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WELCOME ADDRESS ON THE OPENING OF SCIENTIFIC FORUM WITH
INTERNATIONAL PARTICIPATION

“ECOLOGY AND AGROTECHNOLOGIES - FUNDAMENTAL SCIENCE AND
PRACTICAL REALIZATION — BUSINESS MODELS FOR IMPROVING SOIL HEALTH”

Dedicated to the World Soil Day, 5" of December,
and the 150" anniversary of the birth of the founder of Soil Science in Bulgaria
Nikola Poushkarov

By Prof. DSc Irena Dimitrova Atanassova, Director of Nikola Poushkarov Institute of
Soil Science, Agrotechnologies and Plant Protection

YOUR excellencies, Dear guests and Colleagues,

On behalf of the management board of Nikola Poushkarov Institute of Soil Science,
Agrotechnologies and Plant Protection, | welcome you to the 11th celebration of the World
Soil Day by our Institute and to the 6th edition of our conference ECOLOGY AND
AGROTECHNOLOGIES — FUNDAMENTAL SCIENCE AND PRACTICAL REALIZATION
— and this year, apart from our partners, the Agricultural Academy, the Bulgarian Society of
Soil Science, and the Federation of Scientific and Technical Unions in Bulgaria, we are
joining our efforts for celebration with the New Bulgarian University and add to the title an
important text: BUSINESS MODELS FOR IMPROVING SOIL HEALTH.

Today we also celebrate the 150th anniversary of the birth of the patron of the
Institute and founder of Soil Science in Bulgaria the geologist and soil scientist Nikola
Poushkarov, and the 100th anniversary from the birth of the great Bulgarian agronomist
and agrochemist Professor Ivan Garbuchev, as well as 75 years of the science of
agricultural mechanization.

Today, the 5" of December, once again, together with the scientific community of
over 140 countries around the world, we celebrate "The World Soil Day" - one of the
most important days in the UNs calendar. This day unites governments, institutions,
scientists, non-governmental organizations and the general public in our common care,
respect and love for soil.

As a national leader in soil science agrotechnologies and plant protection, "N.
Poushkarov" Institute has been celebrating the World Soil Day since the year 2014, when
December the 5" was declared a Professional holiday of the Institute.

Soil is a limited, irreplaceable and practically non-renewable natural resource.
Despite its great importance for providing food for humanity, as a result of constant growth
of population and application of unsustainable management practices, the degradation of
soil resources is growing threateningly on a global scale.

There are many definitions of soil, the most exciting of which are: “Soil is the mother
of agriculture, the mother of life” (FAO Director-General QU Dongyu) and “Soil gives
the taste of life - therefore the meaning of life”.
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Recognizing the crucial role of soil in providing food for humanity and its key role in
ecosystems, and considering the enormous challenges to its sustainable management and
conservation, The General Assembly of the United Nations, in a resolution of the 68"
session on 20" of December 2013, decided to mark the 5th of December as World Soil
Day and called on national governments, regional and international governmental and
non-governmental organizations, the private sector and all stakeholders to join the
celebration of World Soil Day.

This year, again the academic staff of the Poushkarov Institute continues to work
actively to implement the tasks of the Global Soil Partnership (GSP) - an initiative
launched by the Food and Agriculture Organization (FAO) of the UN.

The Institute is also part of the International Networks of Soil Information
Institutions, Global Soil Laboratory Network, The infrastructure AnaEE, European
civil initiative "People for Soil”" and others.

This year, the Institute continued to support the initiatives of the Ministry of
Agriculture and Food and the Ministry of Environment and Water in the implementation of
National and European tasks related with problems in the soil-water-plant system.

Happy holiday dear colleagues and guests!

| wish everyone a successful and fruitful conference!

Prof. DSc Irena Dimitrova Atanassova
Director of Nikola Poushkarov Institute of Soil Science,
Agrotechnologies and Plant Protection, Sofia
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100 roguHN NOYBO3HAHUE B BBJITAPCKUTE YHUBEPCUTETHU
Bucep Xpucros'*, Mapraputa MoHgelwuka?, Metko Boxkos®, Muma Tonopsa*

" Mpedcedamen Ha Bvnezapcko Moysosedcko Lpyxecmso
2 YHueepcumem no Apxumekmypa, Cmpoumersicmeo u ['eodesusi
% Meonozo-eeoepagpcku akynmem, CY ,Ce. KnumeHm Oxpudcku®
* Tpakuticku YHusepcumem, Cmapa 3azopa

*e-mail: bisseru@abv.bg

Pe3tome

Tasn roguHa we otbenexum 100 rognHM OT Ha4vyanoTo Ha nNpenogaBaHETO Mo
noyBo3HaHune B Obnrapckute yHnsepcutetu. Mbvpeute nekumm no NovBo3HaHne 3anovsaT
B Kategpata "3emegenue" Ha ArpoHomumyeckma dakyntet Ha CY "CB. KnumeHT
Oxpuackn" B Codous. lMpes 1924 r. nbpBUAT npenogasaTen e akag. Mean CTpaHcku,
TOoraBa AOUEHT N feKkaH Ha ArpoOHOMUYECKNA hakynTer.

[MoyBo3HaHMeTO B bbrrapmsa e 6uno npenogaBaHO Ha AeCeTKU XWNSau CTyOeHTU
npe3 Bcuykute 100 rogmHu. Bbnpekn 4e, cera cTydeHTUTeE Yy Hac HamansasaT, BCskKa
rogMHa Hag HSKOMKOCTOTUH CTyAeHTUM ce obydyaBaT No MOYBO3HAHME B pPasfUYHK
yHuBepcuTeTn B bbnrapums.

HaykaTa noyBo3HaHWe Le OCTaHe U3KIYMTENHO BaxkHa n npes3 cnegeawmute 100
roguHn, 3aWoTo TOBa € HaykaTa Ha ObOeleTo u xopaTa BCe MoBeYe Le 3aBUCAT OT
no4esarta KaTo OCHOBEH pecypc 3a NPOU3BOACTBOTO Ha XpaHa U ApYyrM OCHOBHU pecypcu.

Knroyosu dymu: nouBO3HaHME, YHUBEPCUTETU, NpenoaaBaTenw.

100 YEARS OF SOIL SCIENCE IN BULGARIAN UNIVERSITIES
Biser Hristov'*, Margarita Mondeshka?®, Petko Bozhkov®, Mima Todorva*

" President of the Bulgarian Soil Science Society
2 University of Architecture, Civil Engineering and Geodesy
% Faculty of Geology and Geography, SU "St. Kliment Ohridski"
4 Trakia University, Stara Zagora

*e-mail: bisseru@abv.bg

Abstract

This year we will celebrate 100 years since lectures on soil science started in
Bulgaria - at the Department of Agriculture of the Faculty of Agronomy at the University
"St. Kliment Ohridski" in Sofia. In 1924, the first lecturer was academician Ivan Stranski,
then associate professor and dean of the faculty of Agriculture.

The Soil Science in Bulgaria has probably been taught to tens of thousands of
students over the last 100 years since it was started. Although nowadays the students in
our country are decreasing, every year more than few hundred are trained in Soil Science
at different universities in Bulgaria.

Teaching soil science will remain important for the next 100 years, because it is the
science of the future and people will increasingly depend on soil as the main resource for
their food production and other important resources.

Key words: soil sciences, universities, teaching, scientist.
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Mpe3 2024 roguHa ce HaBbpwwmxa 100 rogmHu, OT KakTo B kategpaTa no ,06uwo
3emegenune“ B ArpoHomunyeckunsa cakynteTt kbm Codominckusa YHusepcutet ,,CB. KnnmeHT
Oxpwuacku“ 3ano4ysaT ga ce yeTaT nekumm no nNoYBo3HaHMe oT akageMuk ViBaH CTpaHcky,
TOoraBa JOUEHT 1 AekaH Ha dhakynTeTa.

Heka pa BbpHeM BpemeTo 41 roguMHu npeaun ToBa, KOrato HaykaTta novBO3HaHWE
KaTo ecTecTBeHa Hayka 6e cb3gageHa OT Knacuyeckute TpygoBe Ha Bacunun B.
[okyyaeB. To3n MMeHUT pyckn ydeH npe3 1883 r. Hanucea kanutanHua cu Tpya ,Pycku
YepHO3eM”, B KOWTO U3SICHSIBA reHETUYHUS NPOU3X0 ] Ha MOYBUTE U 3aKOHOMEPHOCTUTE Ha
TAXHOTO pasnpocTtpaHeHne (Dokuchaev, 1883). HayuHute My umagen mHoro 6bp30 ca
noakpeneHn nbpBo B EBpona, a nocrne n B Amepuka. Taka Hadanoto Ha 20 Bek ce
npeBpblla B aKTUBEH Nepuog 3a y4yeHuTe B obnacTtra Ha NOYBO3HAHWETO B OTAESHUTE
cTpaHu. Cb3gageHn ca NbpBUTE HAYYHWN KOMNEKTUBU N HALMOHAMHN LLKOSIN.

KputnyHmat BbNpoc 3a yvyeHuTe noysoBean npes3 20-Tm BeK e ganu ,Haykata 3a
noysata“ mMma crnocobHOCcTTa ga CTOM CaMOCTOATENHO, OTAENHO OT reonoruaTa,
MUKpoBuonoruaTa, unn KoaTo n ga € ot Apyrmte nNpupoaoHayyHu OUCUMNANHK, CTaHanm
Bb3MOXHW OnarogapeHve Ha HOBUTE TexHorormu. Tasu gunema Ha MNOYBEeHUTE Y4YeHU
Gelue paspelleHa, Korato ABaTta narepa Ha arpoxvMuumTe U arpo-reonosnTte ce cbbpaxa
npes3 1924 r. Ha 4-5 KoHrpec no lNoyBo3HaHWe N cb3gagoxa MexayHapo4HOTO OPYKeCTBO
no NoYBeHn Hayku, cera MexayHapogeH cbio3 no noysosHaHue (IUSS).

B HawaTta cTpaHa OCHOBOMOMOXHWK Ha MOYBO3HAHWETO € roNeMuUsT naTpuor,
pogontobeu n nacnegosarten Hukona lMywkapos. Becmyko 3anoysa ¢ hyHaameHTanHusa My
Tpya ,Ob6pasyBaHe Ha nouysata’ npe3 1909 r., nocrneaBaHO OT Cb3daBaHETO Ha
noyBoBeacKa (arporeonornyHa) cekumsa kbm [bpxaBHaTa 3emegencka craHumsa B Cogus
npe3 1911 r., pbkoBogeHa cbwo oT Hukona lNywkapos (Tehoarov, 2023).

G : - - : 3 e «?-n"“---u - o
dPurypa 1. ArpoHomunyeckn pakyntet Ha CY, 1928 - 1948, cera buonornyeckn cakynteT
(cHuMMKa https://www.uni-sofia.bg/)
Figure 1. Faculty of Agronomy of SU, 1928 - 1948, now Faculty of Biology

BucweTto arpapHo oOpasoBaHue Boam Hadanoto cu ot 1921 r., Korato KbM
Cocpuiickn yHusepcutet ,,Cs. KnumeHT Oxpuackun® e paskput ArpoOHOMUYECKN dpakynTeT.
ArpoHoOMUYecKknAaT cbakynteT e TpaHcdopmupaH B ArpoHoMo-necoBbaeH npes3 1925 r. -
NMbpBOHAYasnHo ce nomMellasa B crpagaTta Ha Pusmko- MaTemaTnyeckna akynTteT Ha yn.
MockoBcka, nocne B [JyxoBHaTa cemuHapus B KkB. JlodeHeu. OT 1928 r. dhakynTeTbT Ce
pasnonara B HOBOMoOCTpoeHaTta crpaga Ha yn. “KHas CumeoH TbpHOBCKM” (aH. “OparaH
LlaHkoB”) nocTpoeH cbe cpencrTea Ha PokgeneposaTta oHaauus (Koinov, 1987).
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YHUBEPCHTETCKA BHUBJIHOTEKA Ne 160

NOYBO3HAHWE

Olb

MPO®, B, T. CTPAHCKH

coons
NPHABOPHA NEYATHULIA — A, 11
198

durypa 2. Akagemuk iBaH CTpaHCKn 1 HeroBnsa Nbpeu y4ebHUK no MNoysosHaHme,
nsgageH npes 1929r (cHMMka - BTopo nsgaHue ot 1935)
Figure 2. Academician Ivan Stranski and his first textboook on Soil Science, published in
1929 (photo - second edition from 1935)

KbM ArpoHoMo-niecoBbaHUa dakynteT ce uucnat LeHTpanHuaTt 3emenencku
WHCTUTYT N LleHTpanHuMaT MEeTEOopOSiorMYeH WHCTUTYT, PasnofioKEHW B YeTMpUETaXKHa
crpaga B 6nmM3oCT A0 HOBOTO 34aHMe Ha dpakynteTa (cera crpagata ce u3nosiaza oT
Counckms paroHeH cba U NpokypaTtypa).

Akagemuk CTpaHCKM 3aBexpga kaTegpaTta no obuwo 3emegenue, ot 1921 go 1951.
Mpe3 1924 — 1925 rognHa e gekaH Ha dpakynTeTta, a oT 1926 roguHa e M3BbHpPedeH n
penoBeH npodecop. Ton e YneH-kopecnoHA4eHT Ha bbnrapckarta akageMmsa Ha HaykuTe OT
1929 rogmnHa n akagemunk Ha BAH ot 1943 r. lo 1952 akaa. MiBaH CTpaHCKn pbKoBOAM
uHctutyTa no ,O6wo 3emegenue”, KOMTO € cCb3gagdeH ycnopegHo € ArpoHOMO-
necoBbaHMS akynTeT, KbAeTo ce [faBa obwa u crneumanuavpaHa MOAroToBKa Ha
CTyAeHTUTE no BbnpocuTe Ha [o4yBO3HAHMETO, TOPEHETO M obpaboTkata Ha no4vBuTE.
Ounpektop Ha LieHTpanHua 3emenencku nanutarteneH MHCTuTyT B Cogusa (1935-1939).

Mpe3 1929 e HanucaH u NbpBUA y4ebHUK no NoyBo3HaHWE, 3aMMCTBaAH OCHOBHO OT
borarata Pycka Hay4Ha nutepartypa un BnmsHMeTo Ha [lokydaeB. To3n y4ebHK € OCHOBEH
dbyHOaMeHTaneH Tpya M ObNrM roavHu € efuHCTBeH no poga cu B bBbnrapus, kaTto e
npemnsgasaH npe3 1935 mn 1946 r. (AHTunos-KapataeB n gp., 1960). 3a gbnrata cu
kapuepa akagemuk MBaH CTpaHckum obydnm MHOro CTygeHTU un ydyeHu. KaTo sipku Herosu
yyeHuum u nocrnegosatenu ca noysoBeamte BenuH KonHoB, eTbp bosHoB, EBreHu
JleBeHcoOH, Bbonyo bykypewnues, Bepa [aneBa, EsreHn TaHoB, BoHka Tonuyvesa-
KonueBa, Bnagnmup BwbnkaHos, Jlynyo PaiikoB n mHoro gpyru (Raykov and Dylkova,
2007). Tyk TpabBa ga crnomeHeMm, Ye akagemMuk CTpaHCKM € eguH OT OCHOBaTenuTe Ha
Bvnrapcko NousoBeacko [ApyXeCcTBO, KAKTO N NPBLB ANPEKTOP Ha NOYBEHUSI UHCTUTYT KbM
BAH ot 1947.
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Purypa 3. Cocpuinckun yHmsepcutet ,CB. KnumeHT Oxpuackn® reonoro-reorpadyckuaT
dakynTeT (cHumKa https://www.uni-sofia.bg/)
Figure 3. Sofia University "St. Kliment Ohridski" Faculty of Geology and Geography

Mpe3 1947 r. ot ArpoHomuyeckuss dakyntetr Ha CY ce obocobsBat kato
CaMOCTOATENHU dpakynTeTn ArpoHOMUYECKMAT N 300TeXHMYECKUAT. [pe3 1948 r. 3aegHo
c JlecotexHuyeckns u BetTepuHapHoMmeauumHckus Te ce otgenat ot Codunckus
yHMBepcuTeT U ce ydpeasasa CenckocTonaHckata akagemumsa B ctonuuata. Cneggart
roOVHN Ha TpaHcopmauun n NPeycTPoNCTBO BbB BUCLLETO arpapHo obpasoBaHue y Hac.

Cnep otgensHeto Ha CenckoctonaHckaTa akagemusi ot Codunckusa yHuBepcuteT
(CY) no4Bo3HaHMeTO nNpogbimkaBa fa ce npenogasa B buonoro-reonoro-reorpadyckus
dakyntet kbM CY, konto npe3 1963 ce pasgensa Ha aBa dakynTteTa - bruonormyeckn u
"eonoro-reorpacdcku. pe3 103 nepuog nekuum no lNouBosHaHne B CY Boan npod.
EBreHun TaHoB.

B leonoro-reorpadckms dakyntet (IM®P) noyso3HaHMETO Hamupa CBOETO MACTO B
HOoBOCb3aadeHaTa kategpa no ,Pusmnyecka reorpacdms Ha bbnrapns n KOHTUHEHTUTE".
Mpe3 1972 r. BbB Bpb3ka C MPOMSAHA Ha CTpykTypata Ha [T® Ha HenHo MACTO ce
dopmupa kategpa JlaHgwadpTosHaHue, koato oT 2019 r. HOCM HaMMeHOBaHWe
JlaHgwadgpTtHa Ekonorma u OnasBaHe Ha npupogHata cpega“ (JIEOINC) (Cholakova,
2024). 3agbmkuTenHuTe U M3bupaeMum OUCUMNIIMHU KbM KaTegpaTta akueHTuMpaT BbpXy
rnoysaTa KaTo reOKOMMOHEHT Ha NaHawadgTa, knacudurkaumsaTa Ha NoYBUTE, 30HANHOCTTA
B MoyBeHaTa MOKpMBKA Ha rnobanHo, perMoHanHO W JoKanHO HUBO, OMa3BaHETO U
DoHUTauuATa Ha 3eMederiCKUTe 3eMMu.

Mexay 1972 r. u 1990 r. o6yyeHMeTo NO NOYBO3HAHWE U reorpadusi Ha NoYBUTE ce
rnoema OT XOHOPYBaHW 3a pas3fMyHO BpeMe npernogasaTenu OT pasfnnyHu YHUBEPCUTETU U
HayyHn wuHcTuTyTM (Cholakova, 2024): npod. MapuH [leHkoB — no AucuunnuHa
.l eorpadma Ha nouvsute u OGuoreorpacus“. ,leorpadusa Ha noysBuTe“ BOOAT OLle
npenogasatenute npod. lNetko Tpenksawku, npod. VBaH AtaHacos, npod. a-p Kutka
Woposa, cT. H.c. Bnaron Xpuctos, npod. AcH Boxwugap leoprues ( ,MpunoxHo
noyBosHaHue®). Mexay 1993 r. u 1997 r. gucumnnuHata ,[eorpadusa Ha noysute“ ce
noema ot npod. MNMetbp B. lNeTpos, a oT 1997 r. no 2023 r. ot gou. A-p AnekcaHabp
CapacpoB, konMTo BOAM M u3bupaemun avcuMNAnHM Kato ,[eorpadma Ha nousuTe B
Bvnrapua“ n ,MpunoxHo noysosHaHne (ot 2014 r.). Ton e aBTOp M Ha ,PBHKOBOACTBO 3a
NpakTUYeCcKn 3aHATUA no reorpadmusa Ha nousute” (Sarafov, 2000), npeaHasHadyeHO 3a
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CcTygeHTu oT cneuuanHoct ,[eorpadpua®. MNMpes 2019 r. B kategpa JIEOINC noctwnea rn.
ac. a-p lNMeTko BOXKOB, KOMTO BOAM MpaKTMYECKM 3aHATUS no ,[eorpacdumsa Ha noysuTe®, a
oT 2024 r. n NeKuMnM NO BCUYKM NMpPeaMeTU, CBbP3aHW C MOYBUTE KAaTO KOMMOHEHT Ha
npupogHata cpega. Kbm HacToswma momeHT kategpa JIEOINC oTtroBaps 3a oOy4yeHMeTo
Ha [OOKTOpaHTW B [ABe aKkpeauTMpaHu [OKTOPaHTCKM nporpamm B NpodhecuoHanHo
HanpasneHve 4.4. Haykm 3a 3emsata — ,buoreorpacums n eorpadmsa Ha noysute” u
~,Pusnyecka reorpacus n naHgwagprosHaHme".

B Buonornyeckna cakyntet Ha Coduickna yHUMBEPCUTET CbLIO Ce npenojasa
lMoyBO3HaHME B KaTedpaTa ,Ekonorvst n onasBaHe Ha okofiHata cpena“. Karegpara no
EOOC e ocHoBaHa npe3 1974 r. oT npod. MBaH boHaes (reoboTtaHuk). B kaTegparta ca
3aCTbMNEHN BCUYKM OCHOBHM HanpaBneHWs MO €KOSMorMsi — MOYBO3HAHWE, EKOSTOMMYHU
npobnemu 1 onassaHe Ha MOYBUTE, €TOMNOrMS, XMAPOEKONOrMa U onasBaHe Ha BoauTe,
300€K0SI0rnsA, MOHUTOPUHT U Orna3BaHe Ha OMOMOrMYHOTO pasHoobpasue, MonekynspHa
ekonorund. Narpagenn n obopyasaHun ca cneumMannsnpaHy nadbopatopumn 3a BCAKO OT Te3u
HanpasneHus. [NpenogaBatenu no noyso3HaHwe B buonornyeckns dakyntet Ha CY ca
ovnn pgou. a-p MNetbp CrosHos, npod. 4-p HuHO HuHoB, gou. a-p MBaH Togopos, npod.
a-p Metogu Teoxapos n gp. (Biological Faculty, 2024)

C peweHne Ha MwuHuctepckms cbBet ot 17. 09. 1948 r., ce ydpenssa
CenckocTtonaHckata akagemus [eoprn Jumntpos”, B k0oATO 0T COMUNCKN yHUBEPCUTET
npeMmHaBaTt 4eTupn dakynteta — ArpoHOMMYECKU, 300TEXHUYECKN, JIeCOTEXHMYECKN 1
BeTtepuHapHomeanumnHckn”. Mpe3 1953 r. ot CCA ce obocobsisBaT 3 BUCWK Yy4ebHU
3aBegeHuna: Bucll necotexHmyeckn MHCTUTYT; Bucw BeTtepmHapHOMEANLMHCKN NHCTUTYT U
CenckocTtonaHcka akagemusa I. Oumntpos" - n Tpute cbe ceganuue B Cocus, (Antipov-
Karatev et al., 1960).

CCA '"T. [OumutpoB" cTaBa eauHEH Hay4yHO-y4yebeH KOMMnekc, cbyeTaBally
nogrotoBkaTa Ha kagpu C Buclwe obpasoBaHWe C (PYHKUMM Ha aKageMUYHO HayyHOo
yypexgeHue. o BpeMe Ha HeWHOTO cbliecTByBaHe A0 1975 r. ( 3akpuTa C yKka3 Ha
ObpxaBHua cbBeT Ne 1760 / 19.09.1975 r.), B npoabrmkeHne Ha 28 roauHn B CCA e
dyHKUMoHUpana kategpa NoyBo3HaHMe kbM ArpoHoMuyeckus bakynTeT, OCHOBaHa npes3
1951 r. MHcbopmauusTa 3a Ta3m Kategpa € OCKbHa nopagu 3akpuBaHe Ha akagemuaTta,
HO TaM NpenoaasaT eaHu OT Har-BUAHWTE NO TOBa Bpeme noyBoBeaun Kato: npod. Enena
Konaposa, un. kop. BenuH KonHos, npod. boHka Konyesa, npod. MapwuH NeHkoB v ap.

[pyra 4acT oT uctopusita Ha passuTue Ha NoyBo3HaHMeTO B bbnrapusa ce cebp3sa 1
C YHMBEPCUTETCKOTO obpasoBaHue B lMnoBaue. Tam, ¢ Yka3 Ha pereHTckusi CbBeT OT 4
aBryct 1945 r. e paskpuT yHMBEpcUTET C ABa pakynteta — MeOULMHCKM U arpOHOMO-
necoBbieH, egHa OT kKategpute Ha nocrnegHuss € no lloysosHaHue“. lpe3 1950 r.
ArpoHOMO-NeCcoBbOHUAT (hakynTeT € 060cobeH B CaMOCTOATENHO BUCLUE y4yunuwie —
Bucw cenckoctonaHckn wHCTUTYT ,Bacun Konapos®, KoMTto uma Tpu akynteTa:
ArpoHomuyeckn, TexHonorumdeckn u Jloszapo-rpaguHapcku. Bucumat cenckocTtonaHcku
WHCTUTYT € npeobpasyBaH B ArpapeH yHuBepcuteT — [Mnoegue (AY) ¢ PeweHne Ha
HapogHo cvbpanue npueto Ha 10 anpun 2001 r. (Grekov et al., 2015).
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<Da 4. ArpaHyHI/IBepCI/ITeT MnosawmB (cHUMKa: https://www.au-plovdiv.bg)
Figure 4. Agrarian University Plovdiv

OcHoBuTe Ha kategpa [NouBo3HaHue BbB BCU-IMnosaue ca noctaBeHu npes 1950 r.
nog pbKOBOACTBOTO Ha npodp. MNopo lMNopos, KONMTO A pbkoBoaM B npoabimbkeHune Ha 30
roguHn n cdopmupa HerHms obnuk n ctatyt. lNpe3 1999 roguHa kaTegpa Arpoxmmuns e
obeanHeHa c kategpa [loyBo3HaHue. [lBeTe kaTedpu BuHarM ca 6unu Bodewm B
arpoHoOMM4YeckaTa Hayka WM arpapHoTo obpasoBaHuMe y Hac. 3a Goratata uctopus u
Tpaguumm Ha KaTtegpaTta ca pgonpuHecnu ¢ paboTata CU U3TbKHATU arpoxmmuum u
nousosean kato npodpecopute MeaH lNonos, Jlazap CtaHues, Hukona Mawes, CtedaH
FopbaHoB, Mopaan Mates, 3nataH TaHnes, Mopo lMopos, ToTio Mexes, VBaH ATaHacos,
ToHko ToTtes. B kategpa ,Arpoxummna n NovsosHaHme" cera paboTaT 7 npenogasartenu, ot
konto 1 npodoecop, 5 goueHTU M 1 M. acUCTEHT, KOUTO MNpenogaBaT 3aabiPKUTENHUTE
ancumnnuumn: Arpoxmmusi, NoyBo3HaHne n XpaHeHe Ha pacTeHusTa, Kakto u nsbupaemmte
ancumnnuumn: OueHka Ha 3emepgernckm 3emn, OueHka Ha 3eMu U akTUBW, TexHomnormm 3a
Bb3CTAHOBSIBAHE HA YBPEAEHW MOYBU U TepeHn, XUMWYHU MenuMopauum Ha Kucenm wu
3acorneHu noysu, NpobnemHu noyswu, NoyseHO Nnogopoane u TopeHe u ap.

Ot 1950 o cera nekumMmM u ynpaxHeHus Nno No4YBO3HaHME B y4eOHOTO 3aBegeHue
BOOAT npod. Mopo MNopos, npod. BennH KonHos, npod. boHka Konyesa, npod. AcH ViBaH
ATtaHacoB, npod. g-p ToHko Totes, gou. a-p Heganka CumeoHoBa, gou. A-p Xpucto
Heues, gou. a-p MNMetbp Npubaues, gou. [lecnuHa Xpuctoea, gou. MaHyo Qumutpos, gou.
Crtedpan lMopos, gou. o-p Kpacumup TpeHgadunos, gou. o-p Paga lNMonosa, gou. a-p
Buoneta Bwvnuesa, ac. a-p Credka TogopoBa, rm. ac. A-p MnageH AnmanueB, Kato
pbkoBOAMTEN KaTeapaTa e aou. Heaanka MopaaHosa.

OcseH B AY lnosawus, lNo4yBo3HaHMe ce m3yvaBa n B [MnoBauBCKMS YHUBEpCUTET
.rlancun XuneHgapckun“ - B kategpa ,Ekonorna n OOC”, ocHoBaHa npe3 1989 r. [lHec Ta e
cneumnanmsmpaHo CTPYKTYPHO 3BEHO, 4YMATO OCHOBHA 3ajada € [a opraHuaupa wu
npoeexga ydebHa, Hay4yHOM3cnegoBaTeficka W NPUOXHa AeWHOCT B obnactra Ha
eKonorusitTa n ona3BaHeTo Ha okonHaTta cpega. C oby4yeHMeTo No AUCUUNIIMHU, MOCBETEHU
Ha No4YBUTE U TAXHOTO Ona3BaHe ce CBbp3BaT UMeHaTa Ha gou. BecenuH Konewes, gou.
Axren Llekos, m. ac. o-p Cnases letposa (cney. EOOC, buonornyeckn gakyntet Ha
ry).
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OucumnnuHata lNo4yBo3HaHME ce npenogaBa owe OT OCHOBaBaHETO Ha Bucwwus
INlecotexHnyeckn WHctutyT npe3 1956 r. - B kaTtegpa .JlecoBbactBo® (gHec
JlecotexHnyeckn YHuBepcuteT). B nepmoga 1974- 1994 r. npenogasaTenute, KOUTO
paboTaT B Tasu obrnact ca B CbCTaBa Ha kategpaTta ,Ekonorms m onasBaHe Ha
npupogHata cpena’. Npe3 1994 r. ce cb3gaBa camocTosTeNHa Kateapa ,l1o4Bo3HaHme n
eposus”, koaTto oT 1999 r. e npemmeHyBaHa B “lloyBo3HaHue”.

durypa 5. JlecoTexHn4ecku YHMBepCMTe(CHMMKa: www.ltu.bg)
Figure 5. University of Forestry

MbpBuaT npenogasaten no lNo4vsosHaHne BbB BJITU e AHren Neoprues. Npe3 1966
r. HAUMEHOBAHWETO Ha gucuMnnMHaTa ce NPoMeHs Ha ,[OpCKo NoYBO3HaAHWE * C TUTYNApP
npod. B. [JoHOB, KOWTO € pekTop Ha no KbceH etan. [pe3 1979 r. B kaTtegparta ce
obocobsiea aucumnnuHa ,llo4yBO3HaHME C OCHOBM Ha TOPEHEeTO” 3a chneunanHocT
,03eneHasaHe” ¢ Tutynap npod. Ceetna NeHyeBa. lNpe3 1992 r. ce BbBEXOa N HOBa
oucumnnuHa - ,0OnasBaHe Ha noysmte” ¢ TMTYNap npod. Kutka Moposa. Kbm yyenuTe,
AONPUHECNN 3a pa3BUTUETO Ha NOYBO3HAHMETO TPsSIbBa Aa ce CnoMeHe N UMETO Ha Npod.
AceH buonues - pbkoBoguTen Ha kategpa “Eposus n 6opbata ¢ Hea” (1953-1973) n aBa
nbTK pekTop Ha BJITU (1960-1966).

Mpe3 1992 BuCWMAT NECOTEXHUMYECKM MHCTUTYT Cce npeobpasyBa Ha
JlecotexHnyeckn YHuusepcutet (JITY). Cnepn paskpuBaHe Ha HOBU dhakynTteTn kbM JITY B
kategpata ,OnassaHe n oborataABaHe Ha npupogHata cpena“ ce paspaboTBaT HOBU
AncumnnuHn Kato ,lloyBO3HaHWE, 3aMbpcABaHe Ha MNOYBUTE U BbL3LENCTBUE BBPXY
ekocuctemnte®, ,louBo3HaHMe 1 ona3eaHe Ha noysute® u louBeHa Mukpobronornsa®.

Mpes 2022 r. kategpa ,llouBo3HaHME® e 3akpuTa, KaTO npenogaBaTenuTe
npeMmHaBaT OTHOBO B kategpa ,JlecoBbacTtBo“. PbkoBogutenu Ha kaTtegpa
,MousosHaHune” ca 6unu pou. LiBetan WMoppaHos (1995 — 2016), npod. Jlrogmuna
ManuHoBa (2016 — 2020) un pou. CumeoH BborgaHoB (2020 — 2022). lNpenopaBaTenu,
KOUMTO BOOAT NEKUUM M ynpaKHEHUst MO MOYBO3HAHME B MoMeHTa ca aou. CuMmeoH
borgaHoB, npod. bucep Xpuctos, rm. ac. Kamenua lNetposa, rn. ac. Nasen lNaenos, m
ac. bungaHa NpuropoBa-lewesa. lNpenogasatenu no lNo4yBo3HaHMe ca GUNK CbLLO Taka 1
npod. Enena Xenesa, gou. Llsetan WMopaaHos, npod. Moamuna ManuHosa, npod.
Pocuua lNetposa u ac. Bnagumup UnuHkun (University of Forestry, 2023).

Ot 1994 TllouyBo3HaHMe ce npenogaBa M B HOBOCBH3AageHUA ArpoHOMUYECKM
gakyntet Ha JITY, kaTo npenogaBaHeToO Mpes3 roauHUTe € Bb3NoXeHO Ha npod. MapuH
MeHkos, gou,. NMayHka boxuHoBa, gou. Pocuua Unnesa un ac. MuneH BeHenuHoB.
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®Purypa 6. yHI/IBepCI/IeT no ApXMTKTypa, Ctpoutencteo un leogesus
(cHnmka-YACT https://uacg.bg/)
Figure 6. University of Architecture, Civil Engineering and Geodesy

[MoyBO3HaAHMETO € AucuMninHa, KOATO Cce npenogaBa WM B APYr TeXHUYECKu
yHuBepcuTeT B Bbnrapms — YHuBepcuTeTa No apxutekTypa, CTPOMTENCTBO U reodesus.
Owe cbC cb3gaBaHETO Ha NbPBUSA HEroB NpeaLlecTBEeHUK - [bpxaBHa MONMUTEXHUKA B
Codusa npes 1945 r. cnepn npeobpasyBaHeTo Ha BTY (BucweTo TEXHMYECKO yynnuuie) B
Codua Tyk ce nsydyasa ,MennopaTuBHO NoYBO3HaHWE® C TUTYNAP npod. MNMeTbp bosHoB.
Ton npenogaBa Ha CTYAEHTUTE OT crneyuanHocTTa ,XngpoMmenmopaTmBHO CTPOUTENCTBO.
Ot 8-Te hbakynTteTa Ha [dbpxaBHaTa nonutexHuka npe3 1953 r. ce cb3gasaTt 4 BuCLIK
TEXHUYECKM  UHCTUTYTU:  UHxeHepHo-cTpouteneH  uHctutyt  (MCK), MawwmnHHo-
enekTporexHnyeckn uHCTUTYT (MEW), MuHHO-reonoxkn wuHctutyt (MI'M) n Xumwuko-
TexHonormyeH WHctutyT (XTW). Tpe3 1976 r. B ToraBawHuss Bucw MHCTUTYT no
apxutektypa wu ctpoutencteo (BUAC) e cb3gageHa wmogepHa npobriemHa
HayyHou3cnegosartencka nabopartopua (MHWUN) Xugpomenuopauum Ha noYBUTE® KbM
XngpotexHudeckusa akyntet Ha BUAC ot npod. MapuH lNeHKoB, KONTO OT Taswn rogumHa
npoabikaBa CBOS Npod)ecuMoHarneH nNbT KaTo npenogaBaTtenl BbB BuCWIMA UMHCTUTYT no
apxutektypa un ctpoutenctso (BUAC) B Codus, kaTo € M HeuH pbkoBoAMTEN B
npoabimkeHne Ha 15 rogunu. MNMpe3 1992 r. HayyHoM3cnegoBartenckara nabopatopus ce
obeanHaBa C kaTegpaTa “3eMeycTpoOMCTBEHO MpoekTupaHe” npu [eogesmyeckus
dakyntet Ha YACI , kosTO e npemmeHyBaHa B “3eMeyCTpoNCTBO M arpapHo passutue”.
HayyHOoTO HanpaBneHMe Ha Kategpata € paswupeHo C npobnematvkata Ha
M3Non3BaHeToO WM onasBaHeToO Ha 3emepdenckute 3emu. HevH pbkoBoauTen e npod.
MapwH lNeHkoB. B YACI npod. MNeHkoB Boau nekuun no ,MennopatMBHO NOYBO3HAHME",
.l 1o4BO3HaHMe", ,I3non3saHe 1 onasBaHe Ha 3emsaTa“, ,Menuopaumm n pekynTmeauumn Ha
nousute” n ,BOHUTUPOBKA, KaTeropmsauus M rpynupaHe Ha 3emeferickute 3emu” Ha
ctygeHtute oT [eogeaundeckns n XugpoTexHnyeckns akynteT. 3a NnpbB NbT Y HAc TON
opraHusvpa Kypc 3a criegauniioMmHa KBanudukawms rno oueHka Ha 3emMeenickuTe 3emMu.

Mpodh. MapwuH lMeHkos (1930-2015) e cpepn Han-pasno3HaBaemMuTe y4eHu B obnactra
Ha noyBo3HaHMeTo B bbnrapus n Ha mexagyHapogHo HMBO. OCHOBHWUTE My MPUHOCKU ca
KakTo B obniactrta Ha Knacudukauusa n gnarHocTMka Ha noysuTe, Taka M no npobnemute
Ha CEe30HHO MpeoBnaxHsBawmTe ce noysn B bbnrapusa (MceBaonoasonucTn noyvsu m
[MUHEeCTN 4epHO3eMU) MU TAXHOTO MeNMopupaHe, oueHKaTa Ha 3eMeferickKute 3emu u
Bpb3kaTa noyea — 3emenencka kynrypa. lNpod. MapuH lNeHkoB e cb3gan Hag 15 Hay4vHu

24


https://uacg.bg/

EKONOIMMA 1 ArPOTEXHONOIMNN — @YHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEATTNM3ALINA
BU3HEC MOJEJN 3A MOOOBPABAHE 3[IPABETO HA MOYBATA

nscnegoBateny B obnactra Ha MOYBO3HAHMETO, YCMELWHO 3alUTUNN AOKTOPaHTypu nog
HEeroBo PbLKOBOACTBO. YCNEwWwHO € pPbKoBOAMI AeCeTKM HayyHoM3CcreaoBaTerncku U
NpUNOXHU NpoekTn B bbnrapus n yyxbuHa (Mapoko, Cupus, Kysent, BenukobputaHms un
Ap.).

NMpenogaBaTtenu no no4yso3HaHue ca npod. Mapraputa MoHgelwka (KOSATO B
MOMEHTa € pbKOBOAUTEN KaTegpa ,YCTOMYMBO 3eMENOn3BaHe U ynpaBrieHne Ha MMoTun),
pou. AHrennHa [ackanoBa (0T kategpa ,XvgpoTexHuka u xumgpomenuopaumn®), o-p nua
Yonakos, ac. Jltobommp CtosHoB. Jlekummn B YACI wu3Hacs cblwo u npod. Metoam
TeoxapoB, KaTo XOHOPYBaH npenogasaTern.

Mpe3 1974 r., c peweHne Ha MuHucTepckn cbBeT, 300TEXHUYECKUAT U
BeTtepnHapHoMeanuuHcknAT dakyntetn ca npebasvpanHn ot rp. Codwma B rp. Crapa
3aropa. [1ee roanHun cnep toBa € obeanHABaHETO Ha [BaTa hakynTeTa ce cb3fasa Bucw
WHCTUTYT MO 300TEeXHWKa U BeTepuHapHa meaumuuHa (BU3BM) B Crtapa 3aropa. C
pa3paboTBaHETO Ha HOBU Y4eOHU NNaHoBe W KBANUMUKALMOHHM XapakKTePUCTUKN Ha
crneunanHoctute ot 1983 r. 3ooTexHnyeckmaT dakynteT kbm BU3BM e npenmeHyBaH B
300UHXEHEPEH, MO-KbCHO B ArpapHO-XMBOTHOBbAEH, a npe3 1995 r. B ArpapeH cC
npepaboteH y4yebeH nnaH no crtaHgapTuTe Ha eBponenckute cTpaHu (Almanac TrU,
2021).

C peweHue Ha HapogHoTo cbbpaHme ot 1995 r. Ha 6asata Ha B3BM n Bucwums
MeanumHckn MHETUTYT (BMW) — Ctapa 3aropa cbC CbLleCcTByBaLUMUTE KbM TSX aKynTeTn
N CaMOCTOATESNHM 3BeHa ce cb3gaBa Tpakuncknat yHusepcuteT (TpY). MNpes rognHute
TpY ce paswmpsaBa ¢ HOBU hakynTeTn U cneuuanHocTu, rno Toea Bpeme ce paskpusar U
HoBWUTE cneumanHoctu ,Arpoekonormns”, ,ArpobusHec” n rogmHa No-KbLCHO cneunanHocTTa
,ArpOHOMCTBO". BCMYKM TE3N NPOMEHN BOAAT OO HEOoBXoAMMOCTTa OT paspaboTBaHe Ha
ANCUMNNWHKM KaTo ,3amMbpcsiBaHe Ha MoyBuTe® KbM crieumanHocT Arpoekosiorus wu
,IlouBo3HaHme" 3a cneunanHocT ArpoHomcteo (Almanac, TrU, 2021).

MbpBMAT nNpenopasaten, BOAEL Nekuun no Te3n gucuunnvHn e npod. CTosiHKa
EHeBa oT OnuTtHaTta ctaHuua no nonueHo 3emegenve kbM CCA. lpe3 1999 r. cnen
KOHKypC 3a acucteHT no lNoyBo3HaHne 3anoyBa pabota kbm AP n ac. Muma Togoposa.
Mpe3 2011 r. korato TexHu4eckn kKonex B rp. Ambon ce npeobpasyBa BbLB PakynrteT
»1€XHMKa N TexHonornn“ kbM TpY ce BbBexga u gucumnnuHarta ,Eposusa Ha nousute”,
BoJeHa oT gou. Bnoneta BbTesa.

Oou. a-p Muma TopgopoBa kbM AP npu TpY € ocHOBeH npenogasaTen no
,[lo4BO3HaHMe”, ,3ambpcsaABaHe Ha no4vBaTta W BbL3OENCTBUME BBLPXY €EKOCUCTEMUTE®,
»,ArPOHOMCTBO- €TepudHO MacreHun Kyntypu“ m ,Ekonorms u onasBaHe Ha OKoOfHaTa
cpega“. lNpes 2011 T. ype3 npoekT ,Pa3Butne Ha LIeHTbp 3a enekTpOoHHW (opMK Ha
ANCTaHUMOHHO obyyeHue B TpY“, e cb3ganeH enekTpoHHUS Kypc no [NoyYBO3HaHWE, KOUTO
YyCNEewHo ce M3Mon3Ba 3a OHManH obyyeHne Ha cTyaeHTn B TpY. Ta e cbaBTop € Ha
HapbyHuk no npunoxHa ekonorna (Petkov et al., 2011), uma nsgageHo PbKkoBoACTBO 3a
ynpaxkHeHus no NoyBo3HaHune (Todorova, 2014)

PyceHckuaT yHuBepcuteT ,AHren KbHYyeB® e npueMHuK Ha Bucwmss MHCTUTYT no
MalLUMHOCTPOEHe, MexaHu3auuMss U  enekTpudukauma Ha CeNnckoTo  CTOMAaHCTBO
(BUMMECC) B Pyce, cb3ganeH Ha 12 HoemBpu 1945 r., nperMmeHyBaH BNOCNeACTBME Ha
Bucwe texHmyecko yumnuue ,AHren KbHueB® n npeobpasyBaH B yHUBEPCUTET Ha 21 tonm
1995 .

JNlekumm no noyBo3HaHue ce yetaT oT gou. XKueko Jemupes (buBw npenogasarten),
npod. lMNetbp OMMUTPOB Ha CTyaeHTUTe arpoHoMu u maructpu. Akag. Xpucto bernoes
Boau nekummn no ,lMousosawmtHo 3emepenue’. Jou. eoprn MuteB pabotm B obnactra
3a ynpasrfieH1e Ha NoYBEHUTE U BOL4HU pecypcu 1 cb3gasa JlabopaTtopus no ynpasneHue
Ha MOYBEHW W BOAOHW pecypcu 3a 3emepenueto’. B npogbrkeHne Ha 20 roguHm
cbllecTByBalle cbBMecTHa nabopatopusa mexagy WMASP ,H. MNywkapos® n PyceHckus
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YHuBepcutet - "[labopaTtopusi MO MNOYBEHM aHaNM3M WU €EPO3NOHHW K3cneaBaHus"
(University of Rouse , 2024).

C peweHune Ha HapogHoTo cbbpaHume oT tonun 1995 rognHa BucwumaT negarornyecku
WMHCTUTYT - bnaroesrpag ce npeobpasysa B KOrosanageH yHmsepcutet "Heodut Puncku".
B TO3M yHuMBepcuTeT noyBo3HaHwe ce npenopasa B Kategpa "leorpadus, ekonorns u
ornasBaHe Ha OKOnHaTa cpefa", ocHoBaHa npe3 1993 r. kato "WHXeHepHa ekonorus m
reorpacpus’“. ObnrorogmweH npenogasaten Tam e gou. bonko Kones, konTo BOAM
ancumnnuHaTta  “lMoyBo3HaHMe, 3amMbpcsBaHe Ha MNOYBUTE W Bb3AEUCTBME BbPXY
ekocuctemnte”. [ou. [layHka BoxmnHOBa CbLWO € npenogasana KaTo XOHOPYyBaH
npenogasartern, kakto u acucteHT HeseHa Mutesa (South-West University, 2024).

TexHnyecknat yHusepcuteT (TY) BbB BapHa e cb3gageH npe3 1995 cnep
npeobpasyBaHeTo Ha Bwuclw MalMHHO-eNEeKTPOTEXHUYECKUM UMHCTUTYT — BapHa
(mMbpBOHavanHo kato MaluMHHO-eNEKTPOTEXHUYECKM MHCTUTYT), Cb3aaneH npes 1962 r.

MouBsosHaHmMeTo B TY - BapHa ce npenogaBa B kategpata ,PacteHneBbacTBO”
(MawwnHHO-TexHONOrM4YeH hakynTeT), KOSTo e npodunmpalla B 00y4eHMeTo Ha CTyaeHTH
B cneunanHocT ,ArpoHoMcTBO”, koeTo ctaptupa npe3 2007. CneumnanHocTute, nNo KOUTo
Kategpata obesnevyaBa oby4veHneTo ca:. ,ArpoHomcTBO”, ,[1pOM3BOACTBO Ha MOCEBEH U
nocagbyeH matepuan’ n ,CemenpomM3BOACTBO U pacTtuTenHa 3awmurta’. KbMm HacToawms
MOMEHT npenogasaTtenn Nno noyBo3HaHue ca npodp. Aparomup nameHoB (pekTop Ha
YHuBepcuteTa) u gou. a-p lNaenmHa HackoBa (3amecTHuk-pekTop) (Technical University,
2024).

MwHHO-reonoxkmaTt yHmsepcuteT ,CB. MBaH Punckn“ (MIY) cbuectsyBa kaTo
camocTodaTenHa obpasoBarteniHa MHCTUTYUMa oT 1953 B pesynTaT Ha NnpeobpasyBaHETO Ha
Bucwmsa MuHHO-reonoxkm uHCTUTYT (BMIU), nbpBOHayanHo 4acTt oT [ObpxaBHaTta
MonutexHuka. MNoysosHaHueTo B MI'Y ce npenogasa B ["'eonoronpoyysaTenHna akynrer,
kategpa ,MHxeHepHa reoekonorus®“. NbpBoHa4YanHoO, OT OCHOBaABaHETO Ha KaTegparta Ao
2012 r. nekumn no NOYBO3HaHME BOAM CT. H. C. Xadagyp YynmxnaH, cneg toea go 2018 r.
NeKkTop no ancumnnuHata e npod. agH Pocuua lMetposa. Cnep 103K nepuoa A0 MOMEHTa
npenogasaTten no no4YBo3HaHMe e M. ac. a-p lleta lNeHoBa. YuyebHaTa aucuunnmHa
,[louBo3HaHMe“ e 6GasoBa B y4vyebHaTa nporpama 3a CTyQEeHTUTE OT CheunanHocT
,EKOSOrMsi 1 onassaHe Ha OKofHaTa cpefa“ kbM [eonoro-npoyyBatenHus akynteTt Ha
MIY ,Cs. MBaH Punckn®. O6y4yeHneTo no tasm gucumniunHa ce saeaBa yHOAaMEHT, BbpXy
KONTO ce Hagrpaxga nMo-KkbCHO npu obyyeHMETO no Apyrute crneywanumsnpalim
ANCLMNIIMHKY, CBBbP3aHU C OLleHKa Bb3OEeNCTBMETO BbpPXY OKOMHaTa cpeda, pekyntueaums,
KOHOMUMOHMPaHe M onons3oTeBopsiBaHe Ha 6utoBn otnagbum (Mine and Geological
University, 2024)

WymeHckuaT yHuBepcuteT ,Enuckon KoHcTtanHTuH [lpecnascku® e AbpxasBeH
YHMBEpPCUTET, Npeobpa3syBaH kaTo TakbB npe3 1995. OcHoBaH e npe3 1971 r. kaTo Bucw
negarormdyeckm WHCTUTYT. B yHMBepcuTeTa B MOMeHTa ce oby4daBaT CTygeHTu Mo
cneumanHocT ,PactutenHa sawmta“, «l'eorpadusa v pernoHanHa nonutuka“; ,Exonornsa u
onasBaHe Ha okonHaTa cpega“. Jlekumm no [lovBO3HaHMe wu3HacaT rm. ac. g-p M.
OumntpoB un npen. [Mn. Yamypnuucku. [Opyrm OnCUMNMHKM B TemaTukaTa Ha
NOYBO3HAHMETO Ca: ,3aMbpcCsiBaHe Ha MOYBUTE U BbL3LENCTBUE BbPXY eKocuctemuTe“ c
npenogasaten gou. [. bvuyBapoBa, «[lo4yBo3HaHWe n reorpadma Ha noysute” - ac. P.
Nasaposa (University of Sumen, 2024).

HoB 6bnrapckun yHMBepcuTteT € HoBa obpasoBaTenHa UHCTUTYUus!, yypedeHa Ha 18
centemBpu 1991r. Haykata No4yBo3HaHue e cpeq 6a3oBuTe B 06y4eHMETO Ha CTyAEHTUTE
no cneumanHoctute ,Ekonorvs n onaseaHe Ha okonHata cpega“ u ,buonorusa - obwa u
npunoxHa“ kem pgenaptameHta no [lpupogHn Hayku. Odou. Botbo 3axapuHoB BOAM
nekunnte no ,lloyBo3HaHue”, ,OnasBaHe Ha no4yBeHUTE pecypcu n ,PekyntuBaums u
Bb3CTaHOBSIBaHEe Ha HapyLleHu TepeHn”. [NpenogasaTenu no noyBo3HaHue B HBY ca 6unu
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owe npod. Hukona BuyeB Kones, npod. BecenunHa Wnwuesa, n gp. (New Bulgarian
University, 2024).

B 3aknoueHne Moxe ga ce u3TbkHe, Ye no aucumnnuHata Noyso3HaHue B Bbnrapus
ca obyyeHM BepoOATHO [AeceTku Xunagu CcTyaeHtn 3a nocnegHute 100 roauHw.
AKTyanHocTTa Ha Ta3n obnacTt Ha No3HaHMETO LWe pacTe u npe3 cnegsawmte 100 rogunHwn,
3all0TO TOBa € Hayka Ha ObaelleTo, a TO BCe MNoBeYe Le 3aBUCU OT CbCTOSIHUETO U
NpOAYKTUBHMSA MNOTEHUMan Ha MNOYBMTE KaTO OCHOBEH pecypC 3a W3XpaHBAHETO Ha
4YOBEYECTBOTO U BaXKeH haKkTop 3a CbXpaHsABaHE Ha EKOSIOrMYHOTO paBHoBecue. N He Ha
nocriegHo MSACTO 3HAHMETO 3a MOYBUTE € OCHOBA 3a Bb3NUTaHME Ha nogpacTeBaluTe B
yBakeHne kbM bbnrapckaTta 3ems.
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Extended abstract

Incentives, in general, represent a complex and multifaceted concept with different
understandings depending on the context and application. Incentives are often defined as
any factor that motivates or encourages an individual or group to take a particular action
(Ariely, 2016). According to this definition, incentives can take different forms, including
monetary rewards, recognition, penalties, and social status. The aim of the study is to
present methodology and short results of the inventory incentives of several EU
countries. The analysis is part of wider research focused on the relation between the
incentives, business models and ecosystem services (Nikolov et al, 2023).

Incentives related to soil health exist in various forms and can be implemented
through different types of mechanisms. They can range from regulatory to voluntary,
including public programs and private initiatives. Additionally, they encompass regulated
offsets and emissions trading, direct Payments for Ecosystem Services (PES),
certification, marketing labels, and adherence to cultural norms. These mechanisms can
provide disincentives, such as use prohibition, fines, and taxes, as well as positive
incentives, such as training, direct payment for land set aside, and improved market
access. By combining these incentives, ecosystem service outcomes can be enhanced at
lower social costs.

Garrett and Neves (2016) have identified different sources of short- and long-term
incentive mechanisms and provided examples of their implementation (Figure 1). Their
framework was used as a backbone of a constructed incentive typology.

The methodology and data collection includes the following aspects. To conduct the
necessary analysis, a survey questionnaire was prepared for evaluating and describing
incentives. The questionnaire is divided into two parts (Nikolov et al., 2023). The first part
(Q1-Q6) consists of general questions about the surveying organization and country,
identification of the incentive, land use classification, and NUTS level. The second part
(Q7-Q15) collects information on whether the incentive is policy-driven or voluntary, the
national policies supporting the application of such incentives, and the policies providing
financial support for the incentive. It also explores the connection between the case study
incentives and the main goals of the 2030 Agenda for Sustainable Development
objectives, as well as the key objectives of the new CAP 2023-2027. The final part focuses
on gathering information about ecosystem services and their relationship with the
incentives.

Empirical results show different aspects on both a national and an international level.
Based on the collected information from our partners regarding incentives in different
countries, we can classify them into three groups (Table 1). The results reveal variations
among the countries, leading to their categorization into distinct groups according to the
number of incentives.
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Figure 1. Incentives, investments, and mechanisms

The first group comprises countries with fewer than 10 incentives. These include
Bulgaria, Denmark, Estonia, Latvia, and Spain. Among these countries, Denmark, Spain,
and Latvia have the highest number of incentives, with 10 each. It is worth noting that
Bulgaria, Latvia, and Estonia have a relatively balanced distribution between policy-driven
and voluntary incentives, whereas Spain exclusively relies on policy-driven incentives.

The second group consists of Germany, England, France, and ltaly, with a range of
16 to 30 incentives. Germany possesses the highest number of incentives within this
group, with 30 in total. France and ltaly also have a significant number of incentives, with
22 and 16 respectively. In this group, voluntary incentives dominate over policy-driven
incentives, except for France, which does not have any policy-driven incentives.

The third group consists of the Netherlands, which stands alone with 76 incentives.
The Netherlands exhibits a significantly higher number of incentives compared to the other
countries. The focus in the Netherlands is primarily on policy-driven incentives, with 70 out
of the 76 falling into this category. Only six incentives are voluntary in nature.

Table 1. Number of incentives by country

Country Total Policy-driven incentives |Voluntary incentives
Germany 30 4 26
England 31 4 27
France 22 0 22
Iltal 16 4 12

Total 223 117 106

Source: Own calculations
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The distribution of incentives varies among the countries. The Netherlands stands
out with a high number of predominantly policy-driven incentives. In contrast, countries like
Germany, England, France, and ltaly have a considerable number of voluntary incentives.
The rest of the countries in the dataset have a smaller number of incentives, and their
distribution is relatively balanced between policy-driven and voluntary approaches.

Several conclusions are derived based on the information collected. In agricultural
ecosystems, incentives influence ecosystem services through motivating changes in land
use and management. This chain of influence is complex because incentives can cause
multiple intended and unintended changes in land use and management, each potentially
having co-benefits and trade-offs across multiple ecosystem services. In this research,
there are identified and assessed incentives that can help the business model to become
sustainable from the point of view of soil health. That goal is accomplished by exploring
the incentives that drive farmers to act towards improving soil health.

It was collected and analysed 223 incentives in 10 countries participating in the
NOVASOIL project. The countries were classified into three groups according to the
number of incentives. The first group includes Bulgaria, Denmark, Estonia, Latvia, and
Spain with a range from 8 to 10 incentives. The second group consist of Germany,
England, France, and ltaly, with a range from 16 to 30 incentives. The third group consists
only of Netherlands, with 76 incentives. The Netherlands stands out with a high number of
predominantly policy-driven incentives. In contrast, countries like Germany, England,
France, and Italy have a considerable number of voluntary incentives. The other countries
in the dataset have a smaller number of incentives, and their distribution is relatively
balanced between policy-driven and voluntary approaches.
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Abstract

The development of the science of agricultural mechanization in the Republic of
Bulgaria during its 75-year history is presented in chronological order. Information is
systematized about the persons who headed the scientific structures over the years, the
main directions of scientific activity, achieved results in the creation of technical means for
mechanization of processes in agricultural production, government and other awards
received. The problems on which the scientific teams are working in recent years and at
the present time are indicated.

Key words: agriculture, mechanization, science, development, results.

MexaHun3npaHoTO 3eMefenue B bbnrapms KaTo OCb3HAT aKT Ha AbpXKaBHa NONUTUKa
AaTtvpa OT Ha4yanoTo Ha ABageceTun Bek - npe3 1912 r. e oTkputa “CTaHuus 3a nanuteaHe
Ha MawuHW’. Cnen BOoeHHUTe cbbutnda, obxeaHann bankaHute, EBpona n uenus ceAr,
npe3 1919 r. kbM LleHTpanHua 3emeaenckn UHCTUTYT € OTKPUT MalUMHEH OTAes1, YNUTo
QYHKUMM MMaT KOHTponupal, xapaktep. [lpegnoctaBkum 3a HayyHO paspellaBaHe Ha
npobnemu, CBbP3aHM C MexaHu3MpaHe Ha MNpPoLEecUTe B CENCKOTO CTOMNaHCTBO, Ce
nosiBABaT C M3rpaxgaHeTo Ha HeroBa 06as3a Ha “CTaHuus 3a MexaHu3upaHe Ha CEerncKkoTo
ctonaHcTBo”. MNMoTBbpAeHaTa AOKYMEHTaNHO AaTa Ha Cb3gaBaHe Ha cTaHuusTta (3 maun
1949 r.) e npueTta ohmumanHo KaTo Ha4yano Ha HaykaTa 3a MexaHu3auusi Ha 3eMegenueTo
B bbnrapus.

3anoyHana cBodATa AEVHOCT C eOuH OUPEKTOP M eOuH Creumanuct, npes3 roguHuTe
CTaHuusiTa NOCTENEHHO paswmpsaBa YncneHnsa cun cbetas. [pes 1951 1. B Hest paboTaT 12
AyLlwmn, oT KOUTo 5-ma ca cneumnanuctu. Npes 1952 r. aHraxupaHute ca Beye 38, B T.4. 12
cneunanucTu. MNpes cbwaTa roguHa Ha crneunanucTuTe € NPUCBOEHO 3BaHNETO “HayyHU
CbTpyaHuun” (Ha eguH “cTapwm HaydeH cbTpyaHuk’). Ha 6asata Ha chopmwmpanoTo ce
Hay4yHO s4pPO C MNOCTaHoBneHne Ha MwuHucTepckust cbBeT OT 1-BM dHyapu 1954 r. e
cb3fageH Hay4dHomscrnegoBaTenckM MHCTUTYT MO MeXaHu3aums U enekTpudukauuns Ha

31


mailto:sn.bozhkov@issapp-pushkarov.org

EKONOIMMA 1 ArPOTEXHONOIMNN — @YHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEATTNM3ALINA
BU3HEC MOJEJN 3A MOOOBPABAHE 3[IPABETO HA MOYBATA

cenckoto ctonaHctBo — HUMECC ¢ ocHoBHa 3apjaya «0a pbkoeodu paspabomeaHemo u
gHedpsigeaHemMoO Ha HayuoHaslHa cmpameausi 3a MexaHu3auyus u asmomMamu3ayusi Ha
b6bs12apckomo 3emederniue U KoopOUHUpPa ysnama HaydyHa memamuka 8 ma3u HacoKka.

JInyumat cectaB Ha HUMECC B cnegpalumTe rogmMHu nocrteneHHo Hapactea. C uen
NpodUIMpaHeTo Ha Hay4yHaTa OeMHOCT B UHCTUTYTa ca (POpMMUPaHN TPU HayYHN CeKLUn, B
KouTto ca pasnpegenenn 20 yyeHn. 3a maTepvanuanpaHe Ha pesyntaTtute OT HaydYHuTe
n3cneaBaHusa BbpXy pa3paboTBaHETO Ha HOBU M YCHbBBPLUEHCTBAHETO HA CbLLECTBYBALLN
KOHCTPYKUMM MaLUMHM 3a 3eMedeniMeTto B paMKUTE Ha WMHCTUTYTa € Cb3gafeHo
KOHCTPYKTOPCKO 6lOpo W u3rpageHa ekcnepumeHTtanHa pabotunHuua. locTtpoeHn ca
TpuUeTaxHa agMUHUCTPATUBHA crpaga n niabopaTopHU KOMMMEKCH.

PaswwnpsasaneTo Ha HUMECC c kagpu npoabikasa, BK. U CbC 3aBbpLunnu Bucns
WHCTUTYT MO MALUMHOCTPOEHE, MEXaHM3aUNsa U enekTpudukaumns Ha cenckoTo CTONaHCTBO
- BUMMECC (cera PyceHckun yHuBepcuteT «AHren KbHueB») B rp. Pyce. pe3 1957 r.
obwmaTt cbetaB € 70 aywun, a 6poaT Ha ydeHuTe - 34, pasnpenenieHn B OCEM HayyHU
cekumn. lNMpe3 1962 r. yncneHnaT cbetaB goctura ungpata 206, ot kouto 47 yyeHu. lNpu
3anaseHa TeHOEeHUMA Ha paslumMpsiBaHe U cred NpucbeanHaBaHeTo Ha cekumsa “Tpaktopun”
oT LleHTpanHusa MHCTUTYT No MawmnHocTpoeHe npe3 1968 r. cbctasbT HAa HUMECC e Bevye
346 yoBeka, B T.4. 62 yyeHW. 3anoyBa akTUBHA OEMHOCT CbC Cb3dafeHUTE MO CbLLOTO
ToBa BpeMe VIHCTUTYT No cenckocTonaHckn MawimHu B rp. Pyce n IHCTUTYT no TpakTopuTe
B rp. Kapnoso, ¢ geaTta [bpxaBHun nanuteatenHun ueHtbpa (B rp. Pyce u rp. MNnoegue) n
asete usnuteatenHn 6asum (B rp. Coduma u rp. Kapnoso). CBos makcumym — 376 gywiu, ot
KOUTo 69 yyeHn, nuyHuaT cbetaB Ha HUMECC pgoctura npes 1973 r. Npe3 80-Te rognHu
Ha MWHanus Bek BpoAT Ha paboTewmte Hamansea o Manko Hag 300 npu 76 y4deHwu.
TeHOoeHUMATa 3a HamansiBaHe Ha 4YMUCHEHUs CbCTaB ce 3anassa W npes 90-Te roguHwu.
Hayanoto Ha XXI-BK Bek ce xapaktepusupa ¢ e obeanHABaHUS CbC CPOLHM Hay4HU
MHCTUTYTN — npe3 2001 r. ¢ HcTtntyTa no xmgpomenunopaumm un npesd 2012 r. ¢ HcTuTyTa
no No4Bo3HaHWe 1 VIHCTUTYyTa No 3awuTa Ha pacTeHusTa.

B pamknte Ha o6eanHeHnsa npes 2012 r. MIHCTUTYT NO NOYBO3HAHWE, arpOTEXHONOMMn
W 3awmuTta Ha pacteHudara ,Hukona [lywkapoB® wu3cnegBaHusita B obrnactta Ha
MexaHu3aumsiTa Ha 3eMedenueTo ce NpoBexaaT OT ydeHu oT oTaen ,MexaHumsaumsa Ha
3emenenneTo u xugpomenuopatneHun cuctemu”. Kbm otaena yHkunoHupa Jlabopatopus
3a OnNUTHM u MogenHum obpasun (JIOMO), kboeTo OCHOBHaTa 4acT OT HaydYHuTe
pa3paboTkn HammMpaT CBOSAAITa NbpBa peanusauums BbB BU Ha ONUTHU obpasuu.

Mpe3 Bcuyknte 75 200uHU Hayka 3a MexaHu3auus Ha 3emelesniuemo 8 bbrnzapus
PBKOBOAHUAT CbCTaB (BX. cnefsawarta durypa u lNpunoxeHneTo B Kpasi), yvyeHuTe,
eKkcrnepTuTe n cneuynanuctute paboTaT HEOTMEHHO 3a W3guraHe Ha HUMBOTO Ha
3eMefernickoTo Npou3BOACTBO B CTpaHaTta, KaTo akueHTMpaT BHUMaAHMETO CU BBPXY
pelaBaHeTO Ha akTyanHuM 3a BpemMeTo cu npobnemun. [pUOPUTETHUTE HACOKM Ha
AeNHOoCTTa B OTAENHUTE HayYHW HanpaBfeHWs XPOHOMOrMYyHO Morat ga ce obobwaT no
CnefHust HaumH:

MpuopuTeTHM HACOKM HA Hay4yHaTa AeNHOCT

ETan
B obnacTtra Ha MexaHu3auusaTa Ha 3emMenenueTo

1949 - 1950 . MexaHu3aums Ha obpaboTkata Ha noysarta

1951- 1955 r. KomnnekcHa MexaHu3aumss B >KUTHOTO 3bpPHOMNPOU3BOACTBO. YCbBbPLUEHCTBAHE
obpaboTkata Ha noyBaTa. PanoHupaHe, HOpMMPaHE U YCbBBLPLUEHCTBaHe paboTaTta B
MaLLMHOTPAKTOPHWUTE CTaHuuMWM. Havano Ha pelsaBaHeTo Ha NpobrnemMu B TEXHUYECKOTO
nogabpXaHe U peMoHTa Ha 3eMefdernckata TexHuka. Havyano Ha mexaHu3anpaHeTo Ha
npouecute Mpu OTIMEXAaHe Ha uapeBuuarta, BrakHOO4AWHUTE KyNTypu U 3axapHOTO
LBEKNO.

1956 — 1960 r. Hayano Ha mexaHu3auusiTa B 3eNeHYYyKONPOW3BOACTBOTO, THOTIOHA, NO3apCTBOTO U
0oBoLWAapcTBOTO. [loBCEMECTHO BHeApsiBaHe Ha 3bPHOKOMbanHuTe.

1961 — 1965 . PaspaboTka 1 BHeapsiBAHE Ha KOMMJIEKCHA MexaHu3auusi B THOTHOHOMPOM3BOACTBOTO,
3eNeHYyKoNpPon3BoACTBOTO Ha 6a3a MexaHu3auus Ha pascaxgaHeTo, MexaHu3auusl B
npubupaHeTo Ha TpeBHUTE dypaxu M cunaxupaHeTo. Hayano Ha pelwaBaHeToO Ha
npoGrnemu, cBbP3aHU ¢ TpaHCcnopTa B 3eMe]eNcKoTO NPOon3BOACTBO.
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1966 — 1970 r. PasrbpHaTo pasBuTME Ha MexaHu3auusTa no BCUYKM MPOM3BOACTBEHM onepauuu B

pacTeHneBbOCTBOTO, XNMBOTHOBBACTBOTO, CeJiCKoCTonaHCcKuA TpaHCnopT.
MexansmpaHe Ha npon3BoACTBEHUTE onepaunn npu pa60Ta Ha HaKIIOHEeHW TepeHu.
Havano Ha MeXaHU3nNpaHoTO anGMpaHe Ha KOCTUJTIKOBU nJjiogose.

1971 - 1975 . Pa3Butne Ha mexaHnsauusaTa B NpubMpaHeTo Ha MNoA4oBeE M rpo3fe. YCbBbpPLUEHCTBAHE
Ha TpaHcnopTa M KOMMJIEKCHATa MeXaHu3auus B  PacTEeHUEBBACTBOTO MU
XMBOTHOBBACTBOTO.

1976 — 1980 . YCbBbpLEHCTBAHE Ha  MexaHu3auusTa B  >KMBOTHOBBACTBOTO, Jl103apCTBOTO,

3€e1eHYYKOMPOM3BOACTBOTO, MPUOMpPAHETO Ha TPEBHU U CUNaXHU KynTypu. HoBU Hacoku
3a pa3BUTME Ha MMAaHUHCKOTO 3emegenve. HoBm metogmn B nousoobpaboTkara.

1981 —1989r. HoBM ¥ YCLbBBLPLIEHCTBAHUM TEXHOMOIMYHU MMHMU OT MalUMHM B MOMEBBLACTBOTO,

TpanHUTE HacaxaeHusi (OBOLLApPCTBOTO WM 03apCTBOTO), 3eNeH4YyKOnpou3BOACTBOTO,
XXUBOTHOBBACTBOTO, NIIAHUHCKOTO 3eMeaenne. HoBU 1 yCbBbPLUEHCTBAHM TEXHOMOMKN 1
cpeacTtBa 3a TpaHCMOPT W ToBapopa3TOBapHM oOnepauuun, PEMOHT U TeXHUYECKO
obcnyxBaHe, TEXHONOMMYHU MMHUMM U MalLMHK 3a CenekTuBHa pe3ntba n npubupaHe ¢
ornen OrnonsoTBOpsiBaHe Ha Mo30BUTE MPbYKM U APYrKM Bb30OHOBSEMU U3TOYHULN Ha
eHeprus oT 3eMefericKkoTo NPOM3BOACTBO.

1990 - 2000

MexaHmsmpaHM TEXHOJIOTMN N TEXHOJTIOTNMYHM KOMNJIEeKTU OT MallnHK 3a npoun3BoacTBO
Ha KOpeHO-KﬂyﬁeHOI'II'IO}J,HI/I N JNYKOBUYHU 3eneHYyun. TexHNn4eckn n TEXHOMOrn4YHU
peuweHuna 3a eKOJ'IOFOC'bOGDaSHa pacTuTenHa 3awurta. Mo,qepHmsmpaHe n ontTnMmnanpaHe
Ha 13noJfi3BaHeTo 1 CeEpBU3HOTO 06CJ'Iy)KBaHe Ha TEXHWKaTa B 3eMeaesimeTo.

2001 - 2011

PaspaboTBaHe Ha €HEpruiHO W WKOHOMMWYECKM E(EKTUBHU TEXHOMOTMYECKU W
TEXHWYECKU pELUEHUst 3a ycTonunBo 3emegenue. OueHka KauyecTBOTO Ha paboTa Ha
MallMHWTe 3a pacTuTenHa 3awmTta. PaspaboTBaHe Ha TEXHOSMOMMU U TEXHUYECKU
cpefcTBa 3a OMon3oTBOPSIBAHETO Ha 3eMEAENnckM ocTaTbLM. TEeXHONorUsa 3a nony4ysaHe
Ha opraHo-MUHepaneH Top.

2012 -

PaspaboTBaHe 1 yCbBbpLUEHCTBAHE HA METOAW, TEXHOMOMMM U TEXHNYECKN cpeacTBa 3a
eeKkTMBHO 1 ekonorocbobpasHo 3emegenue. TexHONornsa 3a MaWwWnHHO AOEHEe Ha KO3K
npu nogpedeHo dukcupaHe. Cb3gaBaHe Ha HOBU MOKPUTUS C BMCOKa TBBbPOOCT,
N3HOCOYCTOMYMBOCT M TPUBOEdEKTUBHOCT Ype3 eneKTPOUCKPOBO U ras3onnamMmbyHO
HannactaABaHe. TexHomorvs 3a nogobpsiBaHe Ha MNOBBPXHOCTHUTE CBOWCTBA Ha
TUTAHOBM W CTOMaHeHW W34enns 4Ype3 peakuMoHHa ernekTpouckpoBa obpaboTka.
TexHonornyeH KOMMMeKC OT MaluMHM 3a eKonocbobpa3Ho NPOM3BOACTBO Ha kapTodu B
Manku pepMepcKkn CTonaHcTBa. TeXHOMOMMYHM peLleHns 3a nenetupaHe Ha otnagbuu
OT 3emeferickoTo Mpou3BOACTBO. Pa3paboTBaHe Ha TEXHOMOMMYHU U TeXHUYECKU
peLleHns 3a MexaHusmMpaHe Ha JeWHOCTU MpW OTIMeX4aHeTo Ha macnoganHa posa.

PBKOBOOUTEINA
Ha CTPYKTYpMTe C Hay4yHa AedHOCT
B o6nacTtra Ha MexaHu3auusTa Ha 3eMefenueTo nNpes roguHuTe

CTAHUMA 3A MEXAHU3UPAHE HA CENNICKOTO CTOMAHCTBO (1949 - 1953 r.)

WeaH lewes Koctos npod. NioGomnp KoHcTasTuHos
o 1949-1961 . U 1851-1953 1

HAYYHOU3CNEOOBATENCKW UHCTUTYT MO MEXAHU3AUMA U ENEKTPUOUKALIUA HA
CENICKOTO CTOMNAHCTBO (4 cTpyKTypHUTe My BapUaHTu B nepuoga 1954 - 2000 r)
&

m%‘; .3 P Qn

Cr.H.c. | oT. nHx KTH. uHX. CrHe, ot ik CrH.E. | GL. MHX CT.H.C. UH%. Wi, Crug lor vex. Oouw A-p uds.  Jou. A-p K.
Hukona MaApnapos M. Muxainos Bacun Mpuropos  Cralo Qumos  ¥s.Kapauganos M. Konapos Xpucto Croswos Hukona floces  W. Maxadoros
1954-1959 1. 1959-1963 1 19683-1965r. 1965-1968 r 1968-1978r. 1978-1979r. 1979-1992r, 1992-1995 1895-2000 r

WHCTUTYT NO MENUOPALIUU N HAYYEH OTAEN NO MEXAHU3ALUA
MEXAHU3ALMUA (2001 - 2012 r.) B pamkuTte Ha UMA3P ,H. NMywkapos*

210844

o
Aou. A-p uHK 04, A-p MHX MNpodp. A-p wHx. L [ou. A-p MHK. Mpod. A.T.H. HX.

Mnamex Netkos Huxonait Mapkos Muxo Muxos Feopri Kocvaaunoe PymeH Togopos CHexan Boxxos
2001-2003 1. 2003-20117r 2011-2012r. 2012-2018r. 2018-2022 1. 2022 -
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MpuHOCBLT Ha TBOpUNMTE B oObnacTTa Ha MexaHu3auusiTa Ha 3emMenenveTo ca
pa3paboTeHn 1 BHeApeHW OrpoMeH Opon eHepreTuyHW cpeacTtsa, PaboTHM MaLIWHWU U
CbOPBXEHUA 3a pPacTEHMEBBACTBOTO M KMBOTHOBBACTBOTO (Marnka 4acT OT TaAX ca
nokasaHu no-gony). B onpegenenun nepnogu ot sBpeme B JIOMO roguwHo ca nspaboreaHu
20-25 obpasumn Ha MalMHM N CbOPBXKEHUS, OT kKouTo cpeaHo 10-15 Bposi ca Bnu3anu B
NPOW3BOACTBO M eKcnroaTaums.

CamoxoeH cunaxokombaiit B TpU BapuaHTa -
¢ xefiep (BNsiBO), C YeneH Toapay 1 noabupay (BASCHO)

"
(== e

WYy o BRI =, T y - Al S o
TpaHcnopTHa MoauduKaums ot
damunuara Tpakropu “TK-215"

PemapKe-KOHTeHepoBos PK-6

Arperat pesnTeH NHEBMaTHYEH
APT1-12

ABTOMaTV4Ha caflayka 3a pbTeHU PoTtopHo-6apabaHHa MawwuHa aBToMaTv4Ha ropcka
KapTopu CPK-2 Kaptodosagayka PEB-1 Axpuga MATI-1,6
EHepreTu4Hu cpeacTBa U pab0THM MalllMHU 3a pacTeHUEeBBbACTBOTO
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MopgynHa TexHonorus

[NowvnHa nHctanauusa 3a osue AN0-12  [owunHa nHctanauua 3a kosn AVNK-4M  3a MallMHHO JoeHe Ha

K031 Npu noapeaeHo
hukcupaHe

Cmecuten 3a rpybu 1 KOHUEHTPUPaHU ®ypaxomenka ®ypaxomernka yHusepcanHa ®Y-400
dpypaxu CC-0.72

ChopbXeHus 3a MexaHu3upaHe Ha NpoLecH B XXMBOTHOBBHACTBOTO

Hes3aBncuMo OT HEMHOroOpoMHUA CbCTaB Ha oTaena no mexaHumsaums Ha WUIMA3P
.Hvkona [llywkapoB® npe3 nocrnegHuTe rogvHM HayvyHata LEWHOCT npoAabibkaBa ga €
HacoyeHa KbM npobnemn C pellaBallo 3HAYEeHWEe 3a HauMOHANHOTO U CBETOBHOTO
3emMeferncko Mnpou3BOACTBO, B T.4. ONTUMU3MPAHE napamMeTpuTe Ha TexHuKaTta 3a
pacTuTenHa 3awuTa 3a HamansBaHe Ha OTpuuaTenHOTO M Bb34eNCTBUE BbPXY OKOMHaTa
cpefna, nenetvpaHe Ha pacTUTENHM OCTaTbUM 3@ EHEPrUMHW HyXxXaW, nogobpsiBaHe Ha
NOBBbPXHOCTHUTE CBOMCTBA Ha ObP30M3HOCBALLM Ce AeTannu Ypes HannacTaBaHe.

Mpbckayka HaBecHa Ypenba 3a rpaHynupaHe Ha YcTaHoBKa 3a enekTpoucKpoBo
BeHTMnatopHa MHB-120 pacTuUTenHu octaTbum HannacrtsisaHe

Marnko noBeye OT e4HO geceTuneTve B oThgena ce pa6OTM BbpXy MEeXaHN3NpPaHETO
Ha onepauun oOT TEeXHONTIOr’M4YHUA npouec npu oTrnexagaHeto Ha MacnoganHa po3a —
6e3CI'IOpHVIFIT CMMBOJT U OCHOBaHME 3a HauuMoHaliHa ropaoct Ha CTpaHaTa HMU. I'Ipe3
nepmnoga ca obocHOBaHM MeToau, Cb3gadeHn M M3NUTaAHU ca pa6OTHI/I MalnHN 3a
nojiaraHe Ha rpu>kmn 3a pacrteHudTta u 3a peanm3mpaHe Ha eanHCTtBeHaTa HeMexaHu3npaHa
onepauud oT TEXHOJIOrM4ecKkmnd npouec — 6paHeTo Ha LBeTa B pO30BUTE HaCaXxXgeHn4.
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pupefoBa MalinHa 3a 6paHe  MHoroyHKUMOHaNHa MalluHa 3a rnonaraHe Ha rpuxu 3a pacTeHusTa
Ha MacnopgaiiHa posa BpaHe Ha LBeTa B pO30BUTE HacaXaeHUs

AKTyanHu 3a HaleTo CbBpemMue ca u3cnenBaHuaTa, NpPoBeXOaHW U B HACTOALLUS
MOMEHT OT y4YeHUTEe 1 cneumannucTuTe No MexaHu3auusa Ha 3emegenneto. B obnactra Ha
pO30MpoM3BOACTBOTO Cce pa3paboTBa MawmHa 3a CTpaHuyHa pe3uTba Ha
HUCKOpPAas3nonoXxeHun cTbbna, nonerHann B Mexaypeausita Ha po3oBuUTe HacaxaeHus. Ha
eTan onuTeH obpaseL, e KOMOMHMpPaHa MaluMHa 3a 0POpPMSHE Ha MOBBPXHOCT C BMCOKA
AabroobpasHa nexa, nonaraHe Ha TpbOW 3a KaMkoBO HamnosiBaHE W MOKpPMBaAHE C
MynuMpaLwo ¢onmo, KOSTO Aa MOXe Aa ce U3MOoMn3Ba Npu OTrNeXAaHeTo Ha 3eieHYyKOBM,
Aro4onnofHWU, eTepudHo-macneHn u nevebHn kyntypu. PaspaboTBa ce TexHUYecKo
CpeAcTBO 3a TepMmnyHa obpaboTka Ha oTnagHa AbpBecHa mMaca npu Npoun3BOLACTBOTO Ha
ouoBbrneH 3a 3emegenueTto. OnNTUMM3MpAT Ce CUCTEMU 3a TEXHUYECKO ObCcnyxBaHe U
PEMOHT Ha 3emefernckata TeXHUKa.

Hay4HaTta gerHoCT B obnacTta Ha MexaHusauusiTa Ha 3emefenueTo ce peanusnpa
Ha npoekTeH MNpuHUMN B pamkute Ha CenckoctonaHcka akagemmsa (CCA), kbm PoHa
.Hay4dHn nacnegsanuna“ Ha MOH, Ha ocHoBaTa Ha crnopasymMeHusi 3a CbTPYAHUYECTBO C
MEeXAyHapOaHW opraHmM3aumm 1 AOroBopu CbC 3eMefencku npomnssoautenu. MNonyyeHute
pesyntaTu nornyvaBaTt NacHOCT cpej cheunanucTute B OOLLECTBEHOTO MPOCTPaHCTBO
ypes3 pasfnuyHKu opMn 3a pasnpocTpaHeHne Ha MHgopmMauusa. Pesyntatu oT nbpBuUTe
roguMHu Ha pa3BUTUE Ha HayKkaTa Nno MexaHu3aumsa Ha 3eMefenueTo y Hac ca NybnvkyBaHm
npe3 1956 r. B cbopHMK C TpyaoBe Ha MIHCTUTYyTa 3a MexaHu3aumst u enekTpudukaums Ha
CENICKOTO CTOMaHCTBO, KOWTO wu3nu3a kato npunoxeHne Ttom VIII kbM cnucaHue
“‘CenckoctonaHcka mucbn”. [leno Ha ydeHn B obnactta Ha MexaHu3aumatra Ha
3emMegenueTo npes cneasawmre rogMHn ca MoHorpagum, CTOTULM CTaTUK B PEHOMUPaHU
cnucaHus, B T.4. B pedpepmpaHn 1 UHOEKCUPAHN B CBETOBHOM3BECTHUTE 6a3n aaHHn Web
of Science n Scopus. CToTMUM ca U3HeCeHnTe AoKnagm Ha MexayHapoaHU N HaLMOHaNHU
Hay4YHW KOH(pepeHUMM Y HAc 1 YyxBbuHa, B T.4. U Ha opraHuaupaHus exerogHo ot UIMA3P
.Avkona T[lywkapoB® HaydeH opymM C MexayHapoaHo yyactne ,Ekonorms wu
arpotexHosiormm — doyHgameHTanHa Hayka M npaktudecka peanusaumsa“. lNopageHn B
MaTeHTHOTO BeaoMcTBO Ha Pb ca Hag 240 3asBku 3a n3obpeteHnsa kato nosede ot 2/3 oT
TSX ca npusHaTtu. Bendknte 4 nogagenmn ot 2020 r. Hacam 3asiBKM 3a NOSE3HM MOgenn ca
NpuU3HaTK:

PeructpupaHu nonesuu mogenu B NMateHTHoTO BegomcTeo Ha PB ot 2020 T.

Ne HanmeHoBaHue PeructpaunoHeH Ne Rara Ha
3asiBABaHe
1 EnekTtpoaeH matepuan 3a enekTpoMCcKpoBO Ne 3740 U1 27.02.2020 1.
HannacTaBaHe
2 | MogynHa mallunHa 3a posu Ne 3882 U1 21.07.2020 .
3 | MawwuHa 3a pe3ntba Ha po3u Ne 3977 U1 05.11.2020 .
4 | MawwHa 3a 6paHe Ha MacnoganHn posu Ne 4034 U1 23.02.2021r.
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PaspaboTkute Ha ydyeHuTe B obnactra Ha MexaHu3auusiTa Ha 3emMedenueTo ca
BMCOKO OLEHsIBaHM OT cneumanucty B OpaHwa M HamumpaT LUMPOKO MNPU3HaHME Ha
npaBMTENCTBEHO HMBO. [1BaMa y4yeHn OT Cb3AafdeHust KaTo LeHTbp 3a Hayka B obnactra
Ha MexaHusauuaTa Ha 3emegenneto MHCTUTYT HUMECC ca ygoCToeHu CbC 3BaHWMETO
»3aCIYXUI geaterni Ha TexHukaTta’, geceT Yy4yeHu ca HocuTenn Ha opaeH Kupun wm
MeTogui“ Il cT. u Tpuma Ha | CT., ABamMa y4YeHu ca HarpageHun ¢ opaeHa ,YepBeHo 3Hame
Ha Tpyaa“, a apyru wecT ¢ ,HapoaeH opaeH Ha Tpyaa“. 3a uanoctHa AEVHOCT 1 No criyyan
40-roguwHuHata cn WHCTUTYTBT € HarpageH C opAeH ,YepBeHo 3Hame Ha Tpyaa“
MHoOrobporiHmM ca nonyvyeHuTe KOMEKTUBHM Harpagu OT HaUWOHANHW U MeXayHapoOHW
N3NoXeHns 3a 3emenericka TexHuka. Camo npes nocnegHuTe 7 roguHu kato nobegurenm
B KOHKYPCWM 3a WHOBaAUuW, OpraHu3MpaHu B paMKuUTe Ha MexayHapoaHaTa
cenckoctonaHcka uanoxba AIMPA ot lMnoBauBCKMA NaHaup, ca HarpageHu 6 HayyHu
pa3paboTku.

P ‘._...._..%_

3‘—’\ = ‘\ =

Harpap,el-wl eKCnoHatu B KOHKprM 3a MHOoBaLUuu, opraHM:mpaHM B paMKVITe Ha MexqquaponHaTa
cenckocTonaHcka usnoxoa ArpA

Pasgen Ha KOHKypca 3a
Ne EkcnoHat A yp MNoguHa
MHOBaL UK
1 TexHonorus 3a onon3oTBopsiBaHe Ha buomaca ot TexHornoruu 3a 2018
naBaHgyna 3a eHeprunHu uenu pacTEHNEBBACTBOTO
Cb3gaBaHe Ha HOBM MOKPUTUSA C BUCOKA TBBPLOCT, o
- HayyHa genHocT n
2 | U3HOCOYCTOMYMBOCT M TPUBOEEKTUBHOCT Ypes pa3paBoTKM 2019
€ITEKTPOMCKPOBO M ra3onyiaMbyHO HannacTaBaHe
MaLwnHKn, nHBEHTap U
3 | MawwuHa 3a po3un - MHOroOyHKLMOHaHa TEXHosormm 3a 2020
pacTEHNEBBACTBOTO
4 MHcTanauma 3a npevyncTBaHe Ha CAbHY0rneaoBo Hay4Ha genHocT n 2022
Macno ¢ NOMOLLTa Ha ynTpa3ByKOBO None pa3paboTku
TexHonorusi 3a nogobpsiBaHe Ha MOBLPXHOCTHUTE
5 o AooP P Hay4Hu pa3paboTku 2023
CBOWCTBA Ha TUTAHOBU U CTOMaHEHU M3aenus
YCTPOMCTBO 3a NacMBHO COpTUPaHe Ha NroaoBe U
6 P pTvp a Hay4Hu pa3paboTku 2024
3eneHyyum
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HaTtpynaHuTe npe3 roguHuTe 3HaHWS 1 ONUT y4yeHuTe B obnactTa Ha MexaHusauusaTa
Ha 3emMedenueTo npegasaT HEOTMEHHO. oaroTBeHn nog TAXHO PbKOBOLCTBO M YCNELIHO
3aWmMTeHn ca AucepTauMoHHM TpydoBe OT Hag 55 [OokTtopaHTa, cefeM OT  KOUTO
yyxxgecTpaHHu rpaxgaHn. Camo npes nocrnegHnte 3 roguHU ca 3almTeHn 2 guceptaumm
3a OHC «aokTop» 1 edHa 3a Hay4HaTa CTerneH «4OKTOp Ha HaykuTe». EQuH JOKTOpaHT e
OTYMCMIEH C NpaBO Ha 3aluTa, a ABamMa [OOKTOpaHTa M B MOMeEHTa ce oby4aBaTt no
cneumnanHoctta «MexaHu3aumss W enekTpudukaums Ha  pacTeHUEBBLACTBOTOY.
MHorobporH1 ca M3HeceHuTe nekunn npen cneuynanuctu ot OpaHwa, npegocTaBeHuTe
KOHCynTauMmM Ha 3emMedenckum npoumsBoauTenu no npobnemute Ha MexaHu3MpaHOoTO
3emenenue, nposeaeHUTe NMHPOPMAaLMOHHN OHMW.

[MoHacTosWweM npeacTaBUTENIM Ha Haykata No MexaHusauus B 3emedenueTto ot
otaen M3uXMC ca npuBnedYeHn B peauua KOMUCUM OT HaAUMOHANHO 3HA4YeHMEe KbM
MUHUCTEpPCTBAaTa Ha 3eMedenMeTo, Ha TpaHcnopTa U CboOLLEeHNATa, HA KOHOMUKaTa, KbM
doHa ,HayyHn nscnegsaHus®, BKNOYEHN ca B paboOTHM KONEKTUBK 3a pa3paboTBaHETO Ha
METOAMKN U HOPMaTMBHU OOKYMEHTM B obnacTtta Ha 3emegerickata TEXHWKa, y4acTBaT B
CbCTaBUTE Ha KOHTponupawm opraHum B pamkute Ha CCA, B pbKOBOOHM OpraHu Ha
obeanHeHna HeTuTyT H. MNywkapos®.

B 3akno4eHue:
WM Ha 75 rogmHun HaykaTa 3a MexaHu3auus Ha 3emenenueTo e Teopswal
[la cu noxenaem ga cme 3gpasn,
Aa ycnsgsame fa ce crnpaBsiMe C npeaussukatencTeata Ha CbBpEMUETO
N NPOABLITKUM Aa Cb3daBaMe TEXHUKN U TEXHOMNOMK 3a 3emeaenueTto B brnrapus!
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lMpunoxeHue

PbkoBoaguTenu Ha CTPYKTYypuTe C Hay4Ha OenHoCT
B obnactra Ha MexaHM3auusiTa Ha 3emeernueTo npe3 rogmHnuTe

NmeHa,
Hay4YHO 3BaHue,
Hay4yHa cTeneH

3aemaHa
pBbKOBOAHA
ANMBbXHOCT

Mepuoa Ha
3aemaHe Ha
ANbXHOCTTa

KpaTku gaHHm

CTAHUMNA 3A MEXAHU3UPAHE HA CEJICKOTO CTONAHCTBO

MBaH Newwes aupekTop 1949 - 1951 r. | Pabotn B obGnactta Ha W3NUTBAHETO Ha
KoctoB 3emMefenckM MawuHW, U3crefBaHeTo  Ha
ceMeyncTayHu MalunHW, obessapassBaHeTo
Ha cemeHa u 6opbata c HenpuaTenu u
BpeauTenu no KynTypHUTE pacTeHUs.
MbpBu  agvpektop Ha  CraHumsita  3a
MexaHM3auusi Ha CEeNcKOTO CTOMaHCTBO.
JTio6omup TpudoHoB OupekTop 1951 — 1954 r. | YyactBa B narpaxgaHeTo Ha
KoHcTaHTMHOB MalwuHoTpakTopHuTe ctaHumm (MTC) B
npodecop Bvnrapua. PasnpoctpaHsiBa 3emefenckara

KynTypa W 3HaHWa N0 MexaHusaums Ha
cenckoto cTonaHcTtBo. 3aema  peauua
PBKOBOAHWU AMBXHOCTM B AbpXaBaTa, B T.u.
KaTo 3aMECTHUK-MUHUCTbP Ha 3emMeenuneTo.
Bun e npegcraButen Ha bBbnrapya B
paboTHaTta rpyna Mo MexaHu3auus Ha
CernckoTo cronaHcTBo npu MkoHomumyeckaTa
komucma 3a Epona (MKE), oTroBopeH
cekpetap npu [locTosHHaTa Komucus Mo
cernckoto cronaHctBo Ha CbBeta 3a
MKOHOMMYecka B3anmonomoly (CKB).

HAYYHOU3CIEOOBATEJNCKA MHCTUTYT NO MEXAHU3ALUUA U ENEKTPUOUKALINA HA
CEJICKOTO CTOMAHCTBO u Herosu CTpyKTypHU BapuaHTu B nepuoga 1954-2000 r. (HUMECC -
UMMECC — HUWMMECC — HUMTCM — HUMECC)

Hukona CtosiHoB
Fanpapos
CT. H. C. | CT. MHX.

ANPEKTOP

1954 - 1959 .

Pabotn B obnactta Ha MexaHu3MpaHuTe
TEXHONMOrMM 1M MallMHUTE 3a MNpOM3BOACTBO
Ha  3bPHEHO-KUTHW W  3bPHEHO-6060BM
KyNnTypu W ChAbHYOrMNen, cnegxbTBeHaTa
00paboTka, CyLEHEeTO U CbXPaHEHUETO Ha
3BbPHOTO " cnamara. EovH oT
opraHusatopute Ha nbpeute MTC un awm-
pektop Ha nbpBata MTC B bBbnrapus.
PbKkoBoOuTENn M y4acTHMK B Cb3daBaHEToO,
n3cnegBaHeToO M NpunaraHeTo B MpakTvkarta
Ha  NbpBUTE  CUCTEMM  MAaLIMHM  3a
KOMMEKCHa MexaHu3aums B
CencKOCTOMaHCKOTO NPON3BOACTBO Yy Hac.

YyactBa B cb3gaBaHeto Ha HMMECC u e
HeroB nMbpBu anpektop. Pabotn B CCA, kaTo
3aMeCTHVK-NpeacenaTen u Hay4YyeH cekpeTap.

Mwuxann XpuctoB
MuxannoB
O-p VHX.

ANpPeKTop

1959 - 1963 r.

HayyHa komneTeHTHocT B obrnactta Ha
MexaHu3aumaTa Ha npouecute B CeNickoTo
CTOMaHCTBO.
MbpBMAT yyeH C HayyHa cTeneH - KaHguaaTt
Ha TexHW4yeckuTe Hayku (QOokTop) paboTun B
UHcTuTyTa.
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Bacun Qumuntpos
Fpuropos
CT.H.C | CT. NHX.

OVpeKTop

1963 - 1965 .

PaboTtn B obnactra Ha MexaHu3auusitTa Ha
CEencKoCTONaHCKoTO Npon3BoACTBO,
nogobpXXaHeTo U MPOM3BOACTBOTO  Ha
3emepgercka TexHuKa. PbtkoBoaun
HaUWOHaNHN U MeXayHapoOHW CTPYKTYpU B
chepaTta Ha CEerCKOCTONaHCKOTO
MaLLMHOCTPOEHE. HarpaxpgaeaH
HSIKOMKOKPATHO  C  MPaBUTENCTBEHU U
MeXAYyHapOLHU oTNNYnA. ABTOp Ha
pauvoHanusaumm 1 n3obpeteHns. YOoCToeH
€ No4YeTHOTO 3BaHWe ,3acnyxun geaTen Ha
TexHukaTa".

Crato Jlazapos
Oumos
CT.H.C | CT. UHX.

ANPEKTop

1965 - 1968 r.

AKUEeHT B HayyHaTta My [OenHoCcT ca
MalUMHHOTO [OOEHE Ha OBLIETE, XPaHEHETo,
NMOYMCTBAHETO Ha TOpa N MeXaHU3MpaHeTo
Ha nMpouecuTe TMNpUM  CUNaxunpaHe Ha
dypaxunte. PbKoBOAM Cb3gaBaHETO MU
BHeOpsIBAHETO Yy Hac Ha  MNbpBUTE
MHCTanauum 3a JoeHe Ha oBLE NpW NacuLLHM
ycnosus. B onpegenexn nepuoan pabotu B
MWHMCTEPCTBOTO Ha 3emefenueTo, Karto
OVpekTop Ha aupekuunsa “MexaHunsaums”, n B
ovBLLMA CbBeTt 3a MKOHOMMYECKa
B3aumonomowy (CVMB) B Mocksa, kaTto
cekpeTap Ha KoMuUcusaATa MO CENcKo
CTOMaHcTBO. HayyHOTO My TBOpPYECTBO
BkntouBa Hag 150 Tpygoa, B T.M. KHUMWK,
o030pKn, Ooknagu, aBTOPCKM CBUOETENCTBA,
peueH3un 1 ap.

MBaH CtedaHoB
KapanBaHoB
CT.H.C. UHX.

s il

ANPEKTop

1968 — 1978 r.

Pabotn B obnactra Ha MexaHu3auuaTa Ha
TIOTIOHONPOU3BOACTBOTO M J103apCTBOTO,
KaTo yyacTea B pa3paboTBaHETO Ha MaluVHU
N CbOpbXeHusi. ABTOp € Ha u3obpeTeHus.
Hocuten Ha opgeH “HapogeH opaeH Ha
Tpypa“ — 3nateH, opaeH ,Knpun n Metoamin®
Il cT. n opaeH ,Kupun n Metognin“ | cT.

Muxaun Pyces
Konapos
MaLLMHEH MHXeHep

ANPEKTOP

1978 —1979r.

HayyHn komneTeHTHOCTM B obnacTtta Ha
MexaHu3auusaTa Ha 3eMeaernumeTo.

XpucTto Hukonos
CrtosiHOB
CT.H.C | CT. MHX.

ANpPeKTop

1979 - 1992 .

Pabotn B obnactta Ha TpakTopute U
npobrnemMmuTe  Ha  MexaHuMsauuatTa  Ha
TPaHCMOPTHUTE M TOBApPO-pa3TOBapHUTE
pabotu B 3emMegenuetro. YdyactBa B
paspaboTrBaHeTo W BHegpsiBaHeTto Ha 30
MaLUVHU 1 CbOPBXEHUsI. ABTOP U CbaBTOp Ha
Hag 200 nybnukyBaHuM HayyHu Tpygda, 15
kHurn, 20 6pos m3obpeTeHus 1 NaTeHTw.
HapopeH npeactasuten B 37-10 M 38-TO
HapogHo cbbOpaHue. BHocuten e Ha
NPOEKTO3aKOHW, OoTHacALM ce 0o
3emepfernckaTa Hayka, 3emepernckara
TexHuKa, posara W [Apyrute MacnopanHu
KynTypu. Hocuten Ha opaeH “HepBeHo 3Hame
Ha Tpyga“.
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Hwukona
AnekcaHapos
Doces
Aou. O-p VHX.

OVpeKTop

1992 — 1995 r.

Pabotu BBbPXY
MexaHusaumsTa B
NTULEBBACTBOTO "
M3TOYHWULM Ha eHeprus
6uoras). N3bupaH 3a ureH Ha
pbKOBOACTBaTa Ha HaLMoHarnHm "
MEeXOyHapoOHW CTPYKTypu B cdepata Ha
)XUBOTHOBBOHUTE  Hayku. [lpuTexasa
aBTOPCKM CBUAeTencTBa 3a M30bpeTeHus.
3aeman e ANbXHOCTTa 3aM.-U3MbAHUTENEH
AvMpekTop Ha HauuoHanHus ueHTbp 3a
arpapHu Hayku.

npobnemute Ha
CBUHEBBACTBOTO,
HeTpagnUNOHHNUTE
(nonyyaBaHe Ha

WopaaH FocnoanHos
MaHanoToB
aou. O-p UHX.

—

ANPEeKTop

1995 - 2000 .

Pabotn B obnactta Ha cuctemuTe 3a
obpabotka Ha no4yeatTa M ceuTbaTa,
Cb3aBaHETO Ha pabOTHW opraHy U MallnHU
3a OCHOBHa W MexpaypegoBa obpaboTka B
TpaHWTEe  HacaxpgeHwusi, nakeTusauusaTa,
nanetusaumsTa M KoHTelHepusauusTa Ha
3emegencks Ttosapu. AsBTop Ha Hag 100
Hay4yHW 1 Hay4YHO-MONynsApHU nybnukauuu, 11
KHUMM 1 6poLuypu, 13 n3obpeTeHus.
PbKkoBOoOu peguvua HaLMOHanHW CTPYKTYpW.
Mo HeroBa vaes ca Cb3gafeHn U € MbpBUAT
pefakTop Ha CTydeHTckata MHOroTMpaxka
,CTyaeHTtcka nckpa" Ha BUMMECC-Pyce, B-k
.~3emMegencka  TexHuka" " cnucaHue
-MexaHunzaums Ha 3emepenuveTo". HarpageH
e ¢ opgeHu ,MepBeHO 3Hame Ha Tpyaa“ u
~.HapoaeH opaeH Ha Tpyga“ — cpebbpeH.

MHCTUTYT NO MENAN

OPALIMN N MEXAHU3ALINA

MnameH OaHes anpekrtop 2001 - 2003 r. | MbpBM AMpeKkTOp Ha WHCTUTYTa, obeanHun

MNMeTkoB HUMECC " NXM. Hay4yHute My

A0, O-p VHX. KOMMETEHTHOCTU Ca B YNpaBfeHWeTo wu
HopmaTMBHaTa ypenba B
XvapomenuopauumTe n NOSIMBHOTO
3eMegenue, TEXHOMOrMUTE W TEXHUKMTE 3a
KarnkoBO HanosiBaHe U MWKPOAbLXAyBaHe Ha
3emMefenckuTe KynTtypu, TexHornormite 3a
OTBOAHSIBaHe " nopobpsBaHe Ha
3emepfenckuTe 3emu, €eKoMnornyHuTe
npobnemMn B MENMOPUPaHNTE 3EMMN.

Hukonan MuHkos 3aM.-ANpeKTop C

MapkoB pecop

A0, O-p VHX. ,MexaHm3auus Ha

3emegenveto’

Hukonan MuHkos anpekrtop 2003 -2011r. | Pabotn B oObGnactTa Ha cuctemute 3a

MapkoB obpabotka Ha no4yBatTa U ceuTbaTa B

A0, O-p UHX. noneBbACTBOTO M TpaviHUTE HacaxaeHwus,

TexXHonornnTe 3a eHepFI/IIZHO
ononsoTteBopABaHe Ha oTnagHata 6vomaca B
3emegenneTo n ap. YyactBa B
pa3pa60TBaHeTo Ha CucTtemun OT MaLUMHK 3a
KOMMJ1eKCHa MexaHun3auunsa Ha
CEeJICKOCTOMaHCKOTO npon3BoACTBO,
MexayHapogHa cuctemMa OT MalnHKU  3a

3emegenveto. PwbkoBogM UM y4actBa B
pa3paboTBaHeTo, Y3aKOHSABAHETO "
BHEOPSIBAHETO Ha 3eMefesiCku  MallUuHW.

Hocuten e Ha “HapogeH opaeH Ha Tpyaa“ -
cpebbpeH.
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Munxo AnkoB MuxoB
npod. 4-p UHX.

OVpeKTop

2011 -2012r.

Pabotn B obnactra Ha opraHusauusTa Ha
obcnyxBaHeTO, pEMOHTa U eKkcnfoartauusTa
Ha 3emepernckaTa TexHWKa. YdyacTBa B
pa3paboTBaHeTO Ha TEXHOJSI0rnH,
HOpPMATUBHM  OOKYMEHTM U  Hapeabw,
WMHCTPYKLUKN 1 yKa3aHus 3a NpunaraHeTo nw.
B obeguHennsa wHctuTyT H.lMywkapos® e
3aemarn OANbXHOCTTa ,3aM.-ANPEKToP".

HAYYEH OTOEN NO MEXAHU3ALUA B pamkute Ha UMA3P ,,Hukona NyuwkapoB*

Meoprn Qumntpos
KoctaguHoB

npod. A-p UHX.

pbkoBOOUTEN
HanpasneHue

C Tpu oTAoena B
obnacTTa Ha

MexaHusaumdaTa

mapt 2012 —
HoemBpu 2018 r.

Pabotm no npobnemn, CBbp3aHM C
MexaHu3auuata Ha  3emMedenveto U
pactutenHarta 3awuTa, YCTON4YMBOTO
3emegenve, MoaenMpaHeTo Ha npolecute u
TAXHaTa ONTUMU3auusa, enekTPOUCKPOBOTO
HannacTasa 1 Ap. ABTOP € Ha TexHonornm m
MalUvHW, BHeApeHu B npakTtukaTa. ima Hag
200 Hay4yHU nyonukaumu, B T.4. 9 KHUIK, KaTo
44 ot nybnvkauumnte ca ¢ umnakt daktop /
UMMNaKT paHr. YyacTBa B peavua HayyYHu U
€KCMNepTHN CbBETU, KOMUTETU U KOMUCUUN KbM
CCA, MVHUCTEpPCTBO Ha 3emedenveTo u
XpaHuTe, MUWHWUCTEPCTBO Ha WKOHOMMUKaTa,
doHp ,HayyHu unscneppaHus“. PvkoBogun e
5 ycnewHo 3awuTnnmn JoKTopaHTa.

PymeH Munes
Topopos
Aou. A-p VHX.

peKOBOOUTEN
oTagen

aekemepu 2018
—manm 2022 r.

Pabotm B obnactta Ha ceutbara Ha
3BbPHEHO-KUTHM N OKOMHU KynTypu, centbarta
Ha pgpebHM cemeHa, pascaxgaHeTo Ha
3€MIEHYYKOBN UM TEXHUYECKM  KYyNTypw,
TOpeHeTo, noysoobpaboTkaTa,
npocpmnupaHeTo UM MpoKapBaHETO  Ha
HanoWTENHU N OTBOAHUTENHN KaHanw.
PtkoBogn M yyactBa B paspaboTBaHeTo,
y3aKOHABAHETO UM BHegpsiBaHeTO  Ha
3emMeernckM MalluvHu.

CHexaH VBaHoB
BoxkoB
npod. 4.T.H. HX.

pbkoBOAUTEN
oTgen

cneqn
23 man 2022 .

Paboty B obnactta Ha MobunHaTa
eHepreTMka W TpaHcnopTa 3a Mankute
3emMeerickn cTonaHcTBa, onTuMmM3aumsaTa Ha
npameTpuTe MU U3NOM3BAHETO HAa MAaLUWMHHO-
TpakToOpHWUTE  arperatM, MeXaHU3NpaHOTO
oTrnexpgaHe u 6paHe Ha mMacnojanHa poasa.
YyacTtBa B paboTaTta Ha eKCnepTHM CbBETU U
KOMMCUK KbM MUHUCTEpCTBaTa Ha
3emenenueTo, Ha TpaHcnopTa "
CboOLLEeHNsATa, HA MKOHOMUKaTAa, KakTo U B
pamkmte Ha CCA. B obegnHeHUss MHCTUTYT
oH.Iywkapos” e un3bupaH 3a HaydeH
cekpetap, npeacenaten Ha OCY, uneH Ha
HayuyHusa cbBeT ©n gp. ABTOp € Ha
pa3paboTku, npueTu 3a BHedpsiBaHe B
npakTukarta, perMcTpmpaHun nonesHn mMogenmu
B [laTeHTHOTO BepgomctBo Ha PB. HayyHu
pa3paboTku, U3MBIHABAHU OT KONEKTUBMW MOA
HEroBO pPbKOBOACTBO, Ca OTAMYEHU C
Harpaaw.
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OUR SCIENTISTS WERE AHEAD OF THEIR TIME
Alexander Sadovski*

*e-mail: bsc.ieas@yahoo.com

Abstract

The report introduces the founder of Bulgarian Soil Science and two prominent
scientists and directors of the Institute of Soil Science "Nikola Poushkarov". These are
Nikola Poushkarov, Assoc.Prof., Ph.D, Lyuben Glogov and Prof. D.Sc. lvan Garbouchev.
Lyuben Glogov is the forerunner of Precision Agriculture and Ecological Engineering. His
activities and works laid the foundations of these directions in Bulgarian agriculture. Ivan
Garbouchev, as a leader and scientist, implemented the ideas of Sustainable Agriculture
and was the forerunner of the use of Geographical Information Systems in Bulgarian soil
science. Basic biographical data about these scientists and some facts about their
activities are presented.

Key words: Glogov, Garbuchev, GIS, ecological engineering, sustainable
agriculture, precision agriculture, Poushkarov.

HALLUX YYEHU U3NPEBAPUIIM CBOETO BPEME

AnekcaHabp CagoBCKu

Peslome

B goknaga ce npeacTtaBaT podoHadanHuka Ha 6bArapckoTo NoYBO3HAHME M ABamMa
M3TbKHATU Y4YEeHU U pbKoBOAUTENM HA MHCTUTYTa No no4vBo3HaHue ,Hukona [Mywkapos®.
ToBa ca Hukona [lMywkapos, Oou. K6H. JllobeH moros mn lMpod. OH. MBaH bpOydes.
JTtobeH Moroe e npenrteya Ha lNpeumsHoto 3emenenve n EkonormyHoTo MHXEHepcTBO.
Herosata gelHOCT M TpygoBe NMOCTaBAT OCHOBUTE Ha Te3W HanpasrieHust B 6bnrapckoTo
cencko cronaHctBo. MBaH bpOyyeB KaTto pbKOBOAUTEN M YYEH peanu3npa uaeute Ha
ExonorocbobpasHOTO 3emMedenue M e npeareya Ha M3non3eBaHeTo Ha [eorpadpckute
MHdpopmaumoHHn Cuctemm B ObnArapckoTo noyBo3HaHue. [lpencrtaBsaT ce OCHOBHM
OuorpaunyHm gaHHKU 3a Te3n y4eHU N HAKOW (paKTu 3a TAXHaTa AENHOCT.

