YHUBEP3UTET ,,I'OLE JEJTYEB” - HITUIT
3EMJOJIEJICKH ®AKYITET

UDC 63 (058) ISSN 1409-987X
ISSN 1857-8608 on line

I'OAUIIEH 3bOPHUK
20135
YEARBOOK

I'OAUHA 13 VOLUME XIII

GOCE DELCEV UNIVERSITY - STIP
FACULTY OF AGRICULTURE

o




YHUBEP3UTET ,I'OHE JEJTYEB” — IITHUII
3EMJOJAEJICKHU ®AKYJITET

UDC 63(058)
ISSN 1409-987X
ISSN 1857-8608 on line

I'OAUIIEH 3bOPHUK
2015
YEARBOOK

I'OAUHA 13 VOLUME XIII

UNIVERSITY “GOCE DELCEV” — STIP
FACULTY OF AGRICULTURE



lopumen 36opauk 2015

Yuusepsurer ,,l one emauen” — Lltum, 3emjonencku dakynrer

Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture
I'OAUIIEH 3OPHUK
YHUBEP3UTET ,,OLHE AEJYEB* - IITUII, 3EMJOAEJCKHA ®AKYJITET
YEARBOOK

GOCE DELCEYV UNIVERSITY - STIP, FACULTY OF AGRICULTURE

M3naBauku coBer

[pog. n-p Cama Murpes

[pod. n-p Wmnja Kapos

IIpod. n-p braxo boes

[Ipoo. n-p JInmjana Komesa-I'ynesa
IIpod. n-p Pyoun I'ymabocku

M-p Pucro Koctypanos

Penakuucku onoop

poo. n-p Cama Murpes

[Ipod. n-p Wnmja Kapos

IIpo¢. n-p braxo boes

Ipod. n-p Jlunjana Konesa-I'ynesa
Ipod. n-p Bepuma Nnuepa

[Mpod. n-p Jbymao MuxajioB
[pod. n-p Pyoun ['ymabocku

Jomu. n-p Ayman Criaco

OnroBopeH ypeaHuk

[pog. n-p Cama Murpes

I'naBen ypeanuk

[pod. n-p JInmjana Komesa-I'ynesa
AaMuHHCTPATOP

Hor. a-p EmMunuja KocraanHoBcka
JaznuHo ypenyBame

Hanuna 'aBpunoBcka-ATaHacoBcka
(MaKeIOHCKH ja3HUK)

busbana VBanosa

(aHTIICKH ja3WK)

TexHUYKO ypeayBame
Cnase luMuTpOB
brnaroj Muxos

Pepaknmja u agMuHMCTpanuja
Yuusepsurer ,,[oue Jlemues*-LITun
3eMjonerncku GpaKyaTeT

yi1. ,,Kpcre Mucupkos* 10-A

. dax 201, 2000 I tumn

P. Makenonwuja

Editorial board

Prof. Sasa Mitrev, Ph.D

Prof. Ilija Karov, Ph.D

Prof. Blazo Boev, Ph.D

Prof. Liljana Koleva-Gudeva Ph.D
Prof. Rubin Gulaboski, Ph.D
Risto Kosturanov, M.Sc

Editorial staff

Prof. Sasa Mitrev, Ph.D

Prof. Ilija Karov, Ph.D

Prof. Blazo Boev, Ph.D

Prof. Liljana Koleva-Gudeva Ph.D
Prof. Verica Ilieva, Ph.D

Prof. Ljupco Mihajlov, Ph. D
Prof. Rubin Gulaboski, Ph.D

Ass. prof. Dusan Spasov, Ph.D

Editor in chief

Prof. Sasa Mitrev, Ph.D
Managing editor

Prof. Liljana Koleva-Gudeva Ph.D
Administrator

Emilija Kostadinovska, Ph.D
Language editor

Danica Gavrilovska-Atanasovska
(Macedonian)

Biljana Ivanova

(English)

Technical editor
Slave Dimitrov
Blagoj Mihov

Address of the editorial office
Goce Delcev University — Stip
Faculty of Agriculture

Krste Misirkov 10-A

PO box 201, 2000 Stip,

R. of Macedonia

http://js.ugd.edu.mk
http://js.ugd.edu.mk/index.php/YFA/index



Topumen 36opauk 2015 Yuusepsurer ,,l one Jemues” — Lltum, 3emjonencku dakynrer

Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

COOPXMNHA
CONTENT

Emmmija Kocraguaoscka, Camra Murtpes, Page Pycescku, Mnmja Kapos u
Buonera [TumoBcka
[TpucycTBO Ha BUPYCOT Ha CBUTKYBa€ HA JIMCTOBHUTE Kaj BUHOBATA
J03a B0 MakejioHuja

Emilija Kostadinovska, Sasa Mitrev, Rade Rusevski, Ilija Karov,
Violeta Dimovska
Presence of grapevine leafroll associated virus in the vineyards in the

Republic of Macedonia ..........cooooeiiiiiiiiiiiiiiii

Cama KocramqunoBuk Bemmukorcka, Cama Mutpe, dupanka Mimesa, Jbymao
Muxajnos
CeH30pHA 1 aHATIMTUYKA eBATyallyja Ha JTaTHO-IEICHN Maciia off
COHYOIJIE]

Sanja Kostadinovi¢ Velickovska, Sasa Mitrev, Fidanka Ilieva, Ljupco Mihajlov

Sensory and analytic evaluation of cold-pressed sunflower oils ............

dupanka TpajkoBa, JIunjana Konesa-I'ynesa u Cama Mutpes
Kynrypa Ha 3urorcku eMOpronu off kajcuja (Prunus Armeniaca L.)
Fidanka Trajkova, Liljana Koleva Gudeva and Sasa Mitrev

Zygotic embryos culture from apricot (Prunus Armeniaca L.) --------....

Jbynuo Muxajnos, Becna 3ajkoBa [TanoBa, bumana banabaHosa
duropemenujalrja co coja Ha 3arajieHd 3eMjoJIeJICKK MOYBU CO KaIMUYM
Ljupco Mihajlov, Vesna Zajkova Panova, Biljana Balabanova

Soybean phytoremediation of cadmium polluted agricultural soils ........

Bumana bana6anosa, Cama Mutpes, Buonera Manosa-Iletponysoc,
Py6un I'ynabocku
OnpenyBambe Ha M30TOMM HAa OJIOBO BO BMHO M MAacjio 32 jafickhe CO
TpUMeHa Ha MHIYKTUBHO CIIPErHaTa Ijia3Ma co MaceHa CieKTPOMeTpHja
Biljana Balabanova, Sasa Mitrev, Violeta Ivanova-Petropulos, Rubin Gulaboski
Isotopic lead measurements in wine and edible oil using inductively

coupled plasma with mass SPECIrOMELTY -+ ---evvnerrnerriiiieiiiniiieiieenne,

JIunjana Konesa-I'ygeBa, ®unanka Tpajkosa u Jynujana Tpoutiku
CtrMymparse Ha BEreTaTUBHOTO Pa3MHOXKYBaH-e CO ayKCHHH Kaj
py3mapuH (Rosmarinus Officinialis L.) n >kandwuja (Salvia Officinialis L.)

Liljana Koleva Gudeva, Fidanka Trajkova and Julijana Troicki
Stimulation of vegetative propagation with auxins in rosemary

(Rosmarinus Officinialis L.) and sage (Salvia Officinialis L.) ...................



lopumen 36opauk 2015 Yuusepsurer ,,l one emauen” — Lltum, 3emjonencku dakynrer

Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

Haranuja Mapkosa Py:xnuk, Jbymuo Muxajnos, Bepuua Mnuesa,
Coma VBanoBcKa
KBanuTeTHO-TEeXHOJOLKY CBOjCTBA Kaj JOMAILHU BOPEeHU (POpMU Ha
jauMeH

Natalija Markova Ruzdik, Ljupcho Mihajlov, Verica Ilieva, Sonja Ivanovska
Qualitative - technological properties at domestic two row barley

F1S3 0 10] 18 PN

Bbwbana Banabanosa, Baaxo Bboes, Cawa Mutpes, Buonera HBanoBa-
[Terponynoc
Mertop 3a ofipefiyBame Ha COApPKUHATA HA 35 €JIEMEHTH BO Pa3InIHI
MPUMEPOIM CO IPUMEHA HA MUKPOOPAHOBA IUTECTHja W MHYKTHBHO
CIperHara nia3Ma co MaceHa crekTpoMeTpuja (icp-ms)

Biljana Balabanova, Blazo Boev, Sasa Mitrev, Violeta Ivanova-Petropulos
Method for determination of 35 elements content in
various samples with application of microwave digestion

and inductively coupled plasma with mass spectrometry (icp-ms) ..........

Myman Cnacos, [Iparuia Cnacosa, Mute Mnuescku, busjana Atanacosa
Banmjanue Ha TemnepaTypara Bp3 MHTEH3UTETOT Ha MojaBa Ha
namykoBara couna (Heliothis obsoleta FABR. = Helicoverpa
armigera HB.) Kako ITETHUK Ha MUNIEPKATa BO CTPYMUYKUOT PErHOH

Dusan Spasov, Dragica Spasova, Mite Ilievski, Biljana Atanasova
The influence of the temperature at the intensity of the spread of the
cotton bollworm (Heliothis obsoleta FABR. = Helicoverpa armigera

HB.) as a pest of the peppers in the strumica region .............c.c......c.... .

Buonera Msanosa-Ilerponynoc, Iparana Ilerpymesa, Camra MuTpes
Mertomu 3a onpenienyBatbe Ha SO, ¥ peyIMpavKy eKepy BO BUHA 1
AJIKOXOJIHY NUjalialu

Violeta Ivanova-Petropulos, Dragana Petruseva, Sasa Mitrev
Methods for determination of SO, and reducing sugars in wines and

alcoholic beverages ...

Mure WMmmescku, [parmma CrmacoBa, Jbymuo MuxajnoB, Hyman Cmacos,
Harammja Mapkosa Pysxmuk, Bepuna Mnesa, Enenniia Cogujanosa
ITpou3BOAICTBO U 3aCTANEHOCT Ha KUTHUTE pacTeHuja Bo Permy6nuka
MakenoHuja

Mite Ilievski, Dragica Spasova, Ljupco Mihajlov, Dusan Spasov, Natalija
Markova Ruzdic, Verica Ilieva, Elenica Sofijanova
Production and balance among of cereal plants in Republic of

MacedOonia ... .

113



Topumen 36opauk 2015 Yuusepsurer ,,l one Jemues” — Lltum, 3emjonencku dakynrer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

OpurnHajieH Hay4eH TPyQ YK 634.8-238(497.7)

MNPUCYCTBO HA BUPYCOT HA CBUTKYBAIBE HA
JUCTOBUTE KAJ BUHOBATA JIO3A BO MAKEJOHUJA

Emunuja Kocragunoscka', Cama Murtpes!, Page Pycescku?,
Nnuja Kapos', Buosera Iumoscka’

AncrpakT: PacturenHure BUpycM ce Trpyna Ha MATOreHU KOU
NPUIOHECYBAAT 33 3HAUMTEIIHU 3aryOu BO MPUHOCOT U MUMAAT FOJIEMO EKOHOMCKO
3Hauewe. Tue ce oOMUraTHy NapasuTH U 3a HUBHA PEIUTMKalija KOPUCTAT JIed
Of1 PACTUTEJIHUTE KJIETKH Ha JOMAKMHOT.

KoHkpeTHO Kaj BHMHOBaTa Ji03a IUTETHOTO [ISjCTBO Ofl BUpYyCHaTa
nH(peKIMja ce MaHU(EeCcTUpa BO HaMallyBae Ha MPUHOCOT U KBAJIUTETOT Ha
rpo3jeTo, HaMalyBame Ha BEKOT Ha JIO3UTE, BO KAJIEMOBOTO MPOU3BOJCTBO —
HaMaJlyBame Ha MPUHOCOT U KBAJIMTETOT HA PE3HUIIMTE 32 KalleMeHwe, Kako U
cn1ab0 CpacHyBame Ha CIIOJHOTO MECTO.

Co npumena Ha ceposomika ELISA Texnuka u monekynapHa RT-PCR
[MjarHOCTHKA U3BPILIVBME YTBP/YBake Ha PUCYCTBOTO Ha €/IeH Off HAjIIMPOKO
pacnpoctpaHeTuTe (PIOEMCKM BUPYCM Kaj BHMHOBaTa Ji03a, BUPYCOT Ha
CBUTKYBame Ha nuctoButTe — Grapevine leafroll associated virus GLRaV (-1 ,-
2,-3,-7).

NcrpaxyBamweTo ondaTt BKynHO 382 1307aTH Off BUPYCH Kaj BUHOBATa
n03a, Bo nepuonot o, 2008 no 2014 roguHa.

Op BUpyCHMTE MPOMEHM Kaj BUHOBATa J03a Oelle CJIeIEHO U MOTBPAECHO
NPUCYCTBOTO Ha BUPYCOT Ha CBUTKYBamC Ha JIMCTOBUTE Kaj BUHOBATA JI03a
(Grapevine leafroll associated virus) co rpymute -1 u -3 of OBOj BUpYyC
(GLRaV-1, GLRaV-3).

Kunyunu 360posu: obauzamnu napasumu, ELISA, RT-PCR, GLRaV.

136Mj0)16JICKI/I daxynrer, Yuusepsurer ,,['oue [demues” — Lltun
daxynreT 3a 3eMjOICNICKU HAyKH U XpaHa, ¥ Husep3ureT ,,CB. Kupun u Metopuj*, Ckomje
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PRESENCE OF GRAPEVINE LEAFROLL ASSOCIATED VIRUS IN
THE VINEYARDS IN THE REPUBLIC OF MACEDONIA
Emilija Kostadinovska®, Sasa Mitrev?, Rade Rusevski*, Ilija Karov?,
Violeta Dimovska?®

Abstract: Plant viruses are group of pathogens that cause and important
loses in grapevine production and they have and great economic importance.
They are obligate parasite form and for their replication they used plant cells.

In particular vines, the harmful effects of viral infection manifests itself in
reduced yield and quality of grapes, reducing the life of the vines in grapevine
calem production- reducing the yield and quality of cuttings for grafting and
weak adhesion of the coupling place.

By applying serological ELISA technique and RT-PCR molecular
diagnostics, we determining the presence of most distributed phloemic viruses
in grapevine - Grapevine leafroll associated virus GLRaV (-1, -2,-3,-7). The
study covered a total of 382 isolates of grapevine viruses, in the period from
2008 till 2014.

In relation to grapevine viruses, we monitored the presence of the leafroll
virus in grapevine (Grapevine leafroll associated virus) with groups -1 and -3
of this virus (GLRaV-1, GLRaV-3).

Key words: obligate parasite, ELISA, RT-PCR, GLRaV.

1. Bosen

MosxHocTuTe 3a e(UKACHOTO WCKOPUCTYBAKE Ha 3eMjofIeJICKOTO
3eMjuiiTe BO MakefioHMja ce MOIMpeyYeHu Off HEroBOTO (pparMeHTHpare BO
napuesiy, Kako pe3ylNTaT Ha TNPEeTXOIHUTE OrpaHuuyBara Ha TOBPILUHU
KOM MOXeE J]a cé KOPUCTAT M MocefyBaaT, oOuvanuTe 3a HaclefCTBO, Kako U
TpajiuliMjaTa 3a pejalyuuTe Ha NpOMeT Ha 3eMjullTe (Kynomnponaxkoa) [9].

CnaGuoT NpoMeT Ha 3eMjuILTe, KOj He MPUOHECe Ha KOHCOIUUPAETO
(OKpynHyBameTo) Ha (papMUTEe, KaKO M CJIa0MOT €KOHOMCKM TMOopacT u
HEOCTATOK Ha colujajiHa 6e30eIHOCT U MOoHATaMy r'o MOTXpPaHyBa MPOLECOT
Ha (pparMeHTaluja u AuBep3udrKalija Ha MpOU3BOACTBOTO BO MaJM NapLesu,
CO 1IeJ1 Jla ce crpeyaT naszapHute IyKTyaluyuu U fia ce 3a/0BoJaT NnoTpeduTe
on xpaHa [9]. Kako pe3yiarar Ha BakBUTE COCTOjOM M MOJTUOT BPEMEHCKU
Nepuoy, Ha Majii MHBECTULIMU, JIO30BUTE Hacagu Bo Peny6nuka MakenoHuja
Ce CO HemoBoJIHA cTapocHa cTpykTypa. Okony 60% op 1030BUTE HAacaiu ce
noctapu of, 15 ronunu, a 38% of BKyIHaTa MOBPILIMHA TOJT JIO30BU HACA/IU CE Ha

3 Faculty of Agriculture, Goce Delcev University, Stip, Macedonia

4 Faculty of agriculture and food, St Kiril and Metodija University, Skopje
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KpPajoT Off CBOjOT MPOAYKTUBEH KUBOT. icTuTe Tpeda mpuopuTeTHO fa bupiat
1[eJ1 Ha MTHBECTUIM]a 32 HUBHO OOHOBYBahe (KOMaueHe / mpecagyBame), 3a ja ce
OJP>KU MPOU3BOJICTBEHUOT (KBAHTUTATUBEH U KBAJMTATUBEH) MOTEHIM]jal [9].

ACOPTUMAHOT Ha COPTUTE HA BUHCKO Ipo3je € HeCOOBETEH BO OJIHOC Ha
HErOBHOT KBAJIUTET, JIOKAlMjaTa Ha TPOU3BOJICTBO M NPOMOBHUpAhE Ha Tasap
[9]. CeramnaTa 3acTaneHOCT Ha COPTUTE HAa BUHCKO IpO3je, YECTO HE € BO
COIJIACHOCT CO MPAaBHUTE aKTH 32 COPTHA KJacugukaiyja, Kou BO MOMEHTOT
ce Ha cuna. [Tokpaj Toa, BUCOK MPOLEHT Ha JIO30BU HACAM CE JIOUMPAHU BO
T.H. 30HM MOJUIOKHM Ha Mpa3eBH, Kaje IUTO 3aMpP3HYBAKETO HA OKLATa €
YyecTa nojaBa. 3aMeHyBamkheTO Ha HECOOJIBETHUTE COPTHU Ha I'po3je U Ha JI0O30BU
HacaJy, Off 30HUTE MOJJIOXKHNA HA MPa3eBU Ha MOI0OPH JIOKALMHU, K& MPUIoHEeCe
3a NojIo0pyBame Ha KBAJIMUTETOT U OCTAOUIIHU MPUHOCH [9].

3HayajHM MPOMEHM Kaj BUHOBATa J03a BO MPUHOCOT MpEeU3BUKYBaaT
BUPYCHUTE, KaKO nocebHa rpymna Ha NaToreHu NpuuuHuTeu [8].

Bo Hajronem 6poj ciayyau, MPOMEHWTE KOM HACTaHyBaaT Kaj BUHOBATa
71032 NpeU3BUKAHN O BUPYCEH NPUUMHUTEN 3aBHUCAT Off BUIOT HA BUPYCOT,
OCETJIMBOCTA HAa COPTATa Ha BMHOBATA JI03a, HAUMHOT Ha IIMPEHE Ha BUPYCHUTE
uTH. [8]. Cnopep CTaTUCTUYKY MOJATOLIM 3a M0jaBaTa HAa BUPO3UTE Kaj BUHOBATA
no3a [4], ce cMeTa Jieka Tue cnaraaT BO MHOTY CTapy 3a00J1yBatha, HO HUBHATA
€KOHOMCKA IIITeTHOCT NMOCceOHO JIOIIIA 10 U3pa3 KOH nojioBuHaTa Ha XIX Bek u
Ouwia BO TeCHa BpCcKa Cco MojaBaTa Ha dusokcepara [4].

Ho nenec ce no3HaTH okouty 70 rpyny BUPYCH Kako TJIaBHU MPUYMHUTETN
Ha OoJsiecTu Kaj BMHOBata jo3a [12]. EnHa op MHOTY BaskHWTE Tpenopaku
nponuiiaHa o MIHTepHaMOHAIHOTO 3ApY3KEHUE 32 MPOYyUyBamke Ha BUPYCUTE
n cauyHu opraHmamu Ha Bupycute (International Council for the Study
of Virus and Virus-like Diseases of Grapevine ICVG) ox 2003 r. npepnara
3aJI0JIKUTENTHO J1TaG0PATOPUCKO TECTUPAHE Ha CAJHUOT MaTepujall, 0COOEHO
Ha €KOHOMCKM MHOT'Y 3HA4ajHU BUPO3W KOM JUPEKTHO BJIMjaaT BP3 PacTOT Ha
BUHOBATA JI03a, KBAIMTETOT U KBAHTUTETOT.

Bupyc Ha cBUTKyBame Ha JUCTOBUTE Kaj BUHOBaTa jo03a (Grapevine
leafroll associated virus — GLRaV) - 3a npBnat oBoj BUpPYC € OTKPUEH BO
naneynata 1958 roguna Bo Kamudopuuja, kafge mro 6usno 3abenexaHo ieKa
BUPYCOT TNpPEM3BUKYBa JIMCKOJIOpalMja Ha TIIOJIOBUTE Ka] LUPBEHUTE COPTHU
Ha BuHOBa Jjio3a [11]. Tlpunafa Bo damunujata Closteroviridae, BO popor
Ampelovirus Kajie 1ITO npunaraaT eBeT acoljaTUBHYU BUJIOBU [5].

Ireture npepusBukanu of Grapevine leafroll associated virus ce qBuxKart
Bo rpanuuy o 20 no 40%. OBoj BUpYyC HajuecTo MpeM3BUKYBa MPOMEHa BO
00jaTa Ha TMCTOBUTE U HEE[THAKBO cO3peBame Ha rpo3fosute [7,10]. McTo Taka,
CUMITOMHUTE MOKE /12 BKIIyYaT 1 CBUTKYBaH€ Ha JIUCTOBUTE KOH BHATPEILIHATA
CTpaHa, MpoMeHa Ha 6ojaTa (TOLPBEHYBaWEe Kaj LPBEHUTE/LIPHUTE COPTH,
MOKONTYBae (XJIOPO3HOCT) Kaj OeJIuTe COPTH) M HEKPOTHU3HUPaH-e Ha OfIpefIeHH
IeJIOBU Of JIUCTOT, U pa3pyliyBamme Ha paoemoT [7,10].
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OBoj BUpYC YecTo ce MojaByBa BO MelllaHa UH(EKIUja CO IPYTY BUPYCHU
WJIK CO ApYTr NaToreéH npuyuHUTEI. Bo takBu CJiydyau MOKE J1a NpeJu3BUKYyBa
Cylliewe U u3ymMupame Ha yno3ara [7,10]. Tepenckute aHanu3u Ha CUMIOTOMUTE
Kaj BUHOBATAa J103a NPEAN3BUKAHN O] BUPYCOT Ha CBUTKYBaWkE Ha JIMCTOBUTE
Kaj BUHOBATA JI03a, MHOTY YeCTO MOKe J]a IMYaT CO CUMITOMHU KaKO pe3yJiTaT
Ha MEXaHUYKO OILTETYBae Ha CTEOIOTO Kaj BUHOBATA JI03a, IPYTM 60JIeCTH Ha
(p710eMCKOTO TKHMBO, OLITETYBama Off uHCeKTu u ¢i. [7,10].

Bo HaieTe uctpakyBame HalpaBrUBMe JIETATTHA aHAII3a 32 MPUCYCTBOTO
Ha Grapevine leafroll associated virus co noce6en akueHT Ha rpynute GlRaV-1
u GIRaV-3.

2. Marepujan u MmeTop Ha padora
2.1. Konekuuonnpame Ha MaTepUjajiOT 3a aHAIM3a BO JI030BUTE
Hacanu Bo Penyonuka MakenoHuja

3a j1a MOXKe f1a ce gobre BUCTMHCKA CIMKa 3a cocTojoaTa co rojaBaTa
Ha BUPYCHHUTE TNpOMEHM Kaj BHMHOBaTa Jjo3a Bo Peny6mmka Makefonuja,
KOHTUHYUPAHO ce cliefiellle cOcTojO0aTa Ha TepeH Of BpeMEeTO Ha MojaBa Ha
NPBUTE CUMITOMM JIO Kpaj Ha Beretauujata (MOYHYBajKU Off KPajoT Ha Maj U
3aBpILYBajKM 10 KPajoT Ha OKTOMBPH) (LIeMaTCcKu npukas 1).

[ Mepuod Ha cnederse Ha cCUMITMOMUMe Ha mepeH ]

| MAJ | JYHU OKTOMBPU

HNdeaneH nepuod u KOMEKYUOHUPAHbE HA
|:| Mpezned - &
mamepujan 3a aHanusa

IllemaTcku npuka3s 1.
Topyiien neproy 3a TepeHCKa aHaIU3a Ha JIO30BUTE HAcajii BO MakejioHuja
Sheme 1. Period of field analyzes in the vineyards in Macedonia

ITokpaj TepeHckaTa aHaaM3a Ha cocTojdaTa CcO BMHOBaTa Jio3a
(cporonokymeHTanMja 1 3abenekKyBambe Ha TPOLEHTOT Ha WH(EeKImja), 3a
71a60paTOPUCKO MCIUTYyBame Oelle coOMpaHa CUMITOMATUYHA JIMCHA Maca
(penpe3eHTaTUBHO, 10 nucta Ha npumepok). ITpu cobupameTo Ha JMcHaA Maca 3a
CeKOj NPMMEPOK NMOCEOHO Ce BHUMABALLIE /]a CE 3eMaaT CUMIITOMATUYHHU JINCTOBH,
MJIagu U 0e3 HeKpoTUpaHa HepBaTypa. Baka coOpaHata M 3aJOJKUTETHO
3a0esieXkaHa JMCHA Maca (CopTa, JIOKAJIUTET, PETMOH, AaTyM) NAOMNOJHUTETHO
ce MOAroTBYyBalle BO JAOOPATOPUCKHM YCJIOBM: CE€ KOPMCTEILE CaMoO JIMCHATa
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HepBaTypa (1 g Mo npumepok) 3a UCIUTYBambe Ha (PUTOMIIA3MU U JIMCHA Maca
(0.4/0.5 g HepBaTypa WiIu JIMCHU BEHM) 32 UCTUTYBakh¢ HA MPUCYCTBOTO Ha
BUPYCHU.
[Tpu cpenyBambeTO Ha MaTEpUjasIOT 3a aHaiu3a, MOCTankuTe Oea BO
CJICJTHAOB PENIOCTIe;
N0 TEPEHCKO JIOHECYBale Ha MaTepujasl BO JlabopaTopuja ce BpLielle
Mg pupame Ha UCTUOT U YyBarbe Ha +4°C 3a KpaTOK BPEMEHCKH NepUoJ
(HEKOJIKY JIeHa JI0 MOJIFOTOBKA 32 aHAJIN3a);

— Oupejku ce paboTu 3a (PIIOEMCKH MaTOreH!, O] JIMCHATA Maca ce 3eMallie
caMo HepBaTypara;

—  ceKorall ce offMepyBallle BO iBa NpuMepoKa (OpUrHHaJIeH KOj e UCIIUTYBa
U KOHTPOJIEH KOj C€ OCTaBa BO CIy4aj Ha MOBTOPYBAE HA AHATIN3AaTa);

—  CpefIeHHOT MaTepujas ce uyBaiiie Ha Temneparypa of — 20°C 3a neprof oft
HEKOJIKY Mecel (JIofieKa Jla ce HarpaBaT aHAIM3UTe) WK Ha TeMIiepaTypa
on1 — 80°C, 3a moyoJIr BpeMEHCKHU MepHOI.

Ha cavka 1 ce npukaykaHu UCTPa>KyBaHUTE JIOKAIMTETH Ha TEPUTOPHUjaTa
Ha MakeyioHuja, copeq 3acTalneHoCTa Ha UCIUTYBAHUOT OPOj Ha JI03apCKU
€IMHULN.

NereHpa:

@ Mana 3acTaneHoCT Ha NO30BW NOBPLUMHKA /
Manw, NpuBaTHW NOBPLUMHW, N HAaNyLWTEHU
No30BW Hacagn

@ cpeaHa 3aCTANEHOCT Ha I030BY NOBPILIMHI
/ MOKOMMaKTHK NOBPLWMHW NOA4  NO30BK
Hacaam

BMCOKa 3aCTaneHOCT Ha No30BK1 NOBPLIWHK
/ TukseLLKo BUHOTOPjE

Cnuka 1. Mana Ha MakefoH#ja - MAapKMpPaHU ce NCIUTYBAHNTE JI030BH HAacaan
Figure 1. Macedonian map — mark experimental grapevine fields

2.2. MeTtoau 3a uaeHTH(PMKaALKja HA POYYyBaAHNTE MATOT€HU

Nmajku ja npensuy rpagbarta Ha maToreHuTe Kou Oea mpejMeT Ha OBa
UCTPaKyBakhe, 32 HUBHA JIMjarHOCTHMKA W WAEHTU(MKaluuja 6ea KOPUCTEHH
HajCOBPEMEHN MOJIEKYJApHU J1TabOPATOPUCKA METOIM M TEXHUKU MPUKasKaHU
BO Tabena 1.
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TaGena 1. Ilperneny Ha Kyaryparta, MCHUTYBAaHHTE TNATOTeHHM W KOPHUCTEHUTE
JIa00paTOPUCKN METOTH Ha PadoTa
Table 1. Culture, pathogens and used laboratory methods of work

Kyarypa IlaTtorenu JlabopaTopHCKH MeTOAH HA UCTIUTYBame
Culture Pathogens Laboratory methods of work
Bunosa no3a / grapevine Bupycu / 1. DAS-ELISA — ceposomnika AeTeKIija Ha
Vitisvinifera L. Viruses MaTOreHNTe
2. Excrpakupnja Ha PHK
3. RT-PCR
4. MexaHUUKO MPEHECYBamkE Ha MATOTEHUTE

2.2.1. Ceponomiku meton (ELISA) 3a ucnutyBame Ha rpynuaTe Ha
Grapevine leafroll associated virus

Epnen op mMeroiuTe 3a MOTBpAYBale HA BUPYCOT Ha CBUTKYBabe Ha
JMCTOBUTE Kaj BUHOBaTa ji03a, GLRaV, koj Geliie KopucTeH 3a ujieHTrguKanmja
Ha cuTe npuMepouu coopanu 3a aHanm3a 6emie DAS-ELIS A ceponoiikuot meTop
(DAS-ELISA, double antibody sandwitch enzyme-linked immunosorbent
assay). Bo Tekor Ha aHanu3uTe Gea KOPUCTEHM FOTOBU KMTOBHU Off (hupmara
BIOREBA, Switzerland, co TecT npoTOKoJ 3a WieHTU(UKAL]ja Ha KOMIUIEKC
GLRaV-1+3, (mukc GLRaV-1 u GLRaV-3), kako 1 noefyHeYH! TECTOBU
3a upeHTuukanyja Ha caepHuse rpynu: GLRaV-1, GLRaV-2, GLRaV-3,
GLRaV-7.0cBen kuroBu Ha pupmaTa BIOREBA , 32 ananu3ure 6ea KopucteHu
Y TOTOBU KUTOBM CO aHTUTENa 32 cenpiuy-nporpamata og SEDIAG, France, co
NPOMNULIAH MPOTOKOJ Ha padoTa.

2.2.2. MonekyrapHa peaknuja Ha fnetekuuja Ha GLRaV Bo
PACTUTEIHO TKUBO O]l BUHOBA JI03a - MPOTOKOJI Ha ekcTpakuuja Ha PHK
0l CUMIITOMATHYHO PACTUTEIHO TKMBO

3a wm3omanmja Ha BupycHara PHK ©6ea kopucreHu nBa meToma Ha
naboparopucka paboTa: NpBUOT MeTof Oellie co ynotpeba Ha TOTOBU KUTOBU
[6], a BropuoT MeTop co momorn Ha cumka [3]. Ha kpaj ce mpoepysaiie
no6uenata PHK Ha cnekTpodoTromeTap — HAHOAPONHA OPaHOBA IOJXKUHA Off
260 nm 3a ma ce opequ KoHueHTpanujata. OBoj MomuUIMpaH MPOTOKOI
Ha eKCTpakuuja paboTelle OJMYHO Kaj JPBEHECTH PACTUTEJHU BUIOBU, CO
noceOeH akLEHT ,,0a ce paboTu MHOry Op30, CO L fa ce odue morosneMa
KoHneHTpanmja Ha PHK*.
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Multiplex RT-PCR
3a oBue aHaIM3K 6ea KOPUCTEHU T.H. FPYNU Ha MpajMepy KOU ce KOpUcTaT

Bo Multiplex RT-PCR 3a fgetexiuja Ha pa3auyHy Py BUPYCH.

TaGena 2. CexBennu Ha npajmepu ynorpeoysanu Bo Multiplex RT-PCR
Table 2. Primer sequences used in Multiplex RT-PCR

T'onemuna Ha
Peue.ﬂ I/IM?, HA I'pyna na Cexpenua 5 — 3° aMIuIMpUIUPaAHT
opoj npajmep BHPpYC bp (6a3uu
NApOBH)
1.1. [18S-Ml GLRaV1 |CGCATCATTCAAATTTCTGC 844 bp
1.2. | 18S-M2 TTCAGCCTTGCGACCATACT
2.1. |GLRaV2-CP1 GGTGATAACCGACGCCTCTA 543 bp
2.2. |GLRaV2-CP2 |GLRaV2 |CCTAGCTGACGGAGATTGCT
3.1. |GVB-MI GVB GTGCTAAGAACGTCTTCACAGC 460 bp
3.2. |GVB-M2 ATCAGCAAACACGCTTGAACCG
4.1. |ARMV-9 ARMV | TGACAACATGGTATGAAGCACA 402 bp
4.2. |ARMV-10 TATAGGGCCTTTCATCACGAAT
5.1. |GLRaV3-M3 TACGTTAAGGACGGGACACAGG 336 bp
5.2. |GLRaV3-N2 GLRaV3 | TGGGGCATTAATCTTCATTGT
6.1. | GVA-6591F GAGGTAGATATAGTAGGACCTA 272 bp
6.2. | GVA-6862R GVA TCGAACATAACCTGTGGCTC
7.1. |GLRaV1-M3 TCTTTACCAACCCCGAGATGAA 232 bp
7.2. |GLRaV1-M4 | GLRaVl |GTGTCTGGTGACGTGCTAAACG
8.1. |GFKV-MI GFKV | TGACCAGCCTGCTGTCTCTA 179 bp
8.2. | GFKV-M2 TGGACAGGGAGGTGTAGGAG
9.1. | GFLV-M3 GFLV | ATGCTGGATATCGTGACCCTGT 118 bp
9.2. | GFLV-M4 GAAGGTATGCCTGCTTCAGTGG

Cekoj of oBue mpajMepck ceToBu mo6po padorn u Bo simplex PCR
(equHMYEH), 3a WACHTHU(UKALM]jAa cCaMO Ha efIHa TPpyTIa.
Bo TekoT Ha aHanmm3nTe 6ea KOPUCTEHN 1 TIOCEOHM TPYTIM HA TIpajMepH 3a
onpenyBame Ha GLRaV 3 rpyna[13] (Tabena 3).
Ta6ena 3. CekBeHIM Ha MpajMepu ynoTpedyBanu 3a oapenysame Ha GLRaV 3 rpyna
Table 3. Primer sequences used for GIRaV 3 detection group

Tl'onemuna na
Penen HNme na
600 paive CexBenna 5’ -3’ ammuinpuuupanubp
PO pajmep (0a3HU NapoBHU)

1.1. P3U 5" CGCTCATGGTGAAAGCAGACG-3’ 653 b

1.2 P3D 5" CTTAGAACAAAAATATGGAGCAG-3’ P

2.1. CP3U 5" ATGGCATTTGAACTGAAATTAGGGC-3’ 484

2.2. CP3D 5" CGGCGCCCATAACCTTCTTACA-3’ P
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2.3. [IpenecyBame Ha BUPYCUTE O] BUHOBATA JI03a HA 3€JIjeCTH TeCT-
pacreHuja (GUOTECTOBH)

MexaHnuKO NpEHEeCYBamke Ha BUPYCOT HA CBUTKYBame HA JIMCTOBUTE
kaj BuHoBata jo3a 1 u 3 rpyna (GLRaV-1 u GLRaV3) Gelwe HanpaBeHO Ha
TecT-pacTeHuja — TyTyH Nicotiana benthamiana L. IloTeHuujaneH u3Bop Ha
rpynuTe Ha BUPYC KOM CakaBMe Jla T MpeHeceMe MeXaHniku Oellle IMCHA Maca
(HepBaTypa U JIMCHO TKMBO), CUMIITOMAaTHYHA U BeKe JlokaxkaHa co ELISArecT.

TecT-pactenujata Gea oArjeqyBaHM BO KOMOpa 3a pacT Ha pacTeHuja
(BINDERKBW720), co npomMeHa Ha UHTEpBaJIOT Ha CBETJIO - TEMHO, 32 IEPUO]]
onn 12 vaca cBeTsio, 12 yaca TeMHO, Ha iHeBHa Temmniepatypa o 25°C, a HOKHa
temnepatypa ont 20°C. MHokynarujaTa 6erire HanpaBeHa Bo hasza Ha 6-8 mo6po
pasBueHu smcta (MO ABa Mecela Off MOHMKHYBaweTo). [To MHOKymanujaTa
TeCT-pacTeHujaTa MOBTOPHO Oea BpaTeHM BO KOHTpoJMpaHu ycioBu. Ilpen
MOYETOKOT HAa MHOKYJIaljaTa Gellle HampaBeHa KOHTPOJIa Ha LIEJIOTO pacTeHUe,
3a Jla MPOBEpUME JIAJIM PACTEHUETO € 3[APaBO U JOOPO MOPACHATO.

3. Pe3yarat u qucKkycuja

3.1. CumnToMaTOJIOIKHA TMPOMEHU Kaj BUHOBATA Ji03a — TEPEHCKa
aHaIM3a

Bo TekoT Ha BM3YyeJHMOT Mperjiefl Ha JIO30BUTE Hacaau Oea CIeeHU
BUpPYCHUTE NpoMeHU. Bo oBuMe wucnuryBama Oelle CleleH BUPYCOT Ha
CBUTKYBam€ Ha JINCTOBUTE Kaj BUHOBaTa Jio3a - Grapevine leafroll associated
virus (GLRaV) (dpaoemMcku naToreH).

Bp3 ocHOBa Ha TEpeHCKUTE MCNUTYBaba U JadopaTopuckaTa MOTBp/a Ha
MAaTOreHUTETOT I'M UICTAKHYBaMe CJIC[IHUBE FreHepaiHu e(hekTr Ha uH(peKrjaTa
Ha BUHOBaTa Jio3a co GLRaV:

—  CBUTKYBam€ Ha JIMCTOBUTE KOH BHATPELIHOCTA (3aBUCHO Of] OCETIMBOCTA
Ha copara). Bo Haim ycnoBu oBa Gellle HajjacHO 3a0esesKyBaH CUMITTOM
Kaj COPTUTE 8paHey, UpH OypayHOey, Mepao, CMAHYUUHA,;

— mpomeHa Ha 6ojaTa — MOXKOJITYBaHe / TIOLPBEHYBAKE CO 3a/IPKyBathe HA
HOpMaJiHa 3eJieHa 60ja OKoJly JiucHaTa HepBaTypa. OBaa u3paseHa nojana
OKOJTy JIMCHATa HEpBATypa € MojacHo 3a0esiexkyBaHa Kaj LipBEeHUTe COPTH,
HO HEpeTKO MO3Kellle a ce 3a6eseku U Kaj 6enuTe COpTH;

—  aBTOXTOHA COPTAa CIMAHYUUHA - CAMIITOM Ha TIOXKOJITYBaH€ Ha JINCTOBUTE,
CO M3pa3eHa >KOJTa NUIMEHTalja M 3elieHa HepBaTypa, CO KpPYyTH
XUnepTpopupaHu JIMCTOBH;

— HEepaMHOMEPHO CO3peBame Ha IPO3JIMHKUTE;

—  HaMaJIeHW LIeKePHU eIMHULM U I'y0erhe Ha KBAIMTETOT Ha FPO3jeTo;

—  HEHaBpPEMEHO U OJJIOXKEHO JI03PEBabe Ha IPO3jeTo.
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Bupycna undekumja Kaj coprara kabepre co6urwoH (CUMITOMM)
6ea Co jacHO M3pa3eHO LPBEHWIO U 3eJieHa HEepBaTypa Ha JMcHaTa maca, 6e3
MopdoJiolka iedopMarija, U Co LeJIOCHO 3ahakare Ha CUTE JIUCTOBU Ha ef[HA
MH(UIMPAHA JI03a, KAKO PE3YJITAT Ha IIUPEHETO Ha BUPYCOT HU3 (DIIOEMCKUTE
crpoBofgHu cafoBu (cimka 2). ['po3moBute 6ea pemyuupaHud, €O jacHO
3a0eJ1e3KaHo OJIJIOSKEHO 3peehe U HaMaJIeH! IeKepHU eIMHUIM (K1CEes BKYC).
HapyuyBambeTo Ha BacKyJapHOTO TKMBO Kaj BMHOBATa JI03a, KAKO PE3yJITar
Ha mpucyctBoTo Ha GLRaV BupycoT, ja HamanyBa cuiaTa U ja MompevyBa
aKkyMyJialyjara Ha IeKepy U Ipyru MeTaboJIuTH BO MIIOAOT, U KaKO pe3yJsTar
Ha TOA MMa JIOLHO CO3pPEBakhe Ha IUIOJOT M HAMAJICHW IIEKEPHU eJMHUIU BO
IJI070T (C/IMKa 2).

Cauka 2. Copra kabepue cosuror, tokammteT Benec, Comor — GLRaV, upBenuo
Ha JIMCTOBUTE CO 3eJIeHa HEpBaTypa U CO TOJIEeMH 37paBu IPO3JI0BU, HO CO KHCEJ BKYC
Figure 2. Cabernet Sauvignon, locality Veles, Sopot - GLRaV, reddening of the
leaves with green veins and large, healthy grapes, but sou rtaste

Bupycna nngekumja kaj coprata mep.ao (cumnromm) - 6ea co jacHO
M3pa3eHo LPBEHWIO U 3eJicHa HepBaTypa Ha JIMCHaTa Maca, co MOpdoJiouKa
nedopMmaija (TpUarosieH usrief), u co JAeJyMHO 3achakame Ha CUTE JIMCTOBU
Ha efHa uH(puIMpaHa jo3a (cauka 3). ['po3goBuTe Gea pepyuupaHu, co jaCHO
3a0eJ1e3KaHo OJIJIOSKEHO 3peehe U HAMaJIeH! IeKepHU eIMHUIM (KICEesT BKYC).
HapyiyBameTo Ha BACKYJapHOTO TKMBO Kaj BUHOBAaTa JI03a, KAaKO pe3yJiTaT
Ha mpucyctBoTo Ha GLRaV BupycoT, ja HamanyBa cuiaTa U ja mompedyBa
aKkyMyJialjara Ha eKepy U IPYTM MeTa0oJMTH BO TUIOAOT U KAaKo pe3yJsTar
Ha TOoa MMa JIOLHO CO3peBale Ha IUIOIOT M HAMAJICHU LIEKEPHHU eJUHULM BO
TUIOJIOT WJIM, NIAK ,BO HEKOM CJIy4au BOOMIUTO He ce (hopMupallie rpo3y.
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g & e
Cauka 3. Copra mep.ao, nokamureT ¢. Apryauia, M.B. Tynasen — BUpyc
Ha CBUTKYBar€ Ha JIMCTOBUTE Kaj BUHOBaTa jjo3a GLRaV
Figure 3. Merlot, locality Argulica, Tupanec-bending strain of the vine
leaves GLRaV

Bupycna nn¢gexumja kaj coprara épaney (cumnromm): Gea co jacHO
M3pa3eHo LPBEHWIIO U 3eJIeHa HepBaTypa Ha JiMcHaTa maca, 6e3 MopgoJiolKa
nedopmMalnuja 1 co LeJIOCHO W IENyMHO 3adakame Ha CUTE JIMCTOBU Ha elHa
MH(ULMPaHA J103a, KAKO Pe3yJITaT Ha LIMPEHETO Ha BUPYCOT HU3 (DIIOEMCKUTE
cnpoBojiHU cajioBU. Kaj HeKkou 11031 ce 3aberieskyBallle U LeJIOCHO MOLPBEHYBabe
Ha JIMCHATa Maca Ha eJIHa J103a U Ha HEKOJIKY COCEJIHM JIO3M, KaKO pe3yJsTar
Ha mpucyctBo Ha GLRaV Bupycort. I'po3noBute Gea pefyuupaHu, cO jacHO
3a0elieXkaHo OJIOXKEHO 3peeHe N HaMalleH! IeKEPHU eIMHUIM (KUCeT BKYC).
HapyuyBambeTo Ha BacKyJapHOTO TKMBO Kaj BMHOBATa Ji03a, KAKO pe3yJsTat
Ha mpucyctBoTo Ha GLRaV BupycoT, ja HamanyBa cujiaTa U ja MompevyBa
aKkyMyJialjjara Ha IeKepy U IPYTM MeTa0oJMTH BO TUIOAOT U KAaKo pe3yJsrar
Ha TOoa MMa JIOLHO CO3peBale Ha IUIOIOT M HAMAJICHU LIEKEPHHU eJMHULM BO
oot (cimka 4 a,0).
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Cnuka 4 a, 6. Copra apaneyy, nokanuret c. Kapounuy, M.B. Banabanuna — GLRaV,
CHMITTOMH Ha JIMCHA Maca, CO jacHa 3eJieHa HepBaTypa 1 HEPAMHOMEPHO CO3PEBaE
Ha TPO30BUTE
Figure 4 a.b.Variety Vranec, locality Karbinci, Balabanitca- GLRaV, symptoms of
leaf mass, with clear green veins and uneven ripening of grapes

Bupycna undekuuja kaj coprara cmanywuna (cumMntomm): 6ea co
JACHO M3pa3eHo MOKONTYBamke M 3eJIeHa HepBaTypa Ha JIMCHATa Maca, CO jaka
MopdoJomka faedopmanyrja (CBUTKYBamkhe Ha JIMCTOT KOH BHATPEITHOCTA W
TPHUAroJieH M3rJie), M CO LEJOCHO WM JISTYMHO 3acpakame Ha CUTE JIMCTOBU
Ha eflHa MH(pUIMpaHa 71032, KaKO Pe3yJTaT Ha IIUPEHETO Ha BUPYCOT HU3
(pnoemckuTe cipoBofHu cajjoBu. Kaj HeKon 103 ce 3abesexkyBallie 1eJI0CHO
MOKONITYBamke Ha JIMCHATA Maca Ha IejlaTa Jio3a W Ha HEKOJIKY COCEHH
J034, Kako pesyarar Ha npucyctBo Ha GLRaV Bupycor. I'po3noBute Gea
penayuMpanu, co jacHO 3abesieskKaHo OfIOXKEHO 3peeHe W HaMalleH!W HIeKepHH
enmHNIM (KUces BKyc). HapymryBameTo Ha BaCKyJIapHOTO TKMBO Kaj BUHOBATa
71032, Kako pe3yaraT Ha mpucycTBoTo Ha GLRaV Bupycor, ja HaManyBa cuiiata
1 ja TIoTpevyBa aKyMyJialijaTa Ha [eKepu 1 APYyTrd MeTaboIMTH BO TUIOfIOT, U
KaKo pe3yJsTaT Ha TOa MMa JIOIHO CO3PEBame Ha MIIOfI0T M HaMalleH! [IeKepHH

€[IMHUIM BO TJIOAOT (ClMKa 5).
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Cauka 5. Copra cmarnywuna, nokamaret Kapamapiw, m.B. Bpnosenr — GLRaV, cuna
nH(EKIja Ha JIMCHATa Maca, MpOMeHa Ha 60jaTa U CBUTKYBaHE Ha JINCTOBUTE KOH
BHATPEIIHOCTA
Figure 5. Stanusina, locality Kavadarci, Brlovec- GLRaV,strong foliage infection,

discoloration of leaves and bending inward

Bupycna undexkumja kaj coprara ypn 6ypzyndey (cumntomm): Gea
CO jaCHO M3pa3eHO LPBEHWJIO M 3€JIeHa WJIM XKOJTa HepBaTypa Ha JIMCHATa
Maca, co Mopdoiolka jiepopmaiija, 1 co IEJIOCHO WK JISTyMHO 3achakame
Ha CUTE JIMCTOBU Ha €JlHa MH(ULMPAHA JI03a, KAKO PEe3yJTaT Ha IIMPEHETO Ha
BUPYCOT HU3 (DIIOEMCKHUTE CHPOBOJHM cajioBu (cauka 6). Kaj Hekou no3m ce
3a0eliexxyBallle 1 LEJOCHO MOLPBEHYBae Ha JIMCHATA Maca Ha eHa Jio3a U
Ha HEKOJIKY COCEJIHM JIO3M, KaKO pe3yaTar Ha npucyctBo Ha GLRaV Bupycot
(ciuka 6). I'po3noBuTe Oea pegyuMpaHd, CO jaCHO 3a0esieskaHO OfIOKEHO
3peewe M HaMajleHM IeKepHM eiuHuuM (Kucen BKyc). HapyuyBamero Ha
BACKYJIADHOTO TKMBO Kaj BMHOBAaTa J103a, KaKO pe3yJTaT Ha MPUCYCTBOTO
Ha GLRaV BupycoT, ja HaManyBa cujaTa U ja nonpevyyBa aKymyJanujaTa Ha
nIekepy 1 Ipyru MeTabosIuTH BO TIOJIOT, M KaKO Pe3yJTaT Ha TOA UM JIOLHO
CO3peBame Ha MIOAOT U HaMaJIeH! IeKePHU eIMHULM BO MIIO/OT.

16



Topumen 36opauk 2015 Vuusepaurer ,,loue demdes” — Lltun, 3emjonencku dhaxyarer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

Cmmka 6. Copra ypH Oypeynoey,, nokammreT lltumn, m.B. KaBakmja — GLRaV,
MH(EeKIja Ha JIMCHATA Maca, PBEHH JIMCTOBH CO TPUATOJIEH U3IJIE]]
Figure 6. Black Burgundy variety, locality Stip, Kavaklija- GLRaV, infection of
foliage, red leaves with triangular appearance

3.2. Ceposomka anamm3a co mpumeHa Ha ELISA meromurte 3a
AOKAXKYBaAh€¢ HA MPUCYCTBOTO HA BUPYCOT HA CBUTKYBalbh€¢ HA JIMCTOBUTE
Kaj BUHOBATa JI03a

CepodgolikaTta TeXHUKA Ha WIEeHTU(UKALMja Ha TIPUCYCTBO Ha BUPYCOT Ha
CBUTKYBaHh€ Ha JIMCTOBUTE Kaj BUHOBaTa Jlo3a Oellle HalmpaBeHa co ynorpeda
Ha rotoBu KutoBu Ha npousBoputenute BIOREBA - Switzerland n SEDIAG -
France, 3a nfokaxyBame Ha -1, -2, -3 u -7 rpynuTe Ha BUPYCOT.

Heranen mpersiey 3a YTBPAEHOTO NPUCYCTBO M AUCTpUOyLMjaTa Ha
rpynuTe Ha BUPYCOT HAa CBUTKYBakhe Ha JIMCTOBUTE Kaj BUHOBATA JI03a € JIa/IeH
BO Tabena 4.

BkynHo Oea anamm3upanu 382 mpumepoud, Kou Oea TECTHPAHU Ha
CUTE TPYNMU Ha BUPYCOT HA CBUTKYBame€ Ha JIMCTOBUTE Kaj BUHOBATA JI03a -
GLRaV-1, GLRaV-2, GLRaV-3, GLRaV-7. Opn BkynHo 382 npumepouu, 215
6ea MO3UTHMBHY Ha OBOj BUPYC Ha BUHOBATA JI03a.

Op TecTupaHuTe TpynM HAa BUPYCH, HALUMTE HWCMUTYBAHU NPUMEPOLU
6ea no3utuBHU Ha leafroll 1 u leafroll 3 rpynaTa Ha Bupycu. Yecto naru, Bo
WCMUTYBAHUTE NPUMEPOLM JoOMBaBMe KOMOMHaluja Ha fsete rpyn GLRaV-1
+ GLRaV-3.

17



lopnmen 36opauk 2015 Vuusepsurer ,,loue Hemdes” — Lltun, 3emjonerncku dhaxyarer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

TaGena 4. Pezynrarn on DAS ELISA meropor 3a npucycTtBo Ha rpynure Ha leafroll
BUPYCOT
Table 4. DAS ELISA results for checking the leafroll viruses groups

JlaGopaTopucku DAS ELISA pe3yaratn
Laboratory DAS ELISA results
Pernon Jlokanurer Copra . - a o) ~ o~
Region Locality Variety S Z z Z z &)
BX |l 2| = & | A& &
T) - - - - E
&) &) &) &)
c.Tpu Yemmu epaney, + + - + - +
Mm.B.ExxoBo epaney, + - - + - +
c.Kpusu Ton epaney, / - - - - -
IITun c.Hoso Ceno épaney + + - + - +
m.B.KaBakmmja upH Oypeyroey + + - + - +
c.[lonnu Bansan epanel + + - + - +
c.Barame epaney / - - - - HT
Kouan m.B.Crapu n03ja | upH GypeyHoel / + - - - +
Kapaopman M.B. BanaGanuu epamey / - - + - +
Aprynuia M.B. Tynaner epaney / - - - - HT
c.CapuneBo c.CapuneBo epamey + + - + - HT
Cseru Hukone c.Epnenuja umamyanciu - + - + - HT
pusaume
c.Am3a6eroBo B, Crovra epane / . i i i r
c.Ilemmposo B TPy paney
c.ITetmpoBo c.Ilemmposo epaney + + - + - HT
c.paunuirre c.paunuire epamey + - - + - HT
Ogue ITone TIPUBATHO JI03je UpH OypayHOely + + - + - HT
Benec Mm.B. Conor Kabepne + - - + - HT
COBUINOH
Kymanoso KymanoBcko epaney + - - + - HT
Bananpnoso c.Jocugoso epaney, + + - + - +
Iepresmja M.B.ABJIAKH ¢pankoska + - - + - +
. M.B. YeTupn
Ckonje epamey + + - + - HT
NaTHUILITA
Burona Buroncko, JTozap umanyanciu - - - - - HT
pu3nuHz
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NpojoKeHue Ha Tabena 4

JlaGopaTopucku DAS ELISA pesyaratu
Laboratory DAS ELISA results

Peruon JlokanureT Copra
Region Locality Variety

GLRaV
1+3
GLRaV1
GLRaV 2
GLRaV 3
GLRaV 7
RT-PCR

Kasapgapumu, c.

+
'
'
'

==

=}

ypH Oypeynoey | +

Yemepcko
Kasagapunt, c. | wpamownja | + + - - - HT
KpmweBo, M.B.
Bpunoser, éparnel + - - + . +
TMKBemK_O Kasapapuu, Paerg epanely + + - - - HT
BHHOTOpje
Hemup Kanuja epanmey + + - - - HT

Herortuno, m.B.

epane + - - + - HT
Wno Bunapos paney
Heromuso, epame + + + HT
c. JlenoBo paney

+ - MO3UTHUBHHU, - HETATUBHU; HT — He TECTUPAHM; / - HE ce TOOUeHH
pe3yaTaTu

3.3. leTekuMja HA rPyNMTE HA BUPYCOT HA CBUTKYBambe HA JINCTOBUTE
Kaj BuHoBaTa Jjio3a co metog Ha RT-PCR
[IpucycTBOTO Ha BUPYCOT HA CBUTKYBaH-€ Ha JIUCTOBUTE Kaj BUHOBATA
7o03a, notoyHo rpynute 1 m 3, Gemie JOMOJHUTETHO YTBpAyBaHo co RT-
PCR MmeTonoT Kako KBaHTUTAaTHBHA KOH(UpManuoHa aHanu3a. [IpumMenara
Ha mynatumiekc RT-PCR meTomoT He rw fafe OuyeKyBaHUTE pe3yJTaTH.
EnextpocoperckaTa cenapanyja Ha fOOMEHUTE IPOYKTH JIaJic MHOTY HEjacHU
6anpoBu. Tue cropey rosemMuHaTa OAroBapaaT Ha HEKOJIKY Pa3jMyHUA CPyNnu
(proemcku BUpyCH Of KOM JIeNl Ce BKJIYYEHH BO MCTPaKyBameTO, a /N Off
HUB C¢ ymTe ce HeobOjaBeHW. [[OTMOJHMTETHUTE HAMOpW 3a MmypuduKaimja
U pa3iBOjyBame Ha MPOJyKTUTE CHOpe] BUCHHATA Ha Oa3HUTE MapoBU HE
BpoOAMja CO TUIOA. 3aroa, 3a yCHellHa JIeTeKIMja CO TIOMOII Ha pPeBEep3HO-
TPAHCKPUNTHBHATA NMOJIMMEpa3Ha peakiifja r'i KOPUCTEBME UCTUTE MPajMEPCKU
CEKBEHIIM KaKo 32 MYJTHUIUIEKC, HO BO MOEIMHEYHA BEPUXKHA PeaKlyja.
IIpucyctBoro Ha GLRaV-1 6emme notepaeHo co RT-PCR co npumena
Ha GLRaV1-M3 / GLRaV1-M4 npajmepckuTe mapoBH, Kaj fAeceT ofi0paHu
CEpOJIOIIKN TO3UTHBHU NpuMepoln (cimka 7). [IpucyctBoro Ha GLRaV-2
6eme motepaeHo co RT-PCRco mpumena Ha GLRaV2-CP1 / GLRaV2-CP2
NpajMepCcKUTEe MapoBHU, Kaj IECET OfI0paHu CEPOJIOIIKM HEraTUBHU MPUMEPOLH,
3aToa mTo ELISA ananu3ara He maje MO3WTUBHUA MPUMEPOLM 3a OBaa Tpyma
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(cmuka 7). M nokpaj Toa wTo HemaBMe mno3utuBHM 3a GLRaV-2 Bupycor,
nHanpasuBMe RT-PCR, 3a na ro notspgume ELISA TectoT.

IIpucycrBoro Ha GLRaV-3 6Gewe mnotepaeHo co RT-PCR co
npumeHa Ha GLRaV3-M3 / GLRaV3-N2 npajmepckuTe mapoBH, Kaj JieceT
OfI0paHM CEpoJIOLIKU TO3WTUBHU TpuMepouu (ciuka 7). Bo Tabenma 5 ce
AaleHd JIeTalHU TOJIaTOLM 3a HEKOJIKY MNpUMepoLu Kou 6ea KOMIJIETHO
aHaIM3MpaHu, CO YTBPAEHU: KOHUEeHTpauuja Ha u3onupanara PHK ucuntann
Ha crniekTpodoromeTap HaHoppor: pe3yaTtatu og DAS-ELISA tect u RT-PCR
3a GLRaV-1, GLRaV-2, GLRaV-3.

Ta6ena 5. [Tpumeponu nprkaxanu co KomiietHa aHan3a ELISA / RT-PCR
Table 5. Tested samples with complete ELISA / RT-PCR techniques

s s g 2
)
Pen. g g g =
Gp. z g Q & “
£5 & 82 = -
22 |3 °F  |Eq|SgF |22
Nb. | =8 |8 < < 3 =gl E2 |5
EE |2 > - %) 7z = NI RS
23S =) = ] = = % £ /=22 -
=z |3 3 = £ |3 3 Slegg B2
=3 |8 & g = (M g5 22 S5T (2=
2l 2 ST %)) = g Sl E> |xE
9 [~ - <« = S Re|D3a |0 =
22 |5 a8 EX =& &y &3
T |2 Z £ Sal=EQ &8
=& |2 g2 BEX D |®E
< I3 S &) ‘E
4 Q A =
: 2 £ g
= = ~ E
1 31/12 MTun epanrel, GLRaV 3 | 187.,6 ng/ul - - +
M.B. ExxoBo
2 03/12 | T'esrenuja m.B. ABnaku | ¢pankosexka | GLRaV 1 | 1588 ng/ul | + - -
3 05/12 | T'eBrenuja M.B. ABlaku epanel GLRaV 3 | 1542 ng/ul + - -
4 06/12 | T'esrenuja M.B. ABnaku | ¢ppanxosxa | GLRaV 3 | 1645 ng/ul | + - +
5 07/12 | T'eBrenuja mM.B. ABnaKku eparely, GLRaV 1 | 1873 ng/ul - - -
6 09/12 | Bananpioso c. Jocucgoso 8paney GLRaV 1 | 189,7 ng/ul + - +
7 13/12 | BananpoBo c. Jocugoso eparel GLRaV 3 | 43,3 ng/ul - - +
8 14/12 | BananjoBo c.Jocudoso 8paney GLRaV 1 | 77,7 ng/ul + - -
9 22/12 | Kasagapuu c. Kpmeso sparel GLRaV 3 | 569 ng/ul - - +
10 44/12 run YpH GLRaV 1 | 72,6 ng/ul + - -
m.B. KaBakimja 6ypeynoey
Jlerenpa:
B MO3UTUBEH MPUMEPOK

pom ¢ mmmmmmm e HEeTaTHBEH MPUMEPOK
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mi12345¢6789wunnusu Comka 7.1% Araposen ren Ha KoOjJIITO
: ce mpukaxkanu pesynrarutre on RT-PCR
) JeTekuMjaTa co TNpPUMEHa Ha MpajMepcKu
b | xomMOuHauyym 3a GLRaV -1, -2 u -3.
I Bxynnata PHK e npukaxana op pgecer
penpe3eHTaTUBHY MPUMEPOLH 00eIeXKaH! Of
1 1o 10, co KapakTEepUCTUKH 32 TPUMEPOLUTE
Bo Tabena 5. M-mapkep (1 Kb Plus DNA
Ladder, Invitrogen), 11, 12, 13 no3uTuBHa
koHTposmn GLRaV -1,-2 u -3 o pepepeHTHH
NpUMeEpOL Of JabopaTopujaTta Bo Munaso,
14 3npaB mpumepok (3apaBa BUHOBA JI03a),
. 15 HeraTuBHA KOHTpOJIA

i 50

e e o e 0 s e 0 50 R

Figure 7.1% agarose gel showing the results of RT-PCR detection using the
prajmerski combinations GLRaV -1, -2 and -3. The total RNA is shown in
ten representative samples marked 1-10, features of the samples in Table 5.
M -marker (1 Kb Plus DNA Ladder, Invitrogen), 11, 12, 13 positive controls
GLRaV -1, -2 and -3 of reference samples from the lab in Milan, 14 healthy
sample (healthy vines), 15 negative control

3.4. IIpenoc Ha Grapevine leafroll-associated virus 1 u 3 (GLRaV-1 n
GLRaV3) na rect pacrenuja Nicotiana benthamiana L.

MeXaHMUKMOT TMPEeHOC Ha fBeTe IPYNM Ha BUPYCOT HAa CBUTKYBaHbe
Ha JIMCTOBUTE Kaj BUHOBATa Jio3a, -1 u -3, pe3yaTupaiie co nojaBa Ha jaCHH
CHUMIITOMH Kaj TeCT pacTeHHujaTa, CIIOpe/ieHd BO CEKOj OfHOC CO HeraTMBHATA
KoHTpoJa. [lo nHoKynanujaTa, TeCT pacTeHrjaTa KOHTPOJIMPAHO Oea ClefieHn
n ¢ororpacupaH BO TEKOT Ha NEJIMOT MpPOIEC Ha CIliefielhe Ha Pas3Boj
Ha cumnromute. [IpBUTE NOMHTEH3MBHM NPOMEHM BO M3IVIEJOT HAa TECT
pactenujaTta (poMeHM Ha 6ojaTa Ha JIMCHATa Maca) Oea 3abernexkanu 20 neHa
no mHoKynanujarta. [lokpaj BU3yeIHUTE MPOMEHN KOU jacHO ce 3abeliexyBaa
Ha JMCHaTa Maca (MHOKYJIMpaHaTa U HOBO(pOpMHpaHaTa), Oeule HarpaBeHa
n xongupmammona DAS - ELISA anamm3a gujarHoctnka Ha GLRaV-1 nu
GLRaV3. Marepujanor 3a jJabopaTopuckaTa aHaim3a Oeie coOpaH mo 45
neHa off nHoKyJanujaTa (civka 8). [To 45 neHa Geile HampaBeHa CepoOJIONIKA
peakipja ELISA co kopucrtewe Ha rotoBu kutoBu BIOREBA, crnopen
YEKOpUTE Ha MPOTOKOJIOT 32 IOKAKYBatbe Ha MPEHECYBambe Ha BAPYCOT HA TECT
pacTenujaTa.
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Cnuka 8. Cnvmrromu ipemsrkann off GLRaV-1 (necno) m GLRaV-3 (11eBo), o 45 nena
Of] THOKYJIALjaTa, CIIOPENICHN CO HEeraTHBHA KOHTPOJIA — JISCTHIIMPaHa Bofia (BO Cpe/iiHA)
Figure 8.Symptoms caused by GLRaV-1 (right) and GLRaV-3 (left), after 45days from
the inoculation, compared to the negative control-distilled water (middle)

4. 3akay4ok

3a ¢aoemMckuTe BUPYCHM NaToreHu, Mefy KoM crmafa W rpynara Ha
GLRaV Bupycor, Kaj Hac focera He mocrojar nuwanu nogarouu. Co osue
UCTpaXXyBamba ce OOMJOBME [la HANpaBUME €fJHA Mana 3a NPUCYCTBOTO U
CTENEeHOT Ha 3aCTaNeHOCT Ha OBOj BUPYC Kaj HaC.

CUMITOMATONOLIKUTE aHAJM3M HAPABEHU BO TEKOT HA HIECTTOAUILHUAOT
NepHof Off UCTPAKYBAETO MOKaXKaa JieKa LPHUTE BUHCKU COPTU — 8paHel,
upH OypzyHOey, kpamouiuja, ppankoska nMaat HajuecTa MH(EKIUja U jaCHO
M3pa3eHd CUMIITOMH Ha TepPeH, NPeU3BUKAHN Off BUPYCOT HAa CBUTKYBambe Ha
JMCTOBUTE Kaj BUHOBATA JIO34.

Anamu3ure ro notepauja mpucyctBotro Ha GLRaV-1 u GLRaV-3.
HajuecTo 3actanena e GLRaV-3 rpyna na Bupycot (60% on ncnuTyBaHuTE
npumeponn), a GLRaV-1 rpyna e 3acranena co 40%. GLRaV-2 n GLRaV-7,
M MOKpaj obuaure co MoauUKaLyja Ha CEPOJIOIIKMOT MPOTOKOJ Ha padora,
He Gea notBpaeHu. OBHe NOOMEHN Pe3yJTaTH, CIOPECHN CO JUTEPATypPHUTE
nogarouu 3a npucyctsoro Ha GLRaV BupycoT co rpynure Kou npunafaar
KOH 0BOj BUpYyc, nokaxysaaT 20 go 40% 3acTtaneHocT, co noceOeH aklUeHT Ha
GLRaV-1 u GLRaV-3 rpyna Ha leafroll Bupycor.
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ITpu aHanu3uTe Ha rpynuTe Ha BUPYCOT O€lle HANpaBeHO U MEXaHWYKO
npenecyBambe Ha GLRaV-1 u GLRaV3 Ha TecT pactenuja, TyTyH — Nicotiana
benthamiana L, 3a na ce fokaxe NMPUCYCTBOTO Ha BUPYCOT Ha CBUTKYBaHe Ha
JIMCTOBUTE Kaj BUHOBATA JI03a U Jla CE OfIp>KyBa BO J1abOpPaTOPUCKU YCIIOBH,
clefiejKu ja CUMITOMATOJIOTMjaTa U BpEMETO Ha OfIpXKyBabe.

IIpucyctBoro Ha GLRaV-1, kaj necet ogdpaHu ceposIOIIKY MO3UTUBHU
npumepolu, 6erre norsppeHo u co RT-PCR meTonoT, npu mto 6ea KopucteHu
GLRaVI-M3 / GLRaV1-M4 npajmepckute mnapoBu. [lOMOJHUTETHO,
npucyctBoTo Ha GLRaV-2, Gelle yTBplyBaHO Kaj AeceT Ofi0paHu CEPOJIOIIKU
HeraTuBHU npumepoly, co nomoi Ha RT-PCR metopor co npumena na GLRaV2-
CP1 / GLRaV2-CP2 npajmepckure naposu. [Ipucycrsoro na GLRaV-3 Gere
notBpaeHo co RT-PCR metonioT, co npumena Ha GLRaV3-M3 / GLRaV3-N2
NpajMepCKUTE MapOBH, Kaj IeCeT OfI0paHy CEPOJIOLIKHN MO3UTUBHY NPUMEPOLH.
Baksu nctpaxysama 3a cropefida Ha roleMrHaTa Ha FeHOMCKHUTE CEKBEHUU
Kaj pa3jIMyHUTE FPYNHU Off BUPYCOT Ha CBUTKYBaH€ Ha JIMCTOBUTE Kaj BUHOBATA
JI03a ce MpaBeHW Off CTpaHa Ha rosieM Opoj HAyYHOMCTPAXKyBauKWU LEHTPU U
jocera nocTojaT OpojHM MyOJMKalUMKM 3a IPYyNUTE HAa BUPYCOT M HHUBHUTE
KapaKTepUCTUYHU MPOUIIH.
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OpurnHajieH Hay4eH TPyQ YK 665.347.8

CEH30PHA U AHAJIUTUYKA EBATYAIINJA HA
JAOJHO-OEJEHU MACIJIA OJ COHYOTI'JIEQ

Camba Kocragunosuk Benmukoscka!*, Carita Mutpes!, ®upanka Ninera!,
Jbynuo Muxajnos'

AncrpakTt: CocTaBOT HA MACHUTE KUCEJUHU, UCTIAPJIMBUTE KOMIIOHEHTHU
Y CEH30pHa eBaslyaluja Ha 16 JagHoleIeH! COHUOTIIEIOBU Macia 6ea nmpeaMeT
Ha OBa UCTpaxKyBawe. HU30K yaesn Ha MOHOHe3aCUTeHa OJIEMHCKA KUCeJIUHA U
BUCOK yfieJ1 Ha TIOJIMHE3aCUTeHa JIMHOJIENHCKA KucesuHa (co yuen npeky 60%)
MO3Ke Jla Mpeu3BrKa Op3a oKcuialpja Ha MacjioTo BO cropefida co Macjia Kou
“MaaT BUCOK YjeJ Ha OJIEMHCKA KUCEJWHA W Jla Mpefu3BUKaaT ,,y>Kersart™,
HKucen uimm ,,ropuwinB® BKyc. KoauuecTBOTO Ha O-MUMHEH MOKE Jla CIIYKU
KaKO MapKep MpH MPOLECOT Ha MPOU3BOJICTBO HA JIATHOUEACHO COHUOTJIEOBO
Macjo. OBoj MOHOTEpIeH € MHOry ucnapius. Crnopef Toa, eKCTPEMHO HUCKU
KOHIEHTPAIMX HA OBOj MOHOTEPIIEH, KAaKO U PYTU UCTIMTYBAHU MOHOTEPIICHU
yKaXKyBaaT Ha HE3a[OBOJIUTENIEH KBAJIUTET HA COHYUOIJIEOBU 3pHA WU
HECOOJIBETEeH TPETMAaH Ha 3pHAaTa Mpeji MPOLeCOT Ha JIAHO LeNeH-E.

Knyuynu 3060poBu: sa0HOUeOeHU COHUO21€008U MACAA, UCHAPAUBU
KOMNOHEHMU, COCMA8 HA MACHU KUCEAUHU, CEH30PHA e8AAYUAU]d.

SENSORY AND ANALYTIC EVALUATION OF COLD-PRESSED
SUNFLOWER OILS
Sanja Kostadinovié¢ Veli¢kovska®*, Sasa Mitrev?, Fidanka Tlieva?,
Ljupco Mihajlov?

Abstract: Fatty acid composition, volatile profile and sensory evaluation
of 16 cold pressed sunflower oils were object of this study. Low abundance of
monosaturated oleic acid and very high abundance of polyunsaturated linoleic
fatty acid (presented in abundance more than 60%) can cause faster oxidation in
comparison to high oleic sunflower oils which can induce unpleasant ‘rancid’,
‘sour’ or ‘bitter’ taste. The quantity of a-pinene can be used as also marker for
the process of cold-pressing of sunflower oil. This monoterpene hydrocarbon
is very volatile and extremely low level of a-pinene as well as significant
lower concentration of all other monoterpenes can lead us to conclusion that
the quality of the seeds is very poor or incorrect pretreatment of the seeds was
applied.

! Yuusepaurer ,,['oue [lenues”, 3emjonencku axynrer — [lltun, Penyonarka Makenonuja
University Goce Delcev, Faculty of Agriculture — Stip, Republic of Macedonia
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Key words: cold-pressed sunflower oils, volatile compounds, fatty acid
composition, sensory evaluation

1. Introduction

Vegetable oils are divided in two types. The first one belongs to the oils
in terms of energy storage in plants as fatty acids bond in triglycerides, typical
for oils derived from different plant seeds. The second one belongs to essential
oils which are produced as self-defense or attractant compounds. Most of
essential oils are used in flavour industries such as food, beverage, traditional
medicine and perfumery because of their terpenic nature. Over 95% of the
Citrus essential oils are consisted from monoterpenes and sesquiterpenes with
domination of limonene as main monoterpene hydrocarbon [1].

Virgin sunflower oil seems to be link between those two types of oil. The
sunflower seeds contain fixed oil as the major oil which is mixture of saturated
and unsaturated fatty acids mainly bonded as triglycerides and minor quantity
of terpenic oil with predominant fraction of monoterpene hydrocarbons [2].

Virgin oils are very popular foodstaff as a 100% natural oils produced
only with cold pressing without any step of rafination [3]. Edible oils produced
on this way usually had higher concentrations of antioxidant compounds such
tocopherols, carotenoids and chlorophylls and stronger impact on human
health in comparison to refined oils [4, 5].

It is very well known positive relation between edible oil consumption
and reduced risk of coronary hearth diseases, the level of LDL, degenerative
diseases and cancer [6]. However, except essential fatty acids and Vitamin
E, the chemical composition of edible oils from different plants represents
minor grope of phenolic components as special grope of powerful antioxidants
responsible for human health benefits [7].

Traditional Balkain cuisine, as well as the other cuisines of South-East
European countries, includes sunflower oil as the most used cold-pressed and
refined oil for cooking and frying. It has excellent nutritional properties, due
to the high level of a-tocopherol, oleic and linoleic fatty acids. Also, this oil
is favorable because of very low level of saturated fatty acids (palmitic and
stearic acid) with percentages less than 15%. Abundance of oleic and linoleic
acids divide the sunflower oils on two types: high oleic sunflower oils with
percentage of oleic acid around 60% and high linoleic sunflower oils with
abundance of linoleic acid higher than 80% [8].

However, the most important parameter for the evaluation of the quality
of virgin oils is the sensory impression, because more than any other parameter,
the appearance and the taste of a product deeply influence the buying decision
of the consumer. Cold pressed sunflower oil with acceptable quality has to be
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clear oil with pale yellow colour. Typical attributes are sunflower-seed like,
terpenic like, citrus like, nutty and sometimes fruity for virgin sunflower oil.
Unpleasant flavor of defects in the taste of the oils is usually described as
rancid, bitter and sour taste [9].

It is obvious that there are many published papers about volatile
compounds in sunflower oils but they are always linked to degree of oxidation
[11].

Only few published papers are connected to the volatile fraction of
sunflower oil. In the work of Cioni et al. the percentages of o-pinene in two
cultivars Carlos and Florom 350 were 53.6 and 43.1 respectively following by
other monoterpenes such sabinene, [3-pinene and limonene. According to their
findings, the fatty acid profile of the cultivar Carlos was dominant linoleic acid
with percentage of 58% and the Florom 350 cultivar was dominant oleic acid
with percentage of 50.1% [12]. In the work of Krist at al., a-pinene was used
as a marker of adulteration of poppy seed oil with sunflower oil [13].

Oxidation of fatty acid in sunflower oil was object of study in the work
of Kockritz and Martin [14]. According to their results, abundance of linoleic
acid in high linoleic sunflower oils was in range of 48.3-74 % and abundance
of oleic acid in high oleic sunflower oils was in range of 91-92 % [14].

To the best of our knowledge, there are only few published studies
on the volatile profile of cold-pressed sunflower oil. At this point of view,
this work had two aims. The first aim of this manuscript is to find possible
relationship between quantities of five monoterpenes (o-pinene, B-pienen,
limonene, champhene and a-phelandrene) and sensory evaluation of the oils
and the second aim of the work is to explain how percentages of fatty acid and
abundance of monoterpenes can be used as markers of the quality of the seeds
from sunflower.

2. Materials and Methods

2.1. Samples

The first thirteen samples of cold-pressed sunflower oils were commercial
oils. Sunflower oils 15 and 16 were cold-pressed in laboratory from the selected
seeds with typical musty and fasty flavour.

2.2. Reagents and standards

The standards of monoterpenes a-pinene, 3-pienen, limonene, champhene
and a-phelandrene were purchased from Merck, Germany. SPME cartridge
65um PDMS/DVB, 50/30 um CRB-DVB-PDMS, 85 um were purchased from
Sigma Aldrich, Belgium.
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2.3. Determination of fatty acid composition

The fatty acid composition of cold pressed sunflower oils was determined
using chiral gas chromatography. The esters were prepared using 2 drops
of each oil dissolved in 1 ml of heptane. After addition of 50 uL of sodium
methylate with concentration of 2 mol/L, the samples were homogenized.
After homogenization, 100 uL of distilled water was added in each sample.
Samples were centrifuged and two phases was appeared. The down phase was
removed and upper phase was dissolved in 50 xL of 1 M HCI. After second
homogenization, the red colour was detected and sodium sulphate anhydride
was added in order to remove the water traces. Finally, upper phase was
transferred in GC vials and fatty acid methyl esters were analyzed. Fatty acid
methyl esters (FAME) were analyzed using a capillary GC equipped with a
CP7420 Select FAME column, 100 m x 0.25 mm internal diameter with 0.25
pm film thickness. Analyzes were performed on Agilent 6890 equipped with
KAS4Plus and FID. The oven temperature was programmed to increase from
150°C to 240°C with rate of 1.5°C/min and maintained isothermal at 240°C 20
min. The injector and detector temperature were both 260°C. Hydrogen was
used as the carrier gas at an average velocity of 25 ml/min. The retention times
of separated picks were confirmed by FAME standards.

2.4. The extraction of volatile compounds by HS-SPME

The extraction of free volatiles was performed by application of solid
phase microextraction in head-space mode (HS-SPME). Regarding selection
of the fibers, the 50/30 um Carbowax-Divinylbenzene-Polydimethylsiloxan
(CRB-DVB-PDMS) fiber was more sensitive than the 85 pm polyacrylate
fiber. The contact time between fiber and head-space was 30 min. The most
appropriate extraction temperature was 45°C. All analyses were performed in
triplicate.

2.5. Identification and quantification of monoterpenes in sunflower oils

The volatile compounds of cold-pressed sunflower oils were analyzed
using a HP 6890 GC equipped with a single quad Mass Spectrometer (MS)
HP5973 and HP Carbowax cross-linked fused-silica capillary column (i.d. =
0.25 mm, length = 60 m, film thickness = 0.25 pm). The interface temperature
was 280°C; Injector and detector temperatures were set at 260°C, respectively.
Acquisition mass range was 40-400m/z and solvent cut 2min. Flame ionization
detector was used for quantification of volatile compounds. The temperature
gradient was 45°C to 180°C at 3°C/min and then from 180°C to 260°C; Helium
was the carrier gas at 35kPa (32 cm/s).

The components of the sunflower oil were identified by comparison of
their linear retention indices, with those from pure standards or reported in
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literature. Comparison of fragmentation patterns in the mass spectra with those
stored on databases and MS data of our collection was also performed.

Quantification of a-pinene, (-pinene, limonene, o-phellandrene and
champene was performed with external calibration using a standard solution
of terpenes (Table 1). Standard solutions used for calibration were prepared in
refined sunflower oil with stock solution of 80 mg of monoterpene in 80 mg
of refined oil. The standards was mixed with the oil overnight and kept in the
dark bottles at room temperature. The calibration curves were established by
plotting the area of peaks against different concentrations of monoterpenes
with correlation factor given in Table 1.

Table 1. Calibration curve of pure standards

Standard of terpenes Calibration curve R?
a-pinene y=224393x-132250 0.9973
[-pinene y=95281x+103378 0.9961

o-phelandrene y=79419x+54734 0.9992
limonene y=130416x-52401 0.9936
camphene y=96739x-56442 0.9985

2.6. Sensory evaluation of virgin sunflower oils

According to the standards for sensory evaluation of the working grope
of Dr. Mathius et al., the assessment a scale from 0 (not detectable) to 5 (very
strongly perceivable at the level of saturation) was used. Virgin sunflower
oil produced from the dehulled seeds with high-quality had very pleasent
‘sunflower seed-like’, ‘nutty’ and sometimes ‘fruity’ taste. According to their
opinion, oils from whole seeds have a stronger taste and especially the sensory
attributes wood-like, astringent and bitter are predominant, which was not
an unpleasant or ‘off’ taste of virgin sunflower oil. On this way, the whole
taste and smell of sunflower oils were estimated. However, very frequent
unpleasant sensory attributes are described as ‘rancid’, sour ‘fusty’ or ‘musty’.
These attributes should not be present in virgin sunflower oil with high quality
because the presence of these attributes indicates to failures during storage of
the raw material (fusty, musty), during processing (roasty, burnt) or during
storage of the oil (rancid).

2.7. Statistical analyses

One-way ANOVA and Principal component analysis (PCA) was
performed to gain an overview of how the samples were correlated to each
other with regard to equilibrium volatile headspace concentration and fatty
acid percentages. Correlation matrix was applied in multivariate analysis with
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Minitab software release 14 so that the data was auto scaled by variable to give
the same weight to all components.

3. Results and discussion

Fatty acid composition of the oils is presented in Table 2. Sunflower oils
1 and 10 had the lowest percentage of palmitic acid (3.90%) and the highest
percentage had the sunflower oil 3 (7.10 %). Also, sunflower oil 1 and 10
are high-oleic oils with abundance of 83.35% and 81.82% respectively. The
abundance of stearic acid in all 16 samples of sunflower oils was in the range
between 4.38% and 6.30%. Behenic acid was present in percentages less than
1% in all 16 samples of sunflower oils. All other samples belongs to the high
linolenic type of oils with percentage of linolenic acid between 52.32 and
65.61%.

Table 2. Fatty acid composition of cold pressed edible oils (%) and relative
standard deviations (n=3) of virgin cold pressed sunflower oils

C16:0 C18:0 | C18:1D9 | C18:1D11 C18:2 C22:0

Sunflower 0il 1 | 3.90+0.00 |4.38+0.05| 1.01+0.05 | 83.35+0.22 | 5.61+0.01 | 0.74+0.05

Sunflower 0il 2 | 5.31+0.26 |5.21+0.23 | 0.59+0.15 | 31.15+0.08 | 55.98+0.57 | 0.69+0.09

Sunflower o0il 3 | 7.01+0.01 | 4.65+0.11 | 0.74+0.27 | 25.90+0.11 | 60.02+0.07 | 0.54+0.03

Sunflower o0il 4 | 6.71+0.10 | 5.45+0.00 | 0.56+0.22 | 19.97+0.20 | 65.61+0.01 | 0.66+0.00

Sunflower 0il 5 | 6.78+0.00 |5.31+0.02| 0.57+0.18 | 19.89+0.01 | 65.91+0.01 | 0.69+0.00

Sunflower 0il 6 | 6.48+0.07 |5.28+0.00 | 0.85+0.01 | 24.77+0.03 | 61.07+0.00 | 0.66+0.05

Sunflower o0il 7 | 6.53+0.00 |5.37+0.04 | 0.81+£0.03 | 24.87+0.11 | 60.84+0.14 | 0.58+0.04

Sunflower 0il 8 | 5.77+0.02 | 5.66+£0.01 | 0.71+£0.06 | 27.97+0.11 | 58.67+0.17 | 0.51+0.01

Sunflower 0il 9 | 6.30+0.00 | 6.30+0.03 | 0.63+0.03 | 27.24+0.03 | 58.19+0.07 | 0.52+0.00

Sunflower oil 10 | 3.89+0.08 | 4.65+0.03 | 1.01+0.05 | 81.82+0.31 | 7.02+0.26 | 0.71+0.06

Sunflower oil 11 | 6.54+0.08 | 5.69+0.05| 0.82+0.03 | 26.06+0.12 | 59.44+0.13 | 0.57+0.00

Sunflower oil 12 | 6.50+0.18 | 5.38+0.11 | 0.98+0.02 | 25.74+0.12 | 60.49+0.15 | 0.52+0.05

Sunflower oil 13 | 6.39+0.15 | 5.20+0.08 | 0.56+0.06 | 26.76+0.41 | 59.91+0.07 | 0.51+0.03

Sunflower oil 14 | 6.00+0.05 | 5.07+0.00 | 0.54+0.05 | 24.35+0.77 | 63.02+0.20 | 0.42+0.02

Sunflower oil 15 | 6.58+0.09 |4.50+0.09 | 1.02+0.04 | 33.31+0.13 | 53.46+0.07 | 0.61+0.05

Sunflower oil 16 | 6.76+0.04 |4.59+0.01 | 1.24+0.16 | 33.91+0.00 | 52.32+0.19 | 0.56+0.01

Terpenes as major components of plant essential oils are derived from
mevalonic acid pathway. In breaf, mevalonic acid is formed by condensation
of acetyl-CoA and acetoacetil-CoA. At the first step is formed 3-hydroxy-3-
methylglutaryl-CoA (HMG-CoA) which is catalyzed by the enzyme HMG-
CoA synthase. In the next step, HMG-CoA reductase (HMGR) catalyses
deacylation of HMG-CoA to mevalonate (MVA). Mevalonic acid is converted
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to geranylpyrophosphate, the most important precursor of monoterpene
biosynthesis pathway. Then, geranylpyrophosphate is further modified to form
various monoterpenes and other larger terpenoids (Scheme 1).

' 7 i
P v,
7~

{rirboryt diphosphate // Vi
y

Scheme 1

Scheme 1. Biosythetic pathway of a-pinene, 3-pinene, limonene, a-phellandrene
and champene

According to the published results, o-pinene, [-pinene, limonene,
a-phellandrene and champene are the most important monoterpenes,
responsible for charachteristic citrus-like and terpenic-like flavour of many
essential oils [9, 10]. Results from the quantity of those monoterpenes given in
Table 3 are in very good correlation with the results in the work of Bocci et al.
which explain that more than 84% of all volatile compounds belong to a.-pinene.
Concentrations of B-pinene, limonene, o-phellandrene and champene are also
in very good correlation with results from the work of Bocci ef al. [9]

Many published manuscripts had confused results for aroma activity of
monoterpenes in food. One part of our work was to estimate the contribution of
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each monoterpene in the overall flavor of sunflower oil by gas-chromatography-
olfactometry and sniffing of each compound after its eluation from the sniffing
port of the FID detector. Although o-pinene is the major monoterpene in
sunflower oil, its aroma potential is not very low and its contribution to the
overall flavor of the sunflower oil is minor. In the work of Rychlik ez al., odor
treshold of a-pinene in the air is between 18-35 ng/L with typical ‘terpeny’
note which in oils can be recognized as ‘bitter’ taste. However, during its
eluation, we consider very weak fresh smell which was minor in comparison
to the quantity of this monoterpene in the oil. (-pinene is abundant in much
lower concentration and also, its threshold in air is higher than 2000 ng/L.
From this result and according to our examination in the range of eluation of
this monoterpene, we can conclude that [3-pinene cannot contribute in overall
flavour and the smell of sunflower oils. a-phellandrene has much higher odor
potential with threshold in air in the range between 40-93 ng/L. Our sniffing
impressions in this range of eluation estimated potent ‘fresh’, ‘citrus’ and
‘floral’ smell. This smell was more intense in sunflower oils 3, 8 and 16 with
higher concentration of this terpene. Its concentration from 3.51 ppm to 10.19
ppm can be responsible for ‘fruity’ or ‘floral” smell of this oil. Champhene had
higher levels in the same samples including sunflower oil 9. However, during
the eluation of this monoterpene, we did not consider potent smell.

The highest abundances of all monoterpenes were presented in sunflower
oil 3. Regarding the sensory point of view presented in Table 4, this oils had
the highest values for assessment (4 for ‘sunflower seed like’ and 3 for ‘woody
like’). However, we cannot conclude that this sensory perception is correlate
with the level of monoterpenes, because other sunflower oils had even better
sensory properties (4 for ‘sunflower seed like’, 1 for ‘woody like’, 2 for ‘sweet’
and ‘fruity like’ and 2 for ‘nutty’) but, the levels of monoterpenes were not so
high. It might be that process of cold-pressing and the quality of the seeds are
key factors for the highest quantities of monoterpenes.

The worst taste had sunflower oil 15 with very sour taste (evaluation 4).
Regarding the fatty acid profile and the levels of monoterpenes we cannot
correlate this taste with some of measured values and probably this oil had
failures during storage of the sunflower seeds. The most astringent oil was
sunflower oil 4 and the strongest bitter sunflower oil was oil 16. Although
many consumers detect the bitterness of the oils as bad taste, the bitterness and
astringency can come from the cold-pressing of whole seeds without dehulling
or if oils are reach with powerful antioxidant polyphenolic compounds which
usually have bitter taste.
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Table 3. Mean concentrations of free monoterpenes (ppm) and relative standard
deviations (n=2) of virgin cold pressed sunflower oils

Sample o-pinene Limonene |f-pinene |a-phellandrene | Camphene
sunflower oil 1 50.73+1.31 | 1.05+0.03 | 1.73+0.31 1.90+0.10 2.35+0.80
sunflower oil 2 98.93+0.31 | 1.29+0.08 | 2.93+0.08 2.40+0.10 2.64+0.09
sunflower oil 3 227.01+11.63 | 2.54+0.01 | 3.86+0.62 1.19+0.23 1.17+0.12
sunflower oil 4 51.46+0.12 | 0.73+0.13 | 3.51+0.29 1.61+0.02 1.80+0.01
sunflower oil 5 52.96+0.78 | 0.59+0.01 | 1.86+0.09 1.71+0.02 1.13+0.06
sunflower oil 6 37.31+£1.28 | 0.88+0.04 | 2.60+0.01 2.33+0.02 2.64+0.03
sunflower oil 7 13.39+0.14 | 0.61+0.03 | 0.53+0.01 1.60+0.02 1.37+0.02
sunflower oil 8 90.99+1.85 | 1.01+0.02 | 8.10+0.18 4.97+0.13 5.54+0.10
sunflower oil 9 16.92+0.63 | 1.07+0.04 | 2.34+0.05 1.37+0.05 7.06+0.08
sunflower oil 10 54.15£0.98 | 0.88+0.03 | 4.38+0.03 1.58+0.01 1.48+0.01
sunflower oil 11 36.13£0.90 | 0.74+0.00 | 2.22+0.00 1.13+0.00 1.58+0.00
sunflower oil 12 4037091 | 0.71£0.00 | 1.84+0.02 0.88+0.00 1.52+0.00
sunflower oil 13 38.39+1.15 | 0.71+0.00 | 1.90+0.01 1.08+0.01 1.51+0.02
sunflower oil 14 4.82+0.45 0.42+0.00 | 0.30+0.01 0.04+0.00 0.62+0.04
sunflower oil 15 52474027 | 0.70+0.01 | 3.13+0.04 2.17+0.00 2.93+0.00
sunflower oil 16 52.58+0.58 | 1.09+0.02 | 5.09+0.05 3.51+0.06 4.69+0.09

Table 4. Sensory evaluation of the taste of cold pressed sunflower oils (Panelist

1 and 2)
Sunflower | Nutty | Fruity, | Woody | Astringent | Bitter | Rancid | Sour
seed like Sweet like
Sunflower oil 1 3 1 2 0 0 0 0 0
Sunflower oil 2 2 2 2 1 0 0 0 0
Sunflower oil 3 2 1 1 3 0 0 0 0
Sunflower oil 4 3 1 1 4 3 2 0 0
Sunflower oil 5 3 2 2 2 1 1 0 0
Sunflower oil 6 2 1 2 1 1 0 0 0
Sunflower oil 7 2 1 2 1 1 0 0 0
Sunflower oil 8 1 1 1 1 1 1 1 1
Sunflower oil 9 1 1 1 1 1 1 1 1
Sunflower oil 10 1 1 0 1 1 0 0 0
Sunflower oil 11 0 0 0 1 1 2 1 0
Sunflower 0il12 0 1 0 0 0 0 0 0
Sunflower oil 13 1 1 0 0 0 0 0 0
Sunflower oil 14 0 0 0 1 1 1 2 0
Sunflower oil 15 0 0 0 2 2 4 0 4
Sunflower oil 16 1 1 0 3 2 3 0 0
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Table 4. Sensory evaluation of the taste of cold pressed sunflower oils (Panelist
3 and 4)

Sunflower |Nutty | Fruity,| Woody | Astringent | Bitter | Rancid | Sour
seed like Sweet | like
Sunflower oil 1 3 1 2 0 0 0 0 1]
Sunflower oil 2 2 1 1 0 0 0 0 0
Sunflower oil 3 2 1 0 1 0 0 0 2
Sunflower oil 4 3 1 0 4 2 1 0 0
Sunflower oil 5 3 1 2 2 2 1 0 0
Sunflower oil 6 2 1 1 1 0 0 0 0
Sunflower oil 7 2 1 1 1 0 0 0 0
Sunflower oil 8 2 0 0 1 1 0 2 1
Sunflower oil 9 2 1 2 0 0 0 0 0
Sunflower oil 10 2 1 0 2 2 0 0 0
Sunflower oil 11 1 0 1 1 0 0 1 1
Sunflower o0il12 1 0 0 1 1 0 0 1
Sunflower oil 13 1 0 0 1 1 0 1 0
Sunflower oil 14 0 0 0 1 1 1 2 0
Sunflower oil 15 1 0 0 3 3 3 0 3
Sunflower oil 16 2 1 0 3 2 3 0 0
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Figure 1. PCA score and loading plots of monoterpenes and fatty acids
in sunflower oils
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PCA score plots were used to determine whether sixteen different cold-
pressed sunflower oils could be grouped into different classes (Fig. 1). If we
compare score plot and loading plot, we can concluded that only for sunflower
oil 3 the differentiation or closeness between the volatile flavour compounds
directed in positive side of PC 1 was dependent on their quantity values. All
monoterpene hydrocarbons namely o-pinene, 3-pinene, limonene, camphene
and a-phellandrene, as volatile compounds, could be classified in one group
in PC1, because the coefficients of these volatile compounds were the same
postive sign located in PC 1 (Fig. 1). In most cases, the differentiation or
closeness between the volatile flavour compounds directed in postive side of
PC 1 was dependent on their quantities.

Sunflower oils 16 and 8 were differentiated by the quantity of C18:1
D9 and the quantities of camphene and o-phellandrene, respectively. As we
can see from the table 1, the sunflower oil 16 was differentiated because of
the highest percentage of C18:1 D9 with value of 1.24+0.16. On the other
hand, sunflower oil 8 was differentiate because of very high concentrations of
a-phellandrene and camphene with values of 4.97+0.13 ppm and 5.54+0.10
ppm, respectively. Sunflower oils 1 and 10 were differentiated from the other
oils and very close on PC 2 because of the highest level of oleic acid and we
can classified these oils as high oleic sunflower oils. Also, these oils had lowest
and almost identical percentages of palmitic acid. On the bases of their fatty
acid profile we can expect that those oils should have the longest oxidation
stability.

On the negative part of PC 2 was differentiated sunflower oil 14 because
of the lowest percentage of Valeric acid and very low percentage of C18:1
D11 (24.35+0.77%). Regarding the sensory point of view, this oil is classified
as oil with very poor taste and very strong ‘fasty’ and ‘musty’ taste. Two
reasons can explain very poor taste and smell of this oil. The first and less
important reason is very low concentration of all identified and quantified
monoterpenes due to their low impact to the overall flavor of the sunflower oil.
On the other hand, more important reason is very low abundance of oleic and
very high abundance of linoleic fatty acid. Linoleic acid in this oil (presented
as 63.02+0.20%) can cause faster oxidation in comparison with high oleic
sunflower oils which can induce unpleasant ‘rancid’, ‘sour’ or ‘bitter’ taste
as was general opinion for the taste of this oil. Additionally explanation for
very bad sensory characteristic of this oil is extremely low level of a-pinene
(4.82+0.45 ppm) in comparison to the abundance of concentration of other
four estimated monoterpenes. a-pinene is also marker for the process of cold-
pressing [9,10]. This monoterpene hydrocarbon is very volatile and during
process of rafination is removed from the oil. Extremely low level of a-pinene
as well as significant lower concentration of all other monoterpenes can lead us
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to conclusion that the quality of the seeds is very poor or incorrect pretreatment
of the seeds was applied [9,10].

Regarding the bitter taste of the sunflower oil, samples from sunflower oil
15 and 16 had the highest grades (3 and 4) and very sour taste for sunflower oil
15. The strong sour taste cannot be result of the concentration of monoterpenes
because the terpenic profile of these oils is very similar to profile of other oils
which taste is not described as very sour. The reason might be poor quality of
the seeds and laboratory production of the oils with cold-pressing without any
stage of seeds pretreatment. Also, during laboratory screw pressing, the process
of sedimentation of the oils was excluded. During the process of sedimentation,
the waxes and other undesirable compounds responsible for bitter taste are still
present in the oils and these compounds might be responsible for ‘bitter’ taste
of the oils.

It seems that the best sensory appreciation of sunflower oil 1,5 and 6 was
not related neither by their fatty acid profile neither by their terpenic profile. If
we compare results from Tables 1 and 3, we can notice that those oils had very
similar and not favorite fatty acid profile with low level of oleic and high level
of linoleic acid which can induce instability. Also, terpenic profile of those
two oils is similar with higher concentration of P-pinene (3.51+0.20 ppm)
which is not aroma active. However, these oils had grade of 3 for ‘sunflower
seed like’ and 4 for ‘woody like” which can lead us to two conclusions. The
first conclusion is connected to the seed pretreatment. Strong ‘woody’ note is
usually connected to screw pressing of whole seeds without dehulling. The
second conclusion is that neither of five monoterpenes was responsible for
typical ‘sunflower-seed’ taste of sunflower oils.

4. Conclusion

Fatty acid composition, volatile profile and sensory evaluation of cold
pressed sunflower oils were object of this study. Although o-pinene was the
major monotrpene in all samples, its contribution to the overall taste of the
oils is very small. The results from our study we can conclude that -pinene
also cannot contribute in overall flavour and the smell of sunflower oils.
a-phellandrene has much higher odor potential with threshold in air in the
range between 40-93 ng/L and its presence in the oils indicated potent ‘fresh’,
‘citrus’ and ‘floral’ smell and taste. This smell was more intense in sunflower
oils 3, 8 and 16 with higher concentration of this terpene. The oils which higher
level of oleic acid was more stable against oxidation in comparison to high
linoleic sunflower oils.
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OpurnHajieH Hay4eH TPyQ YK 634.21:581.143.5(497.7-11)

KYJITYPA HA 3UT'OTCKH EMBPUOHU O] KAJCHUJA
(PRUNUS ARMENIACA L.)

®dunanka Tpajkosal, Tnnjana Konepa-I'ynesa! u Cama Mutpes!

Ancrpakrt: [loGuBame Ha in Vvitro pereHepupaHu pacTeHHja of Kacuja
(Prunus armeniaca L.) € Ba’KHO 3a MPOU3BOJICTBO HA TMOJJIOTH 32 KaJeMeHe
Ha BUCOKOKBAJIMTETHN COPTH Kajcuja U 3a JOOMBame Ha MOYeTEeH MaTepujal off
Kajcuja 6e3 MpHUCyCTBO Ha 6OJIECTH, MOCEOHO BUPYCOT LIapKa, KOj MOHaTamMy
Ke ce KOpPHUCTH 3a KalleMeH€e U MPOU3BOJCTBO Ha 37paBu cajHuLM. Bo oBa
UCTPaKyBakhe Ce KOPUCTEHW eMOPUOHM W3BaJIEeHN Off 3pelld CeMKM Ha J1Ba
kajcuja (Prunus armeniaca L.) cobGepeHu off MPUPOTHU MNOMYyJAUUU WU
u3oaupanu fapBja Bo KMcrouna Makenonuja. MS mequymot 36orateH co 1
mg/l BAP + 1 mg/l GA,, 1,6 mg/l BAP + 0,3 mg/l GA, u 6 mg/l BAP + 1
mg/l GA, Gellie KOPUCTEH KAKO MEJIUYM 3a CTUMYJIMPAke HA PEreHepanuja Ha
n3naHouy. Off TeCTUpPaHUTE PEeryjaTopyu Ha pacT BO pa3iiMyHUM KOMOMHALMU U
KOHIeHTpauu equHcTBeHo MS + 1 mg/l BAP + 1 mg/l GA3 naje NO3UTHUBHU
pe3ynratu. V3HeHajlyBauky, MOCTAaBEHUTE EKCIUIAHTAaHTH Ha MEUyMOT 3a
BKOpeHyBawe MS + 2 mg/l IBA pe3ynrupaa co reneprparme Ha KOpeH!, Kaiyc,
HOBO(OPMUPAHU EMOPUOHU U COMATCKU eMOPUOU/IN.

Knyynm 360poBu: Kajcuja, 3u20mcku emOPUOHU, AUCHU PO3emi,
eMopuouUoU, BKOpEeHy8amwe.

ZYGOTIC EMBRYOS CULTURE FROM APRICOT
(PRUNUS ARMENIACA L.)
Fidanka Trajkova?, Liljana Koleva Gudeva® and Sasa Mitrev>

Abstract: Obtaining in vitro regenerated plants from apricot (Prunus
armeniaca L.) important for production of rootstocks of high quality trait
varieties of apricot and for production of starting material for apricot which
is disease free, especially from the virus sharka, which will further used for
grafting and production of healthy plantlets. In this research are used embryos
extracted from mature wild type apricot seeds (Prunus armeniaca L.) collected
from natural populations and isolated trees in Eastern Macedonia. MS medium
with addition of 1 mg/l BAP + 1 mg/l GA,, 1,6 mg/l BAP + 0,3 mg/l GA, u
6 mg/l BAP + 1 mg/l GA, for stimulation of shoots regeneration. From tested

! YuusepsureT ,,['oue denues” - lltumn, 3emjonencku pakynreT
2 Goce Delcev University - Stip, Faculty of Agriculture
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growth regulators in different combinations and concentrations only MS + 1
mg/l BAP + 1 mg/l GA, gave positive results. Surprisingly, explants cultured
on the rooting medium MS + 2 mg/l IBA resulted in generation of roots, callus,
newly formed embryos and somatic embryoids.

Key words: apricot, zygotic embryos, leaf rosettes, embryoids, rooting.

1. Bosep

Kajcujara (Prunus armeniaca L1.) HajMHOry ce OfrjeqyBa BO
MeauTepaHckure 3eMju, Pycuja, CAJl, Mpan u [TakucTan, co BKynmHa MoBpIIMHA
BO cBeTOT o1 492.196 ha u BKymnHO cBeTCKO Mpou3BoAcTBO of 3.956.640 t [1].
Bo Peny6nuka Maxkenionuja Bo 2014 ropuna umano BkynHo 181.530 cre6na
Kajcuja, o Kon 162.399 popnu crebrna, co BKYNMHO MPOU3BOACTBO off 4.619 t
[2].

Bo TekoBHUTE OBOLITAPCKU MPAKTUKH, PA3MHOXKYBaHETO Ha KajcujaTa ce
BpILIU PEKY ceMKa, yNKY UK KajieMere . HajrmoroaeHn MeTos1 3a pa3MHOXKYyBambe
Ha BHUCOKONPHMHOCHU COPTHU KajcHja € KaJeMeHeTo, OujiejKi ako ce KOPUCTU
METOJIOT Ha BKOPEHYBae Ha PE3HULIM Off TPAHKU C€ COOYyBaMme CO MpobiieMu
npu BKopeHyBambeTo. [lofmoruTe 3a Kanememwe Kaj KajcujaTa ce JoOMBaaT off
ceMku. KopucreweTo Ha pacteHujata of Prunus armeniaca L. e 1UpoKo
npuaTeHo Kako TojJjiora 3a kajemewme Ha Kajcuja. Kako mononHyBame Ha
CaJHALM Off IMBa KajcHja, MOXKAT Jla C€ KOPUCTAT U CaJHULM Off CEMKHU Off
pa3nnyuu reHOTHNOBHM Ha Kajcuja. EfHa off HajnocakyBaHUTe KapaKTepUCTUKHU
Ha CaJJHULIMTE 3a KaJIeMHU € BUCOKaTa “PTIIMBOCT Ha ceMKuTe. JlopMaHTHOCTa Ha
CEMKHUTE MPUCYTHA BO PETMOHUTE CO YMEpPeHa KJIMMa I'o CripeuyBa "pTEeHEeTo Ha
CEeMKMUTE, A 32 J]a Ce HAaIMUHE OBOj MpoOJieM ce MPAaKTUKYBa CTpaTU(UKaIuja,
MeXaHW4yKa cTpaThuguKayja, XUiposan3a BO BOjla, Peryjaropd Ha pacT U
annuupame Ha BUTamMuHu [3]. Op fipyra cTpaHa, cUTe KOCKECTH OBOLUHU
BUJIOBU, Mel'y KOM U Kajcujara, ceé OCETJIMBM Ha BUPYCOT 1IapKa wiu plum
pox virus (PPV). OBoj BupycC € efieH 0j] EKOHOMCKM HajBa’KHUTE OOJIeCTH Ha
KOCKecTOTO oBolilje. Mako Bupycot e engemcku 3a Mictouna EBpona, co TekoT
Ha BpPeMeTo € palurpeH Hu3 ueia Espona, MenurepaHoT, BO MOC/EJHO Bpeme
Ha HEKOJIKY JIOKaJMTeTH Ha 3amajiHaTta xemucgepa. Heogamua ce m3BpiueHn
WCNUTYBaa TOBP3aHM CO HAYMHOT Ha HaclieyBale Ha OTMOPHOCTA Ha
KajcujaTa KOH BUpycoT Ha 1apka (PPV) kako HauuH 3a co3jiaBarbe Ha OTTIOPHU
COPTH U CIIpaByBame co BUpycoT [4]. Bo Peny6nnka Makefonuja € yTBpjieHO
NPUCYCTBO HAa BUPYCOT LIApKa Kaj MPUMEPOLM 3eMEHHU Of] MJIaj] OBOLUTAPHUK Ha
CJIMBA LITO yKaKyBa JIeKa 3apa3aTa HacTaHasa BO MPOM3BOJICTBOTO Ha CATHULU
[5]. [IprcycTBOTO HAa BUPYCOT 1ApKa Kaj M Hacau Of] CIMBA HaBelyBaaT
Jeka IapkaTa € MpUCYyTHA W Kaj Hacagu of kajcuja. Cute mpeTxoiHo
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HaBeJleH (PaKTH yKaykyBaaT 3a noTpedaTa Ha BOBEYBate in Vitro METOJU BO
CO3/1aBakETO, Of] €[JHA CTPaHA HA KBAJIMTETHA MOJITIOTa 3a KaleMee Ha Kajcuja,
a of] pyra cTpaHa JIoOuBame Ha TOYeTeH Oe3BUPYCEH MaTepujas off Kajcuja
mTo Ke 06e36eu caqHuiy 6e3 MpUCyCcTBO Ha MIapKa.

Jlocera He ce BpILEHU UCTPAKyBawa 3a €(PeKTOT Ha (PAKTOPUTE BO in Vitro
KYJTYpH Bp3 "PTEHETO HA 3UTOTCKUTE eMOPHOHU COOEPEHH Of1 /IUBA Kajcuja BO
Peny6nuka Makeponuja. Of Tve MpUYMHM, IJIaBHA LEJT HA OBA UCTPAXKyBame
€ /1a ce pa3Bue MPOTOKOJ 32 KYJTUBUPakEe HA eMOPUOHHU 3a IUBA KajcHja KaKo
HaJIONIOJIHYBAE U aNTePHATHBA 32 BeKe MOCTOCUKUTE TEXHUKM 3a “PTeHe Ha
CceMKHM o Kajcuja. JlomaTHa 1es1 Ha UCTPasKyBameTo € Ja ce No0ujaT UeJaoCHO
perenepupaHu pacTeHuja o Kajcuja co in vitro TeXHUKa KOU He ce MH(PULUPAHU
CO BUPYC Ha LIapKa.

2. Marepujan u meToau Ha padoTa

ExkcnepumeHTOT onuiliaH Bo OBOj Tpyj Oelue crposesieH Ha Karenpata
3a pacTUTesHa OMOTEXHOJIOruja, 3eMjofiesicki (hpakyaTeT Npu Y HUBEP3UTET
nlone Hemues” - Ultun, Penybnuka Makenonuja. Kako noueTeH pactutesneH
MaTepujan 6ea KOpUCTEHU 3UTOTCKU eMOPUOHU Of 3peJi CEMKU Ha IUBa Kajcuja
(Prunus armeniaca L.), TpeTXOHO UCYILICHU U U3BAJICHU Of] CEMKUTE Ha Kajcuja
CO BHUMATEJIHO Kpllewe. CeMKUTe ce coOepeHH Of] MPUPOIHU MOMyJIalui UIH
n3onMpanu ipsja Bo Mcrouna Makeponuja.

2.1. Perenepanuja Ha W3gaHOIM O] eMOPUOHH HA Kajcuja BO in vitro
yCJI0BU

Hen op cemkuTe U eMOpHOHMTE Gea COOJBETHO TPETUPAHU CO JajieH
TpeTMaH Ha Temreparypa of 4°C Bo BpeMeTpaewe of 15 ieHa 1 noctaBeHu Ha
MS menuym co onpefiesieH COCTaB Ha peryJiaTopu Ha pact. [len on eMOpuoHuTe
Oea u3BajiecHU Of] CEMKUTE UM JUPEKTHO Oea mocTaBeHU Ha MS memuym co
OTpefiesIeH COCTAaB Ha PeryiaTopy Ha pacT.

Em6puonuTe u3Basenu of ceMkute 6ea moctaBeHu Ha MS menuym co
onpenenu kKonuentpauun Ha BAP, GA, n IBA u Gelue ciiefieH HUBHUOT pa3Boj
co 6esieske-e Ha COOJIBETHUTE MPOMEHH. [IeTaTHMOT OnMuc Ha COCTaBOT Ha MS
MEMYyMOT 300raTeH CO MPUCYCTBO Ha OJIPe/ICH! KOHIEHTPALMKY 1 KOMOUHAIM]a
Of] peryJaTopuTe Ha pacToT € fAajieH Bo Tabena 1.

2.2, Crepunusanmja Ha MOYETHU €KCIJIAHTATH — EMOPUOHU
OTkako eMOpuoHNUTE Gea M30JMpaHU Off CEMKUTE THe Oea MOBPIIMHCKU
CTEepPUIM3UPAHH CO:
— noronysare Bo 70% C,H,OH 3a Bpeme o1 3 MuHyTH,
— noronyBawe Bo 1,5% Izosan G 3a Bpeme o 10 MmunyTH,
— ToTOa McTUTE 6ea TPU NaTh MPOMUEHH CO CTEPUITHA IECTUIIMPAHa BOJA.

41



lopumen 36opauk 2015 Yuusepsurer ,,l one emauen” — Lltum, 3emjonencku dakynrer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

2.3. Akmmaru3anyja Ha pacTeHujaTa

AknumaTH3anyjaTa Ha pereHepaHTuTe Oelle W3BpIIeHa CO HUBHO
NpeHecyBamhe Ha CTepuiiHa cMmecka of nmepaut u TpeceT (1:1) Bo ycioBu
co Bucoka BiaxHocT. Ilpen 3acajyBameTo BO CMecKaTa Off KOpewaTa Ha
pereHupanuTe pacTeHdja Oeie yO6aBO MCUMCTEH CO MUHIETA BUILIOKOT Off
MEMYMOT, KOPEHUMbaTa 6ea U3MHUEHU CO IECTUIIMpaHa Bojia 1 O0ea TpeTUpaHu
co ¢yunruuma 0,5 ml/l Beveskore. Ilo 3acagyBameTo Ha pereHepaHTUTE BO
cmeckata Tue 6ea Tpetupanu co 20 ml 1/2 MS pacteop 1 20 ml 0,1 mM ABA.
Ha BTOpHOT f1eH 071 3acajlyBambeTo Ha pereHepaHTUTe Ha CeKOoja Of MIIaCTUUHUTE
Yally e HarpaBeH 110 efIeH OTBOP, a Of] TPETHUOT JIeH pereHepaHTUTE Ce MOJIeBAHU
co 5 ml 1/2 MS pacTtBop.

3. Pe3yarat u qucKkycuja

Ha noyeTokoT Ha eKcrnepuMeHTOT Oellle M3BpILUEH TpeTMaH CO JIaJHO
(+4°C) u Toa Ha:

—  CeMKUuTe TpeJl BaIeheTO Ha eMOPUOHUTE,
— TpeTMaH co JIQJHO Ha eMOPHOHM TIOCTABEHU Ha MEJIUYM CO PeryJiaTopH Ha

pact u

— eM6pl/lOHI/I Kou Oea AUPEKTHO MOCTAaBE€HUW Ha MEUYM CO PACTUTECJIHU

XOPMOHM 0€3 TPeTMaH CO JIAJIHO.

CriefieweTO Ha pa3BOjOT HA eMOPUOHUTE BO TEKOT HA EKCMEPUMEHTOT
MoKaKa Jieka Hajaodap HAUMH [a ce MPEeKUHEe NOpPMaHIyjaTa Ha 3UTOTCKUOT
eMOPUOH U 1a ce MPEIn3BUKa in Vitro peakuyja ce MOCTUTHYBA CO TPETMaH CO
JJaIHO Ha eM6pl/lOHI/I MOCTAaBCHU Ha XOPMOHAJICH MEJIUYM.

Bo tabena 1 ce mpukaxkaHu pe3yaTaTUTEe Off TPETMAHOT Ha U30JUPAHUTE
eMOpMOHM OJf CEMKM Ha Kajcuja M HMBHOTO MOCTaByBalke Ha MS meauym
CHaOJIeH CO COOJIBETHA KOHLIEHTpalMja Off PeryJjaTopy Ha pacT U Toa:

1.MS + I mg/l BAP + 1 mg/l GA,

2.MS + 1,6 mg/l BAP + 0,3 mg/l GA,

3. MS + 6 mg/l BAP + 1 mg/l GA,

42



Topumen 36opauk 2015
Yearbook 2015

Vuusepaurer ,,loue demdes” — Lltun, 3emjonencku dhaxyarer
Goce Delcev University — Stip, Faculty of Agriculture

Taoena 1. Tperman Ha ceMKI/@MOPHOHHM U COCTAB Ha XOPMOHATHUOT MS Menym
3a 'preme Ha eMOPUOHUTE
Table 1. Treatment of seeds/embryos and content of hormonal MS medium for

embryo germination

Tperman Ha ceMKu/
eMOproHH
Seeds/embryos treatment

Bpoj Ha cemxn/
eMOproHH
Number of

seeds/embryos

Xopmonanen MS menuym
Hormonal MS medium

Hapopetnu ycnosu 3a

pTeme Ha eMOPUOHUTE

External conditions for
embryos germination

EMOGpuoHu noctaBeHu BO
neTpu cajioBu 15 eHa Ha
TeMHO Ha +4°C

31

1 mg/l BAP + 1 mg/l GA,

ITo 15 pena npeHeceHu Ha
¢uroTpoH, co pexum 16
yaca CBeTJI0/8 yaca TEeMHO

EMGpuoHu noctaBeHu BO
neTpu cajioBu 15 geHa Ha
TeMHO Ha +4°C

28

1,6 mg/l BAP + 0,3 mg/l
GA

3

Ilo 15 pena npenecenu Ha
¢uroTpoH, co pexum 16
Yyaca CBEeTJI0/8 yaca TEMHO

Cemku of1 Kajcuja
nocraBeHu 15 jgeHa Ha
TeMHO Ha +4°C

55

1 mg/l BAP + 1 mg/l GA,

ITo 15 pena npeHeceHu Ha
¢uroTpoH, co pexum 16
yaca CBeTJI0/8 yaca TEeMHO

CeMKH 071 Kajcuja
rmocTaBeHu 15 jeHa Ha
TeMHO Ha +4°C

44

1,6 mg/l BAP + 0,3 mg/l
GA

3

Ilo 15 nena npenecenn Ha
¢urorpoH, co pexum 16
yaca CBeTJI0/8 yaca TEeMHO

EmOpuonu usBajenu
O] CEMKH U AUPEKTHO
MOCTABEH! HAa MEIUYM

49

1 mg/l BAP + 1 mg/l GA,

[IupekTHO TNOCTaBeHUW Ha
¢uroTpoH, co pexum 16
yaca CBETJIO/8 yaca TEMHO

EmGpuonn n3BageHn
O] CEMKH U JIUPEKTHO
NOCTABEHU HA MEJIUYM

37

6 mg/l BAP + 1 mg/l GA,

IlocTaBenn Ha OUTOTPOH,
co pexuMm 16 yaca
CBETJI0/8 yaca TEMHO

Camka 1. IIpo’pryBame 1 hopMupame JIMCHA po3eTa Ofi eMOPUOHN MOCTaBEHN
Ha MS + 1 mg/l BAP + 1 mg/l GA,|
Figure 1. Germination and formation of leaf rosette from embryos cultured in

MS + 1 mg/l BAP + 1 mg/l GA,
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[MoBeke pa3jM4yHM aBTOPU I'O UMAAT UCTIUTYBAHO BJIMjaHUETO HAa PA3JINIHU
peryJjaTopu Ha pacT 3a pereHepaiyja Ha pacTeHuja off Pa3jIMyHU BereTaTUBHU
JeJIOBU Ha Kacuja W JIpYyrW BUIOBU Of pofoT Prunus m Bo HajromeM aen of
UCTpakyBambaTa UMaaT I0OUEHO JIMCHU u3flaHoLu [6-8].

ITo okomy emeH Mecen Off MPBUYHOTO MOCTABYBakheé HA €MOPUOHUTE
on kajeuja Ha MS + 1 mg/l BAP + 1 mg/l GA, Tue najoa pasinyHu BUIOBU
perenepauuu, a in Vvitro opraHorenes3aTa ofiellie BO IpaBel] Ha (hopMupame
Ha 3 jucHM po3eTu, 11 de novo copmupanu pereHepaHTH U 2 COMATCKU
embpronu (tabena 2). Jlobuenute pereHepaHTu Oea pa3jdyHO TPETUPAHU
BO MOHATAMOIIHUOT eKcnepuMeHT. Uetupu de novo (hopMUpaHU pereHepaHTU
Oea 3acafieHu Ha CTepUJIHA CMecKa Off TpeceT W nepauT. HuBHUOT pas3Boj u
aknumaTu3aiyja 6ea CjefeHM BO MOHATAMOIIHMOT TEK Ha EKCMEePUMEHTOT
(cimuka 1).

Tadena 2. Ecdexkror Ha MS MeyMOT M pa3jivyuHM peryJjiaTopy Ha pacT Ha
e€MOPHUOHUTE Of Kajcuja Mo eieH Mecel]

Table 2. Effect of MS medium and different growth regulators on apricot
embryos after one month

[Noueren xopmoHanen MS meguym | Pesynratu o 1 mecen; | Bpoj Ha noueTHM eKCITIaHTaHTH
Starting hormonal MS medium Results after 1 month | 3a macaxkupame

Number of starting explants for
sub-culturing

1 mg/l BAP + 1 mg/l GA, 3 JMCHU PO3eTH 30 uzpanoum
1 mg/I BAP + 1 mg/l GA, 11 de novo pacrenuja |6 de novo pacteHuja
1 mg/l BAP + 1 mg/l GA, 2 comarcku eMopuouu | 2 comarcku emopuonnu (SMEOQ)

Cnuka. 2. De novo pereHepanTyl 3acaieH BO CTEpUJIHA CMeCKa Off TpeceT U
NepsuT U TpeTupanu co ABA perynaTop Ha pacT 3a akjMMaTHh3aLuja

Figure 2. De novo regenerants transplanted into peat and perlite sterile potting
mix and treated with ABA growth regulator for acclimatization
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Cauka 3. JlucHa poseTta nojiesieHa Ha moroJieM 6poj U3[AaHOLU KOU Ce aca KMpaHu
Ha MS MequyMm 3a BKopeHyBame co 2 mg/l IBA

Figure 3. Leaf rosette divided into numerous number of shoots which are
transferred on MS rooting medium with 2 mg/1 IBA (b)

Tpuecet uzpaHoy fo6ueHn of 3 JMCHU PO3eTH, 3 de novo pereHepanTu
1 2 coMaTcku eMOpronan 6ea macaxkupanu Ha MS MefiuyM 3a BKOPEHYBahe BO
NpUCYCTBO Ha ayKcnHOT IBA Bo KoHueHTpauuja o 2 mg/l (cnuka 3).

Mako mocTaBeHn Ha MEIMYM BO MPUCYCTBO HA ayKCWH, KOj 6 Tpedayo
na aBopu3upa BKOPEHYBamhC, EKCIUIAHTAHTUTE pa3jiMuHO pearupaa Ha
oBoj memuymoT MS + 2 mg/l IBA. M3pnaHouuTe fiaoa Kajayc M CO HUBHO
nacakupame Ha CBeX MeuyM 3a BKopeHyBame (MS + 2 mg/l IBA) panoa 4
de novo em6puonu. EnHo de novo pactenue fiajie Kanyc, 6 pacTeHuja KOpeHH,
12 comarcku eMopuonu u 1 de novo emopuoH (Tabena 3, cnuka 4, civka 5.).
Opn mocTanHaTa JIUTEpaTypa M UCTPAXKYBakha Ce JaicHN TIO3UTUBHU Pe3yJITaTh
MOBP3aHM CO JIOOMBaW€ HA in Vitro PEreHEPAHTH, HUBHO BKOPEHYBaHE WU
yCIelliHa aKJIMMaTh3alja, HO He W YCIeUIHW TPOTOKOJM 32 pereHepanuja Ha
eMOpuonu o Prunus BumoBu [9-12].

Cauka 4. Comarcku emopronin popMupaHu Ha de novo pereHepanT Ha MS +
2 mg/l IBA
Figure 4. Somatic embryoids formed on de novo plantlet on MS + 2 mg/l IBA
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Camka 5. HoBodopmupan kanyc Ha JiicHa po3eta Ha MS + 2 mg/l IBA
Figure 5. Newly formed callus on leaf rosette on MS + 2 mg/l IBA

Tadena 3. Edekror Ha memuymor MS + 2 mg/l IBA Bp3 pazinyHu THNOBU
eKCIUIAHTAHTH IOOMEHH Of] 3UTOTCKUTE eMOPHOHH Of KajcHja IO elieH Mecell

Table 3. Effect of MS + 2 mg/l IBA on different explants generated from the
apricot zygotic embryos after one month

Xopmonaned MS | Bpoj Ha ekcrutanTanTy | Pesynratu no 1 mecery
MeuyM Number of explants Results after 1 month
Hormonal MS
medium
2 mg/l IBA 30 uzpanouu - HOBO(hOpPMHUpAH KaJlyC Ha JIUCHUTE PO3ETU
- macaxuparme Ha cBexx MS menuym + 2 mg/l IBA
- 4 de novo eM6proHn
2 mg/l IBA 6 de novo pereHepaHTH | -  Kajyc Ha 1 pereHepaHT
- KaJlyC + KOpEeHU Ha 6 pereHepaHT!
- 11 comarcku em6puonu (SME 1) u 1 de novo em6puon
o 1 de novo perenepant (ME1)
- 1 comarcku em6puoH (SME 2) o 1 perenepant (ME2)
2 mg/l IBA 2 comaTcKu - Tacaxwupame Ha cBexX MenuyM MS + 2 mg/l IBA
emopuonu (SMEQ)

4. 3akay4ok

AHanu3ara Ha JOOMEHUTEe Pe3yJITaTH MOKaXKYyBa JieKa TPETMAHOT CO JIAJHO
(4°C) na emObpuoHu nocTaBeny Ha MS XOpMOHaJIeH MeIUyM BJIMjae HajIOBOJTHO
3a MPeKMH Ha JIOPMaHIMjaTa Ha eMOPUOHOT U HETOBO MPO PTYBAHE.

On  Ttectupanuor MS Memuym o6Ge3befieH cO pa3iuuHa KoMmOuHaIuja
Ha PEeryJjaTopu Ha pacT BO fiaJieHn JaObOpaTOPUCKHU YCJIOBU 3a pereHepaniuja
Ha W3JaHOIM Off eMOpuoHN ofi Kajcuja (Prunus armeniaca L.), eAUHCTBEHO
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xomOunampjata MS + 1 mg/l BAP + 1 mg/l GA, nane nosuTuBHM pe3yTaTu.
Ha oBoj meguym ce cdopmupaa 3 mmcHu pozetn, 11 de novo perenepanT u
2 coMaTCcKu eMOpHOWIN. 3a BKOPEHYBambe Ha JOONEHNTE EKCIIJIAHTAHTH Oerle
kopucteH MS mepmuym co 2 mg/l IBA wro pesyarupaiie co reHepuparme
Ha KOPEHU, HO U Ha Kajyc, de novo eMOpUOHU U de novo pereHepantu. Toa
yKaxKyBa JieKa UCTUOT MENyM MOXKE Jla ceé KOPUCTH 32 WHULWPaHkE HE CaMo
Ha KOPEHM Kaj pereHepaHTuTe, TyKy M 3a [00MBare Ha Pa3jiMueH TUIl Ha
€KCIJTAHTAHTH W HMABHO TOHATAMOLIHO in Vitro UCTPaxKyBame. Bo TeKoT Ha
eKCNEePUMEHTOT He Oellle MOCTUTHATa LEJOCHA pPereHepalyja Ha COMaTCKUTE
eMOpPHOHM BO PacTeHHja.

HexkosnkyTe 100MeHN pereHepupaHn pacTeHrja co KOPeH HeMaa yCreliHa
akJMMaru3anyja BO in vivo ycIllOBM, LITO 3HAYM JI€Ka BO WAHMHA Tpeba fia ce
nojo0paT yClIOBUTE 3a aKIMMAaTH3alKja Ha pereHepupaHnTe pacTeHnja co Ues
J1a ce JoOujaT pacTeHrja WTo Ke ce KOPUCTAT 3a MOHATAMOLLHA UCTPaXKyBadka
W aliMKaTuBHA paboTa. AKIMMaTH3alMjaTa Ha pereHepupaHuTe pacTeHuja
Gellie CTUMYJIMpaHA 1 CO arIvKalyja Ha anciu3nHcKa KucenmHa (ABA) co nen
J1a ce HaMaJI TpaHCIIMpaLKjaTa v Jja ce 3roJieMH yCIeIIHOCTA Ha ajanTanyjaTa
Ha TpaHCEpOT 00 in vitro BO in vivo, HO BO OBOj CITy4aj HE MOKaxKa TIOBOJICH
eeKT.

MeTtopnuTe 3a paboTa 1 pe3yaTaTUTe 3a KyJITypa Ha 3UTOTCKY eMOPUOHN
Ha Kacujata (Prunus armeniaca L.) BO in vitro yCIIOBY TIPe3eHTUPAHN BO OBOj
TPy/ ce npBuuHM Bo Penybnmka MakenoHnuja, UCTUTE yKaxKyBaaT Ha (PaKTOT
JieKa ce NOTPeOHHM TOJITOPOYHU 1 IOTIOITHUTENHHY i1 Vitro METOIIU M MOJIEKY TApHU
MCTPaXKyBakba BO KOMOMHALKja cO (PUTONATONIOLIKY aHATIM3HM 32 Jla ce ooujaT
NOJICTAJIHM Pe3yJITaTh KOM K& MMaaT MPAaKTHYHA MPUMEHA BO 3eMjOAEIICKOTO
MIPOU3BOJICTBO.
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Opurnnanen Hayden Tpya YK 631.453:546.48]:502.174:635.655(497.7)

®UTOPEMEJIUJALIMJA CO COJA HA 3ATAJIEHU
3EMJOJIEJICKU ITOYBU CO KAIMHUYM

Jbynuo Muxajnos', Becua 3ajkosa [Tanosa', Busbana Bana6anosa'”

AmncTpakT: 3araJyBameTO Ha TOYBaTa CO KagMUyM ce€ [OJKU Ha
3aCWJICHMOT WHAYCTPUCKU Pa3B0j, OCOOEHO BO OOJACTM HAa HUCKOMYBame,
HCKOPHCTYBambe U 00paboTKa HAa MUHepanHu cypoBuHu. Ha Tepuropujara Ha
Peny6auka MakenoHuja uMa HEKOJIKY 00JIACTU CO 3HAUajHO BUCOKU COMIPKUHU
Ha KaJIMIUYyM BO 1OYBaTa, Mel'y KOM € M OKOJIMHATa Ha PYTHUKOT 32 0JIOBO M LIMHK
,»3JIETOBO*, BO OKoJMHaTa Ha rpafoT [Ipobumrun. dutopemenujauujata e
€/IHa Of] HAjTIOrO/IHUTE TeXHUKU 32 PeMeidjalyja Ha TeHIKU METaJN Off 3arajieHu
nouBu. llenTa Ha oBa ucTpaxyBame Oellle 1a ce yTBpAU e(PUKACHOCTA Ha
HEKOJIKY COPTH COja 3a (huTopemenujaiuja Ha 3eMjoieJICK1 06pabOoTIMBY MOYBU
CO MOBKMCOKA COAP>KMHA Ha KafiIMMyM. 32 Taa 1eJ1 6ea KOPUCTEHU TPU COPTH COja
co KpaTka Bererauuja: Pella, Avigea 1 OW Bo cumbuosa co pusobakTepujata
Bradyrhizobium japonicum. BkynHata u goctanHaTa COApPKMHA HA KaAMUYyM
Oellie ofpeyBaHa BO OJIEJHU JISJIOBA HA PACTEHUETO (KOpeH, cTebJio, JIUCT,
ceMe 1 MelyHKa). [lonosHuTenHo 6ea HarpaBeH! U (PU3NYKO-XeMUCKY aHATIU3U
Ha moyBaTa. Of HarpaBeHUTE aHANIMU3U ce YTBpAu feka copturte Pella u OW
MOKaKyBaaT BUCOK MOTEHIMjall 3a puTocTabuan3anyja/puroekcTpakiyja Ha
KaJ]MUYM OJf TIOUBATA.

Knyuynn 360poBu: raomuym, coja, gumopemuoujayuja, nousda,
3azadysarve.

SOYBEAN PHYTOREMEDIATION OF CADMIUM POLLUTED
AGRICULTURAL SOILS
Ljupco Mihajlov?, Vesna Zajkova Panova?, Biljana Balabanova®*

Abstract. Soil pollution with cadmium is a result of the strengthened
industrial development, especially in the areas of drilling, exploitation and
processing of mineral raw materials. On the territory of the Republic of
Macedonia there are several areas with significant higher content of cadmium
in the soil, including the vicinity of the mine lead and zinc “Zletovo” near the
town of Probistip. Phytoremediation is one of the most convenient techniques

! 3emjopencku pakynrer, YHusepsurer ,,['oue Hemaues, ltun
2 Faculty of Agriculture, University“Goce Del&ev”, Stip, Republic of Macedonia
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for remediation of heavy metals from contaminated soils. The main purpose
of the present study was to determine the effectiveness of soybean varieties
for phytoremediation of agricultural soils with higher content of cadmium.
For that purpose, three soybean varieties with short vegetation were used:
Pella, Avigea and OW in association with rhyzobacterium Bradyrhizobium
Jjaponicum. The total and available content of cadmium were determined
in separate parts of the plant (root, stem, leaf, seed and pod). Additionally,
physicochemical analyses were conducted for determination soil properties.
The analysis showed that varieties Pella and OW had higher potential for
phytostabilization/ phytoextraction of cadmium from the soil.

Key words: Cadmium, soybean, phytoremediation, soil, pollution.

1. Introduction

Phytoremediation basically refers to use of plants and associated soil
microbes for reducing the concentration or toxic effects of contaminants in
the environment [1, 2]. It can be used for removal of heavy metals as well as
for organic pollutants [3, 4]. Plants generally handle the contaminants without
affecting topsoil, thus conserving its utility and fertility. They may improve
soil fertility with inputs of organic matter [5]. The term “phytoremediation”
is a combination of two words: Greek “phyto” (meaning plant) and Latin
“remedium” (meaning to correct or remove an evil). Green plants have an
enormous ability to uptake pollutants from the environment and accomplish
their detoxification by various mechanisms. Phytoremediation technology is
a relatively recent technology with research studies conducted mostly during
the last two decades. The concept of phytoremediation (as phytoextraction)
was suggested by Chaney [6]. It is suitable for application at very large field
sites where other remediation methods are not cost effective or practicable [7].
Phytoremediation has low installation and maintenance costs compared to other
remediation options [8]. The establishment of vegetation on polluted soils also
helps prevention of erosion and metal leaching [9]. Furthermore, fast-growing
and high-biomass producing plants could be used for both phytoremediation
and energy production [10]. Phytoremediation also enjoys popularity with the
general public as a “green clean” [11]. This method is not hazardous to human
health, it is environment friendly and from economic point of view is very
cost effective. There are different types of phytoremediation: phytoextraction,
phytovolatilization, phytostabilization and rhizofiltration. The most suitable
method for Cd extraction of soil is phytoextraction. This method is based
on excluding cadmium from soil by plant through water received from the
root system, sorption or through some other mechanism. A great number of
plant species have been studied in their ability for remediation of Cd from
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soil, including several varieties of soybean. Wei et al. [12] reported S. nigrum
as hyper-accumulator of Cd. Ishikawa et al. in 2006 published results of the
research made on two varieties of soybean (cv. Enrei and cv. Suzuyutaka), two
varieties of rice (cv. Nipponbare and cv. Milyang 23) and one variety of maize
(cv. Gold dent) in their ability for remediation of cadmium from soil [13].
Studies have shown that there are differences in the phytoremediation ability
among different varieties of the same culture. Soybean variety “Suzuyutaka”
and rice variety “Milyang 23" have been proved as most effective in removing
cadmium from the soil, but in soybean falling of leaves after 60 days was
observed, at concentration of cadmium from 4.29 mg/kg. Similar studies were
made with three varieties of soybean (Enrei, Tsurunoko and Tsukui) [14].
The ideal plant used for phytoremediation should have fast growth, produce
large quantities of biomass and have tolerance and ability to accumulate high
concentration of metals in the root system or branches. Plants that have been
known as good remediators have poor growth and generally produce reduced
amounts of biomass when the concentration of available metals in soil is high.
One of the alternatives that are offered as a solution is to use a certain plant
species that have a low capacity for accumulation of metals, and on the other
hand have a high growth, such as Brassica juncea [13]. Another alternative is
to use plants that have rapid growth in symbiosis with rhyzobacteria [15]. This
kind of combination between plant and rhyzibacteria is expected to show high
efficiency for remediation [16].

Soil pollution with cadmium is a major problem in the world. In Republic
of Macedonia there are approximately 1000 ha in the region along the
Zletovska river contaminated with cadmium [17]. Therefore, the main purpose
of this study is to evaluate the efficiency of three soybean varieties with short
vegetation in incorporation with rhyzobacterium Bradyrhizobium japonicum
for cadmium phytoextraction/phytostabilization.

2. Materials and methods

2.1. Field settings

The experiment was set up in an open field conditions with selected
soybean varieties with short vegetation (Pella, Avigea and OW). The experiment
was performed in appropriate pots for growing soybeans set according to the
method of randomized block system, with duration from June to October,
2011. The soil, where the soybean seeds were planted, was collected from the
surface layer (0-15 cm) downstream from the potentially polluted area from
Zletovska river. Five locations were selected, wherefrom the soil was collected
(Z1,72,73,74 and Z5). This is an area where the Pb-Zn mine “Zletovo” is
operating for more than 20 years. Many studies have shown that this is an area
with polymetallic pollution [17]. Four seeds of each variety were sown in each
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container and reduced into two plants after growing. Before the sowing, seeds
were treated with a suspension of rhyzobacterium Bradyrhizobium japonicum.

2.2. Soil sampling and analysis

Soil properties [pH, cation exchange capacity (CEC), electrical
conductivity (EC), organic matter (OM), soil texture, available potassium and
phosphorus, total and available Cd] were examined before planting of soybean
seeds. Standard reference methods were applied for soil pretreatment [18-20].

2.3. Soybean analysis

Total cadmium content was determined in specific plants parts (root,
steam, leaves and seeds), for each soybean varieties: “Pella”, “Avigea” and
“OW?”. After vegetation, plants were collected and brought to the laboratory.
Every plant was washed with distilled water and dry to a constant mass. Each
plant part was separated from each other and mild. The total digestion of the
samples was performed using open wet digestion method with a mixture of 5
mL hydrogen peroxide (H,0,, 33%w/w, with ultra-trace purity, Sigma Aldrich,
Germany) and 10 mL nitric acid (HNO,, 69 %w/w, with ultra-trace purity,
Sigma Aldrich, Germany). The inductively coupled plasma mass spectrometer
(ICP-MS, model 7500cx, Agilent technologies, USA) was used for cadmium
content measurements.

3. Results and discussion

Large number of factors control the metal accumulation and bioavailability
associated with soil and climatic conditions, plant genotype and agronomic
management, including: active/passive transfer processes, sequestration and
speciation, redox states, the type of plant root system and the response of
plants to elements in a relation to seasonal cycles. Structure of the sediment
has also been considered very important that affect the extent of the metals
taken up by the plants. Clay particles also play an important role in availability
of the metals. Metals solubility in soils is predominantly controlled by pH,
amount of metals cations exchange capacity, organic carbon content and
oxidation state of the system [21]. The basic chemical/mechanical parameters
determined in this study for the soil composition are given in Table 1. Soil
1 (Z1), was sandy loam with pH of 6.9, EC of 0.4 mS/cm and 1.4% organic
matter. Second and third soil (Z2 and Z3) very similar to Z1, were sandy loam
with pH of 6.0 and 6.9, with lower cationic exchange capacity (2.5 and 0.3 cm/
mol, respectively) compared to Z1 (9.1 cm/mol). The total cadmium content
in the first three soils (Z1, Z2 and Z3) was determined as 2.3, 4.2 and 1.3
mg/kg, respectively; while the available content of Cd was 1.1, 2.3 and 0.84
mg/kg, respectively for Z1, Z2 and Z3 soil. Considering this, the calculated
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activity ratio for the bioavailable content of cadmium in these soils was 48%
for Z1, 54% for Z2 and maximum ratio was obtained for Z3 (64%). Soil of
sites 4 and 5 was loamy sand with dominant soil texture class and very similar
pH (3.3). Higher pH may restrain the absorbability of elements from the soil
solution and translocation into plant tissues [14]. The significant differences
occurred for electrical conductivity (EC), observing values of 12.1 mS/cm for
Z4 and 2.37 mS/cm for Z5. Maximum value for the organic matter content was
obtained for Z4 soil (5.24%). The total cadmium content in Z4 soil was 17.6
mg/kg, while the available content of cadmium was 3.9 mg/kg. Therefore, the
activity ratio for the cadmium in Z4 soil was 22%, compared to the first three
soils is significantly lower. Minimum value for cadmium content was obtained
for Z5 soil (0.97 mg/kg). The available content of cadmium in this soil was
0.32 mg/kg, which gives 32% activity ratio.

Table 1. Chemical/mechanical soil composition from Zletovska River region (n=5/5)

Soil parameters De;:;::]glged Median
Cation exchange capacity, CEC (cm/mol) 0.3-9.8 5.7
Electrical conductivity, EC (msS/cm) 0.22-12.1 1.72
pH/KCl 3.2-69 32
Organic matter, OM (%) 0.92-5.24 147
K, O (mg/100g) 14-153 49
P,O. (mg/100g) 14-12 34
Total Cd (mg/kg) 0.97-17.6 23
Available Cd (mg/kg) 0.32-3.9 1.1
Loam (%) 0.01-10.2 19
Sand (60-2000 zzm) 69.5-97.2 78.7

Considering the basic chemical/mechanical parameters for soil
composition, bivariate analysis was applied to investigate the correlations
between these parameters. For that issue the linear coefficient of correlation
was used. Matrix of the dominant correlation coefficients is given in Table
2. The significant correlation data (r>0.50) are given as bolded values. The
available content of cadmium is significantly correlated with soil pH and
electrical conductivity of soil solution. Increased soil pH may reduce the
availability of Cd**to plants through increased adsorption at cation exchange
sites. Soil organic matter can either increase or decrease the availability of Cd**
by binding it, or increasing its mobility.

53



lopumen 36opauk 2015 Vuusepsurer ,,loue Hemdes” — Lltun, 3emjonerncku dhaxyarer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

Table 2. Matrix of correlation coefficients (soil properties)

CEC 1.00
pH 027 | 1.00
EC 0.62 | -040 | 1.00
OM 091 043 | 049 | 1.00
Loam -0.01 | 031 | -034 | -0.15 1.00
Sand 0.05 028 | -003 | 027 | -0.75 1.00
K,0O 0.85 058 | 031 | 096 | -0.01 0.25 1.00
PO, 0.86 053 | 036 | 097 | -0.19 | 0.39 0.95 1.00
Av(Cd) | 001 -0.54 | 067 | -0.15 | -029 | -0.04 | -026 | -0.28 1.00
CEC pH EC OM | Loam | Sand | KO | PO, Av(Cd)

Crops vegetate on the Z1,72,73 and Z5 soils, while seeds planted on Z4
soils didn’t sprout. Values for total content of cadmium in separate plants parts
(stem, leaf, root, seed and pod) are given in Table 3. In plant roots, the Cd total
content was highest in OW variety root (5.41 mg/kg) from Z5 soil and lowest
in Avigea (0.15 mg/kg). In general, total Cd content in all variety samples were
greater in shoots (green parts above root) than in roots. Total Cd content in
stem ranged between0.13 to 7.7 mg/kg (Table 3). Maximum value for Cd was
obtained for Pella’s variety leaf (13.5 mg/kg). Very similar data were obtained
for OW’s leaf too (13.4 mg/kg). These varieties were also characterized with
higher Cd content in seed and pod compared to Avigea variety. Maximum
value for Cd content in seed (2.6 mg/kg) was obtained for OW’s variety from
soil Z5. For the same variety 3.52 mg/kg of Cd in pod was obtained.

Table 3. Total content of Cd in soybean varieties with short vegetation in different
parts of plants (values given in mg/kg)

Avigea ow Pella

Root|Stem|Leaf|Seed | Pod |Root|Stem|Leaf|Seed | Pod |Root|Stem|Leaf|Seed | Pod

71 {0.15]0.37(1.20(0.27(0.36|0.75|0.96 |6.02|0.77|1.70 [ 0.57 | 1.09 | 4.60 | 0.49 | 0.88

72 {0.33]0.55(143/0.39(0913.34|6.29|13.410.95|3.35[0.63|0.65[1.72{0.45{0.70

73 [0.26(0.13({0.84|0.08(0.10(1.27|1.31|2.42]10.61|0.79(4.52|4.72|13.5({1.29(3.52

75 (042]145(3.10(0.36(093|5.72|7.73|7.60|2.57|541[4.92|2.55|7.87(0.94|1.85
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Translocation factor (TF), Biological Accumulation Coefficient (BAC)
and Biological Concentration Factor (BCF) values were used to evaluate the
potential of plant speciesfor phytoextraction and phytostabilization of the
soybean varieties with short vegetation [22, 23]. Biological accumulation
coefficient was calculated as a ratio of heavy metal in shoots to that in soil
[22]. The BAC for Avigea variety ranged from 0.14 to 9.65 for different plant
parts (Table 4). The OW and Pella varieties showed better accumulation
ability for Cd, considering these varieties more suitable for phytostabilization.
For the OW's stem and leaf BAC was 24.1 and 23.7, respectively, while for
Pella’s leaf ranged from 0.76-24.5 (Table 4). BCF was also calculated as a
metal concentration ratio of plant roots to soil [23]. Phytostabilisation is a
process which depends on roots ability to limit the contaminant mobility and
bio-availability in the soils which occurs through the sorption, precipitation,
complexation or metal valance reduction [21]. Heavy metals tolerant species
with high BCF and low TF can be used for phytostabilisation of contaminated
soils. The Avigea variety showed lower BCF (<1) vs. OW and Pella varieties.

Table 4. Biological Accumulation Coefficient (BAC) and Biological Concentration
Factor (BCF) in soybean varieties

71
72
73
75

Root Stem Leaf Seed Pod

0.14 034 1.10 0.25 0.33
0.15 0.24 0.63 0.17 040
031 0.15 1.00 0.10 0.12
131 451 965 1.11 288

Root Stem Leaf Seed Pod

0.68 0.88 5.51 0.70 1.56
148 2778 594 042 148
1.52 1.56 2.89 0.73 094
17.8 24,1 237 801 169

Root Stem Leaf Seed Pod

0.52 1.00 422 045 0.80
0.28 0.29 0.76 0.20 0.31
539 563 16.1 153 4.20
153 795 245 294 576

Translocation factor (TF) was described as a ratio of heavy metals in
plant shoot to that in root [22, 23]. These soybean varieties had high biomass
and based on the high TF values could have enormous potential to be used for
phytoextraction of Cd than other species which also showed TF>1 for different
metals. Higher cadmium accumulation may be attributed to well develop
detoxification mechanism based on sequestration of cadmium ions in vacuoles,
by binding them on appropriate ligands and metal exclusion strategies of
soybean varieties [21]. For the analysed soybean varieties translocation factor
values above 1 was obtained.
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Table 5. Translocation Factor (TF) in soybean variety (Avigea, OW and Pella)

Stem Leaf Seed Pod

Min 0.49 1.33 0.19 0.38
Max 344 8.05 1.81 2.72
Median 1.28 322 0.48 1.00

4. Concluding remarks

The present investigation revealed that soybean varieties with short
vegetation, OW and Pella could be efficient plants for phytoextraction of Cd
from contaminated soil. Highest efficiency of Cd phytoextraction occurred
when soil was contaminated. The soybean variety Avigea showed lower
ability for phytostabilization and phytoextraction. Both, BAC and TF values
higher than 1 indicated that OW and Pella are potentially useful for remedying
Cd-contaminated soil and can be introduced as a good potential Cd-hyper
accumulator plants.
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OIPEAYBABE HA N30TOIIN HA OJTOBO BO BUHO 1 MACIJIO
3A JALJEBE CO IIPUMEHA HA THOAYKTUBHO CIIPETHATA
IIIIA3MA CO MACEHA CIIEKTPOMETPUJA

Bumana Banabanosa!®, Cama Mutpes!, Buosera Manosa-Tletponyioc!,
Py6un I'yna6ocku'

Ancrpakt: [Ipeky onpefenyBambeTo Ha OJJHOCOT Ha M30TOMUTE HA
0JIOBO MOXKe J1a ce fobue nHopmalrja 3a U3BOPOT Ha 3arajlyBame CO OJI0BO
BO MpPUMEpONM Off XMBOTHaTa cpenauna. Op Jipyra cTpaHa, OBHE aHAIW3U
MOXKaT fja 06e36en1aT KopucHa uHgopmalmja 3a reorpapckoTo NOTEKJIOTO Ha
aHaM3MpaHuTe NpuMepouy. MHOry Manu Bapvjauyy BO M30TONCKUOT OJ{HOC
Ce jaByBaaTr BO MPUPOJATa U TOA HAJYECTO 3aBUCAT Off HEKOU JIOKAJIHU U3BOPU
Ha 3aragyBatbe. HIYKTUBHO CrperHara ria3Ma co MaceHa CIeKTpOMeTpuja
(ICP-MS) 6e1tie KoprcTeHa Kako pabOTHA TEXHUKA, CO LIEJ [a ce YTBPAU Jasiu
OBaa TEXHWKA € COOJBETHAa BO MPAKTUYHO CIPaBYyBalke€ CO MOJMATOMCKHUTE
uHTepepeHIn NpyU aHaau3aTa Ha opraHcku Matpukcu. OBoj Tpya omndaka
ONTUMM3alja Ha MHCTPYMEHTANHATa METOfla 332 Mepemhe Ha M30TOMUTe
Ha OJIOBO BO JIMFECTUPAHU NMPHUMEPOLM Ha BUHO U Maciio 3a jajewe. [Tokpaj
TOa, U30TONCKUTE OJIHOCH Ha OJIOBO Oea OfipefiecHd BO MPUMEPOLM Off MCTO
1 pa3nuyHo reorpagcko mnoapavje. BkynHarta KOHIEHTpalyja Ha OJIOBO BO
UCMIUTYBaHUTE NPUMEPOLIM HA BUHO ce Haora BO omceroT of 3,74-16,3 ug/L,
HE HAIMUHYBAjKU TM MAKCHUMAJIHO JI03BOJICHUTE KOHILIEHTPALMU 3a OJIOBO BO
BuHO (200 ug/L). BpegHocTuTe 32 OTHOCUTE Ha KOHLEHTPALUMKATE HA U30TOMNUTE
207Pb/2%%Ph u 28Pb/?%Pb ce maoraat Bo omcer og 0,98 — 1,12 u 2,22 — 2,99,
coonBeTHO. BkynmHaTa cogpskKiuHa Ha 0JI0BO BO MPUMEPOLIMTE HAa MACTIO 32 jajieHhe
ce Haora Bo orncerot of 18,3 o 29,6 ng/kg, He HaMUHYBajKK ' MAKCUMAITHO
JO3BOJICHUTE KOHLEHTpAMUA 3a OJIOBO BO Maciio 3a jafewe. CTaTUCTUUKU
3HaYajHa pas3iiMka nomMely BPEIHOCTUTE 3a OJHOCUTE Ha KOHLEHTpAUMUTE Ha
uzoronute 2’Pb/?%Pb u 2%Pb/**Pb e yTBpjieHa 3a MPUMEPOLUTE CO PAZTHUHO
reorpagcko noTekio.

Kunyunum 360poBu: uzomonu Ha 04080, 8uHo, macao 3a jaderwe, ICP-MS.

! 3emjopencku pakynrer, YHusepsurer ,,['oue Henues®, ltun, P. Makenonuja
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ISOTOPIC LEAD MEASUREMENTS IN WINE AND EDIBLE
OIL USING INDUCTIVELY COUPLED PLASMA WITH MASS
SPECTROMETRY
Biljana Balabanova*, Sasa Mitrev?, Violeta Ivanova-Petropulos?,
Rubin Gulaboski?

Abstract: Lead isotope ratios provide analytical information related to
the source of lead contamination in naturally occurring samples. On the other
hand, these measurements can provide useful information for routine means of
“fingerprinting” the components grown in different habitats. Small Pb isotope
abundance variation occurs in nature and the isotopic composition of lead in
the environment is dependent on the local pollution sources. In this study,
inductively coupled plasma with mass spectrometry (ICP-MS) was used to
investigate whether this chemical application can offer a reliable and practical
solution to the problem of the polyatomic overlap in the presence of organic
based matrix samples. The study summarizes the instrument optimization
procedure for Pb isotope measurements in wine and edible oil samples. Also,
the isotopic ratios were presented for samples from same and from different
geographical region. The total lead concentration in wine samples ranges from
3.74-16.3 pg/L, not exceeding the maximum allowable concentrations of lead
in wine (200 ug/L). Values for the isotopes concentration ratios **’Pb/**Pb
and 2%®Pb/*“Pb ranges from 0.98-1.12 and 2.22-2.99, respectively. The
total lead content in edible oil samples ranges from 18.3 to 29.6 ug/kg, not
exceeding the maximum allowable concentrations of lead in edible oil (100
ng/kg). Statistically significant differences between the values for the isotopes
concentration ratios *’Pb/*°Pb u ***Pb/***Pb were determined for samples from
different geographic origin.

Kew words: lead isotope, wine, edible oil, ICP-MS.

1. Introduction

Due to the complex environmental chemistry, transport patterns,
meteorological conditions, the mixing of emissions from multiple sources,
and uncertainties associated with receptor modeling, it remains difficult to
quantify the relative impact of emissions from different sources on metal
accumulation in different food stuffs [1, 2]. The emission and deposition of
hazardous trace metals such as lead (Pb) is of significant concern because it
can affect human and environmental health [3, 4]. Lead isotope ratio analysis
is important as it is used for Pb-Pb dating in geochronology, and to trace the

2 Faculty of Agriculture, “Goce Delev” University, Stip, R. Macedonia
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origin of artifacts, precious metals and even foodstuffs [5, 6]. Lead isotope
ratio measurement can provide analytical information related to the source of
lead contamination in naturally occurring samples [7]. Studies of the isotopic
composition of lead are therefore commonly used in the environmental,
geological and anthropological studies [8]. Small Pb abundance variations
occur in nature and the isotopic composition of lead in the environment is
dependent on the local pollutant source. If lead is present in the soil, a plant
will take up small amounts and subsequent isotope ratio studies might provide
unique means of differentiating between different plant sources of origin [6].
Local lead level may become mixed with external source of contamination that
vary with time depending on the anthropogenic activity. There are four stable
isotopes of Pb with the following approximate abundances: **Pb (52.4%),
7P (24.1%), *Pb (22.1%), and ***Pb (1.4%).>**Pb is non-radiogenic and was
not measured in this study because of its low relative abundance. **Pb, *"Pb,
and **Pb are formed by the radioactive decay of *?Th (half-life = 14 billion
years), 2U (half-life = 0.7 billion years), and U (halflife = 4.5 billion years),
respectively [9]. Inductively coupled plasma mass spectrometry (ICP-MS) has
been increasingly used in isotope ratio measurements in recent years [6, 9, 10].
The main purpose of this work was to test the sensitivity of inductively coupled
plasma with mass spectrometry (ICP-MS) for measurements of stable lead
isotopes (**°Pb,?’Pb and **®Pb). The lead isotope ratios were also calculated
for Vranec wine samples from Tikve§ wine region and edible oils produced
from same seed variety as well as from same and different geographical origin.

2. Materials and methods

2.1. Sample preparation

Wine and edible oil samples, before the isotopic measurements, were
totally digested with application of a closed digestion system (Model MARS
5, CEM Corporation, USA). A representative sample (0.5 g) was placed in a
digestion vessel. For digestion of vine samples 5 mL nitric acid (HNO,, 65%
w/w, ultra-trace purity) was used for total dissolution of organic compounds
[11]. For digestion of oil samples 5 mL of nitric acid and 2 mL of hydrogen
peroxide (H,O,, 30% w/w, ultra-trace purity) were added in order to achieve
total dissolution of the organic compounds. The vessels were closed and
settled in the microwave system and the four step program was applied for
total dissolution of the organic matrix samples (Table 1).
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Table 1. Microwave digestion program for digestion of oil and
wine samples

Step Initial T (°C) Final T (°C) Power (W) Time (min.)

1 25 150 600 15
2 150 150 600 5

3 150 180 800 10
4 180 180 800 10

2.2. ICP-MS measurements

The single quadrupole inductively coupled plasma mass spectrometer
(ICP-MS) was used for all isotopic measurements (model 7500cx, Agilent
technologies, USA). The instrument was tuned for standard robust plasma
conditions, equipped with micro-mist nebulizer and octopole reaction system
(ORS). The operating conditions of the ICP-MS instrument were optimized
before the analysis was performed. The integration time of analysis was set for
0.5 s per one point, with 5 replications for one measurement. First ionization
was set at -3 V and -150 V for the second ionization. The CeO/Ce ratio was
0.58% (reference value <0.65%) and for the double charge ions (Ce**/Ce
ratio) was obtained a satisfactory value of 2.05% (reference value <3%). For
the quantitative analysis of the digested wine samples, external calibration
curves were built at different concentration levels: 5, 10, 50 and 100 pg/L. Ten
sample blanks (ultra-pure water with 2.5% w/w HNO,) were run to determine
instrument detection limits (DL). Background equivalent concentration
(BEC) was calculated as an indicator for the calibration offset expressed as a
concentration, due to elemental contamination of the blank.

3. Results and discussion

3.1. Method validation

Whichever methodology is selected, the natural or “common lead” **Pb
isotope is measured as a reference to calculate the original (primordial) level
of the other (mainly radiogenic) Pb isotopes, so accurate measurement of ***Pb
is essential. Unfortunately, for measurements made using inductively coupled
plasma mass spectrometry (ICP-MS), **Pb suffers an isobaric interference
from 2**Hg (an isobaric overlap is where isotopes of different elements occur at
the same nominal mass) meaning that any mercury present as a contamination
or as a component of the sample would bias the measurement of ***Pb. Very
good sensitivity was obtained for 2°°Pb, ’Pb and **®Pb isotopes concentration
measurements (Figure 1). Satisfactory linearity (R) was obtained in the range
from 5 to100 pg/L (Figure 1). The instrumental detection limits for the three
isotopes (**Pb, 2’Pb and **®Pb) were calculated as 0.35, 2.86 and 0.85 ug/L,
respectively.
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Figure 1. Mass spectrum and linearity for 2Pb, 2’Pb and **Pb
calibration curves

To confirm that Pb does not undergo a charge-transfer reaction (and to
check if any cluster ions are formed), 20 pug/L Pb solution was aspirated and a
mass scan was performed. The sum of the signal for these clusters amounted
to <0.5% of the total Pb signal (the sum of the unreacted precursor and reacted
product Pb ions); at this level the product ions can be considered negligible and
ignored. Pb did not appear to undergo any charge transfer reaction, as the Pb
signal with argon gas in the cell remained at practically the same level as with
no reaction gas.

Table 2. Short-term stability of Pb isotope ratio determination (20 pg/L lead
standard solution)

Acquisition 1replica  2replica  3replica  4replica  5Sreplica

time 10:22AM  10:26 AM 10:29AM  10:31AM  10:34 AM RSD (%)
206Ph (ug/L) 0.241 0.241 0.214 0.241 0.241 0.05
27Pb (ug/L) 0.221 0.220 0.220 0.220 0.220 0.05
28Pb (ug/L) 0.523 0.524 0.523 0.522 0.523 0.03
27Pp /2%Ph 0916 0914 0914 0914 0914 0.08
28Pb /2%Pb 2.169 2.168 2.169 2.167 2.165 0.08
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The obtained signal expressed as counts per seconds for all three lead
isotopes showed very strong stability among the time measurements. The
median value for 2Pb was 79260 cps (RSD=5.5%), for 2’Pb was 67500 cps
(RSD=8.2%), for *®Pb was 157330 cps (RSD=8.9%).
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Figure 2. Intensities of measurements for 2°Pb, 2’Pb and ***Pb
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3.2. Lead isotopes measurements for wine samples

Ten different Vranec wines samples fermented with different yeasts were
analysed for total lead concentration and lead isotopes ratio. The total Pb
concentration ranged from 3.74-16.3 pg/L [11]. Maximal acceptable limits for
total lead content in wine samples is 200 pg/L [12]. In none of the analysed
wines values above the critical value for total lead concentration were obtained.
The calculated isotope ratios ranged: a) 2*’Pb/?*Pb: from 0.985 to 1.122 with
standard deviation of data distribution of 0.038 and b) 2*Pb/**Pb: from 2.221 to
2.998 with standard deviation of data distribution 0.21 (Table 3) presenting no
significant variation, probably because of the same geographical origin of the
grapes. In fact, Vranec wines were produced from Vranec grapes (Vitis vinifera
L.) grown in Tikve§ wine region in R. Macedonia [11]. Similar analyses were
conducted with wine samples from different geographical regions in Italy [13].
For the Italian wines the isotopes concentration ratio ***Pb/?*Pb ranges from
2.09 to 2.14, while the *"Pb/?®Pb concentration ratio ranges from 1.14 to
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1.19 [13]. These data were also compared to data obtained for the Australian
and South Africa wines [13]. Significant variation occurs for the isotopes
concentration ratio 2*Pb/?*Pb.

Table 3. Lead concentration and lead isotopic ratio for wines

Lead isotopes c.oncentration Total Pb
Wine samples ratio concentration

27Ph/2%Ph 28Ph/2%Ph (ug/L) [1]
Vranec 1 0.998 2.569 6.35
Vranec 2 1.011 2.356 8.79
Vranec 3 1.122 2.578 3.74
Vranec 4 1.055 2.356 3.81
Vranec 5 0.985 2.345 9.75
Vranec 6 1.012 2.221 11.2
Vranec 7 1.055 2.365 10.2
Vranec 8 1.036 2.998 163
Vranec 9 0.997 2.457 9.58
Vranec 10 1.022 2.345 104

3.3. Lead isotopes measurements for edible oil samples

Total lead contents and lead isotope concentration ratios in sunflower and
oilseed rape oil were determined (Table 4). The total lead content in sunflower
oil from R. Macedonia (N=22, cold press) ranges between 18.3-29.6 pg/
kg, while the lead content in sunflower oil produced sunflower seed (N=10,
refined) ranged from 6.25-15.4 pg/kg (Table 4). For none of the analyzed oil
samples values above the maximum allowed content 100 pg/kg [12] for total
lead in edible oils were obtained. Therefore, the pollution factor in the analyzed
samples has not been considered. Very similar values were obtained for the
lead isotopes concentration ratio *’Pb/*®Pb and ***Pb/**Pb, for sunflower
and oilseed rape oil produced from seeds planted in R. Macedonia. For the
sunflower oil produced from seed with foreign origin 0.859 for 2’Pb/?*Pb ratio
and 2.044 for 2®Pb/**Pb ratio were obtained. Furthermore, these isotopic ratios
probably could be correlated with the origin of the seeds.
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Table 4. Lead isotopic ratio for sunflower and oilseed rape oils

Geographical Lead isotopes concentration
. . . . Range for
Oil sample origin of seed ratio
d variet d for oil Pb total content (ug/
seed variety used for oi W7ph/295Ph 28p},/206Ply ke)
production
Sunflower oil RM 22 1078030 2.769+0.11 18.3-29.6
Sunflower oil ~ Unknown origin 10 0.859+0.18 2.044 +£0.28 6.25-154
Oilseed rape oil RM 6 109+025 2.596+0.08 11.5-33.6

RM - oil produced from seed planted in R. Macedonia; Unknown origin - oil produced
from seed imported in R. Macedonia

The intensities of the isotopic measurements are presented by using bar-
plots, in order to visualize the chemical abundance of the single lead isotopes,
as mean value, for all three groups of edible oils (Figure 3). For the sunflower
oil (produced from seed planted in R. Macedonia) the relative abundance of the
Pb isotopes is 2*°Pb<?"Pb<>®Pb, the same sequence follows the oilseed rape
oil (produced from seed planted in R. Macedonia); while for the sunflower oil
(produced from seed imported in R. Macedonia) the relative abundance of the
Pb isotopes is 2Pb<*"Pb<?®Pb (Figure 3). Kelly et al. in 2005 introduce very
similar approach in tracing the geographical origin of various food [14]. No
significant variation occurs in values obtained for the isotopes concentration
ratio ’Pb/?*Pb. However, the 2Pb/*Pb isotopes concentration ratio, has been
shown to vary significantly depending on the geographical origin for numerous
varieties of plant foods, including olive oil [14].
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4. Concluding remarks

The use of ICP-MS for measuring the isotopic composition to identify the
origin of the anomalous lead content in wine and edible oil samples proved to
be a powerful technique. The precision and accuracy of ICP-MS analysis made
it possible to satisfactorily discriminate among the likeliest lead sources in the
studied samples. The performance of the applied techniques allowed measuring
three lead isotopes (**°Pb, *"Pb and Pb) with very good sensitivity. For the
204Pp, a very low sensitivity was obtained due to the isobaric interference from
24Hg. The total lead contents in all of the analysed samples did not exceed
the maximum allowed concentration for that kind of samples. The isotope
ratios for wine samples (**’Pb/**Pb and ***Pb/***Pb) didn’t show any significant
variation, probably because the wines were produced from grapes with
identical geographical origin. For the edible oil samples, significant variation
occurred for the same variety of the seed taken from different geographical
region for both isotope ratios. Therefore, these isotopic analyses can provide
useful information correlated with the geographical origin of wine and edible
oil.
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JIunjana Konesa-I'ynesa!, ®unanka Tpajkosa! u Jynujana Tpounnku'

AncrpakT: PUTOXOPMOHUTE C€ BO LEHTAPOT HA WCTPaXKyBamara
BO pacTuTesHaTa (PU3MOJIOrMja TOBeKe Off efeH Bek. McTpakyBamara 3a
pacTUTENHUTE XOPMOHM HA MOMEHTH CE CMeTaje Kako NMPUJIMYHO HejacHa
TeMa, HO CO CHUCTeMaTcKaTa NMpUMEHa Ha TeHETUYKUTE M MOJIeKYJapHUTE
TEXHUKM JIOBE[l0A 0 KJYYHM COTJieflyBamba KOM ja peBUTAIM3Mpaa oBaa
obgacT. Of OTKPUBAKETO HA ayKCUHUTE Ma CE JIO JIEHeC € TeCHa MOBP3aHOCTA
Ha OBME (PUTOXOPMOHM BO CTHUMYyJalMjaTa Ha pa3BOjOT Ha KOPEHOBUOT
cucreM. Bo mocnenHuTe fieneHM yjorata Ha ayKCMHUTE BO BEreTaTMBHOTO
Pa3MHOXYBate, 0COOEHO BO PaCaHMUYKOTO MPOM3BOJCTBO, € 3HAauyajHa BO
NPOLECOT HA CTUMYJIMPAETO HA OSKUITYBAHETO HA PAcal v CAJJHULM.

Bo oBa uctpaxyBame € CTUMYJIMPAHO BETeTaTMBHOTO PA3MHOXKYBake Ha
pe3HUIM Ofi ApOMATUUHUTE BUOBU py3MapuH (Rosmarinus officinialis L.) u
xanduja (Salvia officinialis L.), co kopucteme aykcunu [AA, IBA, NAA u
koMmepuujanen xopmoH K1 - Radicin, Bo copefda co konTponara K, kajie mro
He e ynoTpeGeHo ayKcuH. MicTpaskyBamata ce U3BefIeH! BO TPU OCTaBYBakba, BO
71Ba pa3NMyYHU NEPUOJIU MPOJIET/TETO U €CeH/3UMa BO aJIaliTUPAHN MIIACTEHUYKU
YCJIOBM, MPU IITO Ce€ CIEJIeHN HEeKOM MOP(OJIOUIKN KapaKTEePUCTUKU U
NPOLCHTOT Ha BKOPEHYBale Ha pe3HuumTe. McTpakyBamwara mokaxkaa jeka
co ynorpeba Ha IAA, IBA u NAA B0 KOHUEHTpauuja of 5 ppm MoxKe ja ce
3roJieMy MPOLIEHTOT Ha BKOPEHETUTE pe3Huln Kaj py3maput 1o 100%, mro ce
n3efiHayyBa co e(PeKTOT Ha KOMEPUMjaTHUOT TNpenapaT BO NepuojioT nmposet/
JeTo.

Kayunu 360poBu: oxcurysame, eezemamusHo pasmuoxrcysarse, IAA
UHO0A-3-0uemua Kuceaurnd, IBA unooa-3-oymepna kuceauna, NAA o. nagpmua
OUemHa KUCeAUHd.

! Yuusepaurer ,,I'oue [Ienues” - Ultun, 3emjopencku gaxkynrer
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STIMULATION OF VEGETATIVE PROPAGATION WITH AUXINS
IN ROSEMARY (ROSMARINUS OFFICINIALIS L.) AND SAGE
(SALVIA OFFICINIALIS L.)

Liljana Koleva Gudeva?, Fidanka Trajkova? and Julijana Troicki’

Abstract: Phytohormones have been at the center of plant physiology
research for more than a century. Research of plant hormones, has at times
been considered as a rather vague subject, but the systematic application of
genetic and molecular techniques has led to key insights that have revitalized
the field. Since the discovery of auxin until today, the relationship of these
phytohormones with the development of the root system is very close. In
recent decades the role of auxin in the vegetative propagation, especially in the
production of seedlings, is important at the stimulation of rooting process of
seedlings and cuttings.

In this research is examined the stimulation of vegetative propagation
of cuttings from aromatic species rosemary (Rosmarinus officinialis L.) and
sage (Salvia officinialis L.), using auxins IAA, IBA, NAA and commercial
hormone K1 - Radicin, compared to control K where there is no presence
of auxin. Research is carried out in three settings, at two different periods
spring/summer and autumn/winter, in adapted plastic tunnel conditions, where
some morphological characteristics and the percentage of rooted cuttings
were examined. Studies have shown that the use of IAA, IBA and NAA at
concentration of 5 ppm may increase the percentage of rooted cuttings in
rosemary up to 100%, which equals with the effect of the commercial product
during spring/summer period.

Key words: rooting, vegetative propagation, I1AA indole-3-acetic acid,
IBA indole-3-butric acid, NAA o naphthaleneacetic acid.

1. Bosep

Peny6nuka Makenonuja ce u3[ABOjyBa CO effHa MoceOHa MPUPOAHA
KapaKTepUCTHKa, a TOA € HECTTOPEJINBO OOraTMOT OMOAUBEP3UT KOj MU300M1ITyBa
CO CHACEMCKHU U PEJIMKTHU BUIOBU HA PACTUTCIIHU U KUBOTHUHCKU (bOpMI/I.
BborarcTBoTO Ha MPUPOAHU pPecypcu CO apoMaTUYHM M JIEKOBUTH PAacTEHH]ja
NPUIOHENO 3a pa3Boj Ha TPAIMLMOHAJHATA MEJMIMHA BO COBpEeMeHaTa
(papmanieBTCKa UMHAyCTpHWja, KOjallITO TNPETCTaByBa 3HAYaeH CTOMAHCKU
cyGjekT BO eKoHOMM]jaTa Ha 3eMjaTa. MeryToa co JIeHelllHaTa TpaH3ulyja Ha
€KOHOMHjaTa KOH Na3apHO OPUEHTUPAHOTO CTOMAHKUCYBAE, OBOj 3HAYACH /e
01 OMOJIMBEP3UTETOT € JIOBEJICH BO TOJIeMa OMACHOCT MOPa/[ HEKOHTPOJIMPAHOTO
uckopucrysame [1].

2 Goce Delcev University - Stip, Faculty of Agriculture
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Opn apyra cTpasa, BO Ap>KaBaTa HE MOCTOU HUTY €HA UHCTUTYLUja WU
opraHuzaiyja, Koja ce 3aHMMaBa CO OPraHU3UPAHO MPOU3BOJICTBO HA CEMEHCKU
WJIM CaJIeH MaTepHjal, 3a IIITO YIIITe BO CTAPT Ce jaByBaat npoOJaeMu 3a MOYETOK
BO MPOU3BOJICTBO HA apOMATHUYHU U JICKOBUTU paCTeHl/lja. Co BereTaTMBHOTO
Pa3MHOKYyBambe MOKE Jla Ce HaJIMMHE ONMUIIIaHaTa COCTOj0a, a OBaa TEXHUKA HA
Pa3MHOKYBambe ce MPUMEHYBa BO PaCaIHUUKOTO MPOU3BOJICTBO 32 OKUITYBathe
1 OOMBamke Ha MOcajoueH Matepujan (pacaj/cCaHuly) 3a MHOTY €KOHOMCKU
3HAYajHU KyJaTypu. BereTaTMBHOTO pa3MHOXYBambe OCOOEHO Ce KOPUCTH BO
cllyyau Kora 'pTJMBOCTA HAa CeMumbaTa Ha Hekou BufoBu e nop 50%, a kaj
HajrosieM O6poj apOMaTW4HU U JIEKOBUTO-3aYMHCKM pacTeHHja TOj MPOLEHT €
nop; 50% , 1To yuire noBeke ro yCJI0XKHYBa MPOLECOT HA HUBHO OPraHU3UPAHO
npou3BosicTBO. Taka ce mocTurHysa rojieMa yHUOPMHOCT Ha TMOCAJJOYHUOT
MaTtepuja, 6e3 1a Ma HUKAKBU U3MEHU BO FEHeTCKUTE OCOOUHU HA CATHULIUTE
[2].

[Mpumenarta Ha GUTOXOPMOHUTE , 0COOEHO HA AYKCUHUTE KAKO PEryJIaToOpu
Ha pacToT, BO PacalHUUYKOTO MPOM3BOJICTBO CE KOPUCTAT 3a 3roJieMyBambe Ha
OpOjOT Ha BKOPEHETUTE CAHUIM, CKPATyBalke HA BPEMETO 3a OXKUITyBaHe,
3rojieMyBamke Ha OpOjOT Ha KOpPEeHM MO caJHuIa U 32 YHU(OPMHOCT Ha
KopeHoBUOT cucteM [3]. MHpmon-3-6yTepHa KucenuHa U O-HApTUI OLETHA
KHCEJIMHA HAjYecTO Ce KOPUCTAT 3a KOMEpUUjaJiHA 1eJM 3apajii HUBHATA
KOH3UCTEHTHOCT BO POMOBUPAath¢ HA BKOPEHYBAHETO HA pe3HuLuTe [4].

JIekoBUTHTE U apOMATUYHUTE PaCTEHU]ja Ce KapaKTepu3npaaT co KpaTka
JIOJITOBEYHOCT HAa CEMETO, KaKO U CO MaJl KanaluTeT 3a "PTeHhe, KAKO Pe3yJraT
Ha HEJIOCTAaTOK Ha Mporpama 3a cejekuuja u obpaboTka Ha ceMe [5] nako
npUMeHaTa Ha HEKOU OUOCTUMYJIATOPU MOXKE Jla TO 3roJieMu PTemeTo [6].
Hekowu pacTuTesHn BUJIOBU TELLIKO c€ BKOpeHyBaatr 6e3 ynorpeda Ha XOpMOHU
32 BKOPEHYBakhe, 3aT0A € HEOMXOJJHO KOPUCTEHE Ha ONTUMAJTHA KOHIICHTPAI1]ja
Ha IBA w/umu NAA [7]. Aykcunute ja 3abp3yBaaT TpaHCJOKaldjaTa Ha
XPaH/IMBUTE MaTEpUU OJi TIOTOPHUTE JEJOBM HA PE3HULMUTE BO Oa3asHUTE
IeJIOBU, KaJie 1IITO ja 3rojieMyBaaT akTMBHOCTA Ha eH3umuTe. Toa ja 3rojiemMyBa
XWIpoJM3aTa Ha jarjexujpaTuTe 3a J00MBame Ha JIOBOJIHO €Hepruja BO
KJIETKUTE KO Ce OJIFOBOPHU 3a pu3oreHesa [8].

Pysmapunor (Rosmarinus officinialis 1..) npunara Ha damunujata
Laminaceae, npeTcTaByBa 3uM3ejieHa MOBEKETOJMIIHA JJPBEHECTa IPMYIIIKa,
pacrnpoctpaHeTa nmo UeJuoT MeauTepaH, a BUJIOT € KYyJITUBUpAH YIITE Off
aHTU4KO BpeMme. Mma manu mobGapyBarha Off BOfla, YeCTO CE OirJie/lyBa Kako
rpajiiHapcka KyJaTypa. 3apaju apoMaTUYHUTE CBOJCTBA, JIMCTOBUTE Ce
KOPHCTAT BO KYJIMHAPCTBOTO 32 MOJI0OPYBakhe Ha apoMaTa M BKYCOT Ha XpaHara,
a eTepuYHUTE Macjia Of] Py3MapHMHOT Ce€ MCKOPUCTEHM BO (hapMaleBTCKaTa
VHIyCTpUja KAaKO MPUPOJIEH U3BOP HA AHTUOKCUJIAHTH.

XKandwmja (Salvia officinialis L.) e npercraBHUK Ha (pamunujata
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Laminaceae, pacnpocTpaHeTa MO UENMUOT MeJUTEepaHCKU PeruoH, HO
OTCTaHyBa M BO KOHTMHEHTanHUTe perronu. Bo Penybanka Makenonuja osa
pacTeHue MMa MHOT'Y OFPaHMYEHO PaCcTIpOCTPaHyBabe M pacTe camo Bo o0acTa
no TeueHueTo Ha pekata Llpu [Tpum, nomery rpajgosute Ctpyra u Jle6ap (Bo
6nu3uHa Ha cenata Mopapuy u JIyoBo [losie), 3aToa e HeoapsKJIMBO fja ce coobupa
3a komepuujainu uesu [ 1]. Pacte kako Maja nmoyiyrpMyIiika co NOBeKerojIuIiHI
npBeHecTn crebna. PacturenHute ¢ugaHKM MOXKe Ja JIOCTUTHAT BHUCHHA
no 70 cm. OCcTpUOT M MpUjaTeH MUPKUC foara Off €TEPUUYHOTO MAcllo Koe €
3acraneHo 1 - 2,5%, a ropuIMBUOT BKYC jioara Ojf NPUCYCTBOTO HA TaHWUHU
u ipyru cexyHjapiu Meta6omutu. lllupoko ce ynotpebyBa Kako 3a4MHCKO U
JIEKOBUTO pacTeHUE 3apajii HErOBUTE aHTHCENTUYKU, aHTUMH(IAMATOPHU U
AQHTUKAHIIEPOTreH! 0cOOuHU [9].

W pnBara ucTpaxkyBaHM BMJla C€ cpekaBaaT Ha Tepuropujata Ha P.
MakenoHuja, HMBaTa TPUPOAHA EKCIUloaTalyja 3a KOMEpLMjaJHU Uelu e
HEOMpaB/laHa, 3aT0a Ce HEOMXOJIHM HAyYHU MOJIATOLM CO KOU Ke ce (haBopu3mrpa
BEreTaTMBHOTO PAa3MHOXYBamhe¢ Ha OBUE 3HAYajHU JIEKOBUTO aPOMATUYHHU U
3aYMHCKY BUJIOBU.

2. Marepujan u meToaun Ha padoTa
HcTpaxkyBamara ONUILIAHU BO OBOj TPyl Oea W3BE[ECHM BO aJlaliTUPaH
MIACTEeHUYKU TMPOCTOP CO AUMEH3Ud 5 m X 2,5 m, Kajie 1To 6ea nocTaBeHu
Tpu jJeu co aumersun 5 m x 0,5 m Bo Itun (41.7375° N, 22.1936° E).
MecToTO Ha NOAUIHYBaKE Ha TNIACTEHUKOT Oellie Jo6po 00padboTeHo, ToYBaTa
ne3uH(UIMpaHa co coJiapu3alyja, MOCTOSUKUTE TUIEBeaN 6ea OTCTPaHeTH, a
JIenTe UCTIOJIHETH CO CMeca Of] TPECeT U NepauT Bo coosiHoc | : 1. EkcnepumeHTOT
Oellie MOCTaBeH BO TPU MOCTABYBakha BO NIEPUOUTE OfI:
— 20.5.2011 r.-27.8.2011 r., nponeT/neTo 3a NpBOTO MOCTABYBAHE;
— 8.10.2011 r.- 15.1.2012 r., ecen/3uma 3a BTOPOTO MOCTaBYBaE U
— 8.10.2012r.- 15.1.2013 r., ecen/3uma 3a TPETOTO NMOCTABYBAE.
Kopuctenu ce no 50 pe3uutu of py3maput (Rosmarinus officinialis L.) n
xkanduja (Salvia officinialis L.) co Bucuna of 15 cm u uctute 6€a noctTaByBaHu
3a BXKWIYBamke BO IJIACTEHWYKHMTE Jieu. PesHuyure OGea mOTOmMyBaHW BO
NOJI'OTBEHUTE CBEXKM PACTBOPU Of] AyKCHHM, TIPE] MOCTaBYBamhaTa BO JICUTE U
ToA:
— K - koHTpona, 6e3 ynorpebda Ha ayKCHH,
— Kl - xomepuujanen npenapar 3a oxxkunyBame, Radicin (0,003% IBA),
— TAA -5 ppm unpon-3-o1eTHa KUceJnHa,
— IBA -5 ppm uHnomn-3-6yTepHa KHcenrHa,
— NAA -5 ppm o HaTUI OLeTHA KUCEJIMHA.
EdekToT Ha TpeT™MaHOT Gerie cornieyBan o 100 neHa o nocTaByBamata,
a 6ea perucTpupaHyu MPOMEHNUTE BO HEKOM MOP(OJIOIIKN KAPaKTEPUCTUKN Ha
PE3HUIIMTE U BO MPOLEHTOT HA BKOPEHETH M3/IaHOLH.
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2.1. OgpenyBame Ha KIMMATCKHTE YCJIOBM €O KIMMaaWjarpam mno
Walter

Co ornen Ha pakTOT JieKa EKCNEPUMEHTOT Oellle MOCTaBeH BO TpuU
MOBTOPYBakha, HO BO JIBa KJIMMATCKWA MEPUOJIM TPOJIET/IETO U €CeH 3uMma, ce
jaBu nmoTpeda jja ce ofipefiaT KIMMATCKUTE YCJIOBU BO TMEPUOAUTE BO Kou Oea
MOCTaBYBaHU PE3HULIUTE 32 BXKUITyBame. 3a CEKOj NepHUof] Ha TIOCTaBYBake Ha
pe3HuIM 3a BXKUIyBame Oellle ofpeneH Knuma-aujarpam 3a llltun mo Walter,
CrHopefl TOfIaTOLUUTE 32 CPEJHOMECEUHUTE TeMIepaTypu U CPEeHOMECEUHHUTE
BPHE>KM 3eMEHU Of] YTpaBaTa 3a XUJpPOMETeopoIIoIIKA padboTn Ha Peny6nmka
Makenonuja, Ckorje.

2.2, CrarucTuika 00padoTKa Ha MOAATOLH

3a cratucTryka 06paboTKa Ha pe3yJITaTUTe € KOPUCTeHa copTBepcKaTa
nporpama IBM SPSS Statistics Software 19.0 (IBM SPSS Statistics 19
Brief Guide, 2010). 3a oueHka Ha eKCIIEPUMEHTOT BO LEJMHA € MPUMEHEeTa
CTATUCTUYKA aHAJIM3a HA BapujaHcaTa 3a ceKoj ucnuTyBaH (putoxopmoH (One-
Way ANOVA Tect). 3a yTBpAyBathe Ha 3HAUCHETO Ha pasjMKaTa romery
UCTIUTYBaHUTEe (PUTOXOPMOHM € KopucTeH Duncan MHOrykpaTteH TecT 3a
panrupame (Duncan’s Multiple Range Test).

3. Pe3yarat u qucKkycuja

Pesynrature noOMeHN BO CIPOBENAEGHUOT EKCMEPUMEHT YyKaXkyBaaT Ha
(hakToT NIeka ynorpedyBaHUTe ayKCMHM M KOMepLMjaTHUOT XopMoH Radicin
UMaaT BIIMjaHME BO CTHMYJMPAalETO Ha BXKWIIYBAHETO BO TNPOLECOT Ha
BEreTaTUBHOTO PAa3MHOXKYBame Ha py3mapuH (Rosmarinus officinialis L.) u
xanduja (Salvia officinialis L.).

3.1. Pyamapun (Rosmarinus officinialis L.)

PesynTaTure o TpuTe mocraByBamha 3a BIMjaHUETO HA ayKCUHUTE Kaj
PY3MapHHOT ce npuKaxkaHu TabenapHo Bo Tabenurte 1-6. HecriopeH e akToT
lieKa py3MapuHOT pearupa Ha TPETMaHOT CO ayKCHHM, LUTO € HAjouursiesHO
BO BTOpPOTO MNOCTABYBakh€ Kaj€ LITO CUTEC TPETMAHU [aji€ MaKCUMAJIHO
BKopeHyBame ofi 100%, Bo ciopenda co KOHTpoJiaTa Kajie IITO MPOLEHTOT Ha
BKOPEHETH pe3HULM n3HecyBan 64% (tabdena 4, ciuka 1).

NcnuryBannte MOpOIOIIKYA KapaKTEPUCTUKH, MPUKAKaHU BO TabeIuTe
3, 5 u 7 mokaxane COOABETHO 3rosieMyBame Ha BpegHoctute. Bo II u III
NOCTaByBake Kaj HEKOM TPETMaHM ce 3a0esiexkyBa HaMalyBame Ha OpojoT Ha
JIMCTOBH, 1LITO € JIOTUYHA MOCJEINIA Off HAMATYBakheTO Ha (DOTOCHHTETCKATA
AKTUBHOCT 32 BpeMe Ha €CEHCKUOT U 3UMCKHOT MEePUO].
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Taoena 1. Moposomky KapakTepucTHKY Ha pe3HuLy off Rosmarinus officinialis
L. mpu BereTaTMBHOTO Pa3MHOXKYBakhe CTHUMYJHPAHO CO ayKCMHH BO | mocTaByBame
TIPOJIET/IeTO

Table 1. Morphological characteristics of cuttings form Rosmarinus officinialis
L. due to vegetative propagation stimulated by auxins in I setting spring/summer

Bucuna cm Bpoj Ha Hopuu | Bpoj Ha Bpoj na niucrosn | lllupuna Ha JomxkuHa Ha
UHTEPHOAUN JIUCT Cm JIUCT Cm
crapt | no 100 | crapt | mo 100 | crapr | mo 100 | crapr | no 100 | crapt | mo 100 | crapr | no 100
JieHa JIeHa JieHa JIeHa JieHa JieHa
K 15 28,35a | 924a | 13,07a | 824a | 12,07a | 36,02a | 44,33a | 0,60a | 0,85a | 1,10a | 1,10a
K1 15 26,17b | 822b | 11,05b | 7,22b | 10,05b | 27,70b | 42,11a | 0,52a | 0,85a | 1,06a | 1,10a
TAA 15 2195d | 820b | 8,86c | 7,20b 7.86¢ | 37,12a | 34,18b | 0,56a | 0,65a | 1,00a | 1,00a
IBA 15 20,40d | 7,90b 8,04c | 6,90b 7,04c | 2792b | 34,.88b | 0,56a | 0,70a | 1,00a | 1,10a
NAA | 15 | 2385c |8,12b | 11.22b | 7,12b | 10.22b | 36,12a | 32.81b | 046a | 0,70a | 1,00a | 1,00a
CpenHnTe BPEJHOCTH BO CEKOja KOJIOHA KOU C€ O3HAYEHU CO UCTU OYKBU
HE ce pa3mKyBaaT curaugukanTHo 3a p<0,05 copen Tectot Ha Duncan.
TaGena 2. BkopeHyBame NPy BereTaTMBHOTO Pa3MHOXKYBawe Ha Rosmarinus
officinialis L. ctumynupaHo co ayKcuHU BO | mocTaByBame NposeT/IeTo
Table 2. Rooting at the vegetative propagation of Rosmarinus officinialis L.
stimulated by auxins in I setting spring/summer
MOYETHU PE3HULIU BKOpeHyBame 1o 100 neHa
6poj BUCHHA BUCHHA HA 6poj Ha 6poj Ha JOJKMHA HA BKOPEHYBaHe
cm pe3Huia cm BKOpPEHETH KOPEeH! KOpeH cm %
K 50 15 28,35a l4c 9.33a 6,10ab 28¢
K1 50 15 26,17b 17b 10,33a 6.,55a 34b
1AA 50 15 21,95d 22b 12,66a 5,55b 44b
IBA 50 15 20,40d 25a 9,66a 5,30b 50a
NAA 50 15 23 85¢ 27a 11.66a 6.05ab 54a
CpeHuTe BpEHOCTH BO CEKOJa KOJIOHA KOU CE€ O3HAYEHU CO UCTU OYKBU
HE ce pasyiMKyBaaT curiuukanTHo 3a p<0,05 cnopen Tectot Ha Duncan.
Ta6emna 3. Moposioiky Kapak TepUCTHKHY Ha pe3HuLy off Rosmarinus officinialis
L. npu BereTaTMBHOTO pa3MHOXKYBakhe CTUMYJIMPAHO CO ayKcuHHU BO Il mocTaByBame
eceH/3uma
Table 3. Morphological characteristics of cuttings form Rosmarinus officinialis
L. due to vegetative propagation stimulated by auxins at II setting autumn/winter
Bucuna cm Bpoj Ha Homm | Bpoj Ha Bpoj na mucrosn | lllnpnHa Ha JomxuHa Ha
MHTEPHO/TNN JIUCT CmM JIUCT Cm
crapt | no 100 | crapr | mo 100 | crapr | no 100 | crapr | mo 100 | crapt | mo 100 | crapt | mo 100
JeHa JieHa JeHa JieHa naeHa neHa
K 15 8,00b | 10,06a | 7,00b 9,06a | 30,52a | 39,19b | 0,66a | 0,85a | 1,10a |4,10a
17,12ab
K1 15 1624c |7.22¢ 8,58b | 6,22¢ 7,57b | 28,38b | 36,60c | 0,70a | 0,85a | 1,30a |4,10a

74




Topumen 36opauk 2015

Vuusepaurer ,,loue demdes” — Lltun, 3emjonencku dhaxyarer

Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture
T1AA 15 17,84a |8,22ab | 10,34a | 7,20ab | 9,39a | 31,60a | 42,06a | 0,52a | 0,70b | 090a |3,33ab
IBA 15 846a | 10,04a |746a 9,04a | 2746b | 31,72d | 0,62a | 0,55¢ | 1,05a [2,93b
16,60bc
NAA 15 1740a |7,26c 9.40b | 6,26c 8,40a | 31,70a | 24,88¢ | 0,52a | 0,55¢ | 0,95a |3.,57ab

HE ce pa3yuMKyBaat curiugukantHo 3a p<0,05 cnopen Tectot Ha Duncan.

CpepHUTEe BPEJHOCTH BO CEKOja KOJIOHA KOU CE O3HAUSHH CO UCTU OyKBU

TaGena 4. BkopeHyBawe NpU BEreTaTUBHOTO Pa3MHOXKYBae Ha Rosmarinus
officinialis L. ctumympano co aykcuam nipu I moctaByBame ecen/3nma
Table 4. Rooting at the vegetative propagation of Rosmarinus officinialis L.
stimulated by auxins at II setting autumn/winter

TIOYETHU PE3HULM | BKOpeHyBame 1o 100 neHa
6poj | BuUCHHA BUCHHA Ha 6poj Ha 6poj Ha JOJIKMHA Ha BKOpPEHYBaHe
cm pe3HULa CM | BKOPEHeTU KOpeHU KOpEeH cm %

K 50 15 17,12ab 32b 8,00a 5,75a 64b
K1 50 15 16,24c 50a 11,00a 5,60a 100a
TIAA 50 15 17,84a 50a 12,33a 5,10a 100a
IBA 50 15 16,60bc 50a 10,66a 3,10b 100a
NAA 50 15 17 40a 50a 10,00a 2,30b 100a

CpenHuTe BPEIHOCTH BO CEKOja KOJIOHA KOM CE€ O3HAYE€HU CO UCTH OYKBU
He ce pa3nuKyBaaT curHudukanTHo 3a p<0,05 crnopep TectoT Ha Duncan.

Taoena 5. Moposomky KapakTepucTHKY Ha pe3HuLy off Rosmarinus officinialis
L. npu BereTaTMBHOTO Pa3MHOKYBamhe CTUMYJMPAHO CO ayKCHHM Ha aykcuHM BO 111
NIOCTaBYBahE €CEH/3MMa
Table 5. Morphological characteristics of cuttings form Rosmarinus officinialis
L. due to vegetative propagation stimulated by auxins at III setting autumn/winter

Bucuna cm Bpoj Ha Hojuu | Bpoj Ha Bpoj na nucrosn | lllupuna Ha JlomkuHa Ha
UHTEPHOII JIACT cm JIACT
cm
crapt | mo 100 | crapr | mo 100 | crapt | mo 100 | crapr | mo 100 | crapt | mo 100 | crapt | mo 100
JieHa JieHa JieHa JeHa JeHa JeHa
K 15 18,95d | 8,16a | 853b | 7,16a | 7,96b |40,54ab| 38,65c | 0,66a | 090a | 1.35a | 2,70
K1 15 21,52¢ | 740b | 826b | 640b | 7.26c | 3798b | 37,09d | 1,02a | 090a | 1.45a | 2,60
TIAA 15 2344b | 820a | 10,13a | 7,20a | 9,13a | 4196a | 40,21b | 0,74a | 0,70ab | 1.25a | 3,33
IBA 15 25,17a | 6,52c | 1047a | 552c | 940a | 34,68c |37,86bd| 0,74a | 0,55b | 1.40a | 2,60
NAA | 15 2300b | 8,12a | 887b | 7,12a | 7,87b [40,00ab| 43,30a | 0,66a | 0,58b | 1.55a | 4,16

CpenHuTe BPEHOCTH BO CEKOja KOJIOHA KO CE€ O3HAUEHW CO NCTH OYKBU
HE ce pas3mKyBaatr curHugukanTHo 3a p<0,05 cnopen Tectot Ha Duncan.
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TaGemna 6. BkopeHyBame Npy BEreTaTMBHOTO pa3MHOXYBame Ha Rosmarinus
officinialis L. ctumymipano co aykcunu npu Il nocraByBame ecen/3nma

Table 6. Rooting at the vegetative propagation of Rosmarinus officinialis L.
stimulated by auxins at III setting autumn/winter

MOYETHU Pe3HULM | BKOpeHyBame 1o 100 nena
6poj | BucuHA BIICHHA Ha 6poj Ha 6poj Ha JIOJDKMHA HA | BKOPEHYBambe
cm pe3HMIa Cm | BKOPEHeTU KOpeH! KOpEeH cm %o

K 50 15 18,95d 43b 21,00a 5,57a 86b
K1 50 15 21,52¢ 42b 23,00a 6,10a 84b
IAA 50 15 23 44b 38¢c 22,00a 5,10a 76¢
IBA 50 15 25,17a 46a 15,33a 3,10b 92a
NAA 50 15 23,00b 39¢c 2533a 2,80b 78c

CpenauTe BPEIHOCTH BO CEKOja KOJIOHA KOM CE€ O3HAUYEHH CO UCTH OyKBU
HE ce pa3mKyBaaT curanugukanTHo 3a p<0,05 cnopen Tectot Ha Duncan.

Cauka 1. BxopeHyBame Npu BEreTaTUBHOTO Pa3MHOXYBawme Ha Rosmarinus
officinialis L. cTUMYyJIpaHO CO ayKCHHU

Figure 1. Rooting in the vegetative propagation of Rosmarinus officinialis L.
stimulated by auxins

3.2. Kandwmja (Salvia officinialis L.)

Pesynratute on TpuTe mocTaByBama 3a BIMjaHWETO HA AyKCHHUTE Kaj
Py3MapuHOT ce MpUKakaHu TabesapHo Bo Tabenmute 7-12. 2KandujaTa mokaka
nocna® CTUMyJaThBeH e(PeKT Ha AyKCHMHUTE BO BKOPEHYBAHETO, CIIOPEIECHO
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CO py3MapuHOT (CJMKa 2), a BO OJHOCOT HA TPETMAHUTE HAjIOBOJIHO BIMjaes
Radicin K1, co 94% BkopeHeTu pe3nuiiu (tabena 8, ciauka 2).

Tatemna 7. MopoJomkn KapakTepucTUK Ha pe3nuiy ofi Salvia officinialis
L. npu BereTaTMBHOTO Pa3MHOKYBaHhE CTUMYJIMPAHO CO ayKCHHM BO I mocraByBambe
NpoJNIeT/eTO
Table 7. Morphological characteristics of cuttings form Salvia officinialis L. due
to vegetative propagation stimulated by auxins at I setting spring/summer

Bucuna cm Bpoj na Honuu | Bpoj Ha Bpoj Ha iucrosn | lllupuna Ha JlomkuHa Ha
MHTEPHOINU JINCT CmM JINCT CM
crapt | mo 100 | crapr | mo 100 | crapr | mo 100 | crapr | no 100 |crapr | mo 100 | crapr | no 100
JieHa JleHa JleHa JieHa JileHa JileHa
K 15 |22,16a | 6,18a | 8,68a | 5,18a | 20,48a |23,80ab | 3925a | 0,66a | 090a |3,35a |4,10a
K1 15 |21,25ab | 500b | 8,78a | 4,10b | 7,78b|2226ab | 37,77a | 1,02a| 090a |345a |4,10a
TIAA 15 [19,00b | 420c | 6,50b | 320c | 5,50b|2148b | 18,90b |0,74a | 0,70a |2,80ab |3,33ab
IBA 15 [16220c | 550b | 400c | 442b | 2,83b|23,12ab | 17,20b | 0,74a | 0,55a |2,35ab |3,00b
NAA| 15 [1500c | 5,12b | 4,00c | 4,12b | 3,00b|24,69a | 12,00c | 0,66a | 0,85a |1,55b |3,56ab
CpenHuTe BPEHOCTH BO CEKOja KOJIOHA KOM CE O3HAYEeHW CO UCTH OYyKBH HE ce
pasnukyBaaT curHuukanTHo 3a p<0,05 cropep TectoT Ha Duncan.
Tabena 8. BkopeHyBame NpM BEreTaTMBHOTO Pa3MHOXYBame Ha Salvia
officinialis L.. cTuMypaHo co ayKCWHH BO | mocTaByBame mposeT/IeTo
Table 8. Rooting at the vegetative propagation of Salvia officinialis L. stimulated
by auxins at I setting spring/summer
TIOYETHU PE3HULIN BKOpeHyBame 1o 100 neHa
6poj BHCHHA BUCHHA HA 6poj Ha 6poj Ha JOJKMHA HA BKOPEHYBaHe
cm pe3Huna cm BKOPEHETU KOpEeHH KOpEeH cm %
K 50 15 22,16a 35b 8,00a 5,75a 70b
K1 50 15 21,25ab 47a 11,00a 6,10a 94a
TIAA 50 15 19,00b 10c 12,33a 5,10a 20c
IBA 50 15 16,20c 5d 10,66a 3,10a 10d
NAA 50 15 15,00c 10a 11,00a 2,10a 20c

pasnukyBaat curaugukanTHo 3a p<0,05 cnopep Tector Ha Duncan.

CpeHHI/ITe BPEAHOCTU BO ceKoja KOJIOHa KON C€ O3HAYCHU CO UCTU 6yKBI/I HE CE
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Tatema 9. Moposomky KapakTepucTUK Ha pe3nuiy ofi Salvia officinialis
L. npu BereTaTHBHOTO Pa3MHOXKYBabhe CTUMYJIMPAHO co aykcuHM Bo Il nocraByBame

eceH/3uma

Table 9. Morphological characteristics of cuttings form Salvia officinialis L. due
to vegetative propagation stimulated by auxins at II setting autumn/winter

Bucuna cm Bpoj Ha Hojn Bpoj Ha Bpoj na nucrosu | lupuna Ha JlomkuHa Ha
UHTEPHOAUH JUCT cm JIUCT cm
crapt | no 100 | crapr | mo 100 | crapr | mo 100 | crapr | mo 100 | crapr | mo 100 | crapr | mo 100
JieHa JieHa JieHa JieHa JieHa JieHa

K 15 |17,06a 6,68a |7,50ab | 5,68a| 6,50b |20,22b |15,79a | 0,66a |090a |[3,35a |3,35a
K1 15 [16,28bc | 6,20b |7,00bc | 520b | 6,00c | 21,90b |14,88ab | 1,02a |{0,90a |345a |345a
TIAA 15 |16,80ab | 694a |7,11b 594a | 6,11bc | 18,18c |15,50a | 0,74a | 0,70ab |2,80ab |2,80ab
IBA 15 [16,00c 5,56b |8,00a 5,18b | 7,30a | 2436a [1349b | 0,74a |0,55b |235ab |2,35ab
NAA| 15 |1596¢ 6,30ab | 6,77c 530b | 5,69c | 17,28c [11,31c | 0,66a |0,.85a |1,55b |1,55b

CpCHHI/ITe BPETHOCTHU BO ceKoja KOJIOHA KOM CC€ O3HAYCHU CO NCTU GYKBI/I

HE Cce pa3yiMKyBaatT curiugukanTHo 3a p<0,05 cnopepn Tectot Ha Duncan.

Tabena 10. BxopeHyBame NpH BEreTaTMBHOTO pasMHOXYBawe Ha Salvia
officinialis L. ctumympano co aykcunu npu Il moctaByBame ecen/3nma
Table 10.Rooting at the vegetative propagation of Salvia officinialis L. stimulated

by auxins at IT setting autumn/winter

TIOYETHU PE3HULM | BKOpeHyBame 1o 100 neHa
6poj | BuUCHHA BUCHHA HA 6poj Ha 6poj Ha JOJKMHA Ha BKOPEHYBaHe
cm pe3HuIa Cm | BKOPEHeTH KOpeHU KOpEeH cm %

K 50 15 17,06a 32b 7,66a 4,75a 64b
K1 50 15 16,28bc 32b 11,00a 4,30ab 64b
TIAA 50 15 16,80ab 18d 11,33a 4,10ab 36d
IBA 50 15 16,00c 37a 10,66a 3,10bc 74a
NAA 50 15 15,96¢ 26¢ 9.,33a 2,30c 52¢

CpepHUTe BPEJHOCTH BO CEKOja KOJIOHA KOU CE O3HAUCHH CO UCTU OyKBU

HE ce pasyimKyBaat curiugukantHo 3a p<0,05 cnopen Tectot Ha Duncan.
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Tacema 11. Mopdouoniku KapakTepucTHKu Ha pe3nuuy ofi Salvia officinialis

L. npu BereTaTMBHOTO pa3MHOXKYBambe CTUMYJIMPaHO co aykcunu Bo 111 mocTaByBame
ecen/3uma

due to vegetative propagation stimulated by auxins at III setting autumn/winter

Table 11. Morphological characteristics of cuttings form Salvia officinialis L.

Bucuna cm Bpoj Ha HopuK Bpoj Ha Bpoj va iucrosu | lllupuua Ha JlomkuHa Ha
UHTEPHOAUU JICT Cm JIICT Cm
crapt | no 100 | crapr | mo 100 | crapr | mo 100 | crapr | mo 100 | crapr | mo 100 | crapr | no 100
JieHa JieHa JieHa JieHa JieHa JieHa

K 15 [1940b| 624b | 740b | 524b |6,55b |23,08ab| 40,50a | 0,66a |990a |1,13ab | 235a
K1 15 |21,63a| 526cd| 7,00b | 426cd |7,00bc |22,92ab| 37,16b | 1,02a |[090a |[126a | 245a
T1AA 15 [1941b| 724a | 9,00a | 624a |8,13a 20,60b | 39,75a | 0,74a [0,70ab |0,90ab | 2,30a
IBA 15 [2029b | 5,74bc | 744b | 4,74bc |644b 20,96b | 3744b | 0,74a |0,55b |090ab | 2,35a
NAA | 15 |1948b| 5,12d | 856a | 4,12d |7,56ab | 24,36a | 27,24c | 0,66a [0.85a [0,83b | 1,55b

CpenHuTe BPEJHOCTH BO CEKOja KOJOHA KOU CE€ O3HAYECHU CO UCTU OyKBU
HE Ce pa3yiMKyBaaT curiupukanTHo 3a p<0,05 cnopen Tectot Ha Duncan.

Tadena 12. BxopeHyBame NpM BEreTaTMBHOTO pa3MHOXYBawe Ha Salvia
officinialis L. ctumympano co aykcunu npu III moctaByBame ecen/3nma
Table 12.Rooting at the vegetative propagation of Salvia officinialis L. stimulated
by auxins at III setting autumn/winter

TIOYETHU PEe3HULM | BKOpeHyBame 1o 100 neHa
6poj | BUCHHA BUCHHA Ha 6poj Ha 6poj Ha JOJKMHA Ha BKOpPEHYBaHe
cm pEe3HULA CM | BKOPEHeTU KOpeHU KOpEeH cm %

K 50 15 19,40b 20c 8,66a 5,25a 40c
K1 50 15 21,63a 19¢ 10,33a 5,60a 38¢
TIAA 50 15 1941b 24b 12,33a 4,10b 48b
IBA 50 15 20,29b 27a 10,66a 3,10c S54a
NAA 50 15 19.48b 25a 9,00a 2,30c 50a

HE ce pasyiMKyBaat curiugukantHo 3a p<0,05 cnopen Tectot Ha Duncan.

CpepHUTEe BPEJHOCTH BO CEKOja KOJIOHA KOU CE O3HAUCHH CO UCTU OyKBU
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Rosmarinus officinialis L. Salvia officinialis L.
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Cnuka 2. Brmjanuero Ha aykcuante IAA, IBA, NAA u Radicin Bo mpoueHToT Ha
BKOPEHYBAah¢ BO TPUTE MOCTABYBaHa Ha €KCIIEPUMEHTOT Ha PE3HULM Of1
a) py3MapuH u b) xxanduja
Figure 2. The effect of auxins IAA, IBA, NAA and Radicin in the percentage of
rooting at the three settings of the experiment cuttings of a) rosemary and b) sage

3.3.Kinumarcku yciosu 3a llltun, ogpenenu co kimma aujarpam no Walter

KnumarckuTe yciaoBu BO NEpUOAOT HA TPUTE MOCTaBYBakba CE OfpecHU
criope; KimMa-iujarpam no Walter mpukakanu Ha ciumka 3. Bo mpBoro
NOCTaByBal€e CE jaByBa apujeH NEPUOjl BO jJyHHM, LITO CE OYEKyBalle BO
ucTpaxyBameTo. Ecencko-3umckute nepuoau, 1 Bo II u Bo 11l nocraByBame,
MOKa’Kaa MOBOJIHO BJIMjaHWE BO BEreTaTMBHOTO Pa3MHOXYBambe, CO (PaKTOT
mro Ha rpadukoHnTe Ha cimka 3 (b W c) HemMa TojaBa Ha HEraTWBHU
TemnepaTypu. OnarambeTo Ha JIMCTOBUTE BO €CEHCKO-3UMCKHUTE NEPUONU, U
Kaj JBaTa MCIUTYBaHU BHJA, CE NPENKLIyBa Ha HAMalyBare Ha aKTMBHOCTA
Ha (POTOCHMHTETCKUTE MUIMEHTH 32 OBOj MEPUOJl U € PEe3yJaTaT Ha HOpMajHa
ajanTauuja Bo yCJIOBM Ha CTPEC Of] HaIBOPELLHATA CPEIMHA.
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Cmuka 3. Knmuma-nujarpamu no Walter 3a lllTum, 3a nepuopiure Bo Tpute
MOCTaByBamwa Ha EKCNIEPUMEHTOT, a) | mocTaByBame, b) Il nocraByBame, ¢) 111
MIOCTaBYBabe
Figure 3. Climate diagram for Stip, for the period of three settings of experiment, a)
I setting, b) II setting, c) III setting
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4. 3akay4ok

CripoBefieHUTe UCTPasKyBarba MoKayaa jleka KOpUCTEHUTE PeryiaTopy Ha
pacT, ayKCHHU ¥ KOMepLMjaIHUOT npenapaT Radicin BiMjaaT BO 05KMITYBaHETO
Kaj py3MapuHOT U Kaj Xkandujata. [JoOueHuTe pe3yiraTtu ce BO COIJaCHOCT
CO KOHCYJTHpaHaTa HayyHa M CTpy4YHa JMUTepaTypa 3a oBaa MmpobJjeMaThka
[10 - 13]. Kopuctemwero Ha IAA u NAA Bo cepuja op 0, 20, 40, 60, 80 u 100
ppm nokax<ano CTUMYJATUBEH UMIyJC yuTe Bo TpeTMaHoT o 20 u 40 ppm
[10]. Hexou aBTopu [11, 12, 13] ykaxkyBaaT Ha KOPUCTEHE¢ Ha ayKCUHU BO
koHentpanuja ox 100, 200, 300 na u go 1000 ppm aycKuHU 32 CTUMYJIUPAH-E
Ha BKOPEHYBAaHETO HA BUJIOBM KOM TEIIKO C€ BKOpPEHyBaaT, BO KOjallITO
rpyna Kako 1o TpaBWiIo crafaaT JEKOBUTUTE M apOMATUYHUTE pacTeHHja.
Pesynrature of HammTe MCTpakyBama MoKakaa jieka aykcunute IAA, IBA
u NAA BO KOHIIGHTpalyja Off caMo 5 ppm [ejCTByBaaT CTUMYJIATUBHO BO
BKOPEHYBaETO Ha Py3MapuHOT U Kajdpujarta.

PesynTraTute npeseHTHpaHu BO OBOj TP/ yKaxKyBaaT Ha (pakTOT fAeKa
BEreTaTHBHOTO Pa3MHOXYBAHE Ha APOMATUYHUTE U JIEKOBUTUTE BUIOBU MOKE
Ja ce CTMMYJIMpa CO KOpHUCTeHe Ha ayKcuHM. IToTpeOHM ce JoMOJHUTETHU
UCTpaXKyBaka BO 0Baa NpobyieMaTnKa KoM Ke 1aJiaT jaCHA HACOKHM 3a IPUMeHaTa
Ha OBHE (PUTOXOPMOHM BO BEreTAaTMBHOTO Pa3MHOXYBame Ha OBaa 3HayajHa
rpyna Ha pacTeHHja KOM UMaaT U €eKOHOMCKO TOJIEMO 3HAUEHE.
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OpurnHajieH Hay4eH TPyQ YK 633.16-152.61(497.7)°2012/2014”

KBAJIUTETHO-TEXHOJIOIIKHA CBOJCTBA KAJ JOMAIIHU
ABOPEJIHU ®OPMU HA JAUMEH

Haranmja Mapkosa Pyxauk', Jbymuo Muxajnos', Bepuna Unuesa’,
Coma MBaHoBcKa®

AmncrtpakT: [J1aBHa LIeJ1 BO OBa UCTPAXKYBakhe € J]a Ce YTBPAAT KBAJIUTETHO-
TEXHOJIOILIKATE CBOjCTBA Ka]j JIOMAIIHU IBOPEIHNA (pOPMU HA 3UMCKH jauMeH.

[Mosickure omuTH Of] OBa MCTPaXKyBake CE peajiM3UpaHd HA ONUTHUTE
MOBPIIVHU HA MPOU3BOJHATA EIMHULIA ,,Y HUCEPBUC arpo’ Ha JIBa JIOKAJIUTETAa
- Oue [Tone u Ctpymuiia, Bo TekOT Ha JiBe ropudu (2012-2013 u 2013-2014).
OnutuTe ce MOCTaBEeHU CIOpPE]l METOJIOT Ha CJIydaeH OJIOK-CHCTEM, BO TpU
MOBTOpPYBakha 3a CEKOj 'EHOTHUI U JIOKAJIWTET, CO NMPUMEHA Ha CTaHJapjHa
arpoTexHuKa 3a jayMeHOT.

Kaxo excniepumeHTalieH MaTepujajl ce ynoTpeGeH! BKYMHO MeT JJOMalIHU
FEHOTUIOBY Ha 3UMCKH JiBopeiHu (hopmu jaumeH. Tpu off HUB ce perucTpupaHu
coptu (xum, u36op W ezej) U iBe ce NepCNeKTUBHU JIUHUM (aunuja 1 v aunuja 2).

On KBaNUTETHO-TEXHOJIOMIKUTE CBOJCTBA HAa 3PHOTO HA jauMEHOT ce
aHAJIM3UPAHY CIIE[IHUBE MTapaMeTpU: COAP>KMHA Ha MPOTenHU (%), U3eIHAaYE€HOCT
Ha 3pHara ofi I knaca (%), BogooceTauBocT (%), CTENeH Ha HaKUCHYyBawbe (%),
Mmaca Ha 1.000 3pHa (g) u xekTosauTtapcka maca (kg/hl).

Copp>krHaTa Ha TMPOTEMHUTE € OJipeiecHa MpeKy YTBPAyBame Ha
COAp>KUHATA HA BKYMeEH a30T, no MetofoT Ha Kjeldahl, nonexa onpenyBameto
Ha M3elHauYeHOCTa Ha 3pHarta ofi I kjaca, BOJOOCETIMBOCTA M CTENEHOT Ha
HAKUCHYBambe ce pabOTeHU Criopef] cTaHaapauTe Ha EBporickara KOHBeHIIMja 3a
NPOU3BOJICTBO HA MMBO. 3a YTBP/IyBakhe Ha XEKTOJIMTAPCKATa Maca € KOPUCTEH
craupgapnot ISO 797.

JloGueHnTe pe3yJTaTd Off aHaIM3aTa Ha KBAJMTETHO-TEXHOJIOUIKUTE
CBOjCTBAa CTATUCTMYKM ce 0OpabOTEeHM CO CTATUCTHUYKMOT nakeT (Stat Soft,
8.0). OcBeH feckpuUnNTUBHATA CTATUCTHUKA, MOAATOLUTE 32 OBHE CBOjCTBA Ce
aHaIM3UpaHU U co MeTofoT Ha kjactep aHanu3a (Cluster Analysis, CA), co
Les f1a ceé YTBPAM MOBP3aHOCTa OIHOCHO OfJaJIeYeHOCTa Ha MCMUTYBAaHWUTE
FeHOTHUIIOBY BP3 OCHOBA Ha KBAJIMTETHO-TEXHOJIOUIKUTE CBOjCTBA.

I'enepanHo, Ha IBaTa JIOKAJIUTETA IOOUSHNUTE POCEYHU BPEJTHOCTH 32 CUTE
KBAJIMTETHO-TEXHOJIOIIKKM CBOJCTBA, 33 CUTE FEHOTHUIIOBU 3a€JIHO, MPOCEUHO 32
NEPUOJIOT HA UCTPaKyBarke Ce BO I'PAaHMIA HA ONTUMAITHUTE BPEHOCTH, CO
MCKJTYYOK Ha COJp>KMHATA Ha MPOTEUHM, KOja Kaj CUTEe FeHOTUINOBHU € Haj| 12%.

! 3emjonencku ¢akynreT, Y HuBepautet [ one Jemues™ — lltun
dakynTeT 3a 3eMjoeICKU HayKU U XpaHa, Y Husep3ureT ,,CB. Kupun u Meronuj — Ckonje
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I'enorunoBuTte aunuja 1 v aunuja 2 ce u3pBouja co HajiloOpU KBATUTETHO-
TEXHOJIOLIKU CBOjCTBA U BO /IBATA JIOKAJIUTETA, HO CO J0OAp KBAIUTET HA 3pDHOTO
ce MoKaxka ¥ TeHOTUIOT U360p, aHaM3upaH Ha jokanureToT OBue [Tose.

Co npuMeHa Ha KJlacTep-aHaIM3aTa, HalpaBeHa BP3 OCHOBA Ha KBAJIUTETHO-
TEXHOJIOIIKUTE CBOjCTBa, {106I/IBMG I€Ka CUTC aHAJIU3MUPAHU I'EHOTUIIOBU U Ha
/iBaTa JIOKaIMTeTa ce OJMCKO MOBp3aHu Merycede, u3auepeHUpaHu BO efleH
KJIacTep, CO UCIY4YOK Ha FeHOTHUNOT iuHuja I, ICTIUTYBaH JokanuteToT OBue
ITone.

Kuyunu 360poBu: keaaumem Ha 3pHO, MEXHOAOWKIU CBOjCMEA, jaUMEH,
2€HOMUN.

QUALITATIVE - TECHNOLOGICAL PROPERTIES AT DOMESTIC
TWO ROW BARLEY GENOTYPES

Natalija Markova Ruzdik?, Ljupcho Mihajlov?, Verica Ilieva?,
Sonja Ivanovska*

Abstract:The main objective of this research is to determine the qualitative
- technological properties at domestic two row winter barley genotypes.

The field trial of this study was conducted on the experimental area
“Uniservis Agro” in two locations, Ovche Pole and Strumica, during two
years (2012-2013 and 2013-2014). The experiment was set up according to
the method of random block system in three repetitions for each genotype and
locality by applying standard agro-techniques for barley.

As experimental material were used five domestic two row winter barley
genotypes. Three of them are registered varieties (Hit, Izvor and Egej) and two
are promising lines (Line I and Line 2).

Barley genotypes were analyzed for the following qualitative -
technological properties: protein content (%), grain uniformity from I class
(%), water sensitivity (%), the degree of soaking (%), the weight of 1 000
grains (g ) and hectoliter mass (kg/hl).

The content of protein was determined by content of total nitrogen using
the method of Kjeldahl, while determining the grain uniformity from the I
class, water sensitivity and degree of soaking were done according to the
standards of the European Convention for the production of beer. Hectoliter
mass was determined by standard ISO 797.

3 Faculty of Agriculture, “Goce Delcev” University, Stip, Macedonia
4 Faculty of Agricultural Sciences and Food , “Ss. Cyril and Methodius” University - Skopje
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The results of the analysis of qualitative - technological properties
were statistically processed with statistical package (Stat Soft, 8.0). Besides
descriptive statistics, data of these properties were analyzed by the method of
cluster analysis (Cluster Analysis, CA), in order to establish the connection
or the distance of the tested genotypes based on qualitative - technological
properties.

Generally, in both locations, obtained average dates for all qualitative
- technological properties for all genotypes, average for the period of study,
were in the optimal limit values, with exception of protein content, which in
all genotypes was above 12 %. Genotypes Line I and Line 2 were singled
out with the best qualitative - technological properties in both localities, but
good grain quality also proved genotype Izvor analyzed in Ovche Pole locality.
By applying the cluster analysis, based on the qualitative - technological
properties, we got that all analyzed genotypes in both localities were closely
interconnected, differentiated in one cluster, with the exception of genotype
Line 1, grown in Ovche Pole locality.

Key words: grain quality, technological properties, barley, genotype.

1. Bosen

ITpousBopcTBOTO Ha jaumeH Bo Peny6mmka MakefoHnja € BHUCOKO
U KBaJUTETHO M MCTOTO MOXE Ja T'M 33JJ0BOJIM €BPONCKUTE CTaHJapiu 3a
KkBasmTeT. KBaImMTeToT Ha 3pHOTO, KAKO M KBAHTUTETOT HA MPUHOCOT 3aBUCU
NPBEHCTBEHO Off COpTaTa, a MOToa U Off JAPYru (pakTopu, Kako IITO Ce:
CripoBefieHaTa arpoTeXHUKa BO MPOM3BOACTBOTO M MOYBEHO-KJIMMATCKUTE
(pakTOpU BO KOM ce Npou3BeyBa coprara.

Ha Bankanckuot IlosyocTpoB HajrosieMo MpOM3BOJCTBO Ha jauMeH 3a
2013 ropuna uma octapeHo Byrapuja (819.000 t), a mo Hea crieyBaat ['puuja
(353.400 t), Cpowuja (344.357 t), XpBarcka (201.339 t), Maxenionuja (125.565
t), Bocna u Xepuerosuna (70.844 t), Cnosenuja (69.303 t), Anbanuja (7.500 t)
u Lpna 'opa (1.650 t) [6].

Bo Hairata 3emja, BO OJHOC Ha 3aceaHa MOBPILIMHA U BKYITHO TPOU3BOJICTBO,
JauMEHOT To 3a3eMa BTOPOTO MECTO, BefiHalll 1o mueHunara. Bo 2013 ropguna,
MOBPILMHUTE 3aceaHy Co jauMeH u3HecyBaat 42.234 ha, co npoceyeH npuHoc
Ha equHuIA noBpiurHa 2.993 kg/ha [34].

JaumeHOT e efHOrogMIIHA KYJTypa KOja NPBEHCTBEHO C€ KOPUCTH BO
NPOU3BOJICTBOTO HA CJJ| U MUBO, HO M BO MHJIyCTpHjaTa 3a MPOU3BOJICTBO Ha
nobuToyHa XxpaHa. MHOry Masiky Haofa NpUMeHa BO MCXpaHaTa Ha YOBEKOT.

OcBeH NpUHOCOT Ha 3PHO Ha €MHMIA MOBPILIMHA, KAKO MpYMapHa LeJ
BO CeJieKIjaTa Ha ceKoja KyJATypa, MHOTY BakKHa 3ajlaya BO ceJieKljaTa Ha
jauMEHOT TpeTCTaByBa U MOCTUTHYBAHETO HA BUCOK KBAIMTET HA 3PHOTO.
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Ennu on HajBakHUTE KBAJIUTETHO-TEXHOJIOIIKM CBOjCTBA HA jauMEHOT
KOM BJIMjaaT BP3 KBAIUTETOT HA 3pPHOTO HAMEHETO 3a MPOM3BOJICTBO HA MHUBO
ce: XeKToJMTapcKaTa Maca, u3efiHaueHocTa Ha 3pHata of | knaca, cogpskuHaTa
Ha MPOTEUHU U COApKUHATA Ha jarnexuapatu [12, 30, 33, 38].

BuHCOKOKBaNMTETHUTE COPTH HA jauMeH KOU Ce KOPUCTAT BO MUBapcKara
uHpyctpuja coppxkat 10-11% nporennu, 63-65% jarmexuppaTtv, uMaat
M3e[HAYeHOCT Ha 3pHaTa off I kiaca Han 85%, maca Ha 1.000 3pHa o 40 g o 46
g, P BJIaXKHOCT Ha 3pHOTO 0ff 13% no 14%, crenen Ha HakKUCHYBawe off 42%
10 47% w HUCKa BOIOOCETINBOCT [36].

ConpkvHaTa Ha a30T, OJAHOCHO NPOTEWHH, TNPETCTaByBa 3HAYajHA
KBAJIMTETHA KapaKTepUCTUKA U UCTaTa MOxKe fa Bapupa of 8,5% mo 12,5%
[8]. Bo crnopen6a co ocTaHaTUTe KUTHU KYJITYpH, COAP>KMHATA HA MPOTEUHU
BO 3PHOTO Of] jAYMEHOT M MUeHHuaTa e peyrcu MHory canyHa (11 — 12%) u taa
€ MOBKMCOKA Off COfIpKMHATA HA MPOTEUHUTE BO 3PHOTO Of mueHkata (9.5 %) u
opusot (7,5 %) [18].

Ynorpebara Ha jauMEHOT €O BHMCOKa COfIp)KMHA HAa MPOTEMHU BO
NPOM3BOJHMOT TPOLEC Ha MNHMBO BOAM IO HEMPAaBWIIHO Pa3rpajyBarbe Ha
NpOTEMHUTE, 4 MPUCYCTBOTO Ha MOJU(EHON JOBEeAyBa O MOTEMHYBakhE U
TEIIKO N30MCTPYBame Ha MUBOTO [28].

ITo3Hato e fmeka cofp>KMHATa Ha MPOTEMHUTE Kaj >KUTHUTE KYJITYpH
ce HacleyBa moauakTOPUjaTHO, HO UCTO Taka € MOJ CUJIHO BJMjaHue Ha
HajBopelHuTe yciosu [3, 17, 26]. HemocTaTokOT ofi BpHEXKU BO TEKOT Ha
BereTauyjara Kaj SKUTHUTE KYJTYpH, OCBEH LUTO MPEAW3BUKYBAa HAMAITyBae
Ha NPUHOCOT Ha 3PHOTO, UCTOBPEMEHO ' BJIOLIYBA U KBAJIMTEHUTE CBOjCTBA
Ha 3pHOTO Kaj jaumeHoT [29, 31]. I[Ipu moBucoKa BIaKHOCT BO MOYBATa, BO
3pHOTO ce (popMupaaT MoBeKe jaryieXuApaTh U MOMAJIKy MPOTEUHU, IofeKa
Npy CYLIHW NEpHOAM CE€ HamMallyBa KOJMYECTBOTO Ha HEMPOTEMHCKHUOT a30T
[30]. CompxkuHaTa Ha MPOTEUHUTE, 3a€JHO CO NPUHOCOT HA 3PHOTO Kaj
JauMEHOT, MOXKaT Jla OujaT 3roJieMEHM CamMoO CO MPABWJIHO U OaJaHCUPAHO
ammnuparse Ha NP fyGpuBara [1, 22]. BUuokor oy 0Boj Tumn Ha ryGpuBO TO
HaMaslyBa KBAJIUTETOT HA 3PHOTO Of] jaUMEHOT, MPEIN3BUKYBa MOJIETHYBaHkE
Ha pacTeHMjaTa U ja 3rojieMyBa COApPKMHATA Ha MPOTEMHUTE BO 3pHOTO [9].
OcgeH kimmaTckuTe (pakTopu U fyopuBaTta, Kako hakTOpH KOU IONOHUTETHO
BJIMjAaT BP3 3rOJIEMYyBatbe HA COAPXKMHATA HA 230T BO 3PHOTO CE TIOJIETHYBabETO
Ha pacTeHWjaTa W MojaBaTa Ha pa3jnyHU OOJIECTH BO TEKOT Ha Bereranujarta
[35].

Macara Ha 1.000 3pHa € KBaJIMTETHO CBOjCTBO KO€ CITY>KH KaKO MHAUKATOP
3a rojieMrHaTa 1 36ueHocTa Ha 3pHarta [16]. [IpoydyBamara 3a HacieyBambe
Ha OBa CBOjCTBO MOKaKyBaaT fAeka Macata Ha 1.000 3pHa 3aBucU Off TEHETCKUTE
KapaKTepUCTUKHM Ha COpTaTa, HO BO rojieMa Mepa U Of] BIMjaHUeTO Ha YCIIOBUTE
Ha cpeuHaTa, 0cOOEHO BO MEPHOJOT KOra HACTaHyBa HajeBame Ha 3PHOTO
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[10]. Op ppyra crpana, nak, macata Ha 1.000 3pHa € moMalIky OceTjiMBa Ha
KJIMMaTCKUTE (haKTOPU BO criopefida co MpuHOCOT Ha 3pHO [25]. HajuecTo
aBopeaHuTe (POPMH Ha jauMeH MMaaT MOBMCOKM BPEIHOCTU 32 OBAa CBOjCTBO
Bo crnopefba co moBekepenHuTe ¢dopmu [10]. Macata Ha 1.000 3pHa e
KapaKTepUCTHKa KOja € CHIJIHO MOBp3aHa CO CIIOCOOHOCTa Ha copraTta 3a
OpaTeme 1 co 6pOjoT Ha 3pHATA BO TJIABHUOT Kiac [5, 24].

XeKkTomMTapckaTa Maca € MapaMeTap 3a KBAJIMTETOT Ha 3PHOTO U
NPEeTCTaByBa Ba>KHO TEXHOJIOLIKO CBOjCTBO Ha jauMeHOT. Taa e MefyHapogHO
npudaTeH MHIYCTPUCKM CTaHJApy, 3a OLEHYBalbe Ha 3pHATa Kaj >KUTHUTE
Kyarypu. OBa CBOJCTBO € JMPEKTHO MOBP3aHO CO TyCTMHATa Ha 3PHOTO,
OJIHOCHO € TOKa3aTeJ 3a UCIOJHeTOCTa Ha CeMETO. XEKTOJIMTapCKaTa Maca
HajMHOT'Y 3aBUCH Of] KJIMMATCKUTE YCJIOBM, arpOTEXHUKATa U MOTEHUMjATOT
Ha coprara [2, 16] u mucTaTa e BO MO3WTHBHA KOpeJalyja co MPUHOCOT Ha
3pHo. CopTuTe KOM MMaaT MOBMCOKHM BPEHOCTH 3a OBA CBOJCTBO CE TOBEKE
OapaHu off mpou3BoAUTEIUTEe Ha MuBO U papmepute [7]. On TUe MpUYUHU,
XEKTOJIMTAPCKATa Maca € MpefMET Ha MPOoyuyBame BO rojeM 6poj cryaun [11,
19,21, 23, 27].

Ilenta Ha OBa UCTPAXKYBALE € 14 CE YTBPAAT KBAIUTETHO-TEXHOJIOLIKHUTE
CBOjCTBa Kaj IOMAIITHATE IBOPEIHU (hOPMH Ha jauMeH.

2. Marepujan u MeToq Ha padora

[Tonckute onMTH 32 OBa MCTpaxKyBarme Oea MOCTABEHW HAa ONMUTHUTE
NOBPLIVHY Ha TIPOM3BOJIHATA SAMHULIA ,, Y HUICEPBUC arpo’, BO JiBa JIOKAJIMTETA,
Bo TekoT Ha 2012-2013 m 2013-2014 rommnaa. Epamor nokammreT Oelre
Osue Ilose, a ppyrmor Crpymmima. Peny6mmuka Makefgonunja e mopienieHa
Ha OCyM KIJIMMAaTCKO-BereTanucko mnouBeHn mofpadja [40]. Cmopen oBaa
Kiacugukaumja, ABara JoKajauTeTa Ha Kou Oellle MOCTAaBeH ONUTOT NpunaraaT
Ha KOHTUHEHTAIHO-cyOMeauTepaHcKo noppadje. Opuenosckara Kornuna cnara
BO HajcyluHuTe pernonu Ha Bankanckuor ITomyocTpoB, KapakTepusupajku ce
co roguuHa cyMa ofi BpHexku nog 500 mm [39]. Bo norusies Ha BpHEKUTE, BO
oBaa KotnuHa Bnajiee 3HaunTeIHA HEPAMHOMEPHOCT 110 Mecely. CTpymMuukara
Kotnuna, nak, ce ofiukyBa cO pejaTMBHO OJarv 3MMH, [IOJITM CYBH JIeTa U
BHCOKM CPEHOJHEBHM TemmnepaTypu. [IpoceunnTe BpHexku Bo oBaa KotimnHa
n3HecyBaat okoiy 600 juTpu Ha m?.

OnuTHre 6€a MOCTaBEHM CIOPEN METOAOT Ha CilyyaeH OJIOK-CHCTEeM, BO
TPU NOBTOPYBakha 32 CEKOj FEHOTUI U JIOKAJIUTET, CO MPUMEHa Ha CTaHAapAHa
arpoTexHuka 3a jaumeHot. Cenpgdara Ha JiBaTa JOKAJIUTETA U BO JIBETE FOJMHU
Ha MOCTaByBalbe HA ONUTOT Oelle M3BPLICHA PAavyHO, BO ONTHUMAJIECH POK 3a
cenpioa Ha OBaa KyJaTypa.

Kako excrnepumeHTalieH MaTepujai 3a 0BOj Tpy/ 6ea ynoTpeOeHn BKYITHO
NeT JOMAIIHU FTeHOTUIIOBY Ha 3UMCKHM JIBOPE/iHM (hopMH Ha jaumeH. Tpu of HUB
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Ce perucTpupaHu COpTU (Xum, u30p M ez2¢j) U JiBe Ce MEePCNeKTUBHU JIMHUK
(«unuja 1 v aunuja 2).

On KBaJIMTETHO-TEXHOJIOUIKATE CBOjCTBA HA 3PHOTO Ha jauyMeHOT Oea
aHAJIM3MPaHY CIIE[IHHMBE MTapaMeTpU: COAP>KMHA Ha MPOTenHU (%), N3eIHAaYE€HOCT
Ha 3pHara of I kiaca (%), BoqooceTauBocT (%), CTENeH Ha HaKUCHYyBawbe (%),
Mmaca Ha 1.000 3pHa (g) u xektoauTtapcka maca (kg/hl).

Copps>krHaTa Ha NPOTerHUTE Oellie IeTePMUHUPAHA TIPEKY YTBPJlyBakbe Ha
cofp>KUHATA Ha BKyMeH a30T cnopen MetofoT Ha Kjeldahl [15]. OnpenyBameto
Ha M3e/lHAUYeHOCTa Ha 3pHarTa off | Kjaca, BOJIOOCETIIMBOCTA U CTENEHOT Ha
HaKMCHYBame 6ea paboTeHu cropesi cTaHfaapauTe Ha EBpornckaTa KoHBeHIM]ja 3a
MPOU3BOJICTBO HA NMUBO [4], MoileKa XeKToIUTapcKaTa Maca Oellie aHaJIu3upaHa
co nmpumMeHa Ha ctaufapaot [SO 797 [14].

JloGueHnTe pe3yJiTaTh Off UCITUTYBAhETO HA KBAJIMTETHO-TEXHOJIOIKUTE
CBOjCTBa, CTATUCTUYKMU c€ 0OpabOTEeHH CO CTATUCTUYKMOT makeT (Stat Soft,
8.0). OcBeH JieCKpUNTUBHATA CTATUCTHKA, TIOIATOLUTE 32 OBUE CBOjCTBA Oea
aHAJIM3UPaHU U CO MeTofIOT Ha knactep ananusa (Cluster Analysis, CA) [20],
CO 1eJI J1a Ce YTBPJY MOBP3aHOCTa OJJHOCHO OJifIaJIeueHOCTa Ha UCTIUTYBAaHUTE
FeHOTHIIOBY, HATPABEHA BP3 OCHOBA HA KBAJIUTETHO-TEXHOJIOIIKUTE CBOjCTRA.

Bo Ta6ena 1 ce fajeHn knmmarckuTe Kapakrepuctuku 3a Osue [lose u
Crpymulia 3a nepuojioT KOra ce BPILICHU UCIUTYBamhaTa, KAKO W MPOCEUHUTE
BPEJHOCTHU 3a UcTUTe Off oBeKeropuinHuoT nepuoy (2001-2012 ropuna).

Ta6ena 1. KiimmaTcku KapakTepyUCTUKY 32 MEPUOJIOT HAa BereTanyja Ha jauMeHOT BO
JiBaTa JIOKAJIMTETA
Table 1. Climate characteristics for the period of vegetation on barley for both
locations
T'opnna Meceuu

X |xtIxu|l 1 [ o |lm[1wv ] v | VI [Ipocekicyma
CpenHomMeceuHna TeMieparypa Ha Bo3ayxoT Bo Osue [Tose (°C)

2001-2012 | 136 | 7,7 | 3.1 | 00 | 02 86 | 137 [ 172 | 244 9.8
2012-2013 | 16,6 [105] 15 [ 24 | 153 | 9.1 | 132 | 186 | 21.7 12,1
2013-2014 ] 130 [ 9.1 |03 [39 ] 70 | 96 | 122 ] 166 | 203 10,2

MeceuHna cyma Ha BpHexk Bo OBue [Tojie (mm)
2001-2012 | 70,6 (334473199 | 19,6 | 284 | 393 | 959 | 340 3784
2012 -2013 | 40,6 |374133,7 (33,6 [1193] 350 | 632 | 448 | 23,8 4314
2013-2014 | 11,8 | 65,8 20,3 (42,1 | 12,8 | 250 [1482] 59,3 | 69,3 454.6
CpegHoMeceuHa TemnepaTypa Ha Bo3ayxoT Bo Ctpymuia (°C)

2001-2012 | 133 | 73 | 30 [-03| 0.7 93 | 135 | 176 | 247 9.9
2012-2013 | 153 [ 96 [ 15 [ 32 | 167 | 89 | 152 | 204 | 22.1 12,5
2013-20141] 130 |94 | 15145 | 72 | 101 | 128 | 175 | 21.7 109

Meceuna cyMa Ha BpHexku Bo Ctpymuia (mm)
2001-2012 | 832 [445[79.4 1409 | 530 | 35,7 | 49.1 | 1554 | 18,6 559.8
2012 -2013 | 77,2 1326|533 |67,3|140,8| 57,0 | 430 | 37,6 | 1293 638,1
2013-2014 | 11,8 |58,5|25,1 (36,7 12,1 | 61,3 [ 1099 | 41,9 8.5 365.8
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On Tabena 1 ce riema feka M Ha [BaTa JIOKAJIMTETa UM BO JBETE
€KCMEPUMEHTAJIHU TO[MHM TPOCEYHUTE CPEIHOMECEYHU TEeMINEpaTypu Ha
BO3/yXOT ce MHOry Onucku. ['eHepanHO, Ha JiBaTa JIOKaJUTeTa BO IpBaTa
rojIMHa Of MocTaByBame Ha onuToT (2012-2013) ce perucTpupaHy NOBUCOKU
MPOCEYHN CPETHOMECEYHHU TeMmnepaTypu Ha Bo3ayxoT (Bo Osue Ilone 12,1°C
n 12,5°C Bo Ctpymuia) Bo crniopefida co UCTUTE BO BTOpATa eKCNepruMeHTaTHA
roguHa (2013-2014).

IITo ce ogHecyBa 10 cymaTa Ha BPHEXH, IOCTOjaT 3HAYAjHU PA3IUKU BO
OJIHOC Ha JIBETE TOIVHU Of] MOCTAaByBake Ha OMUTOT M Ha JBaTa JIOKAJIUTETa
(Tabena 1). 3HayajHO morosjeMa cymMa Ha BpHEXM Oellle perucTpupaHa BO
Ctpymuiia, BO mpBaTa rofuHa off IOCTaByBamwe Ha onuToT (638, 1 mm).

3. Pe3yaratu u qucKycuja

Bo Tabena 2 u 3 ce npe3eHTHpaHU MPOCEYHUTE BPETHOCTH JOOMEHM 3a
KBAJIUTECTHO-TCXHOJIOUIKUTE CBOjCTBa Kaj l/lCHl/lTyBaHI/ITe T€HOTUIoOBU, OJ€JIHO
3a [[BaTa JIOKAJIUTETA.

Opn tabena 2 u 3 ce raefa Aeka NPOCEYHUTE BPEHOCTH 32 COAPKUHATA
Ha NPOTEMHUTE, Kaj CUTe TEHOTUIIOBH 3ae/iHO, aHanu3upanu Bo Oue [lone u
BO [IBE€TC eKCHepI/IMeHTaHHI/I T'OJuHN CE€ MOBUCOKU BO Cnopeu6a (6]0] HpOCC‘-lHl/lTe
BPEJJHOCTU 3a OBa CBOJCTBO, JIOOMEHM 3a T'CHOTHMIIOBUTE OJIIJIClyBaHU Ha
nokanuretotr CTpyMulia.

I'enepanHo, Kaj cuTe UCMUTYBAHU F€HOTUIIOBU Oellle YTBpieHa MOBUCOKA
conpxkuHa Ha npoteuHu ofi 12%. [IpoceuHarta BpegHOCT 3a COApKMHATA HA
NpOTEeVHU, 3a TeHoTunoBute ojrieaysanu Bo Opue [losie, 3a mepuosioT Ha
ucnutryBamwe Oemie 14,22%, momeka ucTata 3a TEHOTUNOBUTE WCTIUTYBAHU
Ha nokamuTeToT Crpymuna usHecyBanie 13,49%. Opn cure aHanu3upaHu
reHotunoBu Ha Jokamuretror Osue [lose, mpoceyHo 3a TepUOOT Ha
WCIIUTYBAaHE,3a TeHOTUIOT 1360p Oellie ToOUEeH HajMas MPOLEHT 3a COAP>KUHATA
Ha nporteunu (13,17 %), noneka Ha jJokanuTeToT CTpyMHIIA TAKOB T€HOTUI
oewe aunuja 1 (12,87 %).

[Mo3Hato e jileka copTUTe KOM Ce KOPUCTAT BO MPOU3BOJICTBOTO HA MHBO
Tpeba Ja UMaaT MOHUCKA COMIpKMHA HA MpoTeuHu Bo 3pHOTO [37]. On apyra
CTpaHa Mak, BHCOKAaTa COApPXKMHA Ha MPOTEMHM BO 3PHOTO HA jauMEHOT,
NpUJIOHECYBA WUCTHOT fa Ouje TMOrofeH 3a ynorpeda BO CTOYAPCKOTO
npou3sBocTso [13].

N3ennavyeHocTa Ha 3pHaTa Kaj jayMEHOT € CBOJCTBO KOE CHIIHO Bapupa U
Moxke fia u3HecyBa ofi 55,2% o 96,9% [32].

Pesynratute ofi HalIeTO UCTpaXkKyBake, 3a OBa CBOJCTBO, MOKa>KyBaaT
JE€Ka U Ha [ABaTa JOKaJIUTETa U BO JBETEC I'OJWHU O]] HOCTaByBal—be Ha OMnuTOoT
aHaJIl/IBI/lpaHl/lTe T€HOTUIIOBU MMaAaT BUCOK HpOHeHT Ha N3€IHA4YCHOCT Ha 3pHaTa
on I knaca u ce Bo ontumanHuTe rpaHuiy (Tadena 2 u 3).
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[TpoceunuTe BpeJHOCTH 3a U3eHAUCHOCTA Ha 3pHaTa off I Kiaca, kaj cure
aHaJM3UpaHd TEHOTUIIOBU 3aefHO, oArsienyBanu Bo Osue [losne u BoO jiBeTe
EKCIIePUMEHTAJIHU TOJIMHU Oea MOBUCOKH, BO criopefida Co UCTUTE IOOUEeHU 3a
TeHOTUIIOBUTE OrJieyBaHu Ha jokanuTeToT Ctpymuna. CpegHaTa BpeqHOCT 3a
OBa CBOJCTBO, MPEeCMeTaHa 3a CUTe aHalu3upanu reHotunosu Bo Osue [lone
usHecysaite 84,9% u 82,0% o Ctpymuia.

W na nBata nokanureTa, MpOCEYHO 3a MEPUOMIOT HA UCTIUTYBAHE,, HAjBUCOK
NPOLCHT 3a U3e[HaYeHOCTa Ha 3pHaTa off | Kiaca umaie reHOTUNOT AuHUja 2.
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BopooceTnuBocTa Kaj jauMeHOT € JlocTa BapujabMIIHO CBOJCTBO U MMa
MPOK orcer Ha Bapupawe of 14% no 70% [32, 41]. Op Tabena 2 u 3 ce
ryiefla Jieka U BO JIBETe eKCIEPUMEHTAJIHU FOIMHA MPOCEUHUTE BPEIHOCTHU 32
OBa CBOjCTBO C€ MOBUCOKU Kaj FEHOTUTIOBUTE AHATM3UPAHU HA JIOKAJIUTETOT
Crpymuna, Bo crniopefiba co uctute ucnutyBaiu Bo Opue Ilone. Bo npBata
ekcrniepuMmenTanHa roquna (2012-2013) u Ha ABaTa JJIOKAJIMTETA UMAIlle MOHUCKU
NPOCEUHH BPEJHOCTH 3a BOJIOOCETIIMBOCTA (32 TEHOTUIIOBUTE aHAJIM3UPAHU BO
Ogue [lone 27,0%, noneka Bo Ctpymuna 31,8%), Bo cnopenda BpeqHOCTUTE
noOueHn BO BTOpaTa TOAMHA Off MOCTaByBame Ha omutoT (2013-2014).
CpenHaTa BPEJHOCT 3a BOJIOOCETIIMBOCTA TPECMeTaHa 3a CUTe aHaJM3MpaHu
reHotunosu Bo Opue [losie 3a neprofoT Ha CTIUTYBake u3Hecysaie 46,7% u
52,2% Bo Ctpymuua. 'eHOTUNOT swunuja 1 Ha ABaTA JOKAJIUTETA, MPOCEYHO 32
MEePUOJIOT Ha UCTPAKYBAETO, MOKAXKa HajBUCOK TPOLEHT 32 BOJIOOCETIIMBOCT
(na nokanmuretot OBue [Tone 57,8% u 62,3% Bo Ctpymuia).

OnTuManHuTe BPEHOCTM 3a CTENEHOT Ha HAKUCHYBalbe  Kaj
BUCOKOKBAJIMTETHUTE T€HOTUIIOBM HA jauMEH HAMEHETH 3a MPOM3BOJICTBO Ha
nuBo u3HecyBaat ofi 42% o 47% [36]. Bo HaiieTo uctpaxyBame NpOCEUHUTE
BPEJIHOCTH 32 OBa KBAJIMTETHO-TEXHOJIOIIKO CBOjCTBO, 3a MNEPUOJOT Ha
UCIUTYBakE, Ha JIBaTa JIOKAJMTETa Ce MHOTY Oyincku (Ha jJokamutetor OBue
ITone 44,97%, a Bo Ctpymuna 45,82%) u ce BO IpaHMIla HA ONTUMAJIHUTE
BpAHOCTH. ['@HOTUNOT u360p TOKaXka HAjBUCOKA TPOCEYHA BPEJHOCT 32
CTENEeHOT Ha HakuCHYyBame (45,93 %), 3a mepuofoT Ha ucnuryBame Bo OBue
[Tone, nopeka Ha sokanuTeToT CTpyMUIIA HAJBUCOK TPOLIEHT 32 OBA CBOjCTBO
noOuBMe 3a reHOTUNOT auHuja 2 (46,48 %).

Jlo6ueHnTe BpeHOCTH O uICUTYBameTo HaMacaTaHa 1.000 3pHa, 3ajBaTa
JIOKaJUTeTa OJIeNIHO, