenuTe no TIOTIOHA Ha nnesenuTe ce nagat 37% (Kalinova, et al., 2014).

Mopaan peavua NpuvynHKU (CbBNagaHe Ha MbPBO OKOMaBaHe C NpoAbikaBallo
pascaxgaHe, nunca Ha paboTHa pbka M T.H.) MOHSAKOra OKOMaBaHETO Ha THOTIOHA W
n3BexgaHeTo Ha Oopbarta ¢ nnesenuTe 3akbcHsBa. C Uen npoBexaaHe Ha edekTMBHa
MexaHn4yHa n xmmmyHa 6opba ¢ nneBenute € HeobxoauMo Oa ce onpeaeny KpUTUYHUS
nepuog Ha TAXHOTO NpemMaxBaHe, crnefg KOUTO AO0OMBBLT M KayecTBOTO NPU OPUEHTArCKUS
TIOTIOH crnapar.

Peguua aBTOopy cbobuwiaBar, 4e 3anneBensiBaHETO NPWU KYyNTYpPHUTE pacTeHust e
dakTopa, KOMTO OKa3Ba HaW-HeraTMBHO BnusHME BbpXy Aobuea (Tepe et al., 2011).
[neBenuTe KOHKypupaT MnaguTe pacTeHusi 3a XPaHUTENHW BELLEeCTBa, NOATMUCKAT TEXHUS
pacTex M OKkasBaT HeratTMBHO BNMsiHUE BbpXYy eeKkTMBHOCTTa Ha dpoTtocuHTesata (Rao,
2000).

KoHTponbT Bbpxy npesenute, 6asvpaH Ha KpUTUYHUA NEpUod € BakeH noaxon, C
KONTO Aa 6baaT nonyydeHn ontumManHu pesyntaTtu. (Duary and Hazra 2013; Ahmed et al.,
2014). OnpegenaHeTo My, MOXe 4a HamManu M3non3BaHeTo Ha xepbuunam u ga Hamanum
pasxogute (Knezevic et al., 2002; Mahmoodi and Rahimi, 2009).

Hsikon aBTOpKM onpenensaT KpUTUYHUA NEPUOA KaTo BPEMETO MeXAy ABa MHTepBana,
a MeHHo nepuoabT 6e3 u ¢ nnesenu (Uremis et al.,2009).

[JobuBbT nNpu cycama HamansiBa C yBENUYaBaHe Ha AHUTE Npes3, KOUTO unma
3anneBensiBaHe. 3aBUCMMOCTTa € NMHENHa OT ceaMust OO0 YeTMpuaeceT U BTOpUS AEH.
3anneBensaABaHETO KOETO Ce Cry4yBa cred ceamusi n YeTUpuHageceTmst AeH CbLo BoaM 40
NoHWxeHne Ha pobusa. XapakTepa Ha KpvBaTa B TO3M crnydyanm obaye e HenuHeeH.
[MbpBOHAYaANHOTO YBENMYEHME HA MacaTta Ha MrodoBETE € nocrneaBaHo OT peayKuus
(Stamatov and Stamatov 2019). CbLunTe aBTOPM CHOOLLABAT, Ye KPUTUYHUSA Nepuoa, cnea
KOWTO MfieBennTe ca B CbCTOSAHME Aa peayumpart gobuea npu cycama e Mexagy ceamusi u
ABadeceT U NbPBUSA AeH cnea NoOHMKBAHETO.
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Llenta Ha wu3cneaBaHeTO € YCTaAHOBsIBAHE Ha KPUTUYHUS nepuopg 3a Gopba ¢
nresenuTe, creg KOMTO ce MNposiBsiBa OTpULATENHO Bb3AEWCTBME Ha 3anneBensiBaHeTo
BbpXy A0OMBA 1 KAYECTBOTO NPU OPUEHTANCKUS TIOTIOH.

MaTtepuanu n metoamu

MpoyuBaHeTo € npoBegeHo npe3 nepuoga 2020-2021 r. 3anoxeH U M3BeOeH e
arpoTexHUYeckn onnT C opueHTanckns copt ToTioH Kpymosrpag 78 C.

O6eKkT Ha uacnegBaHeTo ca npomMsHata B gobuBa M Ka4yecTBOTO Ha fnucrata B
3aBMCUMOCT OT 6posi HA AHWUTE B KOHKYPEHUMSI Ha TIOTIOHEBUTE pacTeHus C nrneBenHara
acoumaums.

lMocTtaHoBKaTa Ha onuTa e hopMmupaHa oT ABaHAL4ECET ONUTHN BapuaHTa C ronemMmHa
Ha onuTHaTa napuernka 3a Bceku BapuaHT 22,0 m? Ta obxsalla nepuoauTe, Npes KoUTo
TIOTIOHBT € Oun 3anneBeneH crnea pascaxagaHeTo. [neeenute Gsixa NpeMaxBaHU PbYHO
KakTo cnenga:

8 MbpP8US 8apuaHm rnesesiume ce rnpemaxeaxa Ha cedmusi deH cned pascaxoaHe;

emopusi eapuaHm beuwe 3ariniesernieH 3a YyemupuHadecem OHU;

mpemusi 3a 0eadecem U eOUH OHU;

yemebpmusi 3a 0gadecem U 0cemM OHU;

nemus 3a mpudecem u nem OHU;

wecmus 3a Yyemupudecem u dea OHU.

Cnep npemaxsaHeETO Ha NneBenuTe, pacTeHNsaTa ce nogabpxaxa YMCTU OT nneBenu
[0 Kpasi Ha Beretauusta. B napanenHute BapuaHTh nnesenute Osxa OCTaBeHW fa ce
pa3BuBaT CbOTBETHO Npeau un cnepn 7-us, 14-na, 21-us, 28-na, 35-ua n 42 na geH.

[obue, Ka4eCcTBO M cpefHa LieHa Ha Cyxus TIOTIOH — ONpeaeneHo e KavyecTBOTO 3a
BCEKWN BapuaHT Ype3 pasnbyBaHe Ha cyxuTe nucta no knacu cbrnacHo bC. [Jobusute ot
napuenuTte ca npuBegeHn B kg/da. Bb3 ocHOBa Ha NMpOLEHTHOTO y4acTue Ha OTAenHuTe
Knacu B obimst 4o6mB e n3vMcneHa cpegHarta LeHa Ha TIOTIOHa 3a Kurorpam rno BapuaHTMy.

N3BbplueHa e matemaTtndecka obpaboTka Ha AaHHUTE, KaTo 3a LenTa ca HanpaBeHU
CrnegHvTe aHanuau:

- AUCNEePCUOHEH aHanus;

- NKOHOMWYECKN aHanu3 — M3BbpLUEHA € eKCnepTHa OLeHKa Ha Cyxusi THOTIOH Mo
Knacm n e nsdmcneH obwmaTt goxoq ot aekap, npu ueHn 11,30 BGN/kg 3a nbpBa knaca,
7,20 BGN/kg 3a BTOpa knaca u 2,65 BGN/kg 3a TpeTa knaca.

Hayanoto n KpasT Ha KPUTUYHMA Nepuod, B PaMKUTE Ha KOMTO KOHTPOMbT Ha
nneBenuTe € 3aabiHKUTENEH, € OLEHEH OT KpMBUTE Ha OTroBOpa B CpaBHEHME C BapuaHTa
npy KOWTO Te ca Ounum npemaxBaHuM npe3 uanata Beretaums crej ceamus OeH.
KpnTnyHuAT nepmoa 3a KOHTPOS Ha NneBennuTe e U34ncneH Ypes MoHTupaHe Ha Logistic u
Compertz mogen. Tpu-napameTpuMyHOTO ypaBHEHME onucBa edekta OT HeraTMBHOTO
BNMSIHUE Ha MNneBenute BbpXy eneMeHTUTe Ha pobuBa npu  yBenuyaBaHe Ha
NPOABLIPKUTENHOCTTA Ha 3annesenasaHe. MogenbT Compertz e Aoka3aHo, Ye NpPorHosnpa
Bpb3KkaTa Mexay OTHOCUTENHuA Oo6uB, NOBNUSAH OT AbKMHATa Ha nepuog 6e3 nnesenw.
M3nonaseaHoTo Logistic ypaBHeHMe onpenenst Ha4anoTo Ha KPUTUYHUA Nepuos, Npu KOUTO
KynTypuTe moraTt ga Obaart 3anneBeneHun, a ypaBHeHmeto Compertz ce u3nonsea 3a
onpegensaHe Ha Kpad Ha nepuoga 3a npMeMnusemM HMBa Ha 3aryba Ha Jo6uB.

Pesyntatm n obcbxpaaHe

B tabn. 1 ca npeacraBeHn gaHHWM 3a cpegHUMTe O0OMBKM, NMOMyYeHU Npu OTAENHUTE
BapuaHTn, npMpaBHEHM Ha gekap npu copT Kpymosrpag 78 C. CpeaHunat gobus ot aekap
AOKa3aHO HaMansaBa C YyBeNnuyaBaHe Ha AHWUTe, Npe3 KOMTO MMa 3ansfeBensiBaHe.
HamaneHneTo e NMHENHO OT ceammus 40 YeTUPUOECET N BTOPUS AeH /BapuaHTh oT 1 oo 6/.
3arybata Ha p[obws npu Te3n BapuaHTM € B rpaHmumte ot 20,1 pgo 91,1 kg/da.
3anneBensaABaHETO, KOETO Ce Cry4Ba Crnea ceamus U YeTUpuUHageceTns AeH Cbllo BOAN OO

215



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

NO-HUCHK [06MB. [MOHWKEHNETO € HenMHenHo. [bpBOHaYanHOTO yBenuyeHne Ha gobusa
npu BapuvaHtn 7 1 8 e nocneaBaHo OT peaykumd. 3arybata Ha gobuB npu napaneHute
BapuaHtu /ot 7 po 12/ e ot 37,8 no 115,0 kg/da.

Tabnuua 1. Jobus npu opueHTanckusa copt ToTioH Kpymosrpag 78C B 3aBUCUMOCT OT
nepuoga Ha 3anneBensiBaHe

Table 1. Yield of the Oriental tobacco variety Krumovgrad 78C depending on the period of
weeding

B Oob6us o
apl./IaHTVI Yield F.’asnMKa %o cnpfmo KOHTponara D,(.)Ka:.%a.HOCT
0,
Variants kg/da Difference % relative to the control Significant
1 7 WF 239,0 100,0 \il
2 | 14WF 218,9 -20,1 91,6 \il
3 | 21WF | 203,9 -35,1 85,3 VI
4 | 28WF | 1814 -57,6 75,9 \il
5 | 35WF | 160,9 -78,1 67,3 VIl
6 | 42WF | 1479 -91,1 61,9 VIl
7 | 7TWC 192,0 -47,0 80,3 VIl
8 | 14WC | 201,2 -37,8 84,2 VI
9 [ 21WC | 167,2 -71,8 69,9 \il
10 | 28WC | 151,3 -87,7 63,3 VIl
11 | 35WC | 1364 -102,6 57,1 Wil
12 | 42WC | 1240 -115,0 51,9 VIl

GD 5% 2,834
1% 3,861
0,10% 5,190

CpegHuat nobus ce konebae mexay 239,0 oo 124,0 kg/da B oTaenHUTe BapuaHTu
CbC CTAaTUCTMYECKN AOKa3aHW pasnukm no mexay um. Pegykuuata Ha gobuea e 48,1%, a
HaManeHneTo € eKCNOHEHLManHo ¢ BUCOK KoepnumneHT Ha aetepMmuHaums (dur. 1).

KpntnyHuat nepunod, npes KOMTO pacteHuaTa TpsibBa ga 6baart unctu OT nnesenu ce
AeuHupa oT KpUBUTE Ha OTrOBOPaA, KOMTO 3a AobuBa e aeBeTna aeH, ur. 2.

Hapen ¢ HamaneHus gobus npu NO-NPOABLITKUTENHO 3anfieBensiBaHe ce oTtyuTa U
MOHWXEHME Ha Ka4yeCTBOTO Ha CypoBMHAaTa, N3pa3eHo C NO-HUCBK MPOLEHT NbpBa knaca u
No-BMCOK NPOLIEHT TpeTa knaca (Tabn. 2). ToBa ce oTpassiBa U Ha cpegHaTa U3KynHa LeHa,
kodaTo 3a BapuaHT 1 e 8,38 BGN/Kkg, a 3a BapuaHT 12 cbotBeTHO 7,59 BGN/Kg.

[MpoabmkuTeNnHoCTTa Ha Nepuoga Ha 3anneBensdBaHe U CbOTBETHOTO HamMarneHue Ha
pobnBa M Ka4yecTBOTO Ce OTpassiBaT U Ha MKOHOMUYECKUTE MnokasaTenu, nspaseHn 4pes
obwua goxop ot aekap. Pasnukata mexay BapuaHT 1 n 2 e B rpaHuumte Ha 8,8%, HO npu
BapuaHT 12, npu KOUTO NreBennTe ca OCTaBeHU a ce pasBuBaT npeaun u cneg 42-pus aex
obwmaAT goxopn ot aekap e easa 47,0% OT KOHTPOSHUSA BapuaHT.
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Tabnuua 2. CtonaHcKn nokasaTenu Ha opueHTanckusa copt ToTioH Kpymosrpag 78C
Table 2. Economic indicators of Oriental tobacco variety Krumovgrad 78C

Oo6us Knacn % O6w, goxop
Yield Classes % c Total income
BapuaHTtun PeAHa LieHa % cnpsimo
Variants o Average price KOHTponaTta
kg/da| % | i | BGN/kg BGN/dka % relative to the
control
1 | 7WF | 239,0/100,0|34,4/60,5|5,1 8,38 2002,43 100,0
2 | 14WF | 218,9| 91,6|33,7|61,0|5,3 8,34 1825,33 91,2
3 |21 WF | 203,9| 85,3(31,4/63,0(/5,6 8,23 1678,63 83,8
4 |28 WF | 181,4| 75,9|28,7|65,4|5,9 8,11 1470,84 73,5
5 |35WF | 160,9| 67,3(/26,3/67,1|6,6 7,98 1283,26 64,1
6 |42WF | 1479| 61,9(24,5/68,0(/7,5 7,86 1162,97 58,1
7 | 7TWC | 1920 80,3/29,4/64,3/6,3 8,12 1558,39 77,8
8 [14WC|201,2| 84,2(30,0/64,0(6,0 8,16 1640,78 81,9
9 (21 WC|167,2| 69,9|/26,6|65,8|7,6 7,94 1327,97 66,3
10 |28 WC | 151,3| 63,3|22,7/68,9/8,4 7,75 1172,35 58,5
11 |[35WC|136,4| 57,1/21,8/69,3|8,9 7,69 1048,76 52,4
12 |42 WC | 124,0| 51,9|20,2|70,1|9,7 7,59 940,39 47,0
3aknyeHue

CpegHuaT oobuB OT Aekap HamarnsiBa C yBenuMyaBaHe Ha OHWUTE, Mpe3 KOMTO MMma
3annesensisaHe. HamaneHMeTo e NMHENHO OT ceaAMUs 0 YETUPUAECET U BTOPUSI.
KpuTuyHmnaT nepuog, npes KOWTO pacTeHusiTa TpsibBa ga 6baat YncTy OT nNnesenn no
OTHOLLEHMEe Ha Ao6uBa e AeBeTUs OeH.
Hapen c HamaneHuss 4o6MB Npu NO-NPOABLIKUTENHO 3ansieBensiBaHe ce oT4ynTa
N NMOHUXEHME Ha Ka4yeCTBOTO HAa CypoOBMHAaTa, M3pa3eHO C MO-HUCHK NPOLEHT MbpBa
Knaca u No-BMCOK MPOLEHT TpeTa kfaca M CbOTBETHO 3HAYMTENHO MO-HUCBHK 00Ly
goxopn OT Aekap.
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CROP PROTECTION RESIDUES - CYANURIC ACID IN APPLES AND THEIR
PRODUCTS

Anton Sotirov', Dimitar Sotirov?, Stanislava Dimitrova?, Pavel Zheyazkov'

,100% BIO* Ltd., Kyustendil
?Institute of Agriculture- Kyustendil, Agricultural Academy, Sofia
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Abstract

Apples, juice, vinegar and other derivatives thereof may contain cyanuric acid
(melamine derivate). Apples treated with plant protection products (herbicides) contain the
most cyanuric acid. Apples untreated with plant protection products may also contain
cyanuric acid, depending on the degree of fermentation processes in them. Cyanuric acid
was not found in apple juice, untreated with plant protection products, but irrigated with
water containing cyanuric acid. The use of vitamin C (L-Ascorbic acid) reduces the content
of cyanuric acid. Pasteurization of the juice for min. 60 seconds at 80 °C leads to complete
decomposition of cyanuric acid. The hypothesis that ascorbic acid may contribute to the
formation of kidney stones should be reconsidered. Conversely, even minimal doses of
vitamin C neutralize one of the main chemical compounds that lead to their formation,
namely cyanuric acid.

Key words: cyanuric acid, apples, irrigation, water, soil.

OCTATBbUU OT PACTUTEJIHA 3ALLUTA - ULUAHYPOBA KUCEJIUMHA B ABBJIKUTE U
TEXHUTE NPOAYKTU

AHTOH CoTtupos', Aumutsp Cotupos?, CtaHucnasa Aumutposa?, Nasen Xensaskos'

"100% BNO" 004, KiocmeHdun
2Muecmumym no 3emedenue — KiocmeHdun, CenckocmonaHcka akademusi, Cogbusi
e-mail: dksotirov@yahoo.com

Pestome

AGbNKMTE, COKBLT, OLETHLT N APYrN TEXHN NPOM3BOAHM MOraT Aa CbAbpXaT LMaHypoBa
KncenuHa (MenamvHoB AepuBat). AOGbnkute, TpeTupaHu C NPOAYKTU 3a pacTuTenHa
3awmTa (xepbuuman), cbabpXKaT Hanu-MHOIO LiMaHypoBa KucenunHa. A6bnkute, KoMTo He ca
TPeTUpaHu C MPOAYKTM 3a pacTUTenHa 3alimTta, CbLO MoraT Aa CbAbpXaT LMaHypoBa
KMcenuHa, B 3aBMCUMOCT OT CTeneHTa Ha pepMeHTaumMoHHM npouecu B Tax. LinaHypoBarta
KMCENMHA He e OTKpuTa B SAOBMKOBUS COK, MOMyYeH OT He MNPbCKaHW C NPOoAyKTU 3a
pacTuTernHa 3awmra nnogoBe, HO HanosiBaHW € BoAa, CbabpKalla LmMaHypoBa K1CcenuHa.

M3non3BaHeTo Ha L-ackopbuHoBa kucenuHa (BuTamuH C) HamansiBa CbAbpKaHUETO
Ha uMaHypoBa KucenuHa. lNactbopusaumsta Ha coka 3a MmHuMym 60 cekyHaun npu 80°C
BOOM OO MbJIHO pasnaraHe Ha uuaHypoBaTa KucenuHa. XunoTtesaTta, Ye ackopbuHoBaTta
KMCenuHa mMoxe ga gonpuHece 3a obpasyBaHeETO Ha KambHM B ObOpeunte, TpsabBa fa
6bae npepasrnegana. ObpartHo, 4OPYM MUHUMAaNHWU 4o3n BuTammH C HeyTpanuanpart egHo
OT OCHOBHUTE XMMW4YHU CbEAMHEHMUS, KOUTO BOAAT A0 TAXHOTO obpasyBaHe, a UMEHHO
LnaHypoBa KucernuHa.

Knroyoeu dymu: yuaHypoea KucesnuHa, 6brKu, HarnosieaHe, 800a, rnoyea.
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Introduction

Cyanuric acid is a generalized concept of waste products of the chemical industry,
often used in everyday life such as bleach, adhesives, disinfectants, paints, cosmetics,
chlorine stabilizers (protect chlorine compounds from rapid decomposition of sunlight and
UV light) and many others. It is invariably present as an infiltrate (leachate) in places
where there are domestic landfills and sewers. It was first found in urine. It is difficult to
form independently in nature and its presence is a good indicator of anthropogenic activity.
The formula may be different, but generally can be summarized as (CNOH); (1,3,5-
triazine-2,4,6-triol). One of its analogues is melamine (Huthmacher and Most, 2005). This
is the end product of decomposition and is a strong pollutant. In nature it cannot be
purified except by sedimentation as an organic stone. In the same way, it causes the
formation of the most insoluble organic stones in the kidneys and urinary tract in human
and animals. The fish species Trout is very sensitive to this chemical, as it disappears at
values above 8 mg/l in river water. There is also data on the sensitivity of freshwater
plankton Branchiopoda. The CYA content should not exceed 10-12 mg/l in the water of
swimming pools (World Health Organization, 2004).

Cyanuric acid or 1,3,5-triazine-2,4,6-triol is a compound of formula (CNOH)s. Like
many industrially useful chemicals, this triazine has many synonyms. This odorless white
solid is used as a precursor or component of bleach, disinfectants and herbicides. In 1997,
world production was 160 million kilograms (Huthmacher, and Most, 2005).

Cyanuric acid has a number of possible sources in the environment. It and its
chlorinated derivatives are components of household bleaches, household and industrial
cleaners and chlorine stabilizers, which are used in swimming pools to slow down the
photolytic decomposition of chlorine disinfectants (Cantu et al., 2000). Cyanuric acid can
also be released into the environment through biological, chemical and (or) photolytic
decomposition of triazine herbicides (atrazine, cyanazine, propazine and simazine)
(Magnuson et al., 2001). Consumer products from various plastics use isocyanurate (a
tautomer of cyanuric acid) and melamine as crosslinking agents, with melamine being
converted bacterially to cyanuric acid (Cheng et al., 2005). Finally, cyanuric acid has been
found to occur naturally in soil (Wise and Walters, 1917), suggesting that it may be derived
from purine or urea precursors (Leenheer et al.), cited by Noyes and Woodside (2003-
2004).

From the latter it can be assumed that fertilizing the soil with some types of fertilizer,
incl. and natural can lead to the formation of cyanuric acid in soils.

Materials and Methods

Apple juice was obtained by cold pressing with a single-shaft juicer Star Light SJB-
150 R and filtrate with filter paper to a degree of clarification sufficient to work with a laser
spectral photometer (tintometer) "Lovibond" in mg/l.

The content of cyanuric acid in river waters is based on literature data from previous
studies of the present author and a team (Sotirov et al., 2015).

Results and Discussion

Apples, juice, vinegar and other apple derivatives may contain cyanuric acid. Apples
treated with plant protection products and some fertilizers contain the most cyanuric acid.
Apples untreated with plant protection products and fertilizers may also contain cyanuric
acid, depending on the degree of fermentation processes in them (Table 1,2).

Cyanuric acid was not found in apple juice and other products, produced by apples
untreated with preparations and fertilizers, but irrigated with water containing cyanuric acid
(Table 3). Consequently, the CYA does not reach the apple fruits through the way from
roots to the fruit.
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The use of Ascorbic acid reduces the content of cyanuric acid in liquid foods
produced from apples.

Pasteurization of the juice for minimum 60 seconds at 80°C leads to complete
decomposition of cyanuric acid.

The hypothesis that ascorbic acid may contribute to the formation of kidney stones
should be reconsidered. Conversely, even small doses of ascorbic acid neutralize one of
the main chemical compounds that lead to their formation, namely cyanuric acid.

Table 1. Measured values of the content of Cyanuric acid (CYA) in apple juice, obtained by
the method of cold pressing of fruits - apples from the region of Kyustendil (Sotirov, 2021a;
Sotirov et al., 2021)

CYA, mgll, CYA, mgl/l

Juice

CYA,
mg/l

with added
2,5 mg/l
Ascorbic

CYA, mgl/l,
with added
5,0 mgl/l
Ascorbic acid

pasteurized for 60
sec. at 80 ° C,
Ascorbic acid is

acid irrelevant

Apple juice from variety Granny
Smith, Dragovishtitsa village,
treated with preparations and

fertilizers, without artificial
irrigation

22 10 6 0

Apple juice from variety Florina,
Nevestino village, untreated with
preparations and fertilizers,
without artificial irrigation, but
with started fermentation
processes

12 9 6 0

Apple juice from variety
Jonathan, Shishkovtsi village,
untreated with preparations and 0
fertilizers, but irrigated with water
from the Struma River with CYA

Table 2. Measured values of Cyanuric acid content in apple cider vinegar from Kyustendil
region

Cyanuric acid
content (CYA), mg/I

Apple cider vinegar obtained from juice without added Ascorbic 11
acid, unpasteurized

Vinegar

Apple cider vinegar from trees untreated with preparations and 6
fertilizers, unpasteurized and without added Ascorbic acid

Apple cider vinegar treated with preparations and fertilizers, made 0
from apple juice with added Ascorbic acid 25 mg /I and pasteurized
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Table 3. Average values of the content of Cyanuric acid
in the waters of the rivers used for irrigation of the apple
orchards at Kyustendil region (Sotirov et al., 2020)

River Cyanuric acid content, (CYA), mg /|
Struma 7
Bistritsa 12
Banshtitsa 7
Novoselska 16
Dragovishtitsa 6
Treklyanska 2
Eleshnitsa 3
Grashtitsa 8

Conclusion

Cyanic acid (CYA) is an important parameter as it is not included in the Bulgarian
National Environmental Monitoring System and is generally insufficient studied. In 2016,
an opinion was submitted to the MoEW that cyanuric acid should be included in the
Bulgarian National Environmental Monitoring System by the team of Sotirov et al. (2015).
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APPLICATION OF THE EH-PH WATER DIAGRAM FOR FRUIT JUICES AND ITS
UTILIZATION IN THE FOOD TECHNOLOGY
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Abstract

From the studies made, as a main conclusion is that the Eh - pH diagram of water is
extremely useful in the technological processing of cold-pressed fruit juices:

1. In juices with Eh and pH values that fall under line (a), a release of hydrogen H;
from the consistency of the juice can be expected, at which strong oxidation processes are
not expected and the nutrients, color, taste, aroma, nutritional value, etc. will be preserved.

2. In juices with Eh and pH values that fall between line (a) and line (b), equilibrium in
the release of hydrogen and oxygen can be expected, which reconnect with the free
hydroxyl groups to form water. Here, however, some of the hydrogen in the natural content
of Vitamin C (Ascorbic acid) in fruits and especially in apples is consumed in this process.
Therefore, artificially synthesized Ascorbic acid can be used to support it at the optimal
dose of 0.025%. It is a reservoir of hydrogen, with which the oxygen released from the
juice and the oxygen released from the environment was associated with priority, thus
preserving the fresh characteristics of the juice and the healthy effect.

3. In the case of juices with Eh and pH values falling above line (b), oxygen is mainly
released, which is highly damaged, respectively oxidizes fruit juice. It can be eliminated
with a large amount of hydrogen to form a water molecule, and this very often requires up
to 4 times the optimal dose of Ascorbic acid, i.e. 0.1%.

Key words: - Eh, pH, apples, juices, technology, ascorbic acid.

MPUNATAHE HA EH-PH BOOHA OUATPAMA 3A MNNOAOBU COKOBE U HEMUHOTO
M3MNON3BAHE B XPAHUTEJIHATA TEXHOJNOINA

AHTOH CoTtupos', CtaHucnasa Qumutposa?, Qumutsp Cotupos?, Nasen Xensaskos'

"100% BNO" 004, KiocmeHdun
MHemumym no 3emedenue, KiocmeHoun
e-mail: dksotirov@yahoo.com

Pe3rome

Ot HanpaBeHUTe n3crnegBaHusa, KaTto OCHOBEH M3Bofg e, Ye Eh - pH gnarpamara Ha
BOAATa € U3KITIYUTENHO nornesHa npu TexHorornyHata obpaboTka Ha CTyAeHO npecoBaHu
nrogoBU COKOBE:

1. B cokoBe cbC cToMHOCTM Ha Eh 1 pH, konto nonagart nog nvHus (a), Moxe ga ce
ovakBa ocBoboxgaBaHe Ha Bogopoa H: OT KoOHCUCTeHUMATa Ha coka, MpU KOETO He ce
OoYakBaT CUSTHU OKUCITUTENHM NPOLECU U Le ce 3anassT XpaHUTENHUTE BeLleCcTBa, LUBETHT,
BKYCbT, apOMaTbT, XpaHUTENHATa CTOMHOCT U T.H.
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2. B cokoBe cbc ctomHOCTM Ha Eh n pH, kouTo nonagar mexay nuHus (a) U nNuHUS
(b), MOxXe ga ce o4akBa paBHOBecKeE B 0CBOOOXOaBaHETO HA BOAOPOL U KACIIOPOA, KOUTO
ce CBbp3BaT OTHOBO CbC CBOOOAHMTE XMAPOKCWUMHW rpynu, 3a Aa obpasysBaT Boga. Tyk
obaye 4acT OT BOAopoda B €CTECTBEHOTO CbAbpXaHue Ha BuTtamMmH C (ackopbuHoBa
KncennHa) B nnogoBeTe M 0cobeHO B SA0bNKATE Ce KOHCymMuMpa B TO3M MpoLec.
CnepoBaTenHo, M3KYCTBEHO CUHTE3MpaHa ackopbuHOBaA KMCENMHA MOXe Oda ce M3nonaea
CpeLly OKMCIEHMETO Ha coka npu ontumanHa gosa ot 0,025%. Toea e pesepBoap Ha
BOAOPO4, C KOWTO KUCIMOPOABLT, 0CBOOOAEH OT COKa, M 0CBOOOAEHMAT OT OKOnHaTta cpeaa
KACNOpoA4 Ce CBbp3BaT C MPUOPUTET, KaTto MO TO3WM HaYMH Ce 3anas3BaT CBeXuTe
XapaKTEPUCTMKM Ha COKa U 30paBOCNOBHUSA edekT.

3. B cnyyan Ha cokoBe ¢ Eh n pH ctonHocT, nonagawm Hag nuHusTta (b), OCHOBHO
ce OoTaens KUCNnopod, KOMTO CUIMHO yBpexada, CbOTBETHO OKUCNABaA MiogoBMS COK. Toun
MOXe Aa 6bae envMUHMpaH C rofiiMoO KONMYeCcTBO Bogoporn, 3a Aa ce obpasyBa BogHa
MOJieKyna, a ToBa MHOIo YeCTo M3UCKBa A0 4 NMbTW HaA onTMMarnHarta 4o3a ackopbuHosa
kucenuHa, 1.e. 0,1%.

Knroyoeu dymu: - Eh, pH, ss6b5ku, cokoge, mexHomnozausl, ackopbuHoea KucesiuHa.

Introduction

The aim of the study is to be prepared and analysed the Eh-pH diagram of the fruit
juices, produced by cold-pressing method of 10 varieties of the popular conventional
apples and 10 varieties by the most popuar cheries, grown by the Institute of Agriculture in
town of Kyustendil, Bulgaria (Dimitrova, Sotirov, 2015) and the same 10 varieties of
apples, but organic, grown by firm 100% Bio Ltd. That are used for the canning industry.
We did not find any data about using of Eh-pH water diagram for fruit juices. Some data
about the studied parameters and methods were published by Sotirov et al. (2020"4).

Methods

Portable digital instruments were used as follow: "SensoDirect 150" apparatus and
"Waterproof IP57" tester for determination of total acidity (pH) and ORP/Redox meter was
used for the measurement of the Eh, (V) of the juices. The juices were produced by the
cold-pressing method, using 4 atm. presure of the press. Total 30 measurements were
performed for each apple variety, 30 measurements for each organic-apple variety and 30
per cherry variety. Height of each sample was 3 kg. Average values of Eh and pH for each
type of fruit wre used for this study.

Results

Table 1 presents the data of Eh and pH measurements of juices from 10 varieties of
conventional apples, i.e. which were treated with plant protection products. All of them are
from orchards of the Institute of Agriculture at the town of Kyustendil, located at the
northwestern end of the Kyustendil valley in the valley of the Dragovishtitsa River. Fig. 1
shows the diagrams of measured values of each variety. A strong relationship between
measured Eh and pH values is clearly seen in the diagram, which increase or decrease in
varieties inversely proportionally. That is, when the Eh of the fruit juice increases, its pH
decreases.

225



EKOIOIMA N ArPOTEXHONOI MU — ®YHOAMEHTANHA HAYKA N NPAKTUYECKA PEATTU3ALINA

Table 1. Measured Eh and pH of the juices of the studied conventional
apple varieties (Sotirov et al., 2021)

Apple Variety Eh, V pH
Florina 0,23 4.1
Enterprize 0,29 3,8
Aidared 0,246 3,1
Golden Delicious 0,275 3,6
Pinova 0,276 3,7
Granny Smith 0,296 3,4
Mutsu 0,294 3,7
Jonagold 0,308 3,7
Red Chief 0,254 4,3
Fudiji 0,292 3,8
Eh,V
0,4
03— = ~——
0,2
0,1
0 T T T T T T T T T 1 —Ehlv
& L &L & & o\b \e‘,\ N
2 &é‘d\ &F & \o&q" ¢

pH

[ R S R UV N
fo)
[
/)
%
(o}
o

Figure 1. Diagram of Eh and pH of the juice of the conventional apples

Table 2 gives data of the measured Eh and pH values of the juices of the same apple
cultivars but not treated with plant protection products and certified as bio-. Some of them
are from the same agricultural massives along the Dragovishtitsa River. However, some of
the fruits are not of local origin, but are sourced from other parts of Bulgaria. In Fig. 2 the
distribution diagrams of the Eh and pH values of the juices of organic-apples (bio-) are
shown, and again there is a correlation between the values of the two measured
indicators, but the Eh values are on average about 2 times lower and vary widely. Thus,
there is a weaker dependence between the oxygen and hydrogen potential of juices in
different varieties of bio-apples.
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Table 2. Measured Eh and pH of the juices of the studied organic
apple varieties

Apple Variety-Organic Eh, V pH
Florina 73 3.5
Enterprize 170 5.8
Aidared 118 4.5
Golden Delicious 49 3.4
Pinova 163 4.9
Granny Smith 147 4.6
Mutsu 98 4.2
Jonagold 66 4.0
Red Chief 102 3.9
Fudiji 128 4.7
Eh,V
0,18
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Figure 2. Diagram of Eh and pH of the juice of the organic apples

In Table 3 data from Eh and pH measurements of juices from conventional cherries
are given for comparison. The curves of the Eh and pH values of the diagrams rather
resemble those of the juices of bio-apples, but greater variation in values is observed at
pH. In cherries, it is more difficult to find a correlation between the two parameters studied.
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Table 3. Measured Eh and pH of the juices of the studied cherry

varieties
Cherry variety Eh,V pH
Van 0,33 3,6
Summerset 0,299 3,6
Bing 0,257 3,8
Stefania 0,294 3,5
Stella 0,315 3,3
Christin 0,308 3,7
Sparkle 0,325 3,6
Sweet Hart 0,315 3,6
Merchant 0,309 3,6
Hartland 0,307 3,6
Eh, V
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Figure 3. Diagram of Eh and pH of the juice of the cherry varieties

Figure 4 gives the Eh - pH diagram of the water that was used, due to fruit juices
being mainly aqueous solutions accumulated in the fruit from the soil through the root
system of fruit trees. Numerous studies have shown that plants accumulate water from the
environment, but allow selectively most of the chemical elements, and the fruit is usually
reached by purified soil water. This diagram was chosen because fruit juices must comply
with drinking water legislation, along with the remaining legal provisions.
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Figure 4. Eh-Ph Diagram of the ratios between oxygen
redox potential (Eh, stadard hydrogen electrode) and total
acidity (pH, potential of hydrogen) of the fruit juices, 25°C

From Fig. 4 it is seen that bio-apples are distinguished from conventional apples in
that they generally have a higher average pH value and a little-lower in Eh Eh of their
juices. Relative to cherries, both types of apples have lower media Eh values, and the pH
values of the juices of different cherry varieties are located between those of conventional
and bio-apples.

Conclusions

From the studies made, as a main conclusion is that the Eh - pH diagram of water is
extremely useful in the technological processing of cold-pressed fruit juices:

1. In juices with Eh and pH values that fall under line (a), a release of hydrogen H-
from the consistency of the juice can be expected, at which strong oxidation processes are
not expected and the nutrients, color, taste, aroma, nutritional value, etc. will be preserved.

2. In juices with Eh and pH values that fall between line (a) and line (b), equilibrium in
the release of hydrogen and oxygen can be expected, which reconnect with the free
hydroxyl groups to form water. Here, however, some of the hydrogen in the natural content
of Vitamin C (Ascorbic acid) in fruits and especially in apples is consumed in this process.
Therefore, artificially synthesized Ascorbic acid can be used to support it at the optimal
dose of 0.025%. It is a reservoir of hydrogen, with which the oxygen released from the
juice and the oxygen released from the environment was associated with priority, thus
preserving the fresh characteristics of the juice and the healthy effect.

3. In the case of juices with Eh and pH values falling above line (b), oxygen is mainly
released, which is highly damaged, respectively oxidizes fruit juice. It can be eliminated
with a large amount of hydrogen to form a water molecule, and this very often requires up
to 4 times the optimal dose of Ascorbic acid, i.e. 0.1%, as it is seen by the formulas on fig.
4.
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BIMUAHUE HA ABOTHOTO, POCPOPHOTO U KAIIMEBOTO TOPEHE BbPXY
KAYECTBOTO HA CAIJIATA (Lactuca sativa var. romana L.)

AceH Hukonos', BecenuH KyTtes?

CernickocmonaHcka Akademusi, MIHCmumym o »ueomHo8bOHU HayKuU,
cn. lMoyuska 1, 2232 KocmuHbpod, bbneapus’
e-mail: asen30@abv.bg
JlecomexHuyecku yHusepcumem, Byn. Knumenm Oxpudcku Ne10, Cogpus®.

Pestome

B nonckuaTt TopoB onuT € npoBedeH BbpXy OnuTHa KynTypa canata (Lactuca sativa
var. romana L.) copt Jlutan. B onuta ca u3non3eBaHn cnegHUTe TOPOBE: KaTO OCHOBHMU
n3To4HMUM Ha chocdop ca Duofertil TOP 34 (cbaobprka nonudgocdgatun) un Eurofertil Plus 36
(cbabpxa optodocdartn). OcHoBHM nM3TOUHMLUM Ha a3oT ca KSC llI; SULFAMMO (N-PRO)
- Ha 6asata Ha amoHueB cyndat; AmoHumeBa cenutpa NH4NO; AmMoHueB cyndar
(NH4)2SO4.MN3TOUHMK Ha kanuin e Kannes cyndpaTt (K.SO.). [iBata Buga pocdopHu Topose
He ca ganu ocobeHOo rofsiMo OTpaXKeHUe BbPXY CbAbPXAHMETO Ha HUTPATM B NuUcTara.
[Mpn CbAbPXKaHMETO Ha HUTPATK B CTHONOTO ce HabngasaT Manko No- BUCOKM CTOMHOCTU
Ha HUTpaTM npwu BapuaHTuTe TopeHu ¢ Duofertil n no-Bucokn npu BapuaHTUTE TOPEHMU C
Eurofertil. Pernctpupann ca no-HMCKM CTOMHOCTU Ha KapoTeHOMAM CNpsIMO KOHTPOSHUS
BapuaHT (2,053 mg.I") BbB BapuaHTuTe Duofertil (1,645 mg.l™"), Eurofertil (1,913 mg.I") n
Eurofertil - KSC (2,039 mg.I™"). YctaHoBeHO e, Ye KOMBMHMPAHOTO M3Mon3BaHe Ha as3oT U
docdopcbabpXKally TOpPOBE YyBenuMyaBaT CbAbpXaHWe Ha HUTpaTM B fucTata Ha
canartara, Kato HaM-BUCOKM CTOMHOCTU ca oOT4yeTeHun B KomOuHaumata ot KSC u
EUROFERTIL (168 mg.kg™). CamocTosATeNHOTO TOpeHe C a3oTHM TOpOBe U Hai-Beye C
aMOHMEB HUTpPAT BOAM OO0 BUCOKM HMBA Ha xnopodwun ,a” u ,6° M KapoTeHu, a
CaMOCTOATENHOTO TopeHe ¢ hocopHM TOpOoBE BOAU 4O HUCKM HMBA Ha xnopodwun ,a” n
,0” N KApOTEHM B NUCTaTa Ha canaTtuTte.

Knryoeu Oymu: canama, asomHu mopoee, ¢hocghopHU mopose, hepmuzayus,
Kayecmaeo.

Summary

Field fertilizer experiment was carried out with an experimental culture of lettuce
(Lactuca sativa var. romana L.) variety Lital. The following fertilizers were applied in the
experiment: Duofertil TOP 34 (contains polyphosphates) and Eurofertil Plus 36 (contains
orthophosphates) as the main sources of phosphorus. Major nitrogen sources are KSC llI;
SULFAMMO (N-PRO) - based on ammonium sulfate; Ammonium nitrate NH4NOs;
Ammonium sulfate (NH,),SO.. Potassium sulfate (K.SO.,) is a source of potassium. The
two types of phosphorus fertilizers did not have a particularly large impact on the nitrate
content in the leaves. Regarding the content of nitrates in the stem, slightly higher values
of nitrates are observed in the treatments fertilized with Duofertil and higher in the
treatments fertilized with Eurofertil. Lower values of carotenoids compared to the control
treatment (2,053 mg.I"") were registered in the Duofertil (1,645 mg.I"), Eurofertil (1,913
mg.l") and Eurofertil - KSC (2,039 mg.I™"). It was found that the combined use of nitrogen
and phosphorus-containing fertilizers increased nitrate content in lettuce leaves, with the
highest values recorded in the combination of KSC and EUROFERTIL (168 mg.kg™).
Fertilization with nitrogen fertilizers only and especially with ammonium nitrate leads to
high levels of chlorophyll "a" and "b" and carotenes, and fertilization with phosphorus
fertilizers only leads to low levels of chlorophyll "a" and "b" and carotenes in salad leaves.

Key words: lettuce, nitrogen fertilizers, phosphorus fertilizers, fertigation, quality.
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YBoa

Canartata e egHa OT HaW-NOMNyNsSpPHUTE canaTHU KyNTypu M 3aemMa Han- ronsmarta
NPOn3BOACTBEHA NIIOLL cpen canaTHuTe KynTypu B ceeta (Squire et al., 1987).

Hskon 3eneH4ykoBu KynTypu, OCOOEHO Te3n C KbC BereTaumMoHeH nepuod, KaTto
Mapyrns, umart cnocobHoCTTa Aa HaTpynsBaT NPOMNOPUMOHANHO HUTpatM B cTbbnara u
nuctata. 3eneHuTe NUCTHU 3eNeHYyLM CbabpXaT Han-BMCOKO HMBO Ha HuTpaTtu (Prasad
and Chetty, 2008), a mapyndara e knacuduumpaHa KaTo KynTypa C MHOIO BMCOKO
cbabpxaHne Ha Hutpatn (Santamaria P., 2006). Byrne et al. (2001) ycraHoBsiBaT, 4e
yBenuM4aBaHeTO [AOCTBbMHOCTTAa Ha a30T B MOYBUTE TMPUYUHSABA YBENU4aBaHe Ha
HaTpynBaHETO Ha HUTpPATU B Mapynsita, 0CO6eHO BbB BbHLLHUTE nNucTa. 1o oTHOLWeEHME Ha
MapynsTa e nokasaHo, Ye MHTEH3UTETHLT Ha ceeTnHaTa (Chadjaa et al.,1999), BpemeTo Ha
MobunuaunpaHe Ha a3oTtHua Top (Tesi and Lenzi 1998) n Tunst mapyns (Escobar-Gutierrez
et al., 2002) BNnAAT BbpXy HATPYyNBaHETO HA HATPATK B Ta3u KynTypa.

Llenta Ha HacTosIWLETO M3cnenBaHe e ga yCTaHOBM B YCroBusiTa Ha bepturaums
BNUSHMETO Ha a30T, oocdop M Kanun BbpXy HSKOW Ka4eCTBEHM MapaMeTpu Ha canararta,
KaTo CbAbp)KaHne Ha HUTpaTu, xropodun ,a” n ,6”, n KapoTeHu.

MaTtepuanu n metoamu

B nonckuna TopoB onuT e m3nonsesaHa canarta (Lactuca sativa var. romana L.) copT
Jlutan. CopTbT e cenekuma Ha "Hazera" n e npegHasHayeH 3a NpofeTHO NPOM3BOACTBO U
c gobpa NOHOCMMOCT KbM BWCOKUTE MPONETHW WU NeTHUM Temnepatypu. PoseTkata e C
n3npaBeHn, NITbTHN NIUCTa C NEKO n3paseHo opebpsiBaHe, KOMTO hopmmMpaT rnasa ¢ Terno
0,8 - 1 kg. Noaxoadwy 3a oTrnexgaHe Ha OTKPUTO U B OpaHXepun.

M3nonaBaHu ca crnegHuTe TOpoBe:

OcHOBHM n3TOYHMUM Ha docdop ca Duofertil TOP 34 ( N-P-K 5-19-10 + 19 SO; +
0,1% B + 0,1% Zn) — cbabpxa nonudgocdatu; EurofertilPlus 36 (Physio +) (P2.0s — 12%,
K20 — 24%, SO3 — 15%, B — 0.2%) - cbabpxa optodocdatu; TpoeH cynep docdart (P05
— 46%) - 3a uspaBHsABaHe C pocdop Ha BapuaHTuTe c Eurofertil Plus 36 oo T1esm c
Duofertil TOP 34 - cbabpxa opTodocdaru.

OcHoBHM n3To4HMUKM Ha a3oT ca KSC Il 3a 3eneHyyun — (N- 15%, P.0s -5%, K20 -
35%, B -0.1%, Fe-0.1%, Mo-0.1%) -a3otbT € npeactaseH oT 11.7% HutpateH n 3.3%
amoHuneB asoT; SULFAMMO (N-PRO) (N-25%, S0O3-31%, MgO-2%) - Ha GasaTta Ha
amoHueB cyndat; AmoHneBa cenutpa NHiNOs- amoHueBo-HutpateH Top (N - 34%);
AmonuneB cyndat (NH4).SO4 amoHnes Ttop (N — 21%) — 3a uspaBHsiBaHe Ha BapuaHTuTe C
Eurofertil Plus 36 go T1esn ¢ Duoferti TOP34./3TouHnKk Ha kanunm e KanueB cyndat
(K2S04) — 50% K,0 — 3a nspaBHsiBaHe KonuyecTBaTa Kanun.

Cxema Ha onuTta

. KoHTpon

. SULFAMMO (N-PRO)

. KSC 3a 3eneHuyumn

. AMOHMeBa cenuTtpa

. Duofertil TOP 34

. Duofertil TOP 34 + SULFAMMO (N-PRO)
. Duofertil TOP 34 + KSC 3a 3eneH4yum

. Duofertil TOP 34 + AMoHKneBa cenutpa

. Eurofertil Plus 36

. Eurofertil Plus 36 + SULFAMMO (N-PRO)
. Eurofertil Plus 36 + KSC 3a 3eneH4yyuu

. Eurofertil Plus 36 + AMoHueBa cenuTtpa

N
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a a
N —
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Pesyntatu n obcbxpaHe

M3mepeHOTO cbabpXaHWe Ha HUTpaTM B NUCTHATa Maca Ha canartarta (Tabn. 1)
Bapupa mexagy 112 n 168 mg.kg™, a B ctebnara e ot 50 go 303 mg.kg™. Mpu gonyctuma
HOpMa 3a CcbAbpXaHue Ha HuTpaTtu no otmeHeH BC ot 500 mg Ha 1 kg cBexa maca,
yctaHoBeHnTe NOs- KOHUEHTpauuu B CTbOMOTO M nucTata OT M3BedeHus onuT ca B
A0NYyCTUMUTE rPaHNLIN.

Ta6nuua 1. CbabpkaHue Ha HUTpaTu B cTbbrna v nucta Ha canata, mg.kg™

BapuaHT Ctbbno Jlncra

mg.kg™’ mg.kg™’
1 KoHTpon 50 112
2 Sulfammo 138 138
3 KSC 269 145
4 AMOHMEB HUTpaT 169 109
5 DuoFertil 150 122
6 DuoFertil - Sulfammo 268 112
7 DuoFertil - KSC 275 165
8 DuoFertil - AMOHUMEB HUTpaT 247 157
9 EuroFertil 219 137
10 EuroFertil - Sulfammo 262 145
11 EuroFertil - KSC 303 168
12 EuroFertil - AMoHneB HUTpaTt 293 134

MNpaBu BneyatneHue, 4Ye B cTbbnata Ha pacTeHusiTa ca M3MEpPeHU MO-BUCOKM
CTOWHOCTM Ha HUTPaTU OT KOMKOTO B nucTarta. V3knoyeHne npaBn KOHTPONHUAT BapuaHT,
NPy KOUTO HEeOJOCTUrbT Ha a3oT B rnoyBaTa CTUMYNMpa pacTeHuaTa OT TO3M BapuaHT aa
KOHLIeHTpUpaT HanuvyHua as3oT B nuctata. OcBeH TOBa pacTeHusTa ca no-manku u ToBa
BOAM [0 MNoBuMLIEHaTa KoOHUeHTpaunsa Ha HuTpatu. Moxe ga ce Kaxe, 4ye TOpeHeTo C ABaTta
BMAa pocdopHM TopoBe He € Aano ocobeHO ronsiMo OTpaXXeHue BbpXy CbAbpPXKaHWETO
Ha HUTpaTW B nuctata. He Taka CTOAT Hewata Npu CbAbPXAHWMETO HA HUTpPaATU B
CTbONOTO, KbAETO ce HabnwgaBaT Manko MO- BUCOKM CTOMHOCTM Ha HUTpaATU npu
BapunaHTute TopeHu ¢ nonudocdatn (Duofertil) n no- BUCOKM Npu BapnaHTUTE TOPEHU C
opTodocdatu (Eurofertil). Haii-Bucoku pesyntatu ca otyeteHu B cTbbnarta (303 mg.kg™) u
nuctata (168 mg.kg') Ha pacteHusAsTa oT BapuaHTa Euroferti — KSC. Cb3gaBa ce
npasonponopuMoHanHa 3aBUCMMOCT Mexay AoOMB M HUTpaTU: NO-BUMCOK A06WMB C no-
BMCOKO CbAbpXXaHWe Ha HUTpaTu.

Han-Hucko cbabpxaHue Ha xnopodun ,a” B NuctaTa Ha canatata € M3MepPeHo BbB
BapuaHTa TopeH ¢ nonudocdartn (Duofertil) (3,587 mg.I™") (tabn. 2). Ha BTopo mAcTo ce
HapeXaa KOHTPOMNHUAT BapuaHT ¢ 4,064 mg.I"'. Hail-B1COKM CTOMHOCTU Ca U3MEpPEeHU BbB
BapuaHTa ¢ AMoHueBa cenutpa (9,284 mg.l™"). Hait-Hucko cbabpxaHue Ha xnopodun ,6”
€ U3MepeHOo B KOHTPOnHUAT BapuaHT (0,837 mg.l™"), a Hait-BMCOKO Npu BapuaHTa TOPEH C
AmoHueBa cermtpa (3,159 mg.l"). To-HUCKM CTOMHOCTM Ha KapOTEHOMAWU CrPSIMO
KOHTpOnHUA BapuaHT (2,053 mg.l"") ca peructpupaHu BbB BapuaHtTute Duofertil (1,645
mg.l"), Eurofertil (1,913 mg.I"") n Eurofertil - KSC (2,039 mg.I"").
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Tabnuua 2. CbabpkaHue Ha xnopodun ,a” 1 ,6” 1 KapoTeHu B NcTa Ha canatu, mg.l"

BapunaHTu Ch,a” Ch,b” C kap.
KoHTpon 4,064 0,837 2,053
Sulfamo 8,003 3,006 3,055
KSC 6,440 2,064 3,007
AMoOHMeBa cenuTpa 9,284 3,159 3,853
Duofertil 3,587 1,050 1,645
Duofertil - Sulfamo 7,807 2,618 3,099
Duofertil - KSC 7,392 2,402 2,911

Duofertil - Am. cenutpa 7,025 2,146 2,730
Eurofertil 4,362 1,200 1,913
Eurofertil - Sulfamo 7,748 2,643 2,924
Eurofertil - KSC 5,054 1,406 2,039
Euroferti - Am. cenutpa 5,807 1,737 2,462

N3Boaun

1. KombuHupaHOTO wm3non3BaHe Ha a3oT wun ocdopcbabpXalm TOopoBe
yBenuyaBaTt CbAbp)XaHue Ha HUTpaTW B NUCTaTa Ha canartarta, KaTo Han-BUCOKU CTOMHOCTU
ca ot4yeTeHu B kKombuHaumsaTa oT KSC n EUROFERTIL (168 mg.kg™).

2. CaMoCTOSATENHOTO TOpeHe C a30THU TOPOBE N Han-BeYe C aMOHWEB HUTPAT BOAM
A0 BUCOKM HMBaA Ha xnopodwmn ,a” n ,6” n KapoTeHU, a CaMOCTOATENHOTO TOPEHEe C
dochopHM TOpoBE BOAM A0 HUCKU HMBA Ha xropodun ,a” n 6" n KapoTeHu B nucTata Ha
canarure.
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M3NON3BAHE HA TEYHHU TOPOBE U MUKPOBUAITTHU NMPENAPATU
BecenuH KyTteB', AceH Hukonos?, Ceetocnas AHes', MapTuH Tackos'

Byn. Knumexm Oxpudcku Ne10, flecomexHuyecku yHusepcumem, Cogus’.
CernckocmonaHcka Akademusi, MIHcmumym o »XueomHo8bOHU HayKu, cr. [Toyueka 1,
2232 KocmuH6pod, bbnzapus?
e-mail: asen30@abv.bg

Pestome

O6GekT Ha m3acnegBaHETO Ca OpraHWYHW TevHn TopoBe K npenapatn "Eko [Mpon”,
,bnoctap Ton“, CtumAK, ,Asapun‘ wun ,Epmen“.OnutHata kyntypa e canarta (Lactuca
sativa var. Romana). YCTaHOBEHO €, Ye Nnpu N3non3BaHeTo Ha A3apui nma HaTpynBaHe Ha
NOs;. A NO OTHOWEHMEe Ha Terrno Ha CBeXxa Maca, Terno Ha KOpeHu W guamMeTbp Ha
canatata buo Ctap Ton nokasa Han-gobpwu pesyntatu.EQHOKpATHOTO MpunaraHe Ha
TeuyHns opraHunyeH Top ,bro Ctap Ton“ noBuwasa Han-3Ha4MMoO AoOMBa Ha cBexa maca
oT canarta.JINCTHOTO BHAacsAHe Ha aMUHOKUCENNHN HAMALLE NOMNOXUTENHO OENCTBUE BbPXY
nobuea 1 pa3BUTUETO Ha canartarta.N3non3BaHUTE OpraHMYHW TOPOBE U Npenapatn umar
pasnnyHO OENCTBUE B 3aBMCMMOCT OT HauYMHa Ha npunaraHeTo uUMm.

Knrovyoeu dymu: meyHuU mopose, MukpobuasnHu npenapamu, canama.

Summary

The object of the research are organic liquid fertilizers and preparations "Eko Prop",
"Biostar Top", StimAC, "Azariy" and "Ermey". The experimental culture is lettuce (Lactuca
sativa var. Romana). It was established that when using Azariy there is an accumulation of
NOs. In terms of fresh mass weight, root weight and lettuce diameter, Bio Star Top shows
the best results. The application of the liquid organic fertilizer "Bio Star Top" increases the
yield of fresh mass of lettuce most significantly. The leafy application of amino acids had
no positive effect on the yield and development of lettuce.The organic fertilizers and
preparations used have different effects depending on the way of their application.

Key words: liquid fertilizers, microbial preparations, lettuce.

YBopa

Hapepn ¢ TpaguumnoHHUTE OpraHMYHM TOPOBE HaMocregbK BCe NoBede ce npunarart u
HOBM OpraHM4yHM TOPOBE B TEYHO CbCTOsAHME. Te ce M3nona3ear NPEeanMMHO 3a JIMCTHO
NnoaxpaHBaHe Ha pacTeHuATa, 3alloTO OCBEH JIECHOYCBOMMW XPAHUTESNTHU eneMeHTU
cbabpXaT 1 OUONOrMYHO aKTUBHU KOMMNOHEHTU. Te nMaT BaXKHO 3HaYeHUe 3a NOCTUraHe Ha
ONTUMArEH XpaHUTENEH PEXNM.

N3cneneaHuaTa, nposegeHn ot Pachev et al. (2008) nokaseat, Ye Te4HUTE TOpoBe
OKa3BaT MOOXUTENHO BIIMSHUE BbpXYy MPOLECUTE Ha NIMCTHOTO N KOPEHOBO NOAXPaHBaHe
Ha pacTeHusiTa C Luen nosuwaBaHe Ha Aob6uBa 1 Ka4eCcTBOTO Ha cemeHaTta. Ynotpebarta Ha
TeYHUTE TOpOBe cromMara 3a no-6bp30TO MpeofonsiBaHe Ha CTPECOBUTE CbCTOSHUSA OT
€KCTPEMHUTE KNTMMaTUYHN YCIIOBUS.

JIncTHOTO NoaxpaHBaHe C OPraHMYHUA TOp Ha eAHOoroguLLIHA KbCHa NporieTHa cMecka
Ha uapeBuua n 6sna nynuHa Bnvsie NONOXUTENHO BbpXy POPMMpPaHETO Ha AobueuTe OT
dypax ( Stoykova et al., 2011r.).

YBenuueHneto Ha p[obmeBa OT pykona B pe3yntaT OT MPUNOXKEHOTO JIMCTHO
noaxpaHBaHe C opraHudeH TedeH Top"ExtraForce”, e okono 7,23% BbB BapuaHTuTe C
Huckata Hopma (100 ml/da) n HapacTBa c yBenuyaBaHe Ha TopoBaTa HopMa (300 mi/da)
no 19,41% 3a BapmaHTUTe C Han-Bucokata Hopma. [logobHa TeHOEeHUMs € YCTaHOBEHa U
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3a gobmea or mapyna — okonio 19% 3a BapuaHTMTE C HUCKaTta HopmMa W HapacTsa
nocrnegoBaTenHo C yBenuvyaBaHe Ha ToposaTa HopMma [0 31% 3a BapuaHTUTe C Hawn-
Bucokata Hopma.TopoBeTte Epmen n Asapui ca pas3sutme Ha Topa ,Ekctpa dopc.
(Petkova and Koutev, 2017).

BnuaHneto Ha TeyeH opraHuMdeH TOp BbpXy cemegobuBa OT nponeTeH un
(Viciasativa L.) oka3Ba NOMNOXUTENHO BIIUSIHNE BbPXY OCHOBHUTE CTPYKTYPHU €MTEMEHTU Ha
nobuea, kato nosuwasa 6posa Ha 6oboseTe (12,85 6p.), 6posa Ha cemeHata (57,65 6p.) n
TErnoTo Ha cemeHaTa B egHO pacTteHue (3,36 g), kakto n macata Ha 1000 cemeHa (60,61
g) npu fosa Ha TpetupaHe ot 0,6 I/da (Pachev, 2013r. ).

Llenma Ha u3credeaHemo e 0Oa ce ycmaHO8U 6/USHUEemMO Ha pasfu4yHu meyqyHu
mopose U MUKpobuonoau4YHU fnpenapamu ebpxy passumuemo u dobusume Ha onumHa
Kynmypa casnama.

MaTtepuanu u metoau
O6ekT Ha mn3cnegBaHeTo ca opraHMyHuM TeyHu Topose "Eko [Mpon”, ,Buoctap Ton",
CtumAK, Azapuin® n ,Epmen.

BUOCTAP TOIl cbabpka NOne3Hn MUKPOOPraHU3Mu, MIEYHU EH3UMU U MITEYHO-
kncenu 6aktepun n e NnpeaHasHavyeH 3a NoYBEHO U NINCTHO NPUOXEHME.

EKOprop® 4G e mukpobuaneH Top B npaxoobpasHa dopmynauus. lNpunara ce
NMOYBEHO, Ype3 nonueaHe (pa3TBOPEH BbB BOAA) UK pasnpallaBaHe.

CtnmAK € MHOrOKOMMOHEHTEH, aMUHOKUCENNHEH TOp.

»EPMen” e yHuBepcaneH opraHuyeH TOp C eCTeCTBeH Mpousxon npeacrasrsiBaly
EeKCTPaKT OT pactuTenHa nenen.AsapuMm € yHuMBepcaneH TeYEeH OpraHudeH Top,
npeacTaBnsBall, eKCTPakT OT y3psn o6opcKn Top 1 pacTuTernHa nenern.

MouyBaTta e WManyxeHa KaHeneHa ropcka MOYBa, XapakTepHa 3a panoHa Ha
CodunckoTto none, B3eTa € OT panioHa Ha ceno PaBHo none. Te3an no4su ca cpegHn Oo
TEXKM MO MexaHunyeH cbcTaB. [louBeHaTa peakums (pH) e cpegHo kucena go cnabo
Kucena.

3a ycTaHOBsIBaHEe BMWAHWETO Ha Cb3dafeHuTe JNIMCTHU TOpoBE € U3BedeH CbAoB
TOPOB ONWUT C TECT-KynTypa canarta B OpaHXepusTa Ha J1ecOTeXHUYECKN YHUBEPCUTET,
Codus.

Cxema Ha cbA0OB TOPOB ONUT
1. KoHTpor;

2.BUOCTAP TOIT;

3. EKOnpon NX;

4. CTumAK;

5. Epmen;

6. Azapun

OnuTbT e n3BedeH B 6 NOBTOpeHUs U eauH pe3epBeH CbA Ha BapuaHTt. OnuTHaTa
KynTypa e canara (Lactucasativavar. Romana), n3BecTtHa oLle kato mapyns. Manonsea ce
pascaj OT TbproBckaTa Mpexa. 3a 3acaxgaHe ca u3bpaHu efHaKkBO Mo pasMep pacTeHUs.
3acaxgaHo e no egHa pacTteHue B Cbf OT 1 Kunorpam.

3a Bcekun BapuaHT ce npurotea paboTeH pas3TBop crnopes U3MCKBAHETO Ha Topa unu
npenapara.B Tax, 3a 5-6 MuHyTK, 6siXxa NOCTaBEHM KOPEHUTE Ha pacTeHusTa NpeaBuaeHN
3a CbOTBETHUS BapuaHT. Crnep ToBa pacTeHuATa ca 3acageHu. [onoBuHata oT cbaoBeTe
Ha noBTopeHusaTa 6sixa obpaboTeHn nMcTHO cbe CTumak.lMpn npnbupaHe Ha onuta Bsxa
N3MepeHn BUCOYMHATa N AnaMeTbpa Ha BCSKO pacTEHWE U cBeXaTa Maca Ha pacTeHusTa.
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CbobpkaHMeTo Ha xnopoduna B nucrtata Ha pacTeHusiTa €  U3MEPEHOB
naboparopusaTa no dguaunonorusa Ha pacteHusTta B JITY. KoHueHTpaunata Ha Chl B nuctaTa
(mg cm?) e u3amepeHa c npeHocum xnopodunometvp atLEAF+ (FT Green LLC,
Wilmington, DE, USA). YpenbsT atLEAF+ namepBsa abcopbaumoHHaTa pasnuka Ha nucrara
mexgy 660 nm m 940 nm W HeroBuTe WU3MEpPBaHUS CUMHO KopenupaTr C¢ oOLwoTo
cbabpxaHune Ha Chl (Zhipinova et al., 2020, Zhu et al. 2012, Novichonok et al. 2016).

CbobpKaHMETO Ha HuTpaTuca W3MEPEeHU MNOTEHUMOMETPUYHO C MNOMOLLTa Ha
npeHocuma anapartypa LAQUA Twin Horibameters Ha Spectrumtechnologiesinc.

Pesyntatm n obcbxpaaHe

OT nonyyeHute pesyntatm Ha dwur. 1 HabnogaBame 3HauuTenHa pasnuvka B
LUANOCTHOTO Terno Ha canatute mexay buo Crap Ton n Kontpon (29.9%). Cblo Taka
BMCOKO yBenuyeHne Habnopasame npu CTUMAK (11.9%) , Epmen (6.3%) n Asapum
(19.7%). Eko INMpon e ¢ 6.8% no-Hucko Terno ot ToBa Ha KoHTpon.

Han-ronamarta BucounHa Habniogasame npu buo Ctap Ton u Asapuu (7.9% no-
ronsima ot 17031 Ha KoHTtpon). Eko MNMpon, CtuMmAK n Epmen ca HapaBHO ¢ KoHTpon no
BMCOYMHA Ha Haa3eMHaTa Maca.

M3meHeHne Ha TernoTo, BUCoOYMHaTa 1 AMameTbpa Ha canatute nog,
B/IMAHME Ha M3MON3BaHWTE TOpOBE U NMpenapatr
30,0

W Terno,r BucounHa, cm AdnameTtsbp, cm

0,0 | I . | |
5

1. KoHTpoOn 2. BWUOCTAP 3. EKOnpon 4. Crtumak

25,0

20,0

15,0

10,0

5,0

. Epmen 6. A3sapuit

tDMrypa 1. \ameHeHun Ha Terno, BUCo4mHa u OnaMeTbp Ha canatute noa
BJIMAHNE HaA N3NON3BaHNTE TOPOBE U MNMpenapaTtn

Han-ronam guametwp Habniogasame npu buo Ctap Ton (11.7% no-ronam OT TO3uU
Ha KoHTpon). Bcuukn gpyru Te4Hn TopoBe ca OTHOCUTENHO eaHakBu ¢ To3n Ha KoHTpon,
C N3Kno4yeHne Ha Asapum, KOnTo nma ¢ 5.6% no-ronsm gnameTbp ¢ To3n Ha KoHTpon.
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Ha dwur. 2 Bmxogame, 4ye cbabpxaHueto Ha xnopocdmn npu buo Crap Ton,
CtumAK, Epmen u Asapum e No-BUCOKO OTKOMKOTO npu KoHTpon. EAuHCTBEHOTO
nsknoyeHne e Exko Mpon, konto nma no-Hnckn ctonHoctu (31.4% no-manko ot KoHtpon).

CbabprKaHue Ha x10podus B CBEXKa Maca casatv - mg.cm™?
0,0200
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0,0140
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0,0000

1. KoHtpon 2. BWOCTAP 3. EKOnpon 4. Crumak . Epment 6. Asapui

durypa 2. CbabpkaHue Ha xrnopodun B cBexa maca - mg.kg™

Ha cour. 3 ca npegcraBeHun pesyntatu 3a CbObpXaHWe Ha HUTpaTU B CBeXarta maca
Ha canaTtata. Habniogaesa ce, 4ye npu Asapun MCTMMAK - amuMHOKMcenuHu nmame
3Ha4YUTEnNHO yBenuyeHne Ha cbabpxaHneto Ha NOs;. CTUMAK - amuMHOKMCEnuHu e C
42.7% nose4ve oT KoHTpon, a Asapumn e 55% noseye ot Hes. Eko Mpon e 38% no-manko
cbabpxaHue Ha NOs;oT KoHTpon.

CbabprkaHme Ha NO3 B cBeka maca canati - mg.kg-1
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Tabnuua 1 nokasea HSIKONKO CTAaTUCTUYECKM AaHHM OT pe3ynTaTuTe 3a cBexa maca
Ha pacteHunata. OCHOBEH NokasaTten e cpeaHaTa BennymHa, KOATO ce M3MNoM3Ba 3a oueHKa
Ha pasnukuTe Mexay BapuaHtTuTe. KoedumumeHTuTe Ha Bapmaumsi nokasBaT Ka4eCcTBOTO Ha
n3cnegBaHvs M nonyyeHuTe pesyntatn. Touin kato Te ca nog 30% moxem ga cmsitame, ye
n3cnegBaHuMsita ca C MHoro gobpa TOYHOCT M MOnyYeHuTe MnokasaTenn ca OCHOBa 3a
poctoBepHocT.F-ratioe 4,15743, a P-value=0.0053 Ha F-tecta e no-manko ot 0,05, 1O
nMame CTaTUCTUYECKN OOCTOBEPHA pasnunka mexay BapmaHtute npu 5% TOYHOCT.

Tabnuua 1. OCHOBHM CTaTUCTUYECKM NapaMeTpu 3apacTeHNs cBexa Maca, g

BapuaHmu CpedHo CmaHdapmHo KoegbuuyueHm Ha Mut Makc
OMKI/IOHEHUE gapuauusi

AmMuHokucenuHn (21,7733 3,08167 14,1534% 18,23 26,93
Epwmen 20,49 3,36454 16,4204% 15,47 24,2
Biostar TOP |26,2814 4,12412 15,6922% 22,76 33,12
KoHTpon 19,245 2,31216 12,0143% 15,0 21,7
ECOprop NX|17,8417 2,44526 13,7053% 15,12 21,4
A3zapun 23,7917 6,25747 26,3011% 15,32 31,5
O6wo 21,6978 4,61284 21,2594% 15,0 33,12

B Tabnumua 2. Ca nokasaHM XOMOreHHUTE T[pynu B  u3cnegBaHudaTa.
NpeHTuduumpadm ca 3 XOMOreHHu rpynm cpaBHMMKU B KonoHaTa ¢ X. BapuaHtute npum
KOUTO He ce 3acTbnBaT 3HauMTe X ca CbC CTAaTUCTUYECKN JOKa3aHa pasnuvka.

JlnctHaTta obpaboTtka Ha canatute cbCc CTMMak He gage CTaTUCTUYECKM AoKasaHa
pasnuka B pasBUTUETO UM.

Tabnuua 2. MHOXeCTBEH paHroB Tect no BapuaHTtute
Memod: 95,0 % HMCP

BapuaHmu CpedHo XOMO2eHHU 2pyrnu

ECOprop NX 17,8417 X

KoHTpon 19,245 X

Epmen 20,49 XX
AMUNHOKMNCENNHN 21,7733 XX

Asapun 23,7917 XX

Biostar TOP 26,2814 X

N3Boau v 3aknoveHus

1. OT nonyyeHuTe pesyntaTn ce OT4YMTa, Y€ NPU U3Non3BaHeTo Ha A3apuin nma
HaTpynBaHe Ha NOs;. A MO OTHOWEHME Ha TErfno Ha CBeXa Maca, Terno Ha KOPEHWU U
AnameTbp Ha canartarta buo Ctap Ton e Han-gobpuAT n3dop.

2. Teynnat opranunydeH Top "BUOCTAP TOIT", Te4HUTE opraHnyHn Topose "Asapuin" un
‘Epmen” nosuwasaT gobuBuTe OT canatm nNpuM €OHOKPaATHO KOPEHOBO npunaraHe.
EnoHokpaTHOTO npunaraHe Ha TedHusa opraHuveH Ttop ,BUOCTAP TOlM* noBuwaBa Haw-
3Ha4Ynmo gobuBa Ha cBexa maca OT canaTa.

3. JINCTHOTO BHacsHe Ha aMUHOKUCENWHU HAMAaLLE MOSIOKUTENHO LENCTBUE BbPXY
pobuea 1 pa3BUTMETO Ha canartara.

4. M3nonsBaHUTE OpraHM4YHM TOPOBE W npenapatu umaT pasfnyHO OENCTBUE B
3aBMCUMOCT OT Ha4MHa Ha NpunaraHeTo um.
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EHEPIOE®EKTUBHU NOAXOAOU U METOAU MNMPU EKCMNOATALUA HA
HAMNOUTENHUTE CUCTEMU

PymeH NapxeB

UINMA3P "H.lywkapos”

Abstract

Energy efficiency is a topical issue. The main objective is to reduce the energy
consumed in all public and industrial processes and activities, on the one hand while
maintaining or increasing the productivity of the processes, and on the other hand using
renewable energy sources to an advantage. Energy is consumed in many ways in the
process of agricultural production.

To clarify and analyse the problem of energy and energy efficiency in irrigation
systems, the movement of water and its patterns and the conditions under which its
transport takes place are considered. In this paper, approaches and dependencies are
proposed for investigation by means of analytical relationships that express and include
energy consumption components and indicators.

Key words: irrigation, water flows, velocities of flow.

O6wm nonoxeHus

Mopagun KNMMaTUYHUTE NPOMEHMU U BOOHWS AeULNT y HAC, NOMMBHOTO 3emMeaenve e
n3npaBeHo npen Cepuvo3HO Npeam3BUKaTENCTBO C ornen obesnevyaBaHe Ha HeobxogumuTe
BogHM 0b6emu 3a HanosiBaHe Ha arpo kyntypute. C orneg Ha ToBa ca HeobxogMmu
obcneaBaHMs W aHanu3nM BbpXy CbCTOSHMETO Ha BOAOMPEHOCHATa Mpexa B
XNOPOMENMOPATUBHUTE HAMOUTEITHN CUCTEMM.

3a apgekBaTHOCT Ha npegu3BuKaTencTteata € HeobxoaMmo  OnNTUMM3MPaHO,
BOOOCMECTHABALLO M eHeproeeKkTUBHO  YMpaBfleHMe Ha  TPaHCMOPTUPAHETO MU
BOLONOAABAHETO, KaKTO M pexabunurauus Ha OCHOBHUTE €efleMEeHTM Ha HanouTenHute
cuctemMm M BboOWE 3a YCbBBPLIEHCTBAHE Ha  eKcnnoarauusata Ha  XMApo
NHppacTpykTypata B obpaboTBaeMmTe 3eMeaernickm NioLwu.

Camara BogonpeHocHaTa Mpexa Mpu HamnouTenHUTe CUCTEMM Ce peanuaupa Ha
OCHOBaTa Ha fBa 6a30BM NpuHUMNA — rpaBUTavYeH NPUHLMIN M HANOPHO — HarHeTaTeneH. B
HacTosilata paspaboTka ce Bu3Wpa rpaBuTavyHusA npuHuun. [pu un3nonseaHe Ha
rpaBMTa4yHOTO Bb3AENCTBME Ce M3MNON3Ba OTKPUTA KaHanHa Mpexa oT o6nuuoBaHu kKaHanm
C TpaneuoBMOHO HanpeyHo cevyeHune. [lpegHasHadyeHMETO Ha KaHanuTe e fa
TpaHCNopTUpaT M OOCTaBAT ONpederneHn BoAHW o06emMu OT BOOOU3TOMHMKA [0 BCUYKM
HaMouTENHM y4yacTbUM OT cucTemara, Pecrn. OO BCUYKM KOHCYMatopu, C MMHMMAarHa
3aryba Ha BogHa Maca, T.e. C MMHMMarnHa 3aryba Ha npuBegeHa ynotpebeHa eHeprus 3a
nogcurypsisaHe Ha BogHuTe obemu. o AbmkMHATa Ha kaHanHaTa Mpexa ca pasnoNoXeHN
XNOPOCHOPBXKEHMS, KOUTO OT CBOS CTpaHa U3BbPLUBAT CaMOTO BOAOpa3npeaensHe B no
HUCKOCTEMNEHHN KaHarnw.

3a noBuwaBaHe Ha eHepruiHaTa ePeKTUBHOCT Ha HamouTenHata KaHanHa mpexa e
Heobxoanmo eekTUBHO TPAHCMOPTUPaAHE Ha HAMOUTENHUTE BOOAHW 06eMn 1 epekTUBHO
BOLOpa3npeaeneHne n perynmpaHe Ha BOGHOTO TEYEHME.

Mpoy4yBaHe n cbCcTOAHUE Ha Npobnema

C ornen 3aBuwaBaHe Ha €egEKTMBHOCTTA MPU OTKPUTUTE KaHamnu B HaNoWUTENHUTE
cucTemMu crefsa Aa ce NOCTUrHe HamansiBaHe Ha 3arybuTe Ha Boga nopaau nNpocMykBaHe
npe3 gyrute Ha kaHanHaTta obnuuoBka, dunTpauusTa npe3 GeToHoBaTa OGNULOBBLYHM
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nno4u, a NoHsIKora n OT Te4YoBe Npe3 CUITHO obpylleHaTa, a Ha MecTa M HapylleHaTa unu
nunceawa obnuMuoBKa Ha MpurauuMoHHaTa kKaHanHa mpexa. [loHacTosiem B HawuTte
HanouTenHn cuctemn 3arybute Ha Boga gocturat ao 40 %, npu obnuuoBaHuTe kaHanu. B
HAKOM CIydanm Ha onpederneHn nacaxm no ObJ/PKMHA Ha KaHanute u ocobeHo npu
BoAoOpasnpedenuTenHnuTe Bb3nW, KbOETO MMa MNoKayBaHe Ha BOAHOTO HMBO MNopaau
XapakTepHuTe nognpuuiBaHusi, 3arybute Ha Boga Morat ga gocturHat m go 50% ot
obemMrHe B Ha4anoto Ha kaHana. [lpu ToBa nonoxeHue ce peanusupa 3aryba Ha 6nm3o
rnornoBMHaTa OT BrOXeHaTa eHeprusi no OTHOLUEHWEe Ha OCUrypsiBaHeTo, AocTaBkaTa W
TPaHCMNOPTUPAHETO Ha NPOEKTHO HeobxoaMMmnTe BoAHN 06emMun, KOUTo BLOOLLE He MoraT Aa
Obaat M3non3BaHu KaTo HanouTeneH obem 3a arpo KynTypure.

MPUHUMNHOTO npegHa3HadYeHWe Ha kKaHanHata Mpexa € TpaHcnopTupaHe Ha
npeaBuaeHUTe BOOHM KONMMYeCcTBa OT AadeH BOOOM3TOYHMK A0 KOHKPETHM MONUBHU
noneta, B ONpPedeneHo peanHO BpemMe M C onpegeneHa npoabikuTenHoct. [lpu
TpaHcnopTupaHeTo obaye, BOAHOTO KONMMYECTBO MO Ab/KMHATA Ha KaHanuTe ce peayuupa
C JafeHa BenuumHa B 3aBUCMMOCT OT (DYHKLMOHANHOTO (EKCNNoaTtaumoHHOTO) CbCTOSAHNE
Ha KOHKPEeTHUs KaHar. 1o To31 HauyuH, OT ekcrnoaTaunoHHa rmeaHa Tovka, ce OoT4YuTa Kato
3aryba Ha BNoXXeHa OOCTaBHa €Heprus 3a M3HayanHoTO ocurypsiBaHe Ha HeobxogumuTe
BOOAHM o6emMu 3a uenuTe Ha WpUraunMoHHUTE (HaMOWUTENHWTE) npouecu B AageHara
HanouTenHa cuctema. BcneoctBne Ha ToBa, HEOMON3OTBOPEHATA BrOXEHa eHeprus 3a
OOCTaBAHETO Ha MonMBHaTa BoAda ce OoT4yuTa Kato 3aryba Ha edpeKTMBHOCT Npu NONNBHUTE
npouecwu.

[Mpn ekcnnoataumsita Ha HaNoOUTENTHUTE CUCTEMMU, 3aHMKaBaHETO Ha edPeKTUBHOCTTA
Ha KaHanHaTta Mpexa e rMaBHO BCNeACTBME Ha HaMansaBaHe Ha NpornyckHaTa CrnocobHOCT
(npoBOAMMOCTTA) Ha OTKPUTWUTE HaMouTENnHW KaHanu u 3arybuTe Ha BoAda MpU HENHOTO
TpaHcnopTupaHe u4pe3 Tax. Cblo, peanuaupaHuMsaT npuBeaeH eHepropasxod npwu
TpaHCNopTUpaHe Ha BOAHWUTE KONMMYECTBa MO KaHanHaTa Mpexa B 3aBUCUMOCT OT
napamMmeTpuTe Ha oTKkpuTuTe kaHanu. OT CBOA CTpaHa, JOoCTaBKkaTa Ha Boda B rpaBuMTaYHa
HanouTenHa cuctema ce U3BbpLUBa OT KaHamnu UM KaHanHa Mpexa 4pes Bogo4epneHe ot
AaneH BoOooOM3TOYHUK. KaHanute cnopen reoMeTpuyHUTE CUM pasMepu M BenuuuHata Ha
NPOBEXOaHOTO Opa3MepPUTENTHO BOAHO KONMMYECTBO ce Knacudmumpar Ha MaructpanHu,
rMaBHKW, pasnpeaenuTenHn n rpyrnoBu, KOETO € YCNOBHO M CbobpasHo crneumdukaTa Ha
cuctemara.

Pesyntatn n npenopbKku

BopopasnpegenutenHara Mmpexa ce CbCTOM OT y4acTbLM, KakTo 3a TpaHCnopTMpaHe
N akymynumpaHe (CknagupaHe) Ha BOAHMTE Macu, Taka W 3a BogopasnpedenurenHute
Bb3MM, BKI1. C NacaXxu 3a NOAMNPULLIMTENHN XOPU3OHTU. 1o - ronamaTa 4YacT OT KaHanHata
Mpexa B HanouTenHute cuctemMuM € C HeaBTOMaTU3MpaHu BoJopasnpenerniMTenHu,
NoANPULLIMTENHN N BOAOB3EMHWN CHOPBXKEHUS C perynupaly, opraH - nioCbK BepTukaneH
caBak. Heobxogmmo e aa ce otbenexu 4e, Bpb3kata Mexay napameTpute Ha TeHEeHUETO B
KaHanuTe - rNnaBeH, BTOPOCTEMEHHW W Op. W eKCnfoaTauMOHHUTE XUApPaBNYHUTE
nokasaTenn Ha CbOpbLXEHUATa npu BoAopasnpenenuTenHus Bb3en M CbCTOAHMETO Ha
TEYEeHNEeTO Bpb3KaTa Mexay OTAeNHUTEe CbOPbLXEHWs e OT ocobeHa BaXHOCT 3a
e(PeKTUBHOTO TpaHCnopTMpaHe W pasnpedeneHne Ha mnonvBHaTa BOAa KbM  arpo
KypTypuTe.

Mo npuHUMN, 3aHWKeHaTa ePEeKTUBHOCT € pasnnyHa 3a OTAENHUTE OTKPUTU KaHanu
nopagn pasnuyHUTEe TEXHW MoKasaTenn OTHOCHO CTeneHTa Ha W3HOCEHOCT Ha
obnuuoBkata, Ha CbCTOSIHMETO Ha dyruTte, OOpylWBaHWATa W OTKbPTBaAHUATA MO
obnuuoBkarta M Ap. u 3atoBa 3arybute Ha Boda ca pasfUYHW 3a BCEKM OTAEreH KaHar.
TakoBa pegyumpaHe Ha nofjafdeHuTe BOLHM KONM4yecTBa Ce OTpa3siBa HeratMBHO M Ha
camMnTe TPaHCMNOPTHO- pasnpedenquTenHn npouecu W 3atoBa € ygadHO Ja ce u3pasu
nocpeacTBOM MokKasaTern 3a eHeproeekTMBHOCT HapedeH eHeprneH nokasarten. C
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noMollTa Ha TakbB MokasaTen MOXe [a ce M3pasu CnocobHOCTTa Ha AajeH kanan aa
TpaHcnopTUpa M Aa Bopopasnpenens OageHO BOAHO KONMMYECTBO C Mo-ronsiMa Mmnu no-
marka 3aryba Ha Boga v ce npeacTaBsi CbC 3aBUCUMOCTTA:

K =22
Qll/)

kbaeto: Qn, € NoaaaeHOTO NMPOEKTHO BOAHO KONMMYECTBO B HAYanoTo Ha pasrnexaaHus
KaHan OT BOOOU3TOYHUKA;
AQ e 3arybeHOTo BOAHO KONMYECTBO Ha onpeneneHa OAb/mknHa oT KaHana;

BCbLWHOCT TakbB eHeprmeH nokasarten m3passBa 3arybata Ha Boga npu eguHuua
TPaHCNOPTUPAHO BOAHO KONMMYECTBO 3a efuHMua AbfPKMHA U Croped AbihkKuHaTa Ha
AafeHNs KaHan fa ce oTyeTe NpuBEAEHUs eHepropasxod OT BOA4HMTEe 3arybu 3a uenuvs
KaHarn.

3a HamansiBaHe Ha 3arybuTe OT BrioXeHaTa eHeprusi u 3a ocurypsiBaHe 1M 4OCTaBka
Ha BogaTa 4O MONMMBHUTE NSOLWM NOCPEACTBOM KaHanHata Mpexa € HeobxoguMmo ga ce
npeaBnaaT CbBKYMNHOCT OT AENHOCTU CBbpP3aHN CbC CaHUpaHe, PEMOHTHO CTPOUTENCTBO U
ekcnnoatauusi, Kakto U CbC CaMOTO NogabpXKaHe M3BBLH MOSIMBHUS CE30H Ha KaHanute u
CbOPBXEHUATA MO TAX, KOUTO ca CUITHO amopTu3npann (dpur.1). Kato Takmea moraTt ga ce
BU3NpAT CrnegHnTe:

— n3non3eaHe MNpu CTPOUTENCTBOTO Ha ob6NMuUOBKUTE Ha OGeToHoBM O00aBKM 3a
BOAOHENPONYCKINBOCT;

— CaHWpaHe Ha KaHanHuTe oyrn C npunaraHe Ha BOAOMTbTHU (pyrmpalim cMmecu u
mMaTtepuanu;

— NMOWHO CaHMpaHe Ha KaHanHata obnuuoBKa NPW MAOLWHN OTKbPTBaAHUSA U
obpyLuBaHus;

— MOYNCTBAHE Ha KaHanuTe OT HAHOCHM OTMOXEHUs crned ekcnrnoaTtauMoOHHN CE30H,
KaKTO 1 OT TBbPAW Matepmanu u NMCTHa Maca B Ha4anoTo Ha cneasallns NosfiIMBEH CE30H;

— pemMoHT U1 obcnyxBaHe Ha MexaHuM3MuUTe Ha BOAopasnpedenuTenHuTe
CbOPBXEHUS;

Cbwo Taka, Npu ekcnroaTtaumsita U No - KOHKPETHO Npu BoAgopa3npedeneHMeTo Ha
npeaBuaeHUTe BOOHM KONMM4YecTBa, obOMYanmHO ce peanuaupa 3aBULIEHO MoanpuliBaHe
(noBouraHe) Ha BOOHOTO HMBO B KaHanuTe, U3NULIHO akymyrnuvpaHe W 3aabpXaHe Ha
ronsamMum BOLHM Macu, HamarnsiBaHe CKOpOCTTa Ha TeYEeHUETO, yBenuyaBaHe BPEMETO 3a
TpaHCnopTUpaHe, 3acurBaHe Ha NpouecuTe Ha yTasiBaHe U 3aTnadysBaHe, yBenuyaBaHe Ha
pasxoguTe 3a NOYUCTBAHE Ha KaHanuTe, yBenu4yaeaT ce 3arybute Ha Boga OT hunTtpaums
M NPOCMyKBaHe, Cb3[aBaT ce YCNoBUS 3a 3aTpeBdABaHe, yBernvyaBaHe ce rpanasuMHaTta Ha
nernoTo, BCMEACTBME Ha KOETO Ce HamansiBa MporyckHata CrnocoBHOCT Ha KaHana,
cb3gasaT Cce YCNoBWUA YacT OT npeaBuaeHUTe MOMMBHU NSIOLWM Aa NoslyvaT 3aHMmKeHU unm
HeHaBpeMEeHHM nonmBHM obemun Boaa.

Mo Te3n npuyuHK, NpM camust BogopasnpenenuTeneH npouec, € Heobxoaumo ga ce
yCTaHOBW 3a AafeHus BogopasnpenenuteneH Bb3en CbCTOAHNETO HA TEYEHMETO B KaHana
N CbCTOSIHMETO Ha perynupawuTte enemMeHTU Ha CbOPBbXEHWETO KOEeTO nogasa Boda B
CTPaHN4YHMS KaHamn N Ha CbOPBXKEHMETO KOETO perynupa HUBOTO B FNaBHUSA KaHan, npu
KOMTO CbCTOSIHMSI Ce nodaBa HeobXOOMMOTO CTPaHMYHO BOAHO KOMMYECTBO MNpU
MWHMMAaNHO BOAHO HMBO B MMaBHUSA KaHar.
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durypa 1. BogopasnpeaenuTenHo CbopbKeHe ¢ aMopTU3MpaH perynupaty, MexaHn3bm

Mpw Taka onpeneneHoTo BoaopasnpenerneHne, ce cb3aaBa onTMMarnHa CTeneH Ha
noanpvBaHe Ha cBobogHaTa BoAHa MOBBLPXHOCT Ha (POPMMPAHOTO HepaBHOMEPHO
TeyeHue, NP KOETO Ce Cb3aaBa A0CTaTbYyHUS HANoOpP CbOGPa3HO NPOoMyCcKHaTa CnocoGHOCT
Ha CbOTBETHOTO BoAOpa3Npedenswo CbOpbXeHWe, T.e. Npu  MUHUMU3MPAEH
noanpuLLIMTENEH Hamnop ce nony4aBa eHeproedekTUBHO BoAopasnpeneneHue.

N3Boaun

EHeprnnHaTa e(pekTMBHOCT Ha HanouTenHUTe CUCTEMMU 3aBUCKU B rornisima CTeneH oT
eHeprmHata ed(eKTMBHOCT Ha  KaHanmHata Mpexa W CbOpbXeHuaTa  3a
BOAOpasnpeaeneHune u perynupaHe Ha Te4EHNETO M BOQHUTE KONMYECTBA.

3Ha4YMMO BNUSIHME OTHOCHO MOBULLABaHE Ha eHeprurmHata egeKTMBHOCT OKasBa
BOAOpAa3NpeaeneHNeTo Ha HanouTenHara Boga. 3a NocTuraHe Ha Tasum Len € Heobxoammo
Aa ce obcnyxeBaT M PEMOHTUPAT NEepUoauYHO BOAOPA3NPEenESNIUTENHUTE MEXaHU3MU U
camuTe CbOPBXEHUSA HA KOUTO Ca MOHTUPAHM.
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BITUAHUE HA BUOBBITIEH B KOMBUHALIUA C ASOTHO TOPEHE BbPXY
OBEMHATA MNIbTHOCT U NOPbLO3HOCTTA HA ANTYBUAITHO NIUBAOHA MNMOYBA

MwuneHa MutoBa*, MaptuH HeHoB, CBeTna PyceBa

UIA3P ,H. lNMywkapos®, Copus
e-mail: milenaluch@abv.bg

Pestome

Mpu ycnoBuATa Ha NeKO OO CpeaHO MNeChbuYNMBO-TNUMHECTa AnyBuanHo-nMBagHa
noysa ot Ol Lananuua npe3 nepuoga 2019-2021 r. e n3eegeH NosiCkU eKCnepuMeHT ¢
LuapeBuUa 3a MNpoyyYyBaHe Ha W3MEHEHMETO Ha obemHaTa MNbTHOCT, OTHOCUTENHaTa
NABTHOCT M MNOPbLO3HOCTTA Ha ModYBaTa NoA BAMSIHUE HA KOMOMHMPAHO BHACSHE Ha
6uosbrneH ot avbosu kopu (0, 5 n 10 t/ha) c asotHo TopeHe (130 n 260 t/ha). YctaHoBeHO
€ CTaTUCTMYECKM 3Ha4YMMO HamansiBaHe Ha obemHaTta NMbTHOCT M yBenuyaBaHe Ha
obwara NnopbO3HOCT NpM KOMBUHMPAHO BHAcAHE Ha BUOBBLIMEH C A30TEH TOp.

Knroyoeu dymu: AnysuanHo-nueadHa rnodyea, buoebarieH, a3omHoO mopeHe, obeMHa
MIBLMHOCM, OMHOCUMEIHA MTbIMHOCM, MOPbO3HOCM.

BnarogapHocTu
Tasn paspaboTtka e dmHaHcupaHa oT HauuoHaneH doHn ,HayyHu uacnegsaHms”,
MwuHucTepcTBO Ha 06pa3oBaHMETO 1 HaykaTa, npoekT: Ne KP 06-H26/7 (2018-2022).

IMPACT OF BIOCHAR COMBINED WITH NITROGEN FERTILIZATION ON BULK
DENSITY AND POROSITY OF FLUVISOL

Milena Mitova*, Martin Nenov, Svetla Rousseva

ISSAPP ,N. Poushkarov®, Sofia
e-mail: milenaluch@abv.bg

Abstract

Field experiment with corn was carried out on sandy loam Fluvisol at the
experimental field Tsalapitsa in the period 2019-2021, to study the modifications in bulk
density, particle density and porosity of the soil under the influence of combined
amendment of biochar of oak bark at (0, 5 and 10 t/ha) with nitrogen fertilization (130 and
260 t/ha). Statistically significant decrease in bulk density and increase in total porosity
was found as a result of amendment of biochar combined with nitrogen fertilizer.

Key words: Fluvisol, biochar, nitrogen fertilization, soil bulk density, soil particle
density, soil porosity.
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BITUAHUE HA BUOBBITIEH B KOMBUHALIUA C ASOTHO TOPEHE BbPXY
YCTONYNBOCTTA HA NMOYBEHATA CTPYKTYPA HA ANNYBUATTHO JNIUBAOQHA
NOYBA

Munena MutoBa, MaptuH HeHoB, CBeTna PyceBa

UIMA3P ,H. lNMywkapos®, Cogpus
e-mail: milenaluch@abv.bg

Pestome

Mpn ycnoBuaTa Ha NEKO A0 CpegHO NecbunuBO-rMUHecTa AnyBuarnHo-nvBagHa
noysa ot Ol Uananvua npe3 nepuoga 2019-2021 r. e n3BeneH NOSiICKM €KCNEPUMEHT C
LapeBuvuUa 3a NpoyyYBaHe Ha MU3AMEHEHMETO Ha YCTOMYMBOCTTA Ha NoYBeHaTa CTPyKTypa nog,
BNMUAHNE HAa KOMOMHMPAHO BHACAHETO Ha GMoBbIMEH oT Abbosu kopu npu 400°C (0, 10 n
20 t/ha) c asoTHO TopeHe (130 1 260 kg/ha). YCTaHOBEHO € 3HAYUTENHO U CTaTUCTUYECKM
3Ha4YMMO HapacTBaHe Ha BOL4OYCTOMYMBUTE arperatu ¢ pasmep 3-1 mm u noYBeHUs Crion
0-40 cm KakTo Ha BTOpaTa, Taka MU Ha TpeTaTta roguMHa ot BHacsiHe Ha 5 t/ha GuoBbrneH ¢
130 kg/ha asoteH TOp. [lpM Tasm Hopma Ha as3oTHO TopeHe, BHacaHeTo Ha 10 t/ha
BG1OBBLIMEH € C No-cuneH edekT npes BTopara, CNpsiMo TpeTaTta rogMHa OT BHACAHETO MY.
MNonobHM 3aKkOHOMEPHOCTU ce HabniogasaT v Npu BapuaHTuTe ¢ 260 kg/ha asoteH Top, HO
edeKTbT OT NpunaraHeTo Ha GMOBBLITIEH € 3HaYMM CaMO Ha TpeTaTa rogmHa oT BHAaCAHETO
Ha 5 t/ha. BogoyctomumBoCTTa Ha MoYBeHaTa CTPYKTypa, OLEHeHa 4pe3 uHOeKkca 3a
BOAOycTOMYMBOCT (Sd/Sw), nokassa NogobHN TEHOEHLMM KaKTO N OCTaHanuTe nscneaBaHu
CTPYKTYPHM nokasarenu.

Knrwoyoeu O0ymu: AnysuanHo-nueadHa rioyea, buo8berieH, a30mHO MOPEHe,
cmpyKkmypa Ha rnodYeama, 8000ycmol4u80cm Ha rno4YeeHuUme agpeaamu.

BnarogapHocTu

Tasn paspaboTtka e dmHaHcupaHa oT HauuoHaneH doHg ,HayyHu uacnegsaHuns”,
MwuHucTepcTBO Ha 06pa3oBaHMETO U HaykaTa, npoekT: Ne KP 06-H26/7 (2018-2022).
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IMPACT OF BIOCHAR COMBINED WITH NITROGEN FERTILIZATION ON SOIL
STRUCTURE STABILITY OF FLUVISOL

Milena Mitova, Martin Nenov, Svetla Rousseva

ISSAPP ,N. Poushkarov®, Sofia
e-mail: milenaluch@abv.bg

Abstract

Field experiment with corn was carried out on sandy loam Fluvisol at the
experimental field Tsalapitsa in the period 2019-2021, to study the modifications in sail
structure stability under the influence of combined amendment of biochar of oak bark at
400°C (0, 10 and 20 t/ha) with nitrogen fertilization (130 and 260 kg/ha). Important and
statistically significant increase in water-stable aggregates of size 3-1 mm in the soil layer
0-40 cm was found in both the second and third year of amending 5 t/ha of biochar with
130 kg/ha of nitrogen fertilizer. At his rate of nitrogen fertilization the introduction of 10
t/ha of biochar has a stronger effect in the second compared to the third year of its
introduction. Similar regularities are observed with 260 kg/ha nitrogen fertilizer, but the
effect of biochar application was significant only in the third year of introduction 5 t/ha. The
water resistance of the soil structure evaluated by the water resistance index (Sd/Sw),
shows similar trends as he rest of the studied structural indicators.

Key words: Fluvisol, biochar, nitrogen fertilization, soil structure, water stability of
soil aggregates.
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MHTEH3UBHOCT HA NOYBEHATA EPO3UA BbB BOOOCBEO0PA HA PEKA
CEOEJICKA

Enun NaBnoBa-TpankoBa

UHcmumym 3a 2opama — bbrizapcka akad0emusi Ha Haykume
e-mail: paviova.eli77@gmail.com

B cBetoBeH Mawab ekocuctemuTe ca MOBAUSHM OT NPOMEHUTE B KIvMMara,
aHTPOMOreHHNTEe AEeNHOCTU U peauua apyru nokanHu aktopu, KOUTO Han-4ecTo BOAAT A0
TAXHaTa gerpagauysi u BnollaBaHe Ha CNOCOOHOCTTa MM Aa M3NbNHABAT onpeaeneHu
dyHKuuK. MNMpes nocnegHnTe roguHU B pesynTtaT Ha Te3n NPOMEHU 1 nocneguumTe oT TX e
Hamansna Bogo3agbpalliara cnocobHOCT Ha AbpBecHaTa PacTUTENHOCT, MOBULLKUI ce e
PUCK OT HABOAHEHMWS U epOo3UnS.

EposusaTta Ha noyBaTta ce cuuTa 3a eanH OT OCHOBHUTE (pakTopu 3a Aerpajauums Ha
NMOYBUTE U € eKorormyeH npobnem, KOMTO ce HabngaBa Ha TepuTopuaTa Ha uanata Hu
cTpaHa. Mo Tasn npuymnHa n3cnegBaHeTO Ha (pakTopuTe, KOUTO BUAAT Ha epo3usTa u
YCTaHOBSIBAHETO Ha HenHaTa WHTEH3MBHOCT € OT OCHOBHO 3HadeHue 3a npunaraHe Ha
NoaXo4siLLM CTOMAHCKU NPaKTUKM.

W3cnepBaHeTo npeactaBsa yacT OT pesyntatuTte noslydeHn OT KOMMIIEKCHO NpoyyYBaHe
Ha epo3noHHMTEe npouecu BbB Bogocbopa Ha peka Cepgencka. WHTeH3MBHOCTTa Ha
epo3naTa € M34YucrieHa Ypes M3ronsBaHe Ha KOMMTbpPHO-rpadonyHmaT mogen IntEro, B
KOWTO e BrpageH metoga Ha aBpuiosumy.

[MonyyeHuTe pesynTtatv NOKa3BaT MHTEH3UBHA €po3vsi B YacT TEpUTOpPUUTE OKOSO
OCHOBHOTO T€YEHME N 3HAYUTENHM MO KONNYECTBO rOAULLIHM MOYBEHN 3aryou.

Knroyoeu dymu: eposus, IntEro, peka Cedericka.

SOIL EROSION INTENSITY IN THE WATERSHED OF THE SEDELSKA RIVER
Eli Pavlova-Traykova

Forest Research Institute - Bulgarian Academy of Sciences
e-mail: paviova.eli77@gmail.com

On a global scale, ecosystems are affected by climate changes, anthropogenic
activities, and many other local factors, which most often lead to their degradation and
deterioration of their ability to perform certain functions. In recent years, as a result of
these changes and their consequences, the water-holding capacity of tree vegetation has
decreased, and the risk of floods and erosion has increased.

Soil erosion is considered one of the main factors of soil degradation and is an
ecological problem that is observed throughout our country. For this reason, the study of
the factors that influence erosion and the establishment of its intensity is of fundamental
importance for the application of appropriate economic practices.

The study presents part of the results obtained from a complex study of the erosion
processes in the Sedelska River watershed. Erosion intensity was calculated using the
IntEro computer graphics model, which incorporated the Gavrilovich method.

The obtained results show intense erosion in some areas around the mainstream
and considerable annual soil losses.

Key words: soil erosion, IntEro, Sedelska River.

249


mailto:pavlova.eli77@gmail.com
mailto:pavlova.eli77@gmail.com

EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

OPTIMIZATION OF THE OPERATING PARAMETERS IN THE DETERMINATION OF
TRACE ELEMENTS IN ENVIRONMENTAL SAMPLES BY INDUCTIVELY COUPLED
PLASMA OPTICAL EMISSION SPECTROMETRY

Olga Veleva' Nikolaya Velitchkova', Metody Karadjov', Elka Pentcheva', Serafim
Velichkov?, Nonka Daskalova?

" Geological Institute, Bulgarian Academy of Sciences, Sofia
2 Institute of General and Inorganic Chemistry, Sofia
e-mail: niaveli@geology.bas.bg

ONTUMU3NPAHE HA PABOTHUTE YCNOBUA NMPU ONPEAENAHE HA CINEAOU OT
ENEMEHTU B NPOBU OT OKOJIHATA CPEOA YPE3 ONTUYHA EMUCUOHHA
CNEKTPOMETPUA C UHOYKTUBHO CBBbP3AHA MNMJIASMA

Onra Benesa' Hukonasa BenuukoBa', Metoau Kapagxos', Enka NeHueBa', Cepacum
Benunukos?, HoHka [lackanoBa?

"[eonoauyecku uHcmumym, bwneapcka Akademusi Ha Haykume, Cogpus
2 IHcmumym o obuwa u HeopaaHu4yHa Xumus,
bwneapcka Akademusi Ha Haykume, Cogbusi

Abstract

Among the instrumental methods for the determination of trace elements, inductively
coupled plasma optical emission spectrometry (ICP-OES) is a very powerful multi-element
analysis of a wide variety of environmental sample types especially able to detect a large
number of elements at threshold concentration levels for a different type of samples. For
the determination of trace elements in environmental materials a radial viewing high
resolution 40.68 MHz inductively coupled plasma optical emission spectrometry (ICP-
OES) was applied. The analytical performance was evaluated in terms of the Mg II/Mg |
ratio, matrix effects, and detection limits. The magnesium line intensity ratio Mg Il 280.270
nm / Mg | 285.213 nm (Mg Il / Mg I) was measured to evaluate the robustness of the
plasma operating conditions. In order to achieve the lowest detection limits in the presence
of "pure" and in complex matrices an optimization of the operating conditions was
conducted. Generally, the following parameters must be taken into account: incident
applied power, nebulizer gas flow rate and observation height. In the present investigations
the operating conditions were affected by different constant and variable parameters:
incident power, carrier, and sheathing gas flow rates. The type of plasma excitation
conditions from non-robust, semi-robust and robust were varied in accordance to minimize
the detection limits in the determination of trace elements by using the selected prominent
lines with different spectral characteristics in the presence of "pure" and in complex
environmental matrices. The lowest possible detection limits were achieved.
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DETERMINATION OF WATER RETENTION OF DEGRADED SOILS AFTER THEIR
MODIFICATION WITH FOREST WASTE-BIOCHAR, VERMICOMPOST, AND
DIVERGAN®

Katarzyna Szewczuk-Karpisz', Milena Kercheva?, Agnieszka Tomczyk', Tsvetina
Paparkova?, Vincent J. M. N. L. Felde®

" Institute of Agrophysics, Polish Academy of Sciences, Dos$wiadczalna 4, 20-290 Lublin,
Poland
2 Institute of Soil Science, Agrotechnology and Plant Protection ‘N. PoushkaroV’,
Agricultural Academy, Shosse Bankya str., 7, Sofia 1080, Bulgaria, mkercheva@abv.bg
3 Institute of Soil Science, Chair of Soil Biophysics, Leibniz University Hannover,
Herrenhéuser Str. 2, 30419 Hannover, Germany

Soil degradation is distortion of one or more of soil physical, chemical or biological
properties. It leads to reduction of the biological activity of soil, quantity and quality of
crops, and even to a complete loss of arable land. Degraded soil retains low content of
water and has a reduced biodiversity. Both natural and anthropogenic factors are
responsible for soil degradation. Water retention of soil is the main hydraulic property
regulating its functions and management. It controls plant growth and acts as a buffer
against flooding. Many soil amendments were proposed to increase the soil water
retention including natural (bentonite, zeolite) and synthetic (biochar, composites) ones.

In this work, the modification of two degraded soils was carried out with the use of
the forest waste-biochar, vermicompost, and Divergan®. The effects of these additives on
water retention characteristics of Eutric Cambisol (S1) (Poland) and of eroded Epicalic
Chernozem (S2) (Bulgaria) were measured. The water retention was determined at
different matric potentials using a suction type apparatus, a soil moisture extractor
(Soilmoisture equipment, Corp.), the water vapor adsorption method, as well as with a
TDR/MUX/mpts device (ETEST SP. Z O.0.) which measures simultaneously the water
suction and the volumetric water content during the process of evaporation. The biochar,
vermicompost, and Divergan® were used at a dose of 1%.

The modification of degraded soils depends specifically on their properties and of
the additives. The increase of water adsorption of the Eutric Cambisol (S1) due to its
modification was not followed by an increase in water retained at lower suctions which
explains the lack of an effect on plant available water capacity. The finer textured Epicalcic
Chernozem was positively influenced by the vermicompost and the Divergan. The
Divergan caused expansion of both soils during wetting and hence decreasing of soil bulk
density and of volumetric water content. The applied dose of biochar did not influence the
water retention properties of the Epicalcic Chernozem and increased only the adsorbtion
properties of the Eutric Cambisol.

Key words: soil amendments, soil water retention properties.
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BOOO3AABLPXALLA CITOCOBHOCT HA AErPAOUPAINN NOYBU C AOBABEH
BUOBDBLITIEH, BEPMUKOMITOCT U DIVERGAN®
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MouBeHaTa perpagjaumsi e pesynTtaT OT BrowaBaHe Ha U3NYHWU, XUMUYHU UMK
GuonorM4yHM nodYBeHM CBOWCTBA. 19 BOAM OO0 HamansBaHe Ha Bogo3agbpXkaliara
CMOCOOHOCT Ha no4eaTta, OrpaHu4aBaHe Ha OuonornyHata akTUBHOCT, KONMYECTBOTO U
Ka4yeCTBOTO Ha KynTypuTe M Ao 3arybun Ha obpaboTBaemu 3emu. Kakto npupoaHn, Taka m
aHTPOMoreHHN gakTopu MoraT ga goBefaT [0 NouvBeHa gerpagaums. Bogosagbpkallara
CNoCcOBHOCT Ha noyBaTa € OCHOBHO XMAPOSIOrMYHO CBOMCTBO, KOETO perynmpa yHKuuuTe
Ha no4yeaTta. TA e OT CbLUECTBEHO 3HAYEeHWe 3a pasBUTUE Ha pacTEHUATa U CIYXWU KaTo
Oydbep cpewy HaBogHeHuda. PasnunyHu noyBeHn nogobputenu ca U3NonsBaHu 3a
nogobpsieaHe Ha Bogo3adbpxawarta W CNOCOBHOCT, KakTo NpUpoAHW MaTepuanu
(6EHTOHUT, 3e0nNT), Taka U CUHTE3NPaHN (BUOBBLIMEH, KOMMNO3UTU U Ap.).

B HacToswoTO u3cnenBaHe ABe AerpagupaHy novBu ca moauduumpaHn 4dpes
nobaessHe Ha OWOBBLIMEH, MNpPOM3BEAEH OT AbPBECHUM OTNagbLUM, BEPMUKOMMOCT U
Divergan®. U3cneaBaH e edoekTa Ha Te3n JobaBku BbpXy BoAo3agbpKalata cnocobHOCT
Ha Eutric Cambisol (S1) (Monwa) wn cpegHo epo3upaH Epicalic Chernozem (S2)
(Bvnrapus). Bogosagbpkaliata cCnocOOHOCT € onpedeneHa npu pasnuyeH MaTpuyeH
noTeHuunan ypes KanunsapumeTbp C BUCSAL, BOAEH CTbNO, C BakyyMHa KaMmepa, EKCTpaKkTop
C KepammyHu untpu, npeca Ha Pwuyapaoc ¢ uenodaHoBa mambpaHa (Soilmoisture
equipment), metoa Ha agcopbuma Ha BogHM napu, kakTo u 4Ypes TDR/MUX/mpts anapat
(ETEST SP. Z O.0.) 3a eqHOBpEMEHHO N3MepBaHe Ha MaTpuUYHUA noTeHuunan u obemHarta
BMa)XHOCT B MpOLEC Ha u3napeHue. buoBbrMeHbT, BepMUKOMNOCTLT U Divergan® ca
npunoxeHn B aosa 1% ot noysarta.

M3aMeHeHnATa B TpeTUpaHUTE MOYBM 3aBUCKU CreundunyHO OT TEXHUTE CBOWCTBA U
Te3n Ha gobaBkuTe. lNoBuwaBaHeTo Ha agcopbumoHHuTe cBowncTBa Ha Eutric Cambisol
(S1) He e cbnNpoBOAEHO C HapacTBaHe Ha Bogo3adbpXkalliata M CrNoCOOHOCT NMPU HUCKK
noTeHuunanu, koeto obsicHABa nuncarta Ha epekT BbpXy yCBOsieMusi BoAeH KanauuTert. [o-
duHovactmyHaTta Epicalcic Chernozem ce Bnusie MNONOXWUTENHO OT MNPUIOXEHUTE
BepmukomMnocT mn Divergan. [Jo6aesaHeTo Ha Divergan npeausBukBa paswimpsBaHe Ha
ABETe MOYBM NPU HaBNaXHsBaHE M CbOTBETHO HamansaBaHe Ha obemHaTa MNAbTHOCT U
obemHaTa BrnaxHocT. lNpunoxeHata [o3a GMOBLIMEH HE BnMsie BbpXy BOAO3aabpaluata
cnocobHocT Ha Epicalcic Chernozem u yBennyaBa camo agcopbuuoHHMTE CBOMCTBA Ha
Eutric Cambisol.

Knroyoeu dymu: noyeeHu dobaeku, sodosadbpxawia criocobHocm Ha rnoyeama.

BnarogapHocTu

YacT ot nscneagsaHeTo e puHaHcupaHo ot ®oHa HayyHu N3cnegsaHusa no Jorosop
KM-06 H 46/1 2020.
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TOPEHETO U NOJNIMBHATA HOPMA KATO ®AKTOPU, ONPEOENALLA
CbABbPXXAHUETO HA JIMKOINEH B MIOAOOBE HA JIOMATMU (Lycopersicon
esculentum Mill.)

Emun Oumutpos, UBaHka MutoBa, Becena lNeTpoBa

UIMA3P ,H. lNMywkapos®, Cogpusi, CCA

Pestome

B wun3acnegBaHeTo ca npegcrtaBeHn pesyntatm oT u3BedeH onut nped 2020r cbe
CPeAHO paHeH geTepMuHaHTeH copT gomatu ,HukonuHa F17, BbpXy uanyxeHa kaHeneHa
ropcka noysa. BbuB (hbasa ctonaHcka 3psnocT Ha goMatuTe € YCTAaHOBEHO BIIMSIHWMETO Ha
n3NUTBaHUTE akTopu- NONIMBHA HOPMa M HapacTBaLLO MUHEPAIHO TOPEHE BbpXy CMHTE3a
Ha obwu OGarpuna n nukoneH. CUHTE3bT Ha aHTUOKCUAAHTUM € MOBAWAH CUMHO OT
TemnepaTtypHUTE yCnoBusa npes onuTHata rognHa. OnNuTHUTE pesynTaTu Nokasear, Ye npwu
asete nanuteaHn nonveHU Hopmu (50 n 100% T[MNB) Han- BMCOKO CbAbpXaHue Ha
NMKOMEH B NSI0AOBETE OT AOMaT BbB (pasa CToNaHCcKa 3psinocT € OTYETEHO Npu TOpeHe
c N20P12K20. OcpeaHeHOTO CbabpXaHWe Ha NMKOMEH Npu NIIOAOBETE Ha pacTeHusiTa C
50%I1MNB e no- Bucoko oT ToBa Ha pgomartute npu 100% T[MB. C HapacTBaHe Ha
nonveHata Hopma ot 50 Ha 100% TMB ce yBenuyaBa W NPOUEHTHOTO y4acTue Ha
NMKoneHa B CUHTe3a Ha GarpunaTta, 3a cmeTka Ha (- kapoTeHa. C HapacTBaHe Ha
TopoBaTa HOpMa, HapacTBa W MPOLEHTHOTO CbAbpXaHWE Ha nukoneHa cnpamo -
kapoTeHa. pe3 2020r cMHTEe3a Ha fMKOMEH € MOBSIMSIH OCHOBHO OT MPUSTOXXEHOTO TOPEHe-
88,39%.

FERTILIZATION AND IRRIGATION RATE AS FACTORS DETERMINING THE
CONTENT OF LYCOPENE IN TOMATO FRUITS (Lycopersicon esculentum Mill.)

Emil Dimitrov, Ivanka Mitova, Vesela Petrova

ISSAPP “N. Poushkarov”, Agricultural Academy

Abstract

The research presents the results of an experiment carried out in 2020 with a
medium-early determinant tomato variety "Nikolina F1", on leached cinnamon forest soil.
In the stage of economic maturity of tomatoes, the influence of the tested factors -
irrigation rate and increasing mineral fertilization - on the synthesis of common dyes and
lycopene was established. The synthesis of antioxidants was strongly influenced by the
temperature conditions during the experimental year. Experimental results show that at the
two irrigation rates tested (50 and 100% PPV), the highest lycopene content in tomato
fruits in the stage of economic maturity was recorded when fertilized with N20P12K20.
The average lycopene content of the fruits of plants with 50% PPV is higher than that of
tomatoes at 100% PPV. As the irrigation rate increases from 50 to 100% PPV, the
percentage participation of lycopene in the synthesis of dyes increases, at the expense of
B-carotene. As the fertilizer rate increases, the percentage of lycopene to 3-carotene also
increases. In 2020, the synthesis of lycopene was mainly influenced by the applied
fertilization - 88.39%.

253



EKOJTIOIMA NN ATPOTEXHOJTIOT NN — ®YHOAMEHTAITHA HAYKA N MPAKTUYECKA PEATTM3ALIMA

N3CINEABAHE ATPECUBHOCTTA HA U3OJIATU OT PHOMOPSIS/DIAPORTHE
HELIANTHI MUNT. -CVET ET AL. BbPXY CIIbHYOITIEA NMPU NMOJICKU YCIIOBUA

Mapwus MNMetpoBa, HUHa HeHoBa

LobpyodxaHcku 3emedernicku uHcmumym-2p. [eHepan Toweeo
e-mail: maria.petrovaa.1994@gmail.com

domoncuchbT unm Cusnute neTHa no crbHYornena c tenemopd Diaporthe helianthi w
aHamopd Phomopsis helianthi e egHa OT WKOHOMMYECKM BaXHUTe 6Gonectn no
CnbHYornega B cBeToBeH Malab. 3abonsiBaHeTo € yctaHoBeHO npe3 70-Te roavHu B
6uBwa KOrocnaems n oT ToraeBa rbbata ce € pasnpocTpaHuna LUMPOKO KbM CbCEAHUTE
avpxxasu. B EBpona e pernctpmpaHo HamansgBaHe Ha gobwusa o 40%, a macneHoTto
cbabpxaHue c oo 15-20 %. Hanocneabk ce nosiBMxa onncaHusi Ha Apyru BUAOBE OT TO3M
poa (D. gulyae, D. kongii, D. Masireviciiand, D. novem) kato uTonatoreHn no
cnbHYorneaa, Ho Te ca cnabo Npoy4veHun y Hac.

B HacTosawoTto npoyysaHeTo ca BkntodeHn 30 udonata ot Phomopsis helianthi ,
KOUTO ca CbbpaHu OT pasfMyHU PerMoHuM Ha cTpaHaTta. M3nuTtBaHeTo e npoBeneHo npu
MOMCKM YCNOBKSI KaTo ca TecTupaHu eguH xubpug cnbHyorneq ([eeepa) n eguH copt
cnbHyornen (Paeoput). PacteHmsta ca MHOKyNupaHuM BbB ¢pa3a Kpan Ha GyToHM3aums-
Hayano Ha UbdTeX No MeToda Ha crnamkarta. Pesyntatute ca oTyeTeHu geceT OHWU cneg
3apassaBaHeTo. MamepeHa e nnowita Ha nesuuTe no cTbbnarta Ha pacTeHusTa.

Ot nscnegsanute 30 nsonara, Han-BMCoka arpecmMBHOCT Npu copT PaBopuUT Nokasea
camo €duH,KOUTO € OT rpynata OTKpuTu B parnoHa Ha [3W. MNpu ceaem ot nsonatute He
ce HabniogaeaT npuaHaun Ha nHdekuus no cTbbnarta Ha pacTeHusTa.

Pesyntatnte oT MHOKyNUpaHETO Ha pacTeHus oT xmbpug [deBena nokassaTt BMCOKa
arpecuBHOCT Ha TpW OT M3onaTuTe, OTKPUTU CbOTBETHO B panoHa Ha O3U n Pyce. MNpu
3apassiBaHe C ocTaHanuTe usonartu ce Habnogasa ymepeHa 4o cnaba arpeCcuBHOCT.

OT nony4yeHuTe gaHHU ce BMXAa, Ye CblUeCTByBallaTa Bapuauus B arpecuMBHOCTTA
Ha nsonatuTe Bb3NPENATCTBa HAMUPAHETO Ha reHN 3a YCTOMYUBOCT 3a AadeHWs NaToreH.

Knryoeu dymu: Phomopsis helianthi, aespecusHocm, u3onamu, gomoricuc,
crbHYo2ned.
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STUDY ON THE AGGRESSIVENESS OF ISOLATES OF PHOMOPSIS/DIAPORTHE
HELIANTHI MUNT. - CVET ET AL. ON SUNFLOWER UNDER FIELD CONDITIONS

Maria Petrova, Nina Nenova

Dobrudzha Agricultural Institute — General Toshevo
e-mail: maria.petrovaa.1994@gmail.com

Sunflower gray spots with telemorph Diaporthe helianthi and anamorph Phomopsis
helianthi is one of the economically important diseases of sunflowers worldwide. The
disease was established in the 1970s in the former Yugoslavia, and since then the fungus
has spread widely to neighboring countries. In Europe, the losses caused by the pathogen
amount to 40% of the productivity, and to 15-20% of oil content. Recently, there have been
descriptions of other species of this genus (D. gulyae, D. kongii, D. Masireviciiand, D.
novem) as phytopathogens of sunflowers, but they have been poorly studied in our
country.

The study involved 30 isolates of Phomopsis helianthi, which were collected from
different regions of the country. The test was carried out under field conditions, with one
sunflower hybrid (Deveda) and one sunflower cultivar (Favorit) being tested. The plants
were inoculated at the beginning of flowering using the Straw method. Results were read
14 days after infection.

From 30 investigated isolates, the highest aggressiveness in the Favorite cultivar is
shown by only one, which is from the group found in the DZI region. Seven of the isolates
showed no signs of infection on plant stems.

The results of the inoculation of Deveda hybrid plants showed high aggressiveness
of three of the isolates found in the DZI and Ruse regions, respectively. When infected with
the other isolates, moderate to weak aggressiveness is observed.

Key words: Phomopsis helianthi, aggressiveness, isolates, Phomopsis, sunflower.
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PA3BUTUE HA CINbHYOITIEQ BbB BETETALUMOHEH OMNUT Nopfd BIIUAHUE HA
PA3NTNYHUN KOMBUHALWN HOPMU U MUHEPAJTHU TOPOBE

AHa KauapoBa, UnusiHa NepacumoBa, MuneHa XapusaHoBa, MapTnH HeHoB

UHcmumym ro rnoygo3HaHue, agpomexHoI02uuU U 3awuma Ha pacmeHusima
"H. lNywkapos”, CenckocmonaHcka Akademusi
e-mail: anichrankina@gmail.com

Pe3ome

N3cnepoBaHeTo e npoBegeHO B YCNOBUSATA Ha CbOOB €KCNEePUMEHT C MnoyBa —
N3Ny>XeHa CMOMHMLA, TecT KynTypa cpeaHo paHeH xubpuag CnbHuyorneqn (Helianthus
annuus L.) — Sumiko HTS ¢ uen ga ce oueHM edeKkTbT OT B3aUMOAEWCTBMETO Ha
pasnuUyHn KOMOMHaUMM HOPMU U TopoBe (a30THM, POCKOPHKN, KanMeBn N CUNULINEBN).
EkcnepumeHTbT BKMtoYBa 15 BapuMaHTM Ha TOPEHE W KOHTpona, B TPU MOBTOPEHUS.
[MonyyeHn ca gaHHWM 3a BUCOYMHATA Ha pacteHuaTa Ha 34™, 47, 57™ n 67" geH ot
Ha4yaroTo Ha BereTauusita, KakTo U TErNoTO Ha cBe)aTa buomaca oT Haa3emHaTta 4acT U
KOpeHuTe B OTOENs3aHMTE CPOKOBE OT pa3BUTMETO Ha KynTyparta. Crnopea nonyyeHute
eKcnepuMeHTanHn OaHHW, W3CnedBaHuUTe MoKasaTtenu ca MOBMUSHM 3HA4YUTENHO OT
NpuNoXxeHoto TopeHe. OnNTMManHO BereTatMBHO pas3BuTne A0 dasa OyToHM3aums Ha
cnbHYyornega € nocturHato npu  BapuaHTUTe  NaooP1soKi40Sisoo M NaooPoKiaoSisoo.
CratuctuyeckmaT aHanm3 noTebpKaaea, Ye Hopmarta ot 200 mg N/cba, 140 mg K/cbg B
kombuHauma ¢ 800 mg Si/cba e Har-noaxoasiwa 3a pacTexa Ha crnbHYorneaa.

Knryoeu dymu: HopMu Ha mopeHe, a3omHu, ¢bocghopHU, Kanuesu U cunuuyuesu
mopoee, memr Ha HapacmeaHe Ha buomacama Ha ClibHY02/1€el.
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SUNFLOWER GROWTH IN A POT EXPERIMENT UNDER DIFFERENT
COMBINATIONS OF NORMS AND FERTILIZERS

Ana Katsarova, lliyana Gerassimova, Milena Harizanova, Martin Nenov

Nikola Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection,
Agricultural Academy
e-mail: anichrankina@gmail.com

Abstract

Sunflower (Helianthus annuus L.) represents an important oil crop and may have a
certain production potential under optimal input conditions. The study was conducted in a
pot experiment with soil types — Pellic Vertisol, with the aim to evaluate the effect of
different norms and combinations of nitrogen, phosphorus, potassium, and silicon
fertilizers and to estimate their impact on the vegetative development of the medium-early
hybrid Sunflower (Helianthus annuus L.) — Sumiko HTS. The experiment included 15
fertilization treatments and one control variant, with three replications. Data was obtained
on the height of the plants on the 34™, 47", 57" and 67" day, from the beginning of the
vegetation, as well as weights of fresh biomass from the above ground part and roots.
According to the obtained experimental data, the agronomic characteristics were affected
significantly by treatments. The optimal vegetative development to the budding phase was
reached in the variants - NaoP160K140Sisoo and NzgoPoK140Siseo, Were those in which plant
development was more favorably influenced by the applied fertilization. The analysis
confirmed that the norm of 200 mg N/ pot, 140 mg K/pot in combination with 800 mg Si/
pot in both soil types, was the most appropriate for the growth of sunflower.

Key words: fertilization rates, nitrogen, phosphorus, potassium and silicon fertilizers,
growth rate of sunflower biomass.
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BIMUAHUE HA POTALUUATA HA KYNTYPUTE BbPXY USBHOCA HA A30T C
JIMBUMETPUYHUTE BOAU B YA3BUMU 30HU

Lleuka CumeoHoBa, Jlto6a HeHoBa, Mas BeHkoBa, MapTnH HeHoB
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e-mail: cecka_simeonova@abv.bg

Pestome

N3BecTHO e, 4Ye npomMeHuTe B KNumaTa NOCTaBAT YHKUMOHMPAHETO Ha
arpoekocucteMuTe Mpyv BUCOKU HMBA Ha BUMOTMYEH M abUOTUYEH CTpec, U ce oTpassaBaT
CbLLECTBEHO BbPXY 3eMederickoTo MpouM3BOACTBO B cBeToBeH Mawab. Cmdata ce, ye
cenTboobpbLUEHMSTA Ca eAnH OT HadYMHUTE 3a aganTupaHe Ha CErnckoTO CTOMAHCTBO KbM
M3MEHEHMETO Ha KnMmaTa B CpaBHEHME C MOHOKYNTYpHOTO oTrmexaaHe. Llenta Ha
n3cnegBaHeTo € Aa ce Npocrneau BIMSHWETO Ha pedyBaHe Ha KynTypuTe uapesuua-
NweHnua BbpXy NoBegeHNETO, CbAbPXKaHMETO N N3HOCA Ha a30T M3BLH KOpeHoobntaemms
NMOYBEH CINOW.

MpoBegeHo e wuscnegBaHe Ha onuTHO none LUananuua, [1noBAMBCKO BbpXy
AnyeunanHo-nueagHa no4yea (Fluvisol). B onuta B noncko cemtboobpalwieHne (Lapesuua-
nweHnLa) ce U3nUTeaT TpU BapmaHTa ¢ HapacTBalmM HOPMK Ha a3oT U hocdop, KoUTo ce
cpaBHsiBaT ¢ BapuaHT 6e3 TopeHe. lNpe3 2020 r., e oTrnexaaHa uapesmua 3a 3bpHO (Zea
mays, L.,) FAO group 310, ¢ Hopmu Ha TopeHe (ToNoPo T1N12Ps, ToN16P12, TsN2oP16). MNpes
nepuoga 2020/2021 roanHa e oTrnexaana nwenuua, ( Triticum aestivum L.), cbC cnegHute
BapnaHTn Ha TopeHe - (ToNoPo;, TiN1oPs; T2N14P1o; TsNiP1s). Cxemata Ha onuta e
cbobpaseHa ¢ npenBapuUTENIHO MOHTUPaHU NU3NMETPUYHK yCTponcTBa Tun E6epmariep,
Ha AbndouymHa 0-100 cm OT nNOBbLPXHOCTTA Ha noyBata. M3uucneH e o06emMbT Ha
NN3NMETPUYHUTE BOOM, aHanM3MpaHO € CbAbPXaHMeTO Ha as30T M U3HOCBLT MYy C
MHunTpaTa.

YCcTaHOBEHO €, Ye cnep Beretaumsita Ha uapesuua 06emMbT Ha NM3MMETPUYHUTE BOAM
gocTura oo 75,95 1.m?, pokarto cnepn niueHuua, nonyYyeHusaT ApeHax e oKono 2,5-3 nbTu
No-HUCHK. CbObpPXKaAHNETO Ha a30T B 3aBMCUMOCT OT HOPMUTE Ha TOpeHe cnea uapesvua e
B AvanasoHa ot 10,8 no 37,5 mg.l"", a npu nweHuua B rpaHunumTe ot 8,73 o 23,58 mg.l™.
M3HOCKUTE Ha enemeHTa C OPEHaXHUAT OTTOK C MbpBarta Kyntypa ca cboTBeTHO — 0,56-
2,85 kg.da™, a npu nweHunuata — 0,12-0,63 kg.da™'. YctaHoBsBa ce, Ye Npu OTINexaaHe Ha
KyNnTypu CbC CRsiTa NMOBBPXHOCT, M3HOCBLT Ha HUTpPaATEH a30T M3BbH KOpeHoobutaemuns
MOYBEH CMNOWN ce peayumpa 3Ha4YmTEeSTHO.

Knroyoeu dymu: usHoc Ha asom, ceumboobpblieHue, uHgunmpam.
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EFFECT OF CROP ROTATION ON LEACHING OF NITROGEN WITH THE LYSIMETRIC
WATERS IN VULNERABLE AREAS

Tsetska Simeonova, Lyuba Nenova, Maya Benkova, Martin Nenov

N. Poushkarov Institute of Soil Science, Agrotechnologies and Plant Protection,
7 Shosse Bankya str., 1331 Sofia, Bulgaria, Agricultural Academy
e-mail: cecka_simeonova@abv.bg

Abstract

It is known that climate change put the functioning of agro-ecosystems under high
levels of biotic and abiotic stress, and significantly affect agricultural production worldwide.
It is considered that crop rotations to be one way for adaptation of agriculture to the
climate change in compared to monoculture cultivation. The aim of the research was to
investigate the effect of a maize-wheat rotation on the behavior, content and losses of
nitrogen outside the root soil layer.

A study was carried out on an experimental field Tsalapitsa, Plovdiv region on
Fluvisol. In a field rotation experiment (maize-wheat), three treatments with increasing
rates of nitrogen and phosphorus were tested and compared with a no-fertiliser treatment.
In 2020, grain maize (Zea mays, L.,) FAO group 310, was grown with fertilizer rates
(ToNoPo; T1N12Ps; T2N+1sP12; TsN2oP+s). In the period 2020/2021, wheat, ( Triticum aestivum
L.), was grown with the following fertilizer variants - (To NoPo; T1N1oPs; T2 N14P10; T3 N1gP14).
The field plots were equipped with modification of Ebermayer type of lysimeters, which
collect water from 100 cm depth of soil profile. The volume of lysimetric waters was
calculated, the nitrogen content and its leaching was analyzed.

It was found that after the maize vegetation, the volume of lysimetric waters reached
75.95 I.m?, while after the wheat, the resulting drainage was about 2.5-3 times lower. The
nitrogen content, depending on the fertilization rates after maize, ranged from 10.8 to 37.5
mg.l", and for wheat from 8.73 to 23.58 mg.I"'. The losses of the element with drainage
runoff with the first crop were respectively — 0.56-2.85 kg.da™, and with wheat — 0.12-0.63
kg.da™. It was established that when grown cereal crops, the losses of nitrate nitrogen out
of the root zone was significantly reduced.

Key words: nitrogen leaching, crop rotation, infiltrate.
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BNMUAHUE HA MUHEPAJTHO TOPEHE C N, P, K 1 SI B MNOJICKMX ONMUT C LAPEBULIA
HA U3NYXEHA CMOJTHULA

Jlro6a HeHoBa

UIMA3P ,H. lNywkapos”, 1080, Cogpus, yn. ,Llloce baHks”, 7
e-mail: lyuba_dimova@abv.bg

Pestome

BanaHcupaHOTO MUHEpanHoO TOpeHe e npeanocTaBka 3a ONTMMAarnHoO pasBUTUE Ha
3eMefenckuTe KynTypyu ¢ MMHMMarneH HeratueBeH edpekT BbpXy OKonHaTa cpefa. Llenta Ha
HacToOALWOTO m3cnenBaHe OGewe ga ce onpegenu BNUSHMETO Ha TopeHe ¢ as3oT (N),
docop (P), kanun (K) n cunuumn (Si) Bbpxy gobusa M BUCOYMHATA Ha pacTeHusTa oT
uapesuua (Zea mays L.) - cpegHo paHeH xmbpwug ,P-8834", 310 ot rpynata Ha PAO
(FAOSTAT, 2019), B ycnosuaTa Ha nonckn onut Bbpxy W3snyxeHa cmonuuua (Haplic
vertisol). BucounHata Ha pacTeHusiTa Ce NpPOMEHs AoKasaHO Noa Bb3OeWCTBME Ha
NPUIIOXKEHOTO TOpeHe, KaTo Han-CUNHO BapupaHe Ha AaHHuTe mma BbB pasa 11-12-u
nuct, korato ce dopmmpatr obwo 7 xomoreHHu knaca. C Hawn-ronsiMa BMCO4YMHA ca
pacTeHnATa BbB BapunaHTute B4 (N200P160K1208i14), Bs (N200P80K2408i28) n Bs (N200P160K2408i14),
KOETO OTKpoOsiBa Bofellata pofnsd Ha TOpeHeTo € a3oT B HopMa N npu hopmmnpaHe Ha
Buomacarta. MHOroakTOpHUAT aHanuM3 NOTBbpXKAaBa Bb3AENCTBMETO Ha asoTa, Kanus u
cvnuumsa Bbpxy opmmpaHms JobuB OT uapeBuua, Kato Hal-MHOro 3a Aucnepcusita B
onuta gonpuHacs cunnumat — 24,18%, cnegeaHd ot kanus — 20,45% v asota — 16,15%.
Han-Bucokn pgobumeum ca otyeteHn npu BapuaHtTute Bs (N2ooPsoK240Sizs) n  Bs
(N100P160K240Si28), cboTBETHO 11762,8 kg.ha™' 1 13042,3 kg.ha™', npu kouto yBEenM4yeHneTo
CNpsSIMO KOHTpoOnara e noeseye OT ABa MNbTH.

KnroyoBu aymu: yapesuuya, azomHu, ¢hoCcghopHU, Kanuesu U cunuyuesu mopose,
0obus, suco4uHa, N3nyxeHa cMonHuya.
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EFFECT OF FERTILIZATION WITH N, P, KAND SI IN A FIELD EXPERIMENT WITH
MAIZE ON HAPLIC VERTISOL

Lyuba Nenova

ISSAPP “N. Poushkarov”, 1080 Sofia, 7 Shosse Bankya Str.
e-mail: lyuba_dimova@abv.bg

Abstract

Balanced mineral fertilization is a precondition for optimal development of agricultural
crops with a minimal negative effect on the environment. The aim of the present study was
to determine the effect of fertilization with nitrogen (N), phosphorus (P), potassium (K) and
silicon (Si) on the yield and plant height of maize (Zea mays L.) - medium early hybrid “P-
8834”7, 310 of the FAO group (FAOSTAT, 2019) in a field experiment on Haplic vertisol. The
height of the plants is significantly influenced by the applied fertilization, with the strongest
data variation occurring in the 11-12" leaf phase, when a total of 7 homogeneous groups
were formed. The greatest height of maize plants was observed in variants - B.
(N200P160K1208i14), Be (N200P30K2408i28) and Bs (N200P160K24()Si14), where the Ieading role of
nitrogen (with the higher norm Nay) was distinguished. The multifactorial analysis
confirmed the impact of nitrogen, potassium and silicon on the formed maize grain yield,
with silicon contributing the most to the variance in the experiment - 24.18%, followed by
potassium - 20.45% and nitrogen - 16.15%. The highest yields were reported in variants Bg
(N200P80K2408i23) and B7 (N100P160K2408i23) - 11762.8 kg.ha‘1 and 13042.3 kg.ha‘1,
respectively, with more than two times increasing compared to the control.

Key words: maize, nitrogen, phosphorus, potassium and silicon fertilizers, yield,
height, Haplic vertisol.
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ASSESSMENT OF PHYSICAL AND CHEMICAL CHARACTERISTICS OF WATER
REPELLENT SOIL PROFILES OF TECHNOSOLS FROM MARITSA-IZTOK OPEN-
CAST COAL MINE IN BULGARIA

Plamen lvanov, Irena Atanassova*, Martin Banov, Ivaylo Kirilov

Agricultural Academy, N. Poushkarov Institute for Soil Science,
Agrotechnology and Plant Protection, 7 Shosse Bankya Str., 1331 Sofia, Bulgaria
* e-mail: i.d.atanassova@abv.bg

Abstract

The paper compares physical and chemical characteristics of technogenic soil
profiles at coal mine spoil from Maritsa-lztok Mines. Sites with coniferous vegetation and
without vegetation were selected. Brief comparison was made between physicochemical
characteristics of studied soil profiles and those from other mine spoils. Relations with
previous studies are also provided. The technogenic soil profiles have high cation
exchange capacity and organic carbon content. Soil water repellency was measured and
its correlation with studied soil characteristics of the Technosols was established. The
water drop penetration time (WDPT) decreases sharply after heating of extremely
hydrophobic soil samples. Before heating it correlates significantly with exchangeable
cations of aluminium (R*wopra = 0.863) in the soil profile under pine and less with
hydrogen in the profile without vegetation (Rworr.ts2 = 0.409). In the pine site, significant
correlation was also found between the WDPT and the total organic carbon (R*woer-toc =
0.711) as well as with fulvic organic carbon (R*worr.roc = 0.824). In the non-vegetated soil
profile, the correlation is significant with the fraction of unextracted organic carbon (R*wopr-
Cunextr. — 0644)

Key words: Technosols, soil physical characteristics, soil chemical characteristics,
soil hydrophobicity.
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OLIEHKA HA ®U3UYHN N XUMUYHU XAPAKTEPUCTUKU HA NPODUITU HA
TEXHOINEHHU No4YBU C NOYBEHA BOAOHENPONYCKIIMBOCT OT PAUOHA HA
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Pestome

My6nukaunata npeactaBs CpaBHEHUE Ha PUBUYHUTE N XUMUYHUTE XapaKTEPUCTUKK
Ha TexHOreHHM No4YBeHn NpodMnM OT MUHHM Hacunuwa cneg Bbrnegobus OT panioHa Ha
MuHn Mapuua-n3tok. M3cnegBaHn ca yyacTbuUM C UMMONUCTHA pacTUTenHocT u 6e3
pacTuTenHoctT. HanpaBeHO € KpaTKO CpaBHeHME MexXay  (PU3MKO-XUMUYHUTE
XapakTepPUCTUKN Ha n3crnenBaHUTe noYBeHn Npodunu ¢ Te3n OT APYrM MUHHM Hacunuuia.
YCcTaHOBEHO €, 4Ye TexHOreHHUTe Mo4YBM MMaT BUCOK COPOUMOHEH KanauuTeT U BUCOKO
CbAbpXaHWe Ha opraHuyeH Bbrrepon. ViamepeHa e noyBeHata BOLOHENPOMNYCKIMBOCT Ha
npocomnute M € YCTaHOBEHa HeWHaTa Kopenauusita C u3cnegBaHuTe MNOYBEHU
XapakTepucTukm Ha TexHoreHHuTe noysu. Crieq nabopaTopHO HarpsiBaHe Ha EKCTPEMHO
XnapoobHnTe no4vBeHM npobu BPEMETO Ha MPOHMKBaHE Ha BogHata kanka (BlBK)
HamansBa psi3ko. YCTaHoBeHa e kopenaums mexay BINBK n obmeHHus anymuHmi (R*wopt-a
= 0.863) B no4BeHus npocun nog 6op n no-cnaba kopenaumsa ¢ Bogopoaa B npoduna 6e3
pactutenHocT (Rwoprrs2 = 0.409) npean HarpsiBaHe Ha nodYBeHUTE Npobun. B yyacTbka nog
6op e ycTtaHoBeHa CblUo kopenauus mexay BIMBK ¢ obwoto KonnyecTBo Ha opraHudeH
Bbrnepon (R*woertoc = 0.711) n dpakuuaTa Ha dynBokmcennHute (R*woer.roc = 0.824). B
noyBeHns npodgun 6e3 pactutenHocTt BIIBK kopenupa ¢ HeekcTpaxvpaHusi OopraHu4eH
Bbrnepoa (R*WDPT-Cunextr. = 0644)

Knroyoeu Oymu: TexHO2eHHU Mo4Y8u, @DUBUYHU XapakmepucmuKu, XUMUYHU
Xapakmepucmuku, rno4yeeHa 8000HeNpPOoIrlycKIu8ocm.
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