Knw4yoeu Oymu: [noroB, [bpbydeB, [MNC, eKONOrmM4HO MHXEHEPCTBO,
ekonorocbobpasHo 3emenenue, npeumsHo emeaenue, MNyuwkapos.

Introduction

The Institute of Soil Science "Nikola Poushkarov" was the main Institute in the
system of the Academy of Agricultural Sciences (later transformed into the Agricultural
Academy). In 1972, the new buildings of the Institute were built with modern laboratories
and a computing center (Figure 1). During 1970-1990, the Institute enjoyed international
fame and importance. It was visited by many foreign government delegations - Mexican
President Jose Portillo, Iranian Shah Reza Pahlavi, Congolese Prime Minister Louis-
Sylvain Goma, Guinean President Ahmed Sekou Toure, USSR Prime Minister Nikolai
Ryzhkov and many others (Figure 2).
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Figure 2. Visit of Sékou Touré from Guinea to the Computing Center

It will not be an exaggeration to say that the Golden Age of the Institute "N.
Poushkarov" is the period from 1973 to 1986, when Prof. lvan Garbuchev and Associate
Professor Lyuben Glogov were its directors. It is important to point out that during this
period, the optimal ratio of 1:2 between scientific workers, their support staff of specialists,
and the relevant administrative staff was observed.

At the time of Garbouchev, the Institute had a staff of 700 people. It includes the
following sections: Genesis and classification of soils (Slaveiko Krastanov), Soil erosion
(Neicho Onchev), Fertilization (Dobrin Illkov), Agrochemistry (Dimitar Stoyanov), Soll
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physics (Vera Galeva), Soil cultivation and crop rotations (Dafina Djumalieva), Statistics
(Yordan Shanin), Soil Mapping (Asparukh Hadzhiyanakiev), Agrophysics (Ilvan Varlev),
Economic Analyzes (Miroslav Benevski).

At the time of Glogov, the Institute had a staff of 1,100 people. It includes the
following directions: 1. Balance, protection, and restoration of soils (Lulcho Raikov), 2.
Programming of yields (Lyuben Glogov), 3. Increasing and regulating fertility (Milka
Milcheva), 4. Agrophysical research (lvan Varlev), 5. Soil-agrochemical service for
agriculture (Asparukh Hadzhiyanakiev), 6. Mathematical Modeling and Information and
Computing Center (Alexander Sadovski) (Teoharov, 2016). It should be noted that Prof.
Teoharov omitted the sixth independent direction in his article.

A great advantage of the Institute was its extensive network of 23 experimental fields,
where planned field trials are conducted. These trials provide objective information on soil
conditions and crop development.

Many scientific meetings, symposia, and consultations with internationally renowned
scientists are held at the FAO Program of the Institute. Names worth mentioning: FAO
Project Leaders Prof. Elgabali and Dr. Devan; Prof. Hans Yenni of the University of
California, Berkeley; Prof. Tadakatsu Okuno from Japan; Dr. Howard Hayes of Colorado,
USA; Prof. John Gower of Rothamsted Experimental Station, England; Dr. Stein Bie from
Norway; Dr. Julian Dumanski from Canada; Academician Ivan Shatilov from VASHNIL,
Prof. Ratmir Poluektov from Leningrad, Dr. E. Halsworth from Australia and the General
Secretary of the International Union of Soil Scientists (ISSS) Istvan Sabolch.

It can be stated with regret that as of December 31, 2019, the personnel of ISSAPP
"N. Poushkarov" amounts to 181 people, and the ratio of scientists to specialists with
secondary and higher education (without administration) is 1:1.

NIKOLA PETKOV POUSHKAROV

He was born on December 14, 1874, in Pirdop, then in the Ottoman Empire. He
completed his primary education in his hometown, graduated from high school in Sofia,
and taught as a teacher in Mirkovo.

In the period 1898-1901, he studied natural sciences at Sofia University. Died on
February 18, 1943 in Sofia. Without being appointed as a researcher, in 1909 he wrote the
capital work "Formation of the soil" and thus began the study of the genesis and formation
of soils.

After this period, active scientific research, journalistic, and public activity began. At
his suggestion to the Minister of Trade and Agriculture, in 1911 a Soil Science Section was
opened at the State Agricultural Experimental Station in Sofia. This historical date is
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considered the birthday of Bulgarian soil science, and the head of the section is the first
soil scientist in our country (Teoharov, 2019).

After specializing in Germany from 1914-1915, he became thoroughly acquainted
with the Russian Dokuchaev school, he continued to carry out a large-scale scientific
program for the study of soil and land resources in the country.

Poushkarov was the first scientist in our country who established the basic
regularities of the geographical distribution of soils and proved the Agroecological
approach to their use. He developed the first National Soil Map and the first methodology
for bonitet assessment of agricultural land, which he implemented in municipalities. Thus,
he is rightfully recognized by the new generations of researchers as the Patriarch of
Bulgarian soil science.

ASSOCIATE PROFESSOR PhD. LYUBEN VIDELOV GLOGOV

Born on December 17, 1930, in Rogozen village, district Vtatsa. Died December
1987, Sofia.

He graduated from high school in the town of Byala Slatina, and graduated from the
Faculty of Agronomy of HAI "G. Dimitrov" in Sofia. From 1959 to 1962, he participated in a
Komsomol brigade in Magnitogorsk, USSR, where he worked as an agronomist. During
the period 1963-1966, he was a postgraduate student at the Department of Plant Breeding
at the Moscow Agricultural Academy "K. A. Timiryazev", where he defended a dissertation
on the topic "Influence of different agrophones on the productivity of photosynthesis in
different varieties of maize". Then he joined the Department of Plant Physiology as an
assistant at the University of Agricultural Sciences "G. Dimitrov", Sofia.

He is the director of the Institute of Soil Science and Yields Programming "N.
Poushkarov" from 1977 to 1986 (BI4, 2007, ctp. 63).

Lyuben Glogov is the forerunner of Precision Agriculture and Ecological Engineering.
Precision Agriculture is defined as: "a modern concept of agricultural management using
digital techniques to monitor and optimize agricultural production processes". The main
point here is optimization. Instead of applying the same amount of fertilizer to the entire
field, precision farming involves measuring soil variations in the field and adapting the
fertilizer strategy accordingly. This results in optimized fertilizer use, cost savings, and
reduced environmental impact (EPRS, 2016; AgroCares, 2020).

Lyuben Glogov developed and implemented the Agroecological approach in crop
production (Fnoros n ap., 1980; Moros., 1981; 1984). This approach is an element of
Ecological Engineering.
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Ecological engineering was introduced by Howard Odum et al. (1963) as the use of
natural energy sources as the predominant input to the manipulation and control of
ecological systems. The origins of ecological engineering lie in Odum's work with
ecological modelling and ecosystem simulation to capture holistic macro-patterns of
energy and material flows affecting the efficient use of resources (Wikipedia, 2024).

Glogov has a registered invention in Moscow - Device for determining the moisture
supply of plants (Fnoros, CeeHTUUKNA 1 Op., 1979).

At the invitation of Academician Ivan S. Shatilov, Chairman of VASHNIL, a delegation
of the Bulgarian Academy of Agricultural Sciences was invited to participate in the All-
Union Conference on Programming of Agricultural Crop Yields, held in Volgograd from
March 13 to 15, 1973. The composition of the delegation included Academician Kunyu
Stoev, Associate Professor Maria Kozareva, Associate Professor Lyuben Glogov, and
Res. Ass. Alexander Sadovski (Figure 3).
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Figure 3. The AAS delegation in Volgograd, 1973

At the conference, interesting reports were presented by Prof. A. Klimov, Dr. Yu.
Ross, Member-cor. T. Kulakovskaya, Prof. Baranovsky and others. These achievements
marked the beginning of yields programming in Bulgaria (LLaTtunos, YyaHoscku, 1980).

An interesting episode is worth noting. After the conference, at the gala dinner
organized by the Volgograd City Committee of the CPSU, one of their associates was
invited to sing a few songs. She was obviously a good singer and after two songs Lyuben
Glogov, who could play the accordion very well, asked to sing songs too. That's how the
competition turned out. After they had both sung a few, he played an old Siberian song.
Then the singer exclaimed: "Where did he dig it!" and admitted defeat.

Lyuben Glogov encouraged the development and implementation of the Automated
Agrochemical Service System (ImoroB wn pgp., 1977). During the visits of foreign
government delegations, the sites were the Brushnarova Laboratory, the Computing
Center, and the Semi-automatic line for mass agrochemical analysis (Figure 4).
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S

Figure 4. Visit the semi-

automatic PALMA line

Glogov worked on a Project for the construction of a Cybernetic system for the

technological management of crop production, the task of which was approved by the
Chairman of the CC of NAIC (['moros, 1985a, b).

In 1986, Lyuben Glogov was finishing his Doctoral dissertation, which unfortunately
he could not defend due to his untimely death.
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PROFESSOR DSc. IVAN PETROV GARBOUCHEV

Born on January 1, 1924, in Malenovo village, Yambol district. Died 1997, Sofia.

He graduated from the Secondary Agricultural School in the town of Sadovo, and
graduated from the Kharkov Agricultural Institute "V.V. Dokuchaev", Ukraine.

From 1953 to 1961, he was the director of the Dobrudja Agricultural Institute, General
Toshevo. During the period 1961-1962, he was Deputy Minister of the Ministry of
Agriculture. He specialized at Rothamsted Experimental Station, England, under Professor
George W. Cooke.

From 1964 to 1977, he was the director of the Institute of Soil Science "Nikola
Poushkarov" with a break of 2 years, when he was Deputy Rector of the Agricultural
Academy. He worked as an advisor in FAO and Head Sector for the Protection and
Reproduction of Lands and Soils in the UNEP program (BINA4, 2007, ctp. 35).

The main direction of his scientific work is Sustainable Agriculture. The goal of
sustainable agriculture is to meet society's food and textile needs in the present without
compromising the ability of future generations to meet their own needs. Producers can use
methods to promote soil health, minimize water use, and lower pollution levels on the farm
(Agricultural Sustainability Institute, 2019); (Wikipedia, 2019).

The term "Sustainable Agriculture” was defined in 1977 by the USDA as an
integrated system of plant and animal production practices having a site-specific
application that, in the long term, will:

* meet human needs for food and fiber;

« improving the quality of the environment and the natural resource base on which
the agricultural economy depends;

* make the most efficient use of non-renewable resources and on-farm resources and
integrate, where appropriate, natural biological cycles and controls;

» maintaining the economic viability of agricultural operations;

« improving the quality of life of farmers and society as a whole.

On the initiative of Ivan Garbouchev, work was started on the creation of an
Automated System for Fertilization Recommendation (MepbyyeB, Caposcku, 1974;
Mpbyyes n ap., 1975; Mpbyyes, CapoBcku, 1978).

He paid special attention to the phosphorus problem and the chemicalization of
agriculture (Garbouchev, 1981). In 1982, the invention "Method for obtaining
superphosphate-phosphoric fertilizer" was awarded, the work of Prof. Dr. lvan Garbouchev
with a team from the Institute of Soil Science "Nikola Poushkarov".

His doctoral dissertation on this topic was published in Bulgarian and Russian
(Mpbyyes, 1978; MNbipbyyes, 1981).
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Ivan Garbouchev is the forerunner of the use of Geographic Information Systems in
Bulgarian soil science (Garbouchev et al., 1978). A geographic information system (GIS) is
a computer system for capturing, storing, verifying, and displaying data related to positions
on the earth's surface. A GIS can display many different types of data on a single map,
such as streets, buildings, soils, and vegetation. This allows people to more easily see,
analyze, and understand patterns and relationships (GIS, 2024).

Ivan Garbouchev organized the Second Conference of the International Society for
Soil Information Systems (ISSS) in Bulgaria (Sadovski, Bie, 1978). With the participation of
prominent experts in the field Dr. Stein Bie, Prof. John Gower, Dr. Jean Riquier, Dr.
Klostermann, and Prof. Teyachi (Figure 5).

Figure 5. Second Conference on Soil Information Systems, 1977

Thanks to Garbouchev's efforts, funds were secured under the FAO project to
purchase modern computing equipment for the Institute. It was the most powerful
minicomputer at the time for the country.

Figure 6. NOVA-ECLIPSE minicomputer at ICC, 1976
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With his help and the developed software, in 1980 recommendations were given for
the fertilization of 71,404 fields covering 30,210,738 decares. For these achievements, the
project team was awarded by SCSTP with a certificate and a cash prize (QKHTTI1, 1980).

An interesting and unknown episode related to the transfer of Prof. Garbouchev to
Deputy Rector of the Agricultural Academy and the appointment of Prof. Kiril Enikov as
director of the Institute. There was general dissatisfaction at the Institute and a petition for
Garbouchev's return appeared, initiated by Elena Neykova-Bocheva. The horrified party
leadership of the Agricultural Academy is trying to hold the signatories to account. A small
group of enthusiasts wants a meeting with the Minister of Agriculture Valkan Shopov. He
noted that he knew Garbouchev's high scientific and organizational qualities, but was
unable to help his recovery. The next meeting of this group was with the Secretary of the
Central Committee of the BCP Ivan Abadjiev, but he rudely refused them. They only had
the hope of a meeting with the General Secretary of the BCP Todor Zhivkov. Later, such a
meeting took place and after a visit of Zhivkov and First Deputy Chairman of the Council of
Ministers Tano Tsolov with a foreign delegation to the Institute, it was decided that Ivan
Garbouchev to be reinstated as Director of the Institute "N. Poushkarov".

The years after 1997 were a period of gradual reduction in the number of scientific
and support staff of the Institute and underestimation of its importance for Bulgarian
science and agriculture.

Due to the improper and ownerless attitude of the Ministry of Agriculture and the
Agricultural Academy to the Institute, the large building of the Department of Large-Scale
Soil-Agrochemical Research collapsed and was then completely destroyed.

In the last few years, the "Nikola Poushkarov" Institute of Soil Science,
Agrotechnologies and Plant Protection managed to overcome financial difficulties through
a significant increase in the projects financed by the Scientific Research Fund, the
Agricultural Academy and the programs of the European Union. The Institute has a staff of
154 people. The scientific issues of research are also enriched. An invention patent has
been registered.

Let's hope that a future Bulgarian government will be found that will understand the
importance and need for a strengthened and large Institute of Soil Science and the
restoration of the Bulgarian Academy of Agricultural Sciences.

Conclusion

Let's pay tribute to the Patriarch of Bulgarian soil science, Nikola Poushkarov, on the
day of the 150th anniversary of his birth!

The period from 1973 to 1986, when the directors of this institute were Associate
Professor Lyuben Glogov and Professor Ivan Garbouchev, can be called the Golden Age
of the Institute "N. Poushkarov".

Their scientific and organizational qualities are highlighted as forerunners of modern
scientific fields - Ecological Engineering, Sustainable Agriculture, Precision Agriculture,
and Geographical Information Systems.
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Abstract

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 Greece, agriculture
covers a large part of its territory. The agricultural sector is a key pillar of the national
economy and also the contributor to food sufficiency, as a major supplier of food
processing and is closely linked to the transport, wholesale and retail sectors.

Key words: Soil resources, Sustainable agriculture, Agricultural production, food
manufacturing.

Introduction

Agriculture plays a multidimensional role, covering many and sensitive sectors, both
socio-economic and environmental. In the past, the contribution of the agricultural sector in
Greece was a means of reviving the post-war economy of Greece, while in the current era
of global economic crisis and pandemic remains stable and has always been of
considerable means of growth. It participates in many indicators of the economy and
affects it to a great extent. Agriculture's contribution to the economy is attained through the
products produced and through the foreign exchange markets involved. In addition, it is a
feeder of a range of products and services, determining both food self-sufficiency and food
safety, producing better and safer food, regulating other sectors of the economy, such as
processing and the country's trade balance. Sustainability of agricultural production is vital
for humans because agriculture is the main food resource for the growing population. Soil
fertility management and quality-health is the key to the development of sustainable
agriculture (Simonis and Setatou, 2008). At the same time, agriculture has been
implementing regulations in recent years, by preserving and protecting the environment.
The participation of agriculture in the development of a country's economy depends on
many factors, such as the country's national wealth, territory, its international relationships
and the level of economic development. The larger the agricultural sector, the greater its
participation in the economy. It is also a fact that as an economy develops, the
participation of the agricultural sector decreases and this is due to the inelastic demand for
agricultural income and the increase in agricultural inputs from non-agricultural sectors, as
well as the increase in the share of expenditure of its products intended for processing.

Materials and Methods

In this paper, the statistical data used have come from the databases of the Hellenic
Statistical Authority, of the Ministry of Rural Development and Food and are supplemented
with additional information from Eurostat.
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Results and Discussion

The agricultural sector is a key pillar of our national economy. The sector is a key
contributor to food sufficiency, is a major supplier of food processing and is closely linked
to the transport, wholesale and retail sectors. The agricultural sector in Greece is
characterized by the large number of small farms. The number of agricultural holdings in
Greece is about 800,000 and their average size is 4.5 hectares. The total cultivated
agricultural land (arable crops, horticultural land, permanent crops and areas in fallow) in
the year 2022 amounts to 28,959.7 thousand hectares.

In 2022, arable crops (net area) occupy 56.6% of agricultural land (16,381.6
thousand acres). There is also an agro-food sector and animal husbandry. Livestock
production is of special economic, social and environmental value, as it is a multifunctional
activity that utilizes mountainous and disadvantaged areas of the country, which are
unsuitable for other uses.

The importance of animal production in the development of the country is also
indicated by the fact that it contributes 29.7% of the total gross value of agricultural
production.

The relationship between plant and animal production, in terms of the value of the
products produced, remains at 70/30, at exactly the same levels as in the 80s, in contrast
to corresponding average value in the European Union (EU). The value of animal products
produced in Greece constitutes only 1.6% of its total value of agricultural production in the
EU of 28. The country is characterized by a permanent deficit in production of animal
products, which is covered by increased imports, which over time constitute approximately
30% of the imports of agricultural products and food and weigh on the country's trade
balance in this sector, with approximately 2 billion euro. The development of animal
husbandry in Greece, as well as the evolution of the structure of the branches of animal
production, has been significantly influenced by geographical location and by soil and
climate conditions that prevail in the country, from the implementation of the Common
Agricultural Policy (CAP), as well as from the gradual transformation of Greek society,
from productive to consumer.

Intense competition with the crop production sectors for the use of the soil, which
results in the high cost especially of roughage, and the perennial inability to utilize by-
products for fodder and demarcation of pastures, deprived animal husbandry of the
rational utilization of available natural resources and made it unable to cope in the
competition of imported products and to improve the productivity of its individual branches.
The development of livestock breeding in Greece has always been based on imported
know-how, foreign standards of stable facilities and breeding management, while, with the
exception of sheep and goat farming, the animal material is all imported.

The now developed sector is poultry farming followed by pig farming which however,
due to of low productivity and high production costs, is characterized by reduced
competitiveness. Sheep and goat farming is the most important branch of animal
production in Greece.

In European level, Greece is the first country in number of reared goats and fourth in
number of farmed sheep. The special economic importance of sheep and goat farming
indicated by the production of high amounts of dairy products, with high degree of export
activity worldwide (feta, yogurt).

Cattle breeding is the most deficient branch of Greek animal production, covering
today about 40% of the country's needs in cow's milk and barely 15-20% of beef needs,
including imported calves for fattening.

The result of this situation is a significant economic hemorrhage to the rest of the EU
countries, from which we mainly import the corresponding products. In addition, in recent
years, domestic production has been continuously decreasing, resulting in the relative
balance worsens.
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The current situation in Greece can be summarized as follows:

a
b
c

) Egg consumption: 11 kg/ inhabitant/ year,
) Poultry meat consumption: 21-23 kg/ inhabitant/ year,
) Egg production: 120,000 tons and
d) Meat production: about 165,000 tons (or about 40% of the total domestic meat
production).

The country's degree of self-sufficiency in eggs reaches 95% and in meat 75%. In
addition, the poultry industry provides 15,000 jobs. Important part continues to be the
sector of local poultry farming, while the developing organic, mainly egg-producing, poultry
farming holds a significant share.

The Agri-Food sector also contributes significantly to Greek exports. In 2020, Agri-
Food sector contributed 4.7% of the total Gross Value Added of Greece. It is a factor of
social cohesion, as it employs over 400,000 people and represents approximately 10% of
total employment in Greece. The food, beverage and tobacco industry is the largest
employer in domestic manufacturing, employing 39% of the workforce. After many years in
which the trade balance of its products remained in deficit, in 2020 it showed a positive
trade balance of €207 million, due to improved export performance, combined with a slight
decrease in imports. In Greece, the Agri-Food sector is called upon to strengthen its
traditionally low productivity by increasing the size of agricultural holdings, supporting
partnerships, investing in the adoption of technological innovations and strengthening the
level of agricultural education of farmers.

Conclusion

While Greece has significant natural advantages for plant cultivation, crop production
faces significant deficits in terms of know-how as well as in terms of organization and
marketing. An important reason that makes it difficult to modernize farms for crop
production is their small size. Increasing the average size of crop farms is expected to
contribute to the improvement and better utilization of technological equipment and
infrastructure. At the same time, it can help to show greater adaptability to changes taking
place internationally, in order to increase their competitiveness and create better marketing
conditions for products and exports
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Pe3rome

BeTpoBata epo3unsa e egHa oT rmaBHUTE NpuYMHK 3a 3aryba Ha nnogopoadHa noyea.
EOvH OoT Han-nonynapHuTe MeToau 3a ornasBaHeTo M e uarpaxzgaHeTo Ha nornesawuTHU
pacTUTENHU Nosick. HacTosAwoTo M3cneaBaHe uma 3a Len ga pasrfiega Bb3MOXHOCTUTE
3a npunoxeHue Ha 6e3nnnoTtHu netatenHu cuctemu (bJ1C) 3a HabnogeHne Ha TepuTopun
3acerHaTu OT BETPOBa €po3vsi U CbCTOSHMETO Ha nones3awuTHUTe nosicn. 3a uenrta e
HanpaBeHa nNuTepaTypHa Cnpaeka 1 ca HanpaBeHu NPOOHN 3aCHEMaHMs Ha Marnka nnowy, ¢
Dji Air2s. [MonyyeHaTta wH(popmauma we ©Obae wu3non3saHa 3a onpefendHe Ha
Bb3MOXHOCTUTE 3a uanonssaHe Ha BJIC 3a npocnegsBaHe Ha pa3BUTUETO Ha BeTpoBaTta
epo3susi.

Knro4voeu dymu: BJIC, nouBa, obpaborBaeMa 3emsi, epO3NOHHOCT Ha BETpPOBETE,
doTorpameTpus.

APPLICATION OF REMOTE SENSING BY UNMANNED AERIAL SYSTEMS FOR WIND
EROSION MONITORING

Avgusta Stepchich', Kristian Kirilov®

" Institute of Soil Science, Agrotechnologies and Plant Protection “N. Poushkarov’,
2 Sofia University St. Kliment Ohridski

e-mails: a.stepchich@issapp-pushkavor.org; Kristianhk@student.uni-sofia.bg

Abstract

Wind erosion is one of the main causes of loss of fertile soil. The construction of
shelterbelts is one of the most popular methods for soil protection. The present study aims
to examine the possibilities of applying unmanned aerial systems (UAS) to monitor
territories affected by wind erosion and the condition of shelterbelts. For this purpose, a
literature reference was made and test shots were taken on a small area with Dji Air2s.
The information obtained will be used to determine the possibilities of using UAS to track
the development of wind erosion.

Key words: UAS, soil, agricultural land, soil erodibility, photogrammetry.

BbuBeneHue

HapacTtBawuAT uHTEpec Ha Xxopata KbM HOBUTE TEXHOSIOMMU M B YACTHOCT KbM
nsnonssaHeto Ha 6es3nunotHu netatenHn cuctemun (BJ1IC) noctaesa peavua BbLNPOCU.
Hsakou oT nHTepecHuTe e Kak moraT ga ce npunaraT BJIC B HaykaTa, kakBo MoOxe fa ce
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HabnogaBsa C TAXHA NOMOLY, KOMKO €(EeKTMBHU ca NpW TEPEHHWU MPOYYBaHUA U OPYriA.
YecTo MbTW uM3cnegBaHETO Ha JajeHa Teputopust Ce OCbLUecTBABa Ha MACTO WUIK
nabopatopHO (caTenuTHU n306pakKeHns N CHUMKKM). 3aCHEMaHETO Ha TepuTopusaTa CbC
camorneT e Ckbno u 6aBHO, a caTenNUTHUTE n3obpakeHNa He BUHaArM gasat Heobxogumara
nHdopMauus 3a TepeHa. BJIC ca nekn n necHo npeHocMMKU 1 NO3BOSISIBAT Aa Ce 3acHeMe
yyacTbK, MOAMOXEH Ha HSKaKBO BBHLWIHO Bb3gencTeune. B peguua cnyyam, korato e
Heob6xoaMmMo 6bpP30 OpraHn3npaHe 1 N3NbIIHEHME Ha 3aCHEMAHETO, HanpuMep B cryvyauTe
Ha nNpupoaHU unu TexHoreHHu 6encteus, BJIC ce okasBaT eOMHCTBEH BapuaHT 3a
peanuaupaHe Ha T. Hap. 6bp3o kapTorpadupaxe (Filipov, 2017). Te3n cuctemn HasBnuaat
N3KNIYMTENHO OBbP30 N B CbBpPEeMEHHOTO 3emefenve. Ypes npunaraHeTo Ha pasnuyHu
CEH30pM MOXe [fa Cce npocrneassa pasBUTMETO Ha KynTypuTe, HeobxogumocTTa OT
HaTopsBaHe u Opyru.

LlenTa Ha HacTOsWeETO wu3cnenBaHe € [Ja ce pasrfnegaT Bb3MOXHOCTUTE 3a
npunaraHe Ha BJIC 3a MOHUTOPUHT Ha epo3nsTa Ha noysaTa — BOAHa 1 BETpoOBa

MaTtepuanu n metoau

BesnunotHata netatenHa cuctema € Krac camosfieTu, KoMTo moraT ga netar 6e3
npucbCcTBME Ha nNUNIOT Ha Goppa. Te morat ga 6baar ynpaensiBaHW OT HanW4yHO
enekTpoHHO obopyaBaHe Ha MNpPeBO3HOTO cpeacTBO M Ha GCS (HaseMHa KOHTpOSHa
CTaHUMs) WNn OUPEKTHO OT 3emsaATa. Hamn-paHHoTO wu3nonssaHe Ha BJIC 3a 60nHK
aencteus e peructpupaHo npes tonn 1849 r. (Hallion, 2003) ¢ Hocuten Ha 6anoH
(NnpegwecTtBeHMK Ha camoneTtoHocadva) (Kaplan, 2013) npu nbpBOTO HanagaTesnHo
n3non3BaHe Ha Bb3dyllHA MOLL BbB BOEHHOMOpcKaTa aBuauusi. C passButnetTo wu
HamansBaHeTo Ha pa3mepuTe Ha TexHukata npe3 80-te n 90-Te roguHM Ha XX Bek,
WHTEpPECHT HapacTBa 1 3ano4BaT Aa ce M3nona3saTt OT BOeHHuTe cunu Ha CALL,.

B nurtepatypata ce cpewar u ApyrM TEePMUHM KaTO [APOH, AUCTaHLWOHHO
ynpaenaBaH camoneT (Bendea et. al., 2014). BJIC morat pga ce knacuduuyupat B
3aBMCUMOCT OT PasfMyHU XapaKTEPUCTUKK, KaTo AU3anH, NPOOBbIPKUTENHOCT Ha noneTta,
BMCOYMHA Ha noneTa, onepauMoHHa cucTema U apyrn. Bb3MOXHOCTMTE MM ca MHOrO U
nopagu Tasu npu4vHa morat fa ce U3non3ear 3a pasfUYHU Lenn, KakTo OT BEHHUTE, Taka
N B HayyHute cpegn. OCHOBHUTE HamnpaBieHUsl, KOMTO Ce U3Mon3BaT OT HaykaTa ca 3a
MOHUTOPUHI Ha OKONHaTa cpefa: CbCTOSIHWE Ha KNumarta, XMAPOreonoXku u reopmsnyeH
KOHTPOS, MOHUTOPWHI Ha pPanoHM 3acerHatv OT NpupoaHn OeacTBMsl, 3aMbpCsBaHMS,
apxeonorMyeckn nNpoyyBaHus, NpbCKkaHe C NpenapaTtn Ha 3eMefericku 3eMu, HabnogeHve
Ha rpaHnum n Tpaduk 1 MHOTO apYyru.

durypa 1. BJ1C mogen Dji Air2s
Pesyntatn n o6¢cbxaaHe

B HacTosilweTo nacnenBaHe e pasrfiedaHa Bb3MOXHOCTTA fda ce npwunara BINC 3a
HabnogeHne n npocriegaBaHe Ha BeTpoBa epo3uns. Tosu npouec € npdko 3aBMCUM OT
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B3aMMOAENCTBMETO Ha MNOYBUTE, PaCTUTENHOCTTA, HAYMHBLT Ha CTONAHWCBaHe Ha 3emMaTa U
aTmocdeparta. MscnegsaHeTo Ha BeTpoBaTa epo3uns € CBbp3aHO CbC CbbupaHe Ha AaHHU
OT TEepeH, KaTo MO TO3M HA4yMH He ce MNofyvaBa MbflHA KapTWHA Ha CbCTOSIHMETO Ha
TepeHa. CbbpaHuTe Npobn YecTo ca HegocTaTbYyHU, HABOPBLT OT MHAOPMAaLMA € ManbK,
nuncea obemHa nHdopmauusa u gp. (Zhang, 2021). UsnonasaHeTo Ha BJIC 6u nossonuno
3acHeMaHeTOo Ha no-rofnsiMa TepuTopus U NoflyyaBaHETO Ha NO-NbfiHa KapTUHa 3a TepeHa
(Purypa 2).

®durypa 2. 3acHeMaHe Ha mbT ¢ BIC

Ha curypa 2 e nokasaHo 3acHemaHe ¢ BJIC Ha nnaHuHCKa TepuTopus, BKNKOYBALLA
NbTHa MHpacTpykTypa. To3n mMeTon No3BossiBa Aa ce HabntogaBa KakTo MbTs, Taka U
okonHata cpega. Npu no-sagbnbovyeHo npoyyBaHe AaBa Bb3MOXHOCT Aa ce cnegu oT
e[Ha M Cblua TOYKa pa3BUTUETO HA €PO3MOHHMUTE MPOLIECH.

lMpe3 nocnegHWTe roaMHW BCe MOBEYE Ce MpoyyBaT MOLENU, 4Ype3 KoMTo [a ce
npocrneasisa npouecbT Ha BeTpoBa epo3und. Cunliffe et al. (2016) nsnonssat umsmyeckn
Moaen, 3a ga onpefenat Guomacata OT eguHHa KynTypa, KaTto uanonssaT obemHa
nHepopmauusa ot BJIC 3a mogen Ha ocHosaTa Ha aswxeHuneto (SfM). Gillan et al. (2017)
nanonseat gurntaneH mogen Ha TepeHa (DTM) ussneveH ot 6asmpaH Ha BJIC umdpos
nosbpxHocTeH moaen (DSM), 3a ga ce oTKpue npoMsaHaTa Ha naHgwadgTa oT BeTpoBa U
BOJHA epo3us.

~

durypa 3. EkcnepumeHTanHo sacHemaHe Ha o6ekT ¢ BJ1C
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Ha ®durypa 3 e nokasaHo ekcrnepumeHTanHo 3acHemaHe c¢ Dji Air2s n obpaboteHo ¢
coptyepeH npoaykt Ha PhotoShop. lNoka3Ba BbL3MOXHOCTTA Aa ce pas3genaTt Bu3yariHo
OTAENHUTE eNeMeHTU Ha TepeHa 1 nNpu HeobxoaMMOCT Aa ce U3non3eBaTt ApYyrM nporpamu
3a M34YUCIEHMS.

| X
| | O\

dPurypa 4. 3acHemaHe Ha 3emegencka 3ems ¢ bJ1C

Kakto 6e cnomeHaTto no-rope B Tekcta, BJIC HaBnu3a ¢ 6bp3vM TemnoBe u B
semegenuneTo. [lpynaraHeTo Ha pasnUYHM CEH30PU U Bb3MOXHOCTMTE Ha bBJIC
nosBongdBaT KakTo HabniogaBaHeTO Ha TepeHa, Taka W Ha onpegeneHun KynTypu B
4YacTHOCT. TepeHHOTO cbbupaHe Ha MHdopMauusa € BPEMEEMKO U NMoHsikora ckbno. BJ1C
AaBa Bb3MOXHOCT 3a MO-KpaTKO Bpeme [a ce npocrieau no-ronsima teputopus U ga ce
cbbepe noeeye 6asa p[daHHW. Ha cerawHOTO HMBO Ha pasBUTME Ha TexHWKaTta
cblectyBat ronemn BJIC, ype3 kouTo ce ocbluecTBABa He caMO HabngeHue, HO u
AaBaT Bb3MOXHOCT 3a npunaraHe Ha Topose. Ypes3 pasnuyHun nporpamu u untpu Moxe
Aa ce creau CbCTOAHMETO Ha KynTypaTa v Aa ce onpefenu Hyxaarta OT OMbrHUTenHa
Hameca.

3akn4yeHne

KauyecTBeHMTE nNpPOCTPaAHCTBEHW [aHHM 3ansraT B OCHOBaTa Ha peavua
reonpoCTpaHCTBEHM aHanM3n K OLEHKM, a CbLWO Ce MNOon3BaT W Mpu W3roTBSHE Ha
cueHapum 3a Obaewm npomeHn. MHOXeCTBO u3criegoBaTernickM ekunu  u3nonasat
6e3nunoTHN neTaTesiHu CUCTEMU B CBOMUTE MPOYYBaHUS KaTO CPEeACTBO 3a HabaBsiHe Ha
BMCOKOKAQYeCTBEHM W BUCOKOTOYHM akTyanHu [aHHW. Bb3amoxHocTute Ha BJIC 3a
nonyyaBaHe Ha MHGOPMaUMs 3a TepeHa ca HeorpaHM4eHu, HO B CbLLIOTO Bpeme BCe OLe
HsIMa yCTaHOBEHN MeToaM U MoAenu, Ypes3 KOUTO Aa ce HabaBAT Heobxoanummute aaHHU. B
Hay4yHO OTHOLWeHMe Ge3nunoTHaTa cuctema O6m mMorna ga MMa nonoxuteneH edekT, Tbi
KaTo Lle HaManu BpPeMeTo M rnegHata Todka 3a npoboHabupaHe. Llle nage Bb3MOXHOCT
3a no-obCTOMHO pasrnexaaHe Ha OafdeH TePeH M He Ha MocrnedHo MSICTO MO BaXXHOCT
MOXe [a ce npocrieasiBa C rofisiMa TOYHOCT ejHa 1 Cblua TEPUTOPUS.
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Peslome

PekyntuBaumsta Ha crypootBan ,Ceamn CentemBpu® e Heobxoguma nopaau
3Ha4YMTESNHOTO BfiOLIABAHE Ha OKoNHaTa cpeda, BCrneAcTBME Ha MPOMULLIIEHN OTRagbUM.
HactosawoTo uscneaBaHe u3nona3sa MynTUAMCUMNAMHAPEH MOAXon (reonpoCcTpaHCTBEH
aHanM3 K no4BeHO npoboB3emMaHe) 3a OueHKa Ha €eKOSNIONMYHOTO CbCTOSIHUE.
NoeHTndpuumpaHm ca 30HM Ha 3aMbpcsiBaHe, epo3unst n gerpagauus, vpesd N'MC, koeto
Nno3BosisiBa ONTUMAarnHo pasnpenernieHne Ha pecypcuTe 3a Bb3CcTaHOBsBaHE. AHaNU3bT Ha
14 noyBeHW npobM BKMKOYBA MokasaTenu kato pH, TeXKM MeTanm M MakpoenemeHTH,
KOUTO HaaBuLaeaT gonyctummte Hopmu crnoped EC, nogyepraBankm HeobxogmMmocTTa oT
CMEeLHN MepPKN 3a eKONOrMYHa peKynTnBaums.

Knr4oeu Oymu: no4Bn, reornpoCTpaHCTBEH aHanns3, TeXKM MeTanu, pekyntuBauus,
crypooTtBarn.

EVALUATING SOILS AND GEOSPATIAL DYNAMICS IN THE RECLAMATION OF THE
"SEDMI SEPTEMVRI" SLAG HEAP

Kristiyan Panayotov*

Climate, Atmosphere and Water Research Institute at Bulgarian Academy of Sciences,
Sofia, Bulgaria

“e-mail: kristiyanpanayotov@gmail.com

Abstract

The remediation of the “Sedmi Septemvri” slag heap is necessary due to the
significant environmental degradation caused by industrial waste. This study uses a
multidisciplinary approach (geospatial analysis and soil sampling) to assess the
environmental condition. Areas of contamination, erosion and degradation were identified
using GIS to allow optimal allocation of resources for remediation. Analysis of 14 soil
samples revealed indicators such as pH, heavy metals and macroelements that exceeded
EU limits, highlighting the need for urgent environmental remediation.

Key words: soils, geospatial analysis, heavy metals, reclamation, slag heap.

BbBeneHue

CrypooTBanute ca pfgena 3a uMHAOYCTpUanHM OTNagbuM OT  BbITULWHATE
TONMOENEKTPUYECKN LUEHTpann, CbabpXKaliy nenen n gpyrn octaTbUm OT U3rapaHeTo Ha
Bbrnvwa. PasnonoxeHn 4ecto 6mM30 OO HaceneHn MecTa, Te3n CbOpbXeHMs MoraTt ga
npeacrasnsaBat puUCK 3a O6LLECTBEHOTO 34paBe, 3aToBa peKkynTuBaumsata MM € OT
CbLUECTBEHO 3Ha4yeHWe 3a npeaoTBpaTsABaHe Ha ObNroTpamHW E€KONOMMYHU U 34paBHU
Bpean (Nikova un pgp., 2020). Ype3 TexHMYeCKM W OMOMOrMYHU MEPKU Cce Lenu
ctabumnusaumsa Ha TepeHa W oOrpaHu4yaBaHe Ha pPa3nNPOCTPaAHEHWETO Ha TOKCUYHMU
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BeLLleCcTBa. TEXKMTe MeTanu, CbabpXxalwm ce B OTNagbuMTe OT BbIMMLLHM LEHTpanu KaTo
OIl0BO, KagMui M LMHK, 3aMbpcsBaT NovsBuTe M MpeacTaBnsBaT cepuos3Ha 3annaxa 3a
ekocuctemnte n 6uopasHoobpasmeTto. Tesm 3ambpcuTeNnn ce HaTpynBaT B XpaHUTenHaTa
Bepura v wmMorat pga 3acerHat 4osewkoTto 3gpase (Alloway, 2013). PerynspHoTo
n3crneaBaHe Ha MOYBUTE 3a TEXKM MeTanu 4pe3 MeToan KaTo aToOMHOo-abcopOuMOHHa
cnektpomeTpus (AAS) e OT CbLUECTBEHO 3HA4YeHME 3a OLEHKa Ha 3aMbpCABaHETO U
edpeKTUBHOCTTa Ha pekynTuBauuoHHuTe Mepkn (Kabata-Pendias, 2010). N3cneasaHeTo
Ha pH Ha no4ysBuTe, paskpmBa UIMKOXUMUYHUTE YCMOBUS, KOWUTO BIUAAT BbPXY
MOBUNHOCTTa Ha TeXKMTe meTanu u nouseHoTo 3apase (Arjomandi & Shirkhanloo, 2019).

N3cnegBaHeTo ce KOHLUEHTpUpa BbPXY akTyanHOTO CbCTOAHME Ha CcrypooTtsarn
,Cceammn CentemBpu®, cCb3aageH Ha MACTOTO Ha OMBWKS BbrnegobuseH pyaHuk ,KyumnsaH*
N M3nons3BaH 3a HaTpyneBaHe Ha npomuwneHn otnagbum (RIEW-Sofia, 2021). Bbnpeku
nnaHMpaHUTE CPOKOBE 3a 3aBbpluBaHe Ha pekyntuBauusita go 18 sanyapm 2022 r.
(Toplofikatsia - Pernik, 2021), ronsaMa 4acT OT TepeHa ocTaBa HepeKkynTMBUpaHa, KoeTo
yBenuMyaBa eKOfOrMYHUsA pUCK B parioHa.

3apaunTe BKIOYBAT MPOCTPAHCTBEH aHanNu3 Ha TepeHa M cbbupaHe Ha MoYBEHMU
npobu, nocnegBaHo OT NnabopaTopeH aHanu3 Ha XMMWYHUS CbCTaB, 3a Aa Ce YyCTaHOBU
CTerneHTa Ha 3aMbpcsBaHe U NOYBEHOTO CbLCTOSHUE.

MaTtepuanu n metoaun

O6ekT Ha uacnensaHe- CrypootBansT ,,Ceamu CentemBpu®, obxsawa nnow oT 1
107 000 kB. meTpa (790 pgekapa) n cpegHa HagMopcka BMCoOYMHaA oT 789 meTpa. Ton e
pas3norioXkeH B toXKHaTa vacT Ha [lepHuwKkaTa KOTNoBuHa, B 6ri3ocT oo keaptan ,Kankac”
n TELU ,Penybnuka“. YMepeHO KOHTMHEHTANHUAT KNuMaT Cce Xapakrepusvpa C
TemnepaTypHu WHBepcuM npe3 3umata (cpegHa Temnepartypa sHyapy -1.7°C) un
MakcumanHa Temnepatypa npes3 tonn (+21.0°C), kaTto cpegHuTe TOAULLHW Banexu
pocturat 606 mm (Velchev n gp., 2002). lNMoyseHaTa NokpuBKa € pasHoobpasHa, KaTo
BKIMOYBA epo3npanu KaHeneHn noYysmn Ha ceBep U XyMyCHO-kapboHaTHM Ha tor, nonaganku
B LUMPOKONMCTHATa ropcka 3oHa Ha MnupunckaTta npoBuHUMs. B okonHocTTa ce cpewaTt
cmeceHn ropu u 3awmteHa 3oHa ,Octpuua“ (Penin, 2007). B MnHanoTto TepeHbT € 6un
€3epHO AbHO, YMWTO reonornyeckn ocobeHoCTn ca CTUMynMpanM WKOHOMWYECKOTO
pas3BuTue 4Ypes 3anexnte oT kadsasu Bbrivwa (Velchev u gp., 2002).

TepeHeH n [eonpocTpaHcTBeH aHanu3 - B nepuoga 15-19 aHyapu 2024 r. Gewwe
N3BbPLUEH TEPEHEH aHanu3, BKMHOYBALY, reonpoCTPaHCTBEHO 30HMpaHe, NpoboB3emMaHe U
HabngeHns Ha TepuTopusitTa Ha crypootBan ,Ceamu Centemspu®. 3a uenute Ha
nacnegBaHeto ©Osixa wm3nona3eaHu reorpadckn  MHGopmaumoHHu cuctemmn  (FTAC).
CoptyepbT ArcGIS Pro 3.2, Oewe wu3nonssaH 3a 30HUPAHETO U [OETAWNHOTO
KapTorpadupaHe Ha TepeHa. TeputopusTa belwe pasgeneHa Ha ocem 3oHu (Purypa 1) ¢
pasnuYHM XapakTepUCTUKN Crnopen pacTuTenHata MnoKpuBKa, MOYBEHUTE OCODEHOCTU U
HanuMuMeTo Ha UWH@pacTpyktypa. KoromstoyHata 30Ha BKMAOYBA HOBOM3rpageH
doToBONTAaNYEH NapK, AOKATO oro3anagHarta U ceBepHaTa 30Ha Ce XapakTepuanpart CbC
3HaAYMTENHM Hacunu OT CTPOUTENHW OTnagbUM M NPOBEXOaHe Ha TexHW4ecka
pekyntueaums. Taka ce o6ocobumxa npeacTaBUTENHM Nokaumm 3a npoboB3emaHe.

MoyBeHO npoboB3emaHe - Llenta Ha u3cnegBaHeTo € fa onpefeny XMMUYHUSA
CbCTaB Ha Mo4yBUTE B TepuTopusiTa Ha crypootBana ,Ceammn CentemBpu® upes
METOAOMOMMYeH Mnpouec, BKIKOYBAL, nNpeaBapuUTenieH reonpoCTPaHCTBEH aHanm3 U
TepeHHO npoboB3emaHe. [eorpadcknaTt wuHdopmaumoHeH aHanm3 B [TUC cpepa
ocurypsiBa paboTeH MNOMUIOH M Oonpedens TOYKUTe 3a npoboB3emMaHe, KaTo BKIIOYBA
npegBapuTenHa NOAroTOBKa C Npernes Ha cbliecTByBallata AoKymeHTauus. Baetn ca 7
KOMMNO3UTHM Npobu oT 14 nokauumn Ha ObnboudmHa 15-20 cm, cbrnacHo ykasaHusaTa Ha
®AO (2019), n ca cbxpaHeHW NpPU KOHTPONMPaHW YCMOBUS OO nNpefaBaHETO UM B
naboparopus.
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®durypa 1. 3oHupaHe (nsBo) u Jlokaumm Ha npobute (ASCHO) pa3nonoXeHn Ha

TeputopuaTa Ha crypooTsan ,Cegmmn CentemBpu®“. 3a NoANOXKM Ha KapTUTE ca
n3non3BaHu catennTHu n3obpaxeHus ot nnatdpopmaTta ArcGIS Pro (Esri, DigitalGlobe,
GeokEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo,
and the GIS User Community).

AHann3 Ha gaHHu - M3BbplleHn ca nabopaTopHu macnefBaHua Ha 13 XUMUYHM
nokasatens. Texkute MeTanu ca uscnegBaHu Ype3 aToMHO abcopbuUMOHEH CNEKTPOMETbP
(AAS) Perkin Elmer 5000. A30oT e onpegeneH 4pe3 aHanusaTtop no metoga Ha Kjeldahl
(ypen Kjeltec 1030), a nouBeHaTa peakuus BbB BogeH pa3tBop. MetoabT Mehlich-3 e
N3non3BaH 3a onpeaensiHe HannuneTo Ha ocop 1 Kanun.

Mpyn aHanu3bT Ha JdaHHUTEe 3a Texkn Metanum (Purypa 2) ca uM3MNonssaHu
pedepeHTHU CTOMHOCTM Ha faHHu oT poknaga Ha EC (AGRINFO, 2022), kouto ca
CpaBHeHW C pe3ynTaTtute OT HACTOALWOTO M3cneaBaHe, 3a Aa ce onpefenu cterneHta Ha
3aMbpcsiBaHe U puckoBeTe. [JaHHUTe OT crypooTBana 6saxa OONbMAHUTENHO CPaBHEHMU C
noyseHn npobu, xapakTepuavpawm ce C WAEHTUYHW KIMMaTU4YHKM ycrnoBus u pH.
PedepeHTHUTE CTOMHOCTUN Bsixa n3BneveHn ot 6asa AaHHW, pa3paboTeHa OT kKoMnaHuaTa
Arposap B nepuoga 2022-2023r. Bb3 OCHOBa Ha CUCTEMATUYEH MOHUTOPWUHI Ha
3emMeferniCku NoYBKU OT pasfnnUyHKN perMoHn Ha bbnrapus. JaHHuTe BknoyBaT nabopaTtopHu
aHanusn Ha asoT, oocop M Kanun B MNOYBU CbC CXOOHM XapaKTEPUCTUKM Ha Te3n B
panoHa Ha uacnegBaHeTo, NPoOBeAEHN NPU CTaH4APTM3MPaHN BPEMEBU U MPOCTPAHCTBEHU
yCIoBUS.

Pesyntatn n o6¢cbxaaHe

AHanuM3bT Ha no4yseHuTe npobwu ot crypootBan ,Ceamu CentemBpu“ paskpusa
XMMUYHUTE CBOWCTBA M MNOTEHUMANHUTE PUCKOBE 3a OKONHata cpega, Heobxoaumu 3a
pa3paboTBaHEeTO Ha cTpaTerus 3a pekyntuBaums. PactutenHocTTa B CryooTBarna nokasgea,
4ye 3HauMTenHa 4acT OT pavoHa e unu 6e3 pacTUTEenHOCT, WUNM CropaguyHoO ce
HabnogaBsaT TpeBUCTU BMAOBE, MPUCMOCOBEHN KbM €eKCTpeMHW ycrosusi. ToBa ca
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NpeavMHO HUCKM TPEBU N TPBCTUKKU, XapakTepusaupawy ce C BUCOKa YCTOMYMBOCT Ha
ankanHocT W corneHocT. Jluncata Ha XymMycCeH CIioM, CbyeTaHa C TEXKUTE MOYBEHM
YCIOBUSI, CEPUO3HO Bb3NPENATCTBA PasBUTUETO Ha ObMroTparvHW ObpPBECHU PacTUTESHU
BMOOBE.

pH- CtonHocTuTe Bapupat ot 7.8 oo 9.4 (Tabnuua 1), KOeTo kaTteropuaunpa novBmTe
KaTo cunHo ankanHu. ToBa oOkasBa HeraTMBHO Bb3OeNCTBUE BBbPXY OUOXMMUYHUTE
npouecun, KaTo HamarnsiBa [MPUCLCTBMETO HA OCHOBHW XpaHUTENHW BeLLeCcTBa,
BKNtounTenHo xennso (Fe), manran (Mn), umHk (Zn) n 6op (B), KOUTO Ca XXM3HEHO BaXXHM
3a pas3BUTMETO Ha pacTeHuaTa. AHanNu3bT Ha JaHHUTE C ped)epeHTHU CTOMHOCTU OT
CbLKA pernoH (dPurypa 3 - OACHO) NOKasBa CbLUECTBEHWN pasnnyms B XMMWYHUS CbCTas,
BbMPEKN CXOAHUTE KNMMAaTUYHU ycroBusa u ankanHocT (pH >7). MNovBuTe OT ceBepHaTta
4YacT ca CWUNHO arnkanHW, a TakMBa CTOMHOCTW He ce HabniogasaT dopy B epo3upanu
3emMefencku novsun B obxeara Ha nscnenBaHeTo.

Tabnuua 1. [JaHHM Ha XMMUYHUTE noka3aTenu

Mpo6a |PH 06w N |obwP (K Fe (%) |Pb Cu Mn Zn Cd Cr Ni Na
(kon) |[(H20) |(%) (mg/kg) |(mglkg) (mg/kg) |(mglkg) |(mglkg) |(mglkg) |(mglkg) |(mg/kg) |(mglkg) |(mg/kg)

PO1 8.20 | 0.04 | 485 | 3369 3.0 11.0 79 173 46 <0.5 | 21.3 | 31.2 564
PO2 8.30 | 0.04 542 1658 26 251 52 1268 52 <0.5 199 | 259 123
PO3 8.00 | 0.06 503 | 2323 2.8 18.9 65 521 50 <0.5 | 219 | 26.1 324
PO4 7.90 | 0.16 706 1216 2.5 | 120.8 97 1961 | 250 <0.5 | 45.5 | 25.7 267
PO5 9.40 | 0.04 | 1597 | 739 9.8 |407.5| 302 753 797 5.66 | 4246 | 81.9 306
PO& 8.10 | 0.08 588 | 4086 258 27.8 88 211 67 <0.5 | 26.5 | 296 779
PO7 7.80 | 0.15 686 | 1098 24 16.3 57 534 54 <0.5 | 27.1 | 228 175

Comparison of Heavy Metal Concentrations with Reference Values
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Purypa 2. CpaBHUTENEH aHanNN3 Ha KOHUEHTpauMnTe Ha TexKn metanu (onoso - Pb, meq
- Cu, 1 Huken - Ni) B nouBeHunte npobu ot crypootean "Cegmn Centemspu” ¢
pedepeHTHM CTOMHOCTM 3a Be3onacHocT. Ha rpadukaTta e npeacrtaBeHO CbAbp)KaHNETO
Ha Pb, Cu 1 Ni 3a Bcaka npoba (PO1 - PO7), kaTo YepBeHUTE NpeKbCHATN NNHUN
nokaseaT 4OMNYyCTMMUTE rpaHMumM 3a Te3n MeTanu
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AnkanHuTe nNo4YBm YeCcTo Cb3dasaT YCNOBUS, NPU KOUTO Te3n enemMeHT ce OTMMBAT,
KOeTO OONbIIHUTENHO BriolWaBa CbCTOSIHMETO Ha noysaTta (Stanev u Dimitrova, 2020).
ToBa, cbyetaHO C pgedmumt Ha asotr (okono 30% MNO-HUCKM CTOMHOCTU CNpPSIMO
3emMefenckuTe NovsM B pernmoHa), orpaHvyaBa GuoriorMyHata akTUBHOCT Ha MoYBuTE U
CUITHO 3aTpyAHsiBa yCTaHOBSABaHETO Ha CTabunHa pacTUTenHoCT.

KoHueHTpauusa Ha Texkn metanu - KoHueHTpauunte (Tabnuua 1) Ha Texkn metanu

kato ornoso (Pb), kagmunn (Cd), umHk (Zn), xpom (Cr) n Huken (Ni) ca M3KITOYUTENHO
BUCOKM B MOYTM BCUMYKM MNo4uBeHM npobu (durypa 2). Hueata Ha onoso gocturat 450
mg/kg, KOeTO 3Ha4YUTeNHO HaaBMLWaBa gonyctummuTe rpaHuum 3a 6esonacHocT (AGRINFO,
2022). B cesepHaTa 4acT Ha crypooTBasia € yCTaHOBEHO Hanuume Ha kagmum oT 5.7
mg/kg, KaTo HeroBaTa KaHLEPOreHHOCT M TOKCMYHOCT 3a YOBELIKOTO 3apase ca aobpe
OOKYMEHTUpaHn B HayvyHaTa nuTtepaTypa. B gonbnHeHue, BUCOKUTE KOHUEHTpauum Ha
TEeXKN meTanu, kato uuHk (o 800 mg/kg), xpom (20-425 mg/kg) n Huken (22—-82 mg/kg),
npeacraBnsBaT CepMO3eH PUCK 3a YOBELLUKOTO 3[paBe U U3MUCKBaT He3abaBHa OLeHKa U
Mepku 3a pemeanauus (Chen et al., 2016).
MakpoenemeHTn - [JeduuntbT Ha as3oT € Apyr CbLecTBeH npobnem, KaTo No4yBuTE B
crypooTBana cbabpxaT NpubnuauTenHo efHa TpeTa MNo-Manko as3oT B CpaBHEHUE C
WHTEH3MBHO obpaboTBaHuTe 3emegenckmn noysun (Purypa 3 - nsaso). HegocTursT Ha asoT
He camMO Hamansgesa 6uonorMdyHata akTMBHOCT Ha MOYBUTE, HO W OrpaHuyaBa
Bb3MOXHOCTTA 32 eCTeCTBEHA PeKynTMBaLunsa Ha TepeHa.

Obuy Azor [N) pH (H20)

POT i

P0G |

P05 i

PO J

PO3 {

PO2 |

PO1

& a 1 2 3 E 5 B Fi 2 L] 10
= Total Mitrogen |crypoorean)

Tatzl Nitrogen {zemegsme) @PH [zemegenne]  WPH (oypootean)

®Purypa 3. O6w a3oT (%) n pH (H20). CpaBHeHune Ha pesyntaTute mexay npobu ot
CrypooTBan 1 TakvMBa OT 3eMeersiCKM TePEeHN B panoHa

Bucokute KoHUeHTpaumu Ha pocdop 1 Kanum B nousuTe OT crypooTsBana (durypa 4)
npeacTaenaBaT Cepuo3eH PUCK 3a 3aMbpcsiBaHe Ha BOOHUTE pecypcu B parioHa.
HaTtpynBaHeTo Ha Te3u enemMeHTM e noTeHumaneH WHAMKaTop 3a 3aMbpcsBaHe Ha
noA3eMHUTE U MOBBLPXHOCTHM BOAM W npeanornara HeobxogumMocTTa OT  CheLwHU
KOHTPOMHW MepKW. YMpaBfieHMeTo Ha MnoYsuTe B Te3n 30HM Le U3MUCKBa YyCuUnnsa 3a
HamarnsiBaHe Ha 3aMbpCsBaHETO U NpefoTBpaTsABaHe Ha pa3npoCTpaHEeHUEeTO Ha BpeaHU
enemMeHTN B OKONnHaTta cpefa, 3a Aa Cce orpaHu4M oTpuULaTesrTHOTO Bb3AENCTBUE BBLPXY
MecTHaTa eKkocuctema.
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durypa 4. docdop n kanu (mg/kg). CpaBHeHne Ha pesynTaTute mexay npobu ot
crypooTBar 1 Takvsa OT 3eMe[eriCKU TEPEHU B panoHa

Opyrn wmnscnegBaHus - XUMWYHUMAT aHanu3 Ha MOYBUTE M3UCKBA PedoOBHO
npobos3emaHe n nabopaTtopHM aHanNu3n 3a oLueHKa Ha NOYBEHOTO 34paBe U CbAbpXaHue
Ha Texkn meTtanu. KoMnosuTHuTe npobu OT pasnunyHu 30HWM NpefocTaBAT AaHHM 3a
OCHOBHW XMMWU4YHM MoOKasaTenn kato as3oT, pocgop M Kanum, KOUTO ca OT peluaBallo
3Ha4YeHne 3a pacTexa Ha pacTeHusTa U NpoaYKTMBHOCTTA Ha no4ysaTta (lvanova un Koleva,
2021). TexHukun kaToO aToOMHO-abcopbunoHHa cnektpomeTpust (AAC) ocurypsisaT TOYHOCT B
onpenensaHeTo Ha TEeXKU MeTanu, KOeTo € 0COBEeHO BaXHO B UHOYCTPUANHO 3aMbpCeHM
noyBn, KbAeTo ce Habnwaasa 3Ha4YUTENHO HagaBuWwaBaHe Ha Ge3onacHUTe CTOMHOCTM 3a
0noBoO, kagmui 1 UnHK (Smith & Chaney, 2018).

3aMbpcABAHETO Ha MOYBUTE C TEXKM MeTanu kaTto kagmumn (Cd), xpom (Cr), xmBak
(Hg), onoeo (Pb), meg (Cu), unHk (Zn) n apceH (As) npeacrasnsea KpUTUYHA 3annaxa 3a
oKornHarta cpefa u YyoselwkoTo 3gpase (Brown & Williams, 2019). Cnopea He et al. (2015),
B KuTai, HanosiBaHeTO C WHAYCTpMarHW OTNagbyHW BOOW € CEepUO3HO 3aMbpCuIio
obpaboTBaemMn 3emn, KOETO OKa3Ba BnUsAHME BbpXy Oe30macHOCTTa Ha XpaHuTe.
Pesyntatute oT noyBeHuTe nNpobu B HACTOAWOTO wu3cnegBaHe MNOTBbpXAasaT, 4e
KOHLEeHTpaumMmTe Ha Texku MmeTtanu B crypootBan ,Ceamm CentemBpu® 3HaUUTENHO
HadBuLWasaT npenopbynuTenHUTE HOpMKU ocobeHo u3dpaseHo B CeBepHaTa 4acT TepeHa
(P05). ToBa BOoAM OO HamaneHa MUKpOOHa aKTMBHOCT W criegoBaTenHoO A0 OrpaHu4YeH
pactex Ha pacTteHuata (MapkoB u WMeaHoB, 2019). Tesn 3ambpcuTenu HapylasaT
GvonorMmyHata akTMBHOCT W MNPOMEHAT  MOYBEHM nMokasatenn kato pH wu
eneKkTponpoBOAUMOCT, 3aTpyAHABaNKN NogabpXKaHeTo Ha ekonormdeH 6anaHc. Kopekuun
Ha Te3u nokasaTenu, HanpuMmep Ypes3 HamansBaHe Ha arnkanHocTTa, ca HeobxooMmn 3a
Bb3CTaHOBSBAHETO Ha TepeHa.
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3akn4veHne

[aHHuTe OoT nabopaTopHUTE aHanM3nm N TepeHHW Uu3cnenBaHuMsi Ha MNO4YBUTE B
crypootBan ,Ceamu CentemBpu® NnokassaT 3HayMTeNnHa gerpagaumsi, KOTo npaBn TepeHa
Henogxogsw, 3a O6wuonorMyHa pekyntuBauus 6e3 mawabHu TEXHUYECKM N XMMWUYHU
MHTEepBeHUMN. BrucokaTa ankanHocT, 3acOofnsiBaHETO M KOHLEHTpaUMATa Ha TEXKM MeTanm
Hanarat He3abaBHM MepKM 3a pemMeanauusi C Len npeforspaTsBaHe Ha E€KONOMMYHU U
3apaBHM puckoBe. [eduumtbT Ha as30T, CbYeTaH C BUCOKM HMBA Ha ¢bocdop U Kanum,
YCNOXHSIBa npoLieca Ha Bb3CTaHOBsIBaHe. 3a NOCTUraHe Ha YCTOMYMBO Bb3CTAHOBSIBaHEe
ce npenopbyBa cTabunuampaHe Ha TepeHa Ype3 gobaBsaHe Ha opraHn4HM nogobpuTenu u
HOBW NOYBEHN NIIACTOBE, KAKTO U Xnmmyecka obpaboTka 3a HaMmansBaHe Ha ankanHocTtTa.
duTopemeanaunMoHHUTE TEXHOMNOMKN Ypes3 3acaxjaHe Ha YCTOUYMBU pacTUTENHU BUOOBE,
abcopbupalun TeXKn meTanu, e AonpuHecaT 3a AbAFOCPOYHO Bb3CTAHOBSIBAHE Ha
eKkocmucTteMarta u 3awuTa Ha 34paBeTo HA MECTHUTE OOLLHOCTH.
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N3CNEABAHE BAPUALUMUTE HA U3XOOHOTO HAMNPEXEHUE HA AIITEPHATOPU
B SEMEAEJICKATA U TPAHCINOPTHATA TEXHUKA
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Pe3rome

B HacToswms goknag e HanpaBO M3cnedBaHe Ha M3MpaBeHOTO U punTpupaHo
HanpeXeHune, reHep1paHo oT anTepHaTop. M3BbpLueHn ca 5 cepum ekcnepMmMeHTu ¢ ToBap
oT 0 mo 230 W, npun obopoTn CbLOTBETCTBAWM Ha OMNTUMANHOTO HaTOBapBaHe Ha
reHepatopa. M3non3BaHa e ekcrnepuMeHTanHa YycTaHoBKa, coOCTBeHa paspaboTka.
M3BbpweHa e cratuctuyecka obpaboTka, C uUen onpedensHe Ha BapuauuuTe Ha
N3XOOQHOTO HanpexXeHue Ha anTepHaTopwu, U3NoN3BaHM B 3eMeaernckarta U TpaHcnopTHaTa
TexHuka. [lonyyeHuTe ekcnepumeHTanHu pes3yntatu ca npeactaBeHn B TabnuueH u
rpacmyeH Bna, HanpaBeHU ca CbOTBETHUTE M3BOAM, KAKTO N 3aKMOYeHne 3a rogHocT Ha
n3cnenBaHOTO YCTPOMWCTBO.

Knrwo4oeu Oymu: antepHaTtop, 3emedericka U TpaHCNopTHa TexXHuKa, M3MepBaHe,
napamMmeTpu.

INVESTIGATING ALTERNATOR OUTPUT VOLTAGE VARIATIONS
IN AGRICULTURAL AND TRANSPORT EQUIPMENT

Svilen Stoyanov', Steliana Hristova® Todor Yovev®

" Dobrudzha College of Technology, Technical University of Varna,
2 Insititute of soil science, agrotechnologies and plant protection "Nikola Poushkarov",
Technical University of Varna
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Abstract

In the present report is made research of the rectified and filtered voltage generated
by an alternator. 5 series of experiments were carried out with a load from 0 to 230 W, at
revolutions corresponding to the optimal load of the generator. An experimental setup, our
own development, was used. Statistical processing was carried out in order to determine
the variations of the output voltage of alternators used in agricultural and transport
equipment. The obtained experimental results are presented in tabular and graphical form,
the relevant conclusions are drawn, as well as a conclusion on the suitability of the
investigated device.

Key words: alternator, agricultural and transport equipment, measurement,
parameters.
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EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEATTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

BbBeaeHue

AnTepHaTtopbT npeacTaBnsiBaT YCTPONCTBO, pa3paboTeHo Ha Gasata Ha TpudaseH
CUHXpOHEH reHepaTtop. OCHOBHOTO My MpegHa3HayeHMe B 3emedenckarta WU
TpaHcrnopTHaTa TexHUKa € [da MoKpue HyxXaaTa OT enekTpu4ecTBo, Heobxoauma 3a
paboTata Ha ABuraTensas M Ha BrpageHuTe MOAyNM Wu cuctemn, Heobxooumu 3a
HOPMarHOTO (PyHKUMOHMpaHe Ha MawwuHaTa. [pu pabota Ha ABuraTens, anTepHaTopbT
MOCTOAHHO 3apexga W akymynatopHata 6atepusa. CbBpeMeHHUTE 3eMefenckm u
TPaHCMOPTHM MaLUMHUM Cca CUMHO 3aBucuMuM OT paboTata Ha anTepHaTopa, nopaau
rofieMnTe U3MCKBaHUS KbM 3axpaHBaLLOTO HarnpeXeHue u ronsmaTta KOHCyMaunsa Ha TOK,
obycnaBsHa OT HanMMYMEeTO Ha MOLLHM NepudepHN YCTPOMCTBA, BKMOYBALLM CUCTEMU 3a
HaBuraumsi 1 KOMyHuKauusi, cuctemm 3a komdopT, crnegswm cuctemu 3a paboTtata Ha
Auratensi, MOMOLLHM CUCTEMU 3a NO3ULMOHMUPAaHE U ABWXKEHMNE NO onpedeHa TpaekTopus,
cTabvnusnpalym cMcTeMm, CnMpadeH acuCcTeHT U MH. ap. 3a nognomaraHe paboTtaTta Ha
OCHOBHUSA anTepHaTop B HSAKOM MalUMHW Ce npeaBuxaa MOHTaX Ha [AOoMbIHUTENEH
anTepHaTop UM CITbHYEBU NaHENMN.

YCTpOMNCTBOTO Ha
antepHaTop € MokKa3saHo
Ha durypa 1

(promobile.bg, 2024) (lliev,
1990). CwctoM ce ot
Kopnyc 2, B KOWUTO e
NOMecCTeH TpudaseH
reHepaTop C
€NeKTPNYECKO
nogmMarHuTBaHe Ha
potopa 5, TpudaseH
ABynonynepuoaeH
ToKoM3npasuTen (anoaeH
Onok) 7, pene- perynartop
9 1 YyeTKOB MexaHu3bLM 8.
BbpTAWOTO ce MarHUTHO
none, cb3gageHo  oOT
potopa 5, nHayumpa ; :

NPOMEHSIMBO HanpeXxeHue

B HaMOTKUTE Ha crartopa CDMrypa 1. YCTPONCTBOTO Ha antepHaTop

1. PotopbT narepyBa Ha

ABa paguanHu narepa 4. [lpu pabota Ha pgBuratens reHepaTopbT npeobpasysa
MEeXaHW4HaTa eHeprusi npeaaBaHa oT ABuratens ype3 peMbk (He e nokasaH) U peMbyHa
wanba 3 B TpudasHO HanpexeHne, KOeTo Cce u3npaBa OT auvogHusa  6rok.
TokounanpaBuTensat 06GUKHOBEHO € M3NbIHEH C 6 Anoda no cxemaTta ,JlapmnoHoB®. Pene—
perynatopsbT 9, perynupa nsxogHoTo HanpexeHue B rpaHmumte ot 13,4 no 14,8 BonTa Ha
npaseH xon. M3npaBeHOTO HanpexeHne ce dunTpuvpa C NOMoLTa Ha KanauuTUBEH
unTbp, cneg koeto ce nogasa 4ype3d knemu 10 KbM enekTpuyeckata cuctemMa Ha
aBTOMOGMNA.

Mpn pabota Ha anrepHatopa OT ocobeHa BaXHOCT € MOAAbPXKaAHETO Ha
N3npaBeHOTO HanpexeHue Ha knemute 10 B CbOTBETHUTE rpaHuun. [pn HanpexeHne nog
13,4 BonTa ce nonyvyaBa Hego3apsa Ha akymyrnartopa, a npy HanpexHusa Hag 14,8 sonta
npesapexgaHe u noBpeda Ha akymyrnatopa, usrapsHe Ha namnu v gp. B npaktukaTta no-
4yecTO 4Ye HabngaBa Hefos3apsd, KOeTo OOMKHOBEHO Ce ObJPKM Ha BKMNHOYBAHETO Ha
noBeye KOHCyMaTopu C Mo-rofisiMa MOLLHOCT. Tbi KaTo ToBa He € NpeaBuUaEeHO OT 3aBoda
npou3BoauTEN Ce nosiydaBa CUCTEMHO HeJo3apexgaHe Ha akyMmyrnartopa, nocnegsawo ot
Obp3a cyndartv3auma Ha nro4YuTe My, KOETO OOMKHOBEHO BOAM OO0 HEroBoTo 6bp30

- Cratop

- Kopnyt

- PemyyHa wanba
- Narepu

- PoTop

- 33eH Kanak

- Dmoaex Gnok

- YeTkoabpXaTen
- PerynaTtop

- Knemu

OW~NO B WK -

-
/
|
o
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n3nmnsaHe ot CTPos M Heobxoguma cMsiHa. 3a HedomnyckaHe Ha NoBpeau Npes3 akTUBHUTE
nepuoamn ot roguHata e HeobxoAMMO M3BBbPLUBAHE HA NOCTOSAHEH KOHTPOM Ha 3spagHuTe
HarnpexXeHunsi, CBOEBPEMEHHO 3apexfaHe Ha paspefeHuTe akymynatopu, nperneg Ha
eneKkTpuyeckMTe Bepurn B MalUMHUTE, MNPOBEPKM 3a Hannune Ha YTeuyku, JoLo
3amacsaBaHe 1 ap. (Bozhinov, 1986).

Pesyntatun n o6¢cbxaaHe

N3cnepgsaHeTo Ha paboTtaTta Ha anTepHaTopa ce M3BbpLKM Ha cTeHd, cobcTBeHa
KOHCTPYKUMA. Ton ce CbCTOM enekTpoasuraten 5, KOMTO NOCPeAcTBOM peMbyHa npeaaska
3agBWXBa antepHartopa 3.

M3cnenBaHeTo ce W3BbpLUBA MpWM HOMMHaMHKM oBopot n=3000 min”. MMpu
HaToBapBaHe ce OTYMTa HamansiBaHe Ha 0BoOpOTUTE, KOETO He e NpeaMeT Ha HacTosuwaTa
paspaboTka.

durypa 2. IamepBaTtenHa cucrtema

M3mepBaTenHa cuctema Mma ABa OCHOBHU pexuma Ha paboTa: pexmm Ha npaseH
X0, Mpu KOWTO ce 3apexpa caMo akymynaTtopa 2 U pexum C HaToBapBaHe, NMpu KOWTO
OCBEH akymyrnatopa Ce BK4YBa M perynvpyeM ToBap. 3a u3crnegBaHe B pPeXuMM Ha
HaTOBapBaHe Ha anTepHaTopa e M3bpaHO HaTOBapBaHEC ABE aBTOMOOWIHM OCBETUTENHN
Tena 4 — mogen H4 55+60W. 3a «knw4yoBe ca M3non3BaHW [gBa TPUMNO3ULNOHHU
MPEBKIMOYBATENS, C KOUTO € Bb3MOXHO Aa Ce HanpaBATneT KOMOUHauMM OT uKCupaHm
ToBapHu MmowHoctn 55, 60,110,120 n 230W (HamupaT ce nog ocBeTUTENHUTE Tena),
HanpexeHneTo Ha 3apsg ce oTuMTa e BrpageH gurntaneH BonTtMep (Hamupa ce noa
npeBKoYBaTennTe).

N3cnepeaH e antepHatop, moaen COAL IR7331, ¢ HOMuHaneH Tok, 1=65 A u
HOoMMHanNHO HanpexeHneU=12 V. U3nonasaH e akymynatop 12 V, 55Ah.

eHepMpaHOTO HanpexeHue OT anTepHaTopace nodaBa Ha NpeuuseH MynTuuet
mogen UNI-T UT803 (nosuuma 1 Ha durypa 1) Ha dupmata UniTrendGroupe Limited.
MyntuuetsT e Tun: Digital Bench-Type Autoranging TrueRMS Multimeters cbc cnegHute
napameTpu: Knac Ha TOYHOCT Mpu u3mMepBaHe Ha NOCTOAHHO HanpexeHue + 0,3% u Ha
npomeHnueo HanpexeHne +0,5%. lNpenaBaHeTo Ha AaHHUTE OT M3MepBaTenHua npuobop
KbM KOMMOTbpa Ce M3BbpliBa Cbk cnegHuss mHTepdgenc UNI-TUT803 100kHz With
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RS232C USB Interface. JonbnHUTENHM BH3MOXHOCTH, N3NON3BaHU B NpoLeca Ha paboTa
ca: LCD Backlight Display, Data Hold, Auto-Ranging (Uni-trend, 2024).

3a 3anunc n obpaboTka Ha AaHHMUTE ce n3nonsea cneunanuanpad cogptyep Ha UNI-T
UT803. Cnen crapTupaHe codTyepbT M3BbpLUBa aBTOMatuveH 3anuc ¢ uHtepsan 0,5
cekyHan, 6e3 Bb3MOXHOCTM 3a Kopekuus. lNMonydeHute pesyntatum ce 3anuceaT B XIs
dopmaT, KoeTo € ronsaMo yaobcTBO 3a nocnefBawy o06paboTKM U U3YUCTIEHUS.
[Mony4yeHuTe pesyntaTtn ce ussexgart u B rpaduyeH Bu, KOUTO CNYXWN KaTo OPUEHTUP 3a
UANOCTHOTO NPOTUYAHE HA CbOTBETHUS EKCNIEPUMEHT.

Tabnuua 1. Pesyntatu ot nscnegsaHe pabortarta Ha antepHaTopa ¢ ToBap ot 110 W

Value
No Time DC/AC |U Unit AUTO
113:50:42 | DC 14.47 |V AUTO
2|3:50:43|DC 14.48 |V AUTO
3|3:50:44|DC 14.47 |V AUTO
4|3:50:45|DC 14.48 |V AUTO
5|3:50:47 |DC 1418 |V AUTO
6|3:50:48 | DC 14.32 |V AUTO
713:50:49|DC 14.33 |V AUTO
813:50:50 | DC 14.32 |V AUTO
913:50:51 |DC 14.33 |V AUTO
10(3:51:25|DC 14.32 |V AUTO
11(3:51:27|DC 14.33 |V AUTO
12(3:51:30|DC 14.32 |V AUTO
13(3:51:31|DC 14.33 |V AUTO
141 3:51:36 | DC 14.32 |V AUTO
15(3:51:37|DC 14.33 |V AUTO
16(3:51:40|DC 14.32 |V AUTO
1713:51:41|DC 14.33 |V AUTO
18(3:51:42|DC 14.32 |V AUTO
19(3:51:44|DC 14.33 |V AUTO
20| 3:51:45|DC 14.32 |V AUTO
21|3:51:48 | DC 14.33 |V AUTO
22|3:51:49 | DC 14.32 |V AUTO
23|3:51:50|DC 14.33 |V AUTO
24| 3:51:51|DC 14.32 |V AUTO
25|3:51:52 | DC 14.33 |V AUTO
26| 3:51:53|DC 14.32 |V AUTO
27| 3:51:53|DC 14.33 |V AUTO
28| 3:51:56 |DC 14.32 |V AUTO
29| 3:51:57|DC 14.33 |V AUTO
30| 3:51:58 | DC 14.32 |V AUTO
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N3BbpLueHn ca 4 cepun eKkCnepuMeHTU NPy pasfnMyHo HaToBapBaHe Ha anTepHaTopa
n 1 Ha npaseH xoad. OT BCeKkM eKcnepuMeHT ce u3crneaBa m3Bagka ¢ n=10, kato ce
aKUeHTMpa Ha MakCUMarHuUTe N3MEHEHNSI HA HanpeXeHneTo BbB BpemeTo. Ha Tabnuua
1 e nokasaHa 4acT OT ekcnepumeHTta, nonydeH npu ToBap oT 110 W. Ocrananute
Tabnuum ca ot cbwua Bug. B Tabnuua 2 ca gageHn CTOMHOCTUTE OT U3BAAKUTE Ha BCEKU
eKCNnepuMeHT.

Tabnuua 2. CTOMHOCTU OT M3BAAKUTE HA BCEKN EKCNEPUMEHT
Onnt Ne

P W] 1 2 3 4 5 6 7 8 9 10
0 14.4314.44\14.43(14.44114.45|/14.44|14.45/14.46|14.45|14.46
55 114.44(14.45|14.46|14.45|14.46|14.45|14.47 |14.46|14.47|14.48
60 |14.42(14.46|14.47|14.36(14.3414.33|14.34|14.33|14.34|14.33
110 (14.47|14.48|14.4714.48|14.32|/14.33|14.32|14.33|14.32|14.33
230 [14.49/14.48(14.49/14.46(14.23|14.24|14.25(14.24114.23|14.24

Ha ®urypa 3 ca nokasaHu nosly4eHUTe eKCrnepuMeHTanHu pesynrtatu OoT usBagkuTe
Ha BCeKM ekcnepumeHT. Bmxaa ce, 4e npu mManbk ToBap — o okono 100 W, naga Ha
HanpexeHneTo e He3HauuteneH — okoro 0,1 V. lNpu yBenuyaBaHe Ha HaToBapBaHETO
N3MeHeHnATa Ha HanpexeHneTto gocturat 0,2 — 0,25V.

230 W
- ,f" 60W
2
! 4 e /
> 6 " P oo S / ow
8 a —f
) 10
t[s] x 0,5
EOW m55W 60W m110W m230W
durypa 3. [NonyyeHn ekcnepmMeHTanHu pesyntaTtu

N3cnepgsanute napametpu (Mihailov, 2020):
a.) MakcumanHa CTOMHOCT Ha n3cneaBaHUs napameTbp B U3BagkaTa
Avax = MAX (aj)= MAX (as;az...;an). (1)
6.) MMHMManHa CTOMHOCT Ha n3cnegBaHusa napameTbp B U3Bagkata
Anin = MIN(aj)= MIN(a;az...;an). (2)
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B.) Paamax Ha nsamepBaHOTO HanpexeHve

R = Awax - Amin (3)

r.) CpeAHO apMTMeTMYHa CTOMHOCT Ha M3MEPBaHOTO HamnpexeHue

TbM KaTO CriydanHuUTe rpeLlkn Ha Te3n U3MepBaHUSA ce NoLYMHABAT Ha HOpMarneH
[[aycoB 3aKkoH Ha pasnpegerieHve, TO HaW-BeposiTHaTa CTOMHOCT Ha M3MepBaHaTa
BeNnn4YMHa e cpeiHo apuTMeTU4YHaTa CTOMHOCT - chopmyna 4.

_1on

qep, T n=i=1 a; (4)
,D,) cpeaHo KkBagpaTtu4HO OTKITOHEHKE

CTaHOapTHOTO OTKIOHEHWNE € U3MepUTEN Ha pa3ceriBaHeTo, NpU KOMTO ce M3BbpLUBA
KBaApaTUYHO OCpedHsIBaHe Ha OTKIOHEeHUsATa Ha WHAMBUAOyanHUTE CTOWHOCTM Ha
M3NpaBeHOTO HanpexeHue 3a 3apexdaHe Ha akymynatopa OT TsAxHata cpefHa
apuTMeTU4YHa BenuuuHa. ToBa NpeAcTaBnsiBa BEPOATHUAT pe3ynTtaT OT M3MepBaHuUATa.

Aa, =a

pelukaTa Npyu CbOTBETHUTE M3MEPBAHUS €: : — % ToraBa, cbrnacHo TeopusTa

Ha [ayc, cpeaHo KBaapaTUYHOTO OTKIIOHEHME €:

—
e |EE1=, .’.‘n:l-2

S (5)

e.) KoepuumeHT Ha Bapuauua Vs,

KoepnumneHTbT Ha Bapuauma npeactaBnsBa OTHOCUTENHA Msipka 3a pas3cenBaHeTo
Ha CTOMHOCTUTE Ha HanpexeHueTo No Bpeme Ha pabota. (popmyna 6). Ton mamepsa

KaKbB MNPOoUeHT OT cpeaHaTa CTOMHOCT Ha HarnpexeHneTo Ha akymMmyriaTtopa npeacrasiisdBa
BeiM4YnHaTta Ha CTaHOapTHOTO OTKITIOHEHME.

Vo = (s/acp).100% (6)

X.) FpaHn4YeHKoeULUNEHT Ha Bapuauna — onpeaens ce npy MakcumanHata CTOMHOCT
Ha Bapuvauus Ha HanpexeHueTo ¢ BepodaTHocT 0,9973 no dopmyna 7.

Vomaz = [(tmax/acp)/3].100% (7)

3.) cTeneH Ha HepaBHOMEPHOCT“smax, MO OTHOLWIEHME Ha Bapuauusita Ha
MakcumarHaTa CTOMHOCT Ha HanpexeHneTo ¢ BepositHocT 0,9973 - no popmyna 8.

Oomar = [2(tmax/acp)]-100% (8)

B Tabnuua 3 ca pageHu pesynratute OT cTaTtuctudeckata obpaboTka Ha
eKcrnepMMeHTanHuTe pesyntaTtu.
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Ta6nuua 3. [NonyyeHn pesyntaTtn oT cTaTuctTMyeckata obpaboTka
CraTtnctmyeckun pesyntatu

P
Aimax Aimin I:ai acp S v dsmax Asmin V:Fmﬂx 6crmax

W Vv \Y \Y \ Vv Y% Vv \ % %

0 14,46|14,43|0,03(14,445|0,0102|0,0709(14,476|14,414| 0,0702 | 0,4256
55 |[14,48|14,44)|0,04(14,459|0,0114|0,0786(14,493|14,425| 0,0778 | 0,4713
60 |14,47|14,33|0,14|14,372|0,0531|0,3692(14,531|14,213| 0,3655 |2,2154
110 |14,48(14,32|0,16(14,385|0,0737| 0,512 |14,606|14,164 | 0,5069 | 3,0721
230 |14,49|14,23|0,26(14,335|0,1188|0,8285(14,691|13,979| 0,8202 | 4,971

Pe3ynTtaTbT OT U3MepBaHETO C Herosara rpellka ce npeacTaBs BbB BUAa:
i A T Ko (9)
Kb[ETO: K € BePOATHOCTEH KOE(ULINEHT.

YpaBHeHneTo (9) nma BEPOSATHOCTHO TbIIKyBaHe, T.€. UCTMHCKaTa CTOMHOCT Ha
naMepBaHaTa BennymHa ap ce Hamupa B:

- UHTepBana [ap —0.aq + 0] BeposaTHocT 0,6827; (10)
- UHTepBana [aq — 20,0, + 20] ¢ BeposTHOCT 0,9545; (11)
- nuTepeana [ — 39,85, + 39] ¢ pepogrHOCT 0,9973. (12)

Mpn cTtatucTuyeckn macneaBaHust Ha paboTata M TEXHMYECKOTO obcnyxBaHe Ha
3emegenckun mawuHu npod. BepewarnH (Dimov, 1992) npenopbyBa u3cneaBaHudaTa ga
ca c k=3. ToBa e BcrneacTeMe OT BUCOKUTE U3NCKBAHUS 3a HaOeXAHOCT npu paboTta Ha
NnosieTo, cbyeTaHa C USKMIYUTENHO KpaTKUTE CPOKOBE Bpeme, no3Bonssalin obpaboTka
Ha 3emdaTa 1 npubupaHe Ha NpoayKUMATa.

Toraga: Bpmazx — Dep. + 3o (13)

Qpmin — Aep, — 3o (14)

N3Boaun

1. PaspaboTeHa e uamepBaTtenHa cuctemMa 3a macneagBaHe paboTocnocobHocTTa Ha
anTepHaTopun Ha 3eMefernicka u TpaHCNoOpTHA TEXHUKA.

2. MN3xoOoHOTO HanpexeHwe OT anTtepHaTtopa € cTabunHo BbB BPEMETO, KaTo
MaKCUManHuTe TeOPeTUYHN CTOMHOCTM He HaaxBbpnaT 14,8 V.

3. MuHUManHUTEe CTOMHOCTM MpPU MaKCuMmanHa KoHcymauus ca novtu 14 V, npu
ToBap o 230W,koeTo e Heobxoammo ycnoBue 3a paboTa Ha aBuraTens, enekTpudeckmuTe
N eNeKTPOHHM MOAYIN, KAaKTO M 3apsia Ha akyMyraTtopa, BbMpeku ronsimaTta KoHCyMaums.

4. MakcumanHaTa Bapuaumsi Ha HanpexeHueTo e noa 1%.

5. MakcumanHaTa HepaBHOMEPHOCT Mpu 3apsd He HagBuwasa 5%, KaTo CbrnacHo
HanpaBeHUTE EeKCNepuMMEeHTU Cce MposiBsiBa HaW-CUMHO Mpu MpPexogHUMTe Mpouecu, B
Ha4yanoTo Npu BKMOYBAHE HA MaKCMMariHa MOLLHOCT UMW NMpu NPEBKIOYBaAHE OT cpeaHa
KbM MaKkcMmMarHa MOLLHOCT.

6. MamepBaTtenHa cuctema MOXe Oa ce u3nonsea 3a obyyeHue Ha CTyaeHTu OT
crneumanHocTn, nlyvaBallumn 3emegerncka n TpaHCnopTHa TeXHMUKA.
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3akno4yeHune

PaspaboTteHaTta wu3mMepBaTenHa cucTeMa [daBa Bb3MOXHOCT 3a uM3crnegBaHe
paboTocnocobHOCTTa Ha anTepHaTtopuvHa 3emefdernicka W TpaHCNopTHA TEeXHWUKac
perynupyem ToBap. M3BbplleHaTa cratucTnyecka obpaboTka Ha ekcnepumeHTanHuTe
pe3yntatu AgaBa WHGOpPMaumMs 3a CTabunHOCTTa Ha HanpexeHneto B 3ajageHuTe
rpaHnLn, KOETO e BaXKHO YCroBMe 3a rapaHTMpaHe paboTtocnocobHOCTTa Ha MaluMHaTa no
OTHOLUEHME Ha Ka4yeCTBOTO Ha 3axpaHBaLlO HanpexeHue.
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NPUNOXEHUE HA BUOUHOKYJTAHTU 3A NOBULLABAHE HA KOJIMMECTBOTO U
KAYECTBOTO HA PACTUTENTHATA NPOAYKUUA OT NIUMEL
(Triticum monococcum L.) MPU ANNYBUAITHO-ITUBAOHA NMOYBA

WonuTa MNepdhaHoBa, Xpucto BnyoBcku*, Becenunka MeTposa,
FepraHa KyHueBa, JleB Tpubuc
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Pe3lome

lNMonyyaBaHeTo Ha BWUCOK A06wMB oOT numey( Triticummonococcum L.), Kakto wu
3anasBaHe 1 MoBuMLLABaHe Ha NOYBEHOTO Nfogopoane moraT ga 6baaTt nocTurHaTu, Ypes
n3nonseaHe Ha OWOMHOKYNAHTU C asoTduKkeupawm MukpoopraHnamm. EdektbT oT
WMHOKyNnauusiTa ¢ acouMatMBHu a3oTdukcmpalim bakrepum oT pog Azospirillume mnsnutaH
npu AnysuanHo-nMBagHa no4vBa, B YCrOBMATA Ha MOJSICKA OMUT, B 3EMIIMLLETO Ha rp.
Mnoegue. [MpunoxeHa e WHOKynauma ¢ wamoBe Azospirillum brasilense 107 n
Azospirillum lipoferum 59, npun aBe HuBa Ha MuHepanHo TopeHe - NipPgKgn NgPgKs.
Pesyntatute nokaseaT, Han-ronsaMo yBenuvyeHue Ha gobuea OT 3bpHO — 47 %, npwu
BapuaHT Azospirillum brasilense + NgPgKg, B CpaBHEHME C KOHTPOSTHUS BapuaHT.

Knrwo4voeu dymu: numeu, Azospirillum, AnyBmanHo-nuBagHa noyBa, WMHOKynauus,
TOpEHE.

APPLICATION OF BIOINOCULANTS TO INCREASE THE AMOUNT AND QUALITY OF
EINKORN WHEAT (Triticum monococcum L.) PLANT PRODUCTION IN
ALLUVIAL-MEADOW SOIL

Jonita Perfanova, Hristo Valchovski*,Veselinka Petrova,
Gergana Kuncheva, Lev Tribis

Agricultural academy, Institute of Soil Science,
Agrotechnologies and Plant Protection “N. Poushkarov’,
7 Shosse Bankya Str., 1080 Sofia, Bulgaria

“e-mail: h_valchovski@abv.bg

Abstract

Obtaining high yield of einkorn wheat, as well preserving and increasing soil fertility
can be achieved by using bioinoculants with nitrogen-fixing microorganisms. The effect of
inoculation with associative nitrogen-fixing bacteria of the genus Azospirillum has been
explored in Alluvial-meadow soil, in the conditions of field experiment (Plovdiv city).
Inoculation was applied with strains Azospirillumbrasilense 107 and Azospirillumlipoferum
59, at two levels of mineral fertilizers - N1oPgKs and NgPgKs. The results show the greatest
increase in grain yield — 47%, with Azospirillumbrasilense + NgPsKs, compared to the
control variant.

Key words: einkorn wheat, Azospirillum, Alluvial-meadow soil, inoculation, fertilizer.
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BbBeaeHue

CenckocTonaHckuTe npakTukn, TpabBa ga 6baaT cbobpaseHn C onasBaHe WU
nogobpsiBaHe Ka4eCTBOTO Ha NOYBMTE, N yBeNnyaBaHe Ha OOMBUTE MO YCTOMYMB HAYMH.
EgHa oT Bb3aMOXHOCTUTE TOBa Aa 6bAe NOCTUrHATO € U3Non3BaHeTo Ha BUONHOKYNaHTH,
KakBUTO ca asoTdumkcupawmnte 6akrepun ot poa Azospirillum, npyn oTrnexgaHe Ha XXUTHU
KynTypu. MIHOKynauusaTa ¢ Te3n 6aktepum mma noTteHuuana ga Hamanu ynotpebarta Ha
MUHEpanHM TOpoBe, C egeKTMBEH kKanauuvTeT 3a HacbpyaBaHe Ha pacTtexa Ha
pacteHuaTa. Tean 6GakTtepum obpasyBaT acoumaTmBHa asoTuKcUpalla cuctema C
KOpeHuUTe Ha pacTeHusiTa. T e B CbCTOsHME Aa dukcmpa aTMocdepHus asoT, KaTto no
TO3M Ha4vH Ce yBenunyaBa fernia Ha 6OuonorMyHMs asoT B pacTuTenHa npoayKuuMs
(MepdpaHoBa u ap., 2014, Boletaetal., 2020). N3cnegBaHo e BMSHMETO Ha Te3u LLaMoBe
Azospirillum brasilense 107 w Azospirillum lipoferum 59 B ycnoBmusita Ha CbAOB OMUT.
YCTaHOBEHO €, Ye N3nuTaHuTe Wwamose asoTduKkcmpalm 6aktepmm nokassaTt noBuLIaBaHe
B gobmBa OT 3bpHO M CbAbpXaHMeTo Ha cypoB npoTteuH (MepdaHoBa u ap., 2014,
MepdaHoea n Kpymos, 2017).

OTrnexgaHeTo Ha nuMmey npegnara Bb3MOXHOCTM 3a AumBepcudukaums W
NPOM3BOACTBO Ha XpaHW, GoraTm Ha BWCOKOKAYeCTBEHW MpoTenMHu. KayecTBOTO Ha
OpalHOTO OT NMMeL, € NogobHO ¢ ToBa Ha OOMKHOBEHATa NeHMua U ganed no-Bucoko oT
TOBa Ha TBbpAaTa nuweHuua. JinmeubT CbabpXxa ABa MbTWM NOBEYE HEHACUTEHN MA3HUHU
OT NuweHuuaTa u HMCKO konunvectBoTo Ha ryTteH (D'Egidioet al., 1993; Brandolini et al,
2008; Hidalgo and Brandolini, 2008).

LlentTa Ha HacTodAWweTO m3creaBaHe € [a Ce YCTaHOBW BIIMSIHMETO Ha LiamMoBe
Azospirillum brasilense 107 n Azospirillum lipoferum59 BbpXy pactuTenHata nNpoayKums
OT NMMeL, U CbAbPXXaHNETO Ha CYpOB MPOTEUH, CAMOCTOATESNTHO M CMECEHO C [IBE HMBa Ha
MUHeparnHo TopeHe, Npu AnyBnanHo-nN1MBagHa NoyBa B YCNOBUSATA Ha NOJSICKM ONUT.

Matepuanu n metoamu

lMpoBeneH e Nonckn onuT B 3eMnuLLEeTo Ha rp. MNnosaue Bbpxy AnyBuanHo-nnBagHa
noysa (Eutric Fluvisol), npn HenonuBHu ycnosusi, no 6nokoB MeTton. OTrnexgaHaTa
kyntypa e numey (Triticummonococcum L.). OnuTbT e 3anoXeH B TpU MOBTOPEHUS, C
pa3mMmep Ha onuTHUTEe napuenku 8/3,1 m. OxpaHaTa mexay BapuaHTuTe € 0,5 m, a obwaTta
nnow, Ha 6noka (nostopeHneto) — 0,225 da. ObwaTta nnow, Ha onuta e 0,675 da 6Ge3s
nbTULLATa U OXpaHUTe Mexay BapuaHtTute. Cren ocHoBHaTa obpaboTka Ha noysaTa ca
BHECEHWN KOMBUHUPAHN MUHEPAnHN TOPOBE.

MHoKynaumsaTa Ha cemeHata € u3BbplueHa C¢ bakTepuanHa CycrneH3usd, C TUTbP
10®ml Ha wamose Azospirillum brasilense 107 n Azospirillum lipoferum59 oT konekuusiTa
asoTukcmpawm baktepumn Ha nabopatopus ,Mukpobuornorna Ha noysata“, npu UIMNASP
.H. MywkapoB®. EceHHaTa centba € m3BbpLIEeHaA PbYHO M HEMOCPEACTBEHO cren Hes
noysarta e BanupaHa. OnuTbT € NpoBedeH No crnegHaTta cxema:

KoHTpona.

NHokynaums ¢ wam Azospirillum brasilense 107
WNHokynaums ¢ wam Azospirillum lipoferum59

TopeHe C NgPsKs.

NHokynaums ¢ wam Azospirillum brasilense107 + NgPgKs,
NHokynaums ¢ wam Azospirillum lipoferum59 + NgPgKsg.
TopeHe Cc N10P8K6.

WHokynaums ¢ wam Azospirillum brasilense107 + N1oPgKsg.
WHokynaums ¢ wam Azospirillum lipoferum59 + N1oPsKs.

CoOoNOOR~WND

CTPYKTYpHUTE eneMeHTM OT pacTuTenHaTa npoaykuusi ca onpegeneHu BbB hasa
MIIEYHO-BOCbYHA 3psnocT. [o6UBBLT OT NMMeEL U CbAbpXaHMETO Ha CypoOB MPOTEWH B
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3bPHOTO Ca onpefernieHn BbB (hasa BOCbYHA 3psAnocT. [lonyyeHuTe ekcnepuMeHTanHu
AaHHKU ca obpaboTeHn ctaTucTudeckn Ypes Statgraphics 2.1.

Pe3yntaTtin n o6¢cbxaaHe

Pesyntatute OT CTPYKTYpHWS aHanuM3 Ha onuMTa BbB ha3a MSIeYHO — BOCbYHA
3psAnocT ca npeacrtaBeHy B Tabnuua 1. BucounHata Ha pacteHusitTa camo Npu BapuaHT
N1oPgKe - 85,5 cm e no-ronsima oT KoHTponata — 82,75 cm. ToBa ce AbIKN Ha BUCOKOTO
KONM4ecTBO a30T U pocdop, KOUTO ce HaTpyneaT No-6bp30 B NUCTHATa Maca. [brmkuHaTa
Ha KnacoBeTe W BpoAT Ha 3bpHaTta B Tax npu BapuaHtu Azospirillumlipoferum+ NgPeKe
(5,0cm -20,5 6p. 3bpHa) u Azospirillumbrasilense+ N1oPgKs - (5,2cm -21,2 6p. 3bpHa) ca ¢
MO-HUCKM CTOMHOCTK OT KOHTponuTe (5,3 cm — 22,0 6p. 3bpHa). BepoaTHO B Ta3u gasa oT
pasBUTMETO Ha pacTeHusTa KoOMOMHauuuTe C NocoYeHuTe asoTdukcupalum bakrepumn u
MUHEpanHM TOPOBE He OKasBaT Mb/IHOTO CU BNUSAHWE. AHANOMM4YHM ca pesyntatuTte U 3a
KONMYeCTBOTO Ha KnacoBeTe cnpsiMo KoHTponata. Cnopen Kazietal, (2016) wamoBe
Azospirillum brasilense BAMSAT NO pasnMyYeH HayuMH BbPXY OTAENHUTE CTPYKTYPHU
erleMeHTU Ha pacTuTenHaTa NpoayKums oT MileHuLa, KOeTo 3aB1cK OT dhasaTta Ha pacTex
N ce NPOMeHs Npe3 pa3BUTMETO Ha pacTeHusaTa. B koHTpacT Ha ¢da3a MNeYyHo — BOCbYHa
3panoct, npu ¢asa nNbfHa 3pANOCT MHOKyNauusita C acouMaTMBHU a3oTduKCUpalLm
baktepun oT poa Azospirilumoka3Ba CUNHO MNOMNOXUTENHO BRUsSIHUE BbpXYy gobuBa U
CbAbpXKaHMETO Ha NpoTenH npu numed, (dPurypn 1 un 2).

Ta6bnuua 1. CTpykTypeH aHanu3 Ha gobwmBa OT numel, BbB dasa MIevyHO-BOCbYHa
3psanoct

BucoumHa Ha ObmknHa 3bpHa K
B nacose
apuaHTm pacTeHusTa | Ha eduH Knac | B eauH knac 2
o 9/50 cm
cm cm Gpon
1.KoHTpona 82,75 5,3 22,0 60,0
2.Hokynauus ¢
Azospirillumbrasilense 80,6 5,39 22,8 69,8
3.HOoKynauus ¢
Azospirillumlipoferum 78,8 58 24,27 61,7
4. TopeHe ¢ NgPeKs 76,65 5,75 23,9 65,4
5.Azospirillumbrasilense 80.6 5.6 233 64.4
+ N8P6K6
6.Azospirillumlipoferum 78.8 5.0 205 51,2
+ N8P6K6
7.TopeHe ¢ N1oPgKg 85,5 5,8 24,17 71,4
8.Azospirillumbrasilense 82,68 5.2 212 45,0
+ N1oPsKs
9.Azospirillumlipoferum 78.53 5.96 25 4 50,6
+ N1oPsKs
LSD P <0,05 12,93 1,03 4,66 15,59

MpunoxeHneto Ha wamoBe Azospirillumbrasilense 107 n Azospirillumlipoferum 59
BNUSie NMOMOXUTENHO BbpXy A0OMBa OT nMMeLl, OTrNeXxaaH B YCMOBMATa Ha MOJSICKA ONUT
npy AnysBmanHo-nuBagHa nouvsa (durypa 1). WIHOKynauumte C Te3n LWamMoBe
asoTdumkcnpalum baktepun BOOAT OO0 YBENUYEHWE Ha MNpoayKuusita OT 3bpPHO, CAPSIMO
HEeWHOKynMpaHaTa KOHTpona, CbOTBETHO C wam Azospirillumbrasilense 107 — 45 % wn ¢
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wam Azospirillum lipoferum 59 —31 %. Nogo6bHo nacnenBaHe e npoBeaeHo ot Hungriaetal,
(2010) n e ycTtaHOBEHO, Ye MHOKynaumuMte Ha nweHuua ¢ wam Azospirillumlipoferum
yBenuyasat gobusa ¢ 18% u ¢ wam Azospirillum brasilense — 31%.

Mpn BapmnaHT Azospirillum brasilense + NgPgKs € 0T4eTeHO Han-ronsiMo KONMYeCcTBO
3bpHO — 47% noBeYe OT KOHTponarta, gokaTto npu BapuaHT Azospirillum brasilense +
N1oPsKs yBenuueHneto e 27%. AHanorMyHn ca pesyntatmte W Mpu  BapuaHTu
Azospirillumlipoferum+ NgPeKs 1 Azospirillumlipoferum+ N19PgKg, cboTBETHO 40% 1 37%.
ToBa nokasea, 4Ye MNO-BMCOKaTta HOpMa Ha MWHepanHoO TOpeHe MNoTUCKa AeWHOCTTa Ha
acoumatmBHuTe asoTdukcmpam 6akrepun. Npn ymepeHo MUHepanHoO TopeHe CbBMECTHO
c asoTdukeupalm 6akrepum ot pog Azospirilum moxe ga 6bae nocturHat BUCOK J06MB
OT MuweHuua, ¢ NONOXUTENHO Bb3AENCTBME BbPXY KA4eCTBOTO Ha 3bPHOTO WM 3anasBaHe
Ha noyBeHoTo nnogopoaue (Galindoetal., 2019, Namvaretal., 2013, Piccininetal., 2013).
Cnopea nonyyeHuTe pesynrtaTu, UHOKynauusaTa Ha numel, ¢ wam Azospirillumbrasilense
107 6n morna ga 6bae antepHaTMBa Ha MUHeEpPaANHOTO TopeHe. Mpwu BapuaHT Azospirillum
brasilense 107 konn4ecTBOTO 3bPHO € 2,28 g/100 cemeHa, gokaTto npu BapmaHtn NgPsKs 1
N1oPsKs € cboTBeTHO 2,02 — 2,20 g/100 cemeHa.
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durypa 1. Edpekt oT MHOKynaumsaTa Ha nMmeL, BbpXxy obmnBa OT 3bpHO

Hal-BMCOKO KONMMYECTBO CypOB MPOTEMH, OT BCUYKM WU3CNEeABaHW BapuaHTu, e
ot4yeteHo npu Azospirillumlipoferum+ N1oPsKe— 11,25 %, npun koHTponaTa CbAbpXaHWETO
e 8,75 % (durypa 2). PaBHOCTOMHM Ca BnMsiHASITA Ha WHOKynaumdata ¢ Azospirillum
brasilense n TopeHeTo ¢ NioPgKs, OTYETEHMAT CypoB NPOTEUH M NpW [BaTa BapuaHta e
10,0 %. Pesyntatute OT u3cnegBaHusiTa, NpyM CbAOB ONMT C AnyBuanHo-nvBagHaTa
noyBa, CbLLUO MOKa3BaT yBenuMYyaBaHe Ha CypoBUS MPOTEMH B 3bPHOTO, KaKTO Mpu
CaMOCTOATENHUTE  WMHOKynauum ¢ wamose  Azospirillumbrasilense 107 n
Azospirillumlipoferum 59, Taka n npu KoMOBUHaUMUTE C MUHeparHo TopeHe. Hai-Bncoko
KOSNIMYEeCTBO CYpOB MPOTENH € oTYeTeHOo Npu BapuaHT Azospirillumlipoferum 59 + NgPgKe—
9,37 % (MepdpaHoBa n Kpymos, 2017).
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dPurypa 2. CbabpKaHue Ha CypoB NpPoTeMH B 4obuBa OT 3bPHO
3aknioyeHue

NHokynaumsTa c wamoBe Azospirillumbrasilense107 w Azospirillumlipoferum59 soan
00 noBulaBaHe Ha gobuBa OT NMMeL U CbAbPXaHWETO Ha CypOB MPOTEMH B 3bPHOTO.
Pesyntatute nokaseat Haw-ronsiMo yBernuvyeHue Ha pobusa OT 3bpHO — 47 %, npu
BapuaHT Azospirillum brasilense + NgPegKs (2,31 ¢/100 cemeHa), B cpaBHeHWE C
KOHTPOMHUS BapuaHT. Han-sucok gobms c wam Azospirillumlipoferum59 e otdyeTeH npu
KombuHauusa ¢ mmHepanHo TopeHe NgPsKs— 2,21 g/100 cemeHa. Han-ronsimo Konn4ecTeo
CYpOB NPOTEMWH, OT BCUYKWN U3CNeaBaHu BapuaHTu, € otyeTeHo npu Azospirillumlipoferum+
N1oPsKe— 11,25 %, npu kKoHTponaTta cbabpxaHueto e 8,75 %. AsoTdukcupawmrte
BakTepun ot poa Azospirillum moraT ga 6baaT NepcnekTMBHU BUONHOKYNAHTN, CbBMECTHO
C MUHUMasnHO MMWHEeparHoO TOpeHe, 3a noflydaBaHe Ha BWUCOK O0OOMB M KayecTBeHa
npoayKuus oT NumeL.
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N3cnepBaHeTo e npoBeaeHo no npoekT duHaHcmpaH ot PHU Ne KP-06-H76/2 2023
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Peslome

HactoawuaT goknag mnacnegpa noteHumana Ha GanaHcMpaHOTO M pa3HoobpasHo
FINCTHO TOPEHE KaTO eCTECTBEH MHCTPYMEHT 3a Bb3CTaHOBSIBaHE Ha noyBaTta, KOHTPOIS Ha
Bpeautenn n rbOMYHM 3abonsdABaHMA, KakTO WM 3a ONTUMU3NPaHe Ha AobuBuTe W
Ka4eCTBOTO Ha CefnckocTomaHckaTa npoaykums. BknwyBaHETO Ha  MUKPO- MU
MaKpoeneMeHTM B Noaxoasiy KoMOnHaumMm n etanm oT XXU3HEeHUS1 UUKBbIT HA pacTeHunsaTa
ce JokasBa KaTo e(peKkTMBEH MeTon 3a nogobpsiBaHe Ha pacTuTenHata Pe3UCTEHTHOCT U
NOYBEHOTO 3paBe.

Upes LeneHaco4yeHn TeCTOBE C PasfnyHU KyNTypu € YCTaHOBEHO, Ye AeduUnNTbT Ha
eNeMeHTU KaTo MaHraH K Xensid3o 4YecTo Ce AbJKM Ha TAXHaTta HeaoCTbMNHOCT 3a
pacTeHundaTa, BbMPEKN HAnNMYnMeTo nm B novsata. BknouBaHeTo Ha xenatnpaHu bopmm Ha
MUKPOENEMEHTN U CbMAbTCTBALUMTE TN MUKPOOPraHM3Mm He camo nogobpsiea
YCBOSIBAHETO, HO M YyBenun4yaBa YCTOMYMBOCTTA Ha pacTeHusiTa KbM BpeauTenu wu
HebnaronpuATHN KNUMaTUYHU YCIOBUS.

MonyyeHuTe pe3ynTtatm OEMOHCTpMpAT MNPEBBL3XOACTBOTO Ha  OMONOrMYHO
obocHoBaHUTE MeTOoAM 3a noaxpaHBaHe CrpsiMO KOHBEHUWMOHANHUTE noaxoau, KakTto rno
OTHOWeEHME Ha pobuBuTe, Taka M 3a AbATOCPOYHOTO nogobpsiBaHe Ha no4yBaTa WU
pacTUTENHOTO 34paBe.

Knw4oeu OymMu: nUCTHO TOpeHe, TMNO4YBEHO Bb3CTaHOBsIBAHE, €CTEeCTBEH
WMHCEKTMUNG, YCTONYNBO 3emMeaenme.

BbBeaeHue

3apaBaTa noysa OTrnexaga 3apasu pacTteHus, bnarogapeHue Ha 3gpaBuTe pacTeHus
nMame 34OpaBu XKUBOTHM W 3apaBu xopa. OTrnexgaHeTo Ha ©OanaHcupaHa noyesa e
TPYOOEMBK U AbNbI NPOLEC, KOWTO u3nckea pasbupaHe B OGMO-MMHepanHOTO u 6Guo-
XUMUYHOTO CbAbpXaHMe M AMHaMuMKata Ha [NIMHEeHO-XYMYCHUS Komnnekc. [HewwHuTe
MeANLMHCKM nuua, bepmepun 1 arpoHOMM nmaT CXOLCTBO B TOBA Aa TpeTupar naumeHTuTe
CM C MeOuMKaMeHTM, KOMTO Ada noTuckat CUMMATOMU M MPUKPMBAT pearnHuTe HyxXaw.
TpeTupaHeTo Ha gageH Npobrnem NOBLPXHOCTHO CKPMBA peariHUTe HYXOu Ha pacTeHMETO
1 noysaTa.

B TbpceHeTo Ha GanaHc e enaTenHo a NPEeckoYMM TPUTE OCHOBHU XPaHUTENHU
enemeHta (N, P, K) n gopn ga npeBb3MOrHeM npenopbYyaHUTe [O3M B MUHEpasiHO-
NOYBEHUTE TECTOBE.

Korato HabnogaBame NoYBEH aHANM3 UM NMCTEH aHanM3 MHOro 6bP30 MoXe Aa ce
noaBedeM 3a HSIKOMKO XM3HEHOBaXHM enemeHta — Fe m Mn. ToBa ca gBa enemMeHTa,
KOMTO 3aemaT KIH4YOBO MSICTO B OTOpaHUTENHUTE BB3MOXHOCTU Ha PacCTeHUETO,
eHeprueH peseps, POTOCUHTE3A N YCBOSIBAHETO Ha BoAa NO-e(EKTUBHO.

Te3an pBa enemeHTa noaBexgaT B nodYsaTa WM B JIMCTHMA aHanus, 3auoTo
okcugauuaTa npu TAX € OT pellaBallo 3HayeHune. Ypes CToTMUM FNUCTHU aHanmsu
AOCTUTHaxXMe 00 3aKrfYeHue, Ye MoneBu pacTeHust nokasBaT C Pusmyeckus cu obnuk
AedULMTM HA MaHraH M Xemns30, HO B aHanuM3uMTe uMa gOocTaTb4yHM KonudectBa. EaBa B
aHanuM3anm Ha pacTUTeNeH COK YyCTaHOBMXME, Ye uMMma JeduuuTh Ha OBaTa enemMeHTa.
OkasBa ce, 4Ye pacTeHusiTa He MoraTt Aa U3non3BaT eflEMEHTU, KOUTO HE ca XernaTupaHwu,
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KoraTo Ce HaHacsT NIMCTHO. (KerneseH unv madraHos cyndart). OcBeH ToBa Npu HUCKa
MUKPOBMOSOrMYHa akTMBHOCT Te3W erleMeHTM He ce Uu3BNuYat OT noysBaTta, 3auoTo
oKkcupgauusita npeyn Ha camaTa Mukpobuonorma ga npucbcTBa MNOpaan  TEXKM
MEeXaHU4YeCKN NPaKTUKU.

ToBa HU goBeae 00 95% OT TecToBeTe, HanpaBeHW Jocera Ha pacTeHUs OT BCSKaKbB
BMA, A ca Ha MbpPBO MACTO AePUUUTHU C MaHraH u crnefd ToBa C Xernsas3o. OnUTbT HU
npoabikaBa U C peguua apyrn eneMmeHTn kato MmonmbaeH, H1ken, ceneH n kobanT 3a no-
cepvosHaTa ONTUMM3AUMSA Ha 3alUMTHUTE CUNUM B pacTeHusiTa. Te B MUHUMAaNHUTE Cu
KonuyectBa HW [okasaxa, 4Ye npu no-roneMute BpeauTenn Kato ckakanuu wumart
yCNeBaeMoCT KaTO CEepUOo3HW peneneHTW, 3alloTo 3a3fpaBsABaT BbHLUHUTE TbKaHW Ha
nuctata. Ho gocturame oo To3um U3BOA4 Camo ako Mma pasHoobpasHa Mukpobuonorusta B
noysaTa M pacTeHNATa, KOETO CbLLO € MOCTUXXUMO C BbHLUHW CPeaCTBa.

BIOCHEMICAL SEQUENCE OF NUTRITION IN PLANTS

O=-00=-23 M

mereobd-

Plant biochemical sequences begin with: Amino acids form proteins such as chloro-

1. Boron, which activates — phyll and tag trace elements, especially —

2. Siticon which carries all other nutrients 5. Magnesium which transfers-energy via —
starting with — 6. Phosphorusto —

3. Calcium which binds — 7. Carbon to form sugars which go where —

4. Nitrogen to form amino acids, DNA and cell 8. Potassium carries them. This is the basis
division. of plant growth.

www.quantumagriculture.com

OnuTbT HU NpoabkKaea U ¢ peavua ApyrM eneMeHTU kato MonnbaeH, HUKeEnN, cenex
n kobanT 3a no-cepuo3HaTa ONTUMM3aLMS Ha 3alMTHUTE CUNKU B pacTeHusitTa. Te B
MUHUMManHUTE CWU KONMMYECcTBa HM [Jokasaxa, 4e npu Mo-roneMmte BpeauTenu Karto
cKakanum nmat ycrieBaeMOoCT KaTO CEPUMO3HN peneneHTH, 3aLloTo 3a3apaBsiBaT BbHLUHUTE
TbKaHM Ha nucrata. [locturame [0 TO3M M3BOL4 CaMO ako uMa pasHoobpasHa
MUKpoOUMonormaTa B no4yesaTa M pPacTeHUsTA, KOETO CbLO € MNOCTUXKUMO C BbHLUHK
cpencTea.

YcTaHoBUXMe, Ye BCbLUHOCT ronsiM npobnem e npunaraHeTo Ha NoYBEHU M NIUCTHU
TopoBe 06e3 pasbupaHe, ocobeHO B crnydYamTe Ha a3oT. ToraBa ce ocBoboxgasaT
aMUHOKUCENMHM MO MNOBLPXHOCTUTE UMW B fleCHocMUNaema dopma U HacekomuTe ce
npuenunyaT. CbLOTO ce NoBTapsi Kato NPoGneM C U3NULIHO Hann4yHUTEe amMuHOo3axapw.
KopurmpaHeto Ha nogobHu pencteus e 50% oT paboTata HM B noneBu YcrioBusi, Aa
nonpassiMe YCTaHOBEHU UCTOPUYECKUN NMPAKTUKN.
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jLalyst

== ALINEGEY E———  JUUNIRIR S —— = —— AN LT~ —— AN —— | VRIS —— A

CEC 1424
TEC 14.24
Paramagnetism 110
pH-level (14 water) 7.00
Organic Matter (iR G Anal ) 5 % 4 -
Labile Carbon 1% | o8-
Conductivity (12 wate) 0.1 moem| 02 -
Ca / Mg Ratio 334 :1
Nitrate-N (morgan) 16 _ppm 2 -
Ammeonium-N ioegan) 2 ppm 2 -
Phosphorus et iy 40 ppm 50 -
Phosphorus (oisn) To come _pom
Calcium (Metwen 11y 2016 ppm
Magnesium psetuch u) 382 ppm
Potassium gsecn iy 327 ppm | 167 -
Potassium (Cotwes) To come pom
Sodium Menich iy 58 ppm 16 - ppm
Sulphur psergan) 27 ppm 30 - 88 ppm
Chloride gwater Bxtracty Bppm| 32 - pem
Aluminium (M iy 5 ppm < pom
Silicon (cacyy) 53 ppm 40 > ppm
Boron (st cact) 1.2 ppm 1 - ppm
Iron (oeTa) S0ppm | 40 - ppm
Manganese oria) Sppm | 30 - pren
OPP&r (DATA) 1.9 ppm 2 - ppm
ZinG (0eTA) 4.1 ppm 5 - ppm
bdenum gax) 0S5ppm | 05 - ppm
Nitrogen - N 33 % 26 - 4.0 %
Phosphorus - P 031 % 018 - 025 %
Potassium - K 2.54 % 3 - 4.0 % 1"'_'—"
Sulfur - S 0.19 % 0.2 < OI7 W [reSSSSSN———
Calcium - Ca 0.37 % 08 - 120 % [—
Magnesium - Mg 031 % 0.3 - 046 9% [ee————
Sodium - Na 0.02 % C.0% - (0:10:%: JEEEEE—
Copper - Cu 12.1 ppm 7 - 20 ppm
Zinc - 2Zn 23.5 ppm 18 - 35 ppm
Manganese - Mn 70.6 ppm S0 = 2200 prvy) [T —————
Iron - Fe 134.1 ppm 80 - 200 ppm
Boron - B 3.8 ppm 10 - 80 ppm [Me—
Molybdenum - Mo 0.1 ppm 15 - 3.2 ppm |[Extremely Low
Cobalt - Co 0.1 ppm
Silicon - Si 3179 ppm | 900 -
Chloride - Cl 0.0
Nitrogen : Sulphur 176
Nitrogen : Phos 10.7
Nitrogen : Potass 13
Carbon : Nitrogen 14.1
Crude Protein 205
Chloride 0.0
Nitrate 56.2 10 -

MaTtepuanu u metoam

HanpaBeHn ca TecToBe C e4HOroAULIHU U MHOFOrOOULLHU pacTeHnsa B onpeneneH
XU3HEH UMKbN 3a nogxpaHeBaHe. [penapatute ca oT GMONOrMYHO XenaTtmpaH nNpousxos,
KOeTO OTroBapsi Ha TbPCEHETO OT pacTeHusTa, a MMEHHO Ada 6baaT OT OpraHuYeH
npomu3sxoa.
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1. KoHTpona

2. KoHBeHUMoOHaneH npenapat 3a nogxpaHsaHe — 7.60% Fe, 3.60% Mn, 0.70% Zn,
0.35% Cu, 0.65% B, 0.30% Mb - TpyaHO ce Hamepu NPOAYKT Ha nasapa CbC CXOA4HM Ha
HalLMTe NpenopbkK, 3aToBa CY HanpaBnuxmMe MHAMBMAYANEeH npenapart 3a Touka 3.

3. MNoaxpaHeBalum eneMmeHTn B cuHeprmdeH nogdop — 0.3% B, 0.2% Co, 0.5% Cu,
0.3% Fe, 0.8%Mn, 0.3% Mb, 0.6% Zn, 1% S, Ha NUTBLP

TecTtBaHu 6saxa: xnebHa nweHuua (120aka), opms (104ka) , NELHUKOBN HacaXKaeHUs
(30aka), posos gomat(0.3gka) , mapyna (0.3gka), cnaHak (0.3gka) , yepewwn (404ka)
BG1MONOrMyHO NPOM3BOACTRO.

OueHkaTa e caMo OT arpoOHOMMYECKN HabnaeHNa Hag ObpXXaHUETO Ha pacTeHusTa
npes BeretTaTtMBeH 1 NIOAOAABEH LUMKbN OT NOKbHBaHe 0o 6eputba. KopeHoBa cucrtema,
NUCTHaA Maca, MbuyHa M MHCEeKTUUMOHA PEe3NUCTEHTHOCT, BKYC, YyXaHue, CO4YHOCT,
XPYNKaBoOCT, rpamMax B CpaBHEHME C KOHTpOMa, U3ApbXIMBOCT NpU pe3ku TemnepaTypHu
NPOMEHM.

J1sBO KOHBEHLMOHanNeH npenapart (2) — A9CHO MUKCMpPaHUA oT Hac npenapaT(3)
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|

A — koHTpona; B — nectuungm n yHrmumam; » — 600 kg/dka KénumeB cunuuar;

C — 48% no-Bucok poomB ot A, n 18% no-Bucok gooms ot B. 20% no-manko
HanageHuns ot rou unm Hacekomum ot Npoba b n 70% no-manko ot npoba A. be3 HMKakBo
BNM3aHe B nosietarta 3a npbckaHe, Nnpu B umalue Hyxga ot 2 HaHacsHus. B cnyyaaT Ha C
CMe HasiCHO, Ye MnoyBaTa Lie OCTaHe Taka 3a OLe HSKOJIKO FoAWHU U ceMeTo CbbpaHo OT
Te3n pacTeHus e e MOAroTBeHo Aa 6bae OTHOBO B NogoOHM YCroBMSl, KOETO HUe
cyuTame 3a nnoc.

3akno4eHue

YcTaHoBsABaWKkN BeretaTMBHUTE U nNnogoobpasyBaliy Makpo U MUKPO eNeMeHTU ce
OTKpMBa N AENCTBMETO HA ayKCUHW U MUUTOHMKMK, KOETO MO3BOMsiBa NO-ACHO pasbupaHe
npy U3NON3BaHETO Ha enemMeHTUTe B KOMOWMHAaLMSA 3a MOCTUraHe Ha XenaHu pesynrtaTu
(nncTHa maca, 3peeHe, pa3mep Ha nnoga u ap.).

YcTaHoBABaMe, 4e € Bb3MOXHO Ja Ce Uu3non3sat KOMOWHaUMM OT XpaHWUTENHU
enemMeHTun, ¢ onpegenexHn 6akTepuiiHm n rbunyHn wamose, 3a nogobpsaBaHe 34paBeTo Ha
pacteHuaTa. [Npy NOAXOAAWOTO NPUMOXKEHME, Ha KONM4ecTBa W BPEMEBU OTPSA3BK,
pacTeHusiTa ce CnpaBAaT C HaceKoOMU, rou 1 BUpYyCcu.
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MbnHoueHHaTa pacTuTenHa gveTa gaBa onTUManHu JoOuBM M 30paBOCIOBHA XpaHa
3a XMBOTHUTE M xopaTta. Habnioaaea ce NpeBb3X0ACTBO HA Bb3CTAHOBUTENHUTE NPaKTUKN
c nogo6HM nNoaxpaHBaHWsS NMpen KOHBEHUMOHanHMTe MeToam 3a ,0o0pba ¢ Bpegutenurte”.
ToBa crnopef Hac e MeTof, KOUTO MOXe Aa CMecTu pecypcu Aaeaviku Jobpu pesyntaTtu 3a
nogobpsiBaHe Ha no4vsaTta.

INutepartypa

PONA HA ®PEPOVIOHUTE MPU OBPA3YBAHE HA CMECEHW BMO®UIIMU WMeo MaHues
Tpakuiickn yHnBepcuteT, Ctapa 3aropa PakynteT ,TexHuka n TexHonorumn®, Ambéon

ROLE OF IRON HOMEOSTASE IN THE MULTISPECIES BIOFILM FORMATION Ivo
Ganchev Trakia University of Stara Zagora, Faculty of Technics and Technologies of
Yambol,

Silicon Fertilizer Addition Can Improve Rice Yield and Lodging Traits under Reduced
Nitrogen and Increased Density Conditions by Ligiang Dong Tiexin Yang Liang Ma
Rui Li, Yingying Feng and Yuedong Li, Liaoning Rice Research Institute, Shenyang
110101, China
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The Biochemical Properties of Manganese in Plants by Sidsel Birkelund Schmidt and
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metabolites. Plant Signaling & Behavior 5:1, pages 4-8.
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NMPUNOXEHUA HA ONTUYHA EMUCUOHHA CNEKTPOMETPUA C UHOAYKTUBHO
CBBbP3AHA NMNA3MA INMPU OMNPEAENAHETO HA PEOKU U PASCEAHU ENIEMEHTH

Hukonaa BennykoBa*, Onra Benea, Metoau Kapagxos
leonoauyecku MHcmumym M'M-BAH

“e-mail: niaveli@geology.bas.bg

Peslome

OnTuyHaTa eMUCUOHHA CMEKTPOMETPUS C MHOYKTMBHO cBbp3aHa nnasma |ICP-OES
Ce M3Mnon3Ba LWMPOKO B MUHHOZOOMBHATA MPOMMLLAEHOCT 3a KOHTPOS&T Ha CbCTaBa Ha
pydata npu aHanu3 Ha ckanu 1 ap. MHoro aHanuTuyHu nabopaTopun ua3nonssaTt Tasu
TEXHWKA, 3a Aa NpoBepsT uuctoTata Ha pyan. HactosawoTo uacnenBaHe pasrnexna
KPUTUYHUTE KOMMOHEHTU Ha 3efieHata TeXHONOrus, CYMTaHW 3a KPUTUYHM CYPOBMHM.
lMoka3aHo e onpegensiHeTo Ha cnegu oT Y, Sc n peakosemun enemeHtn (REE) B ,unctin”
pPeaKo3eMHU MaTpuumM U onpeaensHeTo Ha PeHun B MONMOAEHOBM U MEeOHWN KOHLEHTPATW,
cbabpxawmn Mo, Al, Ti, Fe, Mg, Ca n Cu kato komMmnnekcHa matpuua. AHanu3bT Ha
reonoXkm nNpodbm oT MUHHATa NPoOMULLNEHOCT, KakTo U Ha REE, e MHoro cneumnduyen.
Heobxoguma e pobpa uyysctButenHoct Ha |CP-OES cnektpomeTpuTte, Kakto W
cTabunHoCT npu nynBepusaMpaHe Ha pas3TBOPM C BUCOKO CONMEBO CbAbpKaHue.
PenkoseMHuTe enemMeHTn ce xapaktepmampaT ¢ 6orat eMncmoHeH cnektbp. C nomowyta
Ha CMEeKTPOMETPU C BUCOKA pasgenurerniHa cnocobHOCT moraTt Aa 6baaTt pasrpaHUYeHn
ObIDKMHUTE Ha BbIHUTE Ha onpeaensieMmte MWUKPOENEMEHTU OT Te3n Ha OCHOBHUTE
enemeHTn. lpeacraBeHO € CpaBHEHWE Ha TPWU pasfnYyHM CrekTpoMeTbpa C BUCOKA
crnekTpanHa pasgenurernHa cnocobHocT oT 5 1 8 pm n cpefHa pasgenutenHa cnocobHocT
oT 15 pm.

Knrwo4voeu dymu: OnTM4HA €MWCUOHHA CNEKTPOMETPUS C MHAOYKTMBHO CBbp3aHa
nnasma ICP-OES, pegkn enementn, Y, Sc n pegkosemHu enemeHtn (REE), pennn B
MONNGAEHOBU N MEAHWN KOHLUEHTPAaTKU, CNEKTPAnHN NpeyYeHns, MaTpu4yHu ENemMeHTu.

APPLICATION OF INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION
SPECTROMETRY (ICP-OES) IN THE DETERMINATION OF RARE METALS AND
RARE EARTHS ELEMENTS

Nikolaya Velitchkova*, Olga Veleva, Metody Karadjov
Geological Institute, Bulgarian Academy of Sciences, Sofia

*e-mail: niaveli@geology.bas.bg

Abstract

Inductively coupled plasma optical emission spectrometry (ICP-OES) is widely used
in mining processes, mining purity control, rocks analysis, etc. Many analytical laboratories
use this technique to check for the purity of the extracted ores. Critical components of the
green technology, considered as critical raw materials are included in the present
investigations. Determination of trace of rare metals Y, Sc and Rare Earth Elements (REE)
in "pure” rare earth matrices and determination of rhenium in molybdenum and copper
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concentrate containing Mo, Al, Ti, Fe, Mg, Ca and Cu as complex matrix are
accomplished. Analysis of geological and mining samples, and especially of REE, is very
demanding for ICP-OES spectrometers. Due to the need of sensitivity as purity of the final
product has to be checked, the ICP-OES should be able to handle high with concentration
of total dissolved solids. Moreover, due to the line-rich spectrum emitted, especially for
REE, only high resolution ICP-OES spectrometers can manage such analysis as they are
the only ones able to separate the wavelengths from major element and trace elements.
Comparison of two different commercially available spectrometers with high spectral
resolution of 5 and 10pm and a spectrometer with a middle spectral resolution of 15.6 ppm
are presented.

Key words: Inductively coupled plasma optical emission spectrometry (ICP-OES),
Rare metals, Y, Sc and Rare Earth Elements (REE), rhenium in molybdenum and copper
concentrate, spectral interferences, matrix elements.

BbBeaeHue

JTaHTaHOMOMTE BKNIOYBAT NeTHageceT enleMeHTa C aToOMHW Homepa oT 57 pgo 71
nnc utpun (atomeH Homep 39). JlaHTaHuguTe ce cpewaT B 3eMHaTa Kopa B
KOHLEHTpaumMu, HagBuLLIABaLUM HSKOM YeCcTO W3NON3BaHW WHOYCTPUANHU efneMeHTH.
Hanpumep, uTpuin, uepun, naHTaH n HeOOUM MPUCHLCTBAT B 3eMHaTa Kopa B MO-BUCOKM
KOHUeHTpaumn ot onoBoTto. OT 15-Te naHTaHMaa caMo pagnoakTUBHUAT NPOMETUN He ce
cpewa B npupoaata. Becmukm naHTaHmanm umaTt nogobHU OU3NYHM U €AHAKBU XMMWUYHM
ceonctBa. [Mopaan NpunMKNTEe B TEXHUTE XMMWYHW CBOMCTBA Te€ YECTO ce OonucBaT KaTo
rpyna (Lambert, 2005).

PeHnaT e nsknounTenHo paabk pedpakTopeH, orHeynopeH meTan (Touka Ha ToneHe:
3 185°C) n e eanH OT HaN-TbpCeHUTEe MeTanu B cBeTa. YHUKaNHUTE CBOMCTBA Ha peHus,
KOMOUHMpALLM BUCOKA TOYKA Ha TOMEHe M NNacTUYHOCT, Ce MU3NOoM3BaT 3a Cb3JaBaHe Ha
cynepcrnnasn 3a camosieTHaTa M pakeTHaTta NpPOMULLNEHOCT. YBENMYEHOTO CbAbpXaHue
Ha peHun B CynepcnnaBuUTE U PSA3KO HapacTBaWOTO TbPCEHE B MWHANoOTO onpenenst
CUNHUA MHTepec KbM Hero (Kasikov, 2020). CBeTOBHOTO NPOU3BOACTBO Ha PeHUN e
CbCPEeAOTOYEHO BbPXY MeAHO-MONMbaeHOBM W MedHW pyau; B npouecute  Ha
OKUCNUTENHO MNeYyeHe Ha KOHUEHTpaTW, PEeHUST nonaja B yTavkM U ce ynaBs 4pes
OMOKpsiHe Ha rasoBuTe cmecu (Zinicovscaia, 2021). OcempgeceT npoueHTa oOT
N3TOYHULMTE Ha CYPOBUHU 3a PeHUn ca MonmbaeHoBU U MeaHU CyNUAHN KOHUEHTpaTH,
npoussegeHn oT Ywunu, KasaxctaH, OpaHuus, [epmanus, Pycmna, CALL, Kurtan,
Benukobputanusa, Xonangus u MNMonwa (Anderson, 2013). MNpe3 nocnegHnte gecetunetuns
peHneBM cynepcnnaesu Ha BasaTa Ha HUKeN ce U3Non3BaT 3a fionaTku Ha ra3oBu TypOUHU
N peakTUBHM ABuUraTteniy, KOUTO WU3UCKBAT TEPMUYHA M OKUCIUTENHA YCTOMYMBOCT U
MexaHu4Ha akocT (Zhumakynbai, 2023).

HnobuaT e oT rondm WHTepec kaTo MaTepuan B sapeHaTa WHOYCTpus nopaau
HUCKOTO MYy HanpeyHO cevyeHue Ha HeyTpoHHa abcopbumsa (Srivastava, 2003). TaHTansbT
HaMmuMpa npUroOXeHne MNpu KOHCTPYMPAHETO Ha XMMUYECKM YCTOMYMBM CbAoOBe 3a
TpeTupaHe Ha A4PEHO ropuBO M CbLLO Taka ce U3MNoM3Ba B efleKTpoHHaTa NpOMULLNIEHOCT
(Gupta, 1994). N goBaTta enemeHTa ce usBnuyaT OT KONyMOUT 1 TaHTanut. KonymbutsT e
MUHepar, Hamupall ce B NerMaTtuTHU Xunu 3aedHo C OPYrM MUHepanu - caMapCKuT,
deprycoHuT n kacuteput. lNopagm ToBa ca HeobxoaMMM aHanNM3uM Ha Te3n MUHepanu 3a
TAXHOTO cbabpxaHue Ha Nb, Ta, Sn, W, Ti, Zr n Hf (Gibalo, 1968). TopusaT ce cpewia B
Mankm KonuyectBa B MOBEYETO cKanv M noYBu. Han-luMpoOKO e pas3npocTpaHeH BbB
docaTtHna MuHepan MoHauuT. M3cnegBa ce MpUoXeHMeTO Ha TOpUM KaTo SiApeHo
ropuBoO BbB Bpb3Ka C nNpegMMmcTBata My Nno OTHOLUEHWE Ha ypaHa — Ton e no-6e3onaceH,
no-ctabuneH, no-ekonornyeH n no-edektmseH (Jyothi, 2023).
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EHEPrUitHU ENOXN
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LLInPOKO WM3MON3BAHM XUMUYHWA ENEMEHTU B PA3NTUYHUTE ETANU HA EHEPTUIMHO PA3BUTUE
®durypa 1. CtpaTterndeckun enemeHT (MuwoHoBa, 2024)
Figure 1. Strategic elements (Mishonova, 2024)

CypOBUHUTE OT KPUTMYHO 3HAYeHME Ca HaW-4eCTo MeTanu UM MUHEpanu, YusaTo
Bepura Ha [gocTaBka W cHabgsiBaHe He e curypHa, a TsaxHata nunca wunuv geduuut
cb3daBaT peanHu pUcKoBe 3a MKOHOMMKATa Ha efHa cTtpaHa. CegemMHageceT OT T4x ca
CYpPOBMHM CbC CTpaTernyecko 3HadeHune (Purypa 1) n ce cmaATat 3a XKUBHEHOBAXKHM 3a
MKOHOMMYECKaTa MONUTUKa Ha AdajeHa AbpXkaBa, HeMHaTa oTOpaHa W eHeprurMHaTta u
nonuTtuka. bykBanHuaT npeBoq OT aHrNUUCKK (rare earth element) unn ot ppeHcku (terres
rares) oO3HadaBa ,peakn‘ Unu ,pedKko3eMHKU“, HO MPOTMBOMOSIOXKHO Ha TOBa, KOETO
noackasesa OrnpeaeneHMeTo, Te He ca peaku OT reosioxka rnegHa Todka. Haxoguuwa ce
HammMpaT B MHOrO paloHM MO CBEeTa, HO Ha MOBEYETO MECTa TAXHaTa KOHUEHTpauums e
TONKOBa Marnka, 4e OoOMBLT e HeonpaBoaH OT MKOHOMMYECKa rnegHa Todka. Te
npucbCTBaT B 3€MHaTa KOpa, HO HWMKOra CaMOCTOATENHO, a CMECEHW C Apyrn u
cnenoBaTenHo, TEXHUAT OOOMB U Hal-Beye paddMHMPAHETO € MPOAbLIMKUTENEH M CKbN
npouec, 3a KOWTO ca HeobxoaMmMuM MHOrO €EHEprms M OrpoMHW KONMM4YecTBa BoAa
(MuwoHoBa, 2024). Te3n 17 enemeHTa ca no3HaTu owe ot 18 Bek, HO fo 70-Te roanHN Ha
MUHanNusa BEK HAMAT MHOYCTPUANHO NPUMOXKEHME U NOTUYHO KbM TAX HAMA MHOYCTPUaneH
N TbpProBckn uHTEpec. CutyaumaTa KOPEHHO Ce MPOMEHs1 B Havanoto Ha 21 BeK C
OTKPMBAHETO Ha TEXHUTE MarHUTHWU, €NEKTPONPOBOAHN, ONTUYHN, XUMUYHU, KaTanNUTUYHK
CBOMCTBA W MPUITOXUMOCT, KOUTO M MpPaBsAT OCHOBEH €NeMeHT B MPOM3BOACTBOTO Ha
ANTNTaNHN, KOMYHUKAUMOHHN, MEOULMHCKN N T.HaP. €KO-KNUMaTUYHN TEXHOIOTUN.

B npaktukata npunoxeHne HammpaTt pasfiMYHU MHCTPYMEHTanHW MeToau KaTo
aToMHa abcopbunoHHa CMNEeKTPOMETPUS, PeHTreHoBa OrlyopecueHTHa CMNeKTpoOMeTpus,
onTU4Ha €MUCUOHHA CNeKTpoMeTpus c NHOYKTUBHO cBbp3aHa nnasma,
MaccCrnekTpoMeTpust C MHAYKTUBHO CBbp3aHa nrasma M HEYTPOHHO-aKTUBALMOHEH aHanua.
Cpeqn Tax egHa OoT Han-nonynspHa e onTu4YHaTa EMUCMOHHA CNEKTPOCKONUA C MHAYKTUBHO
cBbp3aHa nnasma ICP-OES, kosiTo no3BonsBa aHanu3 Ha 75 enemeHTa oT nepunogudHata
cuctema. ICP-OES e ocobeHo nogxoasiy 3a onpegensiHe OT crnegu OO0 OCHOBHM
ernemMeHTn, KOMTO ca npeaBapuTeNHO NpuBedAEeHN B pa3TBoOp - npeau BbBexaaHe B ICP
cnekTpomeTbpa.

OcHoBeH npobnem Ha ICP-OES ca cnektpanHute npedeHuns. Te moraTt ga Brnowiaesar
rpaHuUMTE Ha OTKPUBAHE B pasfiMyHa CTeneH, B 3aBMCUMOCT OT CbCTaBa Ha OCHOBHUTE
enemeHTn B npobute. lNpu aHanu3 Ha nNpobu OT OKoMHata cpeda C pasHoobpaseH
MaTpuyeH CbCTaB TrpPaHMUUTE Ha OTKPUBAHE MoraTt da Cce [MPOMEHAT B  LUMPOK
KOHUEHTpaumMoHeH nHTepsarn. OCBeH TOBa CMEKTPanHUTE NpedYeHus morart ga 3acrpawlart
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TOYHOCTTA Ha aHaNUTUYHUTE onpedenieHns. 3a rapaHTpaHe TOYHOCTTa Ha aHanUTUYHUTE
pesyntatn € Heo6XoAMMO CUCTEMHO U3y4aBaHe Ha CNeKTpanHUTe NpeyYeHus, AbrKawm ce
Ha OCHOBHW KOMMOHEHTU Ha Npobute. Hanpumep, 3a KOMNNEKCHa MaTtpuua OT OKOfHaTa
cpefa Te3u erlieMeHTU ca anyMWHUK, Kanuun, marHesmn, Xensaso v tutaH. [Jokato npu
onpeaensiHe Ha enemMeHTn ¢ 6oraTm EMUCUOHHU CMEKTPU, KAaTO PeaKO3EMHU ENIEMEHTU B
NPUCHCTBME Ha pPEenKO3EMHU MaTpuuu, ca ChekTpuTe Ha MaTpUYHUSA peaKko3eMeH
€NeMEHT.

OcHoBHaTa uen Ha Ta3n paboTa e ga npeacrasn 0630p Ha HaWKUTe U3cnenBaHus U
pa3paboTeHnTe MEeTOAONOrMM 3a KONMMYECTBEHA OLEHKa Ha ChekTpanHuTe npeveHus,
KOUTO ocurypsiBaT TOYHOCTTA Ha aHanNUTUYHWUTE pes3ynTaty npu onpegensiHe Ha Y, Sc un
peako3eMHun enemeHTu, Zr, Nb, Hf, Ta, Th n Re B npobu ¢ pasnnyeH maTpuyeH CbCTaB.
MpencrtaBeHO € onpenensiHeTo Ha Te3n efleMEHTUM B CYpPOBUHUTE M KAKBO € TAXHOTO «
WUCTUHCKO « cbabpaHue. NokaszaHo e 1 BNUSHNETO Ha pasgenuTernHarta cnocobHOCT Ha
CNeKTpoMeTbpa Npu onpeaensHe Ha enemMeHTn ¢ boratm EMUCUOHHU CNEKTPU:

1. OnpegensHe Ha Y, Sc 1 peaKko3eMHUTE eNNeMEHTU B NPUCHCTBME HA KOMMMEKCHa

pefko3eMHa MaTtpuvua Unu B Yncta pegko3eMHa maTpuua;

2. OnpegenaHe Ta, Hf, Th, Zr n Nb, - B reonoxku npobun B MNpuCbCTBUE Ha

KOMMNeKCcHa matpuua, cbabpxawa Al, Ca, Mg, Fe, Ti, Mn n P;
3. OnpepensaHeTto Ha Re B MeaHn n MonnbaeHoBM KOHLUEHTPATU B NMPUCHCTBUE Ha
KOMMNMeKkcHa maTtpuua, cbabpxawa Mo, Cu, Al, Ca, Mg, Fe, Ti, Mnn P.

OnpepensHeTo Ha Y, Sc 1 peako3eMHUTE enneMeHTu, kKakto u Ha Zr, Nb, Hf, Ta, Th, n
Re mnanckea ga ce cbobpassiBame CbC CMEKTPANHUTE MPeYeHus, KOMTO OKa3BaT BIMsiHUE
KaKTO BbpPXYy TOYHOCTTA Ha aHanNUTUYHUTE onpedeneHusi, Taka U BbpXy rpaHuumuTe Ha
OTKPUBAHETO UM.

ExcnepumeHTanHu ycnoBsus

Anapamypa

OcHoBHUTEe wn3cnegBaHua Osixa nposegeHn ¢ ICP-OES cnektpoaHanusatop JY
ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France). 40.68 MHz wHOyKTUBHO
cBbp3aHaTa nnasma e ¢ paguanHo HabniogeHve u ontuyHata cuctema Czerny Turner
MOHOXpOMaTop C xomnorpadcka pelueTka ¢ 2 400 pesks HA mm™' BbB BTOPU MOPSABK.
CnekTpoMETBLPBLT CE XapakTepmsnpa C BUCOKa pasgenurenHa cnocobHoct ot 5 pm u 10
pm B 18K nopsabK. XapakTepucTUKNTE Ha anapaTa ca nokasaHu B Tabnuua 1.

4

a) PagnanHo HabniogeHne 6) AkcmanHo HabnwgeHne

durypa 2. HabnogeHnune Ha ICP — nnasma:
a) PagnanHo HabnwoaeHne; 6) AkcmanHo HabngeHne
Figure 2. ICP plasma observation: a) Radial observation; 6) Axial observation
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CpaBHutenHu pesyntatu ca nonyyeHu n ¢ stopu ICP-OES cnektpomeTbp CbLO C
BMCOKa pasgenutenHa cnocobHoct - Spectroblue SPECTRO, Analytical Instruments
GmbH, Germany ¢ 27.12 MHz nHayKTMBHO CBbp3aHa nnasma C akcuanHo HabnoaeHve un
C nNukcen pasgenurenHa cnocobHocT oT 8 pm, onTuyHata cuctema e Paschen-Runge ¢
xonorpadgpcka pewetka ¢ 3 600 pe3km Ha mm-1 3a nbpBM nopagbk. BuaobT Ha
HabnogeHve Ha nnasmaTta — paguanHo WM akcuanHo e npeactaBeH Ha durypa 2.
XapakTepuctukute Ha TpuTe anapata ca nokasaHu B Tabnuua 1. B Tabnuuata ca
npeacTtaBeHn N NapaMeTpuTe Ha TpeTn anapart, CbC cpefHa pasgenurernHa cnocobHoCT,
3a CpaBHeHWe C pagumanHo HabnwogeHne u ¢ 27.12 MHz ICP (ekcnepumeHTanHo
onpegeneHa WMpuHa Ha cnektpanHaTa meuua BW =15.6 pm).

Tabnuua 1. Xapaktepuctmkm Ha ICP-OES cnektpomeTpu C BuUcOKa pasgenuTenHa
cnocobHocT cnektpoaHanusatop JY ULTIMA 2 (Jobin Yvon, France) un Spectroblue
SPECTRO, Analytical Instruments GmbH n cnektpomeTbp CbC cpefHa pasgenutenHa
cnocobHocT JY 38 (Jobin Yvon, France)

Table 1. ICP-OES spectrometer characteristics. JY ULTIMA 2 (Jobin Yvon, France) and
Spectroblue SPECTRO, Analytical Instruments GmbH with high spectral resolution and JY
38 (Jobin Yvon, France) spectrometer with middle spectral resolution with 15,6 pm

Spectrometer
Type, ULTIMA 2 Spectroblue JY 38
Mounting
Optical Czerny - Turner, focal Czerny - Turner, focal

Paschen-Runge

system length 1 m length 1 m
Holographic, 3600
Grating Holographic, 12400 grooves mm™ (2" order) Holographic, 2400
grooves mm’ Holographic, 1800 grooves mm-1
grooves mm™' (1% order)
From 165 to 285 nm
Wavelength 1% and 29 order from (3600 grooves mm™); 200 nm — 700 nm first
range 160 to 800 nm from 285 to 470 nm order
_ (1800 gr mm™)
. 5 pm in 2° order from 8 pm pixel resolution -
:;ae‘étt';‘i' 16010 320 nm and 10| from 165 to 285 nm and 2;(%1;%2?{6” spoctral
bandwidth pm in 1% order from 320 | 16 pm pixel resolution bandwidth
to 800 nm from 285 t0 470 nm
Detectors High dynamic detectors | 12 Charge coupled Photomultiplier,

based on (PMT’s)

devices (CCD's)

Hamatsu TV, R 446

Rf generator

Solid state Rf 40.68

Free running oscillator Rf

Plasam Therm, Rf

MHz 27.12 MHz 27.12 MHz
Frequency 40.68 MHz 27.12 MHz 27.12 MHz
Power output | 0.5 - 1.55 kW 0.75-1.70 kW 0.5-1.50 kW
Nebulizer Meinhard, concentric Meinhard, concentric Meinhard, concentric
glass glass glass
Spray ) . ) . JY — Glass cyclonic
chamber JY - Glass cyclonic Spectro - Glass cyclonic Scott

Plasma torch

JY - fully demountable
torch

Spectro fully
demountable torch

JY - nondemountable
torch

Injector tube

Alumina — 2 mm inner
diameter

Glass — 2 mm inner
diameter

Glass — 1.5 mm inner
diameter

Pump

Peristaltic, two
channels, 12-roller

Peristaltic, four channels,
12-roller

Peristaltic, two
channels, 10-roller
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Pesyntatun n o6¢cbxaaHe

OnTummusnpaHe Ha paboTHUTe ycnoBusA

PaboTHuTe ycnoBus 3a TpuTe anapata B NpUCbCTBME Ha YncT pasteoputen, ICP-
OES cnekrtpoaHanusatop JY ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France) u
Spectroblue SPECTRO, Analytical Instruments GmbH, Germany n Jobin Yvon JY 38, ca
npeacrtaeenn B Tabnuua 2.

Tabnuua 2. PabotHn ycnoeus 3a Tpute anapata ICP-OES cnektpoananusatop JY
ULTIMA 2 (Jobin Yvon HORIBA, Longjumeau, France) un Spectroblue SPECTRO,
Analytical Instruments GmbH, Germany n JY 38 (Jobin Yvon, France)

Table 2. Operating conditions for the three ICP-OES spectrometers JY ULTIMA 2 (Jobin
Yvon HORIBA, Longjumeau, France) n Spectroblue SPECTRO, Analytical Instruments

GmbH, Germany 1 JY 38 (Jobin Yvon, France)

Operating conditions ULTIMA 2 Spectroblue | JY 38
Incident power, (kW) 1.00 1.50 1.00

Outer argon flow rate, (I min™) 13 14 15
Nebulizer, pressure, (bar) 3.2 3.4 2.08
Carrier gas flow rate, (I min™) 0.4 0.80 0.55
Sheath gas flow rate, (I min™) 0.2 - -

Auxiliary argon flow rate, (I min™) - 1.0 -

Liquid uptake rate, (ml min™) 1.0 1.0 1.3
Plasma observation mode radial viewing | axial viewing | radial viewing
Observation height, (mm) 10 5 10

Pump speed, (rpm) 20 - -

El)asma excitation temperature, (Texc, o ~ 7100 i Toc ~ 7000

OnTumMnsnpaHe Ha paboTHUTE YCNOBUSA B MNPUCHLCTBUE HA MATPUYHUTE
KOMMOHEHTU

PaboTHuTe ycnoBmusa ca onTUMU3MpPaHM C Lien nosiyyaBaHe Ha Bb3MOXHO HaW-HUCKU
rpaHuLM Ha oTKpuBaHe no metogonorus, onucanHa B (Velitchkova, 2007). OntumanHn ICP-
OES paboTHu ycnosusi Npu onpeaensiHe Ha cream ot Y, SC n peako3eMHU efieMEHTU B
Eu>O3 ca nocturHat npu mekn paboTHM yCrnoBus, CbOTBETCTBALLM HA BXOASLLA MOLLHOCT
= 700 W, cyma aepo30m-Hocell, aproHoB NOTOK + o6rpbluall, aproHos noTok 0.4 | min™ +
0.4 | min', TemnepaTypa 3a Bb3byxaaHe ~ 6000 K M MarHe3aMeBO MHTEH3UTETHO
oTHoweHue Mg Il 280.270 nm / Mg | 285.213 nm = 3.6. (Daskalova, 1996; Velichkov,
1998).

Mpn onpepensive Ha Zr, Nb, Hf, Ta u Th B reonoxkn npobu ca M ycTaHOBEHU
onTumMarnHu paboTHWM ycrnoBus Npu TBbPAM PabOTHU YyCNoBUS,, KOUTO CLOTBETCTBAT Ha
Bxogswa mowHoct = 1000 W, cyma aepo3on-HoCeLl, aproHoOB NOTOK + 06rpbLuall aproHoB
notok 0.4 | min® + 0.2 | min', Temnepatypata 3a Bb3byxagaHe Ha WHOYKTUBHO
cBbp3aHaTta nnasma e ~ 7200 K, Mg 11 280.270 nm / Mg | 285.213 nm = 11.4. (Velitchkova,
2005).

Mpn onpepensiHe Ha peHUMW B MONMOOEHOBM U MEOHW KOHLEHTPATW, CbAbpKallm
Mo, Al, Ti, Fe, Mg, Ca n Cu kaTo koMnnekcHa maTtpuua u ontumarnHum paboTHU ycrnoBusi
npu TBbPAM PabOTHU YCMOBUS, KOUTO CbLOTBETCTBAT Ha BxoAswa MowHocTt = 1000 W,
Cyma aepo30ri-HoCeLL, aproHOB MOTOK + o6rpbLuaLl, aproHoB notok 0.4 I min™ + 0.2 I min™,
TemnepaTypaTta 3a Bb3byxgaHe Ha WHOYKTUMBHO cBbp3aHaTa nnasma e ~ 7200 K, Mg I
280.270 nm / Mg | 285.213 nm = 11.4 (Karadjov, 2016).
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MeTtoagonorusa 3a Konun4yecTBeHa OoLeHKa Ha CNeKTpanHuTe npevyeHund B
npucbLCTBUE Ha MaTpuuu C pa3rfin4eH CbCTaB

UsnuceaHe Ha criekmpu

MbpBUAT eTan oT Ta3n MeToL0NOrMs BKNOYBA U3NUCBAHE Ha CNEKTPU B CrieKTpanHus
npo3opeL, Ha BCsKa OT aHaNUTUYHUTE NIMHUK Ha onpefendemMuTe eneMeHTn B NpUchbCTBUe
Ha 2 000 g ml”" oT Bceku MaTpuyeH KOMMOHEHT nooThenHo. lNpumepHn cnekTpu ca
nokasaHn Ha durypa 3. Buxkga ce 3HauMTenHa npomsHa Ha d)oHa B NPUCHLCTBUE Ha
anyMvHUA B MakKCMMyMa Ha aHanutuyHata nvHmsa Ha TanTana (Ta Il 301.254 nm) ot
Kpusio Ha cnekTparnHa matpudHa nuHna Ha Al 1l 301.467 nm, KOATO € U3BbH CrneKTpanHus
npo3opeL, Ha u3crnegBaHata TaHTanosa NUHUA. PernctpupaHo e u cnektTpanHo npeyeHe
OT KpWUSI0 Ha MaTpuyHa NuHuA Ha xenasoto Fe 301.245 nm (durypa 3 a). AupekTHo
CbBMNageHne Ha aHanuTudHaTta nuHMa Ha Topma Th Il 283.730 nm ¢ MaTpuyHa NUHUA Ha
xenasoTto Fe 11 283.730 nm e nokasaHo (Purypa 3 6).

21028.571 % 134552286 |
' i | Tall301.254 nm] | Th Il 283 730nm
178652857 —f-m=mcbccaaa 1‘]..‘“ .......... 1135373.5M '
14647 143 —+----- rem—=- J-}-----:------ 92594.857
11531429 —f ----- 1. 71616143
8385714 L - R t | S06537 429

L Fe 301
5200 000 25658.714
2034 266 e EEA0 000 iy
~CHo > e
227 24 I0.2oe FM2ET 3023 263690 283508 2331?25:—@)3.?44 283.762

durypa 3. CnekTpu Ha onpeaensieMnTe 1 Ha npeyveLLmTe eneMmeHT B CnekTpanHng
npo3opeL, Ha BCAKa OT aHaNUTUYHUTE NMHUN Ha onpefendemuTte enemeHTn (a) Ta ll
301.254 nm B cnekTparneH Npo3opeL, C WwnpuHa Ai, = 54 pm. lNpevewmn enemeHtn: Al n Fe
- 2000 ug mi™"; (6) Th 11 283.730 nm B cnekTpaneH npo3opeL, AL, = 72 pm. MpeveL
enemeHT Fe -2000 pug ml™
Figure 3. Spectral scans (a) Ta Il 301.254 nm in spectral region AL, = 54 pm. Interfering
elements: Al n Fe - 2000 ug ml™"; (b) Th 11 283.730 nm in spectral region Ak, = 72 pm.
Interfering element: Fe -2000 ug mi™

HabniogaBa ce 3HaunTenHo nosuwaBaHe Ha ¢oHa B npucbcTBue Ha Al B
MakCMMyMa Ha aHanuTMyHata NiMHMA Ha Ta OT KpUNo Ha MaTpuyHa fWHUSA B 3erieHO.
PernctpupaHo e n crnektpanHo npeyeHe OT KPUIO Ha MaTpuyHa NUHUA Ha xensasoTto Fe
301.245 nm B cuMHbO. [IMPEKTHO CbBMAgEeHWE Ha aHanuTU4HaTa NUHUS Ha Topust Th ¢C
MaTpu4Ha NMHUA Ha XenasoTo Fe ce Habnogasa BbLB BTOpUS CnekTbp. Buxxaa ce, ye 6e3
NbJiHa MHPOPMaLUNA 3a CNekTpanHUTe NpedYeHus N TAXHOTO BINAHUE BbPXY (POHA OKOMNo
aHanMTUYHUTE NIMHMK Ha onpegenseMnTe eneMeHTu, He Moxe Aa ce usbepe nogxoasiia
KOpPeKUMOoHHa npouegypa M TOYHOCTTA Ha aHanuTU4HUTE onpefeneHus we 6bae
3acTpalleHa, gopu W Mpu U3MNofiBaHETO Ha CMNEeKTPOMEeTPU C BUCOKa pasgenurtenHa
CMOCOBHOCT.
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OnpepensiHe Ha Re B Mo 1 Cu KOHUeHTpaTu

OnpepgensiHeto Ha Re B Mo u Cu KOHUEHTpaTM € NpoBedeHO NOo TpuTe Hau-
YyBCTBUTENHN NMMHUN Ha peHuns - Re Il 197.248 nm, Re Il 221.426 nm un Re Il 227.525 nm.
[Mpu n3non3eaHe Ha CNEKTPOMETBLP C BMCOKa pasgenurenHa cnocobHoCT oT 5pm n Tpute
peHneBU NMMHUN NOKa3BaT CBPbX(UHA CTPYKTypa npeacrtaseHn Ha durypa 4.

Re l1197.248 nm | Re 11221.426 nm | Re Il 227.525 nm
Re Il 197.248 nm Re Il 221.426 nm Re Il 227.525 nm
Re Il 197.252 Re Il 221.431 Re Il 227.534
Re Il 197.248 Re Il 221.426 Re |l 227.528
Re 11 197.245 Re ll 221.423 Re Il 227.522

durypa 4._CprxchHa CprKTypa Ha Han-4YyBCTBUTENHUTE NMHUM Ha peHun: Re I
197.248 nm, Re Il 221.426 nm n Re Il 227.525 nm
Figure 4. Hyperfine structure of: Re Il 197.248 nm, Re Il 221.426 nm un Re Il 227.525 nm

AcuMmeTpuYHa CTPYKTypa € ABa nuka e pernctpupada c ICP ¢ akcmanHo HabnogeHve
n 27.12 MHz ICP c Paschen-Runge ontuyHa cuctema un 8 pm nukcen pasgenurenHa
cnocobHOCT NpeacTaBeHa Ha durypa 5.

Re 11 197.248 nm
Re Il 197.248 nm

Re Il 197.252
Re 11 197.248

durypa 5. AcumeTpuyHa CTpyKTypa € ABa nuka e pernctpupana c ICP ¢ akcmanHo
HabnogeHue n 27.12 MHz ICP ¢ Paschen-Runge ontnyHa cuctema n 8 pm nukcen
pasgenuTenHa cnocobHocT
Figure 5. Asymmetrical structure with two registered with axial viewing and 27.12 MHz
ICP ¢ Paschen-Runge optical system and 8 pm pixel resolution

CpsaBHsiBaHe Ha CMNEKTpUTE Ha JNUHUUTE Ha pPeHus Npu K3nosi3BaHe Ha [Ba
pasnu4HM CNeKTpoOMeTbpa C XapakTepPUCTUKN, NokasaHu B Tabnuua 1 npu onpegensiHe Ha
Re B Mo n Cu koHueHTpaTu. HabniogaBa ce, 4ye npu CnNekTpoOMeTbp C MNO-BUCOKa
pasgenurenHa CnocobHOCT, Ye CNeKTbPbT Ha NMHUATA Ha PeHUs MnokasBa CBPbX(UHA
cTpykTypa. Peructpmpann ca tpu nuHmum Re 1l 197.248 nm, Re Il 221.426 nm u Re I
227.525 nm. 3a cnektpomeTtbpa ¢ 27 MHz ICP c akcuanHo HabntogeHue u nukcen
pasgenuTtenHa cnocobHocT OoT 8 pm He e pernctpupaHa CBpbXdMHA CTPYKTypa Ha
peHueBaTa nuHus - durypa 6. CynepdumHarta cTpyktypa Ha Re Il 227.525 nm ce pasgens
Ha 4eTupu komrnoHeHTa (Re Il 227.528 nm: Re |l 227.534 nm, Re Il 227.528 nm n Re |l
227.522 nm). Tasun CTpyKTypa ce BWXaa Npu CnekTpomeTbpa C paguanHo HabnogeHve u
40.68 MHz ICP and Czerny - Turner cnekTpoMeTbp U WMPMHA Ha CnekTpanHaTta nemua ot
5 pm (FWHH). AcumeTpudHaTta CTpyKTypa C ABa NUKa - MbPBUAT C LEHTpanHa ObIDKMHa
Ha BbfHaTa Ay = 227.525 nm 1 BTOPUAT - LUMPOKA NIMHUSA C ObJDKMHA Ha BbNHATa Ay =
227.534 nm, peructpuparHa c ICP-OES ¢ akcuanHo Habnwogenve n 27.12 MHz ICP ¢
Paschen-Runge ontnyHa cuctema ¢ 8 pm nukcen pasgennteniHa crnocobHOoCT.

PernctpnpaHute CBPbXMUHU CTPYKTYPU HA HaN-YYyBCTBUTENMHUTE NIMHUN HA PEHUN
no3sonsBaT fa Ce U3Mnosi3BaT BCUYKUM KOMMOHEHTU KaTo OTAENHW onpegensieMu NUHUN.
ToBa gaBa BB3MOXHOCT Aa ce wu3berHaT W CnekTpanHuUTE MpeyYeHust OT MaTpPUYHU
KOMIMOHEHTN.
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Re 11227.525nm |RNINRINE | R || 227.525 nm
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durypa 6. CpaBHsiBaHe Ha cnekTbpa Ha Re Il 227.525 nm nony4yeH ¢ ABa pasfivyHu
crnekTpomMeTbpa
Figure 6. Comparison of spectrum derived from two different spectrometers of Re Il
227.525 nm

OnpegensiHe Ha enNieMeHTUTE B NPUCHCTBUE HA MAaTPUYHU KOMIMOHEHTH

[MocTaBeHUTE aHanMUTUYHM 3agavv M3UCKBAT oOnpejensiHe Ha eneMeHTuTe B
NPUCHCTBME HA MATPUYHN KOMMNOHEHTU C Boratm eMUCcMoHHN cnekTpu. OCHoBEH Npobriem
Ha ICP-OES ca cnektpanHuTe npeyeHus. Te oOkasBaT BIUAHWE BbpPXY rpaHULMTE Ha
OTKPMBaHE M TOYHOCTTA Ha aHaNUTUYHUTE Pe3ynTaTMw.

Han-tpygHun npobu B TOBa OTHOLWEHME ca npobute OT okonHata cpepa, T.K. Te
cbabpXaT kato ocHoBHM enemeHTn Al, Ca, Mg, Fe, u Ti, KakTO U peaKo3emMHuUTE
enemMeHTn, KOUTO ce xapakTepusaupaT C¢ BoraT eMUCUOHEH cnekTbp. CnekTpuTe Ha Tesn
eNeMeHTM Ce HacrnareaT BbpXy aHanUTUYHUTE NUHUK Ha onpeaendeMuTe enemMeHTu no
pa3nuyeH HauunH. CnepoBaTenHo, KONMMYeCTBEHaTa oueHKa 3a gBaTa Buaa npedeHe e
Heobxoamnma.

KonuyectBeHa oueHKa Ha cneKTpanHuTe npeyYyeHus

M3nonseBaHa e meTtogornoruaTa, npegnoxeHa or Boumans u cvasTopm (Boumans,
1988). MNamepeHn ca cnegHUTE CUrHanu: 3a OnpefensieMuTe €enemMeHTU — YUCTU
aHanUTUYHN curHanu (kopurmpaHm 3a oH) - Xa; POHBLT B 4YUCT pasTBopuTen Xg;
npeyveLunTe CUrHann — npedeHe oT Kpuna Ha maTpuyHu nuHum Xw (AA;) 1 npeyeHe ot
MaTPUYHN NIMHUXM B MaKCMMyMa Ha aHanuTuyHata numHus. O6wmsaT ¢OHOB curHan 3a
eHOKOMMOHEHTHa MaTpuua ce nspassasa c ypaBHeHue 1:

XgL = Xg + Xw (A)\a) + X|J()\a) (1)

OT u3MepeHuUTE CUrHanMM ca W3YUCIIEHN CbLOTBETHUTE YYBCTBUTENHOCTU: [Sa]
AedUHUpaHa KaTo YMCT aHanuTUYEH curHan 3a onpegensemunsa enemeHT [Xa] 3a eguHuua
KoHueHTpauus [Ca]; YyBCTBUTENHOCTUTE Ha npevewmTte curHanu [Sw (AA)] n [Si (Ad)],
AeduHupaHm kato cboTBeTHUTE curHanum [Xw (AAg)] v [X; (A3)], 3@ eguHMua KoHUeHTpaumsa
Ha MaTpuyHusa koMrnoHeHT [C]. OT nonyyYyeHuTe 4YyBCTBUTENHOCTM Ce NofyvaBaT
CbOTBETHUTE Q-CTOMHOCTK: 3a NPeyvYeHe OT Kpuiia Ha MaTpUYHW NIMHWXM B pasrnexaaHus
cnekTpaneH nposopel, [Qw (AAy) = Sw (AAy) / Sa] n 3a npeyeHe OT MATPUYHU NUHUN B

99



EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEATTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

MakcMMymMa Ha aHanutuyHata nmHus [Q) (M) = Si (A) / Sa]. O6wmnaT doHoB curHan 3a
MHOFOKOMMOHEHTHA MaTpuLa ce u3passiea Cc ypaBHeHue 2:

XBL = XB +ZJ XWJ ()\a) + ZJ X|J()\a) (2)

YyBCTBUTENHOCTUTE HA MpeyYeLimMTe CUrHanM 3a MHOrOKOMMOHEHTHa MaTtpuua ca:
[Swy (AAL)] v [Sw (A2)], AedrHUPaHKM kaTo cboTBETHUTE curHanu [Xwy (AA)] 1 [Xiu (Ay)], 3a
eOVHMLA KOHUEHTpauus Ha BCEKM MaTpuyeH KOMMOHEHT OT MHOrOKOMMOHEHTHaTa
matpuua [Cyl. OT nonyyeHuTe 4YyBCTBUTENHOCTM Ce€ MoflydaBaT CbOTBETHUTE Q-
CTOMHOCTW: 3a MpeyvyeHe OT Kpura Ha MaTpuU4yHU NIMHUKX B pasrmexgaHusa crnekTpaneH
npo3opel [Qwy (AA2) = Swy (AAy) / Sa] 1 3a npeyeHe OT MaTPUYHU JIMHUX B MakCMMyMma Ha
aHanuTtnyHata numHusa [Qy (Aa) = S (M) / Sa]l. Boumans u cbaBTopu geduHupat wm
Kputepus 3a WUCTMHCKA rpaHuua Ha oTkpuBaHe (CL ) C ypaBHeHue 3, a
KOHBEHUMOHanHarta rpaHuua Ha otkpuaHe (C conv) C ypaBHeHue 4 (Boumans, 1988):

ClLie=2/5 QI()\a) x G+ CL, conv (3)
CLconv = 2v2 x 0.01 x RSDBL x [BEC + Qi(A2) x C;+Qw (AA) x C|] (4)

3a eIHOKOMMNOHEHTHa MaTpuLa UCTUHCKaTa rpaHnLa ce u3passiBa C ypaBHeHue 5, a
3a MHOrOKOMIMOHEHTHa MaTpuua - ¢ ypaBHeHue 6:

CLIrue =2/5 ZJ QlJ()\a) X C|J X 2\/2 x 0.01 x RSDBL x [ BEC + ZJ Q|J ()\a) X C|J +ZJ QWJ()\a ) X C|J] (6)

[onemnHaTa Ha WUCTMHCKaTa rpaHuua Ha OTKpuBaHe ce onpegens ot Qi(Ay) —
CTOMHOCTUTE B NPUCHLCTBUE Ha AadeHa matpuua, a Qw (A; ) - CTONHOCTUTE BRUSAT BbPXY
rpaHuLMTE Ha OTKpMBaAHE Ype3 KOHBEHLUMOHaNnHaTa rpaHmua Ha oTKpuBaHe (ypaBHeHue 4).

Mpn onpegensaHeTo Ha OCHOBHW KOMMOHEHTM B MHOFOKOMMOHEHTHa MaTpuua ce
N3Mnosi3Ba OCHOBHAa 3aBMCUMOCT B aTOMHaTa CMEeKTPOCKONUSA: KoraTo npv JageHa ObimkuHa
Ha BbllHaTa ce U3nbyBaT ABE CNEKTpanHW NMHUMK (Hanpumep efHa aHanuTuyHa U efHa
npedvelia oT MaTpUYHUTE KOMMOHEHTU), TO NPOM3BEAEHNETO OT YyBCTBUTENHOCTTA Ha
aHanuTu4HaTa nMHuA (Sa ) U CbOTBETHATa rpaHuua Ha OTKpPUBAHE B YMCT pas3TBOpUTEN
(CLa ) € paBHO Ha NpoM3BEAEHNETO OT YYBCTBUTENHOCTTA Ha npeveLwtata nuHua [S) (A)] n
rpaHuLaTa Ha OTKpUBaHe Ha CbOTBETHUSA MaTPUYHUA KOMMNOHEHT (Cyy), T.e.

Sax Cra=Si (M) x Cyy (7)
Cu=CrLa/Qi(A) (8)

paHMumMTe Ha OTKpMBaHe B 4uCT pasTteoputen, wusnonseavikm [ICP-OES, ce
onpeaensT no ypaesHeHue 9, koeTo cneaBa 2 O kputepusa Ha Kaiser. [NpegnoxeHo e ot
Boumans u crasTopu [(Boumans, 1988).

CL=2V2x0.01 x RSDBL x BEC (9),

kbaeTto: RSDBL = 1% e OTHOCUTENHOTO CTaHOAPTHO OTKIMNOHEHWE Ha (oHa B YMCT
pastBoputen, BEC e doHOBaTa ekBMBaneHTHa KOHUEHTpauus.

Ot ypaBHeHue 8 ce nsuncnsiBa KOHUEHTpauusTa Ha AageH MaTpUYEH KOMMOHEHT Npwu
KOSTO npeyellara NMMHMS HE OKasBa BAWSHME Ha aHanNUTM4YHaTa NUHUS Ha onpegendemMus
€NeMEHT, T.e. NMPeyYeHeTo OT JIMHUN B MaKCMMyMa Ha aHanuTUYHUTE JIMHMM € PaBHO Ha
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Hyna [Q (As) = 0]. Tasn 3aBMCUMMOCT faBa Bb3MOXHOCT [a Ce U3YMCNAT PaKTopuTe Ha
paspexgaHe, U3non3Banku pasnnmyHM aHanuMTUYHU IMHUKM 3a ONpeaenseMmTe eNeMeHTu ¢
pasnuyHu rno ronemuHa Q) (A;) - CTOMHOCTW.

CnepoBaTenHo aHanUTUMYHOTO OnpedensHe MoXe Aa Ce Hanpasu, M3MNon3Banku
ronsm 6por aHaNUTUYHN NNHUX NPU PasnnYHKM akTopu 3a paspexaaHe, KoeTo ocurypsisa
Bb3MOXHOCT 3a MosflydyaBaHe Ha rofisiM 6pon onpeneneHuns, KoMTo moraT Aga ce obpaboTar
CTaTUCTUYECKN N [a Ce OCUTypu TOYHOCTTa Ha aHanusa. [pu Te3n ycrnoBus KopekTHaTa
CTOMHOCT Ha (poHa MOXe Aa ce u3mepwu OT ABeTe CTpaHu Ha aHanuTM4HaTa nuHKug, 6e3 ga
ce u3nonsea mMaTpudHa npasHa npoba 3a m3mepBaHe B MaKCMMyma Ha aHanuTudHata
nuHUA. N3non3BaHeTo Ha pa3pedeHy pa3TBOPU HE Hanara KOpekuus Ha HecnekTpasnHuTe
npeyeHns n kKannbpmnpaHeTo ce ocbLLeCcTBsIBa Ha 6azaTa YMcTu pasTBoOpw.

paHnum Ha oTKpMBaHe

Bcuukn rpaHMumM Ha OTKpvMBaHe ca W3YUCHEHW Npu ONTUMArHWUTE YCNoBuSA 3a
Bb30yXaaHe 3a MHOYKTUBHO CBbp3aHaTta nnasma.

[MonyyeHuTe rpaHULM Ha OTKpMBaHe B 4uCT pastBoputen Cp M rpaHuuMTe Ha
OTKpMBaHe MNO OTHOLUEHWE pPa3TBOPEHOTO KOMMYECTBO TBbpAa npoba, MonyydeHm cbe
cnektpometbp JY ULTIMA 2 (40.68 MHz ICP, cnektpomeTbp C pasgenurenHa
cnocobHocT 5 pm), ca npeactaseHn Ha durypa 7. He ce Habnwogasa 3HauYMTEsTHO
BNoOLUaBaHe NMpu CpaBHSABAHETO Ha rpaHuuMTe Ha oTkpmBaHe 3a Y, Zr, Nb, Hf, Ta n Th,
nonyyeHn B NPUCHLCTBME HA MaTpuLaTa U B OTCbCTBMETO U.

BClLtrue ®mCL |

&

YI1371.029 Zrll Nb Il Hfll Tall Thl
257.139 309.418 277.336 240.063 401.913

®durypa 7. CpaBHsIBaHe Ha rpaHULUUTE Ha OTKpUBaHE B YACT pasdTBopuTen C. 1 rpaHuuuTe
Ha OTKPMBAHE MO OTHOLUEHME PA3TBOPEHOTO KONMMYECTBO TBbpAA Npoba, Nony4yeHn ¢ eguH
cnektpomeTbp (40.68 MHz ICP, cnekTpomMeTbp € pasgenuteniHa cnocobHoCcT 5 pm BbLB
BTOpM nopsaabk 1 10 pm 3a nbpeu nopaabk) ULTIMA 2
Figure 7. Comparison of the detection limits in pure solvent C. and detection limits
according to the dissolved salts derived with (40.68 MHz ICP, spectral resolution of 5 pm
in second order and n 10 pm for first order) ULTIMA 2

CpaBHsiBaHe Ha rpaHMUMTE Ha OTKpUBAHE B YMCT pa3TBopuTen, nonyyenn c ase ICP-
OES cuctemn - cnektpoMmeTbp C paguanHo HabnwogeHne n 40.68 MHz vHAYKTMBHO
CBbp3aHa nnasma n ¢ akcuanHo Habnwogenue n 27.12 MHz, e npegcraseHo Ha Tabnuuya
3.
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Tabnuua 3. CpaBHABaHe Ha rpaHUUUTE Ha OTKpMBaHe B YMCT pas3TBOPUTES], NOSTyYEeHU C
aBe ICP-OES cuctemn ULTIMA 2 ¢ paguanHo HabntogenHne u 5 pm pasgenutenHa
cnocoBHocT u Spectro blue ¢ akcnanHo HabntoaeHne n 10pm pasgenuTenHa cnocobHoCT
Table 3. Comparison of the detection limits in pure solvent derived with two ICP-OES
systems: ULTIMA 2 and Spectro blue

Radial viewing, 40.68 MHz ICP Axial viewing, 27.12 MHz ICP
Analysis lines, BEC, C,, Analysis e BEC, C,,
from HFS pg mi”’ ng ml"’ lines pgml? | ng ml’

Re Il 197.251 0.039 1.1 Re Il 197.248 | not registered 0.014 0.4

Re 11 197.248 0.042 1.2

Re 11 197.245 0.046 1.3

Re 11 221.431 0.064 1.8 Re Il 221.426 | not registered 0.021 0.6

Re 11 221.426 0.053 1.5

Re 11 221.423 0.120 27

Re 11 227.534 0.007 0.2  Re 11227.534 0.039 11

Re Il 227.528 0.110 24 Re Il 227.528

Re Il 227.525 0.063 1.5
Re I1 227.522 0.067 | 1.9 ! '

OnTumaneH u3bop Ha aHaNUTUYHU NTIUHUMU

Mpn onTumanHua n3bop Ha aHaNUTUYHU NMHUKM u3bupame ekcnepuMeHTanHo Tesu
aHanUTUYHM NNHUK 3a onpegenseMmTe eneMeHTn, 3a KOUTO CTOMHOCTUTE 3a NpedeHe OT
MaTpuyHM NuHUK ca Qi(Aa) =0 unm MmaT Han-HUCKa CTOMHOCT B CpaBHEHWe C apyrute
aHanMTUYHM NMMHUN 3a JafeH onpegensiem enemMeHT.

BaxHo e ga ce otbenexu, 4ye Bcska matpuua, B 3aBUCUMOCT OT BMAa 1 rorneMmHarta
Ha CnekTpanHuTe npevYeHus, NPOMEeHs peda Ha aHanUTUYHUTE NUHUW MO TPaHUUM Ha
OTKpuBaHe. ToBa He MOXe [Ja ce npeackaxe no Ham-obwm cbobpaxeHusi, HO ce
yCTaHOBsiIBA CaMO 4pe3 CUCTEMHU wu3creadBaHus. [paHuUMTe Ha OTKpUBaHe B YUCT
pa3TBOpPUTEN HEe MOoraT [a Ce MPEeHacsT KaTto rpaHuuM Ha OTKpMBaHEe B MPUCLCTBME Ha
MaTpuULM C pasfnnyeH CbCTas.

CpaBHsiBaHe Ha ABa cnekTpomeTbpa Jobin Yvon 38 n ULTIMA 2

BCWykM rpaHMum Ha OTKpMBaHe ca M34YMCREHM MpW ONTUMarnHata Temnepartypa 3a
Bb3byxaate (Texc ) 6200 K. TemnepaTtypata 3a Bb3OyxgaHe e namepeHa no mMetoga Ha
BonumaH 1 TMTaHOBUTE NNHUN.

CpaBHsiBaHe Ha rpaHULUTE Ha OTKpUBaHe B YUCT pa3TBoputen C,

CpaBHsiBaHe Ha rpaHuuMTe Ha OTKpmBaHe B 4ncT pasteoputen C, 3a nuHumite Ha Hf
I 273.876, Ta Il 301.254 n Th Il 283.231, nony4enn ¢ JY ULTIMA 2 u ¢ JY 38 (Purypa 8).
paHMumMTe Ha OTKpmBaHe B u4ucT pasTteoputen C; nonyyeHn c¢ 40.68 MHz ICP ca
3HaYMTENHO NO-HUCKN B CPaBHEHME CbC CbOTBETHUTE CTOMHOCTM NokasaHu 3a 27 MHz ICP
(ot 3 mo 15 nbTN)
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1000

mULTIMA 2 pJY 38

100 —

Log CL

10

Hf Il 273.876 Tall 301.254 Th1283.231

durypa 8. CpaBHABaHe Ha rpaHUUUTE Ha OTKpUBaHe B YNCT pasteBoputen Ci 3a nuHuuTe
Ha Hf, Ta n Th, nonyyenun c JY ULTIMA 2 n c JY 38
Figure 8. Comparison of the detection limits in pure solvent C for Hf, Ta n Th, derived
with JY ULTIMA 2 n c JY 38

CpaBHsBaHe Ha rpaHuLMTE Ha OTKpUBaHe B YACT pastBoputen Cp 3a NUHUMTE HA Y U
peakosemHute enemeHTn — Y Il 371.024, La Il 408.672, Ce 1l 413.765, Pr 11 390.843, Nd II
401.225 v Sm Il 359.260 , nonyyenu ¢ JY ULTIMA 2 n ¢ JY 38 (Tabnuua 4). paHmunte
Ha oTKpuBaHe, nosnyvyeHu ¢ 40.68 MHz ICP HamansaBaT ¢ ¢aktop oT 8 oo 21 B cpaBHeEHME
¢ nonyyenute ¢ 27.12 MHz ICP - JY 38.

Tabnuua 4. CpaBHsiBaHe Ha rpaHuUuuTe Ha OTKpuBaHe B 4ucT pastBoputen CL 3a
NVHUUTE Ha PeaKO3eMHUTE eNeMEHTH
Table 4. Comparison of the detection limits in pure solvent C for Y and REE

AHANUTUYHA TMHUS. A 40.68 M, Hz ICP 27.12 MHz ICP
nm 1 Mg II/Mg.I = :?.G_Te,(c=600(_)1 K T.excz_ 62.00 K y
Detection limits, ng ml Detection limits, ng ml
Y 11 371.024 0.06 (20) 1.2
La Il 408.672 0.16 (18) 2.8
Ce 11 413.765 1.10 (9) 9.5
Pr 11 390.843 0.60 (25) 15.0
Nd Il 401.225 0.32 (21) 7.4
Sm Il 359.260 0.43 (8) 3.4

CpaBHsiBaHe Ha rpaHMuMTe Ha OTKpPMBaHe CNpsIMO pPa3TBOPEHOTO KONINYEeCTBO
TBbpPAO BewecTtBO - WMCTUHCKM rpaHuMUM Ha OTKPMBaHe NO OTHOLWEHMEe Ha
KONIM4eCTBOTO pa3TBOPEHO BelwecTBO, %

CpaBHsBaHe Ha UCTUHCKUTE rpaHuLmM Ha OTKpMBaHe Npu onpegensHe Ha cnegun Y, Sc
N BCUYKM pefko3emMHu enemeHTtn B Eup,O3 kato maTtpuua, usnonssarku 40.68 MHz ICP u
CMEKTPOMETbP C nrocka xoniorpadcka AnpakunoHHa pelleTka (ekcnepuMeHTasnHo
onpegeneHa wuMpuMHa Ha cnektpanHata weuga 10 pm) ¢ 27.12 MHz ICP
(ekcnepuMeHTanHoO onpefeneHa WMpMHaA Ha cnekTtpanHaTta ueuua BW =15.6 pm). LN 3a
nsete ICP cuctemu ca v3nonssaHu OOTOYMHOXUTENM KaTo OETEKTOPU. Teye = 6200 °K
(Tabnuua 5).
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Tabnuua 5. CpaBHsiBaHe Ha WCTUHCKUTE rPpaHWUM Ha OTKpMBaHe Npu onpegensHe Ha
cnegn Y, Sc 1 BCMYkKM pegkoseMHn enemeHt B Eu.O3 kato maTtpuua nanonssarikm 40.68
MHz ICP wu cnektpomMeTbp C nniocka xonorpadcka AudpakunmoHHa pelueTka
(ekcnepuMeHTanHo onpegeneHa wMpuvHa Ha cnektpanHaTta meunya 10 pm) ¢ 27.12 MHz
ICP (ekcnepumeHTanHo onpegeneHa WwmMpuHa Ha cnektpanHaTta usuuya BW =15.6 pm ). U
3a gsete ICP cuctemu ca n3nonssaHn oTOYMHOXUTENN KaTo AETEKTOPU. Teyxe = 6200 °K
Table 5. Comparison of the detection limits in Y, Sc and REE in Euy03; as matrix for
spectrometer with 40.68 MHz ICP and ¢ 27.12 MHz ICP

I/I36pa|-w| aHaANUTUYHM UcTunHCKU rpaHnumn Ha oTKkpuBaHe no OTHOLIJeoHVIe Ha

RN, KONIN4eCTBOTO pa3TBOpPEHO BellecTBo, %

A nm 40.68 MHz ICP, 27.12 MHz ICP,

BW =10 pm BW = 15.6 pm
Sc 11 358.094 6.5 x10° 9.0 x107° (14)
Y 11 324.228 8.6 x10® 6.0 x10™ (7.6)

Y 11 360.073 4.1 x10° 6.0 x10™ (14.6)

La Il 408.672 4.8 x10° 8.5x10%(17.7)
Ce 11 413.380 1.3x10° 6.1 x10° (4.7)
Pr 11 422.293 1.2x10™ 1.1x10°(9.1)
Nd Il 406.109 8.4 x10™ 1.0x10° (12)

Sm 11 359.260 5.2 x107 6.0 x10™ (11.5)

Mpn 40.68 MHz ICP WHTEH3MBHOCTTAa Ha aHanNUTUYHUTE JNHUK, KaKTO U
WHTEH3NBHOCTTa Ha (poHa HamandaBaT B CPaBHEHWE CbC CbOTBETHUTE CTOMHOCTU B 27.12
MHz ICP. lNopagu ToBa, 4ye ¢oHoBuTe curHanm B 40.68 MHz ICP HamanssaT MHOro no-
Obp30 B CpaBHEHME CbC CUTHANUTE OT JIMHUWN, OTHOLUEHNETO CUrHan/oH e no-ronsamo, a
rpaHuLMTE Ha OTKpMBaHe ca Nno- HUckn. OCHOBHUAT M3BOA e, Ye npu anpekTHoTo ICP-OES
onpegensiHe Ha Y, SC U pPEeOKO3EMHU E€NEMEHTM B PEOKO3EMHU OKCUMAW, W3NON3BaMnKu
27.12 MHz ICP u cnekTpoMeTbp C LUMPUHA Ha cnekTpanHaTta neuua 15.6 pm, Mmoxe ga ce
rapaHTMpa cnegHaTta CTeneH Ha uYuctoTa Ha pegkosemMHute okemaun: 99.99 % 3a (Y20s3,
L8203, Tm203, Yb203 7 LUQOS); 99.9 % (Sm203, EU203 , Gd203 , Tb407 , Dy203 , H0203 n
Er203); 99% (CeOz, Nd203, Pr6011).

M3nonseankn 40.68 MHz ICP 1 cnekTpoMeTbp C BUCOKO pasfgensiHe, rpaHMumTe Ha
OTKpMBaHe ce MoHmxasaT ¢ eauH nopagbk. LuprnHaTta Ha cnekTtpanHata oT usuua 10 pm
MOX€e Ada Ce rapaHtumpa eauH nopsabk No-BUMCOKA YMCTOTA Ha PEeaKO3EMHUTE OKCUMAW:
99.999% (Y203”L8203, Tm203, Yb203 n LUQOS); 99.99 % (Sm203, EU203 , Gd203 , Tb407 ,
Dy203 , H0203 n Er203); 99.9 % (CGOQ, ngOg, Pr6011).

PasgenutenHata cnocoOHOCT Ha CneKkTpoMeTbpa € (aKTopbT, KOMTO onpenens
rPaHNUUTE Ha OTKpPUBAHE, KaTo OT HEes 3aBUCWU roONieMMHAaTa Ha CnekTpanHuTe NpeyYeHus.
Mo HaTaTbWHOTO NogobpsiBaHE HA rPaHMUUTE Ha OTKPMBAHE MOXE Aa Ce MOCTUrHE npu
oTAensHe Ha MaTPUYHUTE KOMMOHEHTU WAN MNPU  KOHUEHTpPUpaHe Ha efnemMeHTuTe
npumecw.

3akno4yeHue

M3nonssaHeto Ha 40.68 MHz ICP cnektpomeTbp C BWUCOKa pasgenureniHa
CnocoBbHOCT N Q —KkoHUEenuuATa 3a KONMYECTBEHA OLIEHKA Ha CMeKTpanHUTE MpeyYeHus
ocurypsisaT efIMMUHUPAHETO Ha rPeLKknTe Npu U3MEepPBAHETO Ha YUCTUTE aHaNUTUYHU
CUrHanun 3a onpegensieMmTe efieMeHTU KaTto pesynTaT OT MOrpewHo M3MepeHn CurHanm
Ha poHa.
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ToyHoCTTa npn M3aMepBaHETO Ha aHalMMTUYHUTE CUTHalM ocurypsiBa TO4YHOCTTA Ha
aHannTn4YHUTE onpenerieHna.

|/|360pr Ha noaxoasdla metoaosiorn4d 3a ontnMareH |/|360p Ha aHaIIMTU4YHU JNTIMHUN B
npuncoeCcrBne Ha MHOTOKOMMNOHEHTHU N €OHOKOMMNOHEHTHU MaTpuUUU rapaHTupa gocturaHe
Ha NUCTUHCKWN rpaHnUun Ha OTKpuBaHe B NPpUCbCTBME HA MAaTPUYHUTE KOMIMOHEHTU, KOUTO HE
Ce pasfnimyaBaTt CbLLECTBEHO OT rpaHnunTe Ha OTKpMBaHE B HACT pa3TBOPUTEIT.
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BuBeneHue

C Bb3gylWwWHUTE Macu npe3 BUCOKUTE CroeBe Ha aTMocdeparta, 3aMbpcCsiBaHETO,
npeavM3BMKaHO OT YOBeELlKa OEeWMHOCT MOXe [a AOCTUrHe OO0 BCska TOo4yka OT 3emMHaTta
NoBBbLPXHOCT. M0 TO3M HayMH nNoyBaTa KaTo CoOXHa NpUMpPoAHa cuctema, ce npespblla B
OCHOBEH pe3epBoap Ha pasfiMyHu 3aMbPCUTENN, BKITHOUUTENHO TEXKM METann, opraHnyHu
cbeavHeHusa n pagnoHyknuaun. Owe ¢ NbpBUTE AOPEHN ONUTK, NPOBEAEHN B cpedaTta Ha
MUHanNusa BeK B CEBEPHOTO MNOSyKb60, CbAbpXKaHME Ha paauMoLE3Nin € OTYETEHO B Hal-
oToaneyeHnTe YectTn Ha 3emsaTta, JOpPU B NegHULM U NOYBEHU NMPoOM OT HXKHMS MONHOC.
Taka paguMonorM4yHOTO 3aMbpcsiBaHE Ha nodYBaTta MpeactaBnsBa  AbiroCpPOYeEH
eKkonorn4yeH npobrem, KOMTO 3acsira YCTOMYMBOCTTA Ha €KOCMCTEMUTE, KayeCTBOTO Ha
CENCcKOCTONaHcKaTa NPoAYKLUMSA U YOBELLKOTO 34paBe.

EOVMH OT OCHOBHUTE M3TOYHMUM Ha PagVOaKTUBHO 3aMbpCsiBAaHE € aHTPOMOreHHUsT
Cs-137. ApgpeHuTe TecToBe M aBapun C 9O0PEHN CbOPBXKEHUS, JONPUHCAT 3a rnobanHoTo
My pasnpocTpaHeHue. [Npe3 1986 r. pagnaumMoHHOTO 3aMbpcsaBaHe OT SApeHaTa aBapus B
YepHobun ce otnara Ha 150 000 km? nnowy ot CbBETCKUS Cbio3 M 3acsra noseye oT 5
MURWOHa uTenu. N3sbH 6uswmns CCCP okono 45 000 km? B LUMPOKK panoHn Ha EBpona
ca 3acerHaTu ot Leauin-137 mexay 37 kBg/m? n 200 kBg/m? (UNSCEAR (2008). B ronsima
cTeneH, ToBa paguauMoOHHO 3ambpcsaBaHe 3acdra noysute B bbnrapus. [Mopagwm
Bb3JENCTBMETO Ha rNobanHnM M NOKanHU M3TOYHMUWM Ha PaaMoOakTMBHO HaTOBapBaHe,
AbNrMAT nepuon Ha nonypasnaj Ha aHTPOMoreHusi paguouesnin, HEBL3MOXHOCTTa Aa
Obae m3BedeH OT noysaTta, roniiMarta My TOKCUYHOCT 3@ BCUYKM XXMBWM OPraHn3Mmn u
34paBeH PUCK OT BbLHLUHO M BbTPEewHO obnbyBaHe M3crneaBaHETO Ha CbCTOSHMETO Ha
npobnema, KakTo 1 NpouecuTe Ha Murpauus, pukcnpaHe n TpaHcgep B cMctemaTa noysa
- pacTeHune ca oT 0cobeH NHTepeC 1 OHecC.

Matepuanu n metoau

Mpe3 nepuoga 2021 - 2024 r. e npoBedeHO u3cnenBaHe Ha CbObpPXaHWETO Ha
uesnn-137 B 30 6p. nouseHn Npobu OT panoHa Ha XackoBcka u Kbpakanumncka obnact, B
noyseHus cron 0-10 cm, cbrnacHo ctaHgapT ISO 18589-2:2022. Llenta e ga ce yctaHoBU
pPaguoNoOrM4HOTO CbCTOSHME Ha MNOYBUTE B €4HU OT Han-3aMbpCEHUTE pPaMOHU Ha
Bbnrapus, nodtn 4 geceTuneTus cnen asapuata B YepHobunckaTa sapeHa LeHTpana.
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N3cnepsaHeTo e npoBeaeHo B Jlabopatopusa no pagvoekonorus u paguon3oTonHu
nacnegBaHma kbm WIMA3P "H. T[lywkapoB", KoATO e HauuoHanHa pedepeHTHa
nabopatopust B obnactra Ha paguomeTpusita n e akpeautmpana no bAC EN ISO/IEC
17025:2024 3a onpefensiHe CbAbpXaHMETO Ha eCTECTBEHU U U3KYCTBEHW PaaNOHYKMau
BbB BOAA, NOYBa M XpaHa.

CbabpXaHMeTO Ha paavoHYKNMAW € onpeferieHo 4vpes3 rama-CrnekTpoMeTpuyeH
aHanu3 ¢ MHorokaHaneH aHanmsatop DSA 1000, npoussoactBo Ha CANBERRA, c
yntpaunct Ge-getektop, ¢ 20 % edekTMBHOCT 1 pasgenutenHa cnocobHoct 1,8 keV 3a
nnHmaTa Co-60 ¢ eHeprna 1332. Msnonsea ce codptyepHa koHdurypaums Genie-2000.
M3mepBaHuaTa ca n3BbpLUEHMN, CbIMAacHO U3NCKBaHUATA Ha cTaHgapT 1ISO, 18589-3:2024.
[eTekTopbT € KanubpupaH CbC CTaHOAPTHU pedepeHTHU MaTtepuanu. AKTMBHOCTTa Ha
Cs-137 B npobute ce onpeaens oT nuka ¢ eHeprua 661,62 keV. BpemeTo 3a nsmepsaHe
Ha egHa npoba Bapupa mexay 19 n 24 yaca. MeputenHuat cbg e Marinelli, reomeTpus 411
n obem 500 ml.

Mopagn npouecuTe Ha murpauus m Guoakymynaumss e msbpaH npeacraBUTENEH
0bekT oT obpaboTBaema no4sa C HaM-BMCOKOTO 3a parioHa CbAbp)KaHME Ha paavoLe3uni.
N3cnepBaHa e akTMBHOCTTA Ha Le3usi Npe3 pasnuyHn ce3oHu. [louBeHnTe pesyntatu ce
cpaBHsABaT ¢ Hanu4dmne Ha Cs-137 B pacTuTenHu npobu OT 8 BMUCLUM pacTeHuUs, OTINeXaaHu
Ha nscrnegBaHaTa TEPUTOPMS, C Len Aa ce Npocrnean B eCTeCTBEHU YCroBus TpaHcdepa
Ha paguousoTona OT MoYBEHMS CyBCTpaT KbM pacTeHMETO, KakTO M [da Cce CpaBHU
CTeneHTa Ha yCBOsSIBAHE M HaTpynBaHe Ha Le3nii-137 B pasnnuyHMTe pacTUTenHu BUOoBe.

M3BbpweHn ca wmscneaBaHma Ha 30 Op. obpaboTBaemMuM M LENUHHM MOYBU OT
XackoBcka 1 Kbpakanuimncka obnacTt, Kakto U Ha 8 pacTutesniim npobu.

OnpepeneHo e cbabpXXaHMETo Ha ecTecTBeHnsa kanuin-40 n aHtTponoreHHna Cs-137
Yypes3 rama-crnekTpoMeTpuUdeH aHanms.

Pe3yntaTtun u o6¢cbxaaHe

Mo uanata Teputopus Ha bbnrapus paguvoakTUBHUAT Le3Nn e pasnpeneneH
HEXOMOreHHO B pe3ynTaT, KakTo Ha BMCOYMHHUTE TECTOBE OT cpedaTta Ha MUHanus Bek,
Taka 1 Ha YepHobunckarta sigpeHa aBapusa npe3 1986 r. Cnen aBapusita akTMBHOCTTA Ha
Cs-137 B nouBute Ha Bbnrapus e HapacHana mexay 3-10 nbTu, AOCTUranKM B OTAEMNHU
cnydam oo 50 nbTm Hapg xapaktepHute ¢oHoBu ctomHocTn (Naydenov and Staneva,
1987a).

Mopagn abnrmat nepuog Ha nonypasnag (30 roguvHW), UE3NAT NPUCHCTBA BbB
BCUYKM 3BeHA Ha ekocuctemarta. PanoHbT Ha XackoBcka obnact e eauH OT Han-
3acerHaTute. 3ambpcsiBaHeTo B KOxxHa bbnrapus ce pernctpupa n gHec (Tabnuua 1).

CnocobHocTTa Ha noyBata Ada 3agbpXa wnn ga npornycka paguoHyknuau, Kato
uesnn-137, 3aBUCM OT MHOXECTBO (QaKToOpu, BKITHOUUTESNTHO  (PUIUKO-XUMUYHUTE
XapaKTepPUCTMKN Ha MnoyBaTa, KNMMaTUYHUTE YCroBUS M OCOBeHOCTMTE Ha naHawadTa.
Touknte Ha npoboB3emMaHe ca pasnosIOKEHN B PAaBHMHHM PaNoOHU C BNU3KN KNMMATUYHU
yCrnoBusi, 3a [da Ce Hamanu Bb3MOXHOCTTA 3a M3siBEeHa XOpU3OHTanHa murpauus. B
AbnboYMHa, CTOMHOCTUTE Ha Le3ns ce 3anaseaTt 6nuskn. Camo B ABe Npobu akTMBHOCTTA
Ha pagnonsonona e nog MOA. 50% oT npobute ca cbC CbabpXxaHue Ha ue3nn-137 mexay
10 n 30 Bg/kg. B Tpn ot npobute pesyntatute ca 3HauYMTENHO Hag Te3n CTOMHOCTMW.
Bb3MOXHO € no-Bucokata KOHUeHTpauusi B Te3n obpaboTBaeMm no4YBM Oa ce AbITKU Ha
AONbIAHUTENHO BHECeHO, crieq 1986 r., no-BMCOKO CbAbp)KaHME Ha Le3nin ¢ ecTecTBeHarta
Top. Cnen HanpaBeHWTE paauonorMyHU mscnenBaHus, O6sxa YCTaHOBEHUM MUHUMAarHU
ctonHocTh 3a Cs-137 < 1 Bg/kg n 260 Bg/kg 3a K. MakcumanHute ctomHocth 3a 87 Bag/kg
3a Cs-137 n 1430 Bg/kg 3a K.
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Ta6nuua 1. CbabpkaHme Ha pagunoHyknuam B obpaboresaemum (Ol1) U LENUHHU NOYBMK OT
TepuTopuaTa Ha XackoBcka u Kepgxanuncka obnact B Bg/kg

N ABbNO0OYMH . w0
o MeCTONnonoXeHue a Cs K
cm

1 | OumuTpoBrpaa 0-10 28+1 670110
2 | c. YepHu pug 0-10 <1 850+20
3 | 3naTtogobusHa mnuHa Aga Tene 0-10 2611 360+10
4 | Apa Tene — OTKpUT pPyaHUK 0-10 <1 1000+10
5 | MagxapoBo 0-10 51| 1430120
6 | Kbpoxanm 0-10 1£0.5 75020
7 | c. YnHka 0-10 12+1 260+10
8 | c. KaHgunka 0-10 7+2 30010
9 | c. bopucnasuu 0-10 6+1 850+20
10 | Kpymosrpag 1 - Or1 0-10 2614 26014
Kpymosrpag 2 - Or1 0-5 874 540+10
11 | Kpymosrpag 2 - Or1 5-10 7613 57010
Kpymosrpag 2 - Or1 10 - 20 76+3 570+10
12 | Kpymosrpag 0-10 711 540£20
13 | c. JlewHwukoso - Ol1 0-10 35+3 670120
14 | CtaHka vyelwma 0-10 81 265130
15 | UnnueBa HMBa 0-10 1612 620165
16 | c. Konubapwu 0-10 <2 265135
17 | CBuneHrpag 0-10 511 66070
18 | Nllobumelw, 0-10 101 800+70
19 | c. bucep 0-10 5+1 920+90
20 | XapmaHnm - 0-10 <2 710170
21 | c. MuHepanHun 6aHu 0-10 203 | 1000£100
22 | c. CuneH 0-10 14+2 920+90
23 | c. CtygoeH knageHel 0-10 2445 72075
24 | c. PbxeHoso - Ol 0-10 68+18 840480
25 | c. lNyrytka 0-10 18+4 620+20
26 | c. ABpeH 0-10 2215 590+30
27 | Momunnrpag 0-10 1142 500+15
28 | [xeben 0-10 1743 920440
29 | CumeoHosrpag - Or1 0-10 4+1 48010
30 | c. YayHaxoBo - Ol 0-10 52+15 860+30
MuHUManNHM n MakCUMasriHM CTOMHOCTU 0-10 <1-87|260-1430

OT pgaHHUTe 3a cneuudmyHaTa akTMBHOCT U AMHamuka Ha Cs-137 ce noTBbpKaaBa
HEXOMOreHHOTO 3aMbpCsiBaHe Ha rnoyBaTa B pe3ynTaT Ha Bb3AylHUS TpaHcnopT (Purypa
1). LleansT e noaBmxeH 1 BOOOpasTBOPUM eneMeHT. BbBeaeH B noyBaTa TOM € MOAMOXEH
B pasnnyHa CTeMeH Ha XOopu3OoHTanHa W BepTukanHa Mmurpauus. B gbnbounHata Ha
MOYBEHNS XOPWU3OHT, TOW pearMpa C OPraHUYHU CbEAMHEHMSI U B rofisiMa 4acT ocTaBa
dmKeupaH B rMmHecTn noysu. o TO3M HauMH, 3HAYMTENHO CbAbpPXKaHME Ha Ue3nin ce
perucTpupa B NoYBeHn Npobu geceTkn roavHN cred NbpPBOHAYanHOTO 3aMbpcsiBaHe.
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®durypa 1. CbabpxaHue Ha uesnn-137 B nscrneasaHuTe novseHun npobu (Bqg/kg)

Mpuema ce, Ye MexaHN3MUTe 3a ycBosiBaHe Ha K* B Xu1BUTE opraHM3mMmn ca CXOAHM C
Tean Ha Cs*. CnepgoBaTenHo nNpu pacTeHusi ¢ admHUTET kKbM K 1M HanmumeTo My B no-
rosieMmn KonimyecTBa B rnoysaTta, npuemaHeTo Ha Cs we 6bae noatncHato. [JuHamukata Ha
ABaTa efnlemMeHTa He BMHarM cbBnaga npu npexoga MM OT no4ysaTa KbM pacTeHusaTa u
npepasnpegeneHue B pactutenHus opraHmsbm (Rai and Miku, 2020). B nacnegsaHute
npobu HsaMa SICHO yCTaHOBEHAa 3aBMCUMOCT MeXAy CbAbpPXaHWETO Ha ABaTa erleMeHTa B
pacTteHudaTa. YCTaHOBEHO € CbAbpXaHWe Haf npara Ha eTeKTMPpyeMOoCT B NICTHaTa Maca
camo npu pABa OT BuaoBeTe — uYepewa M ManuHa. Pesyntatute ca paned ot
pernameHTupaHarta ctonHoct ot 600 Bg/kg 3a xpaHu (Tabnuua 2).

Ta6bnuua 2. CbabpxkaHune Ha Cs-137 n K-40 (Bg/kg) B pactuTenHun Bugose, oTriexnaHu B
noyesa CcbC cbabpxaHue Ha Cs-137- 76+3 Bg/kg 1 Ha K-40 - 570 Ba/kg

PactuteneH Bug Cs-137 K-40
Aropa (Fragaria chiloensis, L.) <1 38+3
CnwuBa (Prunus domestica, L.) <1 140£10
Yepewa (Prunus avium, L.) 1.024£0.5 708
Abwnka (Malus domestica, L.) <1 17510
Mywmyna (Mespilus germanica, L.) <1 2515
Cwmokuns (Ficus carica, L.) <1 6617
Jlosza (Vitis sp., L.) <1 406
ManuHa (Rubus idaeus, L.) 2.18+0.5 62+10

INNaBopaTtopuaTa No pagmoekonornss 1 pagmon3OoTONHN U3MEPBAHUS KbM WUHCTUTYT
.l lyLLKapoB“ npoBexaa exXerogHn pagnonornyHuTe uacneaBaHus Ha NOYBEHU Mpobu oT
MOHUTOPUHIOBaTa Mpexa Ha cTpaHaTa. [lpu cpaBHeHWe Ha pe3ynTaTtuTe OT panioHa Ha
obnact Kbpoxanu n XackoBo ¢ ocpegHeHun aaHHu 3a CesepHa u HOxHa Bbnrapus, ot
npean YepHobunckata aBapusi, OO OHEC, ce ycTaHoBsiBa Aobpe u3paseH cnag Ha
aKTUBHOCTTA Ha uesus (durypa 2).

Mo 1986 r. cpegHaTa CTOMHOCT Ha crieLmduyHaTa akTMBHOCT Ha °'Cs B CeBepHa
Bvnrapus e 10 Bg/kg, a B KOxxHa bbnrapus - 26 Bg/kg (Naydenov and Staneva, 1987b).
Cneg 1990 r. ue3nn-137 moxe ga 6bae OTKPUT BbB BCUYKM NouBeHn npobu (Yordanova et
al., 2007). MNpe3 1996 r. nopagn BMCOKaTa HEXOMOFEHHOCT CpeAHUTe CTOMHOCTM Ha
nsotona sapupat mexagy 160 n 280 Bg/kg 3a HOxHa Bvnrapus n mexay 40 n 60 Bg/kg - 3a
CesepHa bunirapusa (Yordanova et al., 2014). lNo gaHHm Ha MAOC (2016) Han-BMCOKM
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CTOMHOCTU ca pernctpupanu B 3anagHute Pogonu (panoH Yetpoka - 261/kg v rp. J1bku -
189 Bqg/kg). 38 roamHu creq aBapusita B YepHobun HacTosWwOTo n3cneasaHe perncrpmpa
cneundunyHa akTMBHOCT Ha ue3mn-137 ot <1 go 87 Bq/kg (Hristozova and Lazarova,
2022). ToBa HamarneHVe Ha aKTUBHOCTTa Ha '°'Cs B MOBLPXHOCTHUSI CMOW Ha MoYBaTa ce
ABIDKN rNaBHO Ha HEroBUSA paaMoOaKTMBEH pasnag.

10 1986
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W HOxHa bbvarapua
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I ! I
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durypa 2. HamansaBaHe Ha akTUBHOCTTa Ha ue3nn-137 B no4seHn npobu ot
YepHobunckaTta sgpeHa aBapus 0o OHEC

EkonormyHuTe katactpodu Kato sapeHnte asapum B YepHobumn n dykywmma, KouTo
WHXEKTMpaT B OKONHaTa cpeda OrpoOMHM KONMM4YecTBa paguvoulesnid, npenocTaBAaAT Ha
npakTuKa orpoMHa Bb3MOXXHOCT 3a eKCNepPUMEHTAalHU U3cneaBaHnsa U TbpCeHE Ha MeToau
3a uM3BeXaaHe WM HamansaBaHe Bb3AEWCTBMETO Ha pPaavoOHYKNMAUTE B 3aMbpCEHUTE
no4sn. BbamoxHUTe pelleHnsa morat ga 6baaTt cBeaeHu ao:

— ®U3an4yHM MeToam - OTCTpPaHsABaHE Ha rOpPHUS NOYBEH CrOW, (MPUMOXMM 3a Marnku
y4yacTbUM, CUITHO 3aMbPCEHN NIOLLM) M MPOMMBAHE Ha NoYBaTa C XMMUYECKN pa3TBoOpM 3a
N3BNMYaHe Ha paguoHYKNManTE.

— XuMnyHn metoam — ype3 gobaBsiHe Ha agcopbeHTn KaTo 3e0nUTU U BEHTOHWUT,
KouTo morat aa dukcmpa Cs-137 n ga Hamanu HeroBata MOBUMHOCT UMM KOpUrMpaHe Ha
KMcennHHoctTa. BapyBaHeToO Ha kucenu noyBM cnomara 3a no-gobpa dukcaums Ha
PagVoHYKNMAMTE, Tb KAaTO BMCOKATa KMCESNMHHOCT yrecHsBa murpaumsita Ha Cs-137 B
No-AbNOOKMUTE MNOYBEHN XOPU3OHTN.

— Brnonornynn metoam - dutopemeanauma. (PacteHms kato cnbHYOrned, panvua u
nouepHa ca edpekTUBHM 3a n3snmyaHe Ha Cs-137 ot noyeaTa).

3aknioyeHue

[MoyBaTa € OCHOBEH KOMEKTOp Ha paguauMoHHO 3ambpcsBaHe. Lle3mn-137 ce
peructpupa B u3cneaBaHute Teputopunm ot HKOxHa bbnrapus, 38 roamHn cnen
NMbpBOHA4YanHOTO My oTnaraHe. BcnegctBMe Ha eCcTecTBeHMst nosypasnag  Ha
pagavoHyKnuaa, HeroBuTe HMBa, gocturat Te3um ot npeam 1986 r. 3a CeBepHa bbnrapus, a
3a OxHa bbnrapus, Bce oule ca noyTn ABa NbTu Hag Te3n ctonHocTu. OT nscnegsaHuTe
8 BuOa pacTteHus, pa3BuBaly ce B rnoyBaTa C HanW-BMCOKO 3a pamoHa CbAbpXaHue Ha
uesmn-137, camo B [Ba Ce YCTAHOBM HE3HAYUTESNTHO KOMWYECTBO Ha Wu3cnenBaHus
pagvoHyknua. Pesyntatute ca MHOMOKpaTHO MO-HUCKM OT AdonycTumaTta HOpMaTuBHa
pos3a. B npaktukaTa, cnepg asapumte B YepHobun (1986) u dykywwmma (2011), He ca
OTKPUTU Hay4YHOOBOCHOBAHW M PEHTabunHM NOooXOAWM 3a O4YMCTBaHE Ha 3aMbpCeEHUTE
no4sn. 3a TOBa € MHOIO0 BaXXHO PagMONOrMYHUSA MOHUTOPMHI Ha MOYBM U XpaHW, ga ce
M3BbpLUBaA peryndpHo, 3a Ja Ce OCUrypu KOHTPOS&T U ObIirocpodHaTa eKonorndHa
CUMYPHOCT, C Lien ona3BaHe Ha NOYBEHOTO M YOBELLKOTO 34paBe.
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Abstract

The aim the included tools in NOVASOIL DST for soil health business models is to
support the decision to implement new incentives in the farms taking into consideration the
soil health risk specific environment and the implementation costs. The NOVASOIL
toolbox contains three major components (Figure 1). Digital hub of knowledge where users
could cooperate regarding soil health — collecting information, using the forum, or the
newsletter. Digital tools for soil health business models (tool 2) aims to help the selection
of the most appropriate incentives based on the internal, external environment, and costs
for implementation.

The study aims to present the framework and the basic design of the third tool
— Decision support tools for soil health business models.

' )

NOVASOIL TOOLBOX

S

Digital hub Digital tools for
of soil health
knowledge business models

\ o

Figure 1. WP 3 digital toolbox

Decision
support tools

The goal of DST is to support the choice of the most appropriate soil health risk
mitigation strategy taking into consideration the specific soil health risk, soil health risk
mitigation activities and the costs for implementation (Figure 2).

The DST for soil health business models includes three main modules:

Registration module;

Risk assessment module;

Optimisation module.

The user must make a registration to see their history and to perform new one.

REGISTRATION MODULE RISK ASSESSMENT OPTIMISATION MODULE
MODULE
SOCIO-ECONOMIC INFO SOIL HEALTH RISK SOIL HEALTH RISK
-mandatory data DETERMINATION MITIGATION
-optional data LINEAR OPTIMISATION

Figure 2. NOVASOIL DST connection
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All components of the tool will be tested with real data. Also, the tools will be
presented to stakeholders and based on the feedback will be made correction if it is
needed.

Risk assessment module. The business model needs the soil health risk must be
estimated. In the frame of the DST we developed this module based on a fuzzy-logic
approach for the estimation of soil health risk of cropping practices. The backbone of the
RAM tool stems from the soil indicators recommended by FAO and the indicators identified
by experts under NOVASOIL project. This approach ensures wider and deeper evaluation
of the analyzed risk at farm level in the context of the local Soil Health business model.

In this module the user could evaluate the soil in nine easy steps (Figure 3).The user
should answer 12 questions related to soil health. Depending on the answers, which are
structured according to different levels of restrictions L, the level of risk is determined. An
option is chosen from drop down menu options to answer the questions. Depending on the
answer, the appropriate level is given (L). Based on the latter, the tool brings back short
and simple recommendations (Figure 4).

Figure 3. RAM recommendations
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novasoil T s by a

Figure 4. RAM recommendations

Optimization module. After the estimation of the soil health risk a list with incentives and

practices that he can use to mitigate the soil health risk. Gross Margin (GM) is used to
estimate risk mitigation (Figure 5).

i

ngag‘pl & S e— 3

B 5ot coicutatr Total size of land in hectares
Heww rmaich s your land size

(@ Help Cartor

[E Provide Fesdbock

Wihich perod doas his doto cover
& setings

Sefact Crop Types

+ Logout

Figure 5. Optimization module — first step

Then, it is made linear optimization. Linear optimization plays a crucial role in
economics, offering powerful tools for solving complex problems. Linear programming, a
branch of applied mathematics, focuses on minimizing or maximizing linear cost functions
subject to linear constraints. This approach is particularly useful in production planning
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(Schulze, 1998). For the optimization, it is necessary to derive a function to find a minimum
or a maximum. It is also necessary to determine the quantitative constraints of the model.
The simplex method, along with its variants like the revised simplex method and network
simplex method, has been the primary algorithm for solving linear programming problems
efficiently over the past 50 years. A large advantage of the linear optimization problem is
that in the last few decades, it has been computerized and there exists software that can
solve such problems. The optimization objective is GM of the farm. The quantity of land
with a single crop is the optimization solution. A set of limitations for linear optimization
must be applied using the software suggestions or setting by the farmer.

In the first part of the DST, based on information processed through the fuzzy logic
approach, the risk related to soil health is assessed based on indicators recommended by
FAO and selected by expert opinion. On this basis, the tool envisages the provision of
recommendations on certain practices aimed at improving soil health. In the second part
DST produces optimal solutions based on different scenarios for simulation farmers’
economic behaviour under the assumption of gross margin maximization. Implementing
the limitations in the optimization module can simulate also how policy changes can have
an impact on soil health business models.
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Pe3stome

MpoektbT NMO3AM 15 (2024-2027) nma 3a uen akTyanusnpaHe Ha MHdopmMauusaTa
3a no4yseHuTe pecypcn B KOxeH ueHTpaneH pamoH Ha nnaHupaHe (KOLPIT), ¢ akueHT
BbpXy TAXHOTO Ona3BaHe W YCTOMYMBO M3Mon3BaHe. B TO3M KOHTEKCT NPOeKTbT ce BNUcBea
pobpe B TemaTa 3a 34paBeTO Ha no4vesaTta. 34paBeTo Ha noyBaTa ce onpegens ot
XUMUYHU, PUBNYHU 1 BMONOTrMYHN NnokasaTenu, KOUTo oTpassaBaT HerHaTa NPOAYyKTUBHOCT
N €KONOMMYHO CbCTOSIHUE.

B pamknte Ha nbpBaTta roguHa 6e n3rotBeHa akTtyanusmpaHa nodseHa kapta (22 365
km?) Ha 6a3aTa Ha cbllecTByBaLlaTa NnoyBeHa kapta Ha bbnrapusa B mawab 1:400 000, ot
KoaTo e usonupad KOLPII. AkTyanusaumdara e ussbplUueHa Ype3 NpoCTPaHCTBEH aHanus
Ha 3eMHOTO MOKpUTME, nanonaearku nocrnegHoto m3gaHne Ha CORINE Land Cover, un
obpaboTka Ha faHHM 4Ype3 codpTyep C OTBOPEH Ko, 3aroXeH B MeTOoAosiorMsta Ha
npoekta. PanoHbT BKMOYBA  pasHOOOpa3HM MNOYBEHW TUMNOBE, Cped  KOUTO
BMCOKOMPOAYKTUBHUTE, HO U epo3npaHn ropcku nodBu, KOETO OTpassBa BIIUSHMETO Ha
reofnioxkata OCHOBa, paCTUTENHOCTTA, 3eMeNoNn3BaHeTO U KNMMaTUYHOTO pasHoobpasue.

B npoyyBaHeTO ca vHTerpupann gaHHu ot 6a30BMSi MOHUTOPWUHT, KOUTO Ca C BMCOKO
HMBO Ha OOCTOBEPHOCT M ocurypsBaT OBEKTUBHA OLEHKa Ha MOYBEHOTO CbCTOsAHME. B
TO3M Aoknaa OKYCbT € BbpPXy XUMUYHUTE XapakTEepUCTUKW, KaTo ce oueHsBar
MHOUKaToOpUTE 3a NIOAOPOAMNE U HANUYMETO Ha BPeOHW BellecTBa, KOeTo AaBa LAnocTHa
npeacraBa 3a MOYBEHOTO CbCTOSIHME U noTeHuunanHuTe puckoBe. OCHOBHUTE MOYBEHU
WHOMKATOPW BKMNOYBAT OpraHnYeH Bbrnepog (xymyc), obuy a3ot, C:N CbOTHOLLEHMNE, KaKTO
n cbabpxaHve Ha Texkm metanm (Ni, Cr, Pb, Zn, Cu, Cd, As, Hg). Te3an paHHu
nossonsiBaT  uAeHTUUUMpaHe Ha  OerpagjauuoHHM  MNpouecu UK oueHKa Ha
arpoekonornyHuTe puckose. Pesdyntatute nokaseaT, 4e B 3HA4YMTENHa 4acT OT paroHa
NMOYBEHOTO Nfogopoave e 3anaseHo, OoKaTO TEeXKUTe MeTanu ca npeguMHO (POHOBM
CTOMHOCTU, CBbP3aHUN C reosioXXkaTa OCHOBA U PyaHU Haxo4umLa.

lMpoyyBaHeTO nogvYepTtaBa HeOOXOAMMOCTTA OT WHTErpMpaHo ynpaBreHue Ha
MOYBEHUTE pPEecypcu, OTYMTAMKM MOYBEHO-KNMUMATUYHUTE YCNOBUSS WU YCTOMYUBUTE
3emMegenckn npaktukn. PaspaboTeH € MHOBaTMBEH MeEeTOh 3a arpoeKosiorMyHa OLEHKa,
Konto we 6bae yCbBbLPLIEHCTBAH B CcriefBawmuTte eTanu Ha npoekTa. [lonyydeHuTe
pe3ynTaTu gaBaT LeHHN HACOKM 3a YCTOMYMBO MU3MON3BaHE N Bb3CTaHOBSABaHE Ha NOYBUTE
B FOLJPI.
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Pestome

C pas3BuTMETO Ha AOUCTaAHUMOHHUTE MeToau 3a HabnwgeHve Ha 3emHaTa
NOBBbPXHOCT, BCE MO-LUMPOKO NPUSTOXKEHNE HaMUpAT caTeNUTHUTE AaHHU, KakTo 3a oueHKa
Ha CbCTOSHMETO Ha KynTypuTe 4pe3 BereTaumoHHu uHaekcn (BW), Taka wn 4ypes
WHTErpupaHeTo Ha NokasaTenu, U3BeeHn OT caTeNUTHU N306paxeHns, C Ha3eMHN JaHHN
B CUMYyNaunmoHHN mogenu. ToBa € HauuMH 3a AoMbliBaHe Ha NUMNCBALLM Ha3eMHU AaHHU U
AONbIIHUTENHA BB3MOXHOCT 3a KanubpupaHe n nogobpsiBaHe Ha TOYHOCTTA Ha
nporHosuTte. 3HauuMTeneH Hanpeabk B YCBOSIBAHETO Ha CaTeNUTHU [OaHHU B
AETEPMUHUCTUYHUTE CUMYSTAUMOHHN MOOENN € MOCTUrHaT Mo OTHOLWEHWe Ha JaHHM 3a
BNaXXHOCTTa Ha MoyBaTa, eBanoTpaHcnvMpauusaTa u nuctHonnowHua uHaekc. Cpen
nonynsipHATE MOAENM, KOUTO ca 06eKT Ha Takua uscnegsanus ca WOFOST, Winlsareg u
SWAT, konTo ce pasnuyaBaT Mo Bb3MOXHOCTU, MOKa3aTenn n NpocTpaHCTBEH 06XBaT Ha
NPOrHO3UTE 3a arpoeKkosIorMYHUTE PUCKOBE OT Cylla, BOAHA €po3nd U MU3MUBAHE Ha
XpaHUTENHW BeLlecTBa C NOBBLPXHOCTHUTE U noa3emMHuTe Boau. [MpoyyBaHETO Ha Ham-
nogxogswuTe anroputMum 3a acuMunupaHe Ha caTenuTHU [aHHW B CUMYNauMOHHU
Moaenu e obekT Ha n3cneaBaHe Ha NpoekT, hmHaHcupaH oT ®PHU B pamknTe Ha KoHkypc
3a dyHOoameHTanHu HaydHu wuscnegBaHna 2023. [lporHo3HuTe pfaHHu uwe 6baar
BaNnMAUpPaHNW C Ha3eMHW [OaHHW, MONyYEHW MNPWU KOHBEHLMOHANHO M MOYBO3ALLMTHO
oTrnexgaHe Ha KynTypu CbC cnata NOBbPXHOCT (NLWEHULA) U OKOMHW KynTypu (LapeBuua,
CnbHYornen) BbpXy CKIOHOBU M paBHUHHU TepeHU B 12 OCHOBHM MyHKTa 3a HabntoaeHve B
CeBepoustodHa bbnrapus. HanpaseH e aHanua3 Ha pasnuyHM NOAXOAM 3a U3BNUYAHE Ha
AaHHW 3a BMNaXHOCTTa Ha no4vsarta, eBanoTpaHcnupaumsaTa n JIMCTHONMOWHUSA UHAOEKC OT
catenuTHM Mucum 1 Be3nunoTeH neTaTeneH anapart, kouTo fa ©Obgar Cc Bucoka
NPOCTpaHCTBEHO-BpemeBa pe3onoums. KrnoyoBo M3MCKBaHe 3a NOCTUraHe npurioXnmMocT
Ha pes3ynTaTtuTe Ha HMBO MOfe, Npu pasfMyHU KOMOBUHaLMKM No4vBa-pacTeHue-knumart-
arpoTexHosiornsi, € MnOoCTUraHeTo Ha BUCOKaA TOYHOCT Ha MOBBLPXHOCTHAaTa Mo4YBeHa
BNaXXHOCT U NOCTOAHHA TOYHOCT Ha OLlEHKaTa Ha BNaXXHOCTTa B KOPeHoobMTaemusi NoYBEH
CNnown B pa3nunyHuTe ¢asn Ha nocesa.

Knr4oeu dymu: BogeH 6anaHc Ha noyeBarta, catenntHa MHdopmaums, pactTuTenHa
NOKpWMBKa, CUMYITaLMOHHN MOAESIN.
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Abstract

With the development of remote sensing methods of the Earth's surface, satellite
data are increasingly being used, both for assessing the condition of crops through
vegetation indices (VIs) and through the integration of indicators derived from satellite
images with ground-based data in simulation models. This is a way to supplement missing
ground-based data and an additional opportunity to calibrate and improve forecast
accuracy. Significant advances have been achieved in the assimilation of satellite data for
soil moisture, evapotranspiration and leaf area index (LAI) in the deterministic simulation
models. Among the most popular models which are explored for such assimilation are
WOFOST, Winlsareg and SWAT, which differ between each other regarding their
capacity, number of variable and spatial extend of the prediction for the agroecological
risks for drought, soil water erosion and loss of nutrients through runoff and percolated
water out of the plant root zone. The study of the most suitable algorithms for the
assimilation of satellite data in simulation models is the subject of research of a started
project funded by the National Science Fund under the Competition for financial support
for basic research projects - 2023.The simulated data will be validated with ground-based
data obtained during conventional and soil protection cultivation of small grain cereal crop
(wheat) and row crops (maize, sunflower) on sloping and flat terrains in 12 main
observation points in North-Eastern Bulgaria. An analysis is conducted of different
approaches for extracting soil moisture, evapotranspiration, and leaf area index data from
the satellite missions and unmanned aerial vehicles with high spatiotemporal resolution. A
key requirement to achieve applicability of the results at the field level, under different
combinations of soil-plant-climate-agrotechnology, is the achievement of high accuracy of
surface soil moisture and constant accuracy of moisture estimation in the root-zone soil
layer during the crop vegetation period.

Key words: soil water balance, satellite information, vegetation cover, simulation
models.

BbnaropapHocTu

ABTopute 6GnarogapaT 3a (MHAHCUMPAHETO Ha Hay4YyHUTE u3cnenBaHusi MO MPOEKT
JWMHTerpmpaHe Ha caTenuTHM U Ha3eMHW AaHHM 3a KOMMOHEHTM Ha BOoAHUS GanaHc Ha
noysaTta M pacTuTenHarta rnoKpMBKa B MOAENM 3a OLEeHKa Ha arpoeKoSsIorMyHn pUCKoBE U
3eMefencku NpakTuKM 3a cMekyaBaHeTo um” ot doHa ,HayyHu M3cnegsanusa” (gorosop
KrM-06 H 76/2 2023).
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Pe3ome

Mpe3 nocnegHuTe geceTuneTus NOA3EMHUTE BOAWU Ca 3acerHaTu OT pa3pacTBaHETO
Ha ypbaHn3npaHuTe TEPUTOPUM, KOETO NPUYNHABA CEPUO3HU EKOSTOMMYHK Npobrnemu KaTo
oboraTaABaHETO UM C HATPATK U APYIY ENEeMEHTU U BNOLLIABa Ka4eCTBOTO UM.

Llenta Ha nscnegBaHeTo € Aa ce OLEeHU Ka4yeCTBOTO Ha NoA3EMHNTE BOAM OT CMECEH
ypbaHmn3MpaH panoH, Kato ce Wu3nons3Ba WHOEKC 3a kadvecTBo Ha Bogaute (WQI)
onpegeneH nNo MeToda Ha CpeaHOApPUTMETMYHMSA MHAOEKC Ha npeTerneHara CTOMHOCT.
MoHuTOpUHIbLT € npoBedeH npes 2022 r., BbB Bogocbopa Ha c. JloseH (6nM3o go rpag
Codus). B cxemarta Ha macrnegBaHe ca BKAOYEHW CMECEHM PaMoHWU (cena), KbOeTo ce
OTINEeXAaT WHTEH3MBHWU 3efleHYyKOoBW KynTypu. Ha nopsemHuTe BOAW ca u3cneaBaHu
U3NKO-XMMNYHUTE NokasaTtenu kaTo (pH, enekrponposogmMmMocT, obLia MruHepanusaums,
obwa TBbPAOCT), onpefeneH € KaTMOHHO-aHMOHEHUAT UM CbCTaB. YCTaHOBEHO e, 4e
BOOUTE Ce XapaKkTepuaupaTt C ankanHa peakuusi U Mo-BUCOKO CbAbpXKaHME Ha XUMUYHU
enemMeHTun, Hsakoun oT kouTo Hagsuwasat [1OK 3a nutenHn Boau. HabniogasaHo e, ye
noa3eMHuTe BOAM MMaT KanuueBo-XMapokapboHaTHO-cyndaTeH cbcTaB. MHOEKCHT 3a
kayectBoTO Ha BoguTe (WQI) B nscneaBaHusa panoH Bapupa ot 20,13 go 137,56, kato
yacT OT BOAMTE cCa C OT/IMYHO Ka4vyecTBO, a ApYyrM C BrOWWEHO. YCTaHOBEHO e, 4e
BOAOM3TOYHMLUMNTE C BIIOLIEHO KA4YecTBO Ce Ab/KaT Ha aHTPOMOreHHo 3aMbpcsiBaHe,
KOeTO € CBbp3aHO C OCOOEHOCTUTE Ha [MOYBEHUTE, TEONOXKM U XUOPOSIOXKN
XapaKTepPUCTMKN Ha u3cnegBaHata TepuUTOpuUs, KakTO U OT KOHKPETHUTE YCroBUS Ha
3emenonaeaHe. [lnHammnkata Ha npouecute, obycnasawm oborataBaHETO Ha NOA3EMHUTE
BOOW C PasnM4yHM enemMeHTU U TAXHOTO npepasnpenerieHne B NPOCTPAHCTBOTO, Hanara
M3BbPLUBAHETO Ha NEpUogMYEeH MOHUTOPUHI Ha XUMUYHUSE MM CbCTaB C Uen
aKkTyanuaupaHe Ha nHopMaumsaTa 3a TAXHOTO CbCTOSIHUE.

Knrwo4oeu Oymu: ypbGaHuanpaHa TepuTOpUsi, XMMUYEH CbCTaB, NOA3EMHM BOAOM,
NHAEKC Ha KayecTBO Ha BoauTe (WQI).
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ASSESSMENT OF GROUNDWATER PARAMETERS USING THE WATER QUALITY
INDEX (WQl) MODEL IN A REGION OF WESTERN BULGARIA

Tsetska Simeonova*, Lyuba Nenova

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

In recent decades, groundwater has been affected by the growth of mixed urban
areas, which causes serious environmental problems such as its enrichment with nitrates
and many elements and deteriorates its quality. In the present study, an attempt was made
to assess the groundwater quality of a mixed urbanized area by using the Water Quality
Index (WQI) by weighted arithmetic mean index method. The monitoring was conducted in
the period of 2022, on the watershed of the village of Lozen (near the city of Sofia). Mixed
urban areas (village), where intensive vegetable crops were grown are included in the
scheme of the study. The physico-chemical indicators such as (pH, electrical conductivity -
EC, total dissolved solids - TDS, total hardness- TH) were studied on the groundwater and
their cation-anion composition was determined. It was found that groundwaters were
characterized by alkaline reaction and higher content of chemical elements some of which
exceed the maximum permissible concentration level (MPCL) in the standard for drinking
water. The groundwater was observed to have a calcium-hydrocarbonate-sulfate
composition. The WQI in the investigated area ranged from 20.13 to 137.56, as some of
the waters are of excellent quality, and others with deteriorated. It was established that the
water sources with degraded quality are due to anthropogenic pollution, which was related
to the peculiarities of the soil, geological and hydrological characteristics of the studied
area, as well as to the specific conditions of land use. The dynamics of the processes
causing enrichment of groundwater with various elements and their redistribution in space
require periodic monitoring of their chemical composition with a view to updating the
information on their condition.

Key words: mixed urban area, chemical composition, groundwater, water quality
index (WQI).
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ANALYSIS OF THE RESULTS FROM THE SOIL RESTORING
STRATEGIES IMPLEMENTATION - EXPERIMENTAL FIELDS OF THE INSTITUTE OF
FRUIT GROWING, PLOVDIV, BULGARIA

Irina Staneva'*, Vanya Akova', Stefan Gandev', Viktor Kolchakov?, Martin Banov?,
Dimitre Nikolov®, Ivan Boevsky?®, Ekatherina Tzvetanova®, Krasimir Kostenarov®
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Abstract

In connection with the implementation of work packages 1 "Farm networking and
farm scale monitoring in EU and China" and 3 "Integrating on-farm solutions for restoring
degraded soils, interpreting impact on soil health" under the TUdi project "Transforming
Unsustainable management of soils in key agricultural systems in EU and China.
Developing an integrated platform of alternatives to reverse soil degradation", on the
territory of the experimental fields of the Institute of Fruit Growing, Plovdiv, collection and
systematization of data from the conducted experiments was carried out.

The studies conducted include the following options:

1. Maintenance in black fallow,

2. Fruit-bearing peach plantation maintained in natural muich.

At the first location, we grow cherry planting material. The object of the study was
"Bigarreau Burlat" cultivar grafted on the seedling rootstock Prunus mahaleb.

The results obtained showed that the plants have well developed biomass. This
indicator is related to the physiological status of the plants and shows that the plants in
location one have good photosynthesis.

The values obtained for growth habits of the plants in location one shows that we
produced standard cherry planting material suitable to be planted in fruit orchards.

In the peach orchard, feeding with organic products has been carried out.

Soil samples were collected and analyzed and characterization of soil differences
was performed.

The levels of stocking with basic nutrients /nitrogen, phosphorus and potassium/ in
the examined perennials at a depth of up to 60 cm, as well as after fertilization with
bioproducts, were determined.

It has been established that the fertilization of alluvial-meadow soils with high doses
of Biohumus leads to an increase in the mobile forms of phosphorus in the soil, and there
is a close relationship between the rate of fertilization and the amount of mobile forms of
phosphorus.

It has been established that the long-term application of bioproducts favors the soil
characteristics in the peach plantation and contributes to a favorable supply of nutrients
(potassium, phosphorus and nitrogen) optimal for the nutrition of the peach trees. The
application of organic products has a positive effect on the supply of nutrients and
therefore increases its productivity.
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Pe3rome

MoyBeHaTa BNaXHOCT € OCHOBEH (pakTop 3a MPOAYKTMBHOCTTA  Ha
CENCKOCTONAHCKUTE KyNTYpW 1 NpoLecn, NnpoTuyaLlm B noysarta, U € ANPEKTeH nHankaTop
3a cenckoctonaHckata cywa. OcHOBHaTa Uen Ha u3cnegBaHeTO € OueHka Ha
BNaXXHOCTHUA pexxuM Ha KapboHaTeH yepHo3em (Epicalcic Chernozem) B cpeaa Ha QGIS
Bb3 OCHOBa Ha npoBefeHn cumynauum yped mogena SWAT (Soil & Water Assessment
Tool) npn poTtaumsa Ha nweHuua-uapesuua. MiacnegsaHeTo e npoBedeHO 3a MasbK Ccyb-
Bogoc6op (16.28 km?) ot Bogoc6opa Ha p. PyceHcky Jlom 1 BknouBa Teputopusita Ha Ol
3a bopba c nouBeHaTa epo3ns B C. TpbCTEHUK, Pyce. M3anon3BaHn ca gaHHM 3a NOYBEHU
XNOpOnorn4yHn CBOWUCTBA U eXeOHEBHM METEOPOSIOrMYHM OaHHM 3a 3-roguweH nepuog
(2021-2023), KakTO U OUrMTanHM KapTu Ha MOYBEHUTE pPasnNUuns, BUCOYMHEH MOAeEeN Ha
perneca M HauMH Ha 3emenonidaBaHe B Ccyb-Bogocbopa. CumynupaHuTe [OaHHM 3a
pasnpeneneHne Ha BriakHOCTTa B Abfbo4YMHA ca CpaBHEHU C pearnHo U3MEPEHUTE LaHHU
no rpaBumeTpudeH metog oo 1 M abnboymHa u Ypes aBToMaTudHuTe ctaHumnm TEROS ¢
TDR ceH30pu, MOHTUpaHU Ha aBe AbnooumHm - 15-20 n 35-40 cm. lpeactaeseHn ca
reHepvpaHn KapTu 3a No4YBeHaTa BNaXKHOCT Ha cyb-Bogocbopa B M3bpaHu faTu U AaHHU
3a rogvHMS X0 Ha BMa)XHOCTTa Ha noyBaTa nog ABETE KynTypu B OMUTHOTO Mone.
[aHHuTe ca nsnona3eaHun 3a naeHTMdnLnpaHe Ha NPOAbIMKUTENHOCTTA U UHTEH3MBHOCTTA
Ha NOYBEHOTO 3acylLLaBaHe Npe3 n3cneaBaHna nepunos.

Knro4voeu dymu: SWAT moaen, KapboHaTeH YepHO3eM, BNAXXHOCTEH PEXMM, 3UMHa
nweHunua, Lapesmua, potaums.

BnaropgapHocTu

AsTopute 6GrarogapaT 3a (PMHAHCUPAHETO Ha HayyYyHUTe u3cnenBaHusi No MNPOEKT
LMHTErpypaHe Ha caTenUTHU U Ha3eMHM OaHHU 33 KOMMOHEHTM Ha BOoAHuA 6anaHc Ha
noyeaTta W pacTuTenHarta fnoKpmMBKa B MOAENM 3a OLEHKa Ha arpoeKOoSIorm4yHn pUCKOBE U
3eMeferiCku NpakTUkM 3a cMekyaBaHeTo um” ot PoHa ,HayyHn M3cneasaHmnsa” (gorosop
KrM-06 H 76/2 2023).
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CHERNOZEM WITH THE SWAT MODEL UNDER WHEAT-MAIZE ROTATION
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Institute of Soil Science, Agrotechnologies and Plant Protection “Nikola Poushkarov’,
1331 Sofia, Bulgaria
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Abstract

Agricultural droughts are directly linked to soil moisture content, which is an important
factor for crop production and other soil processes. The main objective of this study is to
assess the soil moisture regime of Epicalcic Chernozem in a QGIS environment based on
simulations carried out through the SWAT (Soil & Water Assessment Tool) model under
winter wheat-maize rotation. The study is conducted on a small sub-basin (16.28 km?),
part of the Rusenski Lom River watershed and includes the territory of the experimental
filed for erosion control near to the village Trastenik, Ruse. Data on soil hydrological
properties and daily meteorological data for a 3-year period (2021-2023), as well as digital
soil map, digital elevation model (DEM) of the relief and land use map of the sub-basin
were used for simulations. The predicted data for moisture distribution along the 1 m soill
depth are compared with the actual data measured by the gravimetric method and by the
TEROS automatic stations with TDR sensors mounted at 15-20 and 35-40 cm soil depths.
The soil moisture maps generated for the sub-basin in specific dates and the annual
course of soil moisture content under the two crops grown in the experimental field are
presented. The data are used to indicate the duration and intensity of soil drought during
the studied period.

Key words: SWAT model, Epicalcic Chernozem, soil moisture regime, wheat, maize,
rotation.
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Pe3tome

OcHoBHa 3ajaya Ha CbBPEMEHHOTO 3eMefenue BKNOYBa Nosly4aBaHETO Ha BUCOKM
Ao6uBM OT OTrNexgaHnTe KynTypu ¢ BUCOKO Ka4ecTBO OT eAMHuULa NiioLy,.

N3BbpLUEHOTO M3cnefBaHe Lenu ga ce onpeaenn BIMSAHMETO OT M3NOof3BaHe Ha
pasnnyHM KonmyectBa OCHOBHM MakpoenemeHTu Ha asoT (N), gocdop (P), kanun (K) n
cunuumn (Si), BbpXy pasBuUTMETO Ha paHeH xmbpug uapesuua (Zea mays L) - P 8834,
®AO 300 (CRM/FAO - 88/300) Ha dupma Corteva Agriscience. OtyeTeHn ca
ONTUMANHUTE UM CTOMHOCTW B YCNOBUATA Ha M3BeAEH MOSICKM ONWUT, M3BbPLUEH Mpu
nonueHu ycnosusa, Bbpxy AnyeuanHo-nusagHa nousa (Eutric Fluvisol, FAO) Ha Ol B
Llananuua, obnact lNnoeaus. lNpoy4saHeTo BkNtoyBa obLio geset BapuaHta (V1 — V8 -
N3non3BaHe Ha MWHeparnHM TOpoBe C pPasfMyHU HOpMKU Ha TopeHe n V9 - 6e3 TopeHe),
Bapupalim B Tpu NoBTOpeHus. B3eTn n aHanuanpaHu ca pactutenHu npodbu no gasm Ha
passutue B uapesuua — ,9-10-Tn“ nuct n ,MnevyHo-BocbYHa 3psanoct”. OtyeteH e obuy
nobus cyxa bnomaca oT Hag3eMHaTa Maca Ha KynTypara.

YcTaHOBEHO €, Ye npu bopmmpaHe Ha gobmsa oT abcontoTHO cyxa buomaca B ABeTe
nscneaBaHn asu, W3NON3BAHETO HA MWHEpPanHWM TOpPOBE € oKasan €eaHOMOCOYHO
nonoxuTeneH edekT BbpXy KOMMYECTBOTO Ha HaTpynaHata abcomnTHO cyxa Guomaca
(nucta + ctbbna BbB hasza ,9-10-TM" n nucta + cTbbna + kKovyaHu B crnegsalwlaTa pasa Ha
N3nNuTBaHe).

Han-Huckun pesyntatu Ha nonyyeHa abcontoTHO cyxa buomaca oT eqHO pacTeHue, ca
oT4yeTeHU BbB BapuaHTa 6e3 TopeHe (V9) n B aBeTe uscneasanun asu. Bbe ¢asa ,9-10-
TM“ NNCT Ha KynTypaTa, Hanu-MHOro cyxa buomaca OT pacTeHue e nosiydeHa BbB V4 —
23,45 g/plant, nonagaw B rpyna C, npu KOWTO € AOKa3aHa CTaTUCTU4YecKa 3Hayuma
pasnuka ¢ BCUYKM M3y4aBaHW BapuaHTU Ha N3cnenBaHeTo.

BbB ¢pasza ,MneyHo-BOCHYHA 3PANOCT”, HaW-ronsam edekT Bbpxy nonydyeHns gobus
cyxa buomaca OT pacTeHMe Ha Nucta, cTbbra U KoYaHu € OTYEeTEeH B OCMW BapuaHT —
245,74 g/plant, cnegsaH ot V5 — 241,57 g/plant, kaTto pasnuknte mexagy TaX He ca
CTaTUCTMYECKUN JOKa3aHMW.

OtyeTeH e obwmat gobus abcontoTHO cyxa Guomaca oT nucrta, cTbbna M Ko4YaHu
BbB (pasa ,MIIe4YHO-BOCHYHA 3PSAMOCT®, KOUTO Bapupa B LUMPOKM rpaHuum ot 4857,77 -
12142,1 kg/ha (V9 - V4), kaTo Han-HUCBbK e [oBGuBBLT OT4YeTeH BbB BapuaHTa 6e3
npunoxeHo TopeHe. M aBata BapmaHTa nonagat B pasfiMyHN XOMOreHHU rpynu — rpyna A
n E, kato pasnukuTe B Nony4yeHuTe 4O0OMBM Mexay TAX ca CTaTUCTUYECKN JOKa3aHM.

Knro4oeu dymu: mvHepanHu TopoBe — asoT, pocdop, Kanum n CUnnunin, HOpMn Ha
TopeHe, nobumB abcontoTHO cyxa Guomaca, uapeBuua.
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DYNAMICS OF ABSOLUTELY DRY BIOMASS ACCUMULATION IN MAIZE
DEPENDING ON APPLIED RATES OF FERTILIZATION WITH NITROGEN,
PHOSPHORUS, POTASSIUM, AND SILICON ON ALLUVIAL-MEADOW SOIL
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Abstract

The main task of modern agriculture is to obtain high yields from cultivated crops and
high quality per area.

The main objective of the research was to determine the impact of using different
amounts of main macronutrients nitrogen (N), phosphorus (P), potassium (K), and silicon
(Si), on the development of early maize hybrid (Zea mays L) - P 8834. FAO 300
(CRM/FAQ - 88/300) produced by Corteva Agriscience. The optimal values were reported
in the conditions of field experiment, under irrigation conditions, on Alluvial-meadow soll
(Eutric Fluvisol, FAQ) in Tsalapitsa, Plovdiv area. The study includes a total of nine
variants (V1 — V8 - using mineral fertilizers with different rates of fertilization and V9 - no
fertilization), in three replications. Plant samples were taken and analyzed in two different
phases in maize - "9-10th" leaf and "milk-wax maturity". The total yield of dry biomass from
the above-ground mass of the crop was reported.

It was established that when forming the yield of absolutely dry biomass in the two
investigated phases, the use of mineral fertilizers had a positive effect on the amount of
accumulated absolutely dry biomass (leaves + stems in the "9-10th" phase and leaves +
stems + cobs in the next testing phase).

The lowest absolute dry biomass per plant results were reported in the variant
without fertilization (V9) and in both investigated phases of the culture. In the plant's phase
"9-10th" leaf, the driest biomass was obtained in V4 - 23.45 g/plant, falling into group C,
where a statistically significant difference with all other study variants was proven.

In the "milk-wax maturity" phase, the highest yield of dry biomass per plant of leaves,
stems and cobs was reported in the variant eighth - 245.74 g/plant, followed by V5 -
241.57 g/plant, and the differences between them are not statistically proven.

The total yield of absolutely dry biomass from leaves stems, and cobs in the "milk-
wax maturity” phase was reported, and it varied widely from 4857.77 to 12142.1 kg/ha (V9
- V4), the lowest being the yield reported in the variant without fertilization. Both variants
fall into different homogeneous groups—a group A and E—and the differences in the
obtained yields between them are statistically proven.

Key words: mineral fertilizers - nitrogen, phosphorus, potassium, and silicon,
fertilization rates, yield of absolutely dry biomass, maize.
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Abstract

Oriental tobacco has been grown in Blagoevgrad region, South Western Bulgaria
since the 17" century. The long term monoculture was connected with intensive
application of chemical plant protection products after the middle of 20" century. Farmers
from the Struma river basin transferred to production of vegetables in the last 20 years.
There are still a lot of small tobacco fields in the Basin of Mesta River and its influxes.

About four-fifths of all animals are nematodes — the most abundant multicelular
organisms on the Earth. They belong to all major heterotrophic levels of the soil food webs
and their communities are often used as bioindicators of stress.

The aim of the present study was to describe soil food webs based on nematode
communities in different soil conditions.

Five different localities in the tobacco fields of the villages of Ribnovo (Eutric Leptic
Cambisols — Humic, Loamic, Protocalcic), Valkosel (Eutric Leptic Cambisols — Loamic,
Ochric), Ablanitsa (Eutric Leptic Cambisols - Loamic, Ochric); Dabnitsa (Eutric Fluvisol —
Loamic, Ochric), and the eggplant field Parvomay (Fluvisol) were sampled. Twelve
undisturbed soil cores of 100 cm® were taken from 0 to 5 and from 15 to 20 cm soil layers
per field. After elutriation with Oostenbrink apparatus each sample was put on the modified
Bearman funnel. Extracted nematodes were counted in vivo after 72 and 144 h under
inverted microscope. Nematodes were fixed and mounted in semipermanant slides and
identified to genus level under Olympus BX51 microscope. ldentified genera were
separated by trophic groups (Yeates et al., 1993), life strategies (Bongers, 1991) and
guilds (Bongers and Bongers, 1998). Faunistic analysis of nematode food webs (Ferris et
al. 2001) and metabolitic footprint (Ferris, 2010) were conducted by the NINJA calculator
(Serebrjannikov et al., 2014).

Isolated 30 322 specimens belonged to 71 genera of 43 families and 12 orders of
Nematoda. The most diverse with 24 genera was the group of Bacterivorous nematodes.
The most diverse community was identified in Eutric Leptic Cambisols - Humic, Loamic,
Protocalcic (Ribnovo) — 59 genera and the least one - in Eutric Leptic Cambisols — Ohric
(Ablanitsa). Four genera were found to be specific only for Fluvisol (Parvomay), e.g.
Nothacrobeles, Longidorus, Xiphinema and Mesocriconema. From all 12 studied indexes
only 3 revealed significant differences between studied sites — Sigma MI, PPl and Channel
Index.

The food webs were less structured and enriched with organic matter in upper soil
horizon. Food webs in 0-5 horizon of Ablanitsa, Valkosel, Parvomay and Dabnitsa were
characterized as degraded, depleted, and conductive. The decomposition channels were
predominantly fungal. Deeper horizon in Ribnovo, Dabnitsa and Ablanitsa was
characterized with maturing, regulated N-enriched food webs with the prevalence of the
fast bacterial channels. Food webs of horizon 15-20 cm in Parvomay and Valkosel and 0-5
cm in Ribnovo were matured, fertile, with moderate proportion of N:C and balanced slow
and fast channels of degradation and suppressive.
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Pe3rome

HacTtoawoTo nacnegBaHe e onut 3a npunaraHe Ha nporpameH npogykt "TRAFFIC
ORACLE”, npegHasHauyeH 3a onpegensHe pasCcelMBaHETO Ha EMWUCUMUTE Ha BpPEOHU
BELLEeCTBa OT MPEBO3HN CPEACTBa M TAXHATa KOHUEHTpauua B Npu3eMHus aTMocdepeH
CNnon npu oueHka Ha 3ambpcaBaHeTo ¢ Cd n Pb Ha nouBuTe B 65M30CT 4O aBTOMOOUNHK
nbTuwa. 3a 30Ha 3a uacnegBaHe e msbpaHa obpaborBaema nouvsa c¢ nnow, 100 m?,
pasnoniokeHa Mo npoTexeHneto Ha penybnukaHckn nbT [1-81. OT paHHWTE 3a
WHTEH3MBHOCTTA Ha [OBWXKEHWETO M KaTeropusita Ha OTAENHUTE MOTOPHUM MNPEBO3HU
cpencTBa, METEOPOSIONMYHUTE YCINOBUA B 30HATa Ha u3cnenBaHe U HanpeyHus npodun Ha
NbTS B M3CNeaBaHus y4acTbK Ype3 M3Non3BaHe Ha MOAYNUTE Ha NPOrpamMHUs nakeT, ca
n3dumcneHn roguwHute emmcum Ha Cd n Pb un cpegHoroguwHMTE KOHUEHTpauuM Ha
enemMeHTUTe B peLenTopHM TOYKN pasnosnoXeHn Ha oTcTtosiHus 11m, 36 m n 61 m ot pbba
Ha NbTHOTO nnatHo. OTaenHo ca B3eTM 9 NOBBLPXHOCTHM nodBeHn npobu (0+20 cm) Ha
pasctosHna oT 11m, 36 m n 61 m oT pbba Ha NbTHOTO NnaTtHO. 3a no4yBeHUTe Npobu e
onpegeneHn obuwarta koHueHTpaumss Ha Cd u Pb 4pe3 atomHO abcopbumoHHa
cnekTpockonus. HanpaBeH € aHann3 n cpaBHEHWE Ha 3aBUCMMOCTUTE Ha KOHLEHTpaummTe
Ha Cd n Pb n pasctossHMeTO OT NBbTHOTO NAATHO, MONyYEHW 4Ype3 WU3MNON3BaHETO Ha
MoAena oT copTyepHusi NakeT, N peanHo yCTaHOBEHUTE KOHLEHTpauuKn B NoYyBara.

Knw4yoeu OJdymu: Texkm MeTanu, 3amMbpcsiBaHE Ha MO4YBa, KOMMIOTbPHO
MoaenupaHe, cTpyeH [aycoB mogen, aBTOMOOWNHWM MNbTuwa, aTOMHO abcopOumoHHa
CMNEKTPOCKOMNUS.

APPLICATION OF "TRAFFIC ORACLE" SOFTWARE PACKAGE IN THE
ASSESSMENT OF Cd AND Pb CONTAMINATION OF ROADSIDE SOIL
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Abstract

The present study is an attempt for application of “TRAFFIC ORACLE” software
package that is intended for determination of diffusion of harmful substances emitted by
motor vehicles emissions and their concentrations in ground atmospheric layer, in the
assessment of Cd and Pb contamination of roadside soils. Cultivable soil with an area of
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100 m?, located along the national road 11-81, was chosen as the study area. From the
data on the ftraffic intensity and the individual motor vehicles category, the weather
conditions in the study area and the road cross-section by using the modules of the
program package, the annual emissions of Cd and Pb and the average annual
concentrations of the elements in receptor sites located at distances of 11m, 36m and 61m
from the edge of the roadway were calculated. Additionally, 9 surface soil samples (0+20
cm) were taken at distances of 11 m, 36 m and 61 m from the edge of the roadway. For
the soil samples, the total concentration of Cd and Pb was determined by atomic
absorption spectroscopy. An analysis and comparison of the dependences of Cd and Pb
concentrations and the distance from the roadway, obtained by using the model from the
software package, and the actual concentrations in the soil were made.

Key words: heavy metals, soil contamination, computer modeling, jet Gaussian
model, highways, atomic absorption spectroscopy.

Introduction

The increasing global concern over environmental pollution has focused attention on
soil contamination with heavy metals, particularly cadmium (Cd) and lead (Pb) (Wieczorek,
2018). These toxic elements, primarily emitted from vehicle exhaust and brake lining wear,
enter roadside soils through dry and wet atmospheric deposition.

The accumulation of Cd and Pb in roadside soils is concerning due to their
environmental persistence and entry into the food chain. Health impacts include cancer
risk and kidney damage from cadmium exposure, while lead affects the nervous system,
particularly in children's cognitive development (Kumar, 2020; Bouida, 2020).

Computer modelling has become essential for understanding soil contamination
processes, ranging from statistical approaches to complex multi-parameter systems.
Diffusion-dispersion models (Li, 2020; Guo, 2021) and geochemical models (Bychinsky,
2021; Lofts, 2021) are particularly relevant for assessing roadside soil pollution. The Traffic
Oracle software package, recommended by the Ministry of Environment and Water for
Environmental Impact Assessments of investment proposals for road construction and
rehabilitation, combines atmospheric emission calculations (EEA, 2001) with a Gaussian
plume model for ground-level pollution from linear and area sources.

This research evaluates the effectiveness of the Traffic Oracle software package in
predicting roadside soil contamination with cadmium and lead by comparing actual total
soil concentrations against model-projected concentrations in the ground atmospheric
layer.

Materials and Methods

Study area

The study site comprises a 1000 m? agricultural soil zone, situated perpendicular to
Route II-81, spanning from km 12+400 to km 12+420 on the right side of the roadway, with
the sampling zone initiating 11 m from the road edge. The study site location is illustrated
in Figure 1.

.......

S Y
Figure 1. Location of the study area
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Sampling and Sample Preparation

Soil samples were collected at 0-20 cm depth, following Ordinance No. 3
(01.08.2008). Nine samples were taken at 10 m intervals parallel to the road and 25 m
intervals perpendicular to the road. It is made sample preparation and the concentrations
of Cd and Pb in the filtrates were determined using a Perkin-Elmer 5000 atomic absorption
spectrometer with a C, H, /air flame module.

Input data for the model

Receptors for measuring atmospheric Cd and Pb concentrations were placed at soil
sampling points, with coordinates determined via Google Maps and input into the Traffic
Oracle diffusion model. The Annual Average Daily Traffic (AADT) and traffic composition
for the studied road section, according to data from the Automatic Traffic Counter (ATC)
installed at the exit of Kostinbrod town, as recorded by the Institute of Roads and Bridges,
are presented in Table 1.

Table 1. Annual average dalily traffic for 2020

CcP' PC? no. | B3, no. | LGV% no. | AGV®, no. | HGV®, no. | HGVA’, no.

ATC 4774 12 309 132 26 75
'CP=counting point; “PC=passenger cars;’B=buses; 'LGV= light good vehicles;’AGV=average good
vehicles;"HGV= heavy good vehicles;"HGVA= articulated heavy good vehicles;

Meteorological data

The annual mean temperature in the study area is 9.7°C (DZZD "SUSTAINABILITY
KOSTINBROD 21", 2020). Due to the lack of a meteorological station in Kostinbrod, wind
speed, and frequency data were obtained from the nearest station "Bozhurishte"
(Kyuchukova, 1982).

For emission calculations, all vehicles were assumed to be registered before 1990,
with a road gradient >4%. Traffic count was conducted over 1440 minutes (24h). The
"Highways and roads" detailed method and linear source option were selected in
"EMISSIONS" mode. In "DIFFUSION" mode, the study zone (190 m) was divided into 10
straight subsections, with a 150 m x 150 m area discretized into 15 steps of 10 m each.
Parameters included "Outside urban area" surface type and 0.07 m/s gravitational
deposition rate. Annual average pollutant concentration distributions were additionally
processed using "Surfer9" software. All data were analyzed using the Analysis Tools Pack
of MS Excel Professional Plus 2021.

Results and Discussion
The results for the estimated emissions of cadmium and lead when applying the
EMISSIONS module of the software package are given in Table 2.

Table 2. Estimated emissions of Cd and Pb

Average annual emission, (g/(s.m)
Pollutant 4-6 % gradient

Going down Going up Total
Cadmium 3.00E-11 3.00E-11 6.00E-11
Lead 1.18E-08 1.18E-08 2.36E-08
Pollutant Annual emission, kg/year
Cadmium 1.42E-05
Lead 5.58E-03
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From the results, it can be concluded that the emission of lead is considerably higher
than that of cadmium.

Figures 2 and 3 show the isolines of annual average concentrations of Cd and Pb in
the ground atmospheric layer. Maximum annual average concentrations estimated by the
"Diffusion” module are 1.38E-02 ng/m® for cadmium and 5.44ug/m? for lead.

Figure 2. Isolines of annual Figure 3. Isolines of annual
average concentration of Cd, ng/m® average concentration of Pb, pg/m®

The results illustrated in Figures 3 and 4 indicate that pollutant concentrations
decrease with increasing distance from the road edge, but are unevenly distributed along
the study zone. Pollutant concentrations decrease in the direction of Lom (northwest).

Peak annual mean concentrations of the investigated pollutants are found in
proximity to the roadway centrelines, a zone exempt from ambient air quality standards.

Table 3 gives summarized results for cadmium and lead total concentration in soil
and average annual concentration in the ground atmospheric layer together with some
statistical values.

Table 3. Summarized results for Cd and Pb concentrations

Distance . .
from the | Sampling Cd,”, [Coefficient of cd,”, Costic Pb, |Coefficient of| Pb,” Lottt
road edge, point/ mg/kg variance, % ng/m’ . of mg/kg variance, % mkg/m’ X of
m Receptor variance, % variance, %
11 Xin 0,248 6,40E-03 64,041 2,52E-03
Xon 0,248 8,20E-03 65,757 3,30E-03
Xsn 1,208 1,10E-02 65,724 4,30E-03
31 X131 0,247 3,90E-03 21,712 1,50E-03
X231 0,246 91 5,10E-03 47 65,319 47 1,90E-03 48
X331 0,249 6,80E-03 44,085 2,52E-03
61 X161 0,238 2,80E-03 21,995 1,10E-03
Xs61 0,247 3,20E-03 20,496 1,30E-03
X361 0,249 3,80E-03 44,173 1,50E-03
Y Total Cd concentration in soil at each sampling point; 2 Annual average Cd concentration of ground atmospheric layer at each receptor
* Total Pb concentration in soil at each sampling point; 4 Annual average Pb concentration of ground atmospheric layer at each receptor

Analysis of the data from Table 3 shows that the coefficients of variation for lead
concentrations in soil and in the ground atmospheric layer are approximately equal, and
the concentrations decrease with increasing distance from the roadway, which could
indicate that the presence of lead in the soil is primarily attributable to vehicle exhaust
emissions. Conversely, the coefficients of variation for cadmium concentrations exhibit
marked disparity between soil and ground atmospheric layer estimations. While
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atmospheric concentrations follow expected dispersion patterns, average soil cadmium
concentration peaks at 11 m from the road edge and maintains relative stability with
increasing distance from the roadway.

Figures 4 and 5 are shown linear regressions for Cd and Pb concentration in soll
depending on Cd and Pb concentration in the ground atmospheric layer, together with brief
statistical output.
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Figure 4. Linear regression for Cd
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Figure 5. Linear regression for Pb

The linear regression analysis shown in Figures 4 and 5 indicates that ground-level
atmospheric concentrations predict soil concentrations for both cadmium and lead at
significance level (p<0.05). The variable coefficients are significant (p<0.05), while the
intercept coefficients (at zero atmospheric pollutant concentration) are not significant
(p>0.05).

Conclusion

The Traffic Oracle software package effectively predicts roadside soil contamination
with Cd and Pb, demonstrated by statistically significant correlations between modelled
atmospheric and measured soil concentrations (p<0.05). While lead shows consistent
decrease patterns with distance from the road, cadmium exhibits more complex
distribution, suggesting influence of additional factors beyond atmospheric deposition. To
validate the software's predictive capabilities more comprehensively, future studies should
extend this research to diverse soil types along different road categories and traffic
intensities, incorporating seasonal variations and various land use patterns.
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Abstract

A study was conducted to determine the influence on the main elements of the yield
when growing sesame as a non-irrigated and irrigated crop. The change in the irrigation
norms on sesame Yyield was carried out under the conditions of the town of Haskovo,
southern Bulgaria. Irrigation in sesame was found to have a beneficial effect on the
increase in yield, so increasing the irrigation rate by 70 I/m? led to an increase in seeds per
plant by 9.3% to 15.8%. The number of capsules of the branches is a major component of
the mass of seed per plant. This indicator increases linearly with an increase in the
irrigation rate. The independent influence of annual conditions and the irrigation rate are
factors with a significant impact on the elements of productivity in sesame. The
independent influence of annual conditions and the irrigation rate are factors with a
significant impact on the elements of productivity in sesame. The combined influence of
the two factors does not show a statistically significant influence.

Key words: sesame, yield, irrigation rate, regression models, climate change.

Introduction

The scarcity of water resources and the spontaneous nature of rainfall are among the
main challenges in the world and are considered limiting factors for economic
development, especially for agriculture (Hamrouni et al., 2001; Anjum et al., 2012).
Demand for water resources is increasing over time for both agricultural and non-
agricultural purposes. Wood et al. (2000) mentioned that about 95% of the world's
agricultural land and 83% of the world's cultivated land depend on rainfall as the sole
source of water. As a major abiotic factor, drought stress significantly affects crop growth
and development (Gheisari Zardak et al., 2017; 2018).

Sesame seeds have a long history of use as an oilseed crop as well as for other food
products. Approximately 70% of world seed production is processed into oil (Morris, 2002;
Mushtaq et al., 2020). Sesame oil is characterized by extremely high quality and it is not
by chance that it is called the queen of oils. Growing drought-tolerant crops and using
irrigation water efficiently is a useful strategy in many agricultural production situations
(English at all., 1990). Sesame is a crop that possesses a number of drought tolerance
characteristics and is more suitable for cultivation in semi-arid regions compared to other
agricultural crops (Desphande et al., 1996; Eskandari et al., 2009). In the case of sesame,
the period of pouring of the grain is of great importance in determining the productivity.
Although this period is affected by genotype, drought can cause significant yield loss
(Frederick et al., 1991). The effects of drought stress depend on the timing, duration and
magnitude of water deficit (Blum, 1988). Sesame is one of crops commonly grown as a
non-irrigated crop (Jefferson 2003; Pandey et al., 2021), but different sesame genotypes
respond differently to drought stress (Gholamhoseini, 2020). Good sesame yields can be
expected when rainfall of 300-600 mm is optimally distributed throughout the growing
season (Naturland, 2002; Hansen, 2011). Many reports indicate that crop development is
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affected by the increasing level of drought (Bahrami et al., 2012, Bor et al., 2009,
Hassanzadeh et al., 2009 Orruno & Morgan, 2007; Turk et al., 2004). Different irrigation
intervals cause growth retardation and seed yield reduction caused by an adverse effect
on photosynthesis (Alpalsan et al., 2001; Mensah et al., 2006). Understanding the plant
response to drought is of great importance for the production of stress resistant crops
(Reddy et al., 2004). Blum (1988) reported yield reduction as drought sensitivity.

The aim of the present study was to determine the change in the main elements of
sesame yield when growing it as a non-irrigated and irrigated crop with different irrigation
rates in the conditions of southern Bulgaria.

Materials and Methods

Experience design

The experiment was conducted in the period 2021-2023 with the Aida variety in the
region of town Haskovo. Plants in each variant were sown in experimental plots of 28 m? in
size. Each variant of the trial was harvested in four replicates and in this manner, 112 m?
of the trial area were harvested for each variant. The control variant was grown without
irrigation. The irrigation rates for the individual variants were in accordance with Pandey et
al., (2021) and implemented with irrigation during the active vegetation of sesame in the
period 15.06-15.08. Each watering was carried out with 70 I/m?. In the first variant, the
irrigation norm was achieved with one irrigation, and in the second with two. Data were
collected from the weather station in the area on average daily temperatures and
precipitation for the months of May-September, which are elements of the climate
characteristic in the conditions in which the sesame vegetation occurs.

Data collection

From each variant, 10 plants were harvested and biometric measurements were
carried out on them to establish plant height, number of branches, number of boxes on the
central stem and branches and seed mass per plant.

Statistical analyses

Two-factor analysis of variance was used to establish the reliability of differences
between individual survey items. Modeling of the obtained phenomena was carried out
using regression models.

Result and discussion

The results in Figure 1 show two of the characteristics of the climatic setting in which
the experiment was performed. It is evident from it that the sesame vegetation takes place
with an increase in the average daily temperature compared to the norm for a period of
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127 years by 0.5°C to 1.7°C in individual months. As a result, the temperature sum
increased from 3201.17°C to 3484.2°C over the period of the experiment. In addition, the
threshold stress level of 27°C has been exceeded many times. The rainfall situation also
shows a significant change compared to the norm for the region. It is clear from the graph
that there are periods of drought followed by large amounts of rain.
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Figure 1. Characteristics of temperature and precipitation for the period of the experiment

The elements determining the yield - plant height, number of branches and number
of capsules along the central stem and branches increase with increasing irrigation rate.
This corresponds with the research of Ainer & Metwally (1987), El-Serogy et al. (1998),
Attia et al. (1999), Ghallab et al. (2001) and EI-Naim & Ahmed (2010). Differences are
significant and statistically assured at 0.05 significance levels (Table 1).

Table 1. Elements of yield

Irrigation rate | Height of central Number of Number of Number of
L/m? stem branches capsules on the | capsules on the
cm central stem branches
140 156.5 5.5 63.1 130.9
70 149.7* 4.7* 59.9* 113.9*
0 136.4" 3.5" 51.8* 85.7*
LSD 0.05%
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The number of boxes per branches forms the largest share of the mass of seeds in a
plant (Table 2).

Table 2. Tests of Between-Subjects Effects, dependent variable: Mass of seeds per plant

Source Type Il Sum of df | Mean Square F Sig.
Squares

Corrected Model 4491.499 4 1122.875 866.880 | 0.000
Intercept 1.734 1 1.734 1.339 | 0.250
Height of central stem 3.930 1 3.930 3.034 | 0.085
Number of branches 0.695 1 0.695 0.536 | 0.466
Number of capsules on 96.989 1 96.989 74.878 | 0.000
the central stem”
Number of capsules on 600.818 1 600.818 463.843 | 0.000
the branches*
Error 110.101 85 1.295
Total 82394.000 90
Corrected Total 4601.600 89

Table 3 shows the seed mass per plant depending on the irrigation rates during the
test period. It is evident from the data that each 70 L/m2 increases the seed mass per
plant from 9.3 to 15.8 % in the individual years of the trial, our results correspond with
those of Tantawy et al. (2007), Ugan et al. (2007) and Sarhadi & Sharif (2014). The
highest seed mass in all variants was obtained in 2023, with the variant irrigated with 140
L/m? having a significantly higher mass than the others. Precipitation in the spring of 2023
and early summer is significantly above normal, and temperatures are below normal. In
the summer, and more precisely in the month of August, a sharp increase in temperatures
is observed, they exceed the norm for the period by 2.1°C, and precipitation is
approximately 32 L/m? less than the norm. Warming and drying continue in the month of
September until the end of the growing season of the crop, figure 1. Irrigation, even with
reduced irrigation rates during the period of permanent drought, leads to a significant
increase in yields (Molden (1997); Oweis at all. (2000); Geerts & Raes (2009);
Pourghasemian et al. (2020).

Table 3. Mass of seeds per plant, depending on the irrigation rate during the period 2021 -
2023

Irrigation rate Mass of seeds per plant, g
L/m? 2021 2022 2023
140 31.3 32.1 39.4
70 26.2" 29.1* 35.1*
0 19.8* 22.9* 29.4*
LSD 0.05%

The influence of the tested factors on the yield of seeds from a plant is shown in table
4. it shows that the irrigation rate and the conditions of the year are decisive for the change
of this indicator. The combined influence of both factors is insignificant.
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Table 4. Tests of Between-Subjects Effects, dependent variable: Mass of seeds per plant

Source Type Il Sum df Mean Square F Sig.
of Squares
Corrected Model 2747.800 8 343.475 15.008 0.000
Intercept 77792.400 1 77792.400 3399.064 0.000
Year* 1069.800 2 534.900 23.372 0.000
Irrigation rate* 1625.867 2 812.933 35.520 0.000
Year” Irrigation rate 52.133 4 13.033 0.569 0.686
Error 1853.800 81 22.886
Total 82394.000 90
Corrected Total 4601.600 89
Conclusion

Irrigation in sesame has a beneficial effect on the increase in yield, so increasing the
irrigation rate by 70 L/m? leads to an increase in seeds per plant by 9.3 to 15.8%. The
number of capsules on the branches is a major component of the seed mass of a plant,
and this indicator increases linearly with an increase in the irrigation rate. In this way, the
mass of seeds in a plant also increases. The independent influence of the annual
conditions and the irrigation rate are factors with a significant impact on the elements of
productivity in sesame. The combined influence of the two factors does not show a
statistically significant influence.
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Pe3tome

ArpoTexHuyeckata cxema Ha oTrrexgaHe okassa CUMHO BNUSIHWE BbpPXY pas3BUTMETO
Ha OpUeHTarckna TIOTIOH Npe3 usanaTa Beretaums.

Llenta Ha u3cneaBaHeTo e Ja Cce YCTaHOBW BIIMSIHWETO Ha HOPMUTE Ha TOPEHE U
BpeMETO Ha BHacsiHe Ha KanueB HUTpaT 4pes3 npocnefsBaHe WM aHanusnpaHe Ha
npouecuTe Ha pacTex U pasBuTue NPy OPUEHTANCKUS THOTIOH.

KanueBunat HUTpaT e BOOOPa3TBOPUM TOpP, KOMTO cbabpxa 13% HUTpaTeH asoT u
46% kanueB okcua. He cbabpxka xfiop, KOeTo ro npasBu noaxogsuw, 3a ynoTtpedba npwu
TIOTIOHA.

[MpoBeaeH e arpoTexHMyeckn onut hopmMmnpaH OT AeBeT BapuaHTa KaTo KobuHauum
Ha TPU HOPMUX Ha TOPEHE N TPKU Nepuoga Ha BHACSHE Ha KanveB HUTpaT Npu OpueHTancku
TIOTIOH.

BnuaHneto Ha nscnegsaHuTe akTopu BbpXy BMCOYMHATA Ha pacTeHUATa € CUIHO.
OudepeHumnayuaTa Nno BapnaHTU ce NposiBsiBa OLLEe B HAYaNOTO HA UHTEH3MBHUS pacTex
Ha TIOTIOHa. KbM Kpas Ha Beretauusita pasnvkuTe BbB BUCOYMHATa 1 6pos hopmmpaHuTe
TEXHUYECKN FOAHW NUCTa NPU BapuaHTUTE TOPEHW C €4HO U CbLLO KONMYECTBO Karnves
HUTpAaT pasnpeneneH eAHOKPaTHO, ABYKPATHO U TPUKPATHO ca Marnku. No-ronemu pasnukm
ce 3abensassaT Npu NpoMsaHa Ha TopoBaTa HopMma.

BucounHnte n 6poaT nucta Ha pacteHme HamanseaT NMHenHo o 70-Tua geH npwu
BHacsiHe Ha TopoBaTa HoOpMa ABYKpATHO M TpuKpaTHO. [loBuwaBaHeTo Ha TopoBaTta
HOpMa yBernuyaBa BMCOYMHaATa 1 6poda Ha nucTaTa nNpes usnarta Beretauus.

AObmknHaTa n WwmpmnHaTa Ha nucTtaTa 3aBUCAT OT 6eputbeHns Nosic 1 NPUNOXEHOTO
TopeHe. Paanukute B pasamepute Ha nucTata BbB BCUYKM U3MEPEHM NO3NLUKN CE ObIKaT B
no-rofisiMa CTeneH Ha TOpoOBUTE HOPMU OTKOSIKOTO Ha Ha4MHa Ha BHacCHHe.

Knroyoeu dymu: TIOTIOH, TOPEHe, eNeMeHTn Ha JoOvBa, Kanves HUTpar.
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Abstract

The agrotechnical cultivation scheme has a strong influence on the development of
oriental tobacco throughout the growing season.

The aim of the study is to determine the influence of fertilization rates and the timing
of potassium nitrate application by monitoring and analyzing the growth and development
processes of oriental tobacco.

Potassium nitrate is a water-soluble fertilizer that contains 13% nitrate nitrogen and
46% potassium oxide. It does not contain chlorine, which makes it suitable for use with
tobacco. An agrotechnical experiment formed by nine variants was conducted as
combinations of three rates of fertilization and three periods of potassium nitrate
introduction for oriental tobacco.

The influence of the studied factors on plant height is strong. The differentiation
according to variants is manifested already at the beginning of the intensive growth of
tobacco. Towards the end of the growing season, the differences in the height and the
number of formed technically suitable leaves in the versions fertilized with the same
amount of potassium nitrate distributed once, twice and three times are small. Greater
differences are noticed when the fertilizer rate is changed.

The heights and the number of leaves per plant decrease linearly until the 70th day
when the fertilizer rate is applied twice and three times. Increasing the fertilizer rate
increases the height and number of leaves throughout the growing season.

The length and width of the leaves depend on the harvesting zone and the
fertilization applied. The differences in the sizes of the leaves in all the measured positions
are due to a greater degree to the fertilizer rates than to the method of application.

Key words: tobacco, fertilization, yield elements, potassium nitrate.

BbBeneHue

ArpoTexHunyeckaTa cxema Ha OTrnexgaHe okassa CUMHO BNUAHME BbPXY pasBUTUETO
Ha OpMEeHTarnckus TIOTIOH Npe3 usnata Beretaums. OpuUeHTanckuaT TIOTIOH ce oTrnexaa
BbpXy cnabonpoaykTUBHM NOYBU N MUHEPANHOTO TOPEHE € €AHO OT OCHOBHUTE CpeacTBa
3a NoBuLLABaHe Ha HeroBaTa MPOAYKTMBHOCT M 3ana3BaHe Ha MOYBEHOTO MIIO4OPOAME.
lMpunaraHeTo My, KaTtO OCHOBEH perynupyeMm @akTtop, € TSCHO CBbp3aHO C
pa3paboTBaHETO Ha Hay4yHa OCHOBa 3a HeroBoTo YynpasneHue (Yancheva, 2005).
OnTumManHoTo, Hay4YHO 0BOCHOBAHO TOPEHE, OCUrypsiBa MakCcuManHm 6uonornyHn gobmsw,
rapaHTMpawm peHTabunHoCT Ha €edHO NPOU3BOACTBO. TO € BaXHO arpoTeXHUYEecKo
MeponpuaTne, BOAEWO [0 nofydyaBaHeTOo Ha p[obpu npou3BOACTBEHW ycnexu B
TIOTIOHOMPON3BOACTBOTO. TopeHeTo TpsibBa pna 6bae cbobpaseHO C  MNoyBeHUTE
Pa3HOBMAHOCTU U YCNOBUATA HA PaNOHUTE, KaKTO M C U3UCKBAHUSATA Ha pasnnyHuTe
TMnoBse u copTtoBe THoTIOHM (Atanasov & Nestorov, 1981; Slavova, 2010).
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KanueBusaT HUTpaT e BOOOPAa3TBOPMM TOp, KOMTO cbabpxa 13% HUTpaTeH asoT u
46% kanveB okcua. He cbabpxka Xxnop, KoeTo ro npasu noaxosw, 3a ynotpeba npu
TIOTIOHA.

A30TbT € Han-BaXHUAT eneMeHT, BNusel, BbpxXy pacTexa W pasBUTUETO Ha
pacTeHMETO N Ka4eCTBOTO Ha TIOTIOHEBUTE nucTa. A30THOTO XpaHeHe ycKopsiBa pacTexa
Ha TOTIOHa. O6paTHO, MpWM HEeOoCTUr Ha as3oT pacTexbT Ha THOTIOHA ce 3abass,
MeXOyBb3nusTa ce CKbCABaT M LUBETHUTE NbMKU ce nodABsiBaT Mo-kbCHO (Dimitrov, 1964;
Vartanian, 1967). Cnopepg Stoilova & Yancheva (2008) B copToBe OpWeHTanckm THOTHOH
KpymoBrpag, oTrnefaHn npyv e4HakBW arpo-eKoNnormyHu YCrnoBusi OT HemeTanuTe Hau-
ANHAMWYHO 1 B HaW-rofiemMmn KonuyecTsa ce yCBosIBa a3oTbT.

Kanuat e enemeHT, 6€3ycrnoBHO HEOOGXOAMM 3a HOpPMarHWUs pacTex u pasBuTUE Ha
pacTteHusaTa. [Npeobnagasallo e MHeHeTo, Ye ynotpebara Ha Kanuesn TOPOBE He Brivsie
CbLUECTBEHO BbpPXy pasmepa Ha gobumBa npu TIOTIOHA, [OKATO KadYeCTBEHUTE
XapakKTepPUCTMKN Ha TIOTIOHEBUTE nucTa ce nogobpssaT npu 6naronpusiTHO Kanueso
xpaHeHe (Voldarsky, 1971; Donev et al, 1971). Cnopen Bozhinova (2014) edektsT OT
TOpPEHEeTO C Kanun BbpXy BMCOYMHATa Ha cTbbnaTta KbM Kpas Ha BereTauusaTa, 6pos Ha
nicTata n TeEXHUTE pasMmepu Npu TIOTIOH bbpren e He3HaunTeneH.

Stamatov & Yancheva (2013, 2014) cvobwasaTt, 4e MNOBULLEHUTE HOPMWU Ha
MuHepanHo TopeHe ¢ NPK yBenuyaBaTt BMCOYMHATa Ha pacTeHneTo, 6posa n NAbTHOCTTA
Ha nuctata npu copt Kpymosrpag 944. Stamatov (2017) yctaHoBsiBa, Y€ BCUYKU
n3crneaBaHnM OMOMETPUYHM NoKasaTenn Ha opueHTanckmus copT ToTioH Kpymosrpag 78 C
ca BbB BMCOKa 3aBMCUMOCT OT TOpoBaTa HOpMa, u3passiBalla ce C perpecuoHHU
ypaBHEHUs OT MbpBa CTENEH.

Llenta Ha u3cnegBaHeTo € Aa ce YyCTaHOBU BANAHWMETO Ha HOPMUTE Ha TOPEHE U
BPEMETO Ha BHAcCsiHE Ha KanueB HUTpPaAT 4Ype3 npocnegsBaHe M aHanuMsMpaHe Ha
npouecuTe Ha pacTex 1 pasBuUTHUE NPU OPUEHTASNICKUA TIOTIOH.

MaTtepuanu n metoau

Mpes nepuoaa 2023-2024 r. e npoBeAeH arpoOTEXHUYECKM ONUT C OPUEHTANCKUS COPT
TioTioH Kpymoerpag 78 C. Onuta e bopmupaH OT AEBET BapuaHTa kaTo kobmHauum Ha Tpu
HOpMK Ha TopeHe ¢ kanues HuTpaT 15,3 kg/da (N 2 kg/da, K>O 7 kg/da), 30,6 kg/da (N 4
kg/da, KO 14 kg/da) n 45,9 kg/da (N 6 kg/da, K-O 21 kg/da), n Tpn nepnoga Ha BHacsiHe:
e[HOKpaTHO — UANOTO KONMMYECTBO Mpeau pascaxpaHe Ha THTHHA; ABYyKpaTHo — 1/2
npeau pascaxgaHe n 1/2 20 gHn cnep pascaxgaHe; TpukpaTHo — 1/3 npegun pascaxgaHe,
1/3 20 gHu cnep pascaxgaHe n 1/3 40 gHn cnef pascaxgaHe.

OnnTbT € n3BeneH Ha nanyxeHa KaHeneHa ropcka noyea, Nieko NECLKINBO-TNNHECTA
Nno MexaHuyeH cbeTaB (pmsnyHa rmuHa 23,3%), cbe cnabo kucena peakuus (pH 6,26) n
CpeaHo cbabpxaHue Ha xymyc (2,37%) wn obw, asor (0,142 %). o oTHoweHue
noaBWXHUTE (POPMM Ha MakKpoenemeHTUTe noysaTa e Aobpe 3anaceHa ¢ pocgop (P20s5
14,40 mg/100 g) u cpeaHo 3anaceHa ¢ kanui (K20 15,05 mg/100 g).

[duHamnkata Ha pacTtex n nuctoobpasyBaHe e npocnegeHa npe3 30 gHu npu 20
paHOOMM3MPaHU pacTeHUs OT BCEKM BapUaHT.

3a onpeaensHe Ha pasMepuTe Ha nucTaTa B TEXHUYECKa 3PASIOCT ca U3MEpPEHU Nno
20 nucTa OT BCEKU BapuaHT OT YeTupu cTbbnexHn nosuumm (7, 14, 21 n 28-mn nucr).

M3BbplieHa e matematmyecka oOpaboTka Ha [JdaHHWTE, KaTto 3a uenta ca
N3non3BaHu ANCNEPCUOHEH, KOpenaumMOHEH U PErPECUOHEH aHanuns.

Pesyntatn n o6¢cbxaaHe

BnusHneTo HopmaTta Ha TopeHe C KanveB HUTpaT 1 Nepuoaa Ha BHACSHETO MY BbpXy
BMCOYMHATA Ha pacTeHusaTa e cunHo (Tabnuua 1). AudepeHumaumara no BapuaHTu ce
NposiBABa OLLIe B HAYaNOTO HA UHTEH3UBHUSA pacTeXx Ha THOTHOHA.
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PacTteHusaTa oT BapmaHT 3 OTrneAaHu npu Ham-ronsMmaTa Hopma Ha ToOpeHe BHeceHa
eHOKpaTHO Npeau pascaxgaHe no-6bp3o npeogonsasaT ¢asa po3etka u Ha 40-Tnsa geH
cnepq pascaxgaHe JOCTUraTt Hanl-ronsiMa BUCOYMHa M Han-ronsam 6pon hopmmpann nucra.
Pasnuknte cnpsiMo Hero 1 octaHanuTe BapuaHTK ca MaTeMaTUyeckn JoKasaHw.

Ta6nuua 1. JuHamuka Ha pactex n nuctoobpasyBaHe
Table 1. Dynamics of growth and leaf-formation

KanueB HutpaTt/ [OvHamuka Ha pacTex n nuctoobpasysaHe /
Potassium nitrate Dynamics of growth and leaf-formation
40 gHwn / 40 days 70 aHn / 70 days 100 gHm / 100 days
BucouuHa Bpon BucouuHa Bpon BucouuHa Bpon
Pa3npepeneHue / ka/da Height, nucra Height, nucra Height, nucra
Distribution g cm Number of cm Number of cm Number of
N leaves leaves leaves
1| egHokpaTHo / once 15,3 | 46,5*** 12,9 132,1** 32,6™ 140,9** 39,6™*
2| egHoKpaTHO / once 30,6 | 53,5 14,2*** 134,3* 33,1** 147,6** 40,5
3| eaHokpaTtHo / once 45,9 | 60,3 15,9 139,2 35,4 154,5 42,2
4| aBykpaTtHo / twice 15,3 | 44,6*** 12,6%* 119,1** 30,5*** 143,3*** 40,2
5| aBykpaTtHo / twice 30,6 | 48,07 13,3 120,7** 31,2" 146,1*** 40,8**
6| aBykpaTtHo / twice 45,9 | 54,6 14,4** 123,8*** 33,0*** 152,6 41,9
7| TpukpaTtHo / threefold 15,3 | 34,8*** 10,7 109,1*** 27,3 139,9** 39,6™*
8| TpukpatHo / threefold 30,6 | 46,1** 12,6 122,5*** 32,1** 154 1 421
9| TpukpatHo / threefold 459 | 49,1 13,97 129,0*** 33,6™* 155,6 42,4
LSD 0.5; LSD 0.7; SD 0.01

Han-cnab Ha4aneH npupact n Han-manko doopMupaHn nucrta umaTt BapuaHTuTe, npu
KOMTO HOpMaTa Ha TOopeHe e pasnpegerieHa Ha Tpu BHacsiHMSA. ToBa ce 0DsiCHsIBa C
dakTa, Ye OOCTUraHeTo Ha NbNHUA 06eM Ha TopeHe npu Tax cbBnaga ¢ 40-tna ge.
M3ocTaBaHeTO BbB BUCOYMHATA Ha pacTeHusiTa oT BapuaHT 7 Ha 40-Tus OeH, npu KOUTO
Han-HUCKaTa TOpOBa HOpMa C KanuveB HUTPAT € pasnpedeneHa Ha TpW BHACAHUA He ce
npeogonsaesa A0 Kpas Ha BeretauusaTa. [lonyvyeHuTe pasnvku BbB BUCOYMHUTE U Bpos Ha
nnctata Ha 40-Tma n Ha 70-TMa AeH ce Abmkat B MO-rofidMa CTeneH Ha HaduHa Ha
BHACsHe Ha KanueBusa HUTpaT, OTKOSIKOTO Ha TopoBaTa Hopma. CymaTa OT KBagpaTute
Npu HauynMHa Ha BHacCsHe e C MO-BMCOKa CTOMHOCT OT Ta3u Ha TopoBaTa Hopma (Tabnuua
2). KbM Kpas Ha Beretauusita pasnvkuTe BbB BUCOYMHATa M 6pos Ha dopmMupaHute
TEXHUYECKN TOAHW NUCTA NPU BapUaHTUTE TOPEHW C €4HO U CbLLO KONMUYECTBO Karnves
HUTpaT pasnpeneneH egHOKpaTHO, ABYKPATHO U TpukpaTHO ca Manku (Tabnvua 1). lMNo-
ronemun pasnukm ce 3abensseaT npy NpomMsiHa Ha TopoBaTa Hopma. Ha 100—Husa aeH cneg
pascaxgaHeTo pasfnuMKkMTe npu Te3n nokasaTtenun ce AbfhkaT B No-ronsMa cTeneH Ha
TOPOBUTE HOPMM OTKOSMKOTO B Ha4MHa Ha BHacaHe (Tabnuua 2).

Tabnuua 2. BninaHue Ha HaunHa Ha BHacsHe U TopoBaTa HopMa
Table 2. Influence of the application method and fertilizer rate

BucouuHa / Height Bpow nucta / Number of leaves
40 g / | 70 g / | 100 g / | 40 gHm [ | 70 gHm [/ | 100 gHKn /
40 days 70 days 100 days | 40 days 70 days 100 days
Sum of Sum of Sum of Sum of Sum of Sum of
Squares Squares Squares Squares Squares Squares
Pa3snpepenenue / Distribution | 16596,156 | 26610,650 | 11953,622 664,050 | 1669,450 422,089
Toposa Hopwma / Fertilizer rate | 11203,175 | 22600,725 | 18500,600 435,550 | 1452,050 722,575

PacTteHunsa ¢ Han-rongama BucodnHa — 155,6 cm n Han-ronsam 6pon nucta — 42,4 ca

oT4yeTeHu npu BapuaHT 9. Pasnuknte no Te3n nokasatenu n BapnaHtn 3 n 6 TOpeHu CbeC
cblliaTa TopoBa HOpMa pasnpefeneHa efHOKPaTHO M ABYKPaTHO Ca He3HauYUuTeNHu u
MaTeMatuyeckn HepokaszaHu. CTaTUCTMYECKM 3HAYMMK PasfvKM CbLUECTBYBAT Mexay
BapuaHT 9 n BapuaHTUTE C €4HOKpaTHO M OBYKPATHO BHACsIHE Ha HMcKaTa M cpegHaTta
TOpOBa HOpPMa, KakTo 1 C BapyaHT 7 C TPMKpPaATHO BHACHAHE Ha HUCKaTa TopoBa HopMa.

KopenaunoHHUTe 3aBUCMMOCTU MexAy nepuofda Ha TopeHe, TopoBaTa Hopma Ha
Kanues HUTPAT U HAKOM OT enemeHTuTe Ha gobwvea ca npeacraBeHn B Tabnuua 3.
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Ta6nuua 3. KoedpunumeHTn Ha kopenaums
Table 3. Coefficients of correlation

— “— o o—
S.|2el9% | 934 | R | 28288 | 8%
Lo | 82| ok foo o £ P oo o £ R
85| I |ZL22| CEQ I29 S Eo o2 5€ES
g9 | g@ | 3283 E:‘f‘ 203 é:'\ Som =
8—% 82 SE-O )Szg 83‘0 )328 gI-O :28
cC = at 2= > 3= > o~ =~
=) S I S I >
§o|ee |2 | 8§8 | 3% | 338 | o8 | 8i8
Pasnpegenexue / Distribution 1 0,0 0,608 0,575 0,712 0,513 0,156 0,229
Toposa Hopma / Fertilizer norm 1 0,764* | 0,793* 0,502 0,734* 0,911* 0,905**
BucoumnHa 40 geH / Height 40 days 1 0,989 0,844** 0,927** 0,672* 0,621
Bpow nncta 40 gex / Number of leaves 40 days 1 0,850** 0,933** 0,685 0,641
BucouuHa 70 geH / Height 70 days 1 0,927** 0,473 0,386
Bpow nucta 70 geH / Number of leaves 70 days 1 0,727* 0,670*
BucounHa 100 geH / Height 100 days 1 0,989**
Bpow nucta 100 geH / Number of leaves 40 days 1

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

BucounHnte n 6poaT nucta Ha pacteHMe HamanseaT NMHenHo o 70-Tua geH npu
BHacsiHe Ha TopoBaTa HoOpMa ABYKpaTHO M TpuKpaTHO. [loBuwaBaHeTo Ha TopoBaTta
HOpMa YyBenuyaBa BWcoYMHATa M Oposa Ha nucTata npe3 uanata Beretauus.
KopenaunoHHuTe koeduUMEHTN 3a CUITHO MOSTIOXKUTENHOTO BAMSHUE Ha TopoBaTa Hopma
BbpXy Te3an bnomeTpmyHu nokasatenun Ha 100-THUA OeH cnep pascaxgaHe ca AoKasaHu
npu cteneH Ha ceoboaa 0,01.

PerpecuoHHO ypaBHeHWe OT nbpBa CTENeH OonuceBa 3aBUCUMOCTTA MeXay
BUCOYMHATaA Ha ToToHa oOT copT Kpymosrpag 78C npu nocnegHoto otyutaHe (Y) wm
HOopmaTa Ha TopeHe ¢ kanves HuTpaT (Xx): Y = 135,422 + 0,420x; R= 0,911. 3aBucumocTTa
mMexay 6posi nucTa Ha pacTteHue npu nocnegHoTo otymtaHe (Y) 1 TopoBata Hopma (X) ce
n3passasa c ypasHeHueTo: Y = 38,667 + 0,077x; R= 0,905.

Paamepute Ha nuctaTa npu copT Kpymosrpag 78C 3aBucaTt ot 6eputbeHuns nosic un
npunoXxeHoto TopeHe (Tabnuua 4). HapacTtBaHeTo Ha TOpPOBMTE HOPMKM BOAM A0
yBenuyaBaHe Ha cpegHuTe pasMepun Ha nucTaTa Npu BCUYKM CTbOIEHM no3nuuu.

[Mpn YeTnpuTe U3mMepBaHNS NMCTa C HaNn-Marnku pasmepu ca nonyvyeHn nNpu BapuaHT
7, a Han-egpu ca nucTtaTta oT BapuaHT 9. Pasnukute B cpegHuTe pasMmepu Ha nuctata oT
BCUYKM CTBOMEHN NO3nLmMK Mexay BapuaHT 9 n BapnaHTUTE TOPEHU C NO-HUCKUTE TOPOBU
HOPMW HE3aBUCMMO OT Ha4YuHa Ha BHacsiHe (BapuaHTu 1, 2, 4, 5, 7 n 8) ca matematmnyeckum
AoKasaHu. HesHauuTenHn n CTaTUCTUYECKM HedoKa3aHW ca pasfnuvkuTe B CpegHuTe
pasMepu Ha nuctata mexay BapuaHT 9 u octaHanuTe ABa BapuaHTta (3 1 6) TOPeHU CbC
CbLUOTO KONMYECTBO Kanues HATpAT pasnpenernieH eqHoKpaTHO 1 ABYKPaTHO.

Ta6bnuua 4. Pasamepu Ha nuctaTta
Table 4. Proportion of leaf

Kanwes Hutpar / Potassium Pa3mepu Ha nucrtara / Proportion of leaf
nitrate 7-mu nuct / 14-tm nuct / 21-Bu nuct/ 28-mu nuct/ CpeaHo /
7" leaf, cm 14" leaf, cm 21% |eaf, cm 28" |eaf, cm Average, cm
Pasnpeaenexue / kg/da ObmkuHa | WupuHa | ObmkuHa | WupuHa | ObmkuHa | Wupuna | ObmxkuHa | WupuHa | ObmkuHa | LWvpuHa
Ne| Distribution / Length / Width / Length / Width / Length / Width / Length / Width / Length / Width
1 | eaHOKpaTHO / once 15,3 | 25,1** 15,9*** | 29,7*** 19,9** |22,9** 15,2* 21,2** 14,2* 25,1 15,9
2 | eaHokpaTtHo / once 30,6 | 25,5 16,0 | 30,4* 20,4 23,5* 15,6 21,4* 14,3 25,5 16,0**
3 | eaHokpaTtHo / once 459 |26,2 16,5* 31,6 20,7 24,6 16,0 21,7 14,6 26,2 16,5
4 | aByKpaTHo / twice 15,3 | 24,8 15,6 | 27,3** 18,1*** 23,7 15,4 21,3** 14,2* 24,8 15,6
5 | aByKpaTHo / twice 30,6 |25,5*** 16,2*** | 29,6*** 20,2 24,0 15,5 21,6* 14,3 25,5** 16,2*
6 | aByKpaTtHoO / twice 45,9 |25,8* 16,4 | 31,1 21,3 24,4 15,7 21,7 14,5 25,8 16,4
7 | TpukpatHo / threefold 15,3 | 24,0 14,8*** | 27,0*** 17,8 | 22,6 14,9** 20,7 13,6 | 24,0 14,8**
8 | TpukpartHo / threefold 30,6 |25,7* 16,1*** | 28,9*** 19,5 23,9 15,5 21,7 14,4 25,7** 16,1
9 | TpukpartHo / threefold 459 |26,8 17,1 31,7 21,1 249 16,2 22,8 15,0 26,8 17,1
[SDU5; ~L[SDU.T; ~"LSD 0.0
nOTBbp)l(,D,eHI/Ie Ha MNo-rope KOMEHTUpaHUTE pe3ynTatn HaMmmpame N B Ta6n|/|ua 5.

Pasnuknte B pa3sMepuTte Ha nncrtata BbB BCUYKM U3MEPEHU MO3NLMKN Ce ObJIXKaT B MO-
ronamMa cteneH Ha TopoBnUTe HOPMU OTKOJIKOTO HAa HA4YMHa Ha BHaAacAHe.
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Tabnuua 5. BnvsHue Ha HaunmHa Ha BHAcAHE M TopoBaTa HOpMa BbpXy pa3mMepa Ha

JInctata

Table 5. Influence of the application method and fertilizer rate on leaf size

7-mu nuct/ 7" leaf 14-1 nuct / 14" leaf 21-Bu nuct/ 21 leaf | 28-mu nuct/ 28" leaf
ObmxuvHa | WvpuHa | ObmkmHa | Wupuua/ | Obmkuua | Wupuua/ | Obemkuba | LupuHa
/ Length / Width / Length Width / Length Width / Length / Width
Sum of Sum of Sum of Sum of Sum of Sum of Sum of Sum of
Squares Squares Squares Squares Squares Squares Squares Squares
Pasnpeaenenue / Distribution 213,176 126,157 957,485 493,655 182,843 49,240 102,993 43,828
TopoBa HopMa / Fertilizer rate 912,405 320,838 | 2229,153 1418,761 2740,759 1359,681 2264,999 | 901,692
Ta6bnuua 6. KoedpuumeHTn Ha kopenaums
Table 6. Coefficients of correlation
asJ ; 1S < 5 © < - < < = =
28| 58|98 | &7 | 3Pg |38y |50 |38y|50y| %8y 080 22t
S8 | 25| 338 | Gh | g32| 222 | g32 | E52 )32 ) 3320 &5 i
6.“ - '2 D c 5 = = S = = = c 3: 2
Pasnpenenenxue / Distribution 1 0,00 0.05 -0.09 0.34 0.30 0.08 -0.07 0.23 0.04 -0.11 -0.21
Toposa Hopma / Fertilizer norm 1 0.88** | 0.84** | 0.87** | 0.85** | 0.89** | 0.89** | 0.77* | 0.81** | 0.93** | 0.90**
Obmxuna 7 nuct / Length 7" leaf 1 0.99** | 0.89** | 0.86** | 0.90** | 0.96** | 0.93** | 0.98** | 0.98** | 0.96**
LLnpuHa 7 nuct / Width 7" leaf 1 0.89** | 0.88** | 0.89** | 0.93** | 0.93** | 0.98** | 0.98** | 0.97**
Obmxuna 14 nuct / Length 14" leaf 1 0.97* | 0.74* 0.85** | 0.73* | 0.83** | 0.94** | 0.97**
LLnpuHa 14 nuct / Width 14" leaf 1 0.72* 0.78* 0.71* 0.80** | 0.92** | 0.96*"
Hbmkuna 21 et / Length 21 leaf 1 0.95** | 0.88** | 0.91** | 0.91** | 0.86**
LUnpuHa 21 nnct / Width 21 leaf 1 0.90** | 0.95** | 0.96** | 0.91**
Jbmkuna 28 nuct / Length 28" leaf 1 0.95"* | 0.89*" | 0.85™
LUupura 28 nuct / Width 28" leaf 1 0.95** | 0.93**
CpeaHo abnxwuHa / Average Length 1 0.99**
CpegHo wwpswHa / Average Width 1

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

KopenaunoHHuTe KoeMuUMEeHTU 3a NOMOXUTENHOTO BRMSHWE Ha TopoBaTa HopMa
BbpXy Ab/HKMHATA M LUMPMHATA Ha TIOTIOHEBUTE NMCTA NPU BCUYKM CTbONEHN no3uuum ca
AokasaHu (Tabnuua 6). HaunmHa Ha BHAcsiHE Ha KanueBust HATPAT BRMsiE Pa3HOMOCOYHO
BbpXy pasmepuTe Ha nuctaTta. [JbmkuHaTta u wupuHata npy 7-mm n 14-tm nMCT Hamansaea
npyv BHacsiHETO Ha TopoBaTa HOpMa Ha YacTu. Pa3snpegensHeTo Ha KanuveBusa HUTpPaT Ha
ABa U TpM NbTU yBenMyaBa AbfHKMHATA M Hamans LWMpMHaTa Ha nuctata OT FopHUTE
OepntbeHn nosicn. KopenaumoHHuTe koeduumeHTn obade He ca CTaTUCTUYECKU
AOKa3aHW.

Ha 6a3arta Ha kopenaunoHHUTE 3aBMCUMOCTM, NO METOAA Ha CTbIMKOBaTa perpecus e
n3BegeH Mogen Ha TopeHe ¢ kanues HUTpaT npu copT Kpymosrpag 78C.

(1) cheaHa AbMKMHA Ha NucT = 23,256 + 05062XT0pOBa HopMa R= 05927
(2) cheaHa LMpMHA Ha nucT = 15,167 + 0,042XTopoaa HopMa R= 0,901

[BeTe YpaBHEHNA HU NOKa3BaT KaK Ce NPOMEHAT cpeaHaTa AbJDKUHA U LWWNPpUHa Ha
TIOTIOHEBUA JNMUCT CNpAMO MpuiaraHata HoOpMa Ha TOpeHe C KarmeB HUTPAT.

3aknyeHune

MonyyeHUTe pasnukM BbB BUCOYMHUTE U Bpost Ha nuctaTta Ha 40-Tus AeH ce abrkat
B MO-rofiiMa CTeneH Ha HayMHa Ha BHacsiHe Ha KanuneBust HUTpaT, OTKONKOTO Ha TopoBaTa
Hopma. KbM Kkpasi Ha Beretauusita pasnukuTe nNpu Te3u fokasaTenu U pasnukute B
pasmepuTe Ha nMcTaTta BbB BCUMYKM U3MEPEHWN NO3NLUK Ce ObIKaT B MO-ronsimMa cTeneH
Ha TOPOBMTE HOPMM OTKONKOTO Ha HauYMHa Ha BHacsHe.

KopenaunoHHuTe koedUUMEHTN 3a CUIHO MONOXUTENHOTO BNMsIHME Ha TopoBaTta
HOpMa BbpXYy ENEMEHTUTE Ha NPOOYKTUBHOCT Ca JOKa3aHW.
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YcTaHOBEHU ca BMOMETpUYHM napamMeTpu, XapakTepuaupallyM OCHOBHWUTE npolecu
Ha pacTex M pasBuMTUE MPU OPWUEHTASNICKMUAT TIOTHOH, MOBMUSIHU OT TOPEHETO C KanuveB
HWUTPAT B 3aBUCMMOCTU, U3PA3EHN C PErPECMOHHN YPaBHEHUSI.
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CTONAHCKU NMNOKA3ATEINN NMPU OPUEHTAJICKUA TIOTIOH B 3SABUCUMOCT OT
BPEMETO HA BHACAHE N HOPMUTE HA TOPEHE C KAJIMUEB HATPAT
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Pe3ome

B komnnekca OT arpoTexHW4Yecku MeponpusaTUst TOPEHEeTO Ha THTIOHa uma
onpegenswio 3Ha4YeHne 3a noslydaBaHeTo Ha BUCOKM U yCTON4YMBM SOOMBMN.

KanueBnatr HuTpaT e noaxodsiy 3a BCUYKM KynTypu M dasm Ha pasButue.
HutpatHaTa dopMa Ha a3oTa € NecHO ycBoMMa W nognomara yCcBOSIBAHETO Ha Apyru
XpaHutenHun enemeHTn. He cbabpxka xnop u npumecwn. MNMoaxoasul e 3a ynotpeba npu
YyBCTBUTESHW Ha XJOP KyNTYypwW.

O6eKkT Ha u3cnegBaHeTo ca nNpomMsiHata B AoOvBa M Kay4eCTBOTO Ha nucrata npu
OpPMVEHTAanCKus TIOTIOH B 3aBUCMMOCT OT BPEMETO Ha BHACsHE M HOpMaTta Ha TOpeHe C
KanueB HUTpaT. [lpoBeAeH e arpoTexHNYeckn onuT, dopmMupaH OT AeBeT BapuaHTa KaTo
KOMOMHaUUK Ha TP HOPMK Ha TOPEHe N Tpu Nepuoaa Ha BHACSIHE Ha KanueeB HUTpAaT npu
OPWEHTarCKN TIOTIOH.

lMoBuWAaBaHETO HA HOPMUTE HA TOPEHE C KanueB HUTpaT yBenn4yasa cpeaHust 4oous
OT JeKkap He3aBMCUMO OT HauMHa Ha BHacsiHe. PasnpeneneHneTo Ha TopoBaTa HOpMa Ha
HSAKONKO BHACSHNA OKa3Ba No-crnabo BnusiHve Bbpxy fobumBa.

lMpunaraHeTo Ha No-rofieMyM HOPMKU Ha TOPeHe yBenu4yaea cpeaHusa 0OOMB OT Aekap,
HO BOOW [0 BfOWABaHe Ka4YeCTBOTO Ha nofydyeHata cypoBuHa. PasgensHeTto Ha
KONMMYeCTBOTO KanmeB HUTPAT Ha YacTu CbLLO Ce OTpa3siBa HeraTUBHO BbPXy Ka4yecTBOTO
Ha TIOTIOHA.

Kopenauusata Mmexagy mQobumBa cyx THOTIOH W efeMeHTuTe, onpeaensim
NPOAYKTUBHOCTTA € MOMoXutenHa un cunHa. OT arpoTexHU4eckuTe NpuMoMK, npunaraHu
3a noBuMLwaBaHe Ha 4obuBa C Hal-ronsiIMo NMONOXUTENHO BIMSIHUME e TopoBaTa HopMa.

Knro4oeu dymu: TIOTIOH, TOpeHe, AOOMB 1 Ka4eCTBO, KanmeB HUTpar.
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ECONOMIC INDICATORS OF ORIENTAL TOBACCO DEPENDING ON THE TIME OF
IMPORTATION AND THE RATE OF POTASSIUM NITRATE FERTILIZER
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Abstract

In the complex of agrotechnical measures, the fertilization of tobacco has a decisive
importance for obtaining high and sustainable yields.

Potassium nitrate is suitable for all crops and development phases. The nitrate form
of nitrogen is easily digestible and aids in the absorption of other nutrients. It does not
contain chlorine and impurities making it suitable for use with chlorine-sensitive crops.

The object of the research is the change in the yield and the quality of the leaves of
oriental tobacco depending on the time of introduction and the rate of fertilization with
potassium nitrate. An agrotechnical experiment formed by nine variants was conducted as
combinations of three rates of fertilization and three periods of potassium nitrate
introduction for oriental tobacco.

Increasing the rates of potassium nitrate fertilization increases the average yield per
acre regardless of the method of application. The distribution of the fertilizer rate over
several applications has a weaker effect on the yield.

The application of greater rates of fertilization increases the average yield per acre,
but leads to deterioration in the quality of the raw material obtained. Dividing the amount of
potassium nitrate into parts also has a negative effect on the quality of the tobacco.

The correlation between dry tobacco yield and productivity determinants is positive
and strong. Of the agrotechnical measures applied to increase yield, the fertilizer rate has
the greatest positive impact.

Key words: tobacco, fertilization, yield and quality, potassium nitrate.

BbBeaeHue

B komnnekca OT arpoTeXHWYecKM MeponpusaTUSE TOPEHETO Ha THTHHaA uMMa
onpeaensiwo 3HayeHue 3a noflydaBaHEeTO Ha BUCOKU M yCTOMYMBU obusu. BHacsHeTo B
rnoysaTa Ha XPaHUTENHW 3a pPaACTEHNETO €efleMeHTU € OCHOBHO arpoTexHUYecko
MepOonNpUATNE, KOETO BNNSIE BbPXY XXM3HEHO BaXXHUTE (PYHKLMM HA THOTHOHEBOTO pacTeHue
3a nony4aBaHe Ha cTabunHm JoOMBM M NPOAYKUMSA C onpeaeneHo kadectso (Atanasov,
1962; Yancheva & Nikolova, 2006).

lonsamarta nNnacTUYHOCT Ha THOTHOHEBOTO pPacCTEHWE ro NpaBu TBbPAE OT3UBYMBO Ha
TopeHeTo. [poyyBaHMATa HAa MHOro aBTOPW MOKa3BaT, Ye 3a YCroBMATa Ha CTpaHaTa Hu
BNUSHME BbPXy OobuBa M KaAYeCTBOTO HA OPUEHTANCKMTe COpPTOBE THOTIOH OKa3Ba
TOPEHETO C MaKpoeneMeHTuTe as3oT, doccop 1 Kanuin.

3a dopmumpaHeTo Ha obwaTta Guomaca Ha TIOTHOHEBOTO pacTeHue, Npyu ONTUMarnHo
BoOoCHabasiBaHe, OT no4ysaTta ce usHacat ot 7,64 oo 17,45 kg/dka asor, ot 2,00 go 3,75
kg/dka c¢occop n ot 12,12 po 21,00 kg/dka kanui, B 3aBUCUMOCT OT MNPUITOXKEHOTO
TopeHe (Yancheva, 2004, 2005).

Cnopea Yancheva, et al. (2008), HuBata Ha TOpeHe ce CBbp3BaT C KOHKPETHUTE
Ka4yeCTBEHWN XapaKTEPUCTUKKN, KOETO e OT 0COOEHO 3HayYeHne npu n3bopa Ha XpaHUTeneH
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PEeXUM Ha TIOTIOHA B 3aBMCUMOCT OT LENUTe Ha NPOU3BOACTBOTO 3a KONMUYECTBOTO W
KayecTBOTO Ha TIOTIOHEBaTa CypOBMHa.

BucokokayecTBeH TIOTIOH Ce nonyyaBa, koraTo cHabasBaHeTO Ha pacTeHudaTa C
MUHepanHu BellecTBa NO BpeMe Ha BeretauuaTa e 6GanaHcupaHo (Bozhinova &
Zapryinova, 2005).

3a pasnuka OT noBeYyeTo 3emeferiCkM KynTypu, MNpyv KOUTO BenuuMHaTa Ha
onTumanHaTta TopoBa HOpMa Ce onpeaens rmaBHoO OT Bb3MOXHUTE MakcMMarnHu gobvsw,
npu TIOTIOHA, YMWUTO KpaeH MPOAYKT € AUMDBT, HOPMUTE Ha TOopeHe ce cbobpassaBaT Ha
MbpBO MSACTO C NywaTenHUTe My KayecTBa, KOMTO 3aBUCAT OT edHa MHOro TOYHO
cbrnacyBaHa KoMbuHauusi Ha XMMUYHUM U usnyHn ceorictBa (Yancheva et al., 2008).
BCuykn TE3M Ka4yecTBEHM KpUTEPUM 3aBUCAT OUMPEKTHO WU MHAUPEKTHO OT XpPaHEHeTo
(Krancheva & Gradinarski, 2002).

KanueBnatr HuTpaT e noaxodsdil, 3a BCUYKM KynTypy M dasm Ha pasButume.
HutpatHaTa ¢dopma Ha a3oTa € NnecHoO ycBouMa W nognomMara ycBOSIBAHETO Ha Apyru
XPaHUTENHW eNeMEHTH, KaTo Kanuun, marHesanni n gpyru. Nomara npu pactexa Ha KopeHa,
nogobpsisa ycToMyMBOCTTa MNpW Cylla, Hamansea 3arybata Ha BoAa M onacHocTTa OT
n3cbxeaHe. He cbabpxa xmnop v npumecu. NMoaxoasiy e 3a ynotpeba npu YyBCTBUTESHU
Ha XI1op KynTypw.

Cnopepq Yancheva (2009) nbpBOCTENEHHOTO BHMMAaHME KbM a30THOTO CbAbpXXaHue
B TIOTIOHEBUTE NMcTa ce 0BOCHOBaBa Ha (hakTa, Ye HedOCTUIbT Ha a3oT Npeau3BUKBaA
Han-CUNHO HapywaBaHe Ha OTOCMHTe3aTa, B CpaBHEHWE C [OPYIUTEe XPaHUTENHU
BellecTBa. Bbpxy cbObpXaHMETO Ha as3oT B fucTtata OT BCUYKM GepuTOeHu nosicu
4YyBCTBUTESHO BfMSIHME OKa3Ba HMBOTO Ha a30THOTO TOPEHE.

A30THOTO XpaHeHe ce CBbp3Ba MNPeaUMHO C BUCOKM [O0O6MBUM U MOHWXKEHU
TEXHOMOMMYHN M NyllaTenHM KayecTBa Ha TioTioHa. CTeneHTa Ha BapupaHeTo Ha Tesu
npu3HaUm 3aB1MCK OT KONMMYECTBOTO Ha a3oTa, AadeH nog dhopmaTta Ha MUHeEparnHu TopoBe
(Danio et al., 2007; Yancheva, 2007, 2008).

HesaBucMmo, 4e He ce BKMYBA B CbCTaBa Ha OpraHWYHUTE CbeauHeHus, a
YHKUMOHNPA KATO akTMBATOpP HA MHOMO E€H3UMKU WU urpae AOMUHMPpALLA Ponis npu
PaBHOBECMETO Ha KAaTUOHUTE M aHUOHWUTE, KanuAT € €eneMeHT, KOMTO AonpuHacs 3a
dopmMMpaHe KayecTBOTO Ha OPWUEHTancKms THOTIOH. M3BecTHM ca Hag 60 eH3MMHM
peakumm, KOMTO ce akTuBmpaT oT Kanuesus noH (Gorbanov et al., 2005).

Bb3genctBneto Ha KanmeBOTO TOPEHE Ce M3passiBa [MaBHO BbpXy KadecTBarta:
enacTM4YHOCT, UBAT, CbObpXXaHWe Ha BOoAa M BogonornbliaTtenHa cnocobHoct. Mylonas
(1984) n Sekin et al. (2002) yctaHoBsiBaT nogobpsiBaHe Ha ropsemMocTTa Ha THOTHOHa OT
npounsxon CamcyH, noBuWaBaHe CbObPXaAHMETO Ha Kanuin M MarHesun B nuctaTa C
yBenuyasaHe gosata Ha KzO.

KonuyectBata kanuin, HeobxooMmn 3a NOBMLLABAHE KayeCTBOTO Ha THOTHOHEBUTE
nmncta obUKHOBEHO ca 2-3 MbTU NO-BUCOKM OT Te3n, KOUTO ca HeobxoaMmu 3a nosiydaBaHe
Ha MakcumaneH Jobus. HesaBMCMMO OT BMCOKaTa 3anaCceHOCT Ha rnoysaTa C MOABWXKEH
Kanun, KOHUEHTpauusaTa Ha enemMeHTa B nuctata € Ha [onHaTta rpaHuua unu nog Hes
(Donev et al., 1971).

Cnopep Stamatov & Yancheva (2010) gobpe 6anaHcMpaHOTO MUHEpanHO TOpPeEHe
CbyYeTaHO C ONTUMAnHM PasCTOsHUA Ha pa3caxgaHe € ePeKTUBEH arpoOTEXHUYECKN MeTOoS,
3a noBulL@BaHe NPOAYKTUBHUTE Bb3MOXHOCTM Ha ABa COpTa OPUEHTArCKM THOTHOH OT
npousxon KpymoBrpaa Ttaka, ye ga ce nonydm KayecTBeHa CypOBMHA WU M3rogHa M3KynHa
LeHa 3a npou3BefeHaTa npoaykuus.

N3cnepBamkm BNUAHMETO Ha pasCTOAHMATA Ha pascaxgaHe WM HopMuTe Ha
MUHEpanHo TopeHe BbpXy AobuBa M KaA4yeCTBOTO MNPU OPUEHTArICKM COPTOBE THOTHOH
Stamatov (2014, 2017, 2023) ctura oo n3Boga, Ye NpunaraHeTo Ha NO-royiEMM HOpPMK Ha
MuHeparnHo TopeHe ¢ NPK 15-15-15 yBenuyasa cpegHus gobms, HO Bogu 00 BnoLlaBaHe
KayeCcTBOTO Ha nosfy4yeHaTa CypoBMHa.
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Ll,enTa Ha n3cnegBaHeTo € Oa ce yCTaHOBU BJIIMAHWMETO Ha HOPMUTE Ha TOPEHE U
BpeMeTO Ha BHaACAHE Ha KaJiIneB HUTPAT BbpPXYy CTOMAHCKUTE NOKa3aTesin Ha CypoBMHaTa
Nnpn OpUeHTarICK1uAa THOTHOH.

MaTtepuanu n metoau

Mpe3 2023-2024 r. e 3anoxeH U U3BEeOEH arpoTEXHUYECKU OMUT C OpUEHTarCKud
copt TioTioH Kpymosrpag 78 C. OnutbT e dopmupaH OT AEeBEeT BapuaHTa KaTo
KOMOMHaUUM Ha TPM HOPMW Ha TOPEHEe M TpM nepumoda Ha BHACAHE Ha Kanues HUTpaT,
KakTo crnegga:

- BapmaHT 1 — 15,3 kg/da BHeceHn npeau pascaxagaHe;

- BapmaHT 2 — 30,6 kg/da BHeceHn npeaun pascaxgaHe;

- BapmaHT 3 — 45,9 kg/da BHeceHn npeaun pascaxaaHe;

BapuaHT 4 — 7,65 kg/da BHeceHun npean pascaxagaHe u 7,65 kg/da BHeceHn 20 gHu
cnepn pascaxgaHe;

- BapuaHT 5 — 15,3 kg/da BHeceHu npegun pascaxgaHe n 15,3 kg/da BHeceHn 20 gHu
cnepn pascaxgaHe;

- BapuaHT 6 — 22,45 kg/da BHeceHun npean pascaxgaHe n 22,45 kg/da BHeceHn 20
OHW cref pascaxgaHe;

- BapmaHT 7 — 5,1 kg/da BHeceHun npeau pascaxpgaHe, 5,1 kg/da BHeceHn 20 gHu
cnepf pascaxgaHe u 5,1 kg/da BHeceHu 40 gHu cnepf pascaxgaHe;

- BapmaHT 8 — 10,2 kg/da BHeceHu npean pascaxgaHe, 10,2 kg/da BHeceHn 20 oHu
cnepq pascaxgaHe n 10,2 kg/da BHeceHn 40 gHu cnep pascaxjaHe;

- BapmaHT 9 — 15,3 kg/da BHeceHu npean pascaxgaHe, 15,3 kg/da BHeceHn 20 gHu
cnepf pascaxgaHe n 15,3 kg/da BHeceHn 40 gHu cnep pascaxgaHe.

lMnowta Ha pasnonoxeHne Ha BCEKNM BapuaHT e 66 m?2, Nnosly4eHn oT Tpu
NOBTOPEHMUS.

OnpegeneHo e KayecTBOTO 3a BCEKM BapuMaHT Yped pasnbyBaHe Ha CyxuTe nmcTa no
knacu, cernacHo bAC. Jobueute ot napuenute ca npueeneHn B kg/da. Bb3 ocHoBa Ha
NPOLEHTHOTO Yy4yacTne Ha OTAENHUTE Knacu B obwmnsa oobue e n3uncneHa cpegHarta LeHa
Ha TIOTIOHA 3a Kunorpam no BapuMaHTu. 3a KOHTpOsa e U3non3BaH BapuaHT 1.

M3BbplieHa e maTemaTudecka obpaboTka Ha AaHHUTE, KaTo 3a LenTa ca HanpaBeHU
cnegHWUTE aHanuam:

- KOpenauuMoHeH aHanu3 3a YCTaHOBsIBaHE BIIUSHMETO Ha E€eneMeHTUTEe Ha
NPOAYKTUBHOCTTA Y TOPOBUTE HOPMU BbPXY CTONAHCKNA A06MB.

- MKOHOMMYECKU aHanu3 — N3BbPLUEHA € eKCNepTHa OLEHKA Ha Cyxusl THOTIOH MO
knacu. MsuucneH e obwua goxopn ot gekap, npu ueHn 11,30 BGN/kg 3a nbpBa knaca,
7,20 BGN/kg 3a BTopa knaca u 2,65 BGN/kg 3a TpeTa knaca.

Pesyntatin n o6¢cbxaaHe

B Tabnuua 1 ca npeacraBeHM OaHHM 3a CTOMAHCKUTE MokasaTenn — [obus,
Ka4yecTBO WM O0XOA, MOMyYeHU Npu OTAENHUTE BapuaHTU MPUPaBHEHW Ha Aekap npwu
opueHTanckus copt TioTioH KpymoBrpag 78 C.

[MoBMLWABaHETO HA HOPMUTE Ha TOPEHE C KanveB HUTPaAT yBeENUYaBa cpeaHus aobus
OT [JeKkap, He3aBMCMMO OT HayuHa Ha BHacdaHe. OT BapuaHTuTe, TopeHn ¢ 15,3 kg/da
KanueB HUTpaT € nonyyeH cpeaeH pgobus 204,2 kg/da. MNpu BapuaHTuTe, TopeHun ¢ 30,6
kg/dka Top cpeaHusaT gobus e 225,4 kg/da, a npu BapnaHTute, TopeHun ¢ 45,9 kg/dka Top
— 246,2 kg/da.
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Tabnuua 1. CtonaHckm nokasatenu npu copt Kpymosrpag 78 C
Table 1. Economic indicators of the Krumovgrad 78 C variety

KarnueB HUTpaT Oo6us Knacu % c O6w goxon
potassium nitrate Yield Classes % Egﬂ:a Total income
0,
PasnpepneneHue o Ave.r age Kc/:u?r:gizga
Distribution kg/da | kg/da % I I i B%',\fﬁ( BGN/da % relative to
g
No the control
1. | eaAHOKpaTHO / one time 15,3 | 207,5 | 100,0| 34,7 | 60,6 | 4,7 8,41 1744,84 100,0
2. | epgHoKpaTHO / one time 30,6 | 2256 | 108,7| 33,9 | 61,1|5,0 8,36 1886,56 108,1
3. | eaHokpaTHO / one time 459 | 2458 | 118,4| 26,2 | 68,6 | 5,2 8,04 1975,24 113,2
4. | aBykpaTtHo / twice 15,3 | 203,7 98,2 32,8 | 62,1] 5,1 8,31 1693,31 97,0
5. | aBykpaTtHo / twice 30,6 | 2226 | 107,3| 31,7 | 62,7| 5,6 8,24 1835,31 105,2
6. | AByKkpaTHo / twice 459 | 2425 | 116,9| 26,5 | 67,1| 6,4 8,00 1938,86 111,1
7. | TpukpaTHo / threefold 15,3 | 201,3 97,0 30,7 | 63,2 6,1 8,18 1646,87 94,4
8. | TpukpaTHo / threefold 30,6 | 2279 | 109,8| 29,2 | 63,2|7,6 8,05 1834,51 105,1
9. | TpukpatHo / threefold 45,9 | 250,3 | 120,6| 23,6 | 67,7 | 8,7 7,77 1945,27 111,5

PasnpeneneHneto Ha TopoBaTa HOpPMa Ha HSKOMKO BHACAHWSA OKassa Mo-cnabo
BNUSHME BbpXy Aobusa. BapnaHTuUTe C €AHOKPATHO BHACSHE Ha KanueBust HATpaAT umart
cpeneH gobus oT 226,3 kg/da. Npu BapnaHTUTE C ABYKPATHO BHACcsiHE HA TOpoBaTa Hopma
cpegHuaT gobue e 222,9 kg/da, a npu TpukpaTHOTO BHacsaHe — 226,5 kg/da.

Mo oTHOLWEHMEe Ha cpeaHns 4OOMB BCUYKM BapuaHTU, TOPEHU C NO-BUCOKUTE TOPOBU
HOpMW MNpeBuLaBaT KOHTponHUA BapmaHT 1 ¢ go 20,6 nyHkTa (Tabnuua 1). BapmnaHtute,
TOPEHN CbC CbLLUOTO KOSIMYECTBO TOP, KAaKTO KOHTPOSTHMSA BapuaHT, HO pasnpenerneHo
ABYKpPaATHO UM TpUKpaTHO doopMupaT He3HauyuTenHo no-ManbK cpedeH [obums ot
KOHTponara.

Han-Bucok cpeneH gobms oT gekap e nonydeH npu BapuaHt 9 — 250,3 kg/da nnu
120,6% cnNpsAMO KOHTPOJSTHMSA BapUaHT.

AHanusbT Ha gaHHUTe B Tabnuua 1 nokasea, Ye npunaraHeTo Ha Mo-rofieMm HOpMu
Ha TopeHe yBenuyaBa cpegHusa Aobus OT Aekap, HO BOAM A0 BriowlaBaHe KayeCTBOTO Ha
nosiyyeHata cypoBuHa. PasgensiHeTo Ha KONMM4eCcTBOTO KanmMeB HUTPAT Ha 4YacTu CbLUO ce
OTpassiBa HeraTMBHO BbPXY KA4yeCTBOTO Ha THOTHOHA. Han-BMCOK NpOLEHT MbpBa knaca —
34,7% npun HACBLK TakbB 3a TpeTa knaca — 4,7% v Han-eucoka cpegHa ueHa 8,41 BGN/kg
ca nonyyeHu ot BapuaHT 1. Han-HMCKO Ka4yecCcTBO € nosnyyeHo npu BapuaHT 9 — 23,6%
nbpBa knaca; 8,7% Tpeta knaca u 7,77 BGN/kg cpegHa uskynHa LeHa.

Han-ronam o6y goxon OT gekap € nonyyeH npu BapmaHtn 3, 6 1 9 TopeHn ¢ Han-
BUCOKOTO KONWYECTBO KanumeB HuTpart, cbotBeTHo 113,2%, 111,1 u 111,5% cnpsamo
KOHTpOnHus BapmaHT 1. [Mo-BucokuaT obly goxod OT Aekap Npu TAX Ce ObJDKM Ha
nosly4eHns BUCOK cpefeH AobuB, HO CbC 3aHMXKEHO KavyecTBO Ha cypoBuHaTa (Tabnuua

1).

KopenauusaTta mexay nobviea cyx TioTioH oT copT Kpymosrpag 78 C u enemeHTtuTe,
onpegensiwyn npoayKTUBHOCTTA € nonoxutenHa wu cunHa (Tabnuua 2). [dokasaHo
NMONOXUTENHO BNUAHME BbpXy OoOMBa ce Habniogaea npu BUMCOYMHATA Ha pacTeHusaTa,
Opos Ha nuctata OT pacTeHMe W TAXHaTa ObJ/DKMHA W LWWMPUHA, KOopenauuvoHHUTE
KoedmUMeHTN ca gokasaHun npu cteneH Ha ceoboaa 0,01.

OT arpoTexHuyeckuTe NpUomMu, NpunaraHn 3a noBuwaBsaHe Ha gobvnea ¢ Han-ronsMo
NoNOXWUTENHO BNUSIHAE € TopoBaTa HOpMa, KopenauuoHHuAT koeduumeHt 0,988 e
AokasaH npu cteneH Ha csoboga 0,01. He cbuiecTByBa CTaTMCTUYECKM [OKa3aHa
KopenaunoHHa Bpb3ka Mexay HaunHa Ha BHacsiHe Ha Kanuesusi HUTpaT n gobuea.
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Tabnuua 2. KopenauuoHHu 3aBUCMMOCTM Mexay AobuBa CyX TIOTIOH, €eNeMeHTUTe Ha
NPOAYKTUBHOCT M HAKOW arpoTeXHNYECKU pakTopu
Table 2. Correlation dependences between dry tobacco yield, the elements of productivity
and some agrotechnical factors

TopoBa | BucouuHa Ha Bpon ObmkuHa | WupuHa
HopMa pacTteHueTo nucra Ha nicTa | Ha nucrta
HOo6uB | Pasnpepenenue | Fertilizer Height of Number of | Length of | Width of
Yield Distribution norm plants leaves leaf leaf
Oo6bus
Yield 1 0,005 0,988** |0,938** 0,924** 0,931* 0,891**
PasnpepeneHue
Distribution 1 0,000 0,156 0,229 -0,054 -0,091
TopoBa Hopma
Fertilizer norm 1 0,911** 0,905** 0,876* 0,839**
BucouuHa Ha pacTeHueTo
Height of plants 1 0,989** 0,885** 0,829**
Bpon nucra
Number of leaves 1 0,872** 0,813**
ObmKkuHa Ha nucTta
Length of leaf 1 0,985**
LupurHa Ha nucTa
Width of leaf 1

**Correlation is significant at the 0.01 level (2-tailed).

3aknoyeHue

MoBuWLaBaHeTO Ha HOPMUTE HA TOPEHE C KanneB HUTpaT yBenuM4aBa cpeaHus 4obums
OT Aekap, He3aBMCMMO OT Ha4YMHa Ha BHacsiHe. PasnpegeneHneTo Ha TopoBaTa Hopma Ha
HSIKOJIKO BHACSHUS 0Ka3Ba no-crabo BnusiHue Bbpxy Aobusa.
MpunaraHeTo Ha Mo-rofieMn HOPMK Ha TOPEHe yBenn4yaBa cpedHus 0obuB OT aekap,
HO BOAM [0 BriOLIABaHe KayecTBOTO Ha MonyveHata cypoBuHa. PasgensiHeTo Ha
KONMYeCTBOTO KanMeB HUTPAaT Ha YacTu CbLLO Ce OTpassiBa HEraTMBHO BbpXYy Ka4eCTBOTO

Ha THOTIOHA.

KopenauusaTta mexay aobusa cyx TOTHOH OT copT KpymoBrpag 78 un enemeHTtuTe,
onpeaensawm NpoayKTMBHOCTTA € NOMOXUTENHA U CUIHa.
OT arpoTexHuyeckuTe MpuinoMu, NpuraraHyu 3a noBulIaBaHe Ha AobuBa c Haii-
ronsiMo NOSIOXMUTENTHO BNNSIHUE € TopoBaTa HopMma.
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BJINAHUE HA PA3JTIMYHUTE HOPMU HA MUHEPAJTHO TOPEHE BbPXY
PACTEXHWUTE NPOABUA HA UHTEH3UBHO ABBJIKOBO HACAXOEHUE,
OTMMEXAAHO NP BOOOCHECTABALUM TEXHOJNOINU
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Pe3tome

Mpe3 2023 r., Ha TepuTOopusTa Ha ekcrnepumeHTanHo none ,YenoneveHe”, UMA3P
»H. MNMywkapos®, rp. Codums e npoBedeH ONUT C MHTEH3UBHO A6BNKOBO HacaxgeHue copT
dnopwvHa, npucageH Bbpxy nognoxkara MM106 npu kankoBo HanosBaHe U epTuUraums.
OnuTbT € 3anoXeH NO MeToda Ha AbNrnTe napuenku C 4YeTupyu MNOBTOPEHMS.
lMpocnegsBaHy ca BapuaHTU Ha PasfMyYHU HOPMW Ha TOpPEeHe, HanosiBaHW C MynyupaHe u
6e3 mynumMpaHe. HanpaBeHa e OuUEeHKa Ha BIIMSAHMETO Ha TOPEHETO NpPU TOPOBU HOPMU —
aMoHueB HuTpaTt - 5 kg/da N: n - amoHneB HuTpaT - 8 kg/da N; Bbpxy BeretatMBHuUTE U
penpoaykTMBHM  napameTpu Ha a6bnkoBuss copT  Florina, oTtrnexgaHn npu
BOAOCNeCTABaLLa TEXHOMNOMMSA C ONTUMAanHO HanosiBaHe C NofAabpXaHe Ha NnpeanonvBHa
BnaxHocT 80% ot MNMNB (100%). B kpas Ha Beretauusita ca U3MepeHn BUoMeTpUYHUTE
rnokasaTenu Ha ekcrnepumeHTanHuTe AbpBeTa: BMCOYMHATa Ha ObpBOTO, AMAMETbp Ha
cTbbnarta n wupnHata Ha kopoHute. OnpegeneHo e HanpeyHoTo cevyeHne Ha cTbbnaTa u
06emMbT Ha kopoHuTe. CpaBHEHW Ca BapuaHTUTE C MynuMpaHe n 6e3 myn4dmpaHe.npu
pasnu4HM HOPMU Ha TOpeHe.

MpeameT Ha HacTOALWETO uacrneaBaHe € ePeKkTbT Ha MUHEPANiHOTO TOPEHE BbpXY
pasBMTMETO W [oOMBa Ha WHTEH3MBHO $S0BMKOBO HAcaXgeHue OTrnexgaHo npu
BOAOCNECTABALLA TEXHOMNOMMNS C ONTUMArHO HarnosiBaHe.

Knwo4oeu Oymu: WHTEH3MBHM SO0BLMKM, KaNKOBO HaMosiBaHe, MyrnyupaHe,
depTuraums.

INFLUENCE OF DIFFERENT RATES OF MINERAL FERTILIZATION ON THE GROWTH
MANIFESTATIONS OF AN INTENSIVE APPLE PLANTATION,
GROWN WITH WATER-SAVING TECHNOLOGIES

Antoaneta Gigova*
Institute of Soil Science, Agrotechnologies and Plant Protection “Nikola Poushkarov”,
Shose Bankia 5, Agricultural Academy Sofia, Bulgaria
Department of Agricultural Mechanization and Hydromelorative Systems,
*e-mail: antoaneta.gigova@abv.bg
Abstract

In 2023, an experiment was conducted on the territory of the experimental field
"Chelopechene", IPAZR "N. Poushkarov", Sofia with an intensive apple plantation of the
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Florina variety, grafted on the rootstock MM106 under drip irrigation and fertigation. The
experiment was based on the long plot method with four repetitions. Variants of different
fertilization rates, irrigated with mulching and without mulching, were monitored. An
assessment was made of the influence of fertilization at fertilizer rates - ammonium nitrate
- 5 kg da’ N: and - ammonium nitrate - 8 kg da N; on the vegetative and reproductive
parameters of the Florina apple variety, grown using water-saving technology with optimal
irrigation with maintenance of pre-irrigation humidity of 80% of the FC (100%). At the end
of the vegetation period, the biometric indicators of the experimental trees were measured:
height, stem diameter and crown width. The cross-section of the stems, crown volume and
average branch length were determined. The variants with and without mulching were
compared, at different fertilization rates.

The subject of this study is the effect of mineral fertilization on the development and
yield of an intensive apple orchard grown using water-saving technology with optimal
irrigation.

Key words: intensive apples, drip irrigation, mulch, fertigation.

BbBeneHue

lMpeanssukaTencTeaTa Ha KNMMaTU4YHUTE U3MEHEHUS, B CBETOBEH Mawab, Taka n B
Bbnrapms HacouBaT HeobxoguMMocTTa OT MNpoyYBaHMs B obnacTtra Ha npunaraHe Ha
BOAOCNECTABALUM TEXHONOMMN U dhepTuraumsa npu oBowHUTE Kyntypu. OrpaHnvaBaHe Ha
n3napeHneTo, cbbupaHe ” CbxpaHsiBaHe Ha AbXAOBHATa BoAa WM edEKTUBHOTO
n3nonsBaHe Ha BoJaTa 3a HanosiBaHe ca OCHOBHUTE 3aJauyu, 3a paspellaBaHe. TopeHeTo
€ OCHOBHO arpoTeXHU4YeCcKO MeponpuaTue 3a nogabplkaHe pactexa un nnogofaBaHeTo Ha
Ab6brkaTta, Tbil KaTo NPOOBLIPKUTENTHOTO OTIMEXAaHe Ha OBOLWHWUTE KyNnTypu Ha efHo
MACTO BOAW OO0 WM3HOC Ha rofeMym KomnumyecTBa XpaHuTenHu BeuwlectBa (Zdravkova,
Krishkova, 2021). OT gbpBecHMTE OBOLUHM BMAOBE MpackoBaTa € Han-B3ucKaTenHa KbM
XpaHUTenHUs pexuMm, cnegsaHa ot sbbnkata (Malus domestica Borkh.) (Mitov et al.,
2008). OcBeH BMOOBETE € YCTAHOBEHO, Y€ M COPTOBETE M3BNUYAT B pasnmyHa CTeneH
MUKPO M MakpoenemMeHTuTe OT no4ysaTta. [lopagu Tasu npuymHa, TOPEHETO € Heobxoanmo
arpoTexHU4ecKo MeponpusiTue. TopoBaTa HopMa € e4HO OT YCNoBuUATa, OT KOUTO 3aBUCK
KONM4YeCTBOTO M Ka4eCTBOTO Ha npoaykuusaTa. MNpekaneHo BUCOKUTE HOPMWU, HE3ABMCUMO
Aann TOPEHEeTO € OpraHMYHO WM MUHEparHo, MoXe fa npeaus3BukaTt OU3NONOrMYHK
CMYyLLEeHMs, HamanaBaHe Ha fobuBa v BfiowaBaHe KadecTBOTO Ha nnogoseTe (Hahn et al.,
2018). BucokoTo cbabpXKaHuMe Ha as3oT B Mno4vBata MPUYMHSBA JTYKCO3HO XpPaHEHE WU
HamansiBa WHTEH3MBHOCTTA Ha OLBETsIBAHE MpU YepBEHUTE SIOBLIIKOBU COPTOBE, MaBHO
nopagu 3aceH4yBaHe, MPUYMHEHO OT MPEKOMEPEH BereTaTMBeH pacTtex (Brunetto et al.,
2015; Porro et al., 2018). OcBeH TopoBaTa HopMa, OT 3Ha4yeHue 3a gobusa e n copmaTta
Ha BHaAcsiHE Ha Topa, KakTo U das3aTa Ha passuTue Ha kyntypute (Todorova and Boteva,
2015; Todorova, 2020).

Llenta Ha HacToALWMS eKCNEPUMEHT € Aa ce onpeneny BNNAHMETO Ha MUHEPanHOTO
TOpeHe BbpXy pacTexHuTe nposiBu Ha sb6bnkoBua copT Florina, oTtrmexagaHn npu
BOAOCNECTABALLM TEXHOOMMN.

MaTtepuanu n metoamn

OGeKTbT Ha M3CneaBaHETO € MHTEH3MBHO SI0BSKOBO HacaXaeHwe, OTrnexaaHo Ha
onutHO none ,YenoneyeHe” Ha WIMA3P ,H. lNywkapos”. OnuTtHUTE ObpBeTa ca CopT
dnopwuHa, npucageH Bbpxy noanoxkara MM106.

lNMoyBaTa B parioHa e m3nyxeHa KaHeneHa ropcka, obpasyBaHa BbpXy AefnyBuasHu
HaHocu. Mo mexgyHapogHaTa knacudpukauma Ha PAO Tasm noysa ce onpenensd Kato
Chromic Luvisol. B panoHa BanexuTe ca TBbpAe HEPaBHOMEPHO pa3npeaerieHn, KakTto no
CE30HU, Taka 1 No Meceum. JIATOTO € MHOro Cyxo 1 ropeLlo. Bucokute cpegHOAEHOHOLHN
TemnepaTypy BOAAT OAOMbIHUTENHO OO 3acurBaHe edyekTa Ha cyllaTta npes To3u nepuop
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OT rogunHaTta. ['oguwHaTa cyma Ha BanexuTte 3a pavoHa 3a 2023 roguHa e 306.2 mm,
KOEeTO € HeOCTaTb4YHO 3a Pa3BUTUETO HA OBOLLHUTE HaCaXKAEHUS.

OnnTbT e 3anoxeH MO MeToda Ha ObhArute napuenkm C YeTupu MOBTOPEHUS.
EkcnepumeHTanHuTe gbpBeTa ca 3acafeHu Ha 7 pefa, Ha nnouw, ot 602 m? ¢ roneMmnHa Ha
onuTHaTta napuenka - 18 m2. PasctoaHneto mexay dugaHkute € 2 m n e cbobpaseHo ¢
BMOA Ha NOAJSIOXKKAaTa U eBEHTYyarnHUTE pa3Mepu Ha KOPOHUTE crieq TAXHOTO OKOHYaTEesNHO
dopmupaHe. Mexaypenosute pasctosiHus ca 3 m n 4.5 m. HacaxageHneto ce Hanossa
KankoBo. 3a no-eeKTMBHO M3MON3BaHe Ha BogaTa ce npunara MmynympaHe.

dakTopu Ha onuTa:

®akmop A — HanosieaHe

AOQ — 6e3 HanosiBaHe (KOHTpona);

A2 - HanosiBaHe ¢ nogabpxaHe Ha npeanonueHa BraxHocT 80% ot MMNB (100%) —
MakCUMarHo (onTumarHo) HanosiBaHe

M — myny

®akmop B — mopeHe

VO - HeTopeH (KoHTpona);
V1 - amoHveB HuTpaT - 5 kg da’ N;
V2 - amoHwueB HuTpaT - 8 kg da” N;

Peanuaupanu ca cnegHute BapnaHtm :A0,V0; M, A2, VO; M, A2, V1; M, A2, V2;

A2, V1; A2, V2; A2, VO.

B kpas Ha Beretauusita ce u3sBbpwBaT OGUOMETpUYHM HabnwgeHna Ha
eKcrnepuMmeHTanHnTe obpBeTa 1 ce onpeaensaT CreaHnTe pacTeXHU nokasaTenu:

X [OnameTbp Ha cTbbnaTta Ha 0.35 m Hag cnorkaTta Ha npucaxnaHe;
< BucounHa Ha gbpBeTaTta B m;
X WnpuHa Ha KopoHUTE B m;

Bb3 OCHOBa Ha CTOMHOCTMTE Ha Te3n nokKaslaTenu ce onpegenst nnowTa Ha
HaMpPeYHOTO ceyeHre Ha cTbbrnaTa B cm?n o6ema Ha KOpOoHUTE.

O6embT Ha KOpOHUTE e onpegeneH no dopmyrna, OTroBapsilia Ha CbOTBeTHaTa
dopmuposka (Westwood, 1978):

V =4 /31 a b? (1)

KbaeTo: a e Y2 OT guamMeTbpa Ha KOopoHaTa, OTYeTeH B OBe NeprneHanKynspHu
nocoku; b e %2 oT BUCoYMHaTa Ha KopoHara.
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Pe3yntaTtin n o6¢cbxaaHe

MNpe3 nepuoaa Ha nM3cneaBaHeTo ca onpederieHn cpegHaTa obukornka Ha ctbbnarta
Ha gpbBYyeTaTa, CpeiHO HanpeyHo cevyeHne, cpeHa BUCOYNHA Ha ApbBYe U cpeeH obem
Ha KopoHaTa u ca gagexu B Tabnuua 1. MNpu HanpaBeHUTe cpaBHEHMS HA BMOMETpUYHUTE
XapaKTepPUCTMKN Ha ApbBYeTaTa, OTrNeXaaHu ¢ KaI'IKOBO HanosiBaHe, C Myn4y n 6e3 Myny u
pasnuyHn TopoBu Hopmu 8 kg da IN: 5 kg da’ N), pe3ynTaTV|Te nokasaxa, 4ye noj
BNVSIHWE Ha MynuMpaHeTo M TopoBa Hopma oT 8 kg da’ N, s6brkoBUTe ApbBYeTa
nposiBABaT MNO-CUIIEH pacTeXx Mo cnegHuTe nokasatenun: obukonkata Ha crtbbnata u
Hanpe4yHo ceyeHne Ha cTbbnaTta. Cpe,u,HaTa obukonka Ha cTbbrnarta Ha gpbBYeTaTa npu
Myn4yupaHe u TopoBa HopMma 8 kg da’ N e 264.75 mm,107 % no-marnka CrpsiMo cpegHaTa
o6|/n<on|<a Ha cTbbnaTta Ha gpbB4YeTarta, OTrnexaaHn nNpu MynyMpaHe ¢ TopoBa Hopma 5
kg da’ N — 283.54 mm T.e. nokaseat 1.07 nbT1 no-cnab pactex u v 1.12 NbTU no-manka
cpenHa 06VIKOJ'IKa cnpsimo BapmaHT M, A2, V0. MNpu BapmnaHta 6e3 Myn4y u TopoBa HopMa
(8 kg da’ N), cpenHaTa obukorika Ha cTbbraTa Ha gpbBueTaTa e 252.32 mm e 1.12 nbTu
no-manbk ot BapuaHT M, A2,V1 n 0.95 nbTn no-manbk cnpamo BapuaHt M, A2, V2.
Pesyntatute nokaseaT, 4e npm GuomMeTpmnyHMA nokasaren: o6|/n<on|<aTa Ha CT'b6]'IaTa Hawn-
Ao6bp nokaseTen AaBa BapuaHTa ¢ Mynd 1 TopoBa Hopma 5 kg da’ N. M, A2, V1).

CpeaHoTo HanpevyHo ceyeHne Ha cTbbnaTa e ¢ Han-goObp NokasaTten npu BapuaHT
M, A2, V1 - 63.37 cm?, konto e ¢ 1.13 nbtn unn 113% no-manko CNpAMO HanNPeYHoOTO
cequme Ha cTbbnaTa npu BapnaHt M,A2,V2. INpu BapuaHTa 6€3 Mmyn4y 1 Toposa Hopma (8
kg da’ N), cpegHoTO Hal'lpe‘-IHO cevyeHue Ha cTbbnaTta Ha gpbByeTaTa npu BapmaHTa 6e3
Myn4 1 TopoBa Hopma (8 kg da’ N), e 48.44 cm?u e 1.15 MbTU NO-ManbK OT BapuaHT M,
A2, V2 n 1.31 nbTn no-manbk cnpamo BapuanT M, A2, V1. PeayntaTtute nokasear, 4ye npu
6uomeTpnyHnA nokasaten: CpegHOTO HanpeyHo ceveHMe Ha cTbbnaTta, Han-gobbp
nokaseTen AaBa BapuaHTa ¢ Myny 1 TopoBa HopMma 5 kg da’ N. (M, A2, V2).

BuomeTpuyHmMs nokasaten: BMCOUMHA ApbBYeTaTa, e C Hawn ,u,061>p pesynTtaT npu
BapuaHTa Cc Myn4 n Toposa HopMma 8 kg da’ N. (M, A2, V2) - 3.84 m.

CpegHuaTt obem Ha kopoHaTa € eaAnH OT Han-BaXKHUTE DMOMETPUYHKN NOKasaTenn n ¢

Han-goobp pesyntaTt npu BapuaHT M, A2, V2 ¢ myny n TopoBa HopMma 8 kg da’ N-11.57
m3., ¢ 1.07 nbtn no-ronam mnu 108 % ot Bapuant M, A2, V1 n 1.01 nbTn no-ronam ot
BapwaHTa 6e3 Myny 1 Toposa Hopma 8 kg da”’ N.

Ta6nuua 1. CpegHn GMOMETPUYHUN XapakTEPUCTUKMN Ha eKCriepuMeHTanH1MTe ApbByeTa no
penoBe
Table 1. Average biometric characteristics of the experimental trees in rows

O6wukonka Hanp. ceyeHuve
BucounHa O6ewm kopoHa/
cTbOno/ Ave cTbOno/ Ave
Bapuiant circumference of | cross-section of Apreqe/ Crown
Variant Tree height, volume,
stem, steam, 3
2 m m
mm cm
A0,VO 198.62 32.36 3.01 8.67
M, A2 VO 253.18 52.21 3.55 9.24
M, A2, V1 283.54 63.37 3.82 10.79
M, A2 V2 264.75 56.04 3.84 11.57
A2 V1 225.08 40.98 3.53 9.38
A2 V2 252.52 48.44 3.70 9.97
A2 VO 215.26 36.61 3.36 8.74
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3aknouyeHue

Mpe3 wu3cnegBaHWs nepuod, HanpaBeHUTE CpaBHEHMS Ha OMOMeTpUYHUTE
XapakTepUCTMKN Ha ApbBYeTarta, OTrnexgaHn ¢ mynyupaHe u 6e3 mynumpaHe u C
pasnu4Hy TOPOBU HOPMWU HA WMHTEH3MBHOTO SIOBISIKOBO HacaXaeHue nokasaxa, ye nop
BNUAHME Ha MyNn4MpaHeTo u depTuraumsaTa, A6bNKoOBMTE ApbBYETa NPOsIBABAT NO-CUMEH
pactex no cnefHuTe nokasaTtenu: obukonkata Ha cTbbnata M HanpeyHo cevyeHune Ha
cTbbnara.

Mpu no-ronama TOpoBa HOpMa ce HabnwgaBaT MO-BMCOKM MokasaTenu Ha
BMCOYMHATa Ha AbpBeTaTa n obema Ha KopoHaTa Ha OBOLLKUTE, HO MO-Marnkm o6UKONKM Ha
CTHOMOTO M HAaNPEe4YHOTO CeYeHue.

Mo oTHOweHMe Ha obema Ha KOPOHUTE — MokasaTesn, XapakTepuaupall cunaTta Ha
pacTex Ha ApbBYeTa, € YCTaHOBEHO, Ye Mpu npuraraHe Ha no-ronsiMa TopoBa HopMa:
aMoHueB HUTparT - 8 kg da'c myn4dupaHe n 100% HanosiBaHe e Haun-ronsma 11.57 m3.

HanosiBaHeTo Bnvsie 6rnaronpuATHO Ha pa3BUTUETO Ha BUOMETPUYHMUTE nokasaTenu
Ha 96bnkoB copT ,PriopuHa“, B CpaBHEHNE C HEMONIMBHUTE BapUaHTW.
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COMPARATIVE CHARACTERISTICS BETWEEN YIELD AND BIOMETRIC
INDICATORS OF EGGPLANT VARIETY "BULGARIAN 12" GROWN UNDER DRIP
IRRIGATION FOR THE AREA OF THE SOPHIA FIELD

Anna Rachova*

Institute of Soil Science, Agrotechnologies and Plant Protection “Nikola Poushkarov”,
Shose Bankia 5, Agricultural Academy Sofia, Bulgaria

*e-mail: a.rachova@issapp-pushkarov.org

Abstract

An experiment was conducted with eggplants of the "Bulgarski 12" variety in open
areas in the Sofia Field area, on leached Cinnamon forest soil.

Eggplants were grown under water-saving and environmentally friendly irrigation
technology (with drip irrigation) and applied mineral fertilization (with N2). Eggplants were
grown in conditions of optimal irrigation (100%), reduced irrigation (50%) and an increase
in the optimal irrigation rate by 20% at the same fertilization rates (with N2 100%).

The growth and development of the eggplant plants was monitored by periodic
biometric measurements. A connection was made between the yield and some biometric
indicators (number of fruits and plant heights) in the different variants.

In the phase of mass flowering, budding and fruiting, experimental data were
obtained for some biometric parameters - height, number of fruits.

The purpose of the present study is to compare the indicators of growth and yield
obtained at different irrigation rates during the vegetation period of the crop for two
experimental years (2023-2024).

Key words: eggplants, drip irrigation, growth indicators, yield, fertigation.

CPABHUTEJNTHA XAPAKTEPUCTUKA MEXAOY nOo6MB U BUOMETPUYHU
NMOKAIATEJIN HA NATNAODXAH COPT "BbJIFAPCKU 12", OTITNEXOAH MNMPU
KAMKOBO HAMOSABAHE 3A PAUOHA HA CO®UCKOTO MOJE

AHHa PayoBa*

MHcmumym no no4eo3HaHue, azpomexHoI02uuU U 3auuma Ha pacmeHusima
~Hukona lNMywkapos®,
LLloce baHks 5, Cogpusi, bwrieapusi, CerickocmonaHcka Akademusi

“e-mail: a.rachova@issapp-pushkarov.org

Pe3rome

[MpoBeneH e ekcriepyMeHT ¢ natnagXaHu copT ,bbnrapcku 12“ Ha OTKpUTK NroLwm B
panoHa Ha CocuminckoTo nosne, Ha nsnyxeHo KaHeneHa ropcka noysa.

MatnapxaHnte ca OTMMexaaHu npu  BogocnecTsiBawia M - eKkonorocbobpasHa
TEXHOMOorMsi 3a HanosiBaHe (C KankoBO HamnosiBaHe) U MPUIIOXKEHO MWHEpanHo TopeHe (C
N2). lMatnagxaHute ca OTrNexgaHn B YCNoBus Ha ontumanHo HanosisaHe (100%)
pegyumpaHo HanosBaHe (50%) 1 yBenuyeHne Ha onTumManHarta nonueHa Hopma ¢ 20%
npv egHn 1 cbm Hopmn Ha TopeHe (¢ N2 100%).
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lMpocnegsBaH e pacTeXbT M pasBUMTMETO Ha pacTeHusiTa OT MaTnagXxaH, KaTto ca
N3BBbPLUEHN NEPUOANYHN BUOMETPUYHN n3mepBaHns. HanpaseHa e Bpb3ka Mexay nobvBa
N HAKOM BuomeTpudHM nokasaTtenu (bpon NNOOOBE U BUCOYMHW Ha pacTeHuATa) npu
pasnUYHUTE BapuaHTw.

BbB asa macoB ubdpTex, OyToHM3aums u nnogogaBaHe ca  MOMy4YeHu
eKCnepuMeHTanHn [aHHW 3a HaKoM OWUOMEeTPUYHM nokasaTenu — BWUCOYMHa, Opon
nnogose.

Llenta Ha HacTosWeTO M3cneaBaHe € Aa Ce CPaBHAT nokasaTenure Ha pacTtexa u
pobusa, NonyvyeH nNpu pasnuMyHUTE MOSIMBHM HOPMK Mpe3 nepuoga Ha BeretauusitTa Ha
KynTypaTa 3a ABe ekcrepumeHTanHu roguHn (2023 -2024 r.).

Knro4oeu dymu: natnagxaHu, KankoBO HanosiBaHe, pacTeXHW nokasatenu, nobus,
depTuraums.

BbBepeHue

Pelwagaula ponsa npu oTrnexgaHeTo Ha 3efeHYyKOBU KyNTypu B T.4. M NaTnagxaHn e
NPaBUMHOTO CbyeTaHWe Ha OTAenHUTE akTopWU OT arpoTEXHOSIOrMYECKUA KOMIMMEKC -
COpPT, HanosiBaHe, TOpeHe, TOMMuHa, CBeTnMHa, obpaboTkm u Ap., Kouto obycnasAT
camaTta TEXHONOrMa Ha oTrnexaaHe Ha AafeH B 3eneHYyKoBa KynTtypa npu onpegenexHm
NnoYBeHO-MeTeoponorMyHn ycnosus. (denvbantos, 1972).

MaTtnagXaHbT MMa rofieMum M3UCKBaHWA KbM rModsBaTta. Taswm 3eneH4vykoBa KynTtypa
nMa BMCoOKaTa YyBCTBUTENTHOCT Ha KOpeHOoBaTa cucTeMa KbM TOMAUHHUS, XPaHUTENHUS U
BOOHWUSA pexum Ha noysBata. Ha Texku, rmuHecTn 1M BoAO3aabpKaliyM MOYBWU, KOPEHUTE
HapacTBaT cnabo M pacTeHuaTa cTpagaT OT BEPTUUMIIMAHO yBsIXBaHe, CTONOyp U He
n3gbpxaT Ha 3acywasaHe. [pu oTrnexagaHe BbpXy CTPYKTYPHU, NIEKU BOOONPOMNYCKIIMBA U
TONMM NOYBU C BUCOKO CbAbpXaHME Ha XpaHUTENHW BeLecTBa, KOpeHoBaTa cuctema
pacTe paBHOMEPHO BbB BCUYKM MOCOKW, KATO HAKOW pasKNoOHEeHWs MmoraT Aa SOCTUrHaT go
1.5m. (MutoBa n botesa, 2012 r.);( Kireva et al, 2017); (MeTpoBa-bpaHunyeBa, 2010);
(Gigova and Petrova, 2024).

Abdrabbo et al. (2017), npu ekcnepuMeHTanHW Npoy4BaHns B YCIIOBUSTA Ha KankoBo
HanosiBaHe npu noncku ycrnosust B [Jokkn, m3a, Ermnet npes 2014/2015 r., npoy4yBar
pa3nuyHM HMBa Ha HanosiBaHe (50, 75 n 100% ot ETc) ¢ natnagxaH copt Black Beauty.
Te ycTaHOBsiBaT NO-paHO yBeNu4aBaHe Ha pacTeXHWTe napamMeTpu U noBulLaBaHe Ha
obwms nobusa npu BapmaHta cbe 100% B cpaBHEHME C peayumpaHus BapuaHT C NofIMBHA
Hopma 50% ETc.

B npoyyBaHe Ha Al-HadidiandSweity, (2022), 3a oueHsBaHe edekTta oOT
aeduumtHoTo HanosieaHe (DI) ¢ n3anon3BaHe Ha npeyncTteHn oTtnagbyHu Bogn TWW
BbpXxy AobvmBa M KavyecTBOTO Ha naTtnagxaH MNpu pasnuyHM HUMBA Ha HanosiBaHe, ce
YCTaHOBSIBAT 3HAYUTENHM PasfuKku, KakTo Ha PU3NMKOXMMUYHUTE CBOWCTBA Ha Moysara,
Taka n npu gobuea.

B oBa ekcnepumeHTa OT npoyyBaHudata Ha Bilibio et al. (2010) Bbpxy edektute ot
noJaBaHETO Ha pasfMyHM BOOHW HMBA B noyBaTta, NPUNOXKEHN B ABa (PEHOMNOrMYHn etana
npy naTtnagxaH, C HaMbfHO PaHOOMU3MPAH eKCNepuMEHTaneH OM3anH, BKYBal, 5
TpeTupaHus n 6 NOBTOPEHUS.

Pesyntatute nokasBaT 3HauuMTENHM eqEeKT BbPXY BCUYKM  aHanusvpaHu
npomeHnueu. Te ycTaHoBsABaT CbLWO, 4Ye HaM-YyyBCTBUTENHata (pasa e pasata Ha
obpasyBaHe Ha nnogose/pekonta W, 4e Tasu asa € MNo-4yyBCTBUTENHA KbM BOAHOTO
HanpexeHne B NovsaTa M ce CTUra o yBpexaa pasBUTUETO Ha KynTypaTta. Han-pobpute
Aobusm ca nonydeHn Npu HanosieaHe, n3BbpLieHo npu 15 kPa.

BuonozuyHa xapakmepucmuka Ha nammaadxaH

CopTtbT "bbnrapcku 12" e cpegHo paHeH Obnrapcku copt. OTnuyaBa ce C
n3pasHeHu nnogose 1 gobpa pogosutocT. MNnogoseTte ca egpu, yobIHKEHO KPYLUOBUAHU C
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TbMHOBMOSIETOBA KOXMLA M cuneH rnadHu. bana n kpexka mececrata 4acT € 1 C rnagka
NoBbPXHOCT (CHUMKM 1 1 2).

y L
CHuwmka 1. AsTop: Boteva, 2023 CHumMKa 2.

To3un copT € YyBCTBUTESIEH HA CUMHWU 3acyllaBaHUS U Ha EKCTPEMHU TeMnepaTypu,
KaTo npu BUCOKM TeMnepaTypu NPUAPYKEHN C HUCKA OTHOCUTENHA BNAaXXHOCT, LBETOBETE
MacoBO U3pecsiBar.

bomaHuyecka xapakmepucmuka - TnpuyHagnexm KbM cemenctso Kaptodosu
(Solanacae). Otmexga ce npeaguMHO KaTo eOHOroAuWHO  pacTeHue. 3apaau
cneumuUUHNAT cn UBAT ro Hapuyar owe "CuH gomat".

KopeHosa cucmema - pasBuBa 4-5 ckeneTHM pasKioOHEeHUs1, KOUTO NpU OTrnexgaHe
Ha CTPYKTYPHU U MO-CyXu NoyBu NpoHukeaT Ha AbnboyvnHa 0.40-0.50 m. ¢ MHOXeCTBO Mo-
cnabu kopeHn. KopeHoBaTta cuctema e tun 6pagecrta, HO no-crnabo passuTa OT Tasn Ha
AaomaTtuTe 1 nunepa, n cbe cnaba nornbliatenHa cnocobHOCT u crnaba Bb3CTaHOBUTESNHA
CNOCOBHOCT 1 3aToBa pa3cajeHuTe pacTeHus ce npuxeawart TpyaHo u no-6asHo. (PaHkoB
n gp., 1983) (CHumka 2).

Cmbbsio - ObpeeHUCMO, 34paBO U B rOPHUSA Kpal TPEBUCTO3ENEHO, MEKO U COYHO.
OkpackaTa My e copToBa 3aBMcuMocCT. BucoumHata Bapupa ot 0.30- 0.55m., yctaHOBeHa
onutHo (FAO 56 — 0.80 m).

Jlucma - ronemun, egpoHapasanu, abnarm 0.10— 0.20 m. n wwupokn 0.05— 0.10m.
PaannyaBat ce no popma (anuesmaHa, enuncoBmngHa, oBanHO 3aoCcTpeHa un ap.).

L{essim - BMONETOB C BNACKMHKM 40 TbMHO-MOPAaB, Pa3nofioXKEHN Ha KbCU OPBXKM Han-
4YecTo eauHUYHO unn cbbpaHm no 2-3 Ha Bb3en. Te ca OBYNONOBU, CbCTOAT ce OT 7
yawenuctyeta M BeHYenuctyeta UM 6-10  xbATM  TMYMHKKW.  [lpeobnagaBsa
camoornpallBaHeTo, HO ECTECTBEHOTO KPbCTOCBAHE € YECTO ABMEHNE U MOXE Aa LOCTUTHE
00 30-40 %.

Matepuanu n metoau

O6eKkTbT Ha M3cneaBaHETO € cpefdHO paHeH copT naTtnagxad ,bvbnrapckm 12
EkcnepumeHTa € npoBedeH Ha onuTHO nosne ,YenonedeHe” kem UMA3P ,H. MNMywkapos”,
CCA. B wuscnegBaHusi panoH no4yBuTe cnagat KbM Tun u3nyxeHa KaHeneHna ropcka,
obpasyBaHu BbpXy AenyBuanHun HaHocu. o mexayHapoaHaTta knacudukaumna Ha AO ce
onpeaenaT kato Chromic Cambisol. 1o MexaHn4YeH CbCTaB NoYBaTa € TEXKO NeCbYSIMBO-
rMUHecCTa B OPHWUA CIIOM U fneKo-rMuHecTa B nogopHusa. BoaHo-u3nyHUTE cBOMCTBA Ha
TO31 noyBeH nogtvn cpegHo 3a cross 0 — 0.60 m gbnboynHa ca cnegHuTe: npegernHa
noncka BnaroemHocTt (IMMNB) — 22.0 % cnpamo Ternoto Ha abConiTHO cyxaTa MoYBa;
obemHo Terno Ha nousarta npwu MMNB — 1.47 g/cm® n BnaxHocT Ha 3aBaAxBaHe — 10.0 %
CnpsAMO TernoTo Ha abconTHO cyxaTta noysa. B npoabrkeHve Ha OBe roavHu B
yCrnoBusiTa Ha paloHa ce oTrnexaa naTnagxXaH Ha OTKPUTM MIOLLN.
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OnuTbT € u3BedeH npu Tpu pexuma Ha HanosieaHe — ontumanHo (100%),
peayumpaHo (50%) u ¢ ysenudeHo nonuneaHe ( ¢ 20% noseye OT ONTUMAaNHOTO), NpU eaHa
N Cblla HOpMa Ha TOpeHe C a30T C U3NoNn3BaHe Ha BOAOCMECTHABALUM TEXHOMOMMWM 3a
HanosiBaHe 3a parnoHa Ha CoduminckoTo none.

HanossBaHeTO e WM3BbLPLIEHO C WMHCTanauus 3a KankoBOo HanosiBaHe “[pos3bax”
nepdgopwupatH npe3 30 cm. Npn KaNKOBOTO HanosiBaHe He ce NofaBa pasMepbT Ha udanarta
nonuBHa Hopma, KakTo npu Apyrute HauvHuM Ha nonuBaHe. Hanara ce pegyuvpaHe 3a
CMeTKa Ha HeHarnosiBaHata nnow,. 3a uenta e usnonssaHa dopmynarta Ha (Frecman B.,
Carzoli., 1980) kato e B3eTa npeasuna cxemarta Ha 3acaxgaHe. PasmepbT Ha nonvBaHaTa
HopMa ce nsdncnsaealle no popmynara:

m= [10H.a. ( NMNB — &t np. Bn.)].K.

KbOeTo:

m e ronemMmmnHaTta Ha nonvMeBHaTa Hopma, mm;

o — obeMHaTa NNbTHOCT Ha No4yBaTa B gr/cms;

H — gbnbounHata Ha akTMBHMS NoyBeH nnact, m (B onuta H = 0,4 m);

NMMNB — npepenHaTta noncka BraroeMHOCT B % cnpsiMO abConiTHO CyxXOTO Terno Ha
noysaTa;

OT np. BN — NpeanonvMBHaTa BNaXHOCT Ha noyBaTta B % cnpsiMo abCoMTHO CyXOTO Terno
Ha no4sarta;

K — koepuumeHTbT Ha pegyuuMpaHe Ha MonuBHATa HoOpMma, oOTyuTaly 3aetata oT
pacteHundata nnow, B 1 dka, B onuta K = 0,66%, T.e. Hanosiea ce 66% OT nnowia.

3a onpeaensHe Ha NoYBeEHaTa Brara ca B3vMaHW No4YBeHn Nnpobu oT BapmaHT V4 CbC
100 % nonuBHa HopMa C nogabpXKaHe Ha npeanonmeHa BnaxHoct 80% ot IMIM1B.

Memod Ha 3anazaHe Ha onuma: NonckuaT EeKCNnepuMmeHT € 3alJiokeH no Mmetoda Ha
ObJIITUTEe Napuerikn 1 BKIKOYBaA 4YeTUpu MNMOBTOPEHUA OT BCEKW MnpocrneadaBaH BapuaHT

(Cxema 1).
Cxewma 1. BapuaHmu Ha onuma:
1) Vi - HanosieaHe c¢ 100 % nonuBHa HopmMa 6e3 TopeHe— KOHTpona
(noppbpxaHe Ha 80% ot INI1B).
2) V> - HanosieaHe ¢ HamangaBaHe Ha nonmBHa Hopma ¢ 120%.
3) V3 - HanossaHe ¢ 100% nonueHa Hopma.
4) V4 - HanosiBaHe cbC 3aBuLwaBaHe Ha nonueHa HopMa ¢ 50%.

Pe3ynTtatu n ob6cbxaaHe
N3cnepBaHunsaTa ca npoBedeHn Ha onuTHOTO none Ha UIMAS3P ,H. MNywkapos® B KB.
YenoneyeHe npe3 2023 n 2024 rognHa (CHumka 3).

,bbnrapcku 12°
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[Mpe3 BereTaumoHHUTE rOAMHM Ha eKCNEePUMEHTA Ca U3BbPLLEHN BCUYKM HEOBXOaUMM
arpoTexHu4eckn meponpuatns obpaboTka Ha noysaTa, MOHTMpPaHe Ha MOMMBHA TEXHWKa
3a KankoBO HamnosiBaHe, 3acaxgaHe Ha pascaja Ha OTKpUTO, NpunaraHe Ha Heobxoaummsa
Opon nNonMBKM 3a NpuUXBalLlaHe Ha pacTeHusTa M npe3 Beretauusita, TOpeHe 4pe3
drepTuraumd, NnpbCckaHe 3a pacTuTenHa 3awura 1 ap..

Mo oTHOWweHWe Ha TemnepaTypaTa Ha Bb3gyxa 2023 roguHa mn 2024 roguHa ce
XapaktepuaupaTt, kato Tonnmu ¢ obesneveHocT 26 % M MO OTHOWEHWE Ha nagHanute
Banexwu cyxa c obesneveHoct 62.41 %.

PasButneTo Ha natnagkaHeHOTO pacTeHWe ce CbCToM OT ABa nepuoda: NMbpBu
nepuoa OT 3acsiBaHe Ha CeMeHaTa nbpBaTa AeceTAHeBKa Ha mecel mapT (2023 r.) u
3acaxjaHe Ha roToBusi pascaj Ha nosieTo Kpas Ha Mecel, anpun 4o HavanoTo Ha mecel|
mMan. 3a 2024 rognHa 3acaBaHETO Ha CEMeHaTa M pPa3BUTMETO Ha pacTeHUSATa Ce U3BBbPLUN
B Kpas Ha Mecel eBpyapu, a roToBUAT pascaj ce 3acagu Ha MnofieTo B Ha4anoTo Ha
Mecel Man. [NepmnoabT 3a NnpuxBallaHe Ha pascaja € 40 Kpad Ha Mecel, Man Ha4yanoTto Ha
Mecel, oHKU ( 25 — 29.05.2023 r. 02 - 05. 06. 2024 r. ).YcTtaHoBeHM ca peHOoda3uTe Ha
passutue (Tabnuum 1 n 2).

Ta6bnuua 1. deHoasn Ha pas3BuTMe Ha natnagkaH coptT ,bbnrapckn 12, 3a
BeretaunoHHuna nepuog Ha 2023 rogmHa

deHohasn Ha pa3sBuTne/gHu
BapwuaHTt Sacaxpate YcuneH Hauvano Ha Havano Ha Mnogonasaxe
pacTex OyTOHM3aLMs ubdrex
V1 120% m 30.05 9.06 27.06 15.07 30.07
V2 100% m 30.05 9.06 5.07 25.07 8.08
V3 50% m 30.05 9.06 4.07 22.07 5.08

Tabnuua 2. deHodpasn Ha pasBuTME Ha natnagxkaH copT ,bvnrapcku 124 3a
BeretTaunoHHuna nepuog Ha 2024 rogmHa

deHodasn Ha pas3BuTne/gHu
BapwuaHTt 3acaxpgaHe Ycunen Hauano Ha Hauvano Ha | lNnogognasaHe
pactex OyTOHM3aums ubdTex
V1 120%m 31.05 8.06 17.06 12.07 28.07
V2 100% m 31.05 8.06 7.07 6.07 7.08
V3 509%m 31.05 8.06 5.07 4.07 3.08

3acaxgaHeTo Ha OTKPUTO C rOTOB pascaj Ce M3BbpLUBaA MPWU NOCTOSIHHO 3aTOMNSsSIHE
Ha NoOBBbPXHOCTTa Ha noysaTta Hag 5-10 °C v 3a ABeTe roanHU Ha NONCKUAT eKCNePUMEHT.
MaTtnagkaHbT € MHOro YyBCTBUTENMHA KynTypa Ha uaMmpb3BaHe. Hayano Ha GyToHu3aums
ce Habnogaea Ha 109 go 117 geH. LbdTexbT Ha natnamkaHa 3anoysa ot 127 go 137
JHU crepn 3acsaBaHe Ha cemeHaTta. 15.07 po 25.07.2023 roanHa v 15-20.07. 3a 2024 .
(Tabnmum 1 1 2).

MaTtnagxaHeHUTe pacTeHus ca 3acageHn Ha noneto Ha 30 man 2023 n B Kpas Ha
mecel, man (31.05. B Hayanoto Ha mecey toHKW) 3a 2024 rogumHa. 3acaxpgaHeTo ce
n3BbpLWK C rotoB pascag. [logageHa e nonueBka 3a npuxeBawaHe ¢ Hopma 15 mm. [lo
BpeMe Ha nepuoaa Ha agantaums u npuxeallaHe, 0o 9 1oHU ca nogadeHun 4 nonueBkK Npes
3 oHu ¢ nonmeHa Hopma 10mm (Tabnuum 1 1 2).

3a nogabpkaHe Ha npeanonueHa BnaxHoct 80% ot lMMNB obwo 3a BereTaynMoHHUSA
nepuoa ca peanuampanHu 22 6pos NonMBKK 1 Npu TPUTE BapuaHTa no rogMH1 n cpegHo 3a
2023-2024 r. (Tabnuum 3, 4, 5).

PasmepbT Ha cpegHaTa HanouTenHa HopMa 3a BeretaunoHHua nepuog e 372,22 mm
kaTo 3a 2023 r., T € 368.85 mm, a 3a 2024 r. 375,55 mm (Tabnuum 3, 4, 5).
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Ta6nuua 3. Bpon NonMBKKN, NOSIMBHU M HANOUTENHU HOPMW Ha NaTnag)XaH Ha OMUTHO

none 2023 rognHa

- lMonnBHa Hopma HanoutenHa Hopma
BapuaHTtu Bpon nonueku
(mm) (mm)
120 % M 120 22 24,5 452
100% M 100 22 19,5 348
50% M 50 22 15,5 245

Ta6nuua 4. Gpoi NONMBKN, NOSIMBHM U HANOUTENHU HOPMW Ha NaTnag)XaH Ha OMUTHO

none 2024 roanHa

- lMonneBHa Hopma HanoutenHa Hopma
BapunaHTu Bpon nonueku
(mm) (mm)
120 % M 120 22 30,15 464
100% M 100 22 249 356
50% M 50 22 15,85 250,5

Tabnuua 5. bpon NONMBKK, NOSAMBHU N HAMOUTENHM HOPMW Ha naTnamkaH Ha OMUTHO
noneno rognHu n cpegHo 3a nepuoga 2023 -2024 rogmHa

CpegHo
2023 2024 2023 -2024 rognHa
|_

- — © = — © = — © =
& & & & & =
S | <3| fE|5E| <3| fE SE| <3| 2E| SE

@® 0 = = = 9 < = = 9 < = =
foe) o c = @ S © o £ c © S © o c c 4] S ©
3 3 = o = 03 S = Q= |wg S = o =
= C g TS E | CS| g5 = I = )
T T T I I T I -
120% M 22 24.5 452 22 25.3 464 22 30,15 458
100% M 22 19,5 368 22 21.3 420 22 24,9 394
50% M 22 15,5 245 22 16.2 256 22 15.85 | 250.5

Tabnuua 6. Jobusn oT natnagxaH B kg/dka no roanHun n cpegHo 3a nepuoga 2023-2024
rogmHa B YenoneyeHe, Codus

06w gobus kg/dka Ho6busn kg/dka
BapuanT 2023 2024 Cpenro 3a 2023-2024
120% M 21,93 32.49 27.21
100% M 18.25 23.03 20.64
50% M 6.77 18.35 12.56

— ® O6um gobusmn 2023

rofiMHa

m O6uwm pobusm Kr /aKa

/~ No6uew Kr/oKa... 2024 ropuHa

— /" O6uim nobuen 2023...

1 [lobusK kr/axa CpegHo
3a nepuoda 2023-2024
roAMHK

®durypa 1. Jobusn ot natnagxaH B kg/dka no roanHn n cpegHo 3a nepuoga 2023 -2024

rogmHa B YenonedeHe, Codus
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Mo oTHoweHMe Ha gobuea npu BapmaHTa cbC 100% nonmBHA HOpMa ca OTYETEHMU
no-BMcokn nobueun npes 2024 rogmHa B cpaBHeHue ¢ 2023 r., KOeTo ce oTpassiBa U Ha
O6pos Ha nNnogoBeTe, a TOPEHETO OKa3Ba BNUSHWE Ha Pa3BMTMETO Ha BereTaTMBHaTa maca
N KOpeHoBaTa cucTema npu BapuaHTta ¢ pegyumpaHo HanosisaHe (50%m). (Tabnuua 6 un
durypa 1). TopeHeTo Cc a30T gaBa pasBUTUE Ha MNoOBeYe NUCTa, KaTto 3a BapuaHTa C
onTuMarHa nosiMBHa HopmMa ce oTpassBa Ha 6pos nnogosete (Tabnuua 7, durypu 2 n 3)
n Ha pobusa, konTo 3a 2024 rognHa e 3Ha4nTENHO No-BuUcok (Purypu 2 n 3).

Ta6bnuua 7. PasnpegeneHne Ha nonueBkute no ¢asyn OT pasBuTUenartnagka,
oTrnexgaHu Ha OTKpUTK Nnowm - onuTHo none Yenoneyene, Codgus, 2023-2024 roguHa

da3un Ha pas3BuTune Bpon nonveku [Meprogn Ha HanosiBaHe
Cent6a ) 3-™ pneceTgHeBka siHyapu
3acakaaHe Monueka 3a Kpas Ha anpun
npuxeawjaHe
1% neceTgHeBKa Maw Ha4yanoTo
YcuneH pacrtex 1-2
P Ha HOHU
Hauvano Ha ubdTex, MNbneH 3.5 2-" neceTOHeBKa Ha 1OHU
UbdTex 2-p? jeceToHeBKa Ha onu
3peeHe Ha nnoposeTe, 4.5 Kpas Ha mecel tonu, Ha4yanoTo
lNMnogopasaHe 6eputba Ha aBrycr
Kpas Ha tonu oo Ha4yanoTo Ha
AKTMBHO nnogoaaBaHe 7-10 P A
MeceL, OKTOMBpPU

Bpon nnogose no Bapmantu 3a 2023 -2024 rognHa

80 150
60 -+
==f==1 Bap 100 =1 Bap
40 =fii=2 Bap =fi=2 Bap
50
20 _ 3 Bap 3 Bap
0 1 T T T T 1 *4 Bap 0 El E E El ” *4Bap
A A A A (s}
& £ F fF o 0o o o o
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5T % W O o ~ m s °

®Purypa 2. — 2023 r. ®urypa 3. — 2024 r.
3aknioyeHue

Pesyntatute OT u3cneaBaHuMsTa MNoKasBaT Bpb3ka Mexay MonMBHaATa HopMma U
dasnTe Ha pasBUTMETO Ha KynTypaTa npu U3cneaBaHUTE BapuaHTu.

OnpepgeneHa e ronemMuHaTa Ha NONIMBHUTE HOPMM MO BapuaHTW CPeaHo 3a nepuoaa
Ha nscnegeaHunata 2023-2024 r.

YcTaHOBEHO €, Yye npu BapuaHTute ¢ 50% nonmeBHa Hopma ce Habnogasa Havano Ha
ubdTex 3a 2024 r. 10-12 peHa no-paHo, a npe3 2023 r., cbCc 7-10 AHWM MO-KbCHO, a
obpasyBaHeTo Ha NbpBUTE NNoAoBe ce yctaHoBu npes3 2023 r. ¢ 5-8 gHU NO-KbCHO, a npe3
2024 r., ¢ 9 -10 gHu no-paHo.

Mpun BapmnanTtute ¢ 100% 1 120% nonneHa HopMa He ce HabnwaaBaT CbLECTBEHMU
pasnuuus.

Peannsnpann ca 22 6posi NonnBKM 1 Npe3 ABeTe eKcnepuMeHTarnHn roamHn, KaTo 3a
nogaobpkaHe Ha NoyBeHaTa BnaxHoCT B ananasoHa 80% ot NINB HanouTenHaTa HopMa e
368.85 mm 3a 2023 r. n 372, 55 mm 3a 2024, a cpegHo 3a asete rognHn e 372,22 mm.
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lMonyyeHuTe pesyntaty NokaseaT, Ye No OTHOLEeHue Ha fobuBa nNpu BapmaHTa CbC
100% nonvBHa HopMa ca OT4YeTeHU No-BUCOKM Jo6uBK npe3 2024 r. B cpaBHeHne ¢ 2023
r., KOeTo ce oTpassBa n Ha 6posi Ha nnogoBeTe.

Pesyntatute cpegHo 3a nepuoda Ha uscnegpaHusTta (2023-2024 r.) nokassart, ye
npu yBenuvyaBaHe Ha onTumanHarta nonmeHa Hopma ¢ 20%, obmebT HapacTtea ¢ 27,21
kg/dka, a npu HamaneHue ¢ 50% [obuebT Hamansea ¢ 14,65 kg /dka.
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NOAOATIIMBOCT HA NMOYBUTE KbM OEPJNIALUNA HA TEPUTOPUATA HATPAL
TPBbCTEHUK, OBJIACT MNJNEBEH
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Pe3lome

BeTpoBata epo3na e npsiko 3aBucumMa OT peneda Ha TepeHa, OT Buaa Ha
pacTuTenHaTa TMOKpMBKA W OT HayMHa Ha CTOMaHMCBaHe Ha TepuTopudra.
PaspywmtenHata u TpaHcnopTHaTa cuna Ha BATbpa 3aBUCAT OT HeroBaTta CKOPOCT.
O6nacrt lNneBeH ce xapakTepuaupa c paBHUHEH pened B ceBepHaTa 1 M3ToYHaTa 4Yact u ¢
XbIMUCT B HOXHaTa M toro3anagHaTa. Nopagu Tasm ocobeHOCT Ha TepeHa TepuTopusiTa
nonaga B krac cnaba nogatnMBOCT Ha noysaTa KbM gednauus (0=125).

Knr4oeu dymu: noysa, obpaboTBaema 3emsi, EpO3NOHHOCT Ha BETPOBETE.

SOIL ERODIBILITY FOR THE TERRITORY OF TRASTENIK, PLEVEN REGION
Avgusta Stepchich*
*Institute of Soil Science, Agrotechnologies and Plant Protection “N. Poushkarov’,

*e-mail: a.stepchich@issapp-pushkavor.org

Abstract

Wind erosion is directly dependent on the relief of the terrain, the type of vegetation
and the way the territory is managed. The destructive and transport power of the wind
depends on its speed. The region of Pleven is characterized by a flat topography in the
northern and eastern parts and a hilly one in the southern and southwestern parts. Due to
this feature of the terrain, the territory of the district is mainly in low erosion class (02125).

Key words: soil, agricultural land, soil erodibility.

BwBeneHue

MpoMeHnTe B KNuMMaTta B MOCNEeAHUTE T[OAWMHM MNOCTaBAT Ha  M3NUTaHMe
Bb3MOXHOCTUTE Ha YOBeKa [a npeasuan 1 aa ce 6opu cpelly npupogHuTe ctuxmn. Kato
pesyntaT OT NPONIMBHUTE ObXOOBE Ca BUCOKUTE KONUYeCcTBa OTHECEHa no4ea, a nvncaTta
Ha pacTuTenHocT obycnaes M nposiBata Ha cunHu BeTpoBe. [1oGpe pasBuTa ecTecTBeHa
pacTuTenHa NokKpMBKa Ha MoyeaTa € B CbCTOsiHME Oa NpeaoTBpaTty nosdBaTta Ha epo3ns
Aopu, Korato ocTaHanuTe YCrnoBMsl Ca HambiHO OnaronpuATHU 3a €pPO3MOHHM MPOLECH
(CtaneB, 1979). lNposiBaTa Ha BETpOBa €pO3u1si € CUHO 3aBMCUMa OT pacTUTENHOCTTa, OT
KONMYeCTBOTO Ha Brfara B noyBaTa M He Ha nocrnegHo MSCTO OT cunaTa Ha BATbpa.

B pasnuyHute nepmvogn OT pasBUTMETO Ha YoBeKa, BAUAHMETO MYy e 6uno B
3aBMCUMOCT OT HerosuTe Hyxau. B nocnegHute rogmHm ce obpblia BHUMaHME Ha dakTa,
4ye Mma 3acureHo TbpceHe Ha obpaboTBaema 3ems. ToBa BOAM 4O U3CMYaHE Ha MOLWM C
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ropcka pactuTenHocT u xpactn. B nepuogute 6e3 pactutenHa NOKpuBKa noysata €
He3alimTeHa n BmBa nNoanoxeHa Ha pasnUYHU BITUSHUS.

Llenta Ha cTaTuaTa € Oga npeacTaBUM OUEHKM 3a CTerneHTa Ha nogaTtnimMBOCT Ha
noyesarta kbM gednaums 3a Teputopusita Ha 3eMIMLLETO Ha rp. TpbCTEHUK, 061. [neBeH.

MaTtepuanu n metoaun

3a oueHkaTta Ha nogaTnMBOCTTa KbM Aednaums Ha nNouBuTE Ha TepuTopusTa Ha
3eMnmLEeTo Ha rp. TpbCcTeHuk, obnact lNneBeH, ca M3non3BaHn NOYBEHO-KapTorpadCckm
npoyyYBaHUs Npe3 MeceuuTe cenTeMBpyn M OKTOMBPU BbPXy Tonorpadcka kapta 8 M 1:10
000. (MoyBeHa xapakTepucTuka Ha 3emuTe B 3emnuweto Ha TK3C TpbCcTeHuk, OKp.
MneseHckn, M 1:10 000). MogensT 3a UHTEH3UTETa Ha BeTpoBaTa epo3nd BbB (PYHKLUA
OT dhakTopuTe 1 e paspadboteH B CALL 3a uennte Ha NPOTUBOEPO3NOHHOTO NPOEKTUPAHE
(Woodruff and Siddoway, 1965; Skidmore and Hagen, 1970) u e wu3BecTeH kaTo
YpaBHeHVe 3a NporHosupaHe Ha noyseHuTe 3arybu oT BeTpoBa eposusa (Wind Erosion
Equation — WEQ):

E=f(IxKxCxLxV), kboeto

E e cpegHoroanwHa noteHuunanHa 3aryba Ha noysa oT eanHuua nowy (t haly);

| e vHOeKC 3a nogaTNMBOCT Ha no4vsata KbM gednauus (t haly);

K e nHgekc 3a rpanaBocT Ha NOBbPXHOCTTA;

C e knumaTu4eH cakTop;

L e cpegHa HesawuTeHa AbIMKMHA Ha noneTo (m);

V e pactutenHa nokpueka (kg/ha).

MogaTtnmMBoCTTa Ha noyBata KbM gednaumsa € oueHeHa NocpeacTBOM MPOrHO3HUTE
cpegHoroamwHn 3arybu Ha noysa oT gednaums [t/ha y], nsdncneHn BbB OYHKUUSA Ha
MEeXaHW4YHUA CbCTaB Ha noysarta v knacudpuumupaH B 5 rpynu (Pycesa u konektus, 2010):
cnaba (>0>=125); cnaba po cpegHa (125>=150); cpeaHa (150>=200); cpegHa Ao cunHa
(200>=275); cunHa nogatnueocT (>275).

PaloHbT ce Hamnpa B cpefHaTta ceBepHa YacT Ha [JyHaBckaTta XbIMUCTa paBHUHA,
XapakTepuaupall, ce C paBHWHEH pered M Marnka HagMopcka BMcovMHa. B knumatnyHo
OTHOWeHMe crnaga KbM [lyHaBckaTta KnMMaTMyHa 30Ha C SCHO W3pas3eH NpPexOoaHO-
KOHTMHEHTANeH Xapaktep — Tropewo naATo, cTygeHa 3uma. CpepgHata roguwiHa
TemnepaTtypa e 11,4 °C. Banexute ca Heronemu — okonio 500 mm roguwHo, kaTto umart
MaKkCMMyM Mpe3 KbCHaTa NponeT M NAToTo (Mar — KHM) U MUHUMYM npe3 deBpyapu,
KOWTO 4YeCcTo ce npemecTBa B centemMBpu. Ha TeputopusaTa nma ycrnosus 3a pasButne Ha
3emegenueTo, kato npeobnagaBall oOTpacbn € pacTeHUeBBACTBOTO — OCHOBHO
NPOM3BOACTBO Ha 3bpHeHW kyntypu. [lpeobnagaBawmte BeTpoBe Cca 3anaj-
ceBepo3anagHn. Ha teputopuaTa nma HeQoOCTUr Ha BOAW, a NOAMNOYBEHUTE BOAWM Ca Ha
ronama AbnboynHa. B no4BeHO OTHOWEHME ca YCTaHOBEHW 8 MOYBEHW pasnnyus
(Tabnuua 1).

Pesyntatn n o6¢cbxaaHe

Npag TpbCTeHMK € ¢ Han-ronsma obpabotBaema nnow, B ob6wuHa [JonHa
Mutpononuss n Gpon pernctpupann 3emegerncku npounssogutenn. OT HanpaBeHuTe
NMOYBEHN NPOYYBaHMA ca YyCTaHOBEHU 8 noyBeHu pasnuuus. NpeobnagasaT YepHo3emuTe,
KaTo 3aemart nnowy ot okono 81xun. gka. C Han-ronsima nnowy, ca KapboHaTHM YepHo3eMu,
cpeaHo mMowHu (okono 45% ot nnowTa), a ¢ HarM-manka nnow, ca CpeaHo u3nyxeHu
YyepHo3eMun, cpeaHo MoLHu /akymynupanu/ (okono 0,3 %).
[MoyBeHUTE pas3nuyna ca CbC CTOMHOCT Ha MHAEKCA Ha NoAaTnMBOCT KbM Aednaums ot 85
n 100. Toea rm noctaesa B knac cnaba nogatnueocTt kbM gednauns (0>=125) (durypa 1).
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Ta6nuua 1. CTOMHOCTK Ha MHAEKCA 3a NOAATNMBOCT HA NOYBUTE KbM Aednaums

(cpaktop 1)
MoyBeEH pasnunyne rmuvHa | npax | nsacbk | I-dpakTop
1 | KapboHaTHM YepHO3eMun, CpeaHO MOLLIHU 30,0 | 52,5 | 17,4 85
2 | KapboHaTHM YepHO3eMN, MOLLLHU 29,1 | 565 | 144 85
3 | KapboHaTHu YepHO3emu, HeepoampaHu 1 cnabo 253 | 56,7 | 18,0 100
epoanpanmn

4 | KapboHaTHu YepHo3emu, crnabo epoanpanm 254 | 57,8 | 16,8 100
5 | KapboHaTHu YyepHo3emu, cnabo u cpegHo epoanpanHn 25,0 | 61,9 | 13,1 100
6 | KapboHaTHM YepHO3eMun, CpedHO epoampaHmn 15,1 70 15 100
7 | YepHo3emu, CUITHO epoanpaHu 26,9 | 574 | 158 100
8 | CpeHo nanyXeHn YepHO3EMN, MOLLHN aKyMyIiMpaHu 33,1 | 57,5 9,4 85

KapTa Ha nNogaTtnuMBOCTTa Ha NnoYsuTe KbM necbnauvm

Ha TeputopusATa Ha rp. TpbcTeHuk, obn. MNnesex
j
= :
*J /
] ( . ‘
~ B
o nopnapnthay
[ ] enata 0>=125
durypa 1. KapTta Ha nogaTtnueocTTa Ha NoYBUTE KbM Aedaums
3akntoyeHue

Teputopusita Ha rp. TPbCTEHUK Ce XapakTepusmpa C paBHUHEH pened. B
KNMMMaTUYHO OTHOLLEHWE nonaga KbM YMEepPEeHO-KOHTUHEHTAaNHUSA KNMMaT C ropeLLo NsTo 1
cTtyaeHa 3uma. o oTHoweHne Ha BoAHM 3anacu, TeputopusaTa € 6egHa, a nognoyYBeHUTe
BOOW ca Ha ronsiMa AbnidoymHa. YCTaHOBEHM ca 8 MOYBEHM pasnuuunsl, KOMTO nonagaTt B
knac cbc crnaba creneH Ha nogatnueocT kbM gednaums (0>=125). Bceumuku Teau
XapakTepucTMKn npeanonarat 6naronpusTHY yCnoBus 3a pasBuTue Ha 3emenenveTo, u B
4YaCTHOCT 3bPHONPON3BOACTBOTO.
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Abstract

In the region of Messinia (Greece), potato cultivation occupies the one fifth in the
total potato production in Greece. In an experimental field established in the area of
Marathoupolis-Kyparissia, (Messinia-Greece), the effect of nitrogen and magnesium
fertilization on the accumulation of NOs in the plant parts of the potato (solanum
tuberosum) variety Spunta was studied. The experimental design was completely
randomized groups with the following treatments: (1) control (no fertilization), (2) NoP15Kzs,
(no N), (3) Ny2 P15Kzs, (4) Nog P15Kas, (5) NagP15Kas, (6) Nog P15KasMgio, (7) Nsg piskesMgio,
(8) N24P15K25Mg20, (9) N3s P1sK2sMg2o. The numerical coefficients express the amounts of
fertilizer units added in kilograms per acre to the potato crop. The experimental plots were
4mX12m=48 m? with six lines from which the 4 inner ones were harvested. The results
showed that adding N to the soil increased the concentration of N in leaves and tubers
compared to fertilization without N, while fertilization with Mg decreased the concentration
of N in plant parts. Additionally, the effect of the fertilization treatments on nitrogen
concentrations of plant parts and potato above ground part dry weight are evaluated.

Key words: potato, fertilization, soil, dry weight.

Introduction

The potato crop responds spectacularly to nitrogen fertilization, especially in sandy
soils but this response varies, depending on the climatic conditions and the location of the
crop (Beilanger et al. 2000). At the same time, nitrogenous fertilizers are the main cause of
high NO3s™ concentrations in potatoes, and high doses of N increase the number of
unmarketable tubers and delay their maturation. Potato is also usually cultivated in slightly
acidic soils where Mg has been leached from the surface layer. This phenomenon is
particularly pronounced in the area of Kyparissia due to the high rainfall (the average
annual rainfall amounts to approximately 800 mm), the large irrigation doses over a
number of years as well as the competition from the large amounts of potassium and
nitrogen applied. The excessive use of nitrogen fertilizers results in a high concentrations
of nitrates in the groundwater. Based on the above, it was considered interesting to
investigate in this area, the effect of nitrogen and magnesium fertilization on the potato
plant, total N and NO3 concentrations in potato leaves, leaf stems and tubers.

Materials and Methods

A two-year experimental field was established in the Kyparissia area of the
Prefecture of Messinia. Before installing the experiment, soil samples were taken from
depth 0-40cm. The experimental design was of completely randomized groups with 4
replications and with the following treatments:
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(1) Control (no fertilization)

(2) (2) NOP15K25 (without nitrogen)
(3) (8) N12 P15K25

(4) (4) N24 P15K25

(5) (5) N36 P15K25

(6) (6) N24P15K25+10MgO

(7) (7) N36P15K25+20MgO

(8) (8) N24P15K25+10MgO

(9) (9) N36P15K25+20MgO.

Numerical coefficients express the amounts of fertilizer units added in kilograms per
acre to the potato crop. The levels of P,Os and K-O were kept constant at 15 and 25
Kg/acre respectively. The fertilizers used during basic fertilization were: 11-15-15, 0-20-0,
0-0-50 and magnesium sulfate (22% MgQO). Basic fertilization was carried out before
planting, where the entire amount of phosphorus, potassium and 11 nitrogen fertilizer units
were added. The fertilizers of each experimental plot were spread evenly by hand over the
entire surface of the plot and immediately incorporated with a tractor tiller to a depth of 0-
15 cm. The rest of the nitrogen was applied in two doses at the seedling stage and before
flowering using the 34-0-0 fertilizer, followed by |rr|gat|on

Each experimental plot was 4m x 12m (48m?) with six lines spaced 70cm apart, of
which the middle four were harvested. Plants on the line were approximately 0.30 cm
apart. The experimental plots were 1.5 m apart. Planting was done with medium-sized
seed potatoes (40-50mm), after first being cut in two, while harvesting was done
approximately 111 days after planting. Irrigations were carried out by artificial rain with a
sprinkler system. In the experimental field, all the necessary cultivation cares were applied,
which ensured excellent plant growth conditions.

At harvest, plant tissue samples and four plants were taken from each experimental
plot. Each plant was divided into tubers and above ground parts. Plant tissues were
washed with tap water and deionized water, drained and weighed to determine their fresh
weight. They were then dried in an oven at 75°C for 48 hours and then weighed to
determine the dry weight. Soil samples were air-dried, crushed and sieved, and stored.
Laboratory analyzes were performed according to the internationally accepted methods of
SSSA (Page, 1982) and soil texture was determined by Bouyoucos method, pH and
electrical conductivity (EC) electrometrically in a saturation extract, organic matter by the
Walkley-Black method , soil nitrogen with the Kjeldahl method, CaCO3 with a Bernard
calcimeter, available P with the Olsen method, exchangeable cations after extraction with
1 M CH3COONH4 at pH 7, nitrate determination in dry plant tissue with the Catalado
method, and determination of total nitrogen by the Kjeldahl method (Bouyoucos, 1962;
Page et al., 1982; SSSA, 1990; Okalebo et al., 2002). Statistical analysis was carried out
with the SPSS statistical program and included analysis of variance (ANOVA) using
Duncan's test.

Results and Discussion

The soil of the experimental field was sandy loam (SL), slightly acidic pH (6.4), with
an electrical conductivity of 584 ps/cm?®, with a low content of CaCO3 (0.17 %), poor in
organic matter (0.62%), very poor in N (0.06%), supersufficient in P (Olsen) (78 ppm), well
supplied in exchangeable K (0.70 meqg/100g) and moderate in exchangeable Mg (1.33
meq/100gq).

The addition of N to the soil increased the concentration of N in the leaves of the
potato crop compared to fertilization treatment without N. The concentrations of N in the
leaves varied within normal levels. In N and Mg higher doses (N36P15K25+Mg20), were
recorded significant reduced N leaf concentrations compared to N36P15K25 treatment.
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The highest significant value of the concentration of N in the leaves is observed in the
N36P15K25 treatment (Table 1).

Table 1. Effect of N-based and Mg-based fertilization on the concentration of N (%, w/w
d.w **) in the leaves of potato cultivar spunda during harvest period

Treatments N
NOPOKO 5.41d*
NOP15K25 5.79cd
N12P15K25 5.73cd
N24P15K25 5.44d
N36P15K25 7.82a
N24 P15K25 +Mg10 6.37b
N36 P15K25+Mg10 6.01bc
N24P15K25+Mg20 6.51b
N36P15K25+Mg20 5.96bc

*Duncan P<0.05. **dry weight

In N and Mg higher doses (N36P15K25+Mg20) and in N36 P15K25+Mg10
treatments are recorded the highest significant concentrations in potato tubers at the
harvest period (Table 2).

Table 2. Effect of N-based and Mg-based fertilization on the concentration of N (%, w/w
d.w. **) in the tubers of potato cultivar spunda during harvest period

Treatments N
NOPOKO 3.95b
N OP15K25 3.48¢c
N12P15K25 3.91b
N24P15K25 3.51c
N36P15K25 3.83b
N24 P15K25 +Mg10 3.40c
N36 P15K25+Mg10 4.49a
N24P15K25+Mg20 3.54c
N36P15K25+Mg20 4.55a

*Duncan P<0.05. ** dry weight

During the harvest period, the highest significant concentrations of NO3 in the leaves
were found in the N24P15K25 treatment (2325 ppm f.w.) followed by the nitrogen-
magnesium N36P15K25+Mg20 and N24P15K25+Mg20 treatments (Table 3).

Table 3. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm
f.w. **) in the leaves of potato cultivar spunda during harvest period

Treatments NO;
NOPOKO 382d
NOP15K25 209e
N12P15K25 771c
N24P15K25 2325a
N36P15K25 782¢c
N24 P15K25 +Mg10 534c
N36 P15K25+Mg10 686¢C
N24P15K25+Mg20 1116b
N36P15K25+Mg20 1313b

*Duncan P<0.05. **fresh weight
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The highest significant NO3 concentration in the leaf stems is shown in the
N36P15K25+Mg20 treatment (2299 ppm f. w.). The next most significant value of NO3
concentration in leaf stems is observed in treatment N12P15K25 (1955 ppm f. w.) (Table
4).

Table 4. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm
f.w. **) in the leaf stems of potato cultivar spunda during harvest period

Treatments NO3

NOPOKO 746f

NOP15K25 901e
N12P15K25 1955b
N24P15K25 1122d
N36P15K25 1322d
N24 P15K25 +Mg10 1251d
N36 P15K25+Mg10 1557¢
N24P15K25+Mg20 1016de
N36P15K25+Mg20 2299a

*Duncan P<0.05. **fresh weight

It is observed that the concentrations of NO3 in the tubers were significantly
increased by the increased addition of N in the treatments N36P15K25+Mg20,
N36P15K25, with the highest significant value being recorded in the one with the
increased addition of magnesium treatment N36P15K25 (Table 5).

Table 5. Effect of N-based and Mg-based fertilization on the concentration of NO3 (ppm
f.w. **) in the tubers of potato cultivar spunda during harvest period

Treatments NO3
NOPOKO 284e
NOP15K25 254e
N12P15K25 482c
N24P15K25 266e
N36P15K25 539b
N24 P15K25 +Mg10 347d
N36 P15K25+Mg10 442c
N24P15K25+Mg20 453c
N36P15K25+Mg20 804a

*Duncan P<0.05. **fresh weight

Higher dose of N favors significantly aboveground above ground dry plant biomass
as seen in treatments N36 P15K25+Mg10, N36P15K25, contrary to N24P15K25+Mg20,
N36P15K25+Mg20 and N24 P15K25 +Mg10 treatments showing the significant N-Mg
interaction on dry biomass production (Table 6) .
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Table 6. Effect of N-based and Mg-based fertilization on the concentration of above

ground dry weight (g) of potato cultivar spunda during harvest period

Treatments Above ground dry weight
NOPOKO 3.88f
NOP15K25 6.98e
N12P15K25 11.31d
N24P15K25 17.61c
N36P15K25 28.67a
N24 P15K25 +Mg10 14.93cd
N36 P15K25+Mg10 30,98a
N24P15K25+Mg20 23.06b
N36P15K25+Mg20 23,81b

From the above, the competitive relationship in nitrogen absorption between leaves
and tubers is recorded.

Conclusion

Nitrogen fertilization increased the concentration of N in leaves and tubers.

In the treatments with N and Mg, the high dose of Mg reduces the concentration of N
in the leaves, while in the tubers is increased.

The highest concentrations of NO3 in tubers were recorded on N36P15K25+Mg20,
N36P15K25 treatments, in leaves in N24P15K25 and in leaf stems in N36P15K25+Mg20
treatments.

The highest significant production of aboveground dry biomass was observed in the
treatments with the highest dose of N and Mg fertilizer treatments N36P 15K25+Mg20 and
N36P15K25 treatments.

A competitive relationship is observed in nitrogen absorption between leaves and
tubers.
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Abstract

In the present research, the effect of a commercial liquid preparation was studied on
young potted and irrigated olive trees , in comparison and combination with the usual
fertilizing treatments in two soil types, non-calcareous (AC) and calcareous (AL). The
preparation is a concentrated natural activator containing 26% (w/v) humic and fulvic
acids. The nutritional status of the young olive trees in the experimental containers was
assessed. Fertilizer treatments and soil type affected the concentration of nitrogen,
potassium, calcium, magnesium and boron in the leaves of young olive trees. The
concentration of phosphorus in the leaves fluctuated at sufficient levels throughout the
examined three years.

Key words: solil, olive tree, fertilization, biostimulator, plant nutrition.

Introduction

The use of organic preparations that act as biostimulators, both from soil and foliar,
has been of particular interest in recent years. The use of these preparations through the
soil and foliarly affects positively in plant nutrition.

Materials and Methods

The experiment was conducted in the three years 2019-2021 in potted young olive
trees, in an outdoor protected area of the Department of Agriculture of the University of
Peloponnese in Antikalamos, Kalamata, Greece. Fertilizer treatments were applied
through soil to young olive trees in 12 L pots. Treatments were applied to two soil types,
an acidic-non-calcareous (AC) and a calcareous-alkaline (AL), using inorganic fertilizers
and the commercial liquid formulation (Strong 26). It is a liquid concentrated natural
activator that contains 26% (w/v) humic and fulvic acids and it is rich in macro and trace
elements (K, N, Ca, Mg, Fe, S, Mn, Zn, Cu, B, Mo, etc.). This formulation as well as the
other fertilizers were applied through soil as follows:

AC1, AL1. Control, no treatment.

AC2, AL2. Nitrogen fertilization (5 g N/pot).

ACS3, AL3. Nitrogen fertilization (5 g N/pot) and 1 application with the formulation
(1.66 mL/kg soil) at petal fall.

AC4, AL4. Nitrogen fertilization (5 g N/pot) and 2 applications with the formulation at
petal fall and 20 days after petal fall.
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AC5, AL5. Nitrogen fertilization (5 g N/pot) and 3 applications with the formulation, at
the fall of the petals, 20 and 40 days after the fall of the petals.

ACB6, AL6. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 2.5
g K20 / pot.

AC7, AL7. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 5 g
K20/ pot.

In the plant containers, the formulation applied through soil was a total of 20 mL/pot
(12 Kg soil/pot). Fertilizations were also applied on January 20, 2019, 2020 and 2021 and
the types of nitrogen fertilizers calcium ammonium nitrate (26-0-0) and ammonium
sulphate (21-0-0) were used for the acidic (AC) and calcareous-alkaline soil (AL)
respectively, while for potassium fertilization potassium sulfate (0-0-50) was applied in
both soil types. Before applying the fertilizers, at the beginning of December each year,
soil samples of the substrates were taken to determine their physicochemical
characteristics. Water with a pH of 7.5 and an EC of 520 uyS/cm was used to irrigate the
substrates. Soil texture was determined by the Bouyoucos method, pH and electrical
conductivity (EC) were measured in paste extract with a pH/EC meter, total CaCO3 was
determined by the Bernard method, organic matter by the Walkey-Black method, while the
cation exchange capacity (CEC) by the CH;COONH4 method. Total soil N was determined
by the Kjeldahl method, available P by the Olsen method, exchangeable K, Ca and Mg
were determined after extraction by adding ammonium acetate to the substrate, shaking
the mixture followed by centrifugation. K, Ca and Mg, as well as available trace metals
were determined using atomic absorption spectrophotometry. Finally, the available B
content of the soils was extracted with hot 0.02M CaCl, solution and estimated
spectrophotometrically by the azomethine-H procedure (Bouyoucos, 1962; Page et al.,
1982; SSSA, 1990; Okalebo et al., 2002). The leaf samples were collected from the middle
part of the olive shoots. Diagnostic leaf analysis was performed according to internationally
accepted methods. The leaf samples, after being washed with deionized water, 0.001%
HCI, were then dried at 70°C, ground and finally burned at a temperature of 500°C for 10—
12 h (Soltanpour et al. 1998). Their ash was diluted in a 1:1 v/v HCI/H>O solution. Leaf
samples were analyzed for total N, P, K, Ca, Mg and B. N was determined by the Kjeldahl
method, phosphorus was determined by the vanadium molybdophosphate yellow method,
K, Ca, Mg by atomic absorption spectrophotometry and B by azomethine-H method (Jones
et al.,, 1991; Okalebo et al., 2002). The experimental design used was completely
randomized, fifty-six (56) plant pots in total, with four replications, i.e. 4X7=28 plant pots
per soil type. Statistical analysis was carried out with the SPSS statistical program and
included analysis of variance (ANOVA) using Duncan's test.

Results and Discussion
Soil physicochemical parameters before the experiment

Table 1. Physicochemical characteristics in the soils of the experiments in 2018

Depth | Sail EC H CaCOg3 |Organic matter(Water saturation| Bulk density C.E.C.
(cm) |texture*| (uS/cm) P (Yo W/w) (Yo W/w) (% w/w) (% g/em®) | (meq/100 g)
AC

0-30 SL 100 |6.58| 0.03 2.00 35 1.28 25.2
30-60 | SL 282 |6.60| 0.03 0.80 44 - 28.9
60-90 | SCL 150 |6.42| 0.01 0.82 62 - 31.8

AL

0-30 SL 92 7.90| 33.0 2.06 47 1.18 271
30-60 | SC 150 |8.00| 35.7 0.79 60 - 29.9
60-90 C 150 |7.90| 375 0.73 65 - 32.4

* S=Sand, C=Clay, L=Loam
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Table 2. Concentrations of macronutrients and B in the soils of the experiments in 2018

Depth | Total N ,?)\{egllzglrc]a Excharlw(geable Exchaggeable Excha'\;:geable Avagable
cm % W/wW
em) [ WW) | (mgikg) | (mgikg) (mgrkg) (mgkg) | (mgrkg)
AC
0-30 0.11 17 147 2793 59 0.41
30-60| 0.05 13 126 2930 92 0.32
60-90 | 0.04 12 93 3486 101 0.22
AL
0-30 0.06 14 82 4736 52 0.36
30-60| 0.06 15 71 4830 54 0.25
60-90| 0.06 13 70 4840 55 0.21

The two soil types AC and AL, which formed the soil substrates of the experimental
plant pots, presented the above soil parametric values before the applications of the
treatments (in December 2018) (Tables 1, 2).

Low levels of K, N concentrations are recorded in AL substrates, as well as Mg, B in
both soil types.

Nitrogen concentration in leaves of young olive trees

In the AC plant pots, the majority of the values of N concentration in the leaves for
the years 2019 and 2020 range at low levels (< 1%) and below the sufficiency levels
(<1.5%), while in 2021 they range at higher levels, but below proficiency levels with the
exception of AC6 (Figure 1).

In AL pots, the majority of N concentration values in the leaves for the years 2019
and 2020 are low and below the sufficiency levels (< 1.5 %), with the exception of ALS
(limit value shown in August 2020 and in AL4) as well as in 2021 with the exception of AL7
and AL3 (December) and with marginal values in the examined months in AL2 (figure 1).
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Figure 1. Effect of treatments on nitrogen concentrations in the leaves of olive trees for the
three years 2019-2021

Phosphorus concentration in leaves of young olive trees
All P concentration values for the considered three-year period 2019-2021 range in
adequacy levels in both soil types (=0.1%, Figure 2).
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Figure 2. Effect of treatments on phosphorus concentrations in the leaves of olive trees for
the three years 2019-2021
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Potassium concentration in leaves of young olive trees

In 2019, K concentration values in December range low below the sufficiency limits
(<0.91%) in all treatments and both soil types, while in December 2020 they still range low
and below the sufficiency limits in the treatments AC1, AC2, AC3 and marginally low in
AC6 and AL1. In August for the biennium 2019-2020, the values range at adequate levels
with the exception of AC4 in 2020. Finally in 2021 both in August and December the K
concentration values range at low levels (<0.91%) except for AC4 (> 1%) and AL5
(supersufficient levels >1.20%), both in August and December (Figure 3).
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Figure 3. Effect of treatments on potassium concentrations in the leaves of olive trees for
the three years 2019-2021

Calcium concentration in leaves of young olive trees
In 2019, the values of Ca concentration in August range at marginal levels of
sufficiency, and in December at levels above the limits of sufficiency (>1.01 %) in all
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treatments and both soil types with the exception of AC1. In 2020 they range low and
below the adequacy limits in AC treatments in both months examined with the exception of
AC7 in December. On the contrary in the AL plant treatments for the same year and in
2021 (to a lesser extent), the Ca concentration values are high and above the sufficiency
limits both in August and December and significantly increased compared to the AC plant
treatments. Finally, in AC pots in December of 2021, the treatments AC2, AC3, AC5 and
ACY7 range in acceptable concentrations (Figures 4).
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Figure 4. Effect of treatments on calcium concentrations in the leaves of olive trees for the
three years 2019-2021

Magnesium concentration in leaves of young olive trees

In August, the concentration of magnesium in the leaves of olive trees fluctuates at
low levels below the sufficiency limits, throughout the three years (minimum sufficiency
limit 0.21%) in both soil types. Although an increase in concentrations is observed in
December throughout the three years in both soil types, the concentration in AC
treatments remains low at insufficient levels, while the increase in AL treatments is
recorded higher at sufficient or marginal levels of adequacy (Figure 5).
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Figure 5. Effect of treatments on magnesium concentrations in the leaves of olive trees for
the three years 2019-2021

Boron concentration in leaves of young olive trees

Concentration B values generally range at sufficiency or marginal sufficiency levels (=
20 ppm) with the exceptions of AC1 and AC7 in August 2019, AL1 and AL2 in August
2020, AC1, AL3, AL4, AL6 and AL7 in December of the same year and AC1 in 2021

(Figure 6).
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Conclusion

In conclusion, the concentrations of nutrients in the leaves of young olive trees
throughout the examined three years, are recorded as follows:

Nitrogen concentrations range at adequate levels in ALS is observed in December
throughout the three years.

Phosphorus concentrations values range in adequacy levels in both soil types

Potassium sufficiency is recorded in the AC4 and ALS5 treatments in 2021, at the end
of the three-year experimental period.

Calcium concentrations range from relatively adequate to super-adequate levels in
the AL treatments throughout the examined three years.

It is observed in December throughout the three years an increase in magnesium
concentrations in both soil types, but the concentrations in AC treatments remain low at
insufficient levels, while the increases in AL treatments are recorded higher and range at
sufficient or marginal levels of adequacy.

Boron concentrations generally range at sufficiency or marginal sufficiency levels, but
clear sufficiency levels are recorded in 2021 in all treatments except the control of AC pot.
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Abstract

In the present work, the effect of a commercial liquid formulation (Strong 26) on the
soil substrate of potted young and irrigated olive trees was studied, in comparison with the
usual fertilizer treatments in two soil types, acidic and calcareous. The preparation is a
liquid concentrated natural activator containing 26% (w/v) humic and fulvic acids. The pH
of the substrate was maintained at approximately the same basic values in the calcareous
(AL), while in the acidic soil (AC) was increased, especially in the control due to the basic
pH of the irrigation water. An increase in salinity was recorded in the treatments in both
soil types, especially in those with the administration of the organic formulation, with a
greater increase and values in the calcareous substrate, with an increase in the organic
substance in the acid in the second year, while in the calcareous soil, the increased values
was observed from the first year. At the same time, the equivalent calcium carbonate was
not affected by the fertilizer treatments in both soil types.

Key words: soil, substrate, fertilization, biostimulator.

Introduction

The fertilizer treatment, in addition to the concentration of nutrients, also affects the
physicochemical parameters in the soil. The use of organic preparations that act as
biostimulators, both from soil and foliar, has been of particular interest in recent years. The
use of these preparations through the soil affects the soil environment positively in plant
nutrition.The aim was studied the effect of a commercial liquid formulation (Strong 26) on
the soil substrate of potted young and irrigated olive trees, in comparison with the usual
fertilizer treatments in two soil types, acidic and calcareous.

Materials and Methods

The experiment was conducted in the three years 2019-2021 in potted young olive
trees, in an outdoor protected area of the Department of Agriculture of the University of
Peloponnese in Antikalamos, Kalamata, Greece. Fertilizer treatments were applied
through the soil to young olive trees in 12 L pots. Treatments were applied to two soil
types, an acidic-non-calcareous (AC) and a calcareous-alkaline (AL), using inorganic
fertilizers and the commercial liquid formulation (Strong 26). It is a liquid concentrated
natural activator that contains 26% (w/v) humic and fulvic acids and it is rich in macro and
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trace elements (K, N, Ca, Mg, Fe, S, Mn, Zn, Cu, B, Mo, etc.). This formulation as well as
the other fertilizers were applied through soil as follows:

AC1, AL1. Control, no treatment.

AC2, AL2. Nitrogen fertilization (5 g N/pot).

ACS3, AL3. Nitrogen fertilization (5 g N/pot) and 1 application with the formulation
(1.66 mL/kg soil) at petal fall.

AC4, AL4. Nitrogen fertilization (5 g N/pot) and 2 applications with the formulation at
petal fall and 20 days after petal fall.

AC5, AL5. Nitrogen fertilization (5 g N/pot) and 3 applications with the formulation, at
the fall of the petals, 20 and 40 days after the fall of the petals.

AC6, AL6. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 2.5
g K20 / pot.

AC7, AL7. Nitrogen fertilization (5 g N/ plant pot) and potassium fertilization with 5 g
K20/ pot.

In the plant containers, the formulation applied through soil was a total of 20 ml/ pot
(12 kg soil/ pot). Fertilizations were also applied on January 20, 2019, 2020 and 2021 and
the types of nitrogen fertilizers calcium ammonium nitrate (26-0-0) and ammonium
sulphate (21-0-0) were used for the acidic (AC) and calcareous-alkaline soil (AL)
respectively, while for potassium fertilization potassium sulfate (0-0-50) was applied in
both soil types. Before applying the fertilizers, at the beginning of December each year,
soil samples of the substrates were taken to determine their physicochemical
characteristics. Water with a pH of 7.5 and an EC of 520 uyS/cm was used to irrigate the
substrates. Soil texture was determined by the Bouyoucos method, pH and electrical
conductivity (EC) were measured in paste extract with a pH/EC meter, total CaCO3 was
determined by the Bernard method, organic matter by the Walkey-Black method, while the
cation exchange capacity (CEC) by the CH3COONH, method (Bouyoucos, 1962; Page et
al., 1982; SSSA, 1990; Okalebo et al., 2002). The experimental design used was
completely randomized, fifty-six (56) plant pots in total, with four replications, i.e. 4X7=28
plant pots per soil type. Statistical analysis was performed with the SPSS statistical
program and included analysis of variance (ANOVA) using Duncan's test.

Results and Discussion

Soil physicochemical parameters before and after the experiment

The two soil types AC and AL, which formed the soil substrates of the experimental
plant pots, presented the following parametric values before and after the applications of
the treatments (in December 2018 and 2021) (Tables 1, 2).

Table 1. Physicochemical characteristics in the soils of the experiments in 2018

Depth|  Soil EC Caco, | Organic | Water- Bulk CE.C.
. pH | o matter saturation | density

(cm) | texture* | (uS/cm) (% w/w) (% Wiw) (% wWiw) | (% g/em?) (meqg/100 g)
AC

0-30 SL 100 |6.58| 0.03 2.00 35 1.28 25.2

30-60 SL 282 [6.60| 0.03 0.80 44 - 28.9

60-90 SCL 150 |6.42| 0.01 0.82 62 - 31.8
AL

0-30 SL 92 7.90| 33.0 2.06 47 1.18 27.1

30-60 SC 150 [8.00| 35.7 0.79 60 - 29.9

60-90 C 150 |7.90| 375 0.73 65 - 32.4

* S=Sand, C=Clay, L=Loam
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Table 2. Effect of the treatments on the soil parameters of the substrates of the plant
containers after the end of the three years 2019-2021

Treatments Year pH =C OM (% w/w) CaCOs3 (% w/w)
(uS/cm)
AC1 2021 | 7.62b* 120j 3.50c 0.70b
AC2 2021 |7.30bc| 122 3.20cd 0.68b
AC3 2021 | 7.12d 120j 3.20cd 0.49b
AC4 2021 | 6.80e 255i 3.15cd 0.52b
AC5 2021 | 6.75e 549f 3.22cd 0.43b
AC6 2021 | 6.80e | 271qi 3.20cd 0.64b
AC7 2021 |7.30cd| 322¢g 3.05d 0.60b
AL1 2021 | 7.99a 130j 4.10ab 35.40a
AL2 2021 | 7.55b 598f 4.21ab 34.90a
AL3 2021 | 7.70b 790e 3.91b 35.10a
AL4 2021 | 7.4bc | 1920b 4.36a 35.20a
AL5 2021 | 7.60b | 2100a 3.98b 35.00a
AL6 2021 | 7.02d | 1100d 3.82b 34.50a
AL7 2021 |7.20cd| 1246¢ 3.81bc 35.30a

*Duncan P<0.05

Soil physicochemical parameters during the experiment

Soil pH

The soil pH is maintained at approximately the same alkaline values saturation of
basic cations) in the calcareous substrates (AL), with a tendency to be reduced by the
treatments due to the ammonium nitrogen (AL2) and the organic formulation (AL3, AL4,
AL5), and more so in nitrogenous treatments showing the existence or creation of residual
exchange acidity. In non-calcareous substrates (AC) it increases, apparently due to the
alkaline pH of the irrigation water, especially in the control. In addition, in the same
substrates, the tendency to increase is lower in nitrogen fertilization, and even lower in
organic treatments, especially in the enhanced ones (AC4, AC5), as well as in nitrogen-
potassium ones, especially in AC6. Organic treatments increase the buffering capacity of
the soil substrates as a result, to maintain at approximately the same initial pH low levels.
The above regarding the action of the organic formulation in both soil types could be
attributed to the strengthening of the organic matter in organic structures such as
carboxylic and phenolic with pKa=3-5, the high saturation with alkaline cations in the
calcareous substrates AL and low saturation with alkaline cations in the non calcareous
substrates AC (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2, Figure 1).
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Figure 1. Effect of the treatments on the pH for the three years 2019-2021

Soil Electrical Conductivity (EC)

The values of EC in the AL substrates are recorded higher values, the increase of
which are noted in all treatments, in the following order AL5> AL4 >AL7 AL6> AL3> AL2>
AL1, with the highest increases observed in the enhanced organic treatments as well as in
the nitrogenous to a lesser extent, while in AC the increases are noted in the nitrogenous
AC1 and enhanced organic treatments AC4 and AC5 with AC5 standing out as well as
AL5 (higher values for each soil type). These changes as well as the higher values in the
calcareous substrates are associated with the low and high saturation of basic cations in
the AC and AL substrates respectively, as well as the high difference in total calcium
carbonate of the two soil types, and secondarily by the pH which is affected by the above
parameters. The increase in salinity (EC) in the treatments in both soil types can also be
attributed to the administration of the organic formulation, and to the quality of the irrigation
water (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2, Figure 2).
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Figure 2. Effect of treatments on EC for the three years 2019-2021
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Organic matter (OM)

Organic matter value increases in AC substrates are low in 2019 and higher in 2020,
remaining at the same levels in 2021, with no dramatic differences between fertilizer
treatments. In AL calcareous substrates higher values are observed, with the increase
starting from the first year (2019), and stabilizing at approximately the same levels in the
following two years, with the highest values recorded in AL1, AL2 and AL4. The pH and
the calcium carbonate equivalent seem to be the main factors of the changes in this
parameter. What should be noted is the increase in organic matter compared to the initial

level in 2018 (around 2%) in both soil types (Analogidis, 2000, Mitsios, 2004) (Tables 1, 2,
Figure 3).
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Figure 3. Effect of treatments on organic matter (OM) for the three years 2019-2021

Equivalent calcium carbonate (CaCQOg3)

Equivalent calcium carbonate was not significantly affected by the fertilizer
treatments in all substrates of the experiment, with their concentration continuing to be a
benchmark for each soil type (Tables 1, 2, Figure 4).
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Figure 4. Effect of treatments on CaCO3; concentration for the three years 2019-2021
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Conclusion

Summarizing the above for the examined three years, we come to the following
conclusions:

With the use of alkaline irrigation water, the pH of the soil substrates is maintained
approximately at the same alkaline values in the calcareous substrates, with a tendency to
decrease in the fertilizer treatments, especially in the nitrogen-potassium ones compared
to the control, while in the non calcareous substrates it increases, especially in the control,
with a smaller increase in the nitrogen treatment, and even less in the enhanced organic
and nitrogen-potassium treatments.

An increase in salinity is recorded in the treatments in both soil types, especially in
those with the application of the organic formulation, with a higher increase and values in
the calcareous substrates. In calcareous substrates, the increase in salinity is noted in all
treatments, with the greatest increases observed in the enhanced organic treatments, as
well as in the nitrogen-potassium treatments to a lesser extent. At the same time, in non
calcareous substrates, the increases are noted in nitrogenous and enhanced organic
treatments. The most enhanced organic treatments (AC5 and AL5) stand out, giving
proportionally the highest salinity values for each soil type.

The increase of organic matter in non calcareous substrates is low in 2019 and
increased in 2020, remaining at the same levels in 2021, without spectacular differences
between fertilizer treatments, while in calcareous substrates higher values are observed,
with the increase of organic matter starting from the first year (2019), and to remain at
approximately the same levels in the following two years.

Equivalent calcium carbonate was not affected by the fertilizer treatments in both soil

types.

References

Analogidis D. 2000. Soil, nutrients and plant production. Agro Typos. (In Greek)

Bouyoucos, G.J. 1962. Hydrometer Method Improved for Making Particle Size Analysis of
Soils. Agronomy Journal, 54, 464-465.

Mitsios I. 2004. Fertility of soils. Plant nutrients: Macronutrients, micronutrients and heavy
metals. Methods and applications. Zymel. Athens. (In Greek)

Okalebo, J. R., Gathua, K. W. & Woomer, P. L. 2002. Laboratory Methods of Soil and
Plant Analysis: A Working Manual. Nairobi, Kenya.

Page, A.L., Miller, R.H. and Keeney, D.R. 1982. Methods of Soil Analysis. Part 2.
Chemical and Microbiological Properties. American Society of Agronomy. In Soil
Science Society of America, Vol. 1159.

SSSA. 1990. Soil Testing and Plant Analysis, Book: Series 3. Soil Science Society of
America.

190



EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA
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Pe3lome

[Mones3awmTHUTE rOPCKM NOSICU NPeacTaBnsBaT JIMHENHU FOPCKM KyNTypu, KOUTO ca
Ccb3dageHn 3a 3almTa Ha 3eMedenckuTe 3eMum M nogobpsiBaHe Ha MUKpoknumarta. Te
npegnaseaT no4yeaTta OT BeTpoBa €po3ns W Jderpagauusi, HamanssaT W3NapeHuneTo,
pasnpenensaT paBHOMEPHO CHeXHaTa MOKpPMBKa, W OOMPUMHACcCAT 3a MNoBULLABaHE Ha
NMoYBEHOTO Nrogopoaue.

lMonesawmMTHUTE TrOpPCKM nosicM pasnonoxeHn B [obpymka BknwouBat 4 rpynu
AbpPBECHM BUOOBE: MMaBHW, CbMbTCTBYBALLW, NNOOHN N XpPacCTMy.

B noknapa e npeacraBeH aHanM3 Ha BNUSIHMETO Ha NoNe3awMTHATE TOPCKM MOSICU B
Hobpymka BbpXy CbCTOSHMETO Ha NOYBUTE B 3eMeAeNiCKUTE 3eMu B palioHa

Knrwo4oeu OJdymu: nonesawmtHn ropcku nosicu, [obpymoxa, no4ysa, eposus,
nnogopoaue.

FIELD PROTECTIVE FOREST BELTS IN DOBRUDJA AND THEIR IMPACT ON
ADJACENT AGRICULTURAL LANDS

Steliyana Hristova*

Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov,
Agricultural Academy

“e-mail: stelityhristowa@abv.bg

Abstract

Field protection forest belts are linear forest crops created to protect agricultural, land
and improve the microclimate. They, protect the soil from wind erosion and degradation,
reduce evaporation, evenly distribute the snow cover, and contribute to increasing soil
fertility.

The protective forest belts located in "Dobrudja" include 4 groups tree species : main,
accompanying, fruit and shrubs.

The report presents an analysis of the butter forest belts influence located in
Dobrudja under the condition of the soils in the area of the agricultural lands.

Key words: protective forest belts, erosion, fertility, Dobruja, soil.
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BbBeaeHue

lMones3awmTHUTE rOpPCKN NOACU Ca NIMHEWHN FOPCKWU KyNTypu, Cb3AadeHn 3a 3awmTta
Ha 3emegenckute 3emun M nogobpsiBaHe Ha MUKpPokNumaTa. Te npeanassaT noysata OT
BeTpOBa €po3usa U Aerpagaums, HamanseaT M3NapeHueTo, pasnpenensaT paBHOMEpPHO
CHEeXHaTa MOKpWBKa, M Taka [OnpuHacaT 3a nogobpsiBaHe Ha MUKpoKnMMmaTa u 3a
noBvwaBaHe Ha MnoAopoaneTo Ha npunexawmte um 3emegenckm 3emu (eoprues,
1960). 3a 3awmTa OT BeTpoBaTta epo3nd ropckuTe Moscu ce pasnonaraT HamnpevyHo Ha
nocokata Ha npeobnagaBalimMte BeTpoBe, a 3a 3awmta OT BoAHaTta epos3us Ha
HaKNOHEHUTE MAOWM — MO MNOCOKa Ha XOPU3OHTaNUTEe Ha CKIOHoBETE. Te3n nosicu
HamansBeaT U BpefaTa OT BeTpoBaTa epo3uns. B paBHUHHWUTE panioHKW, KbAETO YeCcTo ce
nposiBsiBaT CUINHM BETPOBe, MaBHa 3adaya Ha nosicuTe e da HamansaBaT cunaTta Ha
BATbpa, C KOeTo no4ysaTa ce npegnasBa OT uM3dyxBaHe, Hamansgea ce
HENpPOM3BOAMTENHOTO M3NapeHne Ha BraraTa 1 TS ce M3Noni3Ba No-MbJfiIHO OT pacTeHUdATa.
lMpe3 3umata ropckuTe NOsiCU 3anasBaT CHeXHaTa MOKpMBKa OT U3dyXBaHe W ocurypsisat
no-paBHOMEPHO pa3npeneneHne Ha cHera no NoBbPXHOCTTa Ha 3emsATa. ToBa npeanassa
nocesnte OT W3MpPb3BaHe W MO3BOMsBA PaBHOMEPHO HaBMaXHsABaHe Ha no4saTa.
(EHuuknoneana ,bvnrapusa”, Tom 5, BAH, Cocusa, 1986, ctp. 314).

MNMonesawmTHM ropcku nosicu B [lo6pyaxa
N3TOYHMK:
https://www.iag.bg/news/lang/1/id/18304/display#

[MonesawunTHMTE NOsicM uUrpasT BaxHa pona B 6GopbaTta cpelwly cywarta, KaTo
ocurypsieaT yCrioBuUS 3a HaTpynBaHe M 3anas3BaHe Ha Brararta, nogobpsasart BogHMs 3anac
B Mo4yBaTa 1 Cb3gasaT YCroBMs 3a NO-NbJIHO U3MNoN3BaHe Ha ToposeTe. [[NaBHa 3agaya Ha
rOPCKMUTE MOSAACK Ha HAKIMOHEHW NIOLLM € 4a OCUTYPAT NO-MbJIHO NOrMbLaHe Ha BogaTa U c
TOBa [a HamarnsaT cunaTa Ha cTuyalliaTta ce No HaknoHa BoAa, nosiydeHa OT TOMEeHEeTOo Ha
CHera unv npu nponmeHu abvxaose. C ToBa ce Nnogobpsiea BOAHUAT PEXMM Ha noyBaTa no
CKMOHa W ce Hamangsa BopgHaTa eposus. (EHumknoneguss ,bbnrapus®, Ttom 5, BAH
Cocpus, 1986, ctp. 314).

BupoB cbheTaB

N3rpaxxgaHe Ha nonesawMTHM TOPCKM MOSICM € XapaKTepHO 3a pPernoHn c
KOHTMHEHTANeH KnMmar, KOUTO Ce XapakTepuaupa C Masnko Banexu U NpoabIDKUTENHM
3acywaBaHus. B Bbnrapus e cb3gageHa usnocTHa cuctema OT Mones3aluTHU Nosicn B
Hobpyopka. Te 6OuBaTr rmaBHuM U1 BTopocTeneHHW. (EHuuknonegus ,Bvnrapus®,
Tom 5, BAH, Codomns,1986, ctp. 314).

MaBuute (ca ¢ wupmHa go 20 M) ca pasnosioXeHU nNepneHanKynsapHO Ha
npeobnagasawuTe BeTpoBe, Ha pasctosHne 400 — 600 m.

BTtopocTeneHHuTe (Ca C WwWmnpmnHa Jo 16 M) — HaNPEeYHO Ha rMaBHUTE, Ha Pa3CTOsSHNE
1000 — 2000 m.
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B wuarpageHaTta nonesawmtHa cuctema B pavioHa Ha [obpyoxa pas3CcTOSHWETO
mexay rnasHute noscn e 500 m, a mexgy BTopocteneHHute — 1000 m. Taka
Pas3nofioXeHN rNaBHUTE U BTOPOCTENEHHUTE MOSICU POPMMPAT MNPaBObLIbIIHU KMETKU
(3emepenckn noneta) ¢ pasmepu 500/1000 m - Te3n pasmepu MNO3BOMABAT MalUMHHA
obpaboTka Ha noyBaTta. (MapuHos, 2008).

B cbcTtaBa Ha nonesawuTHUTE NoAcu OBMKHOBEHO ce BKMNoYBaT 4 rpynu ObpBeCHU
BMOOBE: MMaBHU, CbNbTCTBYBALLU, NNIOAHN U XPaCTW.

FmMaBHNUTe AbpPBECHU BUAOBE ca S4pOTO Ha nosica u obpasyBaTt NbpBUSA (BPBXHUS)
My eTax, KaTto [f[aBaT [faBHUA OTNop Ha BeTpoBeTe. M3nonssaTt ce AbMAroTpanHu,
cseTnonobueK, Bucokn (okono 20 m) BugoseTe : uep (Quercus cerris L.), neteH avb (Q.
robur L.), 6naryH (Q. frainetto Ten.), yepBeH obb (Q. rubra L.), nnaHnHckn siceH (Fraxinus
excelsior L.), noncku aceH (Fr. oxycarpa Willd.), rnegnuuwa (Gleditschia triacanthos L.),
6ana akauusa (Robinia pseudoacacia L.), ppebHonuct 6psact (Ulmus pumila L.) xonto ce
3acaxgat B 3 peaa (MapwuHos, 2023).

CbnbTCcTBYBawmTe AbPBECHM BUAOBE BNU3aT BbB BTOpPUS (CpedHUs) eTax Ha
nosica, Kato cb3gaBaT yCroBMS 3a NO-Obp3 pacTex Ha rnaBHWUTE, YNAbTHABAT Mnosica U
notuckat nnesenute. CbnbTcTBaWM BuaoBe ca apebHonuctHa nuna (Tilia cordata Mill.),
egponuctHa nuna (Tilia platyphyllos Scop.), amepukaHckn aiceH (Fraxinus americana L.),
mekuw (Acer tataricum L.), mbxapsiH (Fraxinus ornus L.), 6ana yephuua (Morus alba L.)
rnosicku siceH (Fr. oxycarpa Willd. ), v gp. (MapuHos, 2023).

MnogHuTe AbpBeTa CbLIO Ce BKMYBAT BbB BTOPUSA €TaX Ha Mnosica M OCBEH
3alUNTHUS NoBULLIABAT U CTONAHCKNA MY edekT C NpoayKuusaTa, KoSTo gasat. 3acaxaar ce
mMaxanebka (Prunus mahaleb L.), pxaHka (Prunus cerasifera Ehrh.), obukHoBeH opex
(Juglans regia L.), kncennua (Malus silvestris Mill.), amea kpywa (Pyrus communis L.) v
Aap. (MapuHos, 2023).

XpacTtute 3awmtaBaTt nodsaTta OT NSfeBENU, HamansBaT MNOBBbPXHOCTHUSA OTTOK Ha
BoAdaTa M cunata Ha BATbpa, NpUBNUYaTt NTMuM U gueey. XpacToBW BMAOBE: CMpagvka
(Cotinus coggygria Scop.), obukHoBeH YawkoapsiH (Euonymus europaea L.), 06ukHOBEH
apsaH (Cornus mas L.), kyum apsH (Cornus sanguinea L.), YepeH 613 (Sambucus nigra L.),
obukHoBeHa necka (Corylus avellana L.) n gp. (MapuHos.,W., 2023).

lMone3awmMTHUTE TOPCKM MNOSICM 3a [Aa W3NbIAHAT npegHasHavYeHneTo cu, Aa
3awmTasar no-gobpe cbcegHUTe 3emenencksm 3emMm  OoT  HebnaronpusTHOTO W
ONyCTOLUMTENHO BNUSIHWE HaA CceBepo3anagHMTe W CEBEepou3TOMHM BETPOBE, €
HeobxooMMO 3a nosAcMTe Aa Cce nonarat HenpekbCHaTU TFPWXKW, HACOYEHU KbM
nogobpsBaHe Ha TAXHaTa KOHCTPYKUMA 1 cbeTosdHne. (MapuHos, 2023).

NMouyBeHM ycnoBus U OCHOBHa cKana

lMones3awmTHUTE rOPCKM NOSICU Ca Pa3noNoXeHN N3LUSAN0 BbpXy OOMKHOBEH YepHO3EeM
(MouyBeH knac YepHosemu (Chernozems) / MNouseH TMn YepHo3emu (Chernozems) /
MNMoyseH Bua O6ukHOBeHU YepHo3emu (Haplic Chernozems). MNo4ysuTe ca:

— MHoro aAbn6okn M ¢ nobpe u3paszeH XyMYCHO-aKyMyriaTUBEH XOPU3OHT —
MOLLHOCTTa Ha A xopu3oHTa goctura 4o 51 cm, a Ha B xopu3oHTa e cpegHo oT 52 go 95
cm;

— boratm Ha XymMyc M a3OoTHM cbeAuMHeHus, cbC cnabo kucena A0 ankanHa
peakuus;

— Cyxu nnu cBexun — Ha TeputopusaTta Ha OIC MNeHepan Toweso u AIC Jo6puy
MIMca pa3nonoXxeHn npegmMMHo Ha cBexu noyvsu, a B [AJ1C banuuk — Ha cyxu no4sw;

— MNecbuynMBO-rNUHECTU N YNNMbTHEHU — MEXAHUYHUSAT CbCTaB No AbNG0YNHA €
CPaBHUTENHO €eJHOpPOoAEeH C TEeHAEHUMs 3a MNOBULLIABaHE CbObPXAHWETO Ha [MuvHa B
NOBBPXHOCTHUTE XOPU3OHTU M NOCTENEHHO HamansiBaHe B A4bf100YNHa;

— HekameHnuBu nnu cnabo KaMeHNUBU, HeepPo3npPaHM.

OcHoBHaTa ckana, BbpXy KOATO ce opmupa MOYBEHUSA XOPU3OHT, € JbOC.
JIbocoBuaT nnact e ¢ mowHocT Ao 10-15 m. Ton uma 6negoXXbNT A0 nNenensB UBAT U
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cnyxu 3a obpasyBaHe Ha NoYBeHMS Cron. JIbOCBT Ce XapakTepusmpa CbC 3HauuMTenHa
BepTMKariHa nponycKNMBOCT, KOATO yBenuyasa WMHUNATpauMsTa Ha BanexHute BoAN B
AbnboymHa. XapakTepucTUKUTE Ha YepHO3EMHUTE MOYBM M fboca Moa TaX (PU3NYHK
CBOWCTBA, BepTUKanHa nponycKMBOCT U BNAroeMHOCT) ca OT M3KMIYUTENHA BaXXHOCT U
onpeaenaT Bb3MOXHOCTTa AbpBECHa PacTUTENHOCT Ada ouenssBa npu Te3nm MHOro Cyxu
ycrnosuda. BogaTa oT Banexunte npeMnHasa npes 4YepHo3eMuTe 1 ce noema oT fboca. Taka
ce npegoTBpaTaBa 3aryba Ha Bnara 4Ypes3 oTTOK 1 n3napeHune. B cbLLOTO BpeMe KopeHuTe
Ha ObpBeTaTta MoraT Aa NPOHWKHaT B ObNOOYMHA Npes3 YepHO3eMuTe U da gocturat go
Bnararta, KosaTo ce Hamupa B nboca. Ho 3a Tasu uen e Heobxogumo AbpBeTaTa ga umat
3apas 1 fobpe pasBuT LEHTpaneH KOpeH, KOWTO [a NMPOHMKBA Ha Bb3MOXHO MO-ronsma
AbnboymHa. ToBa ce oTHAcsa M 3a 3UMHUA Nepuog — 3a Aa MoraT KOpeHuTe Ha AbpBeTaTa
Aa OocTaBAT BoAa, HeobxoaMMo e Te Aa NPOoHMKBAT NO-AbMOOKO B 3aMpb3Baluusa nnacrt.
(Ooaes, 2023).

lMonesawMTHUTE TOPCKM MOSICM Ce HamupaT Ha TepeHw, B KOWUTO nuncear
NOBBbPXHOCTHO Tevyawm BoAu. Mma pasnuyHu no pasmep Ccyxogonud, KOUTo npes no-
ronsiMa yact oT roguHaTta ca 6e3soaHu. Npu ToneHe Ha CHeroBeTe 1 NPWU CUMNHN ObXO0Be
nernata UM ce 3anbfiBaT C Boda, KOATO obaye ce 3aabpxa 3a kKpatko. [Jobpymxka e
obnactta B bbnrapua c Han-manka roguwHa cyma Ha Banexute, nog 500 nuTtpa Ha
KBagpaTeH MeTbp. TOBa B CbyeTaHMe C Hau-cunHuTe BeTpoBe B bbnrapus npaswu
[obpyoka U3KNIUYUTENHO CyXO MACTO. Llennat panoH ce xapakTepusumpa C OrpaHuYeH
NOBBbPXHOCTEH OTTOK, a (bopmupanuTe ce BOAHW pecypcu ca nNpeavMHO OT Noa3eMHu
Boau. MNMoasemHuTe Boam B [obpymka ca Ha rondma ObnboynHa — B 3anagHarta 4yacT Ha
20-30 m, a B u3toyHaTa Ha 60-80 m (dumyes, 1955).

N3TOUHMK:
https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-
zashcho

Mo3utuBHu ehekTn ot NonesawmTHUTEe ropckn nosicu B [lodpyaxa

— MopobpsiBaHe Ha MUKpOKNMMAaTa B panoHa, Ype3 HaMmansiBaHe CKOpOoCTTa MU cunarta
Ha BeTpoBeTe.

— MNMpepnasBaHe Ha no4BaTa OT BETPOBA €po3uns

— MNopobpsiBaT BOAHMS 3anac B no4saTa

— lNpepgnasBaT OT cyxoBen

— MNoBuwasaHe Ha JOBUBUTE OT CENCKOCTONAHCKUTE KYNTYpW.

— HamansaBaHe Ha nsnapeHusiTa Ha Bogarta OT no4ysaTa

3aknto4yeHune

[MonesawuTHM TOPCKM MOSAACKM Ce Cb3gaBaT B PaMiOHN C YMEPEHO-KOHTMHEHTaneH
KNumaT, KbOeTO eKONOrMYyHUTE YCNOBUSI M3Pa3eHM 4Ype3 OCHOBHWUTE hakTopwu - Knvmar,
pened, nNo4Bu, pPacTUTENHOCT U APYyrM M Cb3gaBaT NpeanocTaBka 3a BriollaBaHE Ha
MUKpPOKNMMaTa 1 pa3BuTue Ha BeTpoBa eposusi. CnegoBaTesniHO B T€3U PavioOHN CUMNHUTE U
ONyCTOLUNTENTHM CeBepo3anagHu, CEeBEPHU U CEBEPOU3TOYHN BETPOBE HAHACAT CEPUO3HMU
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nopa)KeHusi BbpXy CbCTOSIHMETO U A0OMBUTE OT cerickocTonaHckuTe KynTypu. OCHOBHOTO
npegHasHayeHve Ha nones3almuTHUTE NosiCK e Ype3 HamarnsiBaHe cunaTa Ha BETpPOBeTe Aa
nogobpsT MUKpPOKNMMAaTa Ha paiioHa M Oa 3alMTST CbCeAHUTE 3eMedencku 3emMu OT
TAIXHaTa paspylumTenHa cuna. ToBa Boau OO HamansiBaHe W3NapeHUeTo Ha BogaTta oT
noysata M HENHOTO MO-e(PeKTMBHO M3MON3BaHe OT CENICKOCTOMAaHCKUTE pacTeHUs U
noBuLIaBaHe Ha JOOMBUTE OT 3eMeLEeriCKUTE KyNnTypu.
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BAH, Tom 5, EHuuknonegusa ,bvenrapuna®, Codus., 1986r., ctp 314.

OumueB T. 1955. Xugponoxku npoyyBaHma B HOxHa [oOpympka BbB Bpb3ka C
nonesawmtHute nosicn. COOpPHMK OT ekcrneguumsita no nonesawuTHUTE MNOsAcU B
Hobpyoxa npes 1952. Uspatenctso Ha BAH, Codusa, 45-58.

Oopes .., Teoprues.,l .OCHOBHW XapaKTepUCTUKN Ha NONEe3alUTHUTE FOPCKM MOSICU B
CeBepouatodHa bunrapus., HAYKA 3A TOPATA, CneunanHo nsganue, 2023

MapuHos., W., leHoBa., ® 2008r., Hayka 3a ropata BAH., EkonornyHu npegnocraBku 3a
Ccb3aBaHe Ha nonesalmMTHN FOPCKU Nosic B ceBepHa bvnrapums.

https://www.iag.bg/news/lang/1/id/18304/display#

https://agri.bg/agrosaveti/zemedelie/polezashitnite-poyasi-v-dobrudzha-dar-za-fermerite

https://agro.bg/novini/rastenievadstvo-38/10-15--po-visoki-dobivi-ako-ima-polezashtitni-
poyasi/

https://agri.bg/agrosaveti/zemedelie/kak-da-opazim-polezashchitnite-poyasi-v-dobrudzha-i-
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Pe3rome

Mpea CbBPEMEHHOTO 3emMedenue CTOAT peauua  npeavsBUKaTesncrea, Kato
yBenMyaBaHe Ha [MOYBEHOTO OPraHMYHO BELEeCTBO, CMeKYaBaHe Ha KMMaTU4HUTE
NMPOMEHN U B CbLUOTO BpeMe 3anasBaHe Ha NMOYBEHOTO MNoAopoane M noflydyaBaHe Ha
ctabunHn pobusn. Bb3aoencTtBmeTo Ha TOPEHETO W poTauuuTe Ha KynTypute BbpXy
UMKba Ha Bbrnepoga 1 a3oTa B arpoekocuctemnte, Tpsbea na 6bae TOYHO OueHeHo, 3a
Aa ce NOCTUrHaT uenuTe 3a nogabpXXaHe Ha BUCOKO NNogOpoAME Ha noysaTta U
CbLUEBPEMEHHO HaMarnsiBaHe eMUcuMMTe Ha NapHWKOBW rasose. Llenta Ha HacTosiwarta
paboTa e ga ce nonydaT gaHHM 3a emucumnTe Ha napHukosu rasose (COz n N2O), npwu
pasnuyHM BapMaHT Ha TOpPeHe NMpu YeTMpUNonHo centboobpalleHre (nweHuua, evyemMuk,
uapesuua n pacyn) Ha Jerpagnpan YepHosem.

N3mepBaHn ca emmncunte Ha CO2 1 N2O npu BCUYKM BapuaHTU Ha TOpeEHe npes
BeretauusaTa Ha oTrnexgaHute Kyntypu npes nepmoga 2021-2023 rogunHa (B kpas Ha 16-
Ta WU Ha4anoTo Ha 17-Ta poTauus Ha TpaeH Topos onuT, N3C ,06pa3uoB Yngnuk” Pyce).
B onuta ce uanutBat 7 BapuaHTa Ha TOPEHE CbC CaMOCTOSATENHO M KOMOMHMpaHO
BHacAHe Ha Tpute MakpoenemeHTa N, P, K. 3a cpaBHeHne ce nogaobpxa HeTopeHa
koHTpona NoPoKo. OnuTbT Cce nasexaa B ABE NOBTOPEHMUS.

YCTaHOBEHO €, 4Ye Hanl-uHTeH3uBHM ca emucumte Ha CO, OoT no4ysaTa npu
BapnaHTute ¢ kombmHmpaHo NP n NPK TopeHe, a Han-HUCKM Npy €QHOCTPAHHO Kanneso
TopeHe. Emucunte Ha NoO ce noHwkasaT npu kombuHupaHo TopeHe NP, NK, NPK.
N3cnegBaHn ca u 3aBUCUMOCTUTE MEXAY arpoxXMMU4YHUTE nokasaTtenu Ha nodsaTta u
WHTEH3MBHOCTTA Ha NOYBEHUTE EMUCUM Ha NAPHUKOBK ra3oBe.

Knro4voeu dymu: nouBeHn emucum Ha CO,, N2O, TpaeH TOpoB ONnUT, CaMOCTOSITENTHO
N KOMOUHUPAHO MUHEPANHO TOPEHE.
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Abstract

Modern agriculture faces a number of challenges, such as to increase the soll
organic matter, to reduce greenhouse gases from agricultural production and at the same
time preserving soil fertility and obtaining stable yields. The impact of fertilization and crop
rotations on carbon and nitrogen cycling in agroecosystems must be accurately assessed
to achieve the goals of maintaining high soil fertility while mitigating greenhouse gas
emissions. The aim of the present work is to obtain data on the emissions of greenhouse
gases (CO. and NoO) with different fertilization treatments in a four-field crop rotation
(wheat, barley, corn and beans) on Degraded Chernozem.

The emissions of CO, and N>O were measured for all fertilization treatments during
the vegetation of the cultivated crops in the period 2021-2023 (at the end of the 16th and
the beginning of the 17th rotation of the Permanent Fertilizer Experiment, IASS "Obraztsov
chiflik" Ruse). In the experiment, 7 variants of fertilization are tested with individual and
combined application of the three macroelements N, P, K. For comparison, the unfertilized
control NoPoKp is maintained. The experiment was performed in two replicates.

It was established that the soil CO, emissions were the most intense in the variants
with combined NP and NPK fertilization, and the lowest in the single potassium
fertilization. NoO emissions were reduced in combined fertilization treatments NP, NK,
NPK. The relationships between the agrochemical parameters of the soil and the intensity
of soil emissions of greenhouse gases were also investigated.

Key words: soil emissions of CO,, N2O, permanent fertilizer experience, individual
and combined mineral fertilization.

BbBeaeHue

TopeHeTO € Hanl-epekTMBHaATa yrnpaBfieHCKa npakTMka 3a ocurypsisaHe Ha
rnobanHoOTO CENCKOCTOMAHCKO MNPOU3BOACTBO. Bbnpekn ToBa NPEKOMEPHOTO UMK
HepaunoHanHoO MUHeparHo TopeHe MOXe fa goBefe A0 HamansBaHe Ha nnogopoaveTo
Ha no4yBata W yBenuMyaBaHe Ha 3arybata Ha xpaHuTenHu Bewectsa (Patrick et al.,
2013). ToBa BoAn 4O MHOro CBbp3aHM MOMEXAY CUM HeratMBHU edeKkTn BbpXy OKOnHaTta
cpeda M YOBELLUKOTO 3A4paBe, kaTo yBeNnuM4aBaHe eMUCUMTE Ha MNapHUKOBM Tra3oBe,
3aMbpcsiBaHe Ha MOBBLPXHOCTHUTE W MOAMNOYBEHUTE BOAWU, KAKTO W HA XpaHUTENHUTE
npoayktn (Galloway et al., 2008 ). NpogbmkaBalLOTO HapacTBaHe Ha KOHLEHTpauuuTe Ha
napHukoBu rasose (M) B aTtmocgepaTta e cBeToBeH npobrem. Emucunte Ha [,
npom3TMYaLM OT CEeNiCKOCTOMaHCKOTO MNPOW3BOACTBO, NpeacTaBnsBat npubnmManTenHo
11% oT rnobanHuTe aHTPOMOreHHu eMncum npes 2010 r.
(IPCC; 2014, https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-019-0133-9 -
ref-CR2 Tubiello ,et al., 2013). lNpunaraHeTo Ha MUHEPANHN 1 OPraHUYHM TOPOBE BRUAAT
NPSIKO M HEMpPsSIKO BbpXy ABaTa OCHOBHWU npoueca Ha npou3soactBo Ha NoO B noysara -
HUTpupmkauma n genntpudpumkaumsa (Hu, 2013). Kymynatusrumte notoum Ha CO, cbLuo ce
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yBenuMyaBaT C BHACSHE Ha MO-BMCOKM HOpMM a3oT (Saeed, 2022) u npyu ObIArOCPOYHO
npunaraHe Ha kombuHupaHo NP n NPK (Zhai, 2011).

AdbnroTpaHute TOPOBM ONMUTU AaBaT Bb3MOXHOCT 3a W3ydaBaHE MPOMEHUTE,
HacTbnBawy B MUKPOOMONOMMYHUTE, arpOXMMUYHN U PU3NYHU CBOMCTBA Ha MoyBaTa, B
pe3ynTaT Ha NPOABLINKUTENHOTO NMpunaraHe Ha MUHepPanHM TopoBe U KOMBUHaUMUTE NM.
ObnrocpoyHNTE EKCNnepUMEHTM C TOpPEHe ca HeobxoaMmu 3a onpegensHe Ha
noaxogsawmTe O0O3M Ha TOpPOBE, KaTO Ce B3emaTt npeasui B3aMMOOENCTBUATA MEXAy
OTAENHUTE XpaHWUTENHM BewecTBa. Te paaBaT Bb3MOXHOCT 3a Cb3JaBaHe Ha
TeopeTuyHata OCHOBA 3a YCTOMYMBOTO nopgobpsiBaHe Ha Job6uBMTE M 3a 3ana3BaHEToO Ha
3ApaBocroBHa noyseHa cpeaa (Simansky et al., 2022).

Obnrocpo4yHOTO NpunaraHe Ha CUHTETMYHW TOPOBE, OpraHuMyHM AobaBkM U Opyru
3eMefencku MnpakTUKM Morat ga MpUYMUMHAT pPasnuknm B HATPynBaHETO Ha MNOYBEH
opraHuyeH Bbrnepog (MOB) n a3oT, kKaTto B HAKOWU crnyvan BOAAT A0 HETHM 3arybu Ha OB
n N, aB gpyrm - 0o nogobpsiBaHe Ha CbObPXAaHNETO HA OPraHNYHO BELLIECTBO B MNOYBUTE
(Nayak et al., 2019, Shakoor et al., 2020). CrnegoBaTernHo e HarnoXuTenHo gda ce
pasrnegaT UsinocTHO AMHaMUYHUTE NPOMEHUN B cekBecTMpaHeTo Ha MNMOB, noTeHumanHuTe
NapHMKOBN EMUCUN 1 NPOAYKTUBHOCTTA Ha KyNnTYypuUTE 3a OLieHKa Ha KOHKpeTHa cTparterus
3a ynpaBfieHne W nogabpXKaHe Ha CericKOCTOMaHCKOTO MPOM3BOACTBO B AbSTOCPOYEH
nnaH. Bb3gencTBMeTo Ha NpPakTUKUTE Ha TopeHe Bbpxy umkbna Ha C u N B noysaTta B
arpo-ekocuctemute, TpsibBa ga 6bae TOYHO OLEHEHO, 3a Oa Cce MOCTUrHaT uenute 3a
nogaobp)KaHe Ha BMCOKO Miogopoane U MexayBpeEMEHHO CMeKYaBaHe Ha eMUCUMUTe Ha
napHukoBwu rasoee (Zhang et al., 2016).

M3cneoBaHuaTa No TopeHeTo B 3emMeenckarta onutHa ctaHuma ,O6pasuoB 4yndnuk”
(noHacTosiwem N3C ,,Ob6pasuoB undnuk®) sanousaTt owe npe3 1906 rogmHa, korato ca
3anoXeHn MOJCKNM TOPOBM OMUTK C NMPOCO, uapesmua n dacyn. ExcnepumeHtaTopute ca
BUOOM3MEHSANIM CXEMUTE, KAaTO Ca Ce PbKOBOAMMAN OT CNeuudUYHUTE WM3UCKBaAHUS Ha
pacteHudaTta. lNpe3 cnegBawmuTe roanHM 3anodBaTt ga ce U3nNuTeaT U pasnuyHuM BMOOBE
TOPOBE, KAaKTO M HauMHW 3a TOpeHe Ha MOoncku Kyntypu. B Hactosawmsa cu dopmar,
TpanHnat Topos onut B 3C ,,06pasuoB undnuk” ce nssexaga ot 1958 r.

Llenta Ha HacToAwWEeTO M3cneaBaHe € Aa ce YCTaHOBU BIIMSIHUETO HA ObITOCPOYHOTO
MUHEpanHoO TOpeHe, B CbYe€TaHMe C YeTUpUnonHoO ceuTboobpalleHne, BbpXY
CEKBECTUPAHETO Ha BbINepon OT novsara  EMUCUUTE Ha NApPHMKOBKM ra3oBe B yCnoBusTa
Ha [derpagupaH YepHo3em.

Matepuanu n metoau

N3cnepBaHeTo e npoBegeHo npe3 2021-2023r. korato TpamHUAT TOPOB ONUT € B
167%™ poTauua Ha 4YeTUPUNONHOTO cenTboobpalleHre (64 roguHn cneq cTapTUpaHeTo Ha
onuta), B onutHoTOo none Ha WN3C ,O6pasuyoB uncdpnuk® Pyce, B CEBEPEH KNMMAaTUYEH
panoH, Ha no4sa [lerpagupaH YepHosem.

MnowTa ot 10 da e 3aeta ¢ kynTypuTe nweHuua (copt ,JdyHaBusa”), dacyn (copT
,O0pasuoB undnuk 12”), evemuk (copt ,Axat’) n uapesuua (Pc 464), no npunaraHata ot
npeoxogHu nepuogu metod M cxema Ha XXopx Bun B OBe NOBTOpeHUs, C Mo ocem
BapvaHTa, pa3nonioxeHu no Piomkep. FonemMuHaTa Ha onuTHUTE napuenu e 100 m?, a Ha
pekonTHUTE - 60 m? .

M3nutBaT ce 7 BapuaHTa Ha TOPEHE CbC CaAMOCTOATENHO U KOMOUHMPAHO BHACSHE
Ha TpuTe makpoernemeHTa N, P, K, OT KOUTO a30THUTE HOPMU Ca pasnnyHu Npu oTaenHuTe
KynTypy: npu nwenuuata u uapeeuuata N — 15 kg da™' a.B.; npu dacyna N . 5 kg da™
a.B.1 npu eyemmka N — 10 kg da™ a.B. docopHoTo (P20s) TopeHe e ¢ 12 kg da™ a.B., a
kanuesoTto (K20) e 7 kg da’ a.B. 3a YyeTupuTe KynTypu. 3a CpaBHEeHMe ce nogabpxa
HeTopeHa koHTpona NoPoKo. PochopHuTe 1 KanueBuTe TOPOBE CE BHACAT €4HOKPAaTHO,
npeguM ocHoBHaTa o6paboTka, a a30THUAT — eOHOKpaTHO cred MNOHUKBAHETO Ha
KynTypuTe, KaTo paHHO NPOSIETHO NoaXpaHBaHe.
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Emucnnte Ha napHukoBu rasoBe 6sixa namepBaHu B nepuoga npes BeretauusTa Ha
KynTypuTe no BapuaHty n no kyntypu. oTtouute Ha CO, ce m3amepBat Ha MACTO C
nomowita Ha kanmbpupanus Tectep ,ALMEMO® cbc ceH3op 3a CO, 3a oTuntaHe Ha
emucunte 6axa n3non3saHu NIIacTMacoBu Kamepu.

Bb3aywHata koHueHTpauua Ha CO» n Temnepartyparta ce nmamepsaTt Ha BUCOYMHA 1
m Hag napuenute. Cnep nocTtaBsHETO Ha KamepuTe, Te ce 3aTBapAT C Kanadku n ce
n3vaka nHkybaumoHeH nepumog ot 30 MUH., cnen Koeto ce uamepsa HaTpynaHua CO» B
3aTtBopeHnTe kamepu. Cnea ToBa ce navmcnsea uatnyaHeTo Ha COx (kr x 1 - 1 geH £ 1),
cbrnacHo BilandzZija et al. kaTo:

ECO2=(MxPxV x(ca-¢1))/ (RxTxAx(tz - ty)) (1)

Kbaeto: ECO.- otpensHe Ha COz ot nousata (kg ha' h); cnen koeto moxe ga ce
npensyncnn Ha geH. M-monapHa maca Ha CO2 (kg mol 1); P-HansiraHe Ha Bb3gyxa (Pa);
V-kamepeH ob6em (m3); C1 - HavanHa koHueHTpauus Ha COz (umol mol'1); Co-
KoHLeHTpaums Ha CO, crnea uHKy6aLumoHHoTo Bpeme (umol mol™); R-rasoea koHcTaHTa (J
mol K'1); T-temnepatypa Ha Bb3gyxa (K); A-NMOBLPXHOCT Ha Kamepata (m2); to-t-
WMHKyOaLUMOHEH nepuroa.

N3mepBaHeTo Ha N,O ce npaBu no cbwusa HavmH, KakTo 3a CO,, kaTo ce uanonseat
cblmTe Kamepu u uHKybauumoHeH nepuod. M3nonssa ce 3akyneHudat anapat Gastiger
2000.

OT1untaT ce poHOBUTE EMUCUN, B MOMEHTA M CbbpaHus ra3 B kamepaTta 3a 30 MUH 1n
ce otuntat emucuute (E)Bkgha' h™'

ENO=(MxPxVx(ca-cq))/ (RxTxAx(t - t4)) (2)

Kbaeto, otHoBO E N2O - otaensiHe Ha N>O ot no4ysata (kg ha h); cnen koeto moxe aa
ce npeusuncnu Ha geH. M-monapHa maca Ha N>O (kg mol '1); P-HandraHe Ha Bb3agyxa
(Pa); V-kamepeH obem (m°); C; - HauanHa koHueHTpaumsi Ha NzO (umol mol™); Co-
KoHueHTpaums Ha N2O cneg nHkybaunoHHoTo Bpeme (umol mol'1); R-rasoBa koHcTaHTa (J
mol ' K'); T-temnepatypa Ha Bb3ayxa (K); A-noBbpXHOCT Ha kamepata (m?); to-ti-
WMHKy6aLunoHeH nepuoa.

O6bwmaT opraHmyeH Bbriepoa 6elle onpeaensH no metoga Ha TiopuH. MeToabT ce
OCHOBaBa Ha KOCBEHOTO OMpeaensHe Ha KONMYeCTBOTO BbBIMEpPOA, MNOMyYeH npu
OKUCNsSIBaHe Ha OpPraHM4yHOTO BELLECTBO C pa3TBOpP Ha KanveB BuxpomaT B cepHoKucena
cpena npu HarpsiBaHe. BbrnepogbT OT noyBeHa MukpobHa Guomaca (Cmic) ce namepsa
no metoga Ha Anderson n Domsch (1978), a nepmaHraHaTHUAT OKUCNSEM BbLINEpPoA
(POXC) no metoga Ha Culman (2012). MuHepanHuaTt a3oTt 6ewe onpenensH no metoaa
Ha Kengan, a cbabpXaHMETOo Ha AOCTbMHM hopMn Ha docdop U Kanuin B aueTaTHo-
nakTtaTeH N3BIEK, KaTo onpenensHeTo Ha docdopa ce n3BbpLIBA
CNeKTpodOTOMETPUYHO, a Ha Kanu4 - Ha NnamMmbyeH hoToMeTbP.

Pesyntatn n o6¢cbxaaHe

OTyeTeHn ca Han-uHTEeH3nBHM emmncun Ha CO, npu BapmaHtute NP n NPK (®durypa
1). CbLUO Npw Te3n BapuaHTU Ce YCTaHOBSsIBa M HaW-BUCOKO HaTpynBaHe Ha OpraHuWYeH
Bbrnepoa (durypa 3). T.e. npu KOMOGUHMPAHO a30THO U (POCOPHO TOpeHe, NpoTunyaT
npouecu Ha opmmupaHe Ha OpPraHMYHO BELLECTBO, KOETO CTUMynMpa WU MNOYBEHOTO
AnLiaHe.

Emucumte Ha NoO, ca Haum-Bucokm npu BapuaHtute N, P, K, npwunaranu
camoctodatenHo (durypa 2). Han-Huckm ca notoumte Ha NoO npu kOMBUHMpPaAHO TopeHe
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NK, PK, NPK. Mexay nHTeHanBHocTTa Ha otaenaHeto Ha NoO oT nodBaTta v 4OCTbNHUTE
dopMn Ha Kanuin nma oTpuuaTtenHa ymepeHa kopenaumsa (r= - 0,53), koeTo obacHsaBa no-
HUCKUTE eMUCUMN NPU KOMOUHMPAHO TOPEHE C Kanui.

MouseHunte otgensHus Ha CO, n N>O ca cymapHO Han-BMCOKM Mpu nleHuua 66,38
kg ha'day™”). Motounte Ha CO, ca Haii-Huckm npu dacyn (33,22 kg ha’'day™), nokato
MOHWXeHneTo Ha emucunte Ha N2O e Hai-cunHo edemuk (0,038 kg ha'day ™ n uapesuua
(0,043 kg ha''day™) (Tabnmum 1 1 2).

100,00

CO,, kg ha'day?

80,00

60,00

40,00

20,00

0,00

N P

K NP

NK PK

NPK

(8]

®urypa 1. Emmcumn Ha CO; (kg ha'day ') oT nouBaTa cpeqHo o BapuaHTV Ha TOpeHe,
Herpagunpan YepHosem, N3C O6p. undnuk, PyceHcko, 2021-2023 .

Ta6nuua 1. Emucun Ha CO; (kg ha'day™) ot nousaTta no BapuaHT Ha TOpeHe 1 Mo

KynTypu
LlapeBuua Pacyn MweHunua Euyemuk CpegHo
N 26,89ab 32,71 ab 58,89 ab 59,31 ab 44,45
P 47,93 ab 21,08 b 62,53 ab 56,11 ab 46,91
K 30,03ab 22,11 ab 62,88 ab 53,90 ab 42,23
NP 62,94 ab 44,53 ab 92,16 ab 65,75 ab 66,34
NK 4228 ab 17,00 ab 65,30 ab 59,17 a 45,94
PK 71,24 ab 42,54 ab 69,90 ab 56,97 a 60,16
NPK 100,30 ab 50,17 ab 62,76 ab 58,06 a 67,82
0 54,83 ab 35,65 ab 56,64 ab 55,54 ab 50,66
CpegHo 54,56 33,22 66,38 58,10 53,07
N,0, kg halday?
0,12
0,1
0,08
0,06 — _
% oy _
008 | U § )
0,02 % %
N p K NP NK PK NPK 0

durypa 2. Emmcun Ha NoO (kg ha'day ') oT nouBata cpeqHo no BapuaHTV Ha TOpeHe,
Herpagnpan YepHosem, U3C O6p. undnuk, PyceHcko, 2021-2023 r.
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Ta6nuua 2. Emucun Ha N2O (kg ha'day™’) oT nousaTta no BapuaHTi Ha TopeHe v no
KynTypu

Llapesuuya @Pacyn [MNMuweHunua Euvemuk CpepHo

N 0,055a 0,055a 0,062 ab 0,063 ab 0,059
P 0,039ab 0,055 a 0,134 b 0,026 ab 0,064
K 0,0837a 0,055a 0,058 ab 0,071 ab 0,055
NP 0,040 ab 0,047ab 0,075ab 0,051 ab 0,053
NK 0,039ab  0,050a 0,031ab 0,013 ab 0,033
PK 0,033ab 0,046ab 0,048 ab 0,024 ab 0,038
NPK 0,044 ab 0,042ab 0,060 ab 0,023 ab 0,042

0 0,043ab 0,036ab 0,073 ab 0,035 0,047
CpegHo 0,041 0,048 0,068 0,038

MpoABMKNTENHOTO €QHOTUNHO MUHEpariHO TOPEHe e AO0Beno [0 MOHMXaBaHe Ha
NMOYBEHOTO OpraHn4Ho BelecTBo npu BapuaHtute O (1,05%), NK (1,25%), PK (1,18%), N
(1,22%) (Purypa 3). KomMbuHMpaHOTO TOpeHe asoT u ¢ocdop BOAN OO HAM-CUIHO
yBenuyaBaHe Ha opraHu4yeH Bbrnepoa B no4ysata, kato npu BapuaHT NPK, 1o e 1,42%, a
npu NP — 1,43%.

Bbnpekn Huckoto konmnyectso MNOB, oT4eTEHO NpuW HyNeBUTE BapuaHTU, EMUCUNTE
Ha N>O n CO, npu nunca Ha TopeHe, He ca Han-CUNHO NoHWkeHn. Emucnnte Ha CO, ca
no-Huckm npu N, P, K BapnaHTu B cpaBHeHue ¢ HynesaTa KoHTpona, a N2O - npu NK, PK,
NPK (kombuHupaHo TopeHe c kanuin). ToBa nokassa Mo-HWCKa CTeneH Ha MUKPOOHO
AvaHe npu  edHOCTPaHHO TOpPEeHe U  MNOo-HWUCKa CTeneH Ha HuTpuduKkauma wu
AeHUTpudmrKaums npyu KOMBUHMPAHO TOPEHE C Kanun).

OB, %

N P K NP NE PK NPK

ANOVA: p=0.0003
durypa 3. CbabpkaHue Ha noyBeH opraHuyeH Bburnepos (MOB, %), cpeaHo No BapuaHTu
Ha TopeHe

201



EKOJIOMNA N ArTPOTEXHOJIOMNN — YHOAMEHTAJTHA HAYKA U MPAKTUYECKA PEANU3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

®durypa 4. NpuHumneH komnoHeHTeH aHanua (PCA) Ha OCHOBHUTE u3cneBaHun aktopu,
C (NMOB, %), muHepaneH N(mg kg™), gocTbnHm dopmu Ha P-Os (mg 100g™),
KoO (mg 100g™"), nouseH opraHuueH Bbriepos (%), COz (kg ha”'day™), N2O (kg ha'day™)
N MuKpobuaneH 6uomaceH Bbrnepos (Cmic, mg 100g™)

MpoBeneH e n npuHumMneH komnoHeHTeH aHanua (PCA) (Purypa 4). Llenta Ha PCA e
Aa YCTaHOBWU NMHENHN KOMBWHAUMW MeXOy BEerMYMHUTE, KOUTO u3creaBame, KaTo Tesu
NMHEHM KOMOWHauuM npencTtaBnaBaT KOMMOHEHTUTE Ha aHanusa. [puHUUNHUAT
KOMMOHEHTEH aHanua belle NpunoXxeH 3a onpegensHe Bpb3kaTa MexXay arpoOXUMUYHUTE
nokasaTtenu, MNOYBEHOTO OpraHM4YHO BELIECTBO U EMUCUMTE Ha MapHUKOBM rasoBe.
[aHHuTe 6saxa 3apeneHn B ABa OCHOBHM komnoHeHTa (PC1 n PC2), kouto obscHsasar
noBeYyeTo BapvauuMm Mexay nokasaTenuTe no BapuvaHTUM Ha TopeHe. Ha guarpamarta,
napameTpute ce cuuTaTt 3a MOMOXUTENHO CBbP3aHN €duH C OpYr, Korato ca nog ocTbp
bIbS, KOraTo BEKTOpUTE MM hopmupaT NpaB brbi HE ca CBbP3aHW, a koraTo ca nog Tbn
Brb/1 Ca OTPULATENHO CBbP3aHW. YCTAHOBSABAT Ce MOMOXUTENHA 3aBUCMMOCT MexXay
CbAbPXaHMETO Ha MUHeparneH as3oT, MOYBEH OopraHnyeH Bbrnepog n emmcunte Ha COo.
Opyrnat napHukoB raz — N2O, He e cBbp3aH C NMOYBEHOTO OpraHuyHo BelectBo, COz un
CbAbpXaHMETO Ha MUHeparneH as3oT. MNonoxutenHa e Bpb3kaTta Ha otaensaHeTo Ha N2O un
AocTbnHUTE opMmn Ha pocdop. MukpobmanHua GuomaceH Bwvrnepog (Cmic), nma
nonoxuTenHa Bpb3ka C [OCTbNHUTE opmMM Ha kKanun. W gBata nokasatenss ca
OTpPULATESNTHO CBBbP3aHN C EMUCUUTE Ha NAPHUKOBU ra3oBe.

3aknoyeHue

Haii-cunHo BnusiHne BbpXy dOPMUPaHETO Ha MOYBEHOTO OPraHNU4yHO BELLECTBO MMa
CbAbPXaHMEeTO Ha MWHepaneH as3oT, HO B cbyeTaHume ¢ ¢occop (NP) n ¢ doccop un
kanumn (NPK).

[MO-BMCOKOTO KONMMYECTBO Ha 00w, opraHn4yeH BbrNepoa BOAM OO MNO-BMUCOKA
WHTEH3MBHOCT Ha AMliaHe Ha noyYBata W NO-UHTeH3nBHM emucum Ha CO,, gokaTto
notoumte Ha N>O He nokaseat 3aBucmumocT oT [1OB.

HyneBata KOHTpOna € C HaW-HUCKO HaTpynBaHe Ha OPraHW4HO BELLECTBO, HO
eMUCUNTE 1 Ha OBaTa rasa He ca C Hal-HMCKa MHTEeH3UBHOCT, KOETO MoKa3Ba NpoTU4YaLLo
NMMOYBEHO AMLLAaHe, HUTpUMkaums n geHnTpudmrkaums, 1.e. npoTuyaLla MMHepanm3aums
Ha NMOYBEHOTO OpPraHMYHO BELLECTBO.
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Emucnnte Ha N>O ca Han-cunHO pegyuvpaHy npyv BapuaHTuTe C KOMOUHMpaHO
TopeHe ¢ kanun (NK, PK, NPK) n ca Han- BUCOKM Npu €AHOCTPaHHO TOPEHE.

BnaropgapHocTu

ABTopuTe GnarogapaT 3a UHAHCUMPAHETO Ha Hay4yHUTE WU3cneaBaHus MO NPOEKT
LMHTErpnpaHe Ha caTenUTHU M Ha3eMHM OaHHW 33 KOMMOHEHTM Ha BoAHMs 6anaHc Ha
noyesarta W pacTuTenHarta NokKpmBka B MOAENM 3a OLEHKA Ha arpoekoniorm4yHu pUCKoBe U
3emMefencku NpakTUKM 3a cMekyaBaHeTo um” ot doHa ,HayyHn M3cneasaHuna” (oorosop
KM-06 H 76/2 2023).
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Abstract

Cambisols are the most typical soil type in the Vitosha Mountain. These soils are
spread in the middle belt of the mountain with an altitude from 600 m to 1800 m.
Acidification of Cambisols occurs due to washing of bases from the profile and when the
altitude increases, exchangeable aluminium occurs. Cambisols cation exchange capacity
can vary widely depending on factors such as parent material, organic matter content and
clay content. The strongly acidic reaction usually extends to a depth of Bw (cambic)
horizon. Cation exchange capacity of Cambisols is in low values up to 12 cmol(+).kg™".
Depending on base saturation, soils can be divided as Eutric Cambisols or Dystric
Cambisols. In studied soil profiles Eutric Cambisol prevail over unsaturated Dystric
Cambisols.

Key words: exchangeable cations, soil reaction, base saturation, Cambisols.

Introduction

Cambisols are a globally recognized soil group according to the WRB classification
(IUSS Working Group WRB, 2022). They are a basic soil type in the mountainous regions
of Bulgaria and they are spread almost under forest vegetation. Cambisols are the most
common soil type in the Vitosha Mountain also. They are spread in the forest part of the
mountain with an altitude of 500—-600 m to about 1800 m. The soil-forming rocks on which
the Cambisols were formed are mainly granites, granite-gneisses, schist, syenites,
rhyolites etc. There are small amounts of clay minerals in soil such as kaolinite,
montmorillonite and chlorite (Donov, 1972; 1992; Koinov et al, 1998; Andreeva, 2014;
Hristov et al, 2022).

Cambisols cation exchange capacity can vary widely depending on factors such as parent
material, organic matter content and clay mineral content. As altitude increases,
exchangeable aluminium occurs but the amount is usually low. The most acidic are the
soils in spruce forests and those at higher altitudes in the mountain. Typically for the
region cation capacity is low 16—20 cmol(+).kg™” in A horizon (Malinova, 2019). In sandy
and humus-poor soils, it drops to 5 cmol(+).kg™", and in soils with heavier soil texture, it
can exceed 30 cmol(+).kg™" (Malinova et al., 2020).

Depending on their saturation with the base, they can be divided into saturated, which
contain a significant amount of Ca?* and Mg®*, and unsaturated, which, in addition to the
other bases, also contain exchangeable acidic cations such as AI**, Mn*, Zn%", H".
Usually, saturated Cambisols are in a complex with Rendzic Leptosols on carbonate rocks,
and unsaturated ones are formed on acidic rocks (Bachvarova, 2005). Eutric Cambisols
are soils, that have horizons with base saturation more than 50% and more, but they are
not calcareous in depth (Kulikov, 1989).

Usually well saturated Eutric Cambisols are found in quite a wide range of soil
forming factors. The unsaturated Dystric Cambisols have common features with the Eutric
Cambisols. The fundamental difference between these two soil types is in their base
saturation. Base saturation should be less than 50% in some of the soil horizons in Dystric
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Cambisols deeper than 20 cm. They are usually developed on acid parent rocks. These
soils are widely spread in Vitosha Mountain in combination with Cambic Leptosols and
Cambic Umbrisols (Hristov et al., 2022; Hristov 2023).

Materials and Methods

Sixteen soil profiles were studied in the forest area of Vitosha Mountain shown on
Figure 1. Laboratory analyzes of soil parameters that are necessary for the soil sorption
capacity, as well as parameters that characterize the current status of the studied soils,
were carried out, as follows: pH H>O — ISO 10390; Exchange acidity — ISO 11260 & ISO
14254 (extraction with 0.1 mol/l BaCI2 solution until equilibrium desorption and titration
with 0.05 mol/l NaOH); Exchange bases, cation capacity and base saturation (B.S). The
base saturation is calculated according to this formula BS % = 100*(Zsum/CEC) Where:
BS% is base saturation, >sum is the sum of exchangeable basic cations (ex. Ca, ex. Mg,
ex. K, ex. Na), CEC is the cation exchange capacity of the soil. For figures and statistical
analyses MS Office 2017 was used.
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Figure 1. The area of Vitosha Moutain and studied soil profiles of Cambisols

Results and Discussion

Acidification of Cambisols soils occurs due to washing of bases from the profile.
Certain vegetation types, such as coniferous forests, contribute it washing of bases with
more organic acids to the soil due to the decomposition of acidic plant litter (Steffens,
2018). This is especially common in the territory of Vitosha Mountain where Cambisols are
associated with forest ecosystems. The strongly acidic reaction usually extends to a depth
of Bw (cambic) horizon, then rises, most often remaining below 6.0. The studied
Cambisols have reaction (pH) form slightly acidic to strong acidic (from 6.6 to 4.4). Low
values of soil pH leads elements like aluminium and manganese become more soluble
and can reach toxic levels for plants. In such acidic conditions, the hydrogen ions in the
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soil can attack the crystal structure of clay minerals, causing them to break down
(Malinova et al., 2020).

In higher mountain areas, soil exchange acidity also increases. Soil exchange acidity
is in the acid positions of the soil adsorbent (exchange aluminium, manganese, zinc, etc.
amphoteric cations and eventually hydrogen ions).

Table 1. Exchangeable bases, soil pH, cation exchange capacity and base saturation

) Ex. Ex. Ex. Ex. Ex. Base
Soil | porizon | DePt | PH | acidity | Ca | Mg | K | Na | “FC | satyration
profiles cm (H20) ~ o

cmol(+).kg °

A 0-9 5.6 1.08 8.78 | 0.71 | 0.18 | 0.03 | 10.78 90

1 Bw 9-28 5.8 1.25 6.14 | 0.64 | 0.08 | 0.03 | 8.14 85
C 28-41 5.9 0.67 6.88 | 0.85 | 0.07 | 0.04 | 8.51 92

A 0-5 5.2 2.63 1.01 | 0.37 | 0.06 | 0.02 | 4.09 36

3 Bw 5-36 5.9 1.56 711 | 0.64 | 0.08 | 0.03 | 9.42 83
C 36-53] 6.0 1.60 7.56 | 0.83 | 0.09 | 0.04 | 10.12 84

A 0-10 6.0 0.67 8.22 | 1.00 | 0.11 | 0.03 | 10.03 93

4 Bw 10-68 6.3 0.58 8.89 | 1.23 | 0.12 | 0.03 | 10.85 95
C 68-88| 6.6 0.59 9.41|1.76 | 0.14 | 0.05 | 11.95 95

A 0-8 54 2.93 2.11 |1 0.18 | 0.03 | 0.01 | 5.26 44

5 Bw 8-50 5.3 2.19 7.30 | 0.23 | 0.03 | 0.02 | 9.77 78
C 50-60] 5.7 0.81 7.45| 0.25 | 0.03 | 0.02 | 8.56 91

6 A 0-18 6.0 0.51 1.88 | 2.12 | 0.05 | 0.01 | 4.57 89
Bw 18-68 6.2 0.76 1.71 1 1.84 | 0.04 | 0.02 | 4.37 83

A 0-10 4.6 7.86 0.37 | 0.68 | 0.03 | 0.02 | 8.96 12

7 Bw 10-80 5.1 6.64 1.19 | 0.90 | 0.05 | 0.03 | 8.81 25
C 80-92 5.2 4.25 1.23 | 0.97 | 0.06 | 0.03 | 6.54 35

9 A 0-13 5.0 6.00 0.67 | 0.09 | 0.02 | 0.01 | 6.79 12
Bw 13-78 5.0 5.03 0.82 | 0.14 | 0.03 | 0.02 | 6.04 17

A 0-15 5.7 0.75 2.1510.16 | 0.06 | 0.02 | 3.14 76

10 Bw 15-57 5.2 3.59 0.94 | 0.12 | 0.04 | 0.01 | 4.70 24
C 57-71 5.5 1.25 1.33 | 0.16 | 0.05 | 0.03 | 2.82 56

» A 0-20 5.3 3.30 0.80 | 0.11 [ 0.04 | 0.03 | 4.28 23
Bw 20-68 5.5 1.93 0.92 | 0.14 | 0.03 | 0.02 | 3.04 37

A 0-20 5.1 4.66 1.66 | 0.19 | 0.06 | 0.02 | 6.59 29

13 Bw 20-50 5.4 2.26 1.95 | 0.20 | 0.05 | 0.02 | 4.48 50
BC 50-70 5.7 0.92 0.85| 0.10 | 0.04 | 0.02 | 1.93 52

14 A 0-13 6.2 0.59 2.09 | 0.17 | 0.04 | 0.01 | 2.90 80
Bw 13-67 6.4 0.42 2.2310.19 ] 0.05| 0.02 | 2.91 86

15 A 0-10 5.8 0.66 1.48 | 0.13 | 0.06 | 0.02 | 2.35 72
Bw 10-60 5.4 1.74 1.35| 0.11 | 0.05 | 0.01 | 3.26 47

16 A 0-8 5.8 2.60 1.76 | 0.94 | 0.04 | 0.02 | 5.36 52
Bw 8-56 5.4 2.18 1.99 | 0.80 | 0.03 | 0.01 | 5.01 57

A 0-10 4.5 4.44 0.33 | 0.06 | 0.02 | 0.01 | 4.86 9

17 Bw 10-60 5.1 1.59 0.35 | 0.07 | 0.03 | 0.02 | 2.06 23
C 60-75 5.5 0.41 0.63 | 0.08 | 0.03 | 0.02 | 1.17 65

A 0-5 5.8 0.42 1.92 1 0.17 | 0.05| 0.02 | 2.58 84

18 Bw 5-49 5.4 1.43 2.05|0.21 | 0.04 | 0.01 | 3.74 62
C 49-62 5.5 1.60 0.89 | 0.68 | 0.05| 0.02 | 3.24 51

A 0-5 4.9 3.21 0.79 | 0.11 | 0.03 | 0.01 | 4.15 23

20 Bw 5-26 4.6 5.57 0.80 | 0.12 | 0.03 | 0.01 | 6.53 15
BC 26-40 4.8 4.46 1.28 | 0.14 | 0.04 | 0.02 | 5.94 25

*-exchange aluminium, manganese, zinc, hydrogen, etc.
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In acidic soils, aluminium is more soluble and can reach toxic levels for plants,
negatively impacting root development and nutrient uptake (Foy, 1984). Due to the fact
that the exchange aluminium, manganese and other amphoteric cations are derived from
the strongly acid destruction of the octahedron layer, the presence of exchange acidity is a
sign for destruction of clay minerals and of the soil adsorbing complex (Ganev et al.,
1990). Examples for the content of exchange acidity in soils are given in Table 1. The
highest values of exchange acidity in A horizon with maximum value of 7.86. Expectantly
exchange acidity has negative correlation with soil pH and base saturation (Table 3).
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Figure 2. Exchangeable bases, soil pH, cation exchange capacity and base saturation

Cation exchange capacity (CEC) is a measure of a soil's ability to hold and exchange
positively charged ions, or cations. It is a crucial property influencing soil fertility, as it
affects the soil's capacity to retain essential nutrients such as calcium (Ca?* ), magnesium
(Mg?* ), potassium (K* ), and sodium (Na* ) (Brady & Weil, 2016). Cambisols’ CEC is in
low values up to 12 cmol(+).kg-1 due to limited humus content and generally low clay
content. The level of calcium in Cambisols can vary depending on the parent material and
environmental conditions. In studied soils ex. Ca has mean values about 2.3 cmol(+).kg-1
and it varies from 0.3 to 9.4 cmol(+).kg-1. All other basic cations as Mg, K and Na are in
low values (Figure 2, Table 2).

The degree of bases saturation is a fundamental chemical index for Cambisols

classification, which is widely used in soil classification. The sum of the strongly basic
exchange cations (calcium, magnesium, potassium, sodium) expressed in percent of the
value of the total cation exchange adsorption capacity.
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Table 2. Descriptive statistic of physico-chemical properties
PHuz0 Ex. Ex.Ca Ex. Ex. K CEC B. S

Acidity Mg
Mean 5.5 2.3 2.8 0.5 0.1 5.7 55.6
St. Error 0.1 0.3 0.4 0.1 0.0 0.4 4.4
Median 5.5 1.6 1.7 0.2 0.0 4.9 54.0
Mode 5.4 1.3 0.8 0.1 0.0 #N/A 23.0
St. Deviation 0.5 1.9 2.9 0.5 0.0 2.9 28.6
Range 2.1 7.5 9.1 2.1 0.2 10.8 86.0
Minimum 4.5 0.4 0.3 0.1 0.0 1.2 9.0
Maximum 6.6 7.9 9.4 2.1 0.2 12.0 95.0

Cambisols with base saturation more than 50 % are classified as Eutric Cambisols.
These are soil profiles 1, 3, 4, 5, 6, 10, 13, 14, 16, 18. All other soil profiles are Dystric
Cambisols because they have base saturation lower than 50 % in some horizons more
than 20 cm deep of the soil profile (IUSS Working Group WRB, 2022).

Table 3. Correlation matrix between different values
pHuoo Ex.Acidity Ex.Ca Ex. Mg Ex. K CEC B. S.

PHz0 1

Ex. Acidity -0.8 1

Ex. Ca 0.6 -04 1

Ex. Mg 0.5 -0.2 0.4 1

Ex. K 0.5 -0.4 0.8 0.5 1

CEC 0.1 0.2 0.8 0.5 0.6 1

B. S. 0.9 -0.8 0.7 0.5 0.6 0.3 1

There are good correlation between base saturation and all basic cations and soil
reaction (Table 3). Cambisols with moderate to high base saturation have favourable
conditions for plant growth, while those with low base saturation may need amendments to
improve plants to grow.

Conclusion

Studied Cambisols are developing from the combined forest and mountain soil-
forming process. Soil acidification occurs due to the washing out of bases from the profile.
The studied Cambisols have reaction (pH) form slightly acidic to strong acidic or from 6.6
to 4.4. Low values of soil pH leads elements like aluminum become more soluble in the
complex of soil exchangeable acidity. Cambisols’ CEC is in low values up to 12 cmol(+).kg
! due to limited humus content and generally low clay content. The level of exchangeable
calcium in Cambisols can vary depending on the parent material and environmental
conditions and it has mean value about 2.8 cmol(+).kg™'. The base saturation is more than
50 % in nine of the studied soil profiles that can be classified as Eutric Cambisols. The
other seven soil profiles from Vitosha Mountain are unsaturated Dystric Cambisols with
low fertility.
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Abstract

The objectives for the implementation of integrated economically efficient and socially
acceptable agro-ecological practices for the realization of the main priorities in the
agricultural sector in the program period 2021-2027 through integrated carbon practices
for reducing the amount of greenhouse gases, to achieve the goals of the European
Union, were examined in the field of climate until 2050 and of the Regulation of the
European Union for the elimination of carbon emissions and the certification of carbon
agriculture. This is a strong challenge to preserve the efficiency of the activities in the
agricultural sector. A possible sustainable circular economy model in the agricultural sector
with balanced cash flows will be analyzed in accordance with current local legislation.

Key words: carbon farming, circular economy, agroecological practices.

Introduction

One of the strategic directions laid down in the visions, strategies, programs,
development guidelines in the fields of environment, agriculture, energy and economy,
regional policies, human resources, etc. developed at the national level and at the EU level
for the next program period until 2030 . is adapting to and overcoming the consequences
of climate change, for which three priorities for climate action have been identified: climate
change mitigation, climate change adaptation, and climate change management and
information.

In support of the presented European action program on climate change, the "4 per
1000: Soils for food security and climate" initiative adopted at the World Climate Summit in
Paris, December 2015 and supported by Bulgaria, putting on the agenda the introduction
of low-carbon decentralized practices with the aim of regenerating essential soil nutrients
to achieve integrated results, including recarbonization of soils to guarantee their soil
fertility and the nutrition of the population, creating conditions for the production of
decarbonized (low-carbon) energy by introducing integrated decentralized BioCCS
practices and from here achieving conditions for mitigating the causes of climate change.

Our national documents unfortunately lack a realistic assessment of the ever more
clearly manifested consequences of climate change threatening the implementation of
some of the strategic tasks in the management of the national economy — guaranteeing
the nutrition of the population, ensuring public health by managing the main components of
the environment -soils, water and atmospheric air, ensuring sustainability of ecosystems
and territories.

The main problem stems from the lack of innovative approaches to utilize the waste
generated in agricultural production, processing plants, logging and wood processing
(whose annual quantities are estimated at over 9 million tons per year) as resources,
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through carbon negative practices, their use through decentralized and decarbonized
practices for retention and storage of organic carbon in soils (BioCCS practices), analysis
and evaluation of low-carbon innovative global practices for their feasibility in Bulgaria's
conditions, construction and functioning of management systems and regional adaptation
to climate change, for sustainable development of the regions in Bulgaria.

Introducing a similar approach to managing activities to mitigate the causes and
overcome the consequences of climate change through feasible low-carbon practices
would prevent and significantly reduce economic damage caused by natural
manifestations such as:

* large-scale forest fires caused mostly by arson on stubble;

* quantitative and qualitative losses in the production of basic cereals crops and
especially spring crops as a result of permanent droughts and the lack of sufficient
amounts of irrigation resources;

In the adopted regulations of the European Commission (EC) regarding the goals
and tasks in the field of agriculture of the member states of the European Union (EU) for
the implementation of the complex of strategies, they are enshrined in the decisions of the
Paris Climate Agreement, the strategy for the implementation of "Circular Economies" and
that of the "Green Pact".

The need to introduce such regenerative low-carbon practices is related to the
reduction of greenhouse gases from agriculture and the commitments made to reduce net
greenhouse gas emissions to collectively achieve climate neutrality by 2035 in the land
use, forestry and agriculture sectors economy (EU A new circular economy action plan;
2020), (EC Climate change; 2021).

In connection with the implementation of the objectives of the European Green Deal,
proposals for recycling and sustainable carbon storage have been considered,
summarized in a communication on "Sustainable carbon cycles" (European Parliament
resolution, 2023), which indicates ways to increase the absorption of atmospheric carbon.
The European Parliament, with its resolution on sustainable carbon cycles, paved the way
for future actions aimed at supporting proactive measures taken by farmers to facilitate the
removal of carbon from the atmosphere and reduce the concentration of CO, in the
atmosphere.

A major task is to capture carbon and return it back to agricultural soils. This would
lead to an enhancement of the overall contribution of agriculture in terms of the
implementation of recarbonisation practices.

On the other hand, it will economically support farmers by providing additional
income. It is for this reason that one of the mainstays of the Common Agricultural Policy is
the introduction of low-carbon agriculture and carbon sequestration through agricultural
land. For the purposes of monitoring and verifying the authenticity and environmental
friendliness of high-quality and sustainable carbon sequestration,

Materials and Methods

Implementation of economically efficient and ecologically efficient decentralized low-
carbon practices for resource utilization of biodegradable waste from greenhouse
production.

Introducing innovative approaches to the utilization of generated waste as resources
and its utilization through carbon negative practices is possible by using the biomass
waste resource from greenhouse productions, applying decentralized and decarbonized
practices to generate alternative energy and retain and store organic carbon in soils. It is
important to develop and implement integrated systems for introducing technological
schemes and technological equipment for regenerative agriculture and soil moisture
retention. In the long term, the goal is the creation of systems through the justified and
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socially acceptable utilization of biodegradable waste from the agricultural sector as
resources for perspective regional practices for carbon agriculture in accordance with the
principles of the circular approach in economic sectors.

To achieve the specified system of measures, it is necessary to implement BioCCS
(biological washing and long-term retention of carbon in soils) practices, to mitigate the
global consequences of climate change, to implement circular economy projects using the
products and waste from agricultural productions.

With their implementation, integrated benefits of soil recarbonization, carbon capture
and storage, reduction of generated emissions polluting the atmosphere from land use and
amounts of biodegradable waste will be demonstrated. On the other hand, input products
will improve soil fertility and structure.

Introduction of accredited and certified practices for the removal and retention of
carbon dioxide from the atmosphere and issuance of carbon certificates will refine the
management system for the implementation of low-carbon decentralized practices, which
in turn will ensure that the effects are quickly and effectively multiplied in purely economic
and social terms.

Results and Discussion

Applicable technologies and technical systems to achieve the goals of carbon
agriculture developed and put into practice. One of the most frequently applied
technological schemes for regenerative carbon utilization of green waste is composting
carried out by means of activated composting in closed containers to guarantee the
sanitization of the final product according to the requirements set by both Bulgarian
legislation and those of the European Commission (EC REG No. 1069/ 2009; 2009). A
three-section closed rotary activated composting system - shown in Figure 1 was
developed and implemented.

a
ng

In a number of author's articles (Pelovski et al., 2018; Serafimova et al., 2018;
lordanov et al., 2018; Serafimova et al,. 2021) various technical solutions are described in
detail of systems for carbonization of waste products in the agriculture sector with the aim
of introducing carbon agriculture. A plant for carbonization and biochar production is
shown in Figure 2.

Figure 2. Biochar production facility under BioCCS practices
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Below in Figure 3 are shown results of implementation of integrated low-carbon
practices in agriculture (maize production) and forests (afforestation with a carbon pocket
by introducing integrated low-carbon BioCCS practices) (Kostov et al., 2019; Kostov et al.,
2020; Pelovski et al., 2019; Serafimova et al., 2018).

The main directions for implementing integrated low-carbon practices in various
sectors of the economy are indicated for:

- utilization of biodegradable agricultural waste for soil recarbonization, guaranteeing
soil fertility and feeding the population;

- decentralized wastewater treatment for direct use in agricultural production;

- production of decarbonized energy from agricultural waste;

- obligatory construction of scientific structures accredited and certified according to
the current European legislation of practices for removing and retaining carbon dioxide
from the atmosphere and for issuing valid carbon certificates;

- expanding the scope of scientific research worldwide and introducing BioCCS
practices in sectors: metallurgy, construction products, including building elements and
materials for plastering internal walls (with particular efficiency in wine cellars), the
production of road surfaces, etc. sectors.

. e %! s -
Figure 3. Application of BioCCS practices in the production of water-loving agricultural
crops — for example, in corn and in afforestation in reforestation projects with highlighted

yield and economic effects

The advantages of activated composting technology is the intensified composting
process by applying composting accelerators (Kostov et al.,, 2019) and the conditions
created in the closed rotary composting system, which allow to achieve about a threefold
reduction in the required time for composting. Results of some greenhouse productions
and yields obtained using the described method:

* When producing tomato seedlings, the yield increases by 125-237%. The product
appears on the market 15 days earlier.

 The application of this type of compost increases the yield by 114 - 121%.

* In greenhouse production of cucumbers on maturing compost, the yield increases
150-170%, the product appears on the market earlier by 10 to 12 days.

In a number of author's articles (Pelovski et al., 2018; Serafimova et al., 2018;
lordanov et al., 2018; Serafimova et al., 2021) various technical solutions are described in
detail of carbonization systems, parameters, qualities of the final product and the
possibilities of using biochar in different sectors of agriculture and forestry with the aim of
introducing carbon agriculture.

From the point of view of the considered application in greenhouse production,

pyrolysis installations with a horizontal chamber are suitable - a schematic diagram of
which is shown in Figure 4.
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Figure 4. Schematic diagram of a pyrolysis plant with a horizontal chamber

Another approach in integrated systems is the introduction of carbon dioxide to
organize plant photosynthesis in greenhouses. The pyrolysis installation with a horizontal
chamber shown in Figure 4 allows, without complex technical changes, to separate and
remove CO» from the gasified flow if necessary, and then connect it to a supply installation
with a certain volume and flow rate of carbon dioxide directly returned to the greenhouse
space.

Carbon dioxide is needed by plants in chemical reactions (photosynthesis) for the
biosynthesis of carbohydrates as the basis of the nutritional and skeletal components of
plant cells and tissues, to ensure growth, development and, as a result, an increase in the
yields of cultivated crops. The system must include: gas generator, fan, dosing device, gas
analyzer, transport line and software control (Supply of CO. in the greenhouse; 2022). The
principle scheme for the supply of carbon dioxide to stimulate the photosynthesis of plants
in greenhouses is shown in Figure 5.

Figure 5. Schematic diagram for supplying CO»

With the implementation of such a system of feasible low-carbon decentralized
practices, it is possible to quickly and efficiently multiply the effects in a purely economic
and social plan and, as the ultimate goal, to build the foundations for the introduction of
economically justified "green infrastructure”, "carbon agriculture” and "green economy".

The proposed practices can also be combined, which allows developing financial and
economic models for types of representative projects, which will facilitate interested parties
from the "Agriculture" sector in their implementation. The financial effect is achieved by
increasing the yield from the planned production and from the saving of CO,. The
investment is one-time, but the effect is multi-year.

Conclusion

The development of national minimum standards for predicting and properly
estimating soil carbon sequestration is essential. It is necessary that they reflect the
duration of carbon stay in the soil, to evaluate the effectiveness of the applied method.
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Getting carbon-rich soil helps farmers' bottom lines by improving soil health and increasing
yields.

As a management practice, the presented integrated systems offer significant
potential for climate change mitigation. There is a need for further development of
monitoring methods and increased practical experience, and improved assessments of
carbon farming potential, to increase knowledge and reduce barriers to carbon
sequestration for agricultural purposes.

Low-carbon agriculture and animal husbandry cannot be realized without
state/municipal intervention and application of the "win-win" principle. Because low-carbon
practices are directly related to the country's commitments to the climate, but also to the
country's food security, as a quality and affordable product for the population. Intervention
could take place through:

- Application of the principles of public-private partnership when providing areas for
low-carbon agriculture, commitment to purchase the production for a certain period of time;

- Concession of due taxes (or part of them) for 1-2 years in the case of realized low-
carbon agriculture or animal husbandry.

These approaches could be used as a financial-economic modelling exercise by
modelling different situations using the "Pyramid Model"(Trifonov A., at al, 2018).
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KOMBUHUPAHA MALLUHA 3A ®OPMUPAHE HA BUCOKA I'bIFOOBPA3HA JIEXA,
NMOJNIATAHE HA MAPKYYU 3A KAINKOBO HAMOABAHE U MYJTYUPALLIO ®OJINO
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Pe3tome

PaspaboTteHa e TexHonorms 3a popmmpaHe Ha nexobpasgoBa NOBbPXHOCT C BUCOKA
AbroobpasHa nexa, KOATO € [okasana CBouTe MnpeauMmcTBa WU Ce € Hanoxuna npu
NPON3BOLACTBO Ha 3EIIEHYYKOBM, HArogoMnnoAHN, €TEePUYHO-MAcCieHNn neKapcTBEHU W
aekopaTtusHU KynTypu. N3paboTteH e paboTeH opraH 3a n3BbpLUBaHe Ha nexoobpasyBaHe
Ha BUCOKa AbroobpasHa nexa C Bb3MOXHOCTU 3a perynupaHe Ha napamMeTpuTe Ha
noyseHns npocpun. MN3paboteH e onuteH obpasel Ha MawunHa 3a ogopMsiHe Ha
nexobpasgoBa NOBBLPXHOCT, NMofaraHe MapKy4yu 3a KarnkoBO HamnosiBAHe WU Ha Mynyupallo
donuo ¢ orneg cb3gaBaHe Ha BaronNpUATHN YCNOBUA 3a OTrNeXaaHe Ha KynTypuTe.

Knro4oeu Aymu: 3eneH4ykonpomsBoacTBO, KOMOMHMPaHM MaluvHK, npodunmpaHe
Ha noyBeHaTa NOBBbPXHOCT, MapKyyun, Mynydonmo.

COMBINED MACHINE FOR FORMING A HIGH ARC-SHAPED BED, LAYING DRIP
IRRIGATION HOSES AND MULCHING FOIL

Spiridon Stoev, lvan Mortev

Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov,
Agricultural Academy

e-mails: sid_stoev@abv.bg, ivan_mortev@abv.bg

Abstract

A technology has been developed for the formation of a bed surface with a high arc-
shaped bed, which has proven its advantages and has established itself in the production
of vegetable, berry, essential oil, medicinal and decorative crops. A working tool has been
developed for bed formation of a high arc-shaped bed with elevations for adjusting the
parameters of the soil profile. An experimental model of a machine for forming a bed
surface, laying hoses for drip irrigation, on mulching film was made with a view to creating
favourable conditions for crops.

Key words: vegetable production, combined machines, soil profiling, hose laying,
mulching.

BbBeneHue

3HauMTenHa 4acT OT 3emefenckata NpoayKkuusi ce nofyyaBa OT 3eSfIeHYYKOBM,
ArogonnoaHN, eTEPUYHO-MacCNEHN NEKAPCTBEHM U OEKOPATMBHM KyNTypu. 3a nonyyaBaHe
Ha BMCOKO KOSIMYECTBO KayeCTBEHa NpOoAyKuus e HeobxoauMmo da ce cb3gagaT ycroBusd
3a pasBuUTUE Ha OTrMexgaHuTe KynTtypu. EOHO OT Han-BaXxHUTE MeponpuaTtus 3a
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cb3faBaHe Ha BnaronpuaTHU yCNOBMSA 3a Te3n KynTypyu € 0popMsHETO M NOAABbPXKAHETO
Ha noyBeHaTa MOBBLPXHOCT. ToBa € CBbP3aHO CbC 3ana3BaHeTO Ha MOYBEHOTO
nnogopoave u npegoTBpaTaABaHE Ha Aerpajaumdara U eposnsata Ha MnoyYBuTE, KOEeTO B
HaCTOSAILLMS MOMEHT € akTyarieH BbMNpoc B cBeToBeH Malab (Arvidsson, 1991; Braykov,
2010; Georgiev, 1975; Irinchev 2013; Lal, 1991; Manushkov, 2013; Mitev, 2015).
Bucokata abroobpasHa nexa e [gokasana cBOUTE MNpeauMcTBa M Ce € Hanoxuna B
NMPOMN3BOACTBOTO Ha 3€feHYYKOBW, SArogonnogHN, €TEepPUYHO-MacneHun NeKapCTBEHU U
aekopaTtusHu kyntypu. (Mortev, Ctoes, 2023). Te3un KynTypun ca MHTEH3UBHU U NPU TSX Ce
HanaraT MHOFOKpaTHU MpPeMMHaBaHUA Mexay Iexute 3a AbfAbl Nepuoa OT BpeMe U
nogaobp)KaHeTo Ha noyBeHaTa MOBBbPXHOCT MpU TPaAOUMLMOHHUSA HAYUH Ha OTINexaaHe e
3aTpyaHeHo. OT egHa cTpaHa MHOMOKpaTHOTO NMpeMuHaBaHe BOAM OO0 YNMbTHABaHE Ha
noysaTa, a OT gpyra cTpaHa MOHTMpaHe Ha KOHCTPYKUUKU 3a OoTrnexaaHe Ha KynTypuTte u
ApYyrn OEenHOCTM AOMbIIHMTENHO yBenuyaBaT paboTata nNo TepeHa, KoeTo 3aTpyaHsiBa
npemMuHaBaHeTO Ha MawwHW. Taka ce 3aTBaps UMKbIa OT TPYOHOCTWU MpuU OTrNeXaaHe.
EoHo pobpo pelweHve e MynuuMpaHeTo Ha MNOoYBEHaTa MOBBLPXHOCT. He ca m3BeCTHM
n3crneaBaHusa 3a OTINeX4aHeTo Ha ropecrnoMeHaTuTe KynTypyu Ha BUCOKa AbroobpasHa
nexa c MynymMpaHe Ha nodYseHaTa NOBbPXHOCT.

NpenHa3HayeHne Ha KOMOUHMpaHaTa MallMHa 3a opopMsiHe Ha nexobpasaoBa
NOBBLPXHOCT C BUCOKaA AbroobpasHa nexa, noflaraHe Ha KankoBWU MapKyuu W
mynuconuo.

OnutHnat obpasey, Ha kOMOMHMpaHaTa MalumHa 3a dopMmupaHe Ha nexobpasgosa
MOBBLPXHOCT, MOflaraHe Ha KankoBM MapKydn u Mynddonno e npegHasHadeH 3a
n3crneaBaHe Bb3MOXHOCTUTE Ha MallMHaTa Aa M3BbpLUBa onepauuun 3a opMumpaHe Ha
rnoyBeHaTa MOBBLPXHOCT B OMTMMAanHO CbCTOSIHWE B 3aBMCUMOCT OT WM3UCKBaHMATa Ha
kyntypata. OnuTHMAT o6pasey Ha KomOuHMpaHaTa MawuHa ce u3paboTBa 3a
npoBepsiBaHe Ha TEXHUYECKUTE XapaKTepUCTUKM B MOCMeABal0TO U3cneaBaHe Ha Taka
nspaborteHna obpaseu. Llen Ha mn3paboTBaHe M m3crnegBaHe Ha ONUTHUA obpasel Ha
komMbuHMpaHa MawuHa 3a opmMupaHe Ha rnexobpasgoBa MOBBLPXHOCT C  BWUCOKa
AbroobpasHa nexa, nonaraHe Ha KankoBM Mapkydm wn myn4donumo e onpegensiHe
Bb3MOXHOCTUTE 3a M3MOoN3BaHe B 3eMedenueTo, NpovM3BOAUTENHOCTTa U KavyecTBOTO Ha
paboTara W.

TexHMYecKa XxapaKTepucTuka
TexHu4ecko ornucaHue

OnuTtHmaT obpasey (Purypa 1) ce
CbCTOM OT CnegHUTEe OCHOBHMU
Bb3Nn: pama, CbCTosia ce OT
TpBOMN 8, CBbp3aHu B
KOHCTPYKUMSA NOCPEeACTBOM CKOOU
11, perynupawm konena 6,
TPMTOYKOBa HaBeCHa cuctema 3a
npucbeanHsBaHe KbM TpakTopa,
paboTHN opraHn 3a pa3pOXKBaHe
Ha MOYBEHUS CroW, ocurypsiBaHe
Ha poxkaBa noyea 3a popmmupaHe
Ha BWCOKa AbrobpasHa nexa 9,
HaKMOHEHM perynmpyemm
paboTHN opraHn 3a dopmupaHe
Ha BUCOKa ObroobpasHa nexa 7,
Konena 3a npuTUCKaHe  Ha
Myn4gonmoTo, paboTHM opraHm

1/ 2f 3

y / / af 5/" 6/" 7,/': 8/ 9//

®durypa 1. KombuHupaHa malumHa popmmpaHe Ha
nexobpasgoBa NOBBPXHOCT C BUCOKa AbroobpasHa
nexa, nonaraHe Ha KankoBu MapKyyn n mynydgonmo
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3a 3acunBaHe Ha Myn4donMoTo C noyBa. Pamata ce CbCTOM OT CTOMaHeHu Tpbbu C
pasmepn ® 48,3 mm. 3axBaHaTn NOCPeacTBOM CKOOMW, 3a Ja Ce OCUrypu perynupaHe Ha
MecTaTa Ha 3akpenBawuTe enemeHtn 1, 4, 10 Ha paboTHuTe opranmn 2,3,5,9. Tpbbarta 5
CNYXW 3a NocTaBsHe Ha posikata ¢ MynydonuoTo, cTomkata 14 cnyXxu 3a 3akpensaHe Ha
POSIKNTE C KanKoBUTE MapKy4un, nokasaHn Ha durypa 2. lNpeaBraeHa € Bb3MOXHOCTTa KbM
MallunHaTa Ja ce MOHTMpaT YCTPOUCTBA 3a nepdopupaHe Ha Myn4ygonmoTo 1 3a BHacaHe
Ha TopoBe. MawwuvHaTta moxe ga pabotu ¢ mynuddonmo ¢ wupuHa 1000, 1200, 1400 mm.
PerynupaHeTo ce ocbluecTBABa nocpeAcTBOM H6ontoBeTe Ha ckobuTe KaTto ce pasBuBar,
NnocTaBsaAT Ce B HeoOXOAMMOTO MOMOXEeHWe W OTHOBO ce 3artaraT. PerynupaHeTo Ha
dopmaTa Ha BMcoKaTa ObroobpasHa fnexa ce OCblecTBABa MNOCPEeACTBOM BUHTOBUTE
mexanmamn 12. lLnpuHata Ha He3acunaHaTa C NoYBa YacT oT hopmmpaHaTta nexa npu
donmo 1400 mm. n perynupaHo pascTtosiHne mexay paboTtHuTte opraHm 1150 mm. e 900
mm.

Bcekn oT paspoxkBawmte 6pasgoobpasyBawin paboTHM OpraHu ce 3akpernsa KbM
pamarta nocpenctesom ctbnbey 10 Ha Hero ca gobaBeHn OOMbIHUTENHU TPBLOKU Noa brbn
3a ocurypsiBaHe Ha yctonuymBa paboTta. Tean Tpbbu ca 3axBaHaTM NOCPEACTBOM CKOOW,
no3BonsiBalM NpoOMsAHA Ha brbfla Ha 3akpenBaHe 3a pasnuka OT cKobute, KOUTO
3axBawat ctenbuute 1, 4 n 10, komMTo ca npucnocobeHn ga 3axeaiwiaTt TpbOM camo noAa
90 rpagyca. lNpn npetoBapBaHe Ha paboTHMA OpraH, 3a ga ce NpeaoTBpaTU HEroBOTO
paspywaBaHe ckobaTa Moxe Qfa ce 3aBbpTu cnpsamo TpbbaTa. PaspoxkBawimrte
OpasgoobpasyBalum paboTHM opraHn 9 MaT Bb3MOXHOCT 3a MPOMSIHA Ha MOSTIOXKEHNETO B
3aBUCMMOCT OT XefnaHaTa LUMpoYMHa Ha BUcoKaTa AbroobpasHa nexa, mpodnHata Ha
Myn4dgOonMoTO, U3NCKBAHUSATA Ha KynTypuTe, KOUTO Le ce 3acaxnaT Bbpxy NexaTta u
Apyrn ocobeHOCTH, CBbpP3aHM C KOHKPEeTHUsA cnyyan. Ha durypa 2 nornen OTCTpaHu um
nornen oT3aj € nokasaHa MallnHaTa, NpukayeHa KbM TpakTopa, B npouec Ha paboTa KbM
Hed ca MOHTUPaHW POSIKATE C KamnKoBUTE MapKyyu U pornkata ¢ mynddonuno. PaboTHute
opraHn 2 nmaT Bb3MOXHOCT Aa MPOMEHAT CBOsiTa paboTHa LWMpMHA e4uH NbT KaTo ce
3aBbpTaT OKOMO pamaTa B ckobaTta 3a 3akpensaHe M BTOPW MbT KaTto ce npemMecTBa
BTOpaTa YacT Ha paboTHWUSI opraH B ApYr1 OTBOPW.

rnoaned omcmpaHu rnoaned omsad
®Purypa 2. OnuteH obpasey Ha KOMOUHUPaHa MalLMHa hopMMpaHe Ha

nexobpasgoBa NOBBLPXHOCT C BUCOKa AbroobpasHa fexa, nonaraHe Ha Kankosu
MapKy4iu 1 myn4donuno arperatmpaHa KbM TpakTop no Bpeme Ha paboTa
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MpuBexaaHeTo Ha MalLMHaTa OT paboTHO B TPAHCNOPTHO MonoXxeHue n obpaTHo ce
OCblllecTBsIBa NOCPeACTBOM XuapaBnvMyHaTa HaBecHa cucteMa Ha Tpaktopa. [lo Bpeme
Ha TpaHCMOPT Ce BKM4YBAT MpeanasHUTe MexaHu3MM 3a ocurypsiBaHe GesonacHo
ABWXKEHMEe 4pe3 (UKCUpaHO TPaHCMOpPTHO nonoxeHue. [lpu HeobxogumocT 3a
npeaBwxBaHe Ha MaluMHaTa Mo penybnukaHckata nMbTHa Mpexa T8 TpsibBa aa Gbae
obopyaBaHa CbC CBETNIMHHA CUrHaNM3aums 1 apyr yCTpPoMCTBa, ocurypsisalLm 6esonacHo
ABWXEHMe No MbTuwata cbobpasHO 3aKkoHa 3a ABWXKEHME MO MbTULLATa M NpaBUNHMKA 3a
HEroBOTO MPUIIOXEHME.

TpaHcnopTupaHe U TPAHCMNOPTHO NOJIOXEeHUe

Mpy TpaHcnopTMpaHe Ha MaluMHaTa Ha KbCU pa3cTosiHMe ToBa Ce U3BbpluaBa C
TpakTopa, C KOWTO TA LWe paboTu. MNpucbeauHaBaT ce TpUTe OkayHM TOYKM OT flocToBaTa
cucTeMa Ha XxuapaBnuMyHaTa HaBecHa cucTema Ha TpakTopa. [lpvBexgaHeTto Ha
mMawmHata B paboOTHO W TPAHCMOPTHO TOMOXKEHNE Ce OCbLUEeCTBABA MOCPEACTBOM
CUINOBUSA UMNUHAOBLP OT XMApaBnMYHaTa CUCTEMA Ha TpaKTopa MoCPeAcTBOM FIOCTOBETE B
kabuHaTa. Cnepg kaTo maluHaTa e npuBedeHa B TPAHCMOPTHO MOSOXeHue, npeau aa
3anoyHe [BWXEHWe 3adbiHKUTENTHO Ce OcurypsiBa cpelly cryckaHe nocpeacTBOM
npeanaseH MexaHuM3bM, KOWTO CbLO € BrpageH B JlocToBaTa cucTema OT HaBecHaTa
cucTeMa npv eBeHTyanHa noBpeda Ha Xuapocucremarta Ha TpakTopa MaluuHaTa aa 6bae
obesonaceHa cpelly NPOM3BOSIHO NMpemMuHaBaHe B Apyro nonoxeHuve. MNpean pasgensHe
OT TpaKkTopa MalluHaTa TpsAbBa Aa ce CrnycHe BbpXy MNrollaaka AoKkaTo CTabunHo 3acTaHe
Ha Konenarta U paboTHWTE opraHu crieq ToBa Ce pas3eduHsBaT TpUTE MPUCHLEAVHUTENTHU
3BEHa OT flocToBaTa cMcTeMa OT XuapaBrnMyHaTa HaBecHa CUCTeMa Ha TpakTopa.

Ha ronemu pascTosiHMsi MalwmHata ce TpaHCnopTupa 4Ype3 aBToTpaHCnopT, a
TOBapO-pa3TOBapHUTE OEWHOCTM Ce U3BbPLUBAT C NOAEMHM MEXaHU3MM UMK Ha pamMna, no
KOATO TpakTopa, C KOMTO paboTu MawwuHaTa, MNoaxokaa Ha 3adeH xon M oTaens
MalluuMHaTa, KoraTo TS ce CMyCHe BbpXy TPaHCMOPTHOTO CPeacTBoO.

TexHONorn4yeH npouec

TexHONOrM4YHMAT npouec NpoTuya B cnefHaTta nocrnegosaTenHocT: Npu aBmxeHne
Ha arperata nMOCTbMaTeNHO MallnHaTa, TerfneHa OT TpakTopa, ce npuaBwxea W
pasnuyHuTe BMOOBE PabOTHU OpraHM U3BbLPLIBAT pasnuyHa paboTta. PaspoxkBawuTe
OpasgoobpasyBalum paboTHM opraHu ce 3abuBaT B noyBata M nogpsiaeaT, nosgurat U
pa3mecTBaT MOYBEHWUTE CNoeBe, NOAPs3BaT MMeBenuTe U pacTUTENHUTE OCTaTbLUM Ha
AbnboynHaTa, Ha KOATO MalumHata e npeaBapuTenHo perynupada. [Mo4BeHusT Criow,
KOWTO ce Hamupa nped paboTHWst opraH ce pasfens Ha ABe 4acTu - NonoBMHaTa oT obema
no4yesa ce nNpemecTBa HaAsICHO M MOSIOBMHATA HamNsIBO KaTo B cpefaTa, KbAEeTO ce ABMXM
paboTHMAT opraH ce obpasyBa 6pasga. JiIasata nonoBuHa OT NoyBaTa Ha AecHust paboTeH
opraH U gfcHata nonoBMHa Ha nodBata OT feBusi paboTeH opraH ce npegaBaT Ha
paboTHMsA opraH 3a dopMmMpaHe Ha BMCOKa AbroobpasHa nexa. Ton noema Te3u nopuum
noysa oT 6pasgoobpasysawimnTte paboTHU OpraHn 1 9 NpeaBMkBa KbM cpegaTta Ha nexarta
KaTO CblUEeBPEMEHHO YacTMYHO A pa3mecTBa M pasTpowasa. CnoxHata ¢opma Ha
paboTHMs opraH, HanogobsiBalla YacT OT NpeceyeH KOHYC, ohopMsi BUCOKa AbroobpasHa
nexa cnopef ykasaHWTe W3UCKBaHUS Ha KynTypaTta, KOATO npeacTton fa ce 3acaxia.
ChblUeBpPEMEHHO C TOBa pPONKMTE C KankoobpasyBawuTe MapKyyM ce BbPTAT CbLUO
GnarogapeHve Ha NPaBOSIMHENHOTO ABWXEHNE Ha arperata Kato NpeaBapuUTesiHO TEXHUTE
cBOOOOHM Kpauwia ca UMKCUpaHU 3a HENOABMXHW 4acTM OT MONeTo B HavyanoTo Ha
nexarta, KoATo ce obpasysa. [MpaBUNHOTO MOMOXEHWE Ha MapKyyuTe ce onpegens oT
HanpasnsBaln BoAa4vn, pasnofioXeHn HeNoCpeaCTBEHO Npean porkata ¢ MynygonmoTo.
Ponkata ¢ MmynuygonmoTo ce pa3suBa Ha CcbLymsa npuHumn. CBobogHUAT Kpan ce dunkeupa
4ypes 3acunBaHe C No4YBa B HA4YarnoTo Ha fnexaTta, KOATo npefcTton ga ce copmupa. Mpu
ABWXKEHWEe Ha arperata Hanpepf porikata ce BbpTW U PONMOTO Ce pa3BuBa BbpXy Taka
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dhopmmpaHaTa BMCOKa AbroobpasHa nexa. Cnep nonaraHe BbpXy Nexata ABaTta Kpas Ha
¢onmMoTo ce NpUTUCKAT OT Konenarta, 3a Aa 6bae gobpe obTerHato u goctaTtbyHO Jobpe
NOKpWUIIO fnexaTa M uanaTa WwWupuHa Ha konenata ga 6vae Hag cdonunoTo. MNpuTtuckawmre
Konena ce BbPTAT B [MaBMHM CbLO BCNEACTBME HA MOCTbNATENHOTO ABWMXKEHME Ha
TpakTopa. NocnegHuAT, HO AOCTa BaXKeH eTan OT TEXHONOMMYHNA NPoLEeC Ha MalunHaTa, e
3acunBaHeTo Ha donuoTto. Kakto npean OGelwe onucaHo nsBata 4acT OT NeBus
6pasgoobpasysaly paboTeH opraH 1M gscHaTa 4acT OT AECHUS ca OTXBbPJSIEHN CTPAHUYHO
OT Taka oopMMpaHaTa BUcoka abroobpasHa nexa. [pes T03n nocnegeH etan oT npoueca
Te3un nopuumn no4vea 3acuneat no Ab/PKUHA KpavlaTta Ha nexarta Bbpxy donmoTto. ToBa ce
n3BbplUBa Han-gobpe, koraTo 3apuBawute paboTHU opraHuM ce gBwxat 6nm3o Ao
npuTUCKalmTe Konena.

TexHnyecka XapakKkTepuctuka

Ne

no | NMapameTpu [aHHu, CTonHOoCTH MepHu
eanHNLUN

pen

1 | Tun Ha mawunHaTarta HaBeCcHa

2 | MabapuTHn pasmepu mm
2.1 | ObmkuHa 2150 mm
2.2 | WupwuHa 1600 mm
2.3 | BucouunHa 1400 mm

3 | Maca 220 kg

4 | PaboTHa WwupuHa 1000, 1200, 1400 mm
4.1 | Ha mawwmHaTta 1200, 1400, 1600 mm
4.2 | Ha oopmmpaHata nexa 1000, 1200, 1400 mm
4.3 | WupwnHa Ha bonmoTo 1000, 1200, 1400 mm

0,6;0,9;1,4

5 | ArperatnpaHe B 3aBncumocCT OT BUCOYMHATa Ha Knac na

TpakTopa
nexaTta v NOYBEHOTO CbMPOTUBNEHME.

6 | CKOpoCT Ha ABWXeHne 2-20 km/h
6.1 | PaboTHa 2-10 npu ycnosusaTa B To4Ka 5 km/h
6.2 | TpaHcrnopTHa go 20 km/h

7 | Obn6o4vnHa Ha obpaboTka | o 300 npu ycnosmsTa B To4YKa 5 mm

8 | O6cnyxBall nepcoHan 1 MexaHunsaTop Gpon

9 | lNnouw, Ha cbxpaHeHne 8 m?

10 | NbTeH npoceet 300 mm

11 | basa Ha mawnHaTa 1600 mm

12 | XopoBa 4acTt XogoBarta CUCTEMA Ha TpakTopa ™n

13 | Tun Ha konenaTta MHEBMATUYHU BM
14 | bpown Ha konena 4 Opon
15 | Paamep Ha rymute 170-406 600-16 OCT 7463-80 yon
16 | Hansrane B rymute 3 kg/sm?
12 | Kones Ha TpakTopa 1400-1600 mm

13 | NpounssognTenHocT 0,2-1,4 npu ycrnoBusiTa KaKTO TOYKa 5 ha/h

MponsBoguTENHOCTTA Ha MawnHaTa ce obycnaes OT kraca Ha TpakTopa, KbM KOMTO
€ arperatMpaHa malumHaTa, napameTpuTe Ha fnexarta, Tuna n CbCTOAHMETO Ha no4ysarta u
aebennHata Ha MynuupawoTo donuo. HoBute paboTHM opraHn 3a opMmUpaHe Ha BMCOKa
AbroobpasHa nexa AONPUHACAT 3a NO-BUCOKA NPOM3BOANTESNHOCT Nopaau HamansasaHe Ha
CbMPOTMBMNEHNETO Ha MalMHaTa. ToBa ce MOCTUra 4Ype3 HaKMoOH Ha AonHus pbb Ha
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nexoob6pasyBLnUTe paboTHU OpraHu CrpsIMO XOpW3OHTanHaTa paBHMHA, Taka noysBaTa
NOCTENEHHO Cce M3aura KbM cpefaTa Ha nexaTa, kaTo ocTaBa poxkasa. [pyru daktopw,
BMUSIELLIM Ha NPOM3BOAUTENHOCTTA Ha MalluHaTa, ca onuMTa Ha MexaHu3aTopa, BpeMeTo
3a TexHu4ecko obcrnyxBaHe Ha arperata, doopMaTa Ha NnoneTo u Apyru.

3aknoyeHue

3eneHYyKoBK, ArogonnogHu, eTepudHO-MacsieHu, feKapCTBEeHUM W [OeKopaTUBHU
KynTYypWu ca MHTEH3UBHWN MU ca CTpaTErm4yeckn n MKOHOMUYECKM BaXKHU 3a 3emenenneTo. 3a
nosiydaBaHe Ha BWCOKO KONMUYECTBO KayecTBeHa MNpoAyKuus OT Te3n Kyntypu e
HeobXxoaMMO Aa ce noabpXxaT 6naronpusaTHUM YCNOBUS 3@ Pas3BUTMETO Ha OTINEeXAaHuTe
pacTeHusi, 3a KOETO MHOro BakeH akTop e dhopMupaHe Ha noaxoasia noyBeHa
NnoBbpxHOCT. doOpMMpPaHETO Ha MNOYBEeHaTa MNOBBLPXHOCT 3@  3efleHYyKoBUTE,
ArogonsIogHNTE, eTEPUYHO-MACNEHNTE U NEKAPCTBEHUTE KYNTYpU € CrnoXeH npobnem, 3a
KOMTO MMa MHOrO peLleHns, HO He Moxe fa 6bae peleH egHo3HayHo. Heobxoammo e aa
ce B3emaT npeaBu BCUYKM OCOBEHOCTU Ha OTrNeXpgaHuTe KynTypu, TEXHONOrMmTe Ha
oTrnexanaHe, NpMpoaHn n coumanHu daktopu U ga ce u3bepe nogxogsia cuctema 3a
nogabpXaHe Ha noyBeHaTa MOBBLPXHOCT CbOOPA3HO KOHKpeTHUTEe ycnosus. 3a ga 6bae
MalwmHata 3a opMMpaHETO Ha Mno4vBeHaTa MOBBLPXHOCT MKOHOMUYECKM ehekTMBHa €
HeobXoOMMO [a OTroBapsa Ha HyXauTe Ha 3emefernckute npoussoautenu. B HawaTta
CTpaHa 3a 3eMedesficKUTe NPOou3BOAMTENW, OTrMexaawim Te3u KynTypu, € noaxoasiuo
MawumHata ga 6bae KOHCTpyMpaHa 3a TpakTop CbC cpefdHa MoOLHOCT (oT knac 1,4).
Mopagn ronamMoTo pasHooOpasve OT MOYBEHU YCMOBUS U M3UCKBAHWATA Ha OTAESHUTE
KynTypu e npeasuaeHa Bb3MOXHOCT [a ce perynupaT napameTpuTe Ha nexaTa.
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Pe3lome

M3BbpleHa e knacuukauus Ha TexHonormmTe 3a TepMUYHO pasnaraHe Ha
AabpBecuMHa. HanpaeBeHaTa knacudpmkauus € OT KIIOYOBO 3HayeHue 3a u3bopa Ha
noaxosila TEXHONOMUs, B 3aBUCUMOCT OT nocTaBeHuTe uenu. NokasaHn ca OCHOBHUTE
npeanocTaBkM 3a MNPOM3BOACTBO Ha OGMOBBLIMEH M O0BOCHOBaHa € HeobxogumocTTa OT
BHAcCAHETO My B Mo4yeaTa. PasnuMyHuTe TEexXHOonormm 3a TEepMUYHO pasnaraHe Ha
AbpBeCMHa npegnarat pasHooOpasHM Bb3MOXHOCTM 3a MPOU3BOACTBO Ha OMOBBLITIEH,
ouoropmea, CUHTETUYHM ra3oBe, KOETO M NPaBKU BaXXHa YacT OT YCTONYMBOTO yrpaBrieHne
Ha Buomacarta n eHeprMmHNTE pecypcu.

Knrwo4oeu Jdymu: GvoBbrmneH, knacudumkauusi, nuponusa, AbpBecuHa, Ouomaca,
EHePrmnHN HY>XAW.

CLASSIFICATION OF TECHNOLOGIES FOR THERMAL DECOMPOSITION
OF WOOD

Krum Stanchev

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

*e-mail: krum.st.stanchev@gmail.com

Abstract

A classification of technologies for the thermal decomposition of wood has been
carried out. The proposed classification is crucial for selecting the appropriate technology,
depending on the set objectives. The main prerequisites for biochar production are
presented, and the necessity of its incorporation into the soil is substantiated. Different
technologies for the thermal decomposition of wood offer various possibilities for the
production of biochar, biofuels, and synthetic gases, making them an essential part of the
sustainable management of biomass and energy resources.

Key words: biochar, classification, pyrolysis, wood, biomass, energy needs.

BbBeaeHue

TepMMYHOTO pasnaraHe € TEepPMOXMMMYEH MNpPouec Ha TOMIMHHO pa3snaraHe Ha
6vomaca wnu papyra opraHM4Ha MaTepusi B YCMOBMS Ha BWUCOKa Temnepartypa W
GeskucnopogHa cpepa (Sasongko, 2015). Ha npaktvka TOBa € OCHOBHA XMMW4YHA
peakums, KOATO NpeawecTBa NPoLecnuTe Ha ropeHe n rasundukaums. KpanHuat npogykT e
CMecC OT TBbpAW (NUponu3eH GuoBbrieH), Te4Hn (buomacno) n rasoBu CbCTaBkM (MeTaH,
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BOOOPOA, BbrMepoaeH okcua 1 BbrnepoaeH amokens). CboTHOWEHNETO Ha Te3n dopakumm
B rondma cCTeneH 3aBMCW OT WU3NON3BaHWS MeTo4 Ha TEepMUYHOTO pasnaraHe,
Xapaktepuctukute Ha ©Ouomacata M napameTpute Ha peakumsata (Kulakov and
Veremeychik. 2013).

TepMNYHOTO pasnaraHe Ha ObpBeCcUHa MOXe [a Ce U3BbPLUM Ha OTAarieyeHn mecra
M B OTHOCUTENHO ManbK Mawab, koeTo cnomara 3a nogobpsiBaHe Ha eHeprurHaTa
edeKTMBHOCT Ha rpoueca W HamansiBaHe Ha pasxoguTe 3a TpaHCnopT, TOBapeHe U
pastoBapBaHe. (Marinov et al., 2013). KpuTnieH MOMEHT nNpu NpoTMYaHETO Ha npoueca e
npegaBaHETO Ha ToMNMHaTa, TbW KaTo TO3M NPOLEC € eHa0TEPMMYEH U € HeobxoamMMo aa
ce ocurypu [octaTbyHO TOMMoOOMeHHa MOBBLPXHOCT, 3a ha ce rapaHTupa [obpo
sarpsisaHe (Edenhofer, 2015). Kato usno TepMM4YHOTO pasnaraHe npegnara robBkaB U
aTpaKTMBEH HayuH 3a KOHBepTMpaHe Ha TBbpaa buvomaca B NeCHW 3a CbXpaHsiBaHe U
TpaHcnopTupaHe NPOAyKTU, KOUTO MOoraT yCrnewHo a ce U3nonseaTt 3a Npon3BOACTBO Ha
TONSIMHHA U enekTpuyecka eHeprud, xumukanu n gpyru (Klochkov, 2009).

Pe3yntatin n o6¢cbxaaHe

HN3uckeaHus1 KbM u3nosizeaHama 6uomaca

Ha TepMunyHO pasnaraHe Ha ObpBeCMHa MOXe Oe Ce MOASMOXM Ha MpaKTUKa Bcsika
opraHnyHa maTepus. Toaum dakT no3BonsiBa M3MON3BaHETO Ha pasnuYyHM BUOOBE
Onomaca: OT CefickocTonaHcKkM oTnagbum Ao TBbpan 6utoBm otnagbum. Jobpe e ga ce
uma npegsug obade, 4ye MNpouechbT € CUMHO 3aBUCMM OT CbAbPXKAHMETO Ha Bnara B
cypoBuHaTa. [lpenopbynMTenHo e BraxHocTTa fa He npeBuwasa 15%, kato 3a
nogxogsilla ce cyuTa BRaxHOCTTa OT nopsigbka Ha okono 10%. [Npu no-Bucoko
CbAbpXXaHMe Ha Bnara ce OTAENAT rofieMu KONMMYecTBa Boda, a MPU MO-HUCKM HMBA
CbLLECTBYBa PUCK NPOAYKTHLT OT npoueca aa 6bae npegmMmHo npax, a He Macno.

B cnyyaute, B KOMTO CbObpXaHMETO Ha Brara B Oumomacata npeBulaBa
NPenopbYNTENHUTE HUBA, NPean a ce NPecTbny KbM TEPMUYHOTO pasnaraHe e gobpe
bvomacata ga Obada noanoxeHa Ha npeaBapuTeniHO uacywasaHe. Cpen dakTopuTe,
OKa3BalM BNUSHME HA NPOTMYAHETO Ha npoueca W Ha HeroBaTa €gEKTUBHOCT € U
pa3mMepbT Ha OTAEeNHUTE YacTuum Ha 6uomacata (Spaar, D. 2006). B noBeveTo cnyyam ce
npenopbyYBa M3MNOSI3BAaHETO HA CypOBMHA C pasMep Ha vactuumte 4O 2 mm, C ornes Ha
HeobxogMMocTTa OT ObpP30 NpeHacsiHe Ha TonnuHaTa mexay Tax. o Tasm NnpuyYnHa 4ecTo
ce Hanara, npegn ga 6bae nognoXeHa Ha nuMponui3a, Guomacarta npeaBapuUTENHO Aa
Obae cMnsHa, 3a ga ce NnocTUrHaT nogxoadawmte pasmepu (Smolskaya, 2013).

Cpen 4ecTo u3MNon3BaHUTE CYpPOBMHM Ca AObpBECUMHA W ObPBECHU OTNAAbUM,
eHEeprmnHn KynTypu kato 6bp30 pacTawm ObpBECHN BUOOBE, CENCKOCTONAHCKN OTnagbum
n gpyrn. OCBEH BNaroCbAbp>KaHMETO, BbPXYy NPOTUYAHETO HA NpoLeca BNUSIHME OKa3Ba n
CbAbpXXaHMETO Ha nenen B cypoBuHaTa. OT MKOHOMUMYECKa rnedHa Todka e gobpe ga ce
B3emart npeasug pasxoguTe no npovM3BoACTBO, CbOMpaHe n TpaHCMOPTUPAHE U T. H.

MeToau 3a npeob6pa3yBaHe Ha 6Momaca

OcHOBHUTE MeTOOM 3a TEPMUYHO pasnaraHe Ha AbpBecMHa Morat ga oObaaTt
pasgeneHn Ha TpW TPynn, KOUTO ca nokasaHu Ha durypa 1. BuoxummnyHoTo
npeobpasyBaHe e obpaboTkaTa Ha BMOCYPOBUHM C U3MON3BaHE Ha BUONMOrMYHO aKTUBHMU
MUKPOOPraHnamm u OMOMOrMyHM Katanu3aTopy B TakuMBa ropmBa kato OuoeTtaHon,
6uoamsen n 6uoras. MexaHn4yHOTO NpeobpasyBaHe € eaunH OT Han-CTapuTe MeToau 3a
npeobpasyBaHe, YMATO MPOAYKT € pacTUTENHM Macna, MofyyYeHu 4Ype3 MeToan Ha
npecoBaHe U ekcTpakumsa. TepMoxMMmyHOTO npeobpasyBaHe Ha Ouomaca OTBbA
TPaauLMOHHOTO M3rapsHe BKMNOYBA rasndukaumsa n nuMponuaa, KoeTo OT AHEeLlHa rnegHa
TOYKa n3rnexgat Han-obelaBalumTe.
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buomaca
y
buoxumnuen metos TepMOXUMUYEH METON MexanuyeH MeTox
A
N3srapsae [Inponusa ["azuduxanus
A
baBna bspza dmamn
A 4 A 4 A 4
XuApOonupoJIn3a Bakyymna nuponusa MeraHonuponusa
A 4 A 4 A 4
KonBekTnBHA [Inponusza nmox Pannannonna
MHUPOJIN3a HAJISITaHE MUPOJIM3a

®durypa 1. OCHOBHUTE METOAM 3a TEPMUYHO pasnaraHe Ha AbpBecuHa

Muponusata Ha ObpBecMHa € TEPMOXMMUYEH MPOLEC, NP KOMTO AbpBecuMHaTa ce
pasnara nog Bb3OeNCTBMETO Ha BMCOKa TemnepaTypa B OTCbCTBME Ha kucnopopg (Geiss,
2015). ToBa Boan 0o obpasyBaHETO Ha pas3nM4YHM MNPOLYKTU, KaTO rasoBe, TEYHOCTU U
TBbPOAM BELLUECTBA, KOMTO MoraT Ada Ce M3non3eaT 3a pasnuyHn WUHOYCTPUanHU U
eHeprunHn uenn (Tsyganov and Klochkov, 2012). lNMpouecbT Ha nNMponu3a Ha AbpBecuHa
MOXe aa 6bae knacudumumpaH No pasnnyHM KpUTepumn, BKNIOYNTENHO NO TemnepaTypara,
BPEMETO Ha 3aabpXKaHe U HaYMHUTE Ha NpoBeXaaHe.
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Temnepatypa Ha npoueca

Temnepatypata Ha nuponu3ata € OCHOBEH (pakTop, KOWTO onpenens
XapaKTepPUCTMKNUTE Ha NPOAYKTUTE, MOMyYEHM OT pasnaraHeTo Ha AbpBecunHarTa.

B 3aBucumocCT OT TemnepaTypaTa nuponusata moxe fa ébae:

» HuckotemnepatypHa nuponusa (200-300°C). lNpu Te3n TemnepaTtypu npouechbT
BOoAM OO0 obpasyBaHe Ha OCHOBHO TEYHM NPOAYKTU (kaTo Buomaca), KOMTO ca MosfesHn 3a
Npon3BOACTBO Ha Guoropusa. lNonyyaBaT ce CbLUO U HAKOWM ra3oBuM KOMMOHEHTMU, KaTo
METaH U eTaH.

» CpegHotemnepatypHa nuponusa (300-500°C). ToBa e Ham-4eCcTO cCpeLlaHusT
TemnepaTypeH AnanasoH 3a nuponusa Ha gbpBecuHa. [pun Tean ycnoeus ce obpasysar
rasoByM M TEYHW NPOAYKTWU, KATO BbLINEBOAOPOAN W OPraHUYHW CbeAMHEHUs, a TBbPAUAT
ocTaTbK (MUPOSNU3HUAT BBITEH) CbLLO € BaXKeH NPOoaYyKT.

» BwucokoTemnepatypHa nuponusa (Hag 500°C). Npu Te3n ycnoBusa ce nonyvasa
3HAYUTENHO MO-Marko KOMMYEeCTBO TEYHU MPOAYKTU M MNOBeYe rasoBU CbeAUHEHUS.
lMuponusata npu BUCOKa TemnepaTtypa BOAM A0 MaKCMMariHO pasnaraHe Ha opraHudHuTe
CbeaMHEHMS, KaTo B pe3ynTaT Ha ToBa ce NnoflydaBa YUCT BbITIEH.

MpoAabMKUTENHOCT Ha npoueca

B 3aBUCMMOCT OT NpoAb/MKMTENHOCTTA Ha npoueca, nNuponvsata Moxe ga obvae
pasgeneHa Ha:

> bbp3a nuponusa. NpouechbT ce OCbLUECTBABA 3a KpaTko Bpeme, 0OMKHOBEHO B
paMKUTE Ha CcekyHan OO0 MUHYTW. Bbps3ata nuponusa e nogxoasiia 3a MakCUMarnHo
M3BNMYaHE Ha TEYHW NPOAYKTM W Ce W3MOoNn3Ba B WHOYCTPUANHUTE TEXHOMormM 3a
NPoOn3BOACTBO Ha BUOOKMCNEHN Macna n buoropuea.

> baBHa nuponusa. ToBa e npouec ¢ No-AbNro BpeMe Ha 3aabpXKaHe, KOeTo MOXe
Aa oTHeme 4acoBe. B T03M cnyyam ce nonyvaBaT noBeye TBLPAM OCTaTbLM, KaTo
nuMponun3eH BbrneH. baBHaTa NMponu3a e OCHOBHA TEXHONOorMsl 3a MNPOM3BOACTBO Ha
aKTUBEH BbIMEH U ApYrK TBbPAM MaTepuanm.

> ®@naw-nuponunsa. Xapaktepusaupa ce C MU3KIMHYMTENHO BUCOKA CKOPOCT Ha
HarpsiBaHe, Bogella Ao npeobnagaBaHe Ha ra3oobpasHy NPoayKTL.

Buaa Ha nony4yeHuUTe NPOAYKTU

OcHoBHUTE NPOAYKTM Ha NMposiM3ata Ha AbpBecuHa ca:

» [asoBe. Toa Bknto4Ba BbriepogeH avokeug (CO,), sbrnepogeH okeng (CO),
metaH (CH,), etaH, nponaH n gpyru netnveBuM CbeauHeHus. [asoBeTe MmoraT ga ce
n3nonseaTt 3a NPOW3BOACTBO Ha eHeprnd unn ga ce npepaboTBaT 3a nofyyaBaHe Ha
XUMUYECKN CbeONHEHUS.

» TeyHocTn. Te BKMOYBAT OpPraHMYHM CbEOVHEHUsI KaTO BOAEH [nAecTunar,
BrnomacoBm macna, BbrneBogopoan 1 Apyrn XMMMUYECKn BewlecTBa. Te4yHoCTuTe moraT ga
ce u3nonseaT KaTo ropyMBO WNK Oa ce nognoXat Ha OonbiHuTenHa npepaboTka 3a
nony4yaBaHe Ha buoropuea.

> TBbpan octatbun. Te3n NPOAYKTU BKNOYBAT NMMPOSIM3EH BbIMEH, KOUTO MOXe Aa
Ce M3Mnosi3Ba B EHEPrMmHOTO NPOM3BOACTBO UM B MPON3BOLACTBOTO HAa aKTUBEH BbIEH 3a
PasnUYHU NPUNOXKEHUSI.

MeToam Ha TepMUYHOTO pa3snaraHe Ha AbpPBeCcUHa

TepMUYHOTO pasnaraHe MOXe [a ce OCbLLEeCTBSIBa Ype3 pasnmyHu MeTOAM, KaTo:

> KoHBekTuBHa nuponusa. B To3u npouec TonnuHaTta ce npeHacsa KbM MaTepuana
ype3 Bb3ayX Unu rasose.

> PapuauuoHHa nuponusa. [pu TO3M MeToa TonmnuMHaTa ce npeHacsa 4pes
paavauus, 6e3 ga ce U3nonseat ra3oBuU NOTOLM.
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> [uponusa nog HansiraHe. M3BbpLuBa ce Npu BUCOKO HamnsiraHe, KOETo Brusie Ha
npoueca v NpoayKTUTE.

Knacudmkaumsa Ha ycTpomcTBaTa 3a TEePMUYHOTO pasnaraHe

TepMMyHOTO pasnaraHe Moxe pfa Obae M3BbLPLIEHO 4Ype3 pasfMyHU BUAOBE
YCTPOWCTBA, KOUTO BNUAAT Ha npoueca. OCHOBHUTE BMAOBE YCTPOWCTBA ca:

» [uponunsHu newm (petopTtun). Te ca HanU-CTapuUAT U HanU-NPOCT TUN YCTPOMCTBA 3a
nuponusa, Npu KOUTo ObpBeECUHaTa ce 3arpsiBa B KOHTenHep 6e3 kucrnopod. Tesu newm
MoraT fa paboTaT Npu pasnMyHn TemnepaTypHU U BPEMEBM YCITOBUS.

» [1MponnsHM peakTopu ¢ HENOABWXHO nerno. B Tean yctponcTsa gbpBecnHaTa ce
nocTaBs B HEMOABWMXEH CIrOM W ce 3arpsiBa. Te ca LMPOKO M3nona3saHn 3a 6GasBHa
nuponusa.

» [luponnsHmn peaktopu € BbPTALWO ce nerno. B 1ax gbpBecuHata ce nocrtaBs B
BbPTALWLO Ce nerno, Koeto ocurypsisa no-4obpo cmecBaHe U paBHOMEPHO HarpsiBaHe.
Tes3un ycTponcTBa mMorat fa ce U3nonsBar KakTo 3a 6bp3a, Taka 1 3a 6aBHa nnuponuaa.

> [lvponusHn peaktopy cC nyngmsmpaHo nerno. B Tax gbpeBecuHata e
pasnoriokeHa B MOTOK OT ropeLy Bb3ayX Unn napa, Koeto no3sosisisa 6bp30 HarpsiBaHe n
paBHOMEPHO pasnpeferieHne Ha TemnepaTtyparta. Tesu yCTpoMcTBa ca NoaxoAslim 3a
Obp3a nuponuaa.

Xapakmepucmuku Ha rnosiy4eHume npodykmu

Kakto 6e cnomeHaTo, OCHOBHMTE MPOAYKTU Ha nuMponm3aTa ca TedHu, TBbpAU U
rasoobpasHu npoayktn. CypoBOTO NMPONM3HO MAcro NpeAcTaBnsiBa rCcTa TbMHO KadsiBa
TEYHOCT, KOATO MO OTHOLUEHWE Ha CbCTaBHUTE CU enemeHTu ce aobnmxkaesa OO CbCTaBa
Ha Guomacarta. Xapakrepumampa ce C Masko no-BMCOKa KarilopMYHOCT U OCHOBHO CE CbCTOM
OT OKUCneHn Bbrnesogopoau. [lonyyeHOTO OT mnpoueca nMponu3a Macno He ce
npenopbyBa 3a AMpekTHa ynotpeba B CTaHOapTHW OBUraTtenn C BbTPELIHO ropeHe. To
obaye moxe ga 6bvae nogobpeHo nnu pasrpageHo 40 TEYHW BBLIMEBOAOPOAHM ropuBa, a
CbLO Taka npepaboTeHO A0 CUHTETUYEH ras M M3NON3BaHO 3a MNPOU3BOACTBOTO Ha
6uogusen. NMMponnsHOTO Macno, CbLO Taka ce cyMTa 3a MOAXOASLWO 3a U3MOoN3BaHe B
npoueca Ha CbBMECTHO n3rapsiHe, TO u3raps no-fieCcHo, B CpaBHEHME C TBbPAUTE rOpuBa,
a B CbLUOTO BPEME € MO-EBTMHO 3a TPAHCMOPTMPAHE U CbXpaHeHue. MNMMpoNn3HOTO Macno
ce sIBSIBa M BaXX€H U3TOYHMK HA OpraHMYHN CbeaUHEHUS N CcneunanHn XMMmKanu.

[MonyyeHuTe TBBLPAM NPOAYKTU OT nuponmnsaTa (bnoBbrneHa) Moxe Aa ce M3nonsea
B 3eMedenueTo, B XMMMU4YecKata MPOMULLSIEHOCT M 3a €HeprunHn Hyxan. EgHo ot
Bb3MOXHUTE MYy MPUITOXEHNS] € CBbP3aHO C OrpaHMyaBaHe Ha BbLIMEPOOHUTE EMUCUN.
N3BecTHO e, 4Ye wusrapsHeTO W pasrpaxgaHeTo Ha AbpBecHaTta Ouomaca w
CEriCKOCTOMAHCKUTE OCTaTbUM € CBbpP3aHO C OTAENSHETO Ha TrofeMu KonuyecTsa
BbrnepogeH auokcug. Cumta ce, 4Ye NUPONUIHUAT BBIMEH MOXE [a CbXpaHu TOo3n
BbIMEpPOAEH AMOKCUA B MOYBaTa U MO TO3N HAYMH Aa OrpaHNyM eMUCUUTE OT MapPHUKOBM
rasoBe, a B CbLIOTO BpemMe nogobpsiBa xapakTepUCTUKUTE Ha MoyBaTta, KaTo MoBULLIABA
CbAbPXaHMETO Ha XpaHUTENHW BellecTBa, AONPMHAacHa 3a 3aAbpXaHeTo Ha BodaTa B
noyesaTa W npegoTBpaTsiBa U3BNUYAHETO Ha XpaHUTenHM BewlecTBa. CbLl0 Taka 4ecTo
Nony4YeHnsT BbITIEH Ce CMecBa C BoAa MM NUPOSIM3HO Macro 3a noflydaBaHe Ha TeyeH
NpoayKT.

[Mony4yeHMAT npu npoueca NMPOSN3€eH ra3 ce CbCTOM OCHOBHO OT BbINEepPoAeH OKUC U
BOOOPOA, KOMTO OOWMKHOBEHO 3aemat okono 85%. [pyrn cbCTaBkM ca BbrNepoaeH
ABYOKMC, a30T, MeTaH M pasnuyHuM Opyrn BbrNepogHu rasoBe. TbW KaTo TO3U ra3s e
KanopuyeH, TOW MOXe g[a ce Wu3nons3ea Karto ropMBO 3a MNPOM3BOACTBOTO Ha
enekTpoeHeprmus unun napa. Moxe ga ce usnonsea u Kato CypoBuHa B HedpToXxMMmn4eckarta
n paduHupalwiata npomuwneHocT. [lobpe e aa ce Mma npeagua, Ye KanopuyHoCTTa Ha
nony4yeHns ra3 3aBmcu OT n3xogHaTa CypoBMHa.
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3akno4yeHune

TexHonormnTe 3a TEPMUYHO pasnaraHe Ha AbpBECKMHA npeagnaraT WUMPOK CnekTbp OT
Bb3MOXHOCTU 3@ MNPOU3BOACTBO HA UEHHW EHEePrMiHU W  XMMWUYECKM MNPOLYKTW.
Knacndukaumata Ha Te3n TexHONorMM Mo3BosisiBa ONTMMU3MPaAHE Ha npouecute B
3aBUCMMOCT OT XeNnaHua pesynTtaTt, KaTto NpOM3BOACTBO Ha OuoBbrieH, Guoropuea,
CYHTETUYHN ra3oBe M UHOYCTPUanHu xmmukanu. N36opbT Ha KOHKpeTHaTa TeXHONorms ce
onpegens OT NOCTaBEHUTE LENU M OT OCHOBHUTE ynpaBnsemMu akTtopu, BAMsiewn Ha
npoTM4yaHe Ha npoueca.

TepMN4HOTO pasnaraHe Ha ObpBECMHA € CrOoXeH MpOoLec, KOMTO MOXe Ada ce
agjanTupa KbM pasnuyHM HyxXgum n ycnosusi. Knacudukaumsata Ha npoueca nomara 3a
ONTUMMU3NPaHE Ha uW3MNon3BaHaTa TexHonormaTa W MakCMMarnHo M3Mnon3BaHe Ha
pecypcute. B 3aBMCMMOCT OT TemMnepaTypHUTE YCNoBUsl, BPEMETPAEHETO Ha npoueca U
n3nonssaHoto obopyaBaHe, MOXe [a Cce MOCTUrHaT pasnuMyHn  pesynTtaTu, KOUTO
OTroBapsiT Ha crneuMuYHUTE N3UCKBaAHNA Ha MHAYCTpUNATA.

TepMN4HOTO pasnaraHe Ha ObpBecuUHa NpeacTaBnsBa MBkaB U ePEKTUBEH METOA
3a TpaHcdopmaums Ha Gnomacarta B LiEHHM ropuBa M XMMUYECKN CYPOBUHWU. PasnuyHute
BMOOBE NuMponv3a npegnarat pasHoobpasHM Bb3MOXHOCTM 3a ONTUMM3aAUUSa B
3aBMCUMMOCT OT MnocTaBeHuTe uenu. [lo-HaTaTblHUTE u3creaBaHus B Tasm obnacT Lwe
AonpuHecar 3a pa3BUTMETO Ha YCTOMYMBM TEXHOMOIMM 3a U3MNON3BaHe Ha Bb30OHOBSEMU

pecypcu.
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BbBeneHue

KayecTBOTO Ha 3emepgernickata npoAayKkuuMsi HaW-CbLECTBEHO Cce Bnusie oT
npunaraHeTo Ha XMMUYHUTE npenapaTtn. B cbOTBETCTBME CbC CbBPEMEHHUTE N3NCKBAHUSA
3a KayeCTBO € HeobxoOuMMO Ja He ce npeBvwaBaT HOPMUTE, KOUTO MpuUYnHaBaT
3aMbpcsiBAaHE U CbLUEBPEMEHHO oOnas3BaT pacTeHudaTa oT 6onectn u HenpuaTenu. Tosa
Harnara TbpCeHeTOo Ha OnpbCKBallla cMcTemMa ocurypsasalla onTUMManHo KankoBo NMoKpuTue.
KankoBoTO nokpuTME MOXe Aa Ce KOHTponupa npu npunaraHeTo Ha poTauMOHHU
pasnpbckBadn. Kato ce vMma npeasua ToBa B HACTOSLIOTO M3cnedBaHe ce MnocTaBu
cnepHaTta uen:

O6ocHOoBaBaHe Ha napamMeTpuTe U peXumMuTe Ha paboTta Ha poTauUOHEH
pa3npbCKBa4 C XMApPaBNMYHO 3aABUXKBaHe 3a nonyvyaBaHe Ha ONTUMMAalriHO KankoBO
nokpuTue.

MeToauka Ha ekcrnepuMeHTanH1UTe nscnenBaHus

N360p Ha napameTpu 1 ynpasnsaemu dpaktopum

Ha 6asa Ha nutepaTypHM OaHHWM W NpeaBapuTENHW M3cneaBaHus € npueto 3a
rnokasaTen onpegernsil Ka4yecTBOTO Ha KamnkOBOTO MOKpPUTUE cpefHOO0BeMHUs aMameTbp
Ha kankuTe, D°, Toii € uauncneH no dopmynara:

Da L E’{L:! Diz
n
KbOeTo: D% cpenHoobemMHMs anameTbp;

D; - pnameTbp Ha /M kanka
n - 6poAT Ha KankuTe.

3a ynpasnsiemun caktopu ca nsbpanHu, gebuta Ha paboTHaTa TEYHOCT NogaBaHa KbM
pasnpbCckBawma paboTeH opraH MM KONMYECTBOTO M3pa3xoAdBaHa TEYHOCT 3a euHuua
BpeMe D, Imin” u cboTBeTHa kogupaHa CTOMHOCT (X;); 4ecToTaTa Ha BbpTeHe Ha
pasnpbckBawunsa paboTeH opraH n, min"(Xg), N pasCTosHMETO OT UeHTbpa Ha
pasnpbCckBalmna paboTeH opraH A0 LEeHTbpa Ha 30HaTa Ha OTYMTaHe Ha AuamMeTbpa Ha
kankute (paduyc eekmop) R, m (X3) [2,5,6]
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Tabnuua 1. MaTpuua Ha ekcnepMMmeHTa
Table1. Matrix of experiment

KogupaHu ctonHocTtn/ HaTtyparnHu cToMHoCTU
Coded value of the factors/ Natural value of the

daktopu/Factors factors
[e6uT / Debit, [.min™ X4 -1/0,8 0/1,8 1/2,8
YecTtoTa Ha BbpTeHe /
Rotation speed, n, min’ Xo -1/1455 0/2000 1/2545

Paguyc BekTop Ha dakena /

Radius vector, R, m Xs | -1/04 |-05/08| 0/12 | 05/16| 1/2

OGeKT Ha u3cneaBaHeTo
B UIMAS3P "H. MNywkapos” e pa3paboTeH poTaunoHeH pasnpbcksay (Purypa 1).

durypa 1. PotaunoHeH pasnpbckBad
paspaboTteH B UMASP "H.lMywkapos”
Figure 1. Rotary Sprinkler developed in
IPSAZ "N.Pushkarov"

PasnpbckBada paboTtn Ha 6a3a Ha LeHTpOobexXHUTe CUnn cb3gageHn OT BbPTALWM ce
pasnpbckBawmn paboTtHn opranm 4. PasnpbckBawmsa paboteH opraH 4 e ¢ anameTtbp 254
mm. TexHONMorMyHusa npouec NpoTuda no cnefHust HauuH: TpbbonpoBoga 8 3axpaHBa
pasnpbckBada ¢ paboTHa TeYHOCT. BbpTenvMBoTo ABUXKEHME Ha pa3npbCckBayva ce Cb3aaBa
OT XMAPOMOTOp 5 CBbp3aH KbM XuAapaBfiMyHaTa CUCTEMa Ha TpakTopa nocpeacTBOM
Tpbbonposoan 6. TpvbonposoanTe 6 M3NbLAHABAT (PYHKLUMS HA pama BbpXy KOSTO Lenus
pas3npbckBad Cce CBbp3Ba KbM pamaTa Ha MnpbckadykaTta U CbLEBPEMEHHO C ToBa
3axpaHBaT XMapomMoTopa C XxuapasnnyHa TEYHOCT MO BMCOKO HansdraHe u Taka cb3gasaTr
B HEro Apwxkewiata cuna KoATO 3aaBwkBa pasnpbckBada. OcBeH ToBa NOCpPeAcTBOM
Aebuta nogageH KbM XnapomMoTopa ce perynupa HeroBaTa YecToTa Ha BbPTEHE M OT TaM
efpvHaTa Ha KankuTe. lNocpeactsom Ban 7 Ton 3aBbpTa Kopnyca 3.

232



EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

Cxema Ha onnTHaTa NOCTaHOBKa
O6ekTbT Ha nacnegsaHeTo durypa 1 e noctaBeH Ha cteH. CxemaTta Ha cTeHaa e
nokasaHa Ha ®durypa 2. OT cxemaTa Ha oOnuMTHaTa NOCTaHOBKA Ce BWXAa, 4Ye uma
MOHTUPaHW ABa pasnpbCcKBaya.
i
M \

//<T |

8 6

Pezeproap
/
=T
304BMXBALLC

XMAPOCTaHLMA

®durypa 2. Cxema Ha onuTHaTa NOCTaHOBKa
Figure 2. Scheme of experimental layout
1. PasnpbckBay/ Sprinkler; 2. Xuapoasuraten/Hydromotor; 3. Nomna/Pump;
4. MaHomeTbp/Pressure gauge; 5. lebutomep/ Flowmeter; 6. KpaH/ Crane;
7. briok knanaH/ Block valve

[lBaTa pasnpbCKkBaya ca CBbp3aHW MocrneagoBaTenHo, KOeTOo npegnonara egHa um
Cblla YecToTa Ha BbpTeHe. XnapasnnyHaTa CTaHuMsa nogaBa Macrio nog HansraHe, YunTo
nebut ce perynupa oT 6nok knanaHa 7 1 No TO3M Ha4YuMH MOXE Ada Cce perynupa yecrorarta
Ha BbpPTEHE Ha pasnpbCKBaYNTE B MHOMO LUMPOKKN rpaHmum. OT pesepBoapa NocpeacTBOM
nomna 3 paboTHua pas3TBOp ce wu3nomnBa Mo TpbbonpoBoda, npemMuHaBa npes
pebutomepa 5 n maHomeTbpa 4 M goctura Ao pasnpbckBadva. lMocpeacTtBoM KpaH um
namepBaHe c¢ gebutomepa 5 ce nopasa xenaHua 0ebuTt Ha pasnpbckBada. Kbm gpyrus
pasnpbCckBay € CNpsiHO NoJaBaHETO Ha TeYHOCT C KpaH. Ha paboTHust opraH Ha TO3u
pas3npbCckBa4y ce 3anensa MHOMKATOpPHA feneHka W 4Ypes3 namepBaTeneH ypen 3a CEH30pu
ZALMENQO” ce npoBepsiBaT 060p0oTMTE HA BbpTEHE Ha paboTHUTE opraxm [1].

EkcnepumeHTUTE Ca npoBedeHW B 3aTBOPEHO Oe3BEeTpPeHO MoMelleHne npu
TemnepaTtypa Ha Bb3gyxa t,=20°C. Kato paboTHa Te4yHOCT e u3non3eaHa Boda C
TemnepaTtypa t,=18 °C. N3cnegBaHO € pasnpegeneHMeTto Ha paboTHaTa TEYHOCT no
paboTHaTa WKMPOYMHA Ha pasnpbCkBaya 3a TpUTe pexmnma Ha paboTa Ha pasnpbckBaya
npu pasnuyHn aebutn. Jebutnte ca m3bpaHn ot paboTHMA AnanasoH Ha pasnpbckBaya
(Tabnuua 1). TaxHoTo n3amepBaHe U nogabpxaHe e m3pbpwBaHo ¢ AAMS Passive Flow
Meter Sprayers. Ha ®urypa 3. e nokasaH obwwna Bug Ha CTeHOa 3a M3MepBaHe Ha
pasnpeaeneHuneTo.
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. ®Purypa 3. O0w BMA Ha

—_— ynenHarta cbbupalla TaBa

Figure 3. Overview of the
patternation system

Ton npencraensiBa ynenHa TaBa € NocoveHUTe Ha durypaTta pasmepu n obnboymHa
Ha yneute 100 mm. U3paboTeH e cbobpasHo nsncksaHusTa Ha 1ISO 5682-1/1996.

THHTHUMNY

1+ [ Poranmonen % ;
| H Rotary atomizer
| L[ pasnpbCKBay

\

- - "

000

.
B

=

50

2000

dPurypa 4. Cxema Ha cekTopa B KOMTO Ce NpoBeXaa ekcnepnmeHTa
Figure 4. Scheme of the sector in which the experiment is conducted

O6wmat 6pon Ha yneute e 40. TeyHocTTa OT yneuTte e cbbupaHa B nNnacTMacoBu
cbaose. KonnyectBoTo cbbpaHa TEYHOCT OT BCEKU Yren € UaMepBaHO Mo TErnoBeH MeToq,
¢ nomouwyta Ha Be3Ha Bimco B3P ¢ ToyHocT d=0,1g. Nony4eHnTe CTOMHOCTM B 3aBUCUMOCT
OT NPOABLIPKUTENHOCTTA Ha onuta ca npusexgaHn B ml/min. CTOMHOCTTa 3a BCEKM yrnen
(x;) e nonyyaBaHa Ha 6asata Ha Tpum onuta. C nomowTa Ha TaBaTa Cce u3MmepBa
cbbpaHaTa TeYHOCT OT CEKTOp C rofieMuHa %2 OT nonydaBaHust OT pasnpbckBada haken
(Purypa 3). 3a nonosBuHaTa OT (pakena KONMYeCTBOTO TEYHOCT ce nofyvasa no m3pasa
Ai=2.x; (i=1,...., 20), oTkbOeTO u4pe3 orneganeH obpas Ha TO3M BEKTOp ce nosydasar
CTOMHOCTUTE W 3a Apyrata nofnoBuvHa OT pakena, U B KpalHa cMeTka W 3a uanata
LUMPOYMHA Ha pasnpbckBaya [3,7].
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FPOTOUMOHEH POZNPECKEBAOY  PoTgumoHeH RAOSNFECHEOY
D=254mm oErPHAT HO4oA=  D=254MM OELPHAT HAFORPE
durypa 5. HaunHu Ha pasnonaraHe Ha
pasnpbCckBalmnsa paboTeH opraH
Figure 5. Ways of deploying the spraying
body

Onutute ca npoBedeHM MO MblieH hakTopeH ekcnepumeHT. M3cnegsaHun ca aBa
BapuaHTa Ha pasnoroxeHue, Harope n Hagony (durypa 5).

Tb kaTo paboTHaTa wWMpodMHa Ha dakena norydaBaH OT e€AuH poTauMOHEH
pasnpbCckBay Npu MU3cnenBaHUTE BapuaHTM € 40 4 m npu CUMynMpaHeTo € Bb3MOXHO
npesacTbrBaHe Ha pabOoOTHUTE LWUMPOYUHW Ha YeTUpPU pasnpbckBava. 3a yckopsiBaHe Ha
npoueca Ha obpaboTBaHe Ha pesyntatute 6e paspaboTeHa nporpama Ha C++, KOATO
cMMynupa npoueca Ha Bb3MOXHOTO B3aMMHO pPasnofiokeHWe Mexay poTaumMOHHUTE
pas3npbCKBavM N AaBa KaTo M3XOAEH pe3ynTaT Nnonyy4eHoTo pasnpeneneHme Ha paboTHaTta
TEYHOCT MO LWMUpoYMHaTa Ha LwWaHrata. [lpueto e MWHUMAaNHOTO pas3CTosiHMe Ha
pasnonaraHe Mexay ABa pasnpbckBada npu cumynauuaTa ga e 0,75 m. CumynmpaHeTo e
n3BbpwEeHo cbc cTtbnka 0,05 m. Bb3MOXHMUTE CTbNKM Ha pasnonaraHe Ha
pasnpbCKkBa4MTE Cca oOnpederieHn OT YCrOBMETO OTKMOHEHMEeTO OT CpeaHOoTo Mo
AbIPKMHATA Ha WaHraTa ga He e noseve ot +10 % [8,9].

Pe3yntaTtun n o6cbxaaHe

Pesyntatute 3a napametbpa D° ca 06paboTeHu C MNporpaMHuUs MNPOAYKT
STATISTICA. TlonyyeHuTe pe3yntatMm MO METOOUTE Ha PErpecuoHHUst aHanuM3 ca
nokasanu B Tabnuua 2.

Cnen npoBepKka Ha 3HAYMMOCTTa Ha KOeUUMEHTUTE N U3KITHOYBAHE Ha HE3HAYMMUTE
ce nony4vaBaT perpecuoHHNTE ypaBHEHMSI:
Mpu pasnpbckBay o6bpHaT Harope  D°r= 0,38 - 0.08x>+ 0,17 x3- 0,09X2X3
Mpwn pasnpbckBay 06bpHAT Hagony D3g= 0,45 - 0.10x2+ 0,18 x3- 0,07X2x3

KbAeTO x,, x, Ca KOAMPaHUTE CTOMHOCTU Ha yrnpaBnaemmnte akTopu.
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Tabnuua 2. Pe3yntatn ot obpaboTkaTa Ha ONUTHUTE OaHHU C AfekBaTHOCTTa Ha
nporpamu STATISTICA perpecuoHHNTe mMogenu 3a
Table 2. Data results of processing with program STATISTICA  onpepensiHe Ha
Regression Summary for Dependent Variable: D3q napamMmeTbpa D’ €
R= 95131860 R®= 90500708 Adjusted R>= 88058033 MOTBBPACHA.
F(9,35)=37.050 p<,00000 Std.Error of estimate: 05468
Beta |StdEr. | B StdEr. | t(35) | plevel Koeduumertyte  Ha
N=45 of Beta of B ‘ [ onpepaeneHoct R°=0,90 u
Intercept 0384368 0,020568 1869720 0.000000| F°=0,78 v nokasea, ye 90%
X1 0,082894 0.052097 0,015885 0.009984 159115 0.120568] © 78% OT M3MEHEHVETO Ha
X2 -0.392901 0.052097 -0075293 0009984 -7 54173 0.000000] napametbpa D° ce Bnusie
X3 0773286 0052097 0171113 0011528 1484323 0.000000| o7 ynpaensiemuTe hakTopy
X12 0.075211 0,052097 0,017652 0.012227 144367 0.157725| |, "ce ommcea ¢ Taka
X13 0060882  0,052097 0.016500 0.014119 1.16863 0.250450
X23 10.340366 0052097 -0.092243 0014119 -6.63333, 0.000000 ﬁ%i@igﬁ:”:ﬂ;gﬁ;m
X11 0,061832 0.052097 0.020523 0017292 1.18686 0.243276 R
X22 -0.097580 0.052097 -0.032389 0017292 -1.87304 0,069434| CTOMHOCTW 3a KDMTEPUA Ha
X33 0.085069 0.052097 0.031819 0.019486 163290 0.111455| Puwep F(9,35)=37,05n
Mpw pa3npbckBay ob6bpHAT Harope F(9,29)=11,92
CbOTBETHUTE UM
Regression Summary for Dependent Variable: D30, mm BeposiTHocTn p=0,00 < 0,05
R= 88725703 R%= 78722504 Adjusted R%= 72119144 gﬁﬂizzaé::qusﬁ::qaﬂ
F(9.29)=11.922 p<,00000 Std.Error of estimate: ,09631
Beta | Std.Er. B StdEr. | t29) | plevel OT MSMEHEHWETO Ha
N=39 of Beta of B napamMmeTbpa.
Intercept _ 0.451899| 0.039039 11.57547  0.000000
X 0.122224 0.092081 0,027005 0.020345 1,32735 0,194747 MpoBepka Ha
X2 -0.473800 0.092081 -0.104683 0.020345 -5 14549 0.000017| 3HaummocTTa Ha
X3 0.644465 | 0.102678 0.183598) 0.029251 6.27658 0.000001| cpakTopuTe
X12 0,013940 0.086534 0.003804 0.023616 0.16110 0,873133 CTeneHTa Ha BINsHMAE
X13 -0.049732 0.094557 -0.016939 0,032206 -0,52595 0.602922
X23 -0.213237 | 0.094557 -0.072629 0032206 -2.25513 0.031846 2: ygﬁ;::gﬁr“ger%fgﬁg:
X11 -0.066984 0.086274 -0,025583 0.032951 -0.77641 0443796
X22 -0.012460 0,086274 -0.004759 0.032951 -0,14443 0886162 Ha _Mporpamhnsa — naker
X3 0003261 0 100610 0001479 0045637 003241 0a74368] STATISTICA. Tlposepkata
Mpw pasnpbckBay 06bpHAT HAgony e npoeeieHa KaTo
nocnegoBaTesyiHO ce
N3KNw4BaT BCEKN e€OuH OT
daktopute B Mogena.
Ta6nuua 3. CTOMHOCTM Ha KoedUUUEHTUTE Ha CpaBHsiBaT ce nony4exnnTe

onpeneneHocCT npu nocnegosartesiHoO N3KJto4YBaHe

Ha chakTopuTe.

koedpLUMEHTN Ha onpedeneHoct R,

Table 3. The values of coefficients of
determination by eliminating controlled factors.
KoedhmumeHtTn Ha onpegeneHocT
MapameTbp
Parameter
X X X3
D 0,88 0,62 0,18
D 0,76 0,59 0,3

hakTopbT nokasarn Han-HUCKW
CTOMHOCTU Cce onpegens Kato Hau-
cunHo Bnvsew, [10].

YCcTaHOBEHO e, 4Ye (aKkTopbT X3
BMNMsie HaW-CbLUECTBEHO MNpU Hero ce
nonyyaBa Han-HUCBK KOeMUUUEHT Ha

onpeneneHocT (Tabrnuua 3).
dakTopbT X; Bnusie Han-cnabo, a
dakTopbT X2 3aema cpeaHo
NONoXeHue.
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MpachuyHa MHTepnpeTaumsa U aHanus Ha pesynraTuTte

Mpu pasnpbckBay 06 bLPHAT Harope

dPurypa 6. CpegHoobemeH anameTbp Ha
Kankute B 3aBUCUMOCT OT gebuta xqiu
yecToTaTa Ha BbPTEHE Xo

Ha|7|—,u,pe6H|/| Kankn OKOJ10 OCHOBHOTO HMBO a

Mpu rpaduyHata MHTEepnpeTaums Ha
nonyyeHmte mogenun (durypa 6) daktopa
x,€ n3onunpaH. MoctpoeHun ca

NOBBbPXHUHUTE HA OTKMMKA MPU U3MEHEHNE
Ha gebuTax, 1 4YecToTata Ha BbpTEHE x, .
TbW KaTO TyK pakTopa C Han-ronsamMo
BNUSIHWE X3 — paguyC BEKTOpA € WU3KMHYEH
NOBBbPXHUHUTE Ha OTKNKMKaA ca C Han-crnabo
n3paseHun TeHgeHuun. Cnpamo aebuta x; m

CNpsiMO YecToTaTa Ha BbpTEHe Xo
noBbpXxHMHaATa ce  pobnuxkaea Ao
paBHWHHA. EkcTpemanHute BMCOKM

CTOMHOCTU Ha egpvHaTa Ha Kankute TyK He
ce nonyyasar. [pu HapacTBaHe Ha AebuTa
X; NpU [ONHUTE HMBA Ha YecToTata Ha
BbpTeHe Ha pasnpbckBallaTa vala JOasa
NpU BUCOKUTE CTOMHOCTM Ha YecToTaTa Ha

BbpTEHE AaBa Hal-ApebHM Kanku Npyu HUCKUTE CTOMHOCTU Ha AebuTa.

mmmm

O -]
durypa 7. CpegHoobemMeH gnameTbp Ha
KankuTe B 3aBMCMMOCT OT aebuta Xy 1
paguyc BeKTopa Xs

Ha ®urypa 7 ca npegcraBeHn
3aBMCUMOCTUTE Ha edpuHaTa Ha Kankute
oT aebuta x; pagunyc Bektopa xs. [leburta x;
nposiBABa cblyaTa TEHAEHUMS KaKTO M Ha
durypa 6 HO TyK pasnukite ca
CbLLECTBEHMN. MposiBsBaT ce
eKcTpeManHuTe CTOMHOCTU Ha eapuHaTta
Ha  KankuTe KaTto  Ham-6nmu3ko  Oo
pasnpbCckBada ca Hau-gpedbHuTe Kankm a
Han-oTOoane4YeHUTe Karkm ca Ham-ronemu.
ToBa nokasBa, 4Yye AbfPKMHATa Ha noneta
3aBMCWU OT edpuHaTa Ha kankute. AKo ce
pasrnexgaTt OTAeNHUTE Kanku KaTto TAno
XBbPfIEHO C HavanHa CKOPOCT ChpsaAMO
3emMHaTta MOBBbPXHOCT, ©OWM cnegeano
HavyanHaTa CKOpPOCT UK CBbp3aHaTa C Hesl
YecToTa Ha BbpPTEHE Aa oKa3Ba Hanl-CUIHO
BNUSIHKE.
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0 Surfuce Pt

030, mm = 02885007

BEOOEEEN

CDMrypa 8. CpegHoobGemeH anameTbp Ha
KankuTe Npy B 3aBMCUMOCT OT YyecToTaTa Ha

BbPTEHE Xo M paauyc BEKTOpA X3

Mpu pasnpbckBay 06bLPHAT Hagony

KankuTe B 3aBUCMMOCT OT gebuta Xxiu
yecTtoTaTa Ha BbpTeHe Xo

s w_—
¢w|rypa 9. CpegHoobemeH anameTbp Ha

OnuTHUTe pe3ynrtaTtu He
noTBbpXKAaBaT Te3aTa, 4Ye HavarnHata
CKOPOCT BNUSie HaW-CbLIECTBEHO BbPXY
AbIKMHATa Ha noneta Ha egpuTe Kanku
(Purypa 8). Han-6nm3o oo pasnpbckBaya
C yBenuMyaBaHe Ha YectoTata My Ha
BbpTEHE KankiTe cTaBaT no-eapu WU
obpaTHO C yBennyaBaHe Ha 4yecTtoTaTta Ha
BbpTEHE  Kankmute  OTAanevyeHu  oT
pasnpbckBada ctaBaTt no apebuu. OT
NOBbPXHMHATA Ha OTKNMKa ce BwMXAaa
SICHO, Ye BWHarM C oThaneyasaHe oOT
pasnpbCckBayva KankuTe ctaBaT no-eapu u
obpatHo. HO TasM WHTEH3MBHOCT €
pasnuyHa npu pasfnuyHuTe YecToTM Ha
BbpTeHe. KonkoTo e no-Hucka yectoTaTa
Ha BbpPTEHE TONKOBa € no-ronsima
pPa3HOPOAHOCTTA Ha KankuTe.

Mpu pasnpbckBay obbpHAT Hagony
(Purypn 9, 10, 11.) pasnukute He ca
CbLUECTBEHMN cnpsiMo pasnpbCcKBay
obbpHaT Harope (Purypm 6, 7, 8)
TeHOeHumMMTe ce 3anassaTt. Mima marnka
pasnuka B xapakrepa NOBbPXHWHUTE Ha
OTKMMKa. Npu U3MeHeHne Ha gebutax, U
yectoTata Ha BbpTEHe x, MOBbPXHMHATA
e usnbkHana Harope (durypa 9). lNpwu
pasnbckBava obbpHaT Harope (Purypa 6)
noBbpXxHMHaATa €  cednoBuHa  T.e.
M3nbKkHana e cnpsAMo 4ecrtoTata Ha
BbpTeHe a e BanbbHaTta cnpsamo aebuta
nodasaH Ha pasnpbckBaya.
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Mo oTHOWeHWe Ha oTAaneyeHoCTTa Ha KankuTe OT pasnpbckBava Xz U gebuta x;
(Purypa 10) pasnpbckBadya OObpHAT HAZOMy AaBa W3MbKHama MNOBBbPXHMHA CNPAMO
: - nebuta a pasnpbckBada obbpHaT Harope
(durypa 7) noBbpxHUHaTa € BAnbOHaTA.
Kankute craBaT no-egpu ¢ HapacTBaHe
Ha pebuta (Purypa 10) a npwu
pasnpbckBava obbpHaT Harope (Purypa
7) nbpBO HamansBaT a cneg ToBa
HapacTBaTt B 65IM30CT 40 pa3npbckBaya a
oThoaneyeHUTe Kankm ca C MOCTOSAHHO
HapacTBalia TeHaeHums cnpsiMo
HapacTBaHeTo Ha pJebuta. Tyk ce
nony4yaesaT Hau-gpebHuTe Kanku npu

E MUHUManHns Aebut Ha pascTostHne Haw-

B 6nn3o Ao pasnpbCckBava. Mpwn

R enMMnHUpaHe Ha gebuta n pasrnexgaHe

B s Ha  JectoTata  Ha BbpTEHE U
1 VB LR L pa3cTosHMeTo A0 pasnpbckeada (durypa
®urypa 10. CpegHoobemeH agnameTbp Ha 11) ce nonyyaBat Han-nNpaBuM NMHUM 3a
Kankute B 3aBUCMMOCT OT Aebuta Xy M paguyc pasnuka oOT pasnpbckBaya obObpHaT
BEKTOpa X3 Harope (Purypa 8). Han-gpebHute Kanku

ce nony4aBaT npu HanW- BUcOKaTa
yecToTa Ha BbPTEHEe M Han-6mm3o [o
pasnpbckBadYa W o0OpaTHO Han-egpute
Kanku ce mnonydaBaT nNpW Hanl-HUCKaTa
yecToTa Ha BbPTEHE W nNpu  Ham-
oTaanevyeHuTe pas3cTosHNS oT
pa3snpbckBava. [Npu pasnpbckBava

obObpHaT Harope gpebHUTe Kanku ca npu
Han-HUCKaTa 4ecToTa Ha BbBPTEHE U
CbLLO Npu Han-6nM3KOTO pasCcTosiHMe OT
pasnpbckBayva. 30HaTa Ha eapuTe Kanku
€ Ha CbLOTO MOSIoXKEeHWe oTaanedyeHa oT
pasnpbCcKkBava M Npu HUCKaTa YecTtoTa Ha
BbpTEHE. PasnpbckBayda obbpHaT
e — Hagomny AaBa Marko MO-HMCKa CTOMHOCT

0 SRR M3 G/PVHATA Ha KaMkWTe HO pasnukaTa

| [ imiel | ]

®Purypa 11. CpegHoobemeH anameTsbp Ha He e CbLlueCTBeHa.
KankuTe Npu B 3aBUCUMOCT OT YecToTaTa Ha Ha ®urypu 12 n 13 ca nokasaHu
BbPTEHE X2 M paguyc BEKTOpa X3 pasnpeaeneHusaTa Ha paboTHaTa Te4YHOCT

Mo LWMpUHa Ha dhakena B HanpeyHara
paBHMHA CMPSAMO Mocokata Ha ABWXeHUe Ha MawuHaTta. lMpu pasnuMyHM 4ecToTu Ha
BbpTeHe W [ebuTn Ha pasnpbckBaya ce 3abenassBa, yYe TpUTe KPUBM MPU pasnuyHa
YyecToTa Ha BbpPTEHE He Ce pasnuyaBaT CblLUeCcTBeHO. ToBa No3BonsiBa pasnpbckBava Aa
paGoTM npu pasnuyHM pexmnMum Ha paboTa 6e3 ToBa [a oOkasBa BNUAHME Ha
pasnpeneneHMeTo Ha pabGoTHaTa TEeYHOCT U criegoBaTeNHO pasnuyHaTa pa3xogHa HopMma
He 61 noBnuaAna pasnpeaeneHneTo Ha TeYyHocTTa Mo paboTHaTa LIMPUHA Ha MalLMHaTa.
PasnuuHute pexumm Moxe [a nocTuraT pasnuyHa eapuHa Ha Kankute 6e3 ToBa Aa
HapyllaBa arpoTexXHUYEeCKUTE M3NCKBaHWUA CBbpP3aHM C HamnpeyHata paBHOMEPHOCT Ha
pasnpeferneHne n OTKNOHEHe OT HOpMUTE.
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Ha durypa 12 oTnsBO ca nokasaHu OTHOCUTENHOTO pasnpegeneHve Ha paboTHaTa
TEYHOCT MO LWMpOoYMHATa Ha hakena npu TpM YeCTOTU Ha BbPTEHE U pasnuyHu 0ebutn a
OTASICHO BBb3MOXHUTE CTbMKA Ha pasnofioXeHne Ha poTauuoHEeH pasnpbeckBad Mo
LUMpOYMHATa Ha WaHrata npu pasnpbckBaly, paboteH opraH ob6bpHaT Harope. Buxpaa ce,
ye C yBeNnu4aBaHe Ha 4ecToTata Ha BbPTEHE KONMMYECTBOTO paboTHa TeYHOCT ce
cbCpefoToyaBa KbM LieHTbpa Ha pasnpbCckBaya M Npu TpUTe HMBaA Ha OebuTa, KaTo npu
BUCOK 0ebuT n yectota paboTHaTa TEYHOCT Ce CTPEMU KbM CbCpefoTOYaBaHe B KPbros
cektop. lNpn HUCka 4YecToTa Ha BBLPTEHE LIMPOYMHATaA Ha pakena e no-ronsama. [lpwu
BMCOKa YecToTaTa Ha BbpTeHe (pakena ce KOHUEeHTpupa nog 4awarta Hes3aBuCUMO OT
Aebuta. Bb3MOXHUTE CTBLMNKM Ha pasnonaraHe npy 4ornyCTMMOTO OTKIIOHEHME OT HopMata
Ha pasnpbCKBaHe Ca CbCPeOOTOYEHU [MaBHO OKOMO 1 m. MpU HUCKUTE CTOMHOCTU Ha
aebuta M nNpu HUcKa YectoTa Ha BbpTeHe. [lpyM NO-BUCOKMTE CTOMHOCTM Ha Aebuta
Bb3MOXHUTE CTbIMKM Ha pasnoraraHe ce U3MecTBaT KbM MO-BUCOKUTE CTOMHOCTWU HO cref
CpeAHOTO HMBO OTHOBO HamansasaTt. OT rnegHa Toyka Ha CTbMKUMTE Ha pasnonaraHe e
nobpe nebuta ga 6bae Ha cpegHO HMBO. TO3M TUM pa3nNpPbCKBadY MOXe Aa Ce MOHTMpa Mo
AbIMKMHATA Ha WaHraTta cbe cTbnka 1 m.
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®durypa 12. OTHOCUTENHO pasnpeaeneHne Ha paboTHaTa TEYHOCT MO WNpoYMHaTa Ha
drakena n CTbnkKa Ha Bb3MOXHO PasnosfioXkeHne Mo WMpoYMHaTa Ha LaHrata Ha
pasnpbCckBaym 06bpHATU Harope
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Mpun YecToTa Ha BbpTeHe 2000 MUH™ He ce BNusie oT AebuTa Ha pa3npbCcTkBaya npw
pasnuyHM 4ebuTtn No ObIMKUHU Ha paguyc BeKTopa ce noryvaBaT CPaBHUTENHO eAHaKBM
CpeaHoobeMHM AMMaMeTpu Ha KarnkuTe KOeTo Moka3Ba XOMOreHHOCT Ha pasnpbCKBaHUTE
Kanku.

Mpn pasnpbckBawmM paboTHU opraHn obbpHaTM Hagony ce HabnwgaBa MO-pPA3KO
cnagaHe Ha KONMMYEeCTBOTO TeYHOCT. [Mpn HUCBK AebUT M 4yecToTa Ha BbPTEHE OKOJSO
CPeJHOTO HMBO MMa pPsS3KO yBefMyaBaHe Ha TeyHocTTa Ha okono 1 meTbp OT
pasnpbCckBada M crieq ToBa pA3Ko HamansiBaHe. [1pu no-sucokute ebutn 103n edekT He
ce Habnwpaea. [lpn BucokuTe AeOUTM Ce KOHUEHTpUpa KONMYECTBOTO TEYHOCT MoA
pasnpbCckBava.
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®durypa 13. OTHOCUTENHO pasnpeaeneHre Ha paboTHaTa TEYHOCT Mo WMpOoYMHaTa Ha
dakena u CTbrka Ha Bb3MOXHO pasnonoXeHne Mo MpoYMHaTa Ha LaHraTa Ha
pasnpbckBayn 0O6bpHATU HaZony

3akntoyeHue

YcTtaHoBeHO e, Ye hakTopbT (X3) paguyc BeKTOpbT R, m. BNuse Han-CbLLUECTBEHO
npM HEro ce MonyyaBa Haii-HUCBK koeduUMEHT Ha onpedeneHoct R°=0.18 npu
pa3npbCkBaLl, paboTeH opraH o6bpHaT Harope U R°=0.3 npu pa3npbCkBall, paboTeH opraH
ob6bpHaT Hagony. ®daktopbT (X7) )J,e6l/IT Ha paboTHaTa TEeYHOCT mnoJaBaHa KbM
pasnpbckBalLms paboteH opraH D, Imin’ Bnvsie Hail-cnabo ¢ Haii-BUCOKW KOeMULIMEHTH
Ha onpeaeneHoCcT CbOTBETHO R2—0.88 npw pasnpbCckBall, paboTeH opraH o6bpHaT Harope
W R°=0.76 npu pasnpbckBaly paboTeH opraH oGbpHAT Hagony, a aktopbT (X>)
yecToTata Ha BbpTEHe Ha pasnpbckBawma paboTeH opraH n, min' 3aema cpegHo
NonoXeHne ¢ koeduLMeHT Ha onpedeneHocT R=0.62 npu pa3npbckBall, paGoTeH opraH
06BbpHaT Harope 1 R°=0.59 npu pa3npbCkBaLl, paboTeH opraH o6bpHaT Hagony.

PoTaunoHeH pa3npbckBay ¢ gMaMeTbp Ha pasnpbCkBalmsa paboTeH opraH 254 mm.
AaBa YCTOMYMBO HanMpeyHo pasnpeneneHne Ha paboTHaTa TEYHOCT NMpu pasnmyHu 4ebutun
N YecToTa Ha BbpTeEHE, TOBa onpeaens ycrondmea pabota n pukcnpaHo pasnpegeneHme
Ha pasnpbCKBa4MTE NO ObJPKMHA Ha LWaHraTa.
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PoTaumoHeH pasnpbckBad ¢ 0ObpHaT Harope pasnpbCkBall, paboTeH opraH Aasa
NpUBNM3NTENHO ChLUMUTE MOKasaTenu KakTo U obbpHaTUA Hadomny ToBa Mo3BonsBa Aa ce
pasnonara HWUCKO Haj pasnpbcKkBaHaTa MOBBLPXHOCT WM Taka [fAa ce HamanasaT
nsnapeHusiTa Ha paboTHa TEYHOCT OT MecTUUMAHUA obnak U Ja ce Hamanu 3Ha4YUTENHO
3aMbpCsIBAHETO Ha OKONHaTa cpeja.
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BJIINAHUE HA BOOHUA U XPAHUTEJEH PEXUM BbPXY AUAMETBbPA U
TEMNOTO HA NMJIOAOBE OT BAJNA ATOAA
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Peslome

Llenta Ha HacTosiwaTa ctaTusa e aa NnpeacrtaBy BIUSHUETO Ha NPUNOXEHUTE PEXMMN
Ha HansiBaHe U TOPEeHe BbpXy AnamMeTbpa M TernoTo Ha nnogose oT 6sana aroga. lNpes
2023 r. e npoBefeH ABY(aAKTOPEH eKCrNepuMMEHT B HeOoTornnsiema opaHXepus B ONUTHO
none YenonedyeHe, Codus, bbnrapys nNpu KankoBOo HanosiBaHe W depTuraumsa Ha
6enonnogHu sroau (Fragaria x Ananassa ,Snow White”). ®aktopute HanosiBaHe 1 TOpeHe
ce npunarat B Agse Huea: |1 - 75% (ETc) 12 - 50% (ETc), F1: ontumanHo TopeHe
Ns.09P12.76K15.62; F2 — cybonTumanHo TopeHe - 75% (F1). N3acnegsaHu ca neT BapuaHTa:
koHTpona: I0F0:100% (ETc) 6e3 Topene; I1F1; 11F2; 12F1; 12F2. Han-Bucok npoueHT
nnogose (38.78%) "ekcTpa" kayecTBO ce HabnwgasaT npu BapuaHT I1F1, a Han-BUCOKO
CcpeAHo Terno Ha nnoga ce Habnogasa npu BapuaHT 11F1 - 5.39 g.

Knro4oeu dymu: 6enu aroam, HanosisaHe, depturaums, anameTbp Ha nnoga, Terno
Ha nnopaa.

INFLUENCE OF WATER AND NUTRIENT REGIME ON DIAMETER AND WEIGHT OF
WHITE STRAWBERRY FRUITS

Elena Grancharova'*, Petya Ivanova?, Blagoj Elenov', Elena Dimitrova'

'Institute of soil science, agrotechnologies and plant protection ,Nikola Poushkarov*
Agricultural Academy
2 Institute of Food Preservation and Quality, Agricultural Academy

“e-mail: eveha@abv.bg

Abstract

The aim of this paper is to present the effects of the applied regimes of fertilization
and irrigation on diameter and weight of white strawberry fruits. A two factors experiment
was conducted during 2023 in unheated greenhouse in the Chelopechene experimental
field, Sofia, Bulgaria with drip irrigated and fertigated strawberry variety (Fragaria x
Ananassa ,Snow White”). The irrigation and the fertilization factors were applied in two
rates: 11 - 75% (ETc) 12 - 50% (ETc), F1: optimal fertilization NggoP1276K1562; F2 —
suboptimal fertilization - 75% (F1). Five treatments were tested: control: I0F0:100% (ETc)
without fertigation; I11F1; 11F2; 12F1; I2F2. The highest percent (38.78%) "Extra" Class
fruits were obtained from I1F1 treatment and the highest average fruit weight was obtained
from I1F1 treatment — 5.39 g.

Key words: white strawberry, irrigation, fertigation, fruit diameter, fruit weight.
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BbBeaeHue

Arogute ca cpeq Han-4yBCTBUTESTHUTE KbM Cylla pacTteHus. [Nnutkata um KopeHoBa
cucTema rnpeanornara M3BbPLUBAHETO Ha MOMMBKM Ha MO-YeCTW UHTepBanu C Mno-Marsnko
KonuyecTtBo Boga (Kachwaya et al., 2016), a oecdomunTbT Ha Bnara B noysaTa ce oTpassiBa
HebnaronpusaTHO BbpXy 06w obus, HPU3NONOrMYHOTO pa3BuUTUE, TEMMOTO U AnameTbpa
Ha nnogoseTe (Taparauskiene, 2005). M3non3BaHeToO Ha MWHeparHM TOPOBE CbLLO
OKasBa BnvsiHWe Bbpxy JobuBa 1 ka4yecTBOTO Ha Arogosute nnogose (Sener and Turemis,
2016; Pokhrel et al., 2015; Sonsteby et al., 2009; Wang et al., 2009). OuameTbpbT
(Akhijahcmi and Khodaei, 2011) n TernoTo (Birania et al., 2022) Ha nnogoseTe Bapupart B
LUMPOKN FpaHMUM U 3aBUCAT OT copTa M YCNoBUSTa Ha oTrnexaaHe. MacneaBaHusaTa ca
doKyCcMpaHu NnpegMMHO BbpXy YEPBEHUTE COPTOBE Aroau, a Bbpxy 6env noyTtu nunceaT
(Chambers et all., 2018; Antonova & Petrova-Branicheva, 2023).

Llenta Ha HacTosLWwaTa cTatus € Aa NnpeacTaBy BUSHUETO Ha NPUITOXXEHUTE PEXUMU
Ha HansiBaHe U TOpeHe BbpXy AMameTbpa U TErfnoTo Ha nnogose OT copT 6enonnogHu
arogwn (Fragaria x Ananassa “Snow White”).

Martepuanu n metoamu

Mpes 2023 r. e npoBeaeH ABYMAKTOPEH eKCNEPUMEHT NbpBa rogMHa B HeoTonnsiemMa
nosiMeTuneHoBa TyHerHa opaHxepusa B onutHo none Ha UIMA3P "Hukona [llywkapos”,
Yenone4veHe, Codms, (42°44'22.8"N, 23°28'3.7"E n Hagmopcka BucoumHa 550 m) npwm
KarnkoBo HanosiBaHe " depTuraums. CodommnckoTo none nonaga B
YMEPEHOKOHTUHEHTANHaTa knumatmyHa nogobnact. OpaHxepuata e HeoTonnsiema c
nnow, oT 420 m? (7.9 m x 53 m) nokputa ¢ nectcroitHo UV+EVA+IR+AD+dif
nonvetuneHoso ¢onno ¢ gebenuvHa 150 um. lMoyBaTa MOXe ga ce onpegenu kKaTo
yMEpPEHO 0 CUITHO BOAOMNPOMNYCKMBA CbC cpefeH unTpaumoHeH kanauuteT. NoyBeHnar
noatun e KaHeneHa ropcka, nsnyxeHa nodsa ¢ obemHa nnbTHOCT 1.47 g/cm3, MNB 22% w
BNaxHOCT Ha 3aBsxBaHe 10% 3a cnos 0-50 cm. OUINKO-XMMUYHUTE XapaKTEpPUCTUKU
npeau 3acaxgaHe Ha pacteHusaTa (0-20 cm) B ekcnepuMeHTanHnsa y4acTbk ca cregHute
pH 6.5, xymyc 2.87%, asot (N) 19.30 mg/kg, doccop (P20s) — 43.54 mg/100g n kanun
(K20) — 27.93 mg/100g. 3a ponbnHUTENHO HamansiBaHe Ha 3arybute OT Boda U
orpaHu4aBaHe Ha nneBefiHaTa PacTUTENHOCT € MPUMOXEHO MynyMpaHe CbC CUBO-YEpPEH
UV nonuetuneHoB myny ¢ gebenuHa 30 uym. OGekT Ha m3cneaBaHeTo ca GenonnogHu
arogn oT Buga Fragaria x Ananassa ,Snow White”. EkcnepuMeHTbT € npoBegeH no
CTaHOapTeH METOoA Ha AbNrmTe napuernkm B Tpu MNOBTOPeHUs. Bcako NoBTOpeHue e C
nroLy, oT 23.2 m? 1 ce CbCTOW OT eVH ABOEH pea c aroan. 3apaBu pacTeHUs C ron KOpPeH,
CbXpaHsiBaHW B XnagunHu ycrnosus, 6axa 3acageHn no cxema 90+30/30 cm Ha 22 mapT
2023 r. CbrnacHo TexHosnoruatTa Ha oTrne)aaHe Ha 6enonnogHUTe Aroan BbLB BCsiKa OT
ONUTHUTE Napuenkm 6sxa OCUrypeHn CbOTBETHOTO KONIMYECTBO YEPBEHOMMOAHN PacTEHMS
(cboTHOWweHue 4:1) 3a nogobpsiBaHe Ha ornpalwBaHeTo. PakTOpbT HANOABaHE € NPUIOXKEH
B ABe HuBa: |1 - 75% (ETc) n 12 - 50% (ETc). ®akTopbT TOpeHe e NpunoxeH B ABe HMBA:
F1: ontumanHo TopeHe NgogP12.76Ki562; F2 — cybontumanHo TopeHe - 75% (F1).
OnTumanHoTo TopeHe e pa3paboTeHo CbrnacHo npenopbkuTe 3a TopeHe Ha Haifa (Haifa
Group, 2021 r.) kakto cnegga: Haifa MAP - 25-45 kg/ha, Multi K — 80 kg/ha, Haifa MKP -
25 kg/ha, Haifa Cal - 30 kg/ha, Maguisal - 10 kg/ha, Poly-feed — 25-40 kg/ha. NonueaHeTo
Ce M3BbPLLBA Ype3 CUCTEMA 3a KankOBO HamnosiBaHe BKMHOYBaLla KOMaHAEH Bb3en v neT
ABOWHWN peda c no ABe OBOWKM MOMMBHU Kpuna. ABTOMaTM3aumaTa Ha NOSIMBHUS Mpouec
ce ocurypsiBa OT KOHTpOSep 3a npeuusHo nogasaHe Ha nonveHata Hopma NMC Junior,
enekTpoMarHUTHMU KnanaHwu, Topornopasawa cuctema FertiKit Nutrigation 3a npeumnsHo
NnpunoXeHne Ha TopoBaTa HOpPMa, KOMMNeHcaTopeH kankoB Mapkyd UniRam AS c
BbTpeweH anameTtbp 14.6 mm, gebenuHa Ha cTeHaTta 1.2 mm, BrpageHu npe3 20 cm
kankoobpaaysaTtenu ¢ oedut 1.6 I/h. NacnegBaHu ca net BapmaHTta: koHTpona: 10F0:100%
(ETc) nonmeBHa Hopma, onpegeneHa Ypes eBanoTpaHcnmpauusaTa, 6e3 TopeHe; 11F1; 11F2;
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12F1 n 12F2. MnkpoknumaTtbT B OpaHxXepudarta: Temnepatypa n OTHOCUTESTHa BNaXXHOCT Ha
Bb3yXa, CNbHYEeBa pagnaunsa, CKOPOCT Ha BATbpa ca uamepBaHn Ha Bcekn 30 min 4ypes
MeTeoposiorMyHa cTaHuus 1 3annceanu Ypes gata norep (HOBO USB Micro Data Logger,
USA). ETanoHHata eBanoTpaHCcnMpauus € M3yucrneHa 4vpes ypaBHeHneTo Ha Penman-
Monteith (Allen et al., 2006):

c-.msﬂ'inn—e}%y%uzfes—Ee}

ET, = A+y(1+0.34u,) ’ (1)

kbaeTo ETo e eTanoHHaTa eBanoTpaHcnvpauusa, mm/day, A e HaknoH Ha KpmBaTta Ha
HansraHeto Ha BogHute napu (kPa/°C); Rn - HeTHaTa paguauua (MJ m'2/day); G -
TOMAMHHUAT NOTOK OT noyusaTta (MJ m?/day); y — ncuxpomeTpuyHa koHcTaHTa (kPa/ °C);T —
cpegHoaoHeBHaTa TemnepaTypa Ha Bb3gyxa (°C); uz — ckopoCT Ha BATbpa (M/s); es —
CpeOHOOHEBHOTO HansraHe Ha HacuteHute BogHu napu (kPa); e, — OencTtBuTenHo
HanaraHe Ha BogHuTe napwu (kPa).

EBanoTpaHcnupaumaTa Ha arogute ce onpeaens no cnegHata opmyna:

ET, =ET, K. (2)

kbaeTto: ETc e eBanoTpaHcnvpauusaTa Ha KynTypa, OTrnexgaHa npwu ctaHgapTHU
ycnosuss  (mm/day), Kc - «koedumumeHT Ha kyntypata; ETo - eTanoHHaTta
eBanoTpaHcnvpaums (mm/day).

KoedpnumeHTbT Ha kynTypaTa € 0.30, 0.80 and 0.70 cbOTBETHO 3a HadarnHa, cpegHa
n KpanHa gpeHodpasa (Allen et al., 2006b).

lNMonnBHaTa HOpMa 3a BapuaHTa C ONTUMAariHO HanosiBaHe ce U34ucnsBa Bb3 OCHOBA
Ha cymapHaTta eBanoTpaHCnMpauus Ha aroguTe 3a nepuoga mMexay nonmekuTe.

I, = kk X ET, (3)

kbaeto Ir e nonuBHata Hopma (mm); 2ET, - cymapHaTa eTanoHHa
eBanoTpaHcnmpauua (mm); K - koeduuUMEHT, 3aBuceLy OT BMAA Ha cucTemarta 3a
HanosiBaHe.

M3mepBaHuaTa Ha nnogoBeTe ca U3BLPLLUEHM NO BapuaHTW, OT 4 nocrnegoBaTenHu
pacTeHud, Ha criegHUTe nokasaTenu: Terno, WupuHa U Ab/PKMHA Ha nnoga. Ternoto e
N3MEpEHO u4pe3 npeumsHa enektpoHHa BedHa Vedia FR-H (x0.01 g). Pa3smepute Ha
nnogoBetTe ca M3MepeHu 4pes enektpoHeH wybnep (£0.01 mm). CbrnacHo O6wwma
nasapeH ctaHgapt 3a arogn (PernameHT (EC) Ne 543/2011) MUHUManNHUAT guameTbp Ha
nnogoseTe ,ekcTpa“ kadectBo € 25 mm, a3aknac lnll - 18 mm.

[MonyyeHnTe OaHHW ca CTAaTUCTUYECKM aHanuampaHu C nomoLutTa Ha codTyep 3a
ancnepcunoHeH aHanua STATISTICA 8.0. M3non3BaH e TecTbT Ha [bHKaH Npu HMBO Ha
3HaummocT (p<0.05) 3a uamepBaHe Ha crneundUYHUTE PasnNKM MeXay OBOWKUA CpefHu
CTOMHOCTM.

Pe3yntaTtin n o6¢cbxaaHe

Bb3 ocHOBa Ha paHHWTE 3a MUKpPOKNMMAaTa B oOpaHXepuaTa e onpejeneHa
exegHeBHaTa eTasfloHHa eBanoTpaHcnMpauus U eBanoTpaHCnupaumsaTa Ha pacTeHusTa.
CpegHaTta gHeBHa eBanoTpaHCcnupaumsa Ha sroguTe 3a BereTauuMoHHus nepuog e 1.64
mm/day. Ce3oHHaTa eBanoTpaHcnmpaunsa Ha aroguTe 3a 2023 e 366.61 mm.

Mpes 2023 r. 6sixa npoBeaeHn 48 6p. NONMBKM CbC cpegHa nonmeHa Hopma 7.10 mm
3a KoHTposiHusa BapuaHT IOF0. PecnektnBHO cpefHarta nonveHa Hopma 3a BapuaHtu 11F1
n I11F2 5.39 mm, a 3a BapuaHtn 12F1 n 12F2 e 3.69 mm. lNbpBarta nonueka e nposegeHa
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Ha 30 mapT, a nocrnegHaTta Ha 9 HoemBpu. [MbpBUTE YeTUPKU NONUBKK cren 3acaxgaHe Ha
pacTeHusiTa ca C efHakBa ronemMuvHa. HanoutenHata Hopma 3a 2023 r. no BapuaHth e
kakto cnegsa: 340.78 mm 3a IOF0, 258.92 mm 3a I11F1 u [1F2 n 177.06 mm 3a 12F1 n
I2F2. bsixa nspbpieHn 15 6p. noagxpaHBaHUA Ha pacTeHMsiTa C BOAOPA3TBOPUMM TOpPOBE
3aegHo ¢ nonueHata Boga 3a BapuaHTu 11F1 n 12F1 Ngg9P12.76K1562 KakTo cneasa: u 1-Bo
nogxpaHBaHe HEeNnocpeacTBEHO npeau 3acaxgaHeTo Ha pacTteHuaTa Haifa MKP (25
kg/ha); 2-po noaxpaHBaHe 3a npuxsaliaHe Haifa MAP (45 kg/ha); 3-To nogxpaHBaHe egHa
ceamuua no-kbcHo Poly-feed (25 kg/ha); 4-1o nogxpaHBaHe BbB heHodasa ,Hayano Ha
6yToHmsauma“ Maguisal (10 kg/ha); 5-1o noaxpaHBaHe BbB heHopasa ,Hayano ubdpTex”
Haifa MAP (25 kg/ha); 6-To nogxpaHBaHe efiHa cegmMuua no-kbcHo Poly-feed (35 kg/ha);
7-T0 nogxpaHBaHe BbB eHodasa ,mMacoB ubdTex Haifa MAP (25 kg/ha); 8-mo
nogxpaHeaHe npu nosiea Ha nbpeuTe 3aBpb3n Haifa Cal (30 kg/ha); 9-To nogxpaHBaHe
Multi K (80 kg/ha); 10-To noaxpaHeBaHe BbB ¢heHOopasa ,MacoBO hopMupaHe Ha nnogose”
Multi K (80 kg/ha); 11- To nogxpaHBaHe egHa ceamuua no-kbcHo Poly-feed (35 kg/ha); 12-
To nogxpaHeaHe Multi K (80 kg/ha); 13-To noaxpaHBaHe BbB peHOdasa ,Kpan ubdTex”
Haifa MAP (25 kg/ha); 14-To nogxpaHBaHe BbB heHodasa ,nnogonasaHe” Haifa MKP (25
kg/ha); 15-To nogxpaHBaHe BbB heHodasa ,noaroToBka 3a nokon” - Poly-feed (40 kg/ha).
TopeHeTo Ha BapuaHTu I1F2 n 12F2 e ocbluecTBEHO B CblUMA BpeMeBU rpadmk, CbC
CbLUNTE BMOOBE TOPOBE, HO Npwu Konnvectea 75%F1.

Pesyntatute (Tabnuua 1) nokassart, 4Ye Han-sBucok npoueHT (38.78%) ot nnogoseTte
,eKCTpa“ kayecTtBo ce HabniogaBa npu BapuaHT I0F0, gokaTto Han-manbK MPOUEHT
(24.65%) ot nnoposeTe ,ekcTpa“ kadecTBO ce HabnwogaBa npu BapuaHT |2F2.
Pesyntatute OT MHOXeCcTBeHMst TeCT Ha [bHKaH 3a [OOCTOBEPHOCT Ha pasnukute
rnokaseaT, Ye BapuaHTUTe ca pasfefieHn B [Be XOMOreHHu rpynu. Mima cratmuctmyecku
AoKaszaHa pasnuka mexgy KoHTponHusa BapuaHT I0F0 n 12F2, kakto n mexay I11F2 u
KoHTponHus BapuaHT IOF0 n mexay 12F1 n koHTponHus sapmaHT IOFO0.

Ta6nuua 1. lNpoueHTHO pasnpegeneHne Ha nnogoseTe cbrnacHo OO6WwmMsa nasapeH
cTaHOapT Mo BapuaHTu

BapuaHT | knac ,ekctpa“ I nll knac Il knac
(%) (%) (%)
I0F0 38.782 46.92% 12.09°
11F1 31.65° 60.17° 8.182
I11F2 35.07% 50.36° 14,572
12F 1 30.47%° 45.64° 23.89
I2F2 24.65° 62.01° 13.342

CTOMHOCTUTE 03HA4YeHU C eaHaKkBa 6yKBa 3a €4VH 1 CbLUM NoKasaTen HAMaT A0Ka3aHoCT Ha pasnukute npu p<0.05

Pesyntatute (Tabnuua 1) nokassart, 4Ye Han-BUCOK npoueHT (62.01%) ot nnogoseTte
| v Il knac ce Habntogasa npu BapuwaHT 12F2, gokaTo Han-manbK npoueHT (45.64%) ot
nnogoseTe | n Il knac ce Habnogaea npu BapunaHT I12F1. Pesyntatnte oT MHOXECTBEHUSA
TecT Ha [IbHKaH 3a JOCTOBEPHOCT Ha pasfnuKMTe nokaseaT, Ye BapuaHTUTe ca pasgeneHu
B TPU XOMOreHHm rpynu. Mma cratuctuyeckm pokasaHa pasfnuka Mexay KOHTPOHMUS
BapuaHT I0F0 un 12F2.

Pesyntatute (Tabnuua 1) nokasear, 4Ye Ham-BUCOK npoueHT (23.89%) oT nnogoseTe
lll knac ce Habnwopgasa npu BapuwaHT |2F1, gokato Han-manbk npoueHT (8.18%) ot
nnogoseTe lll knac ce Habnwogasa npu BapuaHT I1F1. Pesyntatnte oT MHOXeCTBEHUSA
TecT Ha [IbHKaH 3a JOCTOBEPHOCT Ha pasnukuTe nokaseaT, Ye BapvaHTUTe ca pasgeneHu
B [BE XOMOreHHu rpynn. MiMa cTaTUCTMYECKM LOKa3aHa pasnvka Mexgy KOHTPOSHMSA
BapuaHT IOF0 u 12F1. Nma crtaTuctMyeckn gokasaHa pasnuvka mexay BapuaHTt 12F1 n
BCUYKM OCTaHanM BapuaHTu.
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Pesyntatute (Tabnuua 2) nokaseaT, 4Ye Han-ronsMm cpegeH gnameTtbp (22.23 mm)
umart nnogoseTe oT BapuaHT I1F2, a Han-manbk (21.14 mm) nmaTt nnogoseTe OT BapuaHT
I2F1. Pesyntatnte oT MHOXeCTBEHUS TeCT Ha [bHKaH 3a OOCTOBEPHOCT Ha pasfnukuTe
rnokaseaT, Ye BapuaHTUTe ca pas3feneHyn B ABEe XOMOreHHU rpynu. Hama ctatuctnyecku
JokazaHa pasnuka mexay KoHTponHua BapumaHT IOFO u ocrtananute BapuaHTU. Wma
CTaTUCTUYECKN JoKa3aHa pasnuka mexay BapuaHTt I12F1 v 12F2 n Bapuantn I1F1 n I1F2.
C HamansiBaHe Ha nonuBHaTa HOpMa M TopoBaTa HOPMU, HaMansiBa U cpeaHna guameTbp
Ha nnogoseTe. 3a nogobHu pesynTtaTtu goknagea Bibi et al. (2016) 3a yepseH copT.

Tabnuua 2. CpegeH AvMaMeTbp M Terno Ha nnogoBeTe No BapuaHTu

BapuaHTt anameTbp Terno Bpon nnogose ot O06w, nobus
(mm) (9) pacTeHue kg/ha
IOFO 21.82% 5.26° 15.6 3386.112
[1F1 22.21° 5.392 16.7 3598.232
[1F2 22.23° 5.23% 17.3 3489.322
12F1 21.14% 5.172 12.8 2964.46°
I2F2 21.18° 4.69 10.9 2877.50°

CTOMHOCTUTE 03HAYeHM C eaHaKBa 6yKBa 3a €[VH 1 CbLUM NoKasaTen HAMaT A4OKa3aHoCT Ha pasnukute npu p<0.05

Pesyntatute (Tabnuua 2) nokaseart, 4ye Han-ronamo cpegHo terno (5.39 g) umat
nnogoseTe ot BapuaHT |1F1, a Han-manko (4.69 g) umat nnogoseTe OT BapuaHT 12F2.
Pesyntatute OT MHOXecTBeHMst TeCT Ha [lbHKaH 3a [OOCTOBEPHOCT Ha pasnukute
rnokaseaT, Ye BapuaHTUTe ca pasfdefneHn B OBe XOMOreHHu rpynu. Mima cratuctmyecku
AokasaHa pasnuka mexay BapuaHT I2F2 n Bcnyku octaHanm BapuaHTu. C HamansiBaHe Ha
nonuBHata W TopoBaTa HOPMM, HamansBa M TernoTo Ha nnogosete. 3a NogoOGHM
pesynTtaTtu goknaasaT Kang et al. (2018), Kachwaya et al. (2015) 3a yepBeHu copToBe.

Peasyntatute (Tabnuua 2) nokaseat, Yye Han-ronam cpegeH 6pon nnogose oT €4HO
pacteHue (17.3 6p./pacT.) ce Habnogaea npu BapuaHT I11F2, a Han-mansk (10.2 6p./pacT.)
ce Habnogaea npu BapuaHT 12F2.

Pesyntatute (Tabnuua 2) nokassaT, Ye Han-BUcok cpeneH gobus (3598.23 kg/ha) ce
Habnogaesa npu BapuaHT I1F1, a Han-Hucbk (2877.50 kg/ha) - npwm BapuaHT 12F2.
Pesyntatute OT MHOXeCTBEHMsI TeCT Ha [lbHKaH 3a [OOCTOBEPHOCT Ha pasnukute
rnokaseaT, Ye BapuaHTUTe ca pasfefieHn B ABe XOMOreHHu rpynu. Mima cratuctmyecku
AoKasaHa pasnuka mexgy cpegHus Jobus ot BapuaHTu 12F1 n I12F2 n Bcuykmn octaHanu
BapuaHTu. B cpaBHeHue c 4yeBeHUTe coptoBe A06MBBLT e no-Hucbk (Pinto et al., 2022;
Létourneau et al., 2015; Sharma et al. 2005), HO HsiKOM u3cregoBaTenu Aoknagsar
nogobHM pesynTtaTyv Npu ekcnepuMeHTn nbpsBa rognHa (Ayas, 2022), OTHOBO 3a YepBeEH
COopT.

3akntouyeHue

LlenTta Ha HacTosdLWwaTa cTatus € Aa NpeacTaBy BAUSHUETO Ha NPUITOXEHUTE PEXMUMU
Ha HansiBaHe M TOpeHe BbpXy AMameTbpa M TErnoTo Ha MfoAgoBe OT copT 6enonnoaHu
arogn (Fragaria x Ananassa “Snow White”). Pesyntatute nokassaT, 4Ye HaW-BMCOK
npoueHT (38.78%) oT nnogoBeTe ,ekCcTpa“ KayecTBo ce Habnogasa npu BapuaHT I0F0, a
Han-manbk npoueHT (24.65%) oT nnogoBeTe ,ekcTpa“ kayecTBO ce Habnwogasa npu
BapuaHT [2F2, pgokato Hanm-Bucok npoueHT (62.01%) ot nnogosete | u Il knac ce
Habnogasa npu BapmaHT 12F2, a Han-manbk npoueHT (45.64%) ot nnogoseTe | n Il knac
ce Habnwogasa npu BapuaHT I12F1. o OoTHOWeHME Ha cpegHus anameTbp Hal-BMCOKa
CTOMHOCT (22.23 mm) umaT nnogoseTe oT BapuaHT I1F2, a Har-Hucka (21.14 mm) nmart
nnogoseTe oT BapuaHT 12F1. Han-ronamo cpegHo Terno (5.39 g) mmaT nnogoseTe OT
BapuaHT |1F1, a Han-manko (4.69 g) umat nnogoseTe OT BapuaHT I12F2. Pesyntatute
nokasear, 4Ye Han-ronsiMm cpegeH Gpor nnogoBe OT eaHo pacTtenue (17.3 6p./pacTt.) ce
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Habnogaea npu BapuaHT 11F2, a Han-manbk (10.2 6p./pacT.) ce Habnogasa npu BapuaHT
I2F2. C HamansaBaHe Ha nonmMBHaTa U TopoBaTa HOPMM Ce BrolaBaT N XapakTEPUCTUKUTE
Ha gobusa.

Pesyntatute nokaseaT, Ye BOOHUAT U XPaHUTENEH PEXUM Ca OCHOBHUTE haKTopW,
KOUTO OKa3BaT BNUSAHME BbPXY AMaMeTbpa U TErNOTO Ha nnofoseTe oT Bsna aroga copT
Fragaria x Ananassa ,,Snow White”.

BnarogapHocTu

[MpoBegeHuTe ekcnepumeHTU ca omHaHcupanu ot ®oHa ,HayyHu nscnegsaHua“ no
,KOHKYpC 3a doMHaHCcupaHe Ha (pyHOaMeHTanHn HayyYyHu macneaBaHnsa — 2022 r.“, npoekT
,BINSHNE HA MNOYBEHO-KIIMMATUYHUTE YCMOBUS BbPXY TEXHOSOMMYHUS PEXUM Ha
HanosiBaHe M M3NUTBaHe Ha BGUONOrMYHWM CpeacTBa 3a KOHTPON Ha puTonaToreHn npu
Aroan 3a NoBuLLIaBaHe Ha Ka4yeCTBOTO Ha npoaykumata®, Jorosop Ne KIM-06-HG66/4.
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Peslome

PaspaboTeHa e TexHONoOrmna, naeeH NPOeKT 3a TPMMOAyNHa cMcTeMa 3a npoBexaaHe
Ha pacTuTenHa 3awmrta B opaHxepuun. MN3paboteH e onuteH obpasey Ha TpuMMoaysHa
cucTemMa 3a npoBeXaaHe Ha pacTUTENHA 3aliuTa B OpaHXepuun.

Knw4yoeu Oymu: OpaHXepurnHO  3erleHYyKONpoM3BOACTBO, TEexHomnorus 3a
pacTuTenHa 3alimTa, cuctemMa 3a pactuTenHa 3awuTa.

THREE-MODULE SYSTEM FOR PLANT PROTECTION IN GREENHOUSES
Ivan Mortev*

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

*e-mail: ivan_mortev@abv.bg

Abstract

A technology, conceptual design for a three-module system for conducting plant
protection in greenhouses has been developed. An experimental model of a three-module
system for conducting plant protection in greenhouses has been developed.

Key words: greenhouse vegetable production, plant protection technology, plant
protection system.

BbvBeneHue

OTrnexgaHeTo Ha KynTypu B OpaHXepun nmMa 3Ha4yMTEeNHN NpeanMcTBa B CPaBHEHME
C oTrnexgaHeto uM Ha oTkputo (AHkoBa, 2018 ApnHaypos, 2018). CbLieBpeMeHHO
npouecuTe npu OTIMEXOAaHETO Ha KynTypuTe B OpaHXepuu TpyaHO Ce nopdaBa Ha
MexaHu3aumsi. ToBa  3Ha4MTENHO  OCKbNsABa  NpPoAyKUMATa, KOETO  Hanara
YCHbBbPLUEHCTBAHE HA TEXHOMONMUTE M TEXHUYECKUTE CpeacTBa 3a MexaHusauusi Ha
pacTuTenHaTa 3awuTa npu OpaHXepuMHOTO NPOM3BOACTBO. EQMH OT Ham-akTyanHuTte
BbMPOCK B NPOU3BOACTBOTO Ha pacTUTEsNHa NPOAYKUUS B OpaHXepuM € HamansiBaHe Ha
HenHaTa cebeCTONMHOCT Ypes NoBMLLABaHe NPOM3BOANTESNTHOCTTA Ha Tpyda U yBeNnuyaBaHe
aobumeute ot Kyntypute. o m3umcneHus B OpaHwa OTHOCUTENHUAT OAn 3a paboTHM
3annatn B opaHxepumte e noseye ot 20% OT cebeCTonHOCTTa Ha npoaykuusta. 3aToBa
OpaHXepUNHOTO NPOM3BOACTBO € TACHO CBbP3aHO C LUMpOKa MexaHu3auusi Ha paboTtaTa,
KakTo n obopyaBaHe U MHBEHTAap, BoAeLm 00 ePeKTUBHOCT M NoBeYe NpPoayKLMS.

TeHOoeHUMATa Ha HamansiBaHe Ha 3EeIIeHYYKONMPOM3BOACTBOTO B OpaHXepuu ce
Ob/DKA  Ha ronemuTe pasxoguM W HenpuenekatenHua Tpya. OcobeHo onacHo e
npunaraHeTo Ha npenapaTtyv Ha 3akpuTW NMOWWM KakBMTO ca opaHxepuute (Lin, 2021).
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Kboeto nma uarpageHn mHcTanauum 3a pactuTtenHa 3awmrta. Tpsbsa ga ce cnassaT
onpegerneHn npaesuna. Pabotata ¢ wWHCTanauuaTa 3a pacTuTenHa 3awmta U
oGe33apa3sBaHETO Ha OpaHXepusiTa NSATHO BPEME Ca OnacHM 3a 34paBeTo U U3NCKBAT
cneunanHa noaroToBka u npegnasHo obnekno (Muxannos 1979). PactutenHata 3awuTa
oT 6onecTute n BpeguTenuTe B OpaHXepumTe Ce U3BbpLlBa PbYHO C HOCUMU MU BO3UMMU
npbckadkn (FanpapoB 1967), KOUTO UMaT HUCKA NMPOM3BOAUTENHOCT M He 3agoBonsasBat
arpoTeXHNYECKNTE N3NCKBaHUSA. BCnyko ToBa Hanara yCbBbpLUEHCTBAHE HA TEXHONOrMmMTe
N TEexXHWYeckUTe CpeacTBa 3a MexaHu3auuss Ha pacTutenHata 3awuta  npu
OpaHXepUNHOTO NPOU3BOACTBO.

NMpeaHa3HayeHne Ha TpumMoaynHa cucTemMa 3a MpoBeXAaHe Ha pacTuTenHa
3awuTa B opaHxXxepum

OnuTHuAT obpasel Ha TpumMoayrnHaTa cucTeMa 3a NpoBex[aHe Ha pacTuTenHa
3almTa B OpaHXepun e npefHasHavyeHa 3a u3cneaBaHe Bb3MOXHOCTUTE Ha cucTemara
Aa n3BbpLIBa onepauumn 3a pacTuTesnHa 3awmTta B ONTUMarHO CbCTOSHUE B 3aBUCUMOCT
OT U3NCKBaHMATA Ha KynTypaTa. OnuTHuAT obpasel ce m3paboTeBa 3a NpoBepsiBaHE Ha
TEXHUYECKUTE XapakKTepUCTUKM B MOCNeaBalloTO u3credBaHe Ha Taka wuspaboTeHus
obpasey. Llen Ha n3paboTBaHe M u3crneaBaHe Ha onNUTHWMA obpasel Ha cucTemarta 3a
pacTuTenHa sawiuta B OpaHXepun e onpefensHe Bb3MOXHOCTUTE 3a M3MNOoNi3BaHe B
OpaHXepUNHOTO NPOM3BOACTBO U Ha KAa4eCTBOTO Ha paboTtaTta .

TexHMYecKa XxapaKTepucTuka

TexHuU4Yecko onucaHue

OnnTHMAT obpaseLl Ha TpuMoadynHaTa cMcTemMa 3a pacTUTesnHa 3alwuTa B opaHxepuu
ce CbCTom OT Tpu Moayna, moayn 1 (durypa 1), moayn 2 (Purypa 2), mogyn 3 (durypa 3).
Moagynu eaHo v aBe ca HenoABWXHW Moaynu. o Bpeme Ha paboTa Ha cuctemara, Moay”n
3 ce npeaBwxeBa NO ObJ/HKMHA Ha opaHxepusta. Mogynu 1 M 2 cbwo moraT ga ce
npemMecTBaT U TpaHCnopTupaT OT efHa opaHXepusi B Apyra, HO nNo Bpeme Ha paboTa ce
No3nLMOHMPAT B Kpas Ha opaHXepusaTa n octaBaT HENOLBWXHU MO BPEME Ha NPoOBEXaaHe
Ha pacTuTenHarta 3awmra.

3axpaHBaly, kaben 3a enekrpoasuraTens.

Pama.

PesepBoap 3a paboTHa Te4YHOCT.
Enektpoasuraten.

CmykaTeneH TpbbonposoAa CcBbp3BaLy,
pesepBoapa 1 noMmnara.

NMomna 3a cb3gaBaHe Ha HandraHe Ha
paboTHaTa TEYHOCT.

HarHetateneH Tpbbonposoa.

MaHoMeTbp 3a Wu3MepBaHE Ha HansraHeTo
noaaBaHO KbM Moayn 2.

9. KpaH 3a perynvpaHe Ha HansraHeTo NogaBaHO

Nk w =

*

%~

| /’ / | | \\ \\ ﬁ KbM mMoayn 2.
10. TpbbonpoBoa nogaealy, TEYHOCT Mo HandraHe
112(3/4/56\7  awwonz

11.KpaH 3a perynupaHe Ha gebuta Ha paboTHaTta
TEYHOCT BpblUaHa B pe3epBoapa.
12. TppbonpoBog 3a oTBEXAAHE HA M3NUWHaTa paboTHa TEYHOCT KbM pes3epBoapa U
3a pa3bbpkBaHe Ha TEYHOCTTa B pe3epBoapa.
13. HuBomep 3a paboTHaTa TEYHOCT B pe3epBoapa.

CDMrypa 1. HenogsuxeH moayn 1 3a ocurypaBaHe Ha TEYHOCT nop HalndraHe
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Mogyn 1 e npeaHasHayeH da Cb3[aBa TEYHOCT MOA HansraHe, TOM Ce CbCTOU OT
cnegHUTe OCHOBHM Bb3MW: pamMa, CbCTosWaA ce OT CTOMaHeHW npodunu 2, CBbp3aHn B
KOHCTPYKUMSA  MOCPeACTBOM  3aBapku, pesepBoap 3 3a paboTHaTa TEYHOCT,
enekTpoasuraten 4 n nomna 6, cBbp3aHM B 0OLY KOpPNYyC 3a Cb3faBaHe Ha TEYHOCT nojg
HansraHe, MaHOMeTbp 7 3a U3MepBaHe Ha HanAraHeTo Ha paboTHaTa TEeYHOCT, KpaH 9 3a
perynupaHe Ha HansraHeTo Ha paboTHaTa TEYHOCT nojaBaHa KbM MoAyn 2, KpaH 3a
perynupaHe Ha Te4YHOCTTa KOSATO Ce Bpblla B pe3epBoapa 3a pa3bbpkBaHe Ha paboTHaTta
TEYHOCT.

Mogyn 2 e npegHasHayeH fa nofdaBa TEYHOCT MOA HandraHe Ha MNpPOMeEHNuBa
AOUCTaHUMA, TOM Ce CbCTOM OT Makapa 5 MOHTMpaHa LWapHUPHO BbpXy cTorka 4. Ha
MakapaTa ca HaBuTu TpbbonpoBoga 9 3a nogaBaHe Ha TEYHOCT MO HansraHe KbM
noaswxHus moayn 3 n Bbxeto 10 3a npuaswxeaHe Ha nNoaBWKHWA Moayn. 3a da 6vae
NeCcHO NpUcbeanHABaHETO Ha Mogyn 2 kbM Moayn 1 e npeaBMaeHO YyCTPOMCTBO 3a 6bp30
npucbeanHasaHe 1. Kem mogyn 3 ce npucbeguHaBaT OpyrusT Kpan Ha Tpbbonposoaa 8
N YCTPOWUCTBOTO MOHTMPAHO KbM BBXETO 7.

1. YcTtponcteo 3a Obp30
npucbeanHaBaHe KbM moayn 1.
TpbbonpoBog 3a nogaBaHe Ha
TEYHOCT KbM MakapaTa 5.

3. HacouBauy HakpanHuK.

4. CTtonka 3a makapara 5.

5. Makapa 3a HaBMBaHe Ha
Tpbbonposoaa 9 n BbxeTo 10.

6. PbkoxBatka 3a HaBuBaHe  Ha
MakapaTa 5.

7. YCTpPOWCTBO 3a NpucbeauvHsaBaHe Ha
BbXETO 9 KbM NOABMXHUSA MOAY.

8. HakpanHuk 3a npucbeaguHsiBaHe KbM
NOOBWXHMS MOoLy.

9. TpbbonpoBog 3a nogaBaHe Ha
TEYHOCT KbM MOABMXHUA MOAyn Ha
NpOMeHNMBa AUCTaHLUUS.

10.Bbxe 3a npuaBmKBaHe Ha NOOBWXHUA MOLYIT.

N

"
|
\
\

N

dPurypa 2. HenoaswmxkeH moayn 2 3a NnogaBaHe Ha TEYHOCT Mo HandraHe Ha
npPoOMeHnNnBa gnucTaHums

Moagyn 3 e npegHasHadeH da pasnpbckBa paboTHaTa TEYHOCT BbPXY TpeTupaHuTe
obektn. Ton ce npeasmxkBa 4ype3 Bbxe 18 TerneHo OoT mMoayn 2 NPUCHLEANHEHO KbM
Ternnya 8 nocpeacTBOM YCTPOMCTBO 3a 6bp30 npucbeamHaBaHe 17. CbLieBpPEMEHHO C
npeaBMXBaHETO Ha Moayn 3 TOW NpuMema TEYHOCT NoA HansraHe oT Tpbbonposoga 9
CcBbp3aH kKbM mMoayn 2. Ypes TpovHuka 10 TeyHOCTTa nogageHa no4 HansraHe ce
pasnpenensa HansiBo M HagsCHO MO AbJ/PKMHA Ha WwaHrata 1 BbpXxy KOATO ca MOHTUpaHU
pasnpbckBaunTe 2 MNOCPEACTBOM CKobM 6. PasnpbckBaumTe 2 pasnpbCKkBaAT TEYHOCTTA
BbpXy TpeTupaHute o6ekTn. XoaoBuUTE Konena ca CbCTaBeHM OT rMaBWHU 12 B KOMTO ca
MOHTUpPaHN narepu. BbHLWHUTE rPMBHU Ha narepute ca HenoaBWXKHM KbM FMaBUHUTE Ha
Kornenarta a BbTPEeLHUTE ca HEeNoOABWKHW KbM OCU 3aKpeneHu C ramkm KbM BUNKUTe 5.
Bunkute 5 oT cBOA cTpaHa ca 3aBapeHn HENOABMXXHO Ha BTYNKUTE 14 KaTo NO TO3M HaYMH
dopmupaT eanH Bb3en KOUTO MOXe Aa ce npeaBwkea no waHraTta 1. Taka mogyn 3 moxe
Ja Cce HacTpoMBa 3a pasfuyHu KynTypu W pasnuyHn MexaypeaoBu pasCTOsHUS.
Heobxoanmo e konenarta ga ce npeaBukBaT B cpedaTa Ha Mexaypeauara Ha Kyntypute
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3a [la ce Hamanu BeposiTHOCTTa KynTypuTe Oa GbAaT 3acerHatu OT XO[AOBWTE Konena.
XoposuTte kKonena oT nepudepHaTa BbHLIHA CTpaHa ca NoKpUTU C ryma 3a no — gobbp
KOHTaKT C MOBBPXHOCTTA MO KOATO ce ABWXarT.

T ——

|
1. WaHra. 2. PasnpbckBaun. 3. TpbbonpoBoamn 3a cbeamHsiBaHE Ha pasnpbCKBaymTeE.
4. Xoposwu kornena. Bunku 3a 3akpensaHe Ha Xo40OBUTE Korena KbM WwaHrata. 6.
Ckobu 3a 3akpenBaHe Ha pa3npbCckBaunTe KbM WaHraTta. 7. Ckobu 3a 3akpensaHe Ha
TpbbonpoBoauTe KbM pasnpbckBauuTe. 8. Ternuy. 9. TpbbonpoBoa 3a NnogaBaHe Ha
TeYHOCT nofg HansraHe ot mogy”n 2. 10. TponHKUK 3a pasnpegernisiHe Ha TeYHOCTTa KbM
nasarta u gacHarta nofioBuHa pasnpbckBadn. 11. TpbbonpoBoau 3a cbeuHsiBaHe Ha
pasnpegenutenHna TponHuk 10 n pasnpbckBadnte. 12. [MaBuMHM Ha Xxo40BUTE
konena. 13. 3acTonopsealy BUHT. 14. BTynka 3a ocurypsiBaHe Ha NOABUMXHOCT Ha
Kofienata no wadrarta. 15. BTynka 3a ocurypsiBaHe Ha NoABWMXKHOCT Ha KonenoTo 16.
16. YnpaBnaemo koneno. 17. YCTponcTBO 3a 6bP30 M NEeCHO NpUcbegnHsBaHe Ha
BbXeTo 18 oT moayn 2 kbM Ternuya 8. 18. Bbxxe 3a npeaBmkBaHe Ha Moayn 3 HAaBUTO
Ha moayn 2

®Purypa 3. lNogswkeH moayn 3 3a pasnpbCckBaHe Ha paboTHaTa TEYHOCT BbPXY
TpeTnpaHuTe obekTu

TexHONorn4yeH npouec

TexHONOrM4HNAT NpoLec NpoTMya B cnegHarta nocnegoBaTenHocT: Pe3sepBoapbT ce
3apexpaa ¢ paboTHa Te4HOCT, nog cobcTBeHaTa CM TEXACT TA 3anbfiBa ENEMEHTUTE KOUTO
ce HamupaT nog HMBOTO OO0 KOETO € 3anmbiiHEH pe3epBoapbT. HMBOTO Ha Te4YHoCTTa ce
onpegens 4ype3 HMBoMepa 3a paboTHaTa TEeYHOCT B pe3epBoapa. Enektpoasuratens
3axpaHBaH OT efiekTpudeckata mpexa 3aBbpTa LeHTpobexHaTa nomna, TS 3acMmykBa
paboTHa TEYHOCT OT pes3epBoapa MNpe3 CMmykaTtenHus TpbbonpoBog M A nogaBa B
HarHeTaTenHna TpbbonpoBod. Te4yHOCTTa NoA HansdraHe ce pasfdens Ha ABe nopumm
nocpeactBsoM kpaHoBeTe. KpaHa 3a nogaBaHe Ha paboTHa TEYHOCT KbM Moayn 2
onpegens aebuta KOWTO e ce nofgagde KbM Mogyn 2 U OoT TaM KbM pasnpbckBayuTe. o
BpemMe Ha paboTa ce crneanm HanaraHeto Ha paboTHaTa TEYHOCT MNOCPEOCTBOM
MaHomeTbpa. [lpn no-BUCOKO HansiraHe OT HeobXoOAMMOTO, YacT OT HarHeTsiBaHaTa
TEYHOCT Ce Bpblla B pes3epBoapa 3a pas3bbpkBaHe Ha TEYHOCTTA 4pe3 KpaH. 1o To3m
Ha4YMH ce nocTurat ABa edekra: npegoTBpaTsiBaHe Ha NoBULLABAHE Ha HansAraHeTo Hag
HeobxoauMoTo n pa3bbpkBaHe Ha paboTHaTa TEYHOCT U NPpeaoTBpaTABaHE Ha yTasBaHeE U
pascnosieaHe. Mogyn 2 npvema TeYHOCT nop HansdraHe oT moayn 1 M 9 nogaBa KbM
moayn 3. CbLEeBpPEMEHHO C NO4ABAHETO HA TEYHOCT MOAYN 2 nogasa U TernMuTenHa cuna
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KbM MoAyn 3 NOCPeACTBOM BbXe KOETO € HaBUTO Ha Makapara, KOSiTO € YacT OT moagyna.
Moayn 3 ce npegswkeBa MO MOBBPXHOCTTA Ha MoyBaTta M pasnpbCckBa paboTHa TEYHOCT
BbpXy TPETUPAHUTE KYNTYPW.

Mpoun3BogMTENHOCTTa Ha cucTeMaTta ce obycnaBs OT CKOpPOCTTa Ha ABMXEHWe Ha
moayn 3. lNpu TO3M HauMH Ha nNpoBeXOaHe Ha pacTUTenHa 3awmTa B OpaHXepun ce
cnectaBaT pasxoauTe 3a npeaBwkBaHe Ha pesepBoapa, nomnara, paboTHaTa TEYHOCT B
pe3epBoapa W enemMeHTUTe HeobxoouMMm 3a ocurypsBaHe Ha OebuT m HandraHe Ha
paboTHaTa Te4HOCT. Te3an eneMeHT! ca OCHOBHAaTa Maca Ha MalUMHWUTE 3a pacTuTernHa
3awmuTa Ha OTKpuTO. B OpaHxepun nnowTa € orpaHMyYeHa B CpaBHEHME C MOSICKUTE
KynTypu. TyK € Bb3MOXHO [ja Ce CNeCcTAT pas3xoavTe 3a NpeasumkBaHe Ha Te3n eNeEMEHTH.
HepoctaTbk Ha cucTemaTta e HeobxoaMmocTTa Aa ce nogaBa TEYHOCT Mo HansraHe Ha
npoMeHnMBa guctaHumsa. TpbbonpoBoaa 3a nogaBaHe Ha TEYHOCT MOA HansiraHe KbM
NOABWXHUSA MOAOYM M BBLXETO 3a NpeaBukBaHe Ha NOABWKHUSA MOAYN Ca AOMbIIHUTESHM
eneMeHTM KOUTO MpWu MNOoABMXHA cucTeMa He Buxa 6unm Heobxogumu. [Npu ycnewHa
pabota Ha cuctemata buxa ce cnecTunu yyactmeTo Ha paboTHUUM 3a U3BBLPLUBAHE Ha
pacTutenHaTa 3alimTa B OpaHXepum KOeTo € 0CODEeHO OnacHo 3a 34paBeTo Tbil KaTo B
3aKpUTUTE NOLLM cpedaTa € MHOMo Mo — TOKCMYHA OTKOSIKOTO Ha OTKPUTO.

3akntoyeHue

OpaHXepuiHOTO MNpPOU3BOACTBO TPyOHO Ce nogdaBa Ha MexaHusaumsi. ToBa
3HaA4YNTENHO OCKbMsABa Mpoaykumsita. PactutenHata 3awuTa B OpaHxepum e ocobeHo
onacHa Tbi KaTo npenapaTuTe MPUIIOXKEHN B 3aKPUTU MOMELLEHUS Ca 3HAYMTENHO Mo-
TOKCMYHW M MOraT Aa MPUYUHAT CUMHW Bb3AEWCTBUS BbPXY XMBOTA WM 34paBeTo Ha
onepartopute pabortewm B Tasm obnact. EQHO peweHne Ha TO3M npobrem e
TpMMoAyrnHaTa cucTeMa 3a pacTuTenHa 3awmta B opaHxepun. [pu TO3M HaumH Ha
npoBexaaHe Ha pacTUTenHa 3awmuta B OpaHXepun Cce cnectaBaT pasxoauTte 3a
npegBMXkBaHe Ha eneMeHTU, KOUTO Ca OCHOBHATa Maca Ha MaluMHUTE 3a pacTuTenHa
3aliMTa Ha OTKpUTO. HegocTaTbk Ha cuctemaTa € HeobxooMMOCTTa Aa ce NoAaBa TEYHOCT
noA HansdraHe Ha NpoMeHnuBa AuctaHuus. TpbbonpoBoaa 3a NnogaBaHe Ha TEYHOCT Nojg,
HansiraHe KbM MOABWXHWUSI MOZYN U BBXETO 3a NpeaBwkKBaHE Ha MOABWXKHWUS MOoAyn ca
AOMbIHUTENHWN eNeMEeHTN KOUTO Npu NOABMXKHA cucteMa He buxa 6unm Heobxogmumu. Mpun
ycnewHa paboTta Ha cuctemata Ouxa ce cCnecTunM yyacTMeTo Ha paboTHuMuM 3a
M3BbPLUBAHE Ha pacTuTenHaTa 3awuTa B OpaHXepuum KOeTo e ocobeHO onacHo 3a
30paBeTO TbWl KaTO B 3aKPUTUTE MAOLWM cpefaTa € MHOro no — TOKCUYHA OTKOJIKOTO Ha
OTKpUTO.
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TEOPETUYHU NPEANOCTABKU 3A U3MNOJISBBAHETO HA NMPEHOCUMA
XWOPABJINYHA OBYBAPABAHHA JIEBEOKA NP OBMUB HA IPEBHOPA3SMEPHA
ObPBECUHA B OTINIEAHU CEYM

}0. U. EHakueB', K. I". CtecbanoB?, T. M. Kpymos?

"MHcmumym no noyeosHaHue, azpomexHono2UU U 3awuma Ha pacmeHusima
"Hukona lywkapos”
2JlecomexHuyecku YHusepcumem
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Pe3ome

PaspaboTteHn ca TeopeTM4yHM TMpeanocTaBkM 3a M3Mof3BaHe Ha MpeHocuma
xnogpasnuyHa geybapabaHHa nebenka npu gobue Ha gpebHopasmepHa ObpBecuHa OT
otrnegHn ceyn. OBocHoBaHa e HeobxoguMmocTTa OoT gobuBaHeTo Ha ApebHopasmepHa
AbpBECMHA MpX MpPOBEXAAaHEeTO Ha OTregHn ceuys B Maga Bb3pacT, KOUTo ce
XapakTepuampaT C HUCKA WHTEH3MBHOCT, HEXOMOreHHOCT M MHOro Hucka obemHa
NNbTHOCT. 3non3BaHeTo Ha NpeHocuMa xuapaesnuyHa apybapabaHHa nebenka B mnaam
HacaxgeHusl No3BoONisiBa Aa pewn peguua npobnemu, CBbp3aHM C MexaHusauusiTa Ha
Han-TPyAOEMKUTE MpoLecM MO CbOMpaHETO M M3BNUYAHETO Ha AbpBECUMHATaA OT Teau
HacaXXgeHus!, a CbLLO Taka U Ha BPEMEHHW CKIlaoBe.

Knw4oeu Oymu: TeopeTuUdHM npeanocTaBkM, MNPeHocumMa  XuapasrivyHa
ABybapabaHHa nebegka, ApebHopasMmepHa [ObpBecuHa, OTrnegHn cedun, 6Buomaca,
EHEPrUUHU HYXOMW.

THEORETICAL PREREQUISITES FOR THE USE OF A PORTABLE HYDRAULIC
DOUBLE-DRUM WINCH IN THE HARVESTING OF SMALL-SIZED TIMBER IN
MANAGED FORESTS

Y. I. Enakiev'*, K. G. Stefanov?, T. P. Krumov?®

"Nikola Poushkarov Institute of soil science, agrotechnologies and plant protection
(Sofia, Bulgaria)
2University of Forestry

“e-mail: yenakiev@yahoo.co.uk

Abstract

Theoretical prerequisites have been developed for the use of a portable hydraulic
double-drum winch in the harvesting of small-sized timber in thinning operations. The
necessity of harvesting small-sized timber during thinning operations at a young age has
been justified, characterized by low intensity, heterogeneity, and very low bulk density. The
use of a portable hydraulic double-drum winch in young stands allows for the resolution of
several issues related to the mechanization of the most labor-intensive processes of
collecting and extracting timber from these stands, as well as from temporary storage
sites.

Key words: theoretical prerequisites, portable hydraulic double-drum winch, small-
sized wood, tending cuts, biomass, energy needs.
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BbBeaeHue

OTrmegHMTe ceunm ca  €4HO  OT  BaXHUTe NecOoBBbACKM  Meponpusatvs  3a
WHTeH3nduKaums Ha ropckoto crtonaHctBo (Marinov et al., 2013). lMNMpunaraHeto um
ocurypsiBa Ha CTpaHaTa [ONbSIHUTENHO KONMYECTBO [AbpBEecCUMHa W BOAM OO
yBenMyaBaHeTO Ha npupacTta u nogobpsBaHe Ha CbCTOAHMETO Ha FOPCKUTE eKocucTtemMu
(Stefanov and Krumov, 2024).

PewasaHeTo Ha npobnema npu gobuBaHeTo 1 U3Non3BaHeTo Ha agpebHopa3mepHaTa
AbpBecrHa OT OTrNeaHu ceun, 0cobeHo B No-MnagnTe HacaxaeHus, € akTyarnHo He camo
3a HalwaTta cTpaHa, KOATO € C OrpaHn4YeHn ObpPBECHU pecypcu, HO M 3a pas3BuTUTe B
rOPCKOCTOMNAHCKO OTHOLLEHNE CTpaHu, KakBuTo ca KaHaga, PuHnangus, Weeuus, Monwa,
Yexusa n gp. (Akay, 2005; Edenhofer, 2015). lonemunat nHtepec KkbM Tasn AbpBecuHa ce
ObIMKN Ha TOBA, Ye No CBOUTE PU3NKO-MEXAHUYHU U XMMUYHN CBONCTBA TS NpeacTaBnssa
LEeHHa CypoBMHa He caMO 3a MPOMWLLSIEHOCTTA, HO W 3a CTPOUTENCTBOTO WM OuTa.
(Gellerstedt, 1997; Klochkov, 2009).

N3BexxgaHeTo UM e CbNpoBOAEHO OT peaumua akTopu, KaTo: nuncarta Ha nHrepec ot
CTpaHa Ha ObpBOOOOMBHUTE OMPMK (TEXKKM YCNOBUA Ha paboTa npu HMCKa cebecTOMHOCT
Ha NpoayKuMsiTa), nMncata Ha [OocCTaTbyHO KBanuduumpaHa paboTHa pbka M He Ha
nocrnegHo MAcTo crabo passutarta ropcko nbTHa mpexa (Marinov et al., 2014).

Pesyntatin n o6¢cbxaaHe

Jlebeokute HammpaTt LWMPOKO NPUIOXKEHNE MNpu CTONAHMCBAHETO Ha rOpPCKUTe
TepuTopun M MO cneumanHo B AbpBogobuBa (Laurier et al., 2002). M3nonssaTt ce B
NNAHWUHCKM W NOSYNMaHWHCKM panoHW, KOMTO npeobnagaBaTr B HawaTa CTpaHa, 3a
M3BNMYaHe Ha AObpBEHUTE MaTepuanu OT TPYAHO AOCTbMHM MecTa (Abnbokn u
HenpoxoaumMn fepeta), ype3 manonassaHe Ha TernutenHo Bbxe (Russell and Mortimer,
2005; Marinov and Stefanov, 2019).

OcHoBHUTE NapameTpu, KOUTO onpeaensT KOHCTPyKuuaTa Ha nebegkaTa ca:

» 0Opos Ha 6apabaHuTe;

» KanauuTeTa Ha BbXEeTO;

» TernutenHaTa cuna Ha 6apabaHuTe;

» CKOpOCTTa Ha BbXxeTaTa.

Bpou Ha 6apabGaHuTe

bpoat Ha GapabaHuTe Ha nebegkata 3aBucu OT Opost Ha onepaummte, KOUTO
nM3BbpwBa. 3a M3BbPLUBAHE Ha BCsika onepauus No npaBuno ca Heobxoaumun ABa
bapabaHa, egnHnAT OT KouTo paboTm (NpemecTtBa ToBapa), BTOPUAT Ce M3MNon3ea 3a
3axpaHBaHe Ha npukayHo obopyaBaHe 0O MACTOTO, KbAETO Ce yraBsa ToBapbT (obpaTteH
b6apaban).

Ha mectaTta 3a gbpBogobuB nebegkmte ce u3nona3eaTt 3a Mib3raHe Ha AbpBeEH
MaTepvan u ToBapeHEeTO My BbpXy TPaHCMOPT 3a AbpBeH Matepuan. Npun HeobxoaumocT
AbpBecnHata ce nogpexaa u ¢ nebegknm ce u3BbPLIBAT PasfMYHU NOATOTBUTESHW,
AbpBonogpexgali n cnoMmaratenHm paboTn (MOHTaX Ha BbXe-O650KOBM MHCTanauum,
oTCTpaHsBaHe Ha Bucswm abvpBeTta u ap.) (Visser and Stampfer, 2015).

ObpBoaobmebT ¢ nebenkn ce M3BbpLUBA NPEOMMHO Ha ceuvulla, pasnofiokeHU B
paBHWHHM ONATUCTU MECTHOCTM UMW B MAAHUHCKU PanoHU. Tbi KaTo paboTHMSI opraH Ha
nnb3rawmTe nebekn e BBLXKETO, TakoBa MiTb3raHe YecTO Ce Hapuda Nib3raHe C BbXe.
lleGepknte 3a nnb3raHe uMaT peavua nNpeaumcTBa npeg ApPYrute MexaHu3mu 3a
nnb3raHe. Hanpumep, Te morat ga ce uv3nonasaT MNpu Nnb3raHe Mo BCSKO BpemMe Ha
roguHaTa M Ha BCsIkakbB TepeH, Te Ce W3HOCBaT MO-Manko OT TpakTopuTe nopagu
HENOABWMXXHOTO CUM MONOXeHne npu paboTa M umaTt nNo-Bucoka edeKTUBHOCT, Tbh KaTo
noYyTK LuanaTa MOLLHOCT Ce n3pas3xoiBa 3a NpemMecTBaHe Ha ToBapa.
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Mpun paboTa B NNaHMHCKN panoHn ce M3non3eaT rMaBHO HECAMOXOAHW e4HO-, OABY- U
MHorobapabaHHu nebegku, 3aaBuMXKBaHW OT ABUraTtenn C BbTPELLHO ropeHe: GeH3MHOBU
unu ausenenoBu. Bbnpeku TOBa, M3Non3BaHeTO Ha egHobapabaHHW nebeaku npu
AbpBOAOOMB € OorpaHN4YeHo, Tbi KaTo Te caMO MexaHu3npaT OBWXKEHWEeTO Ha ToBapa, a
BPbLAHETO Ha BBLXETO A0 MSICTOTO, KbAETO € 3aKadeH CneaBallusT CHOIM, Ce U3BbpLLBA
pbyHO. EaHoGapabaHHuTe nebefkn ce nanonaeat B CriydaumTe, KOraTo BBXETO MOXe Ada
ce ABVXW OT eHaTta cTpaHa nof Bb3AencTBMETO Ha COOCTBEHOTO CU TEFMMNO Ha ToBapa Unu
TOBapOMNOAEMHO YCTPOWCTBO, HanmpuMMep B MHCTanauum 3a nnb3raHe Hag rnaearta,
paboTeLn nNpu cnyckaHe No ropcky MnaHUHCKM cknoHoBe. [1Byb6apabaHHute nebenku ce
N3non3BaT Ha ropHUTE CKMAepu WU MoraT ga npemecTBaT AbPBEHW TOBapW Ha rofiemmu
pasctoaHua. Te3n nebegkum morat ga ce WM3NOon3BaT M 3a nogpexaaHe Ha ObpBeH
maTtepuan (Kulakov and Veremeychik, 2013).

MHoro6apabaHHutTe nebeakn nmart ot Tpu Ao wecT 6apabaHa 1 ce n3nonseaT Han-
LUMPOKO NpW onepaumm No AbpBoaobuMB 3a 3aaBMXKBaHE Ha Pa3fMYHU BbXXeTa 3a NiTb3raHe
N nnb3raHe-HaToBapBaHe. Jlebeoku € 4eTMpuM wnM noBeye OapabaHa ce HapuyaT
MOAYINHKN, Tb KaTo Te3n nebenkn Morat ga M3NbIMHABAT HAKOMKO onepauuu, 6e3 ga ce
BKIIOYBAT ApPYrM MexaHu3mu (B MoaynHute nebenku geata GapabaHa ce m3nonseaT 3a
nnb3raHe, a ocTaHanuTe 3a ToBapeHe). TernuTenHo-CKOPOCTHUTE XapaKTepPUCTUKM Ha
HoBuTe nebeakn ca nogobpeHn n e cb3gageHo noseyve yaobCTBO Npu ekcnnoartaumsTa u
nogapwbxkarta uM. Hoeute nebegkn ca obopyaBaHu C peaykTopu, KOUTO Oocurypsieat Ham-
Marko TpU CKOPOCTM 3a HaBMBaHE Ha BbXeTa Bbpxy 6apabaHu.

M3uucnaBaHe Ha KanauyuteTa Ha BbBXETO Ha OapabaHa Ha nebegkata wm
CKOPOCTTa Ha BbXEeTOo
KanaunteTbT Ha BbXeTo Ha GapabaHa 3aBMCKM OT HEFOBOTO NpeAHa3HayYeHne, KakTo
N OT NpegHa3Ha4YeHneTo 1 yCnoBusaTa Ha paboTta Ha nebegkarta. M Taka, kanauuMTeTbT Ha
BbXeTo Ha Mankusa 6apabaH:
L="L+Lo (1)
KbAeTo:
L — pa3cTosiHue Ha OBWXKEHNe Ha ToBapa, m;
L, — ponbnHUTENHaTa ObIKMHA Ha BbXETO, m.

B 3aBMCUMOCT OT TEXHONMOrMYHUTE YCMOBMA OOMbIIHUTENHATA ObJ/PKMHA HA BBXKETO,
Moxe ga 6bae ot 20 oo 70 m. PascTtosiHne Ha ABMXXEHWE Ha ToBapa 3aBMCKU OT yCroBuUATa
Ha paboTta Ha nebeakata, OT BuAa Ha u3rpageHuTe nnatgopmu 3a u3TernsHe Ha
AbpBeHUs maTepuan (ropHM CKragoBe) M OT HavuvMHa 3a W3BO3BaHE Ha AbpBEHUs
mMarepwuarnn.

C HamansiBaHe Ha pa3CTOSIHMETO Ha ABWXXEHME Ha ToBapa, NPOM3BOAUTENTHOCTTA Ha
nebenkarta ce yBenuyaBsa W pasxoguTe 3a TerneHe Ha OobpBeH Matepuan HamansieaT. Ho
B TO3M criyvan 6posT Ha cMeHuTe Ha nebenknte oT eAHO MSICTO Ha APYro ce yBenn4yaea u
nopaau Toea e HeobxoaAMMo Aa ce u3rpagsaTt noBeye TOBapHM TOYKM, KOETO LWe AoBeae Ao
HamansiBaHe Ha CTeneHTa Ha Wu3non3BaHe Ha paboTHOTO BpPEME W yBeENMYaBaHe Ha
pasxoauTe 3a NOAroTBMTENHA U cnomaraTtenHa paboTa.

KanaumteTbT Ha BbXeTO Ha OapabaHa 3a nogaBaHe Ha TerneHo obopyaBaHe Ao
MSICTOTO, KbAETO Ce kayBa ToBapa (6apabaH 3a BpbLiaHe), TpsibBa fa 6bae 2,2 NbTh No-
rofiiM OT KanaumtTeTa Ha BbXeTo Ha paboTHua 6apabaH. KanaumMteTbT Ha BbxeTaTta Ha
TOoBapHUs 1 cnomaratenHus 6apabaH obukHoeHo e 100-150 m.

Mopagn HeobxogMmocTTa OT HaBMBaHE Ha Abfra Ob/KMHA Ha BbXeTara,
OapabaHuTe Ha nebenknte, U3non3eaHu Npu obpBoaoOUB, ca NPUrogeHn 3a MHOropeaoBo
HaBMBaHe, 3a KOETO MmaT BMCOKM donaHun. lNosHaBanku pasmepute Ha bGapabaHa, e
NecCHO [a ce Oonpedenu HeroBus KanaumteT Ha BbXeTo. T4 we 6bae paBHa Ha
Npon3BeAEeHMETO Ha cpefHaTa Ob/PKMHA Ha 060opoTa Ha BBLXETO U obwmsa 6port HaMOTKK
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Ha BbXeTo Ha BapabaHa, kaTo ce B3emMe npeasui pasnukata mexay pbba Ha pnaHeua u

ropHus pea HamoTKa oT 2dk:

(Dp—ad, +pg)
2

; ()

].cp -

KbAeTo:
D, — pnameTbpbT Ha onaHeua Ha 6bapabaHa, m;
Oq — AMaMeTbpbT Ha BLXETO, HaBUTO Ha BapabaHa, m;
Dg — pnameTbpbT Ha GapabaHa, m.

BpoaTt Ha 3aBbpTaHMA Ha BLXETO Bbpxy 6apabaH B eavH pen;:

lg

1 =Dx (3)
KbOeTo:
Ip — ObmMKnHaTa Ha GapabaHa, m, KaTo ce B3emMe npeaBua rpaHuuaTa mexay pbba
Ha conaHeua 1 ropHus peg HamoTkKa oT 2dy:

Dy 4d.+p;
lp - 2d,, , (4)
O6wmaT 6por HaBMBKN Ha BbXETO BbpXy bapabaHa:
L (Pp—ad.—p;)

- - - 25{2'
feblp= 2, (5)
CnepoBaTtenHo, kKanauuMTeTbT Ha BbXeTo Ha 6apabaHa e:

; mg lg [( Dy —4d, ) -D]]
L i Z
_tep b 4d? (6)

— — y

_0,715[(Dp — 4d,)* - D]

2
di 7)
KoraTo BbXXETO € HaBMTO Ha HAKOSKO peaa Ha 6apabaHa, ckopocTTa Ha OBUXEHUETO
My HE € eHaKBa Ha pas3nu4HUTe peaoBe HaBMBKU. Ha OONHUA pen HaBUBKM CKOPOCTTA LEe
Obae Han-manka, a Ha ropHus peg — we 6bae Haun-ronsma. CbOTHOLUEHNETO MexXay
CKOPOCTUTE Ha ABWXEHME Ha BBLXETO MO ropHUTe peaoBe Ha GapabaHa B nnbarawure
nebepnkum e 1,5-2. Han-HuCKka gonHa CKOpOCT Ha ABMXKEHUE Ha BBXETO:

L

(Dﬁ +dk}m
Vmin = 2
m/s, (8)
KbAeTo:
w — brnosaTa CKOpoCT Ha 6apabaHa.

Han-Bncoka CKopoCT Ha BbXeTO:

(Dp+5dy)w
Vmax = 2

m/s, 9)
CKOpOCTTa Ha ABWKEHNETO Ha BBKETO Ha BCEKW pef, HaBUBKY:

i [Ds + (2§ — Ddy|w
- ? (10)

KbOETO:
ii— 6pon pegoBe HaBUBKM Ha BBXETO.
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Mpn MHOropeaoBO HaBMBaHe Ha BbXeTo OapabaHbT ce npaBu rnagbk. 3a
paBHOMEPHO HaBMBaHE Ha BbXeTO Bbpxy GapabaHa, Han-6nmMskmMaT HanpasnsiBawy, 650k
TpsibBa pga 6baoe Ha pasctodaHne Han-manko 20 m M pasnonoXeH Ha JMHUSA,
nepneHavKynsapHa Ha octa Ha 6apabaHa, MrHaBalla npes cpefaTa Ha Tasu ocC.

CkopocTuTe Ha BbXeTaTa ce M3bumpaT B 3aBUCMMOCT OT Pa3CTOSIHUETO U HayMHa Ha
npemectBaHe Ha ToBapa W npefHasHadyeHmeTo Ha 6apabaHa. [Npwu npemecTBaHe Ha
OKa4yeH ToBap MO HOCEL0 BbXe BbpPXy BaroH Ha 3HauyuTernHo pasctosHue (go 2000 m),
CKOPOCTTa Ha TErnnTENHOTO Bbxe Moxe aa 6bae Ao 10 m/s.

Mpn TerneHe Ha AObpBeH MmaTepuan Ha pasctosHue 150-180 m ckopocTTa Ha
paboTHOTO BbXe ce npuema 0,5-1,2 m/s, a npu ToBapeHe Ha AbpBeH matepuan — 0,2-0,6
m/s. Bb3npnema ce cbuljaTa CKOPOCT Ha ABWKEHME Ha BBLXETO NPW Nib3raHe Ha KbCu
pasCToOsAHNA X NO BpemMe Ha ToBapeHe, Tbil KaTo B Te3W cryvyau yBenuyaBaHeToO Ha
CKOpPOCTT@ HEe OKa3Ba 3HauyuMTenHO BfMsiHME BbpXy paboTtata Ha nebeakaTta, HO
3Ha4YUTENHO yBeNnu4yaBa MOLWLHOCTTa Ha asuratensa Ha nebegkata. CkopocTta Ha
BPbLALIOTO BbXE B MOBEYETO CrflydaM He BfMse Ha MOLWHOCTTa Ha ABuratens.
CnepoBaTtenHo e M3rogHo fa MMa BUCOKa CKOPOCT Ha ABWMXKEHME Ha BPbLLALOTO BbXE,
Tb KaTO TOBa MO3BOMISIBA [a CE HamanuM BPEMETO, NpekapaHO Ha BpbLialms xon, U
0OMKHOBEHO € 2-4 MbTW NO-BMCOKO OT CKOPOCTTa Ha ABMXEHWEe Ha paboTHOTO BbXxe. 3a
no-NnbfIHO HaToBapBaHe Ha pfABuratens Ha nebegkata M yBenuyaBaHe Ha HeroBaTa
NPOU3BOAUTENHOCT € NPENOPBbYMTENHO Aa MMa MOHE TPU CKOPOCTU HA BBXETO.

M3uncnasaHe Ha MoOLWHOCTTa Ha ne6eakaTta
MolHocTTa, KOHCyMUpaHa oT nebeakarta no Bpeme Ha nnb3raHe, 6e3 aa ce otynTa
BBb3MOXHOTO NpeToBapBaHe Ha AsuraTtens, ce onpeaens no dopmynaTa:

N = Lepr¥
" (11)
ﬂpM TOBapeHe Ha ObpBEH MaTepualrnt MOWHOCTTa, KOHCyMUpaHa OT ne6eﬂ,KaTa, e
6b,ﬂ,e no-manka. Kato ce nma npegsua, 4e paGOTHI/ITe XogoBe Mo BpemMe Ha ninb3raHe u
TOBapeHe, KaTto npaBuno, He CbBMagaTtT BbB BpPEMETO, M36V|paMe MHCTanaumnoHHaTa
MOLWHOCT Ha ABuUratend Ha J'Ie6e,D,KaTa cnopen MOLWHOCTTA, KOHCyMunpaHa oT ﬂe6eﬂKaTa
no BpeMe Ha Mmib3raHe, Kato Cce B3emMe TnpegBung AOonyctMuMoTO npeTtoBapBaHe.
|/|HCTaJ'II/IpaHaTa MOLLUHOCT TpFI6Ba Aa oTroBaps Ha yCrioBnueTo
>N,

Noow =
yer (12)
kbaeTo Ng € MOLHOCTTa, KOHCYyMUpaHa oT nebeakarta No BpeMe Ha npoleca Ha nibaraHe,
KaTo ce B3eMe npeasua AONyCTUMOTO NpeToBapBaHe Ha ABuUraTens:

No = —
B (13)
KbaeTo:
ki — dpakTop Ha npeToBapBaHe:
3a gBuraTten ¢ BbTPELLHO ropeHe ki = 1,25;
3a enekTtpoasuratenun kp = 1,6-2,0.

U3uucnasaHe Ha npon3BOAUTENTHOCTTA Ha Nib3rawljarta nebepka

E(*)eKTI/IBHOCTTa Ha nebegkaTa npun nNinb3raHe 3aBUCKU OT Pa3CTOAHNETO Ha Nnib3raHe,
OT cpeaHunda obem Ha nnb3raHuTe Tpynu (,u,preTa), KakKTo M OT NoYBEHUTE N 3E€eMHUTE
yCrnoBud, TepeHa n BpeMeTo Ha rognHaTta:

I = {Tcm_tn.s.}q}imcp
,L_+L+tnp+tﬂ
Vi ¥y (14)
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KbaeTo: Tey € NPOABbIDKUTENHOCTTA HAa CMAHATa, S;

th.s. — BPEMETO 32 NOATrOTBUTESTHM M 3aKNOYUTENHKU onepaunn: tp;= 1800 s;

@1 — KoedUUMEHTbT Ha u3nona3eaHe Ha paboOTHOTO Bpeme (kaTto ce B3eme NpeasuAa
NPexBbpsSHETO Ha BbXXeHaTa cuctema oT AbpBOAOOUBHMS CEKTOP);

Mcp — CpeaHua obeM Ha HaTbMnKaH naker, m?;

| — cpeaHoTO pa3cTosiHMe Ha NPUNb3BaHe, M;

V, — CpegHaTta CKOpOCT Ha onakoBkaTa, m/s;

Vy — CpefHaTa CKOpPOCT Ha nogaBaHe Ha NPUKa4yHOTO 0bopyaBaHe KbM ApocernHaTta Touka,
m/s;

tor — BpemeTo 3a cbbupaHe n 3akpensaHe Ha CHOM KbM PabOTHOTO BbXe Ha MACTOTO Ha
psi3aHe, S;

to — BpemeTo 3a OTkadaHe Ha nakeTa W TerneHoTo obopyaBaHe B ToYkaTa Ha TOBapeHe
(ropeH cknap), s.

3HayeHuATa V; U Vi ca B3€TU OT TEXHUYECKUTE XapaKTepuUcTUkM Ha nebeakaTta unm ca
onpeneneHn OT KOHKpeTHM HabnoaeHus. Korato ce u3nonsea MOCTOAHHO TerneHo
obopyaBaHe Ha nib3rad, BpemeTo t,, M top 3aBUCAT OT cpeaHust o6em Ha Tpyna u oT
obema Ha cHoma, KOWTO ce nnb3ra. Te moraT ga 6baaT onpedeneHn ¢ nomowiTa Ha
crnegHUTe eMnUpUYHN POPMYIN:

KoedgumumeHTnte ag, bg 1 ¢y ce onpeaensat eMnmpuyHo.

dopmynaTta (16) cbLoO onpeaensa NPou3BoAMTENHOCTTa Ha nebeakarta, n3nonssaHa
3a Nnb3raHe U TOBapeHe, T.e. KOraTo Ce M3Mon3Ba 3a 3aABWKBaHE Ha WMHCTanauus 3a
nnb3raHe M ToBapeHe. OCBEH TOBa, ako MMNb3raHETO M TOBApPEHETO Ce M3BbpLlUBaT
€OHOBPEMEHHO, TOraea NPOM3BOAMTENHOCTTAa Ha nebegkata MO BpeMe Ha TOBapeHe
TpsabBa ga 6bae paBHa MM Marnko MO-BMCOKA OT MPOM3BOAUTENHOCTTA MO BpPEME Ha
nnb3raHe. AKO NITb3raHETO M TOBaApPeHEeToO ce KOMOWHMpAT, Taka 4Ye TOBapeHeTo Aa ce
M3BBbPLUBA B NpoLeca Nnb3raHe, KakTo HanpumMmep npu BbXeHa UHCTanauusi, uanoctHaTta
npon3BoAMTENHOCT Ha nebegkata ce onpegens OT HEWHUTE XapaKTEPUCTUMKM Ha
nnbaraxHe.

Korato onepauumuTe no nnb3raHe U TOBapeHe ca 4acTUYHO KOMOWHMpPaHM BbLB
BpeMETO WM ce Wu3BbplIBaT OTAENHO OT €e4HO M cbwo obopyaBaHe, obwarta
npon3BoaMTENHOCT Ha nebepgkarta, obcnyxBawa TakaBa WHCTanauusi 3a nib3raHe wu
TOBapeHe, ce onpeaens no gopmynara:

LI,
] i =8 1 5 (16)

KbAeTo: Mt — e npon3BoAMTENHOCTTA Ha NnebeakaTta npu Nnbaraxe, kg/m3;
M — nponsBoanTenHocT Ha nebeagkaTta No Bpeme Ha ToBapeHe, kg/m3.

3akno4eHue

B pesynTtart oT HanpaBeHus aHanuM3 ce BMXOa, Y€ NPEeHOCUMUTE MOTOPHM nebeakm
MoraT ga HamepsaT LUMPOKO MpuUroXeHue npu paboTa B MMAaHMHCKMA M NOMYNNaHMHCKM
panoHu, KOUTO NpeobnagasaTt B HallaTa CTpaHa, 3a U3BNUYaHe Ha AbpPBEHUTE MaTepuanm
OT TPYAHO AOCTbMHM MecTa — B AbMOOKM U HENPOXOAMMU AepeTa, B MITaan HacaxXaeHus,
a CblLIO Taka 1 Ha BPEMEHHM CKNagoBe.

O6opygBaHata ¢ paguo ynpaeneHue nebegka wie MO3BONM MEXaHU3UPAHETO Ha
N3BO3BAHETO Ha ApebHOpasMepHa AbpBECUHA OT MIIAaan MbCTU HaCaXKOEeHUs, B KOUTO ce
n3Bexgat OTrneaHn WM CeNneKTUBHW Ceun, Npu KOUTO M3MON3BaHETO Ha TpakTopHa-
MOTOpPHA WIM XMBOTUHCKM cuna € HepeHTabunHo. Mankoto MM Terno u Mankute
rabapuTHM pasmepu Lie No3BonaT ynoTpebaTta Ha nebegkute ga ce obenyxea OT eauH
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yoBeKk. BkniouBaHeTo Ha nebepkata KbM KomnnekcHa Opuraga 3a pabota B mnagu
HacaxaeHus Wwe paspeLln Bbrpoca 3a MexaHusaumsaTa Ha Han-TpyaoeMKuUTe npoLecu no
cbOMpaHeTo n U3BNMYaHETO Ha AbpBECUHATA OT TE3U HAaCaAXAEHWS.

Mpn npoBegeHuTe u3cnenBaHuMsi Ha paboTta C npeHocuma MOTOpHa nebegka e
nocTurHata npomssoauTenHocTt 2-4.5 m3/h. Taau NpPoOn3BOAMTENHOCT € peHTabunHa 3a
N3MNoni3BaHeTO Ha nNpeHocumMmnTe nebenkmn B HaLLETO FOPCKO CTOMAHCTBO.

Heobxoaumo e npoBexaaHe Ha m3cneaBaHus 3a onpeaensdHe Ha ekcnnoaTaunoHHO
TEXHUYECKUTE NapamMeTpu Ha npeHocumuTe nebefkum B ceraliHUTE MPOU3BOACTBEHU U
MKOHOMMYECKN YCNOBUSA B HawaTta cTpaHa. B pesyntaT moxe fa ce npeanoxu Han-
edeKkTUBHaTa TEXHOMOMMA MpPU U3BMIMYAHETO Ha ObPBEHUTE MaTepuanu npu pasfimyHu
NPUPOAO-NPOU3BOACTBEHN U TEXHONOMMYHN YCITOBUS.
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Abstract

Biosurfactants are emerging as suitable alternatives to the predominant less
sustainable petroleum-derived counterparts. The production process of biosurfactants in a
life cycle assessment context concerns the steps from resource extraction (cradle) to when
it leaves the factory. The composition of the laboratory media on which biosurfactants
producing microorganisms grow is critical to the production yield and type of produced
product. The present study describes a structural features of biosurfactants, produced by
Streptomyces spp. isolated from soil from the South Bulgaria region. The highest
biosurfactant production (2.75 g/L) was obtained under the optimal conditions of 2% (w/v)
used starch as a carbon source, 2% (w/v) yeast extract as a nitrogen source and sodium
chlorige at 3%, at pH 6.0 and at temperature of cultivation of 30°C.

Key words: Biosurfactant, Streptomyces ssp., Glycolipid, Biosynthesis, Antimicrobial
Activity, Growth study.

Introduction

Biosurfactants are microbial or plant-based compounds that exhibit apparent surface
and emulsifying activities. They are amphiphilic com pounds contain hydrophobic and
hydrophilic moieties which produced on living microbial cell sur faces, or excreted in the
extracellular spaces [Cazals et al., 2020]. The versatile properties of biosurfactants also
enabled them to be used in agriculture, mainly to replace synthetic surfactants in
formulations of pesticides and agrochemicals, favouring the expansion of "green
chemistry" in this sector in response to the need to reduce/eliminate negative impacts on
the environment and human health due to the excessive use of chemical compounds
[Elazzazy et al., 2015]. Rhamnolipid and lipopeptide biosurfactants are associated with an
improvement in soil quality, which is important for the production of crops, as these natural
compounds serve as bioremediation agents of soils, surface water, groundwater, and
waste streams contaminated with hydrophobic organic compounds, such as polycyclic
aromatic hydrocarbons [Wang et al., 2022] and metals [Hentati et al., 2021]. Due to their
antimicrobial activity, biosurfactants from the lipid classes of mannosylerythritol,
rhamnolipids, and lipopeptides can also be used as biopesticides to control different pests,
pathogens, phytopathogenic fungi, and weeds [Elazzazy et al., 2015]. Lipopeptides
produced by Pseudomonas putida and Pseudomonas fluorescens respectively cause the
lysis of Phytophthora capsica zoospores, which cause the “damping off” of cucumbers
[Hentati et al., 2021], and inhibit the growth of phytopathogens, such as Pythium ultimum,
Fusarium oxysporum and Phytophthora cryptogea [Gomes et al., 2018]. Other lipopeptides

263


mailto:ivotg@abv.bg

EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

and some glycolipids have also showed promising results in this field regarding the
inhibition of the action of aphids, mosquitos, and harmful toxins produced by the fungus
Aspergillus parasiticum in peanut, cotton, and corn crops, preventing microbial infections
and pest infestations [Wang et al., 2022]. Biosurfactants and biosurfactant-producing
microorganisms can also serve as nutrients for plants (carbon source) and aid in the
absorption of essential substances for their proper development through the efficient
distribution of metals and micronutrients in the soil and production of biofilm on roots, while
also protecting plants from harmful substances [Cazals et al., 2020]. Thus, the aims of the
present study were to determine the production of biosurfactant from Streptomyces 2265
strain.

Materials and Methods

Microbial strains and inoculum preparation

Streptomyces 2265 strain was kindly provided by The National Bank of Industrial
Microorganisms and Cell Cultures, University of Chemical Technologies and Metallurgy,
Sofia, Bulgaria. They were maintained at 30 °C for 15 days Tryptone Soy Broth medium.
Spores were inoculated in 250-ml Erlenmeyer flasks containing 50 ml of this medium and
let to germinate for 48 h in an orbital shaker at 28 °C and 150 rpm. The resulting
suspension was used as inoculum for subsequent experiments. The microorganisms were
stored in cryotubes (10% v/v glycerol) at =18 °C and used throughout the present study.

Separation and recovery of biosurfactant

The growth of Streptomyces 2265 in the prescribed medium for the biosurfactant
production was done as de fined by llory et al. [2005] with the following composition (g/l):
(1% (w/ v) starch, KoHPOy4 (4.75), NH4CI (1.0), MgSO4.7H,0 (0.6), FeSO4 7H,O (0.01),
ZnS04-7H20 (0.01), CaCl,.H20 (0.01) and MnCl, (0.01), and their pH was adjusted to 7.0.
The culture medium pH was adjusted to 7.0 before sterilization. The inoculated culture
broth was allowed to grow for 7 days with the rotating condition at 120 rpm for 28 °C.
Biosurfactant was separated from the cell-free culture broth, which was previously acidified
to pH 2.0 with 6.0M HCI. Liquid-liquid extraction was performed with two equal volumes of
a chloroform: methanol (2:1, v/v) mixture. The precipitated biosurfactant was collected by
centrifugation at 3000xg for 2 min. The organic phase was removed, re-suspended in
distilled water, adjusted to pH 7.0 and dried at 37 °C to determine the concentration of
isolated biosurfactant (g/1).

Determination of growth curve and biomass

Streptomyces 2265 strain was cultured at 28 °C and 150 rpm in 250-ml flasks using a
1.0% (v/v) inoculum. Cell concentration, pH, surface tension, emulsification index and
product concentration were measured at different time intervals up to 144 h. After
centrifuging known-volume samples of fermented broth at 5000xg for 20 min to separate
the supernatant, biomass was washed twice with distilled water, and cell dry weight
determined after drying at 105 °C for 24 h. Cell mass concentration was calculated by
dividing this weight by the sample volume.

The primary inoculum was prepared using starch casein medium, for the growth of
actinobacterium culture. The primary actinobacterium culture was pre pared using (5 ml)
5% of the primary culture being inoculated in a culture medium (95 ml) and was allowed to
grow in shaking condition (120 rpm) at 28 °C for two days. Likewise, the primary bacterium
(50 ml) culture was in occulated in 1L of starch casein medium (pH - 7.0) and the culture
was allowed to grow for 7 days in shaking condition at 120 rpm in 28 £ 2 °C.

Influence of adjusting the pH and temperature of the medium on production of
biosurfactant was impacted on the medium. In the same manner, the effect of NaCl
adjusting in medium impact on the production of biosurfactant in the medium. The
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Streptomyces sp. production of biosurfactant activity was exhibited method for separation
and recovery of biosurfactant and determination of crude surfactant in the cultural medium.

Statistical analysis

The Analysis of Variance (ANOVA) was used to check statistically significant
differences between the average values of responses induced by variations in the
independent variables. For this purpose, after preliminary comparison among data that
composed each midpoint with the help of box plot, the one-way ANOVA test was used.
Differences were considered statistically significant when the significance level (p) was<
0.05.

Results and Discussion

Duration of Streptomyces 2265 biosurfactant production

The culture attained the log phase at the 4 h time of growth condition, then the
biosurfactant formation started to slow down the growth phase (0.625 g/ml), due to the
correlation between the culture biosurfactant and surface tension. The culture reached the
end of log phase at the 134 h, while the biosurfactant concentration fell down to (2.75
g/ml), after which the culture reached the stage of stationary phase (Figure 1). Similar
growth pattern results were also obtained using marine Streptomyces SNJASM6 strain
[Javee et al., 2020].

=—¢=—Biosurfactant
concentration, g/ml

== Absorbance OD at
600nm

Figure 1. Growth kinetics of Streptomyces 2265 strain. Cell growth at absorbance at 600
nm and biosurfactant formation (g/ml)

Carbon and nitrogen role of the biosurfactant in Streptomyces 2265 strain

The carbon sources play a major part in the culture growth and their bioactive
metabolites production in Streptomyces 2265 strain, while changes in the carbon sources
would affect the growth phase of the organ ism. Suitable carbon source determines the
biomass production and enhances the metabolite of the organism. Here we used to screen
various carbon sources for their bioactive metabolites production of biosurfactant such as
fructose, glucose, maltose, sucrose, starch by Streptomyces 2265 strain (Figure 2A).
Among these, high biosurfactant was obtained in starch 2% (w/ v) being used as a carbon
source in the nutrient medium. In addition 89.6% of emulsification activity occurred in the
medium amended with 2% starch. Staphylococcus sp. CO100 strain produced the highest
biosurfactant, while sucrose was used as a main source in the medium [Hentati et al.,
2021]. A similar result was also observed in Streptomyces SNJASM6 strain displaying the
highest level of biosurfactant in the presence of starch as a main source in the medium
[Javee et al., 2020].
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The nitrogen source is also one of the key factors for bioactive metabolite production
in microorganisms. In this study, we have screened various nitrogen sources such as
peptone, tryptone, yeast, beef, casein for biosurfactant production in Streptomyces 2265
strain (Figure 2B). Among these the high emulsification activity 70.3% was observed in the
yeast extract and the lowest 45.9% biosurfactant production in the peptone medium. A
similar result was also observed in marine Streptomyces SNJASM6 strain, the highest
biosurfactant activity in the yeast amended medium [Javee t al., 2020].
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Figure 2. Effect of carbon sources (A) and nitrogen sources (B) on biosurfactant
production of Streptomyces 2665 strain

Temperature, pH, NaCl role in the biosurfactant production

The sodium chloride concentration was an important growth factor for
microorganisms. Alkaline natured actinobacteria produce tremendous Bs values in the
plant protection. Here, we used different concentrations of NaCl 1 — 6% (w/ v) (Figure 3A),
from which 3% of NaCl (w/ v), showed 69.7% of emulsification activity and the least 6% of
NaCl (w/ v), showed 19.8% emulsification activity. The NaCl 4% (w/ v), 78% emulsification
activity was obtained in Streptomyces SNJASM6 strain [Javee et al., 2020]. The medium
pH plays a major role in determining the culture growth and the production of the
metabolites from the microbes. The initial concentration of pH - 4 was having a low amount
of surfactant production (E24 = 20.6%), whereas increase in pH (pH - 7) significantly
increased the surfactant activity in the culture medium. (E24 = 35.6%), (Figure 3B).
Whereas, with further increase in the pH of the culture medium, the growth and
emulsification of the culture drastically reduced. The same report was also found in [Javee
et al., 2020], indicating that the pH variations could affect the emulsification activity of the
organism. Temperature was also one of the main factor for the culture growth and
biosurfactant production, the optimum temperature of Streptomyces 2265 strain was 30
°C, where the emulsifying activity was recorded to be (E24 = 65.5%), the lower emulsifying
activity (E24 = 45.9%) was recorded in 20 °C temperature of the culture (Figure 3C).
Streptomyces SNJASM6 strain showed the highest emulsifying activity (E24 = 80%), when
it was grown at 30 °C [Javee et al., 2020].
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Figure 3. Effect of sodium chloride content in the nutrition medium (A), pH of the nutrition
medium (B) and temperature of the cultivation (B) on biosurfactant production of
Streptomyces 2665 strain

Conclusion

The present study illustrates the isolation and purification of biosurfactant produced
by Streptomyces 2265 strain. After the preliminary biochemical screening, Streptomyces
2265 strain showed significant emulsification activities with yeast extract as nitrogen
source, starch as carbon source, in the presence of sodium chloride at 3%, at pH 6.0 and
at temperature of cultivation of 30°C. From this finding, Streptomyces 2265 strain
biosurfactant can also be a promising candidate for antimicrobial agent with application in
plant protection practice.
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Abstract

Surface active agent contain a mixture of hydrophobic and hydrophilic constituents
making the molecule amphipathic (most of the biosurfactants) thus giving them an
effective active area in both the kind (hydrophobic and hydrophilic) of surfaces. The
biochemical study and the structural characterizations such as Fourier transform infrared
spectroscopy and thermal stability analysis confirmed the glycolipid nature of the isolated
biosurfactant by Streptomyces 2265 strain. An efficient water surface tension significantly
decreases from 60.0 mN/ m to 19.8 mN/m, however, the isolated biosurfactant, has a
micelle concentration of 50 mg/L. The emulsifying activity and stability of biosurfactant by
Streptomyces spp. were also studied at the various conditions like temperature, pH and
NaCl concentrations, which were found to be 5%, 6%, and 7% respectively.

Key words: Biosurfactant, Streptomyces 2265, Infrared spectral features, Thermal
analysis.

Introduction

Microorganisms produce many different/unique amphiphilic metabolites displaying a
considerable structural diversity. Most biosurfactants are low-molecular-weight microbial
amphiphiles, which typically consist of a hydrophilic head group and a hydrophobic tail and
can include a diversity of subunits such a sugars, fatty acids, amino acids, and carboxylic
acid groups [Das and Kumar, 2019].

Glycolipids comprise the greatest share of commercially available microbial
surfactants. They are composed of a nonsugar component, the aglycone, and a
saccharide, the glycone. Many different glycones are found in microbial biosurfactants, the
most prominent being rhamnose in rhamnolipids or sophorose in sophorolipids. These
structures are particularly interesting since many glycolipids show a high efficiency at
lowering interfacial energy and concurrently good biological degradability. Furthermore,
they can be produced from renewable raw materials [Joshi et al., 2008]. It was found that
rhamnolipids and sophorolipids (along with sodium dodecy! sulphate and some organic
acids) have biofilm disruption abilities and antibacterial properties [Diaz De Rienzo et al.,
2016]. The results of this study demonstrated that the processes in which rhamnolipids
and sophorolipids counteract bacteria could be different. Sophorolipids displayed
antimicrobial effects that happened between the exponential and stationary phases, but
rhamnolipids suppressed bacterial growth during the exponential phase, which may
indicate that they have an impact on cell division.

Besides glycolipids, lipopeptides are another class of biosurfactants of high
commercial and scientific interest. Microbial lipopeptides are cyclic peptides that are
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acylated with fatty acids of different length and composition. They are generally known as
extracellular products secreted by various different microorganisms from both the gram-
positive (i.e., Bacillus or Streptomyces) and gram-negative (i.e., Pseudomonas) classes.
Aspects such as biodegradability, environmental affinity, and better foaming active agent,
less toxicity, more choosiness and stability at high temperatures, pH and salinities make
them promising alternative agents compared to their synthetic counterparts [Das and
Kumar, 2019].

The main focus of many studies is currently on the optimization of biosurfactants
synthesis. This requires a suitable culture medium, an appropriate choice of ideal
cultivation conditions, and opting for a specific type of culture.

Some of the most significant physical factors influencing the growth of bacteria and,
in therefore, its capacity to produce biosurfactants is pH. The effective use of
biosurfactants in practical applications (such as industrial, bioremediation, etc.) often
requires that they remain stable at a wide variety of pH values. Because of this,
biosurfactants are often tested at different pH values during a single study, for instance,
from 2 to 12 [Al-Wahaibi et al., 2014]. The same consideration goes for the temperature.
The stability of biosurfactants is also often studied over very wide temperature ranges - for
example, from 25° C to 100° C [Onlamool et al., 2020], and even from 4° C to 120° C in
case of Streptomyces sp. DPUA1566 [Santos et al., 2019]. But when considering the
possible economic efficiency of future biosurfactant production under industrial conditions,
it is necessary to keep in mind that when the temperature of the technological process
increases, the costs associated with energy consumption will also increase. Therefore, it
looks economically feasible when the choice of temperatures for further experimental work
with biosurfactants has a tendency towards lower values. This consideration was
implemented in the study by Santos et al. [2019]. The researchers found that the greatest
yield of biosurfactant occurred at temperatures of 28" and 32°C, but they chose 28°C for
subsequent experimental testing. It's also worth noting that the production of biosurfactant
by Streptomyces sp. DPUA1566 was shown to be able to function within a pH range of 7.5
to 8.9, while the highest concentration of biosurfactant occurring at pH 8.5.

Another essential factor affecting biosurfactant activity is NaCl concentration. It is
common for the impact of this factor in researches to also be investigated within wide
ranges. With particular reference to the aforementioned study of the properties of the
biosurfactant produced by Streptomyces sp. DPUA1566, NaCl was added at
concentrations ranging from 2 to 12%, w/v.

The biochemical study and the structural characterizations such as Fourier transform
infrared spectroscopy and thermal stability analysis confirmed the lipid nature of the
isolated biosurfactant by Streptomyces 2265 strain, which is the main goal of this study.
An efficient water surface tension significantly decreases from 69.2 to 32.8 mN/m,
however, the isolated biosurfactant, has a micelle concentration of (50 mg/L). The
emulsifying activity and stability of biosurfactant were also studied at the various condition
like temperature, pH and NaCl.

Materials and Methods

Microbial strains and inoculum preparation

Streptomyces 2265 strain, that are characterized by ability to produce of
biosurfactant in previous study, were kindly provided by The The National Bank of
Industrial Microorganisms and Cell Cultures, Sofia, Bulgaria. The strain was maintained at
30 °C for 15 days Tryptone Soy Broth medium. Spores were inoculated in 250-mi
Erlenmeyer flasks containing 50 ml of this medium and let to germinate for 48 h in an
orbital shaker at 28 °C and 150 rpm. The resulting suspension was used as inoculum for
subsequent experiments. The microorganisms were stored in cryotubes (10% v/v glycerol)
at =18 °C and used throughout the present study.
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Separation and recovery of biosurfactant

The growth of the Streptomyces 2265 in the prescribed medium for the biosurfactant
production was done as defined by llory et al. [2005] with the following composition (g/l):
(1% (w/ v) starch, K;HPO4 (4.75), NH4CI (1.0), MgSQO4.7H.0O (0.6), FeSO4 7H,O (0.01),
ZnS04-7H0 (0.01), CaClz.H20 (0.01) and MnCl; (0.01), and their pH was adjusted to 7.0.
The culture medium pH was adjusted to 7.0 before sterilization. The inoculated culture
broth was allowed to grow for 7 days with the rotating condition at 120 rpm for 28 °C.
Biosurfactant was separated from the cell-free culture broth, which was previously acidified
to pH 2.0 with 6.0M HCI. Liquid-liquid extraction was performed with two equal volumes of
a chloroform: methanol (2:1, v/v) mixture. The precipitated biosurfactant was collected by
centrifugation at 3000xg for 2 min. The organic phase was removed, re-suspended in
distilled water, adjusted to pH 7.0 and dried at 37 °C to determine the concentration of
isolated biosurfactant (g/1).

Surface tension measurement for surfactant of Streptomyces 2265 strain

The cell - free culture filtrate was used for the surface tension measurement was
estimated by a K6 - tensiometer, using the Du-Nouyring method. The triplicate values were
recorded for measurements.

FTIR spectra of dried biosurfactant

Fourier transform infrared spectroscopy (FTIR) was used to elucidate the
biosurfactant chemical structure through functional group identification. The sample for
FTIR analysis was prepared by grinding 1.0 mg of freeze-dried biosurfactant with 100 mg
of dry KBr and pressing the mixture with a 7500-kg weight for 30 s to obtain a pellet. FTIR
spectrum was recorded in the 4000-400 cm™ region in a Varian 640-IR spectrometer
equipped with a cooled DLaTGS detector.

Thermal stability analysis of biosurfactant

Streptomyces 2265 active biosurfactant was used in terms of thermal analysis. The
biosurfactant stability was tested at various temperature ranging from 0 to 700 °C. The
nitrogen gas used for the TGA analysis (50 ml/ min) heating at the rate of 20 °C/ min.

Characterization of biosurfactant stability by emulsification assays

The influence of different environmental factors on biosurfactant activity was
investigated in the cell-free broth in terms of variations in surface tension and
emulsification index. In particular, the effect of salinity was investigated at 28 °C and pH
7.0 adding NaCl at different concentrations (1-6%, w/v), that of temperature (4, 28, 70,
100 and 120 °C) at pH 8.5 during 60 min, that of heating time (10, 20, 40 and 60 min) at 90
°C and pH 7.0, and that of pH (2, 4, 6, 8, 10, 12 and 14) at 28 °C after adjustment with
6.0M NaOH or HCI.

Statistical analysis

The Analysis of Variance (ANOVA) was used to check statistically significant
differences between the average values of responses induced by variations in the
independent variables. For this purpose, after preliminary comparison among data that
composed each midpoint with the help of box plot, the one-way ANOVA test was used.
Differences were considered statistically significant when the significance level (p) was <
0.05.
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Results and Discussion

The infrared spectroscopy revealed the synergistic presence of peptide and aliphatic
stretches in Streptomyces 2265 strain surfactant. The solid peak at 3350 cm™ ' indicates
the stretch of N — H, another peak at 1638, cm™ " indicates that the stretch of C-O peptide
bonds (Figure 1). The infrared spectra exhibited a peak at 1070 cm™ ' indicating the
vibration of C — O — C and C — H stretch peak related to aliphatic amines groups. Similarly,
results with peaks at 2954 cm™ ' and 2870 cm™ ' indicates the property of stretch in the
methyl and methylene group [Das and Kumar, 2019]. Aliphatic and peptide stretches were
found together in the peak at 3059, which belongs to the hydroxyl group. The infrared
spectrum peak at 817 cm™ " was alkyl halides group C — Cl stretching [Joshi et al., 2008].
The present study states that the infrared spectrum of the Streptomyces 2265
biosurfactant is glycolipid in nature.

Streptomyces 2265 strain produced biosurfactant was investigated in the range 30° —
700 °C by thermogravimetric analysis (Figure 2). Thermal degradation of surfactant started
at 19.26 °C in the surfactant of Streptomyces 2265, retained the weight loss of 18.81% at
200.92 °C and 59.46% at 703.13 °C between 200 and 500 °C temperatures. Whereas, in
case of the surfactant of Streptomyces 2265 a drastic weight loss (59.46%) was observed
at 703.13 °C. This has been previously reported in case of the Bacillus safensis J2 as
41.88% and the weight loss occurred in 200° - 630 °C and also the drastic weight loss has
been observed as 8.46% at 900 °C [Das and Kumar, 2019]. Hence, the result suggests
that the surfactant of Streptomyces 2255 has high thermostability in nature.

Transmittance/a.u.

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™

Figure 1. FTIR Spectra of biosurfactant producing by Streptomyces 2265 strain
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Figure 2. Thermogravimetric thermogram of‘the biosurfactant obtained from Streptomyces
2265

The micelle concentration (MC) is a significant characteristic of surfactant; the
concentration of micelle plays a vital role in determining the culture surfactant
concentration, thereby it is necessary to create a micelle. Bacillus safensis J2 produced
the micelle of surfactant (40 mg/ L) and the surface tension was decreased from 74.66
MmN/ m to 27.26 mN/ m [Das and Kumar, 2019]. From this study, Streptomyces sp. 2655
had the concentration of micelle of (50 mg/ L) and the surface tension was decreased from
60.0 mN/ m to 19.8 mN/m (Figure 3A). According to the study, the surfactant produced by
Streptomyces 2265 achieved a relatively good outcome. The applicability of biosurfactant
has defined their stability while examining the effect of temperatures, pH and NaCl values.
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A B

Figure 3. Critical micelle concentration of biosurfactant produced by Streptomyces 2265
strain (A) and the effect of temperature on biosurfactant stability produced by
Streptomyces 2265 strain

Bacillus subtilis MTCC 2423 strain produced biosurfactant was tested at an even
higher temperature and there was no significant effect and surface tension was stable at
80 °C temperature [Gurjar and Sengupta, 2015]. In this study, the effect of temperature
was tested at 20 - 70 °C on surfactant produced by Streptomyces 2265 and the surface
tension was significantly stable at 70 °C temperature (Figure 3 B). The effect of pH on
biosurfactant was tested ranging from acidic to neutral conditions, and the biosurfactant
was stable at pH 6.0 and showed higher stability at neutral condition than at acidic
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condition, whereas at the pH 7.0 the activity decreased to 60.75 mN/ m (Figure 4A).
Previous studies stated that surface tension drops down at 37 mN/ m pH - 12 and activity
decreases at 29 mN/ m pH - 8 in case of Bacillus safensis J2 strain [Das and Kumar,
2019]. The effect of sodium chloride was tested on biosurfactant producing Streptomyces
2265. The maximum surface tension was observed at 3% sodium chloride concentration
(w/ v) 70,1 mN/m. While increasing the concentration, the surface tension was reduced to
6% of sodium chloride concentration at 45,3 mN/ m (Figure 4B). Bacillus safensis J2
showed higher surface activity in the (30 g/ |) sodium chloride concentration [Das and
Kumar, 2019]. It has also been shown, that biosurfactant, produced by Bacillus subtilis
MTCC 2423 had thermostable nature, stable at alkaline pH, and high salinity where most
of the beneficial biosurfactants are used for a variety of applications, especially in plant
protection and bioremediation processes in the soil environment [Gurjar and Sengupta,
2015].

80 4 20 -
70 - /\\_. 70 -
60 | 60 -
50 - S0 -
Surface 50 Surtace 50
Tension 40 - Tenzion, 40 -
, mN/m 30 | miN/m 30 -
20 - 20 -
10 - 10 -
0 I T T R = 0 F T T T & T T
2 3 5 6 7 8 9 1 2 3 4 5 6 7
pH NaCl. %o
A B

Figure 4. Effects of pH (A) and sodium chloride content (B) on biosurfactant stability
produced by Streptomyces 2265 strain

Conclusion

The present study illustrates the isolation and purification and structural features of
biosurfactant produced by Streptomyces 2265 strain. The stability of the purified
biosurfactant was optimized under different pH, temperature and salinity. The biochemical
studies and characterizations of bioactive biosurfactant were studied using Fourier
transform infrared spectroscopy and thermal stability analysis. Streptomyces 2265 strain
showed a high surface activity, the surface tension in water ranging from 60.0 mN/ m to
19.8 mN/m and also showed micelle concentrations of 50 mg/L.
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Abstract

This article analyzes the quality of vegetable oils and their energy-intensive
purification process. Hypotheses forming the basis for an innovative vegetable oil
purification project are presented. A schematic of vegetable oil purification by physical
methods, including ultrasonic and electromagnetic equipment, is provided. The
fundamental differences between the proposed innovative idea and traditional methods of
vegetable oil purification are discussed.

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

Introduction

Ensuring the biological and ecological safety of food products, particularly fats, is a
key goal in their production. In the production of vegetable oils, environmental purity is
achieved through technological processes that remove unwanted compounds and
impurities (pesticides, toxic elements, carcinogens, etc.) (Osadchuk et al., 2020; Osadchuk
et al., 2022).

At the same time, certain beneficial bioactive components such as phospholipids,
phytosterols, and tocopherols are partially extracted, reducing their levels and altering their
essential ratios (Mahmood-Fashandi et al., 2017). For example, the high content of
polyunsaturated fatty acids in corn oil, coupled with -sitosterol levels up to 700 mg per kg,
endows it with therapeutic properties beneficial for cardiovascular diseases and
atherosclerosis (Rudyk et al., 2015).

Relevance

It is well-known that the physiological properties of vegetable oils depend on their
fatty acid composition and ratios, as well as the presence of biologically active compounds
(phospholipids, sterols, tocopherols, carotenoids, etc.). However, natural fats and
vegetable oils are not ideal products in terms of physiological completeness, as each
typically has a deficiency or excess of one or several components. Nonetheless, they
represent a valuable source of anti-sclerotic and bioactive substances - essential
polyunsaturated fatty acids (PUFA) such as linoleic (w-6) and linolenic (w-3) acids,
phosphatides, sterols, and fat-soluble vitamins (Simakhina, 2008).

Literature Review

Scientific studies across various laboratories have shown that certain oil and fat
components, as well as their oxidation and decomposition products, can be hazardous to
health. Cholesterol itself does not cause atherosclerotic plagque formation; rather, it is the
oxidized products that form complex ester compounds with saturated fatty acids
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(Osadchuk et al., 2021; Osadchuk et al., 2022). Oxidized derivatives of cholesterol and
other lipid components in unrefined oils may lead to severe diseases such as ischemia
and even cancer. Hydroperoxides themselves are not always harmful to health, but their
decomposition products, which generate free radicals, present a real health threat. Due to
their fatty acid profile and cholesterol-free nature, vegetable oils are capable of reducing
cardiovascular disease risk, although their impact on the body depends on the fatty acid
balance in each oil. The roles of tocopherols, phytosterols, and carotenoids present in oils
are also significant (Vytenko and Humnytsky, 2007).

It is essential to note that all types of vegetable oils, regardless of origin, are
subjected to checks for compliance with hygiene safety and nutritional standards. Levels of
heavy metals (lead, arsenic, cadmium, mercury), aflatoxins Bj pesticides, and
radionuclides are monitored. The range of vegetable oils has expanded continuously due
to advances in the oil-fat industry and the possibility of importing oils, enabling variety in
consumer choice. Vegetable oils are gifts of nature that deserve to be utilized (Asgari et
al., 2017).

For the production of complete fat products, various oils with different properties are
blended or modified to produce desired qualities by optimizing purification processes.
Notably, the accompanying substances and impurities, rather than triglycerides, define the
color, flavor, and aroma of fats. Certain accompanying substances, such as phospholipids
and vitamins, increase the nutritional value of fats, while others (waxes, gossypol, etc.)
degrade fat quality and complicate their technological processing. All types of vegetable
oils intended for human consumption and for young animal feed must undergo thorough
purification on specialized equipment (Harutyunyan et al., 2004; Fedak and Dyhtyar,
2009).

This purification removes low-molecular-weight fatty acids, aldehydes, ketones, and
other volatile compounds that determine the product's aroma and taste and eliminates
unwanted foreign compounds such as polycyclic aromatic hydrocarbons, pesticides, and
toxic products (Khmelev, 2010).

The process occurs at low pressure in a vacuum (0.3-0.7 kPa) and high temperature
(220-230°C) with steam injected into the heated oil. High-quality vegetable oils are
obtained only after meticulous purification, conventionally divided into primary and
subsequent deeper refining stages. Systematic energy technology analysis is an effective
tool to reduce energy consumption in production. Modern oil purification technologies are
complex systems involving several stages: settling, filtration, centrifugation, hydration,
neutralization, bleaching, and deodorization (Lovkis, 2010). Deep oil purification using
chemical reagents and catalysts improves oil quality and intensifies the process, but
requires additional costs due to the need to renew these components (Shirokova et al.,
2007).

The goal of the research is to develop innovative purification technology for
vegetable oils, both at primary and secondary stages, using electrophysical intensifiers
such as ultrasonic and electromagnetic fields.

Research Results

Thorough purification of vegetable oils from chemical reagents and catalysts leads to
additional energy costs. If not properly purified, oil quality may decrease, posing a health
risk. Chemical reagents and catalysts typically require specific conditions, adding costs for
creating the required temperature, density, viscosity, etc.

The innovative vegetable oil purification project is based on the following hypotheses:

1. In an ultrasonic wave field, the filtration process of vegetable oils should enhance
the removal of suspended impurities (due to the field's impact on sediment structure
formation), phosphatides, waxes, and similar substances.
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2. In an electromagnetic field, the hydration process of vegetable oils should increase
phosphates and accompanying substances through intensified liquid separation, reducing
settling time and improving equipment productivity.

Based on the above, we propose studying the purification of vegetable oils using
ultrasonic and electromagnetic fields, as shown in the following schematic (Figure 1):

/ Unrefined oil

filtration
(primary

cleaning) _
Electromagnetic field hydration

treatment —|  (secondary
cleaning)

—

Dil processing in a
vibroacoustic field

Dil processing in a centrifugal
field (to remove residual water,
suspended particles, etc.)

h

Refined oil

Figure 1. Schematic of vegetable oil purification by electrophysical methods

The operational conditions for devices with ultrasonic and electromagnetic energy
input include the following factors:

> The presence of polar molecules in the volume of vegetable oils;

> The alignment of ultrasonic and electromagnetic field parameters with the
coagulation task;

> Matching the structural characteristics of oils with the parameters of ultrasonic and
electromagnetic fields.

For most vegetable oils, these conditions are met. Let's consider the fundamental
differences between the proposed innovative idea and traditional methods of vegetable oil
purification (Figure 2).

One of the fundamental differences between the proposed oil purification technique
and traditional solutions is that the "path" of energy to the oil molecules is simplified. This
is illustrated in the physical schematic (Figure 3).

The main elements of traditional heating techniques (Figure 3a) include: a steam
jacket (1), the apparatus wall (2), a boundary layer (3) on the wall surface, and the oil (4).
Steam (5) enters the steam jacket, and condensate (6) is removed. The steam's energy is
used to generate secondary steam (7) from the oil, which involves complex heat transfer
from the condensing steam to the oil. The effectiveness of this heat transfer is determined
by the sum of thermal resistances, the main one being the thermal resistance of the
boundary layer (3).

278



EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA

BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

Supply of oil and steam to the
apparatus which heats

4L

Heat transfer during steam
condensation on the wall of the

J L

Thermal conductivity through the wall

J L

Formation of a boundary layer on the
inner wall

Feeding oil into the device and
turning on the ultrasonic field and
electromagnetic field generator.

4L

Interaction of ultrasonic and
electromagnetic fields with oil

4L

Dissipation of energy of ultrasonic field
and electromagnetic field into heat.

4L

JL

Uniform heating of oil

Increase in thermal resistance of the
layer

J L

J L

Maintaining a set temperature

Reduction of heat transfer intensity,
increase of laver temperature

4L

Uneven heating of oil

a)

0)

Figure 2. Thermophysical model of vegetable oil purification processes
a) — traditional technique; b) — innovative technique
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Figure 3. Physical schematic of the oil heating process
a) — traditional technique; b) — innovative technique

During heating, the boundary layer thickens, causing overheating of the vegetable oil
within this layer. This reduces oil purification quality or damages the product. Even stirring
the vegetable oil does not solve this issue, so a final temperature value is set in practice.
Alternatively, heating occurs in the innovative technique (Figure 3b). Here, classical heat
transfer is entirely absent. The energy of ultrasonic and electromagnetic fields interacts
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directly with the oil molecules. These are polar molecules, and under ultrasonic and
electromagnetic fields, field energy dissipation occurs. Thus, the innovative technique
fundamentally differs from the traditional one:

1. The energy input to the oil under third-kind boundary conditions is replaced by
volumetric energy input under second-kind boundary conditions.

2. Direct energy input to the oil molecules allows for uniform product heating and
facilitates the coagulation process of accompanying substances with a straightforward
process control scheme.

The next stage of work involves an analytical study of the kinetics of innovative
filtration and hydration equipment. The main elements of the equipment and their
operational modes are presented in the schematic (Figure 4).
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Figure 4. Apparatus-process schematic for vegetable oil purification

Where:

» USK — ultrasonic chamber,
» FP —filter-press,

» EMU — electromagnetic unit,
» HU — hydration unit.

Figure 5 shows parametric model of the filtration process under ultrasonic cavitation
conditions.

Oil parameters

a,c,p,Vv Parameters

- —_ - investigated

e P

[ Device parameters 1 B ]

B, L, Vn, e i

Ultrasonic cavitation parameta

Figure 5. Parametric model of vegetable oil purification

Where:

a — coefficient of thermal conductivity of the oil;
¢ — specific heat capacity of the oil;

p — density of the oil;

v — coefficient of kinematic viscosity of the oil;
V — height of the apparatus;

L — length of the apparatus;
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V; — working volume of the apparatus;
N — power of the emitter;

f— ultrasonic frequency;

T — duration of ultrasonic exposure.

Quality parameters include the content of accompanying substances in the oil (CV)
and the specific energy consumption for heating j, J/kg. Key input parameters for the oil
are considered to be: its flow rate G717, kg/s: moisture content W;;, temperature ty;
thermophysical qualities (ac, Cc, Pc, Ac, Ve, fs)-

The primary characteristics of the equipment include structural parameters: width B,
length L, volume V. The energy parameters of the units are the power (Ny, Neyw) and
efficiency (nys new) Of the ultrasonic and electromagnetic generators, respectively.

Conclusion

Hypotheses forming the basis of the innovative vegetable oil purification project are
presented.

A vegetable oil purification scheme using physical methods, including ultrasonic and
electromagnetic equipment, is described. The innovative oil purification principle is based
on using technologies that intensify the coagulation process within the product volume.

The fundamental differences between the proposed innovative idea and traditional oil
purification methods are examined.
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BbPXY OPASMEPUTEJNTHUTE SABUCUMOCTU NP TPbBONMPOBOOUTE 3A
KAMNKOBO HAIMNOABAHE

ON THE DIMENSIONING DEPENDENCIES OF DRIP IRRIGATION PIPELINES
PymeH MapgxeB*

NHcmumym o no4yeo3HaHue, agpomexHos102uu U 3auuma Ha pacmeHusima “H.
lMywkapos’,
Coqgpusi 1309, yn. LLloce baHks 7, CenckocmonaHcka Akademusi

*e-mail: hydroigr@abv.bg

BwBeneHue

CuctemuTe 3a KankoBO HanosBaHe ca HaMepunu TBbPAE rosfisiMo NPUOXeHue y Hac
N B YyxbnHa, 0cobBeHO 3a HanosiBaHe Ha 3eNeHYyLM, MHTEH3UBHM KyNTYpW, NI0351, OBOLLHMN
rpaguHn n gp. B bbnrapus kankoBOoTO HamnosiBaHeE ce pasnpocTpaHsiBa CpaBHUTENHO
LLMPOKO N HEroaTa NepCrnekTMBHOCT, KAKTO M HEroBaTa Bb3MOXHOCT 3a NpuiaraHeTo My 1
pasLWMpPEHO M3MOM3BaHe NpU arpoknMMaTUYHaTa XxapakTepucTuka Ha cTpaHaTa ce JoKasBa
N Ha NpakTuka.

OT cBO4 cTpaHa KankoBOTO HamnosiBaHe KaTo TEXHOMOTUS 3a HanosiBaHe AaBa peariHu
Bb3MOXHOCTU 3a MO - eeKTUBHO M3NON3BaHE Ha BodaTa 3a NonvMBaHe, KOSITO € B npsika
Bpb3ka C pasBUTMETO Ha MenvopauuuTe Yy Hac nopagu [octa OrpaHuYeHuTe
Bb3MOXHOCTU Ha BOLOM3TOYHMUUTE M HapacTBawmTe NOoTpebHOCTN OT BOAA BbB BCUYKM
CEKTOPM Ha MKOHOMMKaTA.

LLnNpoKoTO npunoxeHne Ha Tasn TEXHONMOrMs € CrneacTBME  Ha 3aBULLIEHUTE
TEXHUYECKU, TEXHOMOMMYHN U MKOHOMMYECKN MOKa3aTemnu Ha KarnkoBOTO HamnosiBaHe U He
MankoTo MNpeuMyLlecTBa Ha HoBaTa TEXHOMOMMS CNpPsSMO TPAaAULMOHHUTE HauMHW 3a
HanosiBaHe. ToBa Ce ObJ/MKM Ha pauMoOHanHOTO M NecTenMBO U3Non3BaHe Ha BodaTta, Ha
no-necHata aBTOMATU3UPYEMOCT Ha MNpPoLEeCcUTe, Ha MKOHOMMYECKaTa W3rogHOCT, Ha
CbYeTaHO M NoKanuanpaHo nogasaHe Ha Topose u np. lNpenmyliecTBaTta ca NpeanMHO B
ONTUMWU3NPAHOTO M3MNON3BaHE Ha BoAdaTa M B NO-ManobpoeH ekcnnoaTauMoHEH NepcoHan
U ce nposBsaBaT B MNO-TONsAMa CTENeH Npu HanosiBaHe Ha OBOLHM HacaXdeHus, noss,
3€MEeHYYKOBM 1 OPYrn KyNTypw.

Mo cBosiTa CbWHOCT TE3NM CUCTEMM MpPeacTaBnsiBaT HAMoOPHM MpPEeXu OoT
TpbbonpoBoAn — rnaBeH - TpaHCNOPTMpALY, pas3npedenuTenieH M MNOMIMBHUM  Kpuna,
3axpaHBaHW OT BOAOM3TOYHUK Ype3 nomneHa n unTbpHa CTaHUus.

CbcTosiHMe Ha npobnema

MonneHuTe TpbbOONpPOBOAU NpUTEXaBaT cneundunyHn ocobeHoCTn, NpomnsTnYaLLmM ot
TOBa, Ye Mo AbJPKMHATA UM PEXUMDBT Ha TEYEHMETO NpeMrMHaBa BUHaru ot TypbyneHTeH B
namvHapeH. YcTaHoBsiBa ce, Ye npexoda Mexay Te3n ABa pexuma ¢opmupa obnacrt,
KOSATO € HauMeHyBaHa obnacT C Mpexo4HO KpuTuydeH pexum. o AbmkMHaTa Ha Tasu
obnacTt Te4YeHMeTo He e NTaMMHApPHO — He ce Noa4vMHsBa Ha 3akoHa Ha XareH — [lyasiie, He
e 1 TypOyneHTHO — He M3NbfHsABa 3akoHa Ha bnasuyc. PexumbT Ha TOBa TeuyeHue e
HapeyeH NpPexoAHO KPUTMYEH U 3a NbpPBM MbT 3a HEro ca YCTAaHOBEHW rpaHuunUTE ©
xvapasnuyHu 3asmcmumocTtu 3a A = f(Re) n 3a haar = f(Q).

MocnegHaTta obxBawa 3HaymMMa 4acT OT Ab/KMHaTa Ha Tpbbonposoaa - ot 30 go
50%. Ot pgpyra cTpaHa ce oOkasBa, 4e€ TO3M MpPeExXod MMa KOPEHHO pPasfivyHu
opas3MepuUTeSiHN 3aBUCUMOCTU CNPSMO Te3n OT NlaMuHapHaTta u TypbyneHTHaTa obnacTu.
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3a usAcHsiBaHe Ha Te3n TeYeHWsl, KOUTO OO0 Cera He ca KOHKPETHO W3SICHEHW U He ce
B3emMaT B Npeasua Npu  opasMepsiBaHuMsTa B MpakTukaTa, ca  M3BbPLUEHU
eKkcrnepyMeHTanHM nabopaTopHu  M3creaBaHWss € npunaraHute  Tpbbonposoawm
M3non3eaHW 3a HanpaBaTa Ha MONMBHUTE Kpuna M B TO3M acnekT ce npegnarat
opasMepuUTENHN 3aBUCMMOCTU U1 TPAHULN Ha NPUIOXKEHME.

Pe3yntaTti u npenopbku

OcHoBHaTa xugpaBnuyHa XxapakTepucTuka Ha nonueeH TpbOONPOBOA 3a KamnkoBO
HanosiBaHe € KoeUUMEHTBT Ha XMAPABMUYHO CbLMNPOTUBNEHME L. TOBa CbMPOTUBIEHNE
npy NamMMHapHUTE TEYEeHUS NPou3TU4a OT BUCKO3HOTO TpUEHe, OoKaTO Mpwu NPexonHo-
KPUTUYHOTO TedeHne 1 npu TypOyneHTHOTO Te4eHne, 3aBMCU KakTO OT BUCKO3HOTO, Taka U
OT TypbyneHTHOTO TpueHe. MNpun gageH TpbvbonpoBoa, A 3aBUCKM CyMapHO OT KoeduumneHTa
Ha TpueHe — A, , OT NpUBEAEHNs KoedPUUMEHT Ha MECTHO cbnpoTueneHne AA (§u) n oT
cxemaTa Ha pasnonoxeHue Ha kankoobpasysartenute — K, pecn. oT auctaHumaTa £,. 3a Ay
npu TypbyneHTeH pexum ce usnonssa opm. Ha bnasunyc, a Npu NnammHapeH pexum —
dopmynata Ha XareH — [lyasne. OT gpyra cTpaHa xvapasnu4HUTE nokasatenu Aqp U &y
3aBUCAT N OT pexuma Ha TedveHneto. CamaTa BenuyMHa A, ce onpenens no opmynu
NNV eKcrnepuMeHTarnHo v npu rmagku Tpbbu, A, ce n3passisa Har-4ecTo Ypes3 cTeneHHaTa
3aBMCUMOCT, KOATO MO CTPYKTypaTa Ha bnasunyc nma suaa:

A

A=
Remo ’

KbaeTo: A n my, umaT cnabo NPOMEeHNNBM CTOMHOCTU B MHTEpBana:
-3a A=0,30+0,34; 3a m,=0,250 + 0,255;

Mpn nnnca Ha KOHKPETHO YCTaHOBEHM CTOMHOCTM Ha A U m, MOXe Ja ce uanonssaTt
pesynratuTe npeanoxeHn ot bnasuyc:

A =0,3164 ; m=0,2500.

C'bUJ,eBpeMeHHO, MOXe [ia ce U3NnoJi3Ba n npuBeaeHarta (bopmyna Ha LLleBeneB

s __ 01079

30,226 _ 0,226
d \Y

MecTHuUTe 3arybm Ha Hanop, peanuaupaw ce OT BrpajeHuTe Wnu napanesnHu
kankoobpasyBaTenu, ce u3passiBa KaTo 4YacT OT CKOPOCTHaTa BMCOYMHA Ha HAMOPHOTO
TeyeHue:

2

hM = E.’M ;_g
PexxnmbT Ha OABMXKEHME Ha BogaTa, CbOTBETHO 3aKOHOMEPHOCTUTE 3a koedumumneHTa
Ha CbNPOTMBMEHNETO Ca pas3nM4yHM B OTAeNnHUTe obnactu. BuaHo e, 4ye TeyeHusiTa B
oTaenHuTe obnacTtu ca cebp3aHn. OT gpyra CcTpaHa Te3n pexmnmm ce ABsBaT B KOHKPETHO

onpegeneHa AbimkuHa (4acT) oT TpbbonpoBoaa.
3a opasmepsiBaHe Ha ObikMHaTa OT TpbbonpoBoga C TypOYNEeHTHO TevyeHune e

HeobxoanMo:

— onpegensiHe Ha ObiknHaTa oT TpbbonpoBoda C OadeH pexunm. AKO MONMBHUA
TpbOONpoBOA4 € M3roTBEH OT rMagkm Tpbbu, AbMKMHATA Ha 4YacTTa OT TpbbOonpoBoda C
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NbpBUSA (HaYanHus) pexnm -TypbyneHTHUA ce npuema 0O JonHaTa rpaHuua Ha obnactra
Ha rmagkute Tpbbou;

— onpegensiHe Ha opasMmepuTenHata 3aBUCMMOCT 3a koedumumeHTa Ha
CbNPOTUBNEHNE — A KaTo ce uMMaT npeasug XapakTepucTukMTe Ha TpbbaTa M Ha
TEYEHNETO;

— onpepensiHe Ha BXO4HOTO BOAHO KONMMYECTBO B MOSIMBHOTO KPWUIIO;

— onpegensiHe Ha paboTHOTO M Ha TPAH3UTHOTO BOAHO KOMNYECTBO.

3aknto4yeHune

OpasmepsiBaHETO 1 NPOEKTUPaHe Ha pasnpenenuTenHn 1 NonMBHU TpbbonpoBoan C
TypOyneHTeH pexum — rnagka obnact, NPexogHo KPUTUYEH U NaMUHAPEH Pexum, ce
n3pbpLuBa nNpu yctaHoBeHN Qgpas U KOEMULMEHTBLT Ha CbMNPOTUBIEHME A 3a OTAenHuTe
PEXMMUN HA TEYEHUNETO.

HanopHOTO TeyeHne B CUCTEMUTE 3a KarnkoBO HamnosiBaHe - pasnpeaenuTenHu
TPpBONPOBOAM U MONMMBHWU Kpwuna, npeacraBnsBa PyHKUUSA C KPUBOJIMHEMHO OYepTaHue,
KOEeTO Mpou3Tuya OT NpoMsiHaTa Ha BOAHWUTE KONMMYECTBa M OT NPOMSIHATA Ha PexumMuTe
Ha TeyeHMeTo, KaTo B Hayanoto ce dopmupa TypbyneHTeH, cref ToBa NPEexXogHo
KPUTUYEH N HaKpasi TaMUHaPEH PEeXnM.
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3ACOJIEHUTE No4Bu KATO U3TOYHUK HA HOBU AHTUMUKPOBHU BELLIECTBA.
YPOK OT XAJTOPUNTHUTE BAKTEPUU

KanosiH Bepb6epoB*, HukonuHa AraHacoBa, Hukonan KpymoB, MBaHka BosigkmeBa

UHcmumym no mukpobuornoeusi “CmegpaH AHeenos” — BAH,
yn. Akad. eopeu boHues, 6n1. 26, 1113, Cocpus, bvreapus

“e-mail: kberberov@microbio.bas.bg

Pe3ome

[lHec 4oBeyecTBOTO ce wu3nNpaBA npeg HoB rnobaneH 3gpaseH npobnem —
aHTUBMOTUYHATA PE3UCTEHTHOCT. TpaguLMOHHO U3MNON3BaHUTE OHEC aHTMOBMOTULUKM cTaBaT
BCe no-HeedekTnBHW. ToBa Hanara TbpCeHe Ha HOBM aHTMMUKPOOHKM BelwlecTBa (AMB) ot
HOBW HeuscnegBaHU M3TOYHWUMW. 3acofieHuTe MOo4YBM Ca €eKOSIOrMYyHa HuLWa 3a CIOXHO
CbobLLECTBO OT xanodunHn GakTepumn, KOUTO CUHTE3upaT pasHoobpasme OT BTOPUYHU
meTabonutn B ToBa Yncno n AMB.

Llenta Ha HaweTo wu3cnegBaHe OGelwe pa wusonuvpame xanodunHu ©Gaktepun
npogyueHTn Ha AMB oT 3aconeHa no4ysa, cbbpaHa Ha TepuTopusiTa Ha [lpoBaguinckaTa
cosnHvua B bnrapus.

[MbpBOHavanHo Gele npoeBegeHa ONTUMMU3AUUSA HA U3ONMPAHETO C LeSsT MakcuMmarHa
eKCTKpakums Ha knetkute. Mpyn MbpBUYHUS CKPUHUHI aHTUBaKTepUanHUAaT noteHuwan Ha
nsonatute OGelwe ouUeHEH 4pe3 MeToda Ha OBOWHMA arap cpewy Escherichia coli w
Staphylococcus epidermidis. Cnep ToBa M3onatute 6sxa OONBIAHUTENHO CKPUHUPAHW
cpewy ©GesonacHn poacTteeHnum Ha natoreHunte ot ESKAPE rpynata. Hakpas
aHTubakTepmanHata aKTMBHOCT Ha usonatute 6elle KONMYECTBEHO OueHeHa 4pes3
ANCKOBO- N SIMKOBO ANY3NOHEH METOA B NeTpuTa ¢ arapoBa cpeja.

OntumanHata npouenypa 3a M3onupaHe U3ncKBalle CycneHaupaHe Ha noyseHata
npoba B 50 mM Na-nupodocdar, 3x1 MMH XOMOreHmsnpaHe 4pe3 BOpPTEKCUPaHE WU
kyntusmpaHe Bbpxy HM 10% xpaHutenHa cpena. baxa nsonvpaxm obwo 32 npogyueHTa
Ha AMB. o BpemMe Ha NbPBUYHUS CKPUHUHI 6 un3onata nokasaxa aHTubakTepuanHa
aKTMBHOCT cpelly S. epidermidis n 12 cpewy E. coli. BTOPUYHUAT CKPUHWUHT NOTBbPAMU
aHTMbakTepuanHata akTMBHOCT Ha 15 oT usonatute. Bcekn eguH OT TAX AeMOHCTpupa
MHXMOMpaHe Ha pacTexa Ha NoHe eauwH OT m3crnenBaHuTe natoreHn. KonudectBeHuTe
pesyntatu 3a aHTMbakTepuanHaTa akTMBHOCT Ha Wu3onatuTe nokasaxa 30HM Ha
NMHXMBMpaHU oT nopsiabka Ha 15 — 30 mm.

HaweTo n3cnegsaHe nokasea, Ye 3acorneHute novsu buxa mornv ga ce uscnensaTt
KaTo HagexaeH npupogeH N3TodHnkK Ha Hosn AMB.

Knroyoeu dymu: xanopunhHmn 6aktepmm, aHTMMMKPOOHN BeLecTBa, 3acofneHa noyea.
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SALINE SOILS AS A SOURCE OF NEW ANTIMICROBIAL COMPOUNDS.
A LESSON FROM HALOPHILIC BACTERIA

Kaloyan Berberov*, Nikolina Atanasova, Nikolay Krumov, lvanka Boyadzhieva

The Stephan Angeloff Institute of Microbiology - BAS,
Acad. G Bonchev Str., bl. 26, 1113 Sofia, Bulgaria

“e-mail: kberberov@microbio.bas.bg

Abstract

Today human society faces a new global health problem - antibiotic resistance. The
antibiotics traditionally used today are becoming less effective. This necessitates the
search for antimicrobial compounds (AMC) from novel underinvestigated sources. Saline
soils harbour a complex community of halophilic bacteria that are able to synthesize a
wide range of secondary metabolites including AMC.

The aim of our research was to isolate AMC producing halophilic bacteria from saline
soil samples collected from Provadia salt deposit, Bulgaria .

Initially an optimisation of the isolation was made in order to achieve a maximal cell
recovery rate. At the primary screening the antibacterial potential of the isolates was
evaluated by the agar overlay assay against Escherichia coli and Staphylococcus
epidermidis. Then the isolates were further screened against safe relatives of the ESKAPE
pathogens. Finally, their antibacterial activity was quantitatively assessed by agar disk- and
agar well diffusion assay.

The optimal isolation procedure involved soil suspension in 50 mM Na-
pyrophosphate, 3x1 min vortexing and cultivation on HM medium. A total of 32 AMC
producers were isolated. At the primary screening 6 isolates showed activity against S.
epidermidis and 12 against E. coli. The secondary screening confirmed antibacterial
activity in 15 isolates. Everyone of them demonstrated growth inhibition of at least one of
the test pathogens. The quantitative results of the antibacterial activity of the isolates
showed inhibition zones in the range of 15 - 30 mm.

Our study indicates that saline soil could be investigated as a potent natural source
of new AMC.

Key words: halophilic bacteria, antimicrobial compounds, saline soil.
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FERTILITY VARIATION IN VERTISOLS AND FLUVISOLS UNDER DIFFERENT
FERTILIZATION SYSTEMS - EXPERIMENTAL FIELDS OF
ISSAPP ,,NIKOLA POUSHKAROV” IN SOFIA AND PLOVDIV REGIONS

Mariana Hristova*, Ana Katsarova

Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov,
Agricultural Academy

*e-mail: marihristova@hotmail.com

Abstract

The study examines the dynamics of humus content in two different soil types —
Vertisols (Bozhurishte) and Fluvisols (Tsalapitsa) — to assess the impact of mineral
fertilization and plant residues on the dynamics of soil organic matter (humus). The
research was conducted within a uniform field trial in the spring of 2024, following wheat
cultivation in 2023, under different fertilization levels (TO, T1, T2, T3) in both experiments.

The Vertisols in Bozhurishte is characterized by a moderate humus content (3.5%)
and a stable humus system dominated by calcium humates. The high clay content in the
soil favors the accumulation of persistent humus but may also limit the decomposition of
organic residues due to reduced aeration. At the beginning of the experiment, differences
were observed among the treatments (T1 > T3 > TO > T2). However, by 2024, the
incorporation of plant residues and microbial activity led to an equalization of humus
content among the treatments.

The Fluvisols in Tsalapitsa, with a lower soil organic matter content (1.7%), has a
limited humus capacity despite the high quality of its humic acids. The differences between
treatments remained significant, with the highest mineral fertilizer doses (N18P14)
resulting in the greatest accumulation of organic carbon. However, humification and
mineralization processes occurred more intensively, suggesting the need for additional
organic amendments to sustainably improve soil fertility.

The results indicate that Vertisols provides a stable basis for humus accumulation
and responds well to mineral fertilization, whereas Fluvisols is characterized by faster
organic matter mineralization, necessitating combined strategies for improving the humus
balance through both organic and mineral amendments.
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THE ROLE OF ARTIFICIAL INTELLIGENCE IN SUPPORTING RESEARCHERS
Plamen Tomov*

Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov,
Agricultural Academy

*e-mail: p.tomov@issapp-pushkarov.org

Abstract

Artificial intelligence (Al) is being increasingly applied in scientific research,
particularly in the writing of scientific papers. With advancements in natural language
processing and machine learning, Al offers powerful tools for automating various aspects
of the writing process.

Al supports researchers in their work by searching for scientific literature to formulate
clear and concise summaries. One of the primary ways that Al helps is through automatic
text generation. This allows researchers to draft initial versions of their papers or revise
existing content, thereby saving time and effort. Al can also assist with grammar and style
checks, ensuring that the scientific language is tailored to the specific requirements of
academic journals.

Another key aspect of Al usage is its ability to analyze large datasets and extract the
most important information. This enables researchers to conduct literature reviews more
quickly and effectively by synthesizing new ideas. Moreover, Al tools assist with citation
management by suggesting appropriate sources and by formatting references according to
established standards.

In conclusion, artificial intelligence provides researchers with valuable tools to
simplify the writing process, which not only saves time, but also enhances the quality of
scientific publications.

Key words: Artificial intelligence (Al), scientific papers, text generation, proofreading.
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POJNNATA HA U3KYCTBEHUA UHTEJNEKT NMPU U3MNMOJNIBBAHETO MY OT HAYYHUA
PABOTHUK

NnameH TomoB*
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Pesome

N3kyctBeHuAT wuHTenekt (M) Bce no-4eCcto Hamupa MNpUroXeHUe B HaydHUTe
n3cneaBaHusa n ocobeHo B NMcCaHeTo Ha HayyHu ctatuu. C Hanpeabka Ha obpaboTkaTta Ha
€CTEeCTBEH €3MK M MalwuHHOTO oby4veHne, NN npegnara MOLIHM WMHCTPYMEHTM 3a
aBTOMaTM3NpaHe Ha pasfnu4yHM acnekTn OT npoueca Ha nucaHe. OT TbpceHe Ha Hay4yHa
nutepartypa 0o doopmynupaHe Ha ACHW U ToYHW pestomeTa, W nognomara ydeHuTe B
TsiXHaTa paboTa.

EOVMH OT OCHOBHMTE HauMHM € 4Ype3 aBTOMATUYHOTO reHepupaHe Ha TekcT. Tosa
no3BosisiBa Ha uacnegosatenute ga dopmynupat MbpBOHAYanHW YepHOBUM Ha cBoOUTE
ctatmm unu ga npepaboTBaT Beve CbLUECTBYBaALL TEKCT, KAaTO MO TO3M Ha4WH cnecTtaBaT
Bpeme u ycunusa. MM moxe cblo Taka Aa nomara ¢ npoBepkata Ha rpamaTundeckuTe u
CTUNOBUTE FPELLKN, KAKTO U C aganTupaHe Ha HayYHUS €3UK KbM CbOTBETHUTE U3NCKBAHUSA
Ha cnucanusTa.

[pyr kno4oB acnekt Ha uanonssaHeto Ha M e cnocobHocTTa My ga aHanuaupa
ronemm obemu OT OJaHHW, U3BNUYaMKM HaW-BaxkHaTa uMHpopmauus. ToBa No3BonsiBa Ha
yyeHuTe no-6bp30 M No-ePeKkTMBHO Aa ce ChnpaBAT C npernega Ha nurtepartypa u ga
CUHTE3MpaT HOBU Naewn.

Cblwo Taka, MHCTpymeHTuTe ¢ UMW nognomaraT M npoueca Ha uUTUpaHe, KaTo
npegnarat NOAXOAAWM U3TOYHULM U CTPYKTYpUpaT pedepeHunnTe cnopen yCTaHOBEHUTE
ctaHgapTu. B 3akniouyeHue, U3KyCTBEHUST WHTENEKT MpeaocTaBs Ha YYEHUTE LEHHMU
WHCTPYMEHTU 3a yrecHsBaHe Ha npoueca Ha nucaHe, KOeTo He caMO crecTsaBa Bpeme, HO
M NoBULLIABA KA4YE€CTBOTO Ha Hay4YHUTE nybnukaumn.

Knroyvoeu dymu: nskycteeH untenekt (M), HayuHn TpyaoBe, reHepupaHe Ha TeKcT,
pegakTupaHe.
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DETERMINATION OF TRACE ELEMENTS IN MATRICES WITH VARIOUS
COMPOSITIONS BY INDUCTIVELY COUPLED PLASMA OPTICAL EMISSION
SPECTROMETRY (ICP-OES) STRENGTHS AND LIMITATIONS

Olga Veleva, Nikolaya Velitchkova*, Metody Karadjov, Serafim Velichkov,
Nonka Daskalova
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ONPEAENAHE HA CNEAU OT ENEMEHTU B NPOBU CBHC CJIIOXEH MATPUYEH
CBbCTAB C NOMOLUTA HA ONTUYHA EMUCUOHHA CTNEKTPOMETPUA C
MHAOYKTUBHO CBBP3AHA INMJTA3MA ICP-OES, NPEAMMCTBA U HEOOCTATbLMU

Onra BeneBa, Hukonasa BenuukoBa*, Metoau Kapagxos, Cepachum Benunukos,
HoHka [JackanoBa

leonozauyecku MHcmumym, BAH
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Abstract

Modern environmental science requires methods, which ensure a multi-element
analysis of a wide variety of sample types and ability to detect a large number of chemical
elements at threshold concentration levels. Inductively coupled plasma optical emission
spectrometry (ICP-OES) is well known for its exceptional accuracy, precision as well as
low detection limits. The main application field is environment samples such as water,
soils, sludges, air. Determination of Hg, As, Se, Zn, Be, Pt, Cd, Sb, B, Cu, Mn, Pb, Sn, Bi,
Cr, U, Tl and Ba in environmental materials, containing Al, Ca, Mg, Fe and Ti as complex
matrix were conducted. The conventional figures of merit such as limits of detection,
background behavior, spectral and multiplicative interferences in the presence of matrices
with different compositions for two commercially available spectrometers with different
spectral resolutions were compared. Sample introduction systems including conventional
pneumatic and ultrasonic pulverization were juxtaposed. For some hydride forming
elements such as As, Se, Sb and Hg the hydride generation techniqgue as Concomitant
Metals Analyzer (CMA) were used to improve the sensitivity and detection limits.
Optimization procedure from point of view of lowering of the detection limits was applied in
all cases.
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NATURAL RADIOACTIVITY OF SOIL AND VOLCANIC ASH ON LIVINGSTONE
ISLAND, ANTARCTICA

Milena Hristozova'*, Radoslava Lazarova', Ivanka Yordanova',
Viktoria Nedyalkova®

'Institute of Soil Science, Agrotechnologies and Plant Protection Nikola Poushkarov,
Agricultural Academy, Sofia, Bulgaria
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Abstract

In the closed Antarctic ecosystem of Livingstone Island, South Shetland Islands,
Antarctica, additional above-background exposure from natural radioactive sources, can
be the result of intercontinental air transport, from active volcanic activity, erosion,
washout, sedimentation, and others. One of the characteristics of the island landscape is
the presence of a layer of volcanic ash with a thickness of 1 to 5 and more cm., deposited
as a result of the eruption of the Pleistocene active volcano Deception, located on the
island of the same name, 30 km south of Livingston. Although its last eruption was 33
years ago, traces of volcanic activity are still recorded in all the islands from the South
Shetland archipelago, to the northern coast of the Antarctic continent. As seismic activity in
the Livingstone Island area shows significant activity (up to over 150 earthquakes per day,
over 8 months, in 2014), volcanism and additional deposition of volcanic ash is warranted.
The research conducted at the Bulgarian Antarctic Base (BAB) "St. Kliment Ohridski" in
2023 aims to establish the concentration of natural radionuclides in the biotopes of the
Antarctic ecosystem and the possible radiation risk for the Antarctic biocenosis. In order to
track temporal changes such as migration, sedimentation and accumulation, a comparison
is made of the results of these indicators carried out during the first expedition, with the
participation of scientists from IPAZR "N. Poushkarov", in 2012.

The content of Pb-210, Th-232, U-238, Ra-226, K-40 and anthropogenic Cs-137 in
soil samples and volcanic ash samples in the area of BAB, Perunica Glacier and
Hanapoint was investigated by gamma spectrometric analysis.

Over the ten-year study period, volcanic ash results showed a decrease in
radioisotope activity. No such clear trend was observed in the soil samples.
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Pe3rome

B 3arBopeHata aHTapKTMiecka ekocucTteMa Ha OCTpoB JIMBWUHICTBHLH, HOXHO
WeTtnaHackn ocTpoBu, AHTapktuga, [OOMbIHUTENHO HaagoHOBO o0ONbYBaHe OT
€CTECTBEHUTE pPagVOaKTUBHU M3TOYHMUW, MOXe Aa Obae B pesynTtaT Ha Bb3ayLlleH
MEXOYKOHTUHEHTaNeH npeHoc, OT aKTMBHA BYyIKaHW4YHa [OEWHOCT, epo3usi, OTMUBAHe,
yTasBaHe n gpyrn. EgHa ot xapakTepucTtukite Ha nangwadyTa Ha OCTpoBa € HanuMyuneTo
Ha cnown ByrnkaHw4Ha nenen ¢ gebenuHa ot 1 4o 5 1 noBeye cM., OTNOXeHa B pe3ynTar oT
N3PUrBaHETO Ha MNNIENCTOLEHCKUS aKTUBEH BYIKaH [ucenwbH, pasnofioXeH BbpXy
efHONUMEeHHUs1 ocTpoB, Ha 30 KM. tOXXHO OT JIMBWHICTBLH. Bbnpekn, ye nocnegHoTto My
nspureaHe e 6uno npegn 33 roguMHu, cneau oT ByNKaHWYHa OEWHOCT Ce permcrtpupaT Bce
olle BbB BCUYKM OCTpoBM OT apxunenara HOxHu LWeTnanan, oo ceBepHOTO Kpanbpexue
Ha KOHTUMHeHTa AHTapkTnga. TbM KaTo ceusMuyHaTa [AeuMHOCT B paMoHa Ha O0-B
JINBMHICTBH MOKasBa 3HauuTernHa akTuBHOCT (0o Hag 150 3emeTpeceHns Ha OeH, B
npoabikeHne Ha 8 meceua, npe3 2014 r), cbLecTByBa NpeanocTaBka 3a BYNKAHU3bM U
AONBMHUTENHO OTnaraHe Ha ByNKaHudHa nenen. W3cnegBaHusTa, npoBedeHn Ha
Bvnrapckata aHTapktnyecka 6asa (BAB) ,CeBetn KnnmeHT Oxpuacku® npes 2023 r. umar
3a uUen ga YCTaHOBAT KOHUEeHTpaumatTa Ha eCTecTBEHM paguoHyknugum B GuoTtonuTte Ha
aHTapKTM4YeckaTa eKoCMCTeEMa M €BEHTyanHus pagnauMOHEH PUCK 3a aHTapKTudeckaTa
OuoueHo3a. 3a ga ce npocnegsit BpeMEBUM MPOMEHM KaTo Murpaums, yTtasiBaHe W
aKymynaums, ce rnpaBu CbNOCTaBKa Ha pe3ynTaTuTe Ha Te3n nokasaTenu, NpoBeaeHN Npu
nbpBaTa ekcnegmums, ¢ yyactneto Ha yydyenum ot UMASP H. Mywkapos®, npes3 2012 .

N3cnepgBaHo e cbabpxaHMeto Ha Pb-210, Th-232, U-238, Ra-226, K-40 wu
aHTponoreHHns Cs-137 B noyBeHW Npobu u nNpodbu OT ByfKaHWYHA Nenen B pamoHa Ha
BAB, negHuka lNepyHnka n XaHanonHT, Ypes ramacnekTpoMeTpmuyeH aHanms.

3a geceT roguwHusa nepuog Ha uacrneaBaHe, nNpu pesyntatute OT BYyfKaHWYHaTa
nenen ce HabniogaBsa HaManeHWe Ha akTMBHOCTTaA Ha paguousdotonute. lNMpn noyBeHUTe
npobwu He ce HabnogaBa TakaBa sicHa TeHAEHUMS.

294


mailto:m.hristozova@issapp-pushkarov.org

EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

ENVIRONMENTAL EFFECTS OF RADIATION, 13 YEARS AFTER THE FUKUSHIMA
NUCLEAR ACCIDENT
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Abstract

The nuclear accident in Fukushima (11.03.2011) was assessed with the highest 7
degree of danger, according to the International scale of nuclear events. Unlike the
Chernobyl accident, at the Fukushima Daiichi nuclear plant, the contamination is much
more localized. Atmospheric conditions at the time of the nuclear incident allowed large air
masses to drift over the ocean surface, reducing soil contamination. The total amount of
released cesium-137 that contaminated seawater is about 11 PBq, and that of cesium
deposited on the soil is about 7 PBqg. The affected territory covers an area of 9,000 km2. A
large-scale removal of the surface 5 cm soil layer from the economic and residential areas
was carried out on part of it. This reduces radioisotope activity by 80%. Forest areas that
remain uncontaminated occupy more than 70% of the affected territory. 13 years after the
nuclear accident, intensive environmental monitoring continues. Heavy rainfall during the
monsoon period causes erosion and leaching of Cs from contaminated forest areas. This
determines the lateral migration, sedimentation and riverine transport of radioactive
cesium. Thus, the non-decontaminated territories become a source of secondary
introduction of long-lived radionuclides into the environment and can increase their content
in fresh water. The Abukuma River, as the largest river in Fukushima Prefecture, is subject
to continuous radiochemical assessment of cesium-137 activity.

The main soil type in the region is high in clay. This contributes to the rapid fixation of
cesium in the surface soil layer, its more difficult solubility and less mobility. However,
cesium from the soil enters the plants. In 2024, the content of cesium in the pollen of
flowering plants and its accumulation in bees and bee products was investigated. The
resulting measured pollen activity is equivalent to honey bee contamination. The
measured concentration of cesium activity in an Asian hornet was 10 times higher than
that of bees.

The norms for natural background radiation in Japan are between 0.05+0.2 pSv/h. In
June 2024, its highest measured value was over 20 uSv/h. However, Fukushima
prefecture has seen a recovery to levels close to those before the 2011 accident. In early
2024, the Japanese government allowed the settlement of some of the depopulated areas
and the resumption of agricultural activities in them.
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Peslome

Anpenata aBapus BbB Pykywmma (11.03.2011), e oueHeHa c Ham-Bucokata 7
CTENEH Ha onacHocT, cnopea MexayHapoaHaTa ckana 3a aapeHu cboutusa. 3a pasnuka ot
UepHoburnckata aBapusi, BbB Pykywmma [Janym sgpeHa ueHTpana, 3aMmbpcsiBaHETO MMa
MHOrO MO-floKaneH xapakrtep. ATMOCHEPHUTE YCrOBUSA MO BPEME Ha SAPEHUSA UHLMAEHT,
Nno3BosisiBaT OTHAaCAHETO Ha roneMyn Bb3AYLHWM Macu Hah OKeaHcKaTa MOBBbPXHOCT, C
KOeTo ce HamansiBa KOHTaMuHauusTa Ha no4vsata. O6LOTO KONMMYECTBO Ha M3MNycHaATUA
uesnn-137, ¢ KOeTo e 3aMbpceHa Mopckata Boga € okono 11 PBqg. A ToBa Ha ue3usT,
OTNOXeEH BbPXY no4vsarta - okosio 7 PBq. 3acerHaTtaTa Teputopus e Ha nnowy oT 9000 km2.
Bbpxy 4acTt OT Hed e M3BbpLEHO MalabHO OTCTpaHsiBaHe Ha MOBBPXHOCTHUS 5 CM
NMOYBEH CrOW OT CTOMaHCKUTE WU XUMULWHUTE panvoHU. ToBa HamansBa akTMBHOCTTA Ha
paguounsotonute ¢ 80%. Mopcku nnowm, kKouto 3aemat noseye ot 70% OT 3acerHaTtaTta
Teputopus, octaBaT Heobes3apaseHn. 13 roguMHu cneg siapeHaTa aBapusi, UHTEH3UBHUAT
MOHUTOPWHT Ha OKOMHaTa cpefa npoabikasa. ObunHUTe Banexu npes MyCoHHUS nepuos
N CTPBbMHUTE MNMAHMHCKN CKIOHOBE, Mpean3BMKBaAT €po3nd M oTmumBaHe Ha Cs oT
3aMbpCeHNTE TOPCKM TepuTopuu. ToBa onpefensa cTpaHu4yHata mMurpauusi, yrassaHe U
peYeH TPaHCMOPT Ha pPaguoOakTUBHUA Le3un. Taka He OEKOHTaMUHUPaHUTE TepuTopuu
cTaBaT U3TOYHWK Ha BTOPMYHO BbBEXAAHE Ha OABNTOXMBYLUM PaAUOHYKNIMOW B OKOfHaTa
cpega u moraTt ga nosuwaT CbAbpXKaHMETO UM B npsAcHaTa Boga. Peka Abykyma, kato
Han-ronsaMata peka B npedektypa dykywmma e obeKT Ha MOCTOSIHHa pagnoXMMUYHa
oueHkKa Ha akTmBHocTTa Ha 137Cs.

OCHOBHMAT MOYBEH TWUM B perMoHa € C BUCOKO CbAbp)XaHWe Ha rmnuHa. ToBa
aonpuHaca 3a 6bp30To bukcupaHe Ha Ue3usT B MNOBBbPXHOCTHUA MOYBEH CroOW, Mo-
TpygHaTa My pa3TBOPUMOCT U NO-Marnko MOABWMXXHOCT. Bbrpeku ToBa, Le3usaT OT novsata
noctonBa B pacteHusTa. [lpe3 2024 r. e wu3cnegBaHo CbAbpPXaHWMETO Ha Ue3nsa B
npaweua Ha LBEeTHUTE pacTeHUs U akymynauusta My B Nyenute U nyeriHuTe NpoayKTu.
PesyntaTbT OT n3amepeHaTta akTMBHOCT Ha Mpallela € eKBMBaNeHTHa Ha KOHTaMUHaumsTa
Ha MedoOHOCHaTa nyena. MlamepeHata KOHUEHTpauMsa Ha akTMBHOCT Ha Le3usi B asnaTcku
ctbpwen e 10 NbTy N0-BMCOKA OT Ta3u Ha nyenuTe.

HopmuTte 3a ectectBeH pagmnaunoHeH poH B AnoHma ca mexay 0.05+0.2 pSv/h.
Mpe3 toHm 2024 r. Han-BMcoKaTa My naMepeHa cTomHocT e Hag 20 uSv/h. Bbnpeku ToBa B
npedgektypa dykywmma ce HabnogaBa Bb3CTaHOBABAHE Ha HuBaTa, OnM3kM OO0 Tesw,
npean asapusita ot 2011 r. B Havyanoto Ha 2024 r. npaBUTENCTBOTO Ha AnoHuA
paspellaBa 3acefnBaHe Ha 4acT oT obe3nogeHuTe TepuTopuM U Bb3CTaHOBsIBAHE Ha
CEIICKOCTONaHCKUTE AENHOCTU B THX.
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Abstract

In the current study the field experiments were conducted on moderately eroded
Epicalcic Chernozem, in the experimental field near the village of Trastenik, Ruse and on
Haplic Chernozem near the village of Kalipetrovo, Silistra, North Bulgaria. The grown
crops were winter wheat, maize and sunflower, and also there were measurements in
fallow land. The soil tillage treatments were conventional along the slope (control),
conventional across the slope, minimum tillage and cultivation of a pre-crop, which was
used for green manure in the experimental field for erosion control in Trastenik. In the
experimental field near the village of Kalipetrovo, where are studied water saving
agrotechnologies on flat terrain, was applied subsoil ripper tillage in order to mitigate the
consequences of the drought.

The aim was to evaluate soil thermal properties which were measured directly using
KD2Pro device in the field (TR-1 sensor) at transitory soil moisture and also of undisturbed
soil samples (SH-1 sensor) during the process of drainage at different matric potential in
laboratory conditions. The obtained data for thermal conductivity, thermal diffusivity and
volumetric heat capacity are presented as a function of soil water content.

Key words: Epicalcic Chernozem, Haplic Chernozem, soil thermal properties.
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Pe3stome

B HacToAwoTOo wm3cnegBaHe ca  MNpoBeAEeHM  MOSICKA  eKCMepUMEHTU  Ha
cpegHoeposnpaH KapboHaTeH YepHo3em B ONUTHO nofie B 6nM30CT A0 C. TPBbCTEHWK,
Pyce n Ha NanyxeH YepHoseMm B panoHa Ha c. KanunetpoBo, Cunuctpa. OtrnexagaHute
KynTypu ca 3MMHa MeHnLa, uapeBmua 1 CnbHYornen, kKato ca HanpaBeHn M3MepBaHUs u
npu yrap. O6paboTkMTe Ha novBaTa ca TPaAMLUMOHHO MO HAaKIOHA Ha CKIoHa (KoHTpona),
TPAAMUMOHHO HaMpeyHO Ha CKIoHa, MWHUManHM o6paboTkMm u  oTrnexgaHe Ha
npegkynTypa, KOATO ce U3Mon3Ba 3a 3efleHO TOPeHe B ONMUTHOTO Mofie 3a KOHTPOSN Ha
epo3usatTa B C. TpbCTeHUK. B onutHoTOo none B c¢. KanunetpoBo, KbAeTO ce uacneasaT
BOAOCNECTABALLM arpOTEXHONOMN Ha paBHUHEH TEPEH, € BKIMYeHO nNpoabnboyaBaHe Ha
noyeBarta C Liefl CMeKk4aBaHe Ha nocneacreusita oT cyliaTa.

Llenta e ga ce oueHAT TONSIMHHUTE CBOWCTBA Ha M3CnegBaHUTE MOYBU U3MEPEHU
anpektHo ¢ KD2Pro anapat npw noncku ycrosusa (TR-1 ceH3op) n MOMEHTHa BNaXXHOCT
Ha noyeBaTta, a CbLUO M Ha HeHapylweHn noyseHn npobu (SH-1 ceHsop) B npouec Ha
BOAOOTAABAHE MpU pPasfMyHM  MaTpUYHW noTeHumanu B nabopaTopHM  YCROBUS.
MonyyeHnte paHHM 3a KOEMUUMEHT Ha  TONMOMNPOBOAHOCT, KOoe(UUMEHT Ha
TemnepaTyponpoBOAHOCT M oBeMHa TOMMOEMHOCT ca NpeAcTaBeHu B 3aBUCUMOCT OT
BNaXXHOCTTa Ha noysara.

Knr4voeu dymu: KapboHaTeH YepHosem, M3nyxeH YepHo3eM, TONSIMHHX CBOWCTBA
Ha noysarTa.

BnaropgapHocTu
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LWMHTErpypaHe Ha caTenUTHM U Ha3eMHM OaHHM 3a KOMMOHEHTM Ha BoAHMs GanaHc Ha
noyeaTta W pacTuTenHarta fnoKpmMBKa B MOAENM 3a OLEeHKa Ha arpoeKOoSIorM4yHn pUCKOBE U
3eMeferiCku NpakTMkM 3a cMekyaBaHeTo um” ot doHa ,HayyHn M3cneasaHmna” (gorosop
KrM-06 H 76/2 2023).
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INFLUENCE OF BIOLOGICAL PREPARATIONS AND BEAUVERIA BASSIANA
STRAINS ON THE SOIL MICROBIOTA OF LEACHED CHERNOZEM (ROUSSE
REGION) DURING BEAN CULTIVATION

Tsvetelina Metodieva'*, Ana Katsarova', Tsvetina Paparkova', Miladin Nazarkov',
lliana Ivanova?, Ralitsa Gavrilova®, Hristo Valchovski'
" Institute of Soil Science, Agrotechnologies and Plant Protection "Nikola Pushkarov"
Agricultural Academy, Shosse Bankya 7 str., Sofia 1331, Bulgaria
2 Institute of Agriculture and Seed Science "Obraztsov Chiflik"
Rousse 7007, "Prof. Ivan Ivanov" 1
3 Institute of Ornamental and Medicinal Plants - Negovan 1222, Sofia, Bulgaria

“e-mail: cv.metodieva@issapp-pushkarov.org

Abstract

The study is aimed to explore the effect of biological agents with trade name -
“‘Naturalis” and “Softguard” and strains of Beauveria bassiana 339, 538, 730 in the
cultivation of beans under non-irrigated conditions at Leached Chernozem (Rousse
region). Indicators related to the changes in the count of the main taxonomic and
physiological groups of soil microorganisms and the production of CO», biomass carbon
and B-glucosidase activity were investigated. The study revealed that all applied biological
agents product and strains Beauveria bassiana have positive effect on B-glucosidase
activity. An increase in the populations of micromycetes, ammonifying bacteria and
actinomycetes was observed in strain Beauveria bassiana 339 and an increase in count of
ammonifying bacteria in strain Beauveria bassiana 538. A positive increase in the count of
cellulose-degrading microorganisms was found in the combined variant with biological
agents - “Naturalis” and “Softguard”.

Key words: biological agents, Beauveria bassiana, soil microorganisms, soil
respiration, B - glucosidase activity.
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BITUAHUE HA BUOJNTOIrMYHU NMPENAPATU U LLAMOBE BEAUVERIA BASSIANA
BBbPXY NOYBEHUA MUKPOBUOM HA U3NTYXKEH YEPHO3EM (OBJIACT PYCE) MNPH
OTMMEXAAHE HA ®ACYI

LiBetenuna MeToameBa'*, AHa Kauaposa', LiBeTuHa ManapkoBa', MunaauH
Ha3apKOB1, UnusaHa MBaHOBaz, Panuua FaBpMnOBas, XpucTto Bbnuoscku'

"MHemumym no noyeosHaHue, azpomexHoo2uU U 3awuma Ha pacmeHusima ,Hukona
lNywkapos”, CerickocmonaHcka akademus,
yn. lLloce baHks, 7, Cogpus 1331, bvneapus
QMHcmumym rno 3emedesnue u cemesHaHue "Obpa3syos 4Yughsiuk"
ep. Pyce 7007, yn. "Tlpogp. NeaH NeaHos" 1
3MHcmumym rno dekopamuseHu U nne4ebHu pacmeHusi — HezoeaH 1222, Cogpusi

*e-mail: cv.metodieva@issapp-pushkarov.org

Pe3rome
N3cnepsaHeTo uma 3a Len ga npocrneau Bb3gencTBMeTo Ha bronornyHmn npenapatm
.Hatypannc® n ,CodTtrapg“ ¢ TbproBCKO HaMMEHOBaHME W W30NUPaHU LamMoBe

Beauveria bassiana 339, 538, 730 npu otrnexgaHeto Ha (acyn (Phaseolus vulgaris) Ha
HenonmeHM ycnosua npu MNanyxeH YepHosem (PyceHcko). bsaxa nscnegBaHu npoMeHuTe B
YUCIIEHOCTTA Ha OCHOBHUTE TAaKCOHOMUYHW U (PU3MOSMOTMYHU  TPYNM  MOYBEHU
MUKpoopraHmamu, npogykuusta Ha CO,, GnomaceH Bbrnepog u B - rnoko3MaasHa
aKTUMBHOCT. YCTaHOBM Ce 4Ye BCUYKU NPUITOXKEHU NpenapaTy 1 WamoBe MMaT NosIoXUTENTHO
Bb3JencTBme Bbpxy B - rnwoko3ngasHata aktuBHocT. HabnogaBaHo Oelle HapacTBaHe B
CbCTaBa Ha MUKpOMULETUTE, aMOHUMUMpaLLmMTe BakTepum U akTUHOMULETUTE MpU LWam
339 u noBuwaeaHe Ha 6pos Ha amoHuduumpawmnTe 6GakTepun npu wam 538.
MonoXxutenHo noBulaBaHe BbPXY YWUCMEHOCTTA Ha  Uenyrno3opasrpaxajawmTe
MUKPOOPraHn3mMm ce yCTaHOBWM MPU KOMOMHMPaHWA BapuaHT BuonornyHuTe npenapatu
~Hatypanuc* n ,Codptrapa’.

Knroyoeu OJOymu: OwvornormyHn npenapatv, Beauveria bassiana, no4BeHM
MUKPOOPraHn3Mu; NOYBEHO AnLLaHe, B - rKo3ngasHa akTUBHOCT.

300


mailto:cv.metodieva@issapp-pushkarov.org

EKONOIMMA 1 ArPOTEXHONOIMNN — dYHOAMEHTAJTHA HAYKA N MPAKTUYECKA PEANTNM3ALINA
BEM3HEC MOJEJIN 3A NMOOOBPABAHE 3PABETO HA MOYBATA

ANALYSIS OF THE RESULTS FROM THE SOIL RESTORING
STRATEGIES IMPLEMENTATION - BOZHURISHTE EXPERIMENTAL FIELD

Viktor Kolchakov'*, Martin Banov', Irena Atanassova', Veneta Krasteva', Dimitre
Nikolov?, lvan Boevsky?, Ekatherina Tzvetanova®, Krasimir Kostenarov?

"Agricultural Academy, “N. Poushkarov” Institute of Soil Science, Agrotechnologies and
Plant Protection, Sofia, Bulgaria
°New Bulgarian University

*e-mail: viki_kol68@abv.bg

Abstract

The territory of the experimental field is part of the experimental areas of the N.
Poushkarov Institute of Soil Science Agrotechnologies and Plant Protection. The field has
an area of 130 dk and the soil differences are represented by Vertisol.

In connection with the implementation of work packages 1 "Farm networking and
farm scale monitoring in EU and China" and 3 "Integrating on-farm solutions for restoring
degraded soils, interpreting impact on soil health" under the TUdi project "Transforming
Unsustainable management of soils in key agricultural systems in EU and China.
Developing an integrated platform of alternatives to reverse soil degradation”, the
collection and systematization of data from the conducted experiments was carried out on
the territory of the experimental field.

The following experiments are carried out on the territory of the experimental field:

e variants of processing systems - intensive and minimal;

« fertilization rates;

e tracking of integrated weed control;

« the biometric and phenological indicators of the cultivated corn crop were

processed.

In 2022 a field experiments were carried out in the Experimental field Bozhurishte on
Vertisol with corn for grain (Zea mays, L.) in 2 crop rotations. The previous crops were
triticale in the first and wheat in the second rotation. Variants of processing systems have
been tested - intensive and minimal processing; of different rates of fertilization and of
integrated weed control, and their influence on the physical and agrochemical
characteristics, as well as on the biological condition of Vertisol, was established. The
results show that agrotechnical measures implemented in time have a significant impact
on the main physical parameters of the soil. Biometric and phenological indicators during
three phenophases of the cultivated crop in the two crop rotations were processed.

The significant influence of deeper tillage and mineral fertilization on the growth and
productive potential of maize was found. Treatment types and integrated weed control
based on new broad-spectrum herbicides used in combination with a biostimulant were
evaluated. It was established that of the tested agrotechnical factors, mechanical
processing has a significant impact on reducing the weeding of the crop in the initial
stages of corn development.

The highest average yields were obtained from the first rotation. The studied
agrochemical parameters of the soil show that the degree of stocking with mineral nitrogen
and potassium is average, while the content of absorbable phosphorus is significantly
lower.
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LAND EVALUATION OF AGRICULTURAL LANDS IN THE REGION OF STARA
ZAGORA, BULGARIA FOR GROWING CULTIVATED HAZELNUT
(CORYLUS AVELLANAL.)

Zornitsa Mitreva*, Ivanka Lyubenova, Maria lvanova, Irena Atanassova

Institute of Soil Science. Agrotechnologies and Plant Protection “Nikola Poushkarov’. 7
Shosse Bankya str. Sofia 1080. Bulgaria. Agricultural Academy, Sofia, Bulgaria

“e-mail: zuza_na@abv.bg

Abstract

Land evaluation in the villages of Edrevo and Panicherevo, region Stara Zagora, has
been performed for growing cultivated hazelnuts in order to assess the agronomic
suitability of the agricultural land for this crop. The applied methodology for hazelnut is
newly developed and is in accordance with the requirements of the crop and climatic
conditions. According to the methodology used, the assessments of the individual land
characteristics were carried out according to pre-developed algorithms in two stages with
the first reaching a Soil Score (SS - the physico-chemical characteristics of soils are
assessed), and the second - a Field Evaluation Number (FEN - agro-ecological conditions
are assessed). According to the obtained values of FEN (for each soil sub-type) they are
classified by classes of agronomic suitability. The final classification scheme of the
assessed lands is in accordance with FAO recommendations. The obtained results are
spatially visualized in the form of a map showing the suitability of the agricultural lands of
the studied area for growing cultivated hazelnuts.

Key words: land evaluation, agronomic suitability, cultivated hazelnut.
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BOHUTETHA OLIEHKA HA 3EMEAEJICKUTE 3EMWU B 3EMJIULLATA HA CEJIATA
EAPEBO U NAHUYEPEBO, OBJ1. CTAPA 3AITOPA 3A OTINEXOAHE HA
KYNTUBUPAH NELWWHWUK (CORYLUS AVELLANAL.)

3opHuua MuTtpeBa*, UBaHka Jlio6eHoBa, Mapus UBaHoBa, UpeHa ATtaHacoBa

MHCcmumym no no4yeo3HaHue, a2pomexHoI02uuU U 3awuma Ha pacmeHusma "H.
lMywkapos”, yn. llloce baHksi 7, Cogpusi 1080, CerickocmonaHcka Akademusi Cogbus,
bwneapus

*e-mail: zuza_na@abv.bg

Pe3tome

B semnuwata Ha cenata EgpeBo u NaHnyepeBo, 06n. Ctapa 3aropa e HanpaBeHa e
OOHMUTETHA oueHKa 3a OTrnexgaHe Ha KynTMBMpaH NEeWHWK C uen npeacTaBaHe Ha
arpoHomMmu4yeckaTta NpUrogHOCT Ha 3emefenckuTe 3eMu 3a Taswm Kyntypa. [NpunoxeHata
MeToAuKa 3a NeLlHuK e HoBopa3spaboTeHa (CbobpaseHa C U3NCKBaHUATA Ha KynTypaTa u
KnumaTudHuTe ycrnosud). Cnoped wusnonssaHaTa MeToAuKa, OUEHKUTE Ha oTaenHuTe
Nno3eMseHn XapakTepUCTUKN Ca U3BBLPLUEHN NO NpeaBapuUTenHo paspaboTeHun anroputMmm
B ABa eTana, Kato Ha nbpBus ce goctura o noyseH 6an ([Mb-oueHsBat ce u3MKo-
XUMUYHUTE XapaKTepUCTUKM Ha MOYBUTE), a Ha BTOPUS — OO MOSICKO OOHUTETHO YUCHO
(MBY-oueHaBaT ce arpoekonormyHuTe ycnosus). Cnopea nonyyYeHUTe CTOMHOCTUTE Ha
MBY, (3a BCsiko NOYBEHO pasnunyme) Te ce knacuduumpaT no KrnacoBe Ha arpoOHOMUYecKa
npurogHocT. KpanHata knacudgukaunoHHa cxema Ha OLEHEeHUTe 3eMu € cbobpaseHa C
npenopbknte Ha FAO. lNonyyeHnte pesyntatv ca NPOCTPAHCTBEHO BU3yanusvpaHu noj
dopmaTa Ha KapTa nokassala NpUrogHoOCTTa Ha 3emMeferickute 3emMu OT u3cneaBaHus
panoH 3a oTrneXxaaHe Ha KynTUBUpPaH NeLHUK.

Knroyoeu Oymu: GOHWTETHA OLEHKa, arpOHOMMYECKa NPUIrogHOCT, KynTUBMpPaH
NELUHUK.
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INCREASING THE DURABILITY OF WEARING PARTS AND WORKING ELEMENTS
OF AGRICULTURAL TECHNIQUES AND EQUIPMENT THROUGH ELECTRIC SPARK
AND GAS FLAME COATING

Georgi Kostadinov*, Todor Penyashki, Elena Dimitrova, lvan Mortev, Blagoj Elenov

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

*e-mail: g.kostadinov@issapp-pushkarov.org

Abstract

The essence and technological characteristics of the innovative methods of electric
spark deposition and gas flame layering are described in the work. The topography,
morphology, composition and structure, hardness and tribological properties of the
coatings obtained by both methods are shown. The possibilities for effective application of
both methods for both preliminary strengthening and restoration of worn parts and working
parts of machines and equipment for agricultural machinery are presented. Based on a
literature data and previous our author's results, suitable coating materials and layering
process parameters are indicated, which provide an increase in the wear resistance of
various hardened working parts by an average of 1.5 to 4 times.

Key words: electrospark deposition, gas flame spraying, coatings, carbides,
microhardness, wear resistance.
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CREATION OF A NEW TYPE OF COATINGS WITH INCREASED HARDNESS, WEAR
RESISTANCE AND TRIBO-EFFICIENCY FOR AGRICULTURAL EQUIPMENT
THROUGH ELECTRIC SPARK AND GAS FLAME COATING

Todor Penyashki*, Georgi Kostadinov

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

*e-mail: t.peniashki@issapp-pushkarov.org

Abstract

The paper describes the properties of a new type of new hard alloy wear-resistant
coatings intended for electrospark (ESD) and gas flame (GFS) lamination of wear and
working parts of agricultural machinery and equipment. For ESD GFS, multi-component
composite coating materials were created from the highly wear-resistant compounds WC,
TiB2 and B4C with a multi-metallic solder of Ni-Cr-B-Si and technological additives of Fe,
Co and C. Through metallographic and X-ray structural analysis, optical, electron
microscopic and tribological tests the topography, morphology, structure, microhardness
and tribological characteristics of the coatings were investigated. The numerical values of
the roughness, thickness and microhardness parameters of the obtained coatings were
determined. The conditions for obtaining coatings with appropriate geometric
characteristics, composition and structure to achieve maximally increased wear resistance
of surfaces subjected to various loads and operating conditions are defined. Up to 3-4
times higher durability compared to uncoated products was obtained.

Key words: electrospark deposition, gas flame sprawing, coatings, carbides,
borides, structure, microhardness, wear resistance.
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EFFECT OF LOCATION OF IRRIGATION DRIP PIPE UNDER DIFFERENT IRRIGATION
REGIMES ON YIELD OF BULGARIAN SORT GARLIC

Vesela Petrova-Branicheva*, Emil Dimitrov, Antoaneta Gigova

Institute of Soil Sciences, Agrotechnologies and Plant Protection “Nikola Poushkarov’,
Agricultural Academy, 7 Shosse Bankya Str., 1331, Sofia, Bulgaria

“email: vessi1i@abv.bg

Abstract

The change in the overall technologies of agricultural production in recent years is in
accordance with the new conditions and needs of agricultural crops and requires
optimization of the parameters of the irrigation regime of agricultural crops grown in
conditions of water deficit. Experimental studies were conducted in 2023 - 2024 under field
conditions on the territory of the experimental field "Chelopechene", on leached Cinnamon
forest soil with a summer garlic crop. A water-saving drip irrigation system is used for
irrigation. The irrigation wings are located on the surface and underground at a depth of
0.10 m. Five options were studied for optimal and disturbed irrigation regime of garlic. V1 -
subsoil drip irrigation - 100% irrigation rate, V2 - subsoil drip irrigation - 50% irrigation rate;
V3 - surface drip irrigation - 100% irrigation rate; V4 - surface drip irrigation - 50% irrigation
rate; V5 - non-irrigated variant.

The main objective is: Establishing the optimal irrigation regime and the influence of
different depths for laying irrigation wings for irrigation and fertigation on the yield of
summer garlic, Bulgarian variety.

Key words: drip irrigation, summer garlic - Bulgarian variety, yield, subsoil drip
irrigation.
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BITUAHUE HA PA3NOJIOXEHUETO HA NOJIMBHUTE KPUNA MNMPU PA3JTIUYHU
PEXXUMU HA HANMOSABAHE HA BBJITAPCKU COPT YECBH

Becena lNeTpoBa-bpaHnyeBa*, Emun umutpos, AHTOaHeTa urosa

MHcmumym no no4eo3HaHue, azpomexHoI02uuU U 3aujuma Ha pacmeHusma
"Hukona lNywkapos”

*e-mail: vessi1@abv.bg

Pe3lome

MpomaHaTa B USANOCTHUTE TEXHOMOrMM Ha 3eMedernickoTo MNpou3BOACTBO MNpes
nocrnegH1MTe roguHn e cbobpasHo C HOBUTE YCroBMS M NOTPeOHOCTU Ha 3emedenckuTe
KynTypu U U3NCKBa ONTUMU3MpPaHE NapamMeTpUTE Ha MONMBHUSA PEXMM Ha 3eMeaeriCKUTe
KynTypu, oTrnexnaHu B yCroBusi Ha BogdeH aeduunt. EkcnepymeHTanHuTe nscnegsaHus
ca npoBefeHn npes3 2023 — 2024 rogmHa npu NOsfiCKU YCIOBUS Ha TEPUTOPUATaA Ha ONUTHO
none ““enoneyeHe”, BbpXy M3nyxeHa KaHerneHa ropcka novsa C KynTypa NeTeH YeCbH.
3a HanossBaHe ce Mu3Mnon3Ba BoOJoOCMecTsABalla CUCTEMA 3a KarnkoBO HamnosiBaHe.
MonmBHMTE Kpuna ca pasnosioXKeHn Ha MOBBbPXHOCTTA M NoanoyBeHo Ha AbnbouvnHa 0.10
m. Vi3cnegBaHn ca neT BapuaHTa npy onTMMarneH U HapyLleH NOSIMBEH PEXUM Ha YECHH.
V1 - nogno4BeHo kankoBo HanosiBaHe - 100% nonueHa HopmMma, Va - NOANOYBEHO KankoBO
HanosiBaHe - 50% nonuBHa Hopma; V3 - MNOBBLPXHOCTHO KankoBo HanosiBaHe - 100%
nonmeHa HopMma; V4 - MOBBbPXHOCTHO KankoBo HanosiBaHe - 50% nonuBHa Hopma; Vs -
HEenosIMBEH BapumaHT.

OcHoBHaTa uen e: YcTaHoBsIBaHE Ha ONTUMArHUA MOSIMBEH PEXMM U BIIUAHUETO Ha
pasnuyHMTe AbNOOYMHKM 3a noraraHe Ha NONMMBHUTE Kpuna 3a HanosiBaHe n epTurayms
BbpXy AobuBa Ha NeTeH YeCbH, Bbrrapckmn copr.

Knrwo4oeu Oymu: KankoBO HanosiBaHe, fieTeH 4YeCbH — Obnrapcku copT, OOOuB,
NOANOYBEHO KanKkoBO HamnosiBaHe.
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BIOECOLOGICAL AND PLANT SOCIOLOGICAL CHARACTERISTICS OF DESIGNED
WILDFLOWER MEADOWS IN URBAN ENVIRONMENT

Maria Hristova*
University of Forestry, Sofia

*e-mail: m.pl.hristova@gmail.com

Abstract

Designed wildflower meadows are intentionally created plant communities,
combining grasses and forbs with high species diversity. Widely implemented in urban
environments, these meadows contribute to biodiversity conservation and climate change
adaptation. Their resilience to poor and dry soils minimizes maintenance requirements and
reduces irrigation costs. The present study represents a literature analysis of the impact of
ecological, biological, and anthropogenic factors on the establishment and long-term
development of flowering meadows.

Climatic conditions, sunlight exposure, and soil properties are identified as critical to
the successful development of wildflower meadows. Species competition, sowing
techniques, and maintenance strategies significantly affect species diversity and
ecosystem stability. Mowing once or twice annually is shown to effectively control
dominant species, sustain aesthetic appeal, and enhance diversity. Additional practices,
such as mulching and soil moisture management, promote seed germination while
suppressing weeds.

Wildflower meadows represent sustainable urban green spaces that integrate
aesthetic appeal, ecological functionality, and biodiversity.

Key words: Wildflower meadows, sustainability, ecological value, urban landscape,
biodiversity, ecosystem services.
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EKONoOro-smonornyHn n ®UTOLUEHONOrn4Hn OCOBEHOCTU HA
UbPTAWUTE NONAHU B TPAACKA CPEOA

Mapusa Xpuctosa*
JlecomexHu4ecku yHuUsepcumem, Cogbusi

*e-mail: m.pl.hristova@gmail.com

Pe3siome

LUbdpTawmte nonsaHn npeactaBnsasaT 6oratv Ha BMAOBE W3KYCTBEHO Cb3AadeHu
TPEBUCTU CbOOLLECTBA OT XUTHU N LBETHWN pacTeHUs. Te HamupaT LWMPOKO NMPUIoXeHue B
rpagckute naHawadTn, KbaeTo nogobpsiBaT ecTteTnyeckus o6nuK, OonpuHacAT 3a
onasBaHeTo Ha 6uopasHoobpasveTo M cnomaraT agantauusTa Ha rpagoBeTe KbM
KnuMmaTu4HnTe npomMmeHu. bnarogapeHne Ha ycTOM4MBOCTTa CU KbM BGefHU N Cyxu NouBw,
UbMTAWMTE NONSAHN N3NCKBAT MUHUMAITHA rPUXa U 3HAaYUTENHO HamansBeaT pasxoguTe 3a
nogabpXaHe. HacToAwoTo wu3cnegBaHe npeactaBngBa aHanmM3 Ha nutepaTtyTpaTta 3a
BNNAHMETO Ha €KOMOMMYHKU, BUONOMMYHM M aHTPOMNOreHHU haKToOpU BbPXY Cb34aBaHETO U
ABNrOCPOYHOTO PasBUTME Ha UbMPTALLNTE NOSISAHMN.

Pesyntatute oT aHanusa nogyepTaBar KroyoBaTa posis Ha KIMMaTUYHUTE YCNOoBUS,
WHTEH3MBHOCTTA Ha OCMbHYaBaHe U NOYBEHUTE XapaKTEPUCTUKN 3a YCNELWHOTO pa3BuTue
Ha Te3n cbobuwiecTBa. KoHKypeHUMATa Mexay BuOoBeTe, M3MNOoN3BaHWUTe MeToau 3a
3acaBaHe W rnoggbpxaHe ce sBaBaT onpefendwin 3a 3anasBaHeTO Ha BWOOBOTO
pasHoobpasne. KoceHeTo, M3BbpLUBAHO BEAHBX WNU ABa MbTU FOOULIHO, €(EKTUBHO
KOHTPOSiMpa KOHKYPEHTHUTE BUOOBE U CbLUEBPEMEHHO CbXpaHsiBa AeKOopaTUBHUA edpekT
Ha nonsHuTe. [JOMbAHUTENHO, MyMN4YMpaHeTO W YNpaBfeHMeTO Ha no4yBeHaTa Brara
nognomaraT MOKbfIHBAHETO Ha CeMeHaTa W orpaHu4aBaT pPas3npPOCTPaAHEHMETO Ha
nnesenHn BUOOBE.

UbdpTawmte nonaHn npeacrasnsisaT YCTOMYMBO peLLEeHME 3a Cb34aBaHe Ha 3ereHu
nnoLwmn, cbyeTaBallmM ecTeTudeckn obnuk, ekonornyHa (PyHKUMOHANHOCT U afanTUBHOCT
KbM KITMMaTUYHUTE NPOMEHMN.

Knroyosu Oymu: ub@PTAWM MNONSAHM, YCTOMYMBOCT, E€KOMOrMYHM MON3W, FPafCKu
nangwadT, BMgoBo pasHoobpasune, eKOCUCTEMHU YCIyri.
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IMPACT OF SEED PRODUCTION ON SOIL FUNCTIONS: INSIGHTS FROM THE
NOVASOIL PROJECT SEMINAR IN ESTONIA

Merili Toom, Mart Laugis, Tiina Koster, Kerttu Tammik*, Kalvi Tamm, Taavi Vosa
The Centre of Estonian Rural Research and Knowledge

“e-mail: kerttu.tammik@metk.agri.ee

Abstract

The seminar held in Estonia as part of the NOVASOIL project aimed to engage
stakeholders in discussions about the impact of seed production on soil functions, focusing
on soil health challenges and potential solutions within Estonia's agricultural landscape.
Certified seed production is essential for ensuring high-quality seed material, leading to
more efficient crop yields. However, various constraints - such as poor soil structure due to
intensive tillage, heavy pesticide use, limited organic fertilization, and minimal use of green
manures - pose significant challenges to soil quality and biodiversity within seed
production systems. The seminar explored the role of incentives and payment schemes in
balancing seed production with soil health objectives. Three incentive types were
evaluated: 1. Basic income support payment, which encourages winter plant cover to
reduce erosion. 2. Environment-friendly production eco plan, mandating the use of certified
seeds and sustainable practices, though challenging in seed production systems. 3.
Support for land melioration, aimed at agricultural and forestry infrastructure development
for long-term soil productivity. Stakeholders recommended that policymakers promote
certified seeds more broadly, particularly for varieties that reduce pesticide use, tillage
requirements, and enhance nutrient cycling. Additional recommendations included
supporting public awareness campaigns on certified seeds, facilitating certifications, and
investing in research and breeding programs to improve both seed quality and soil health.
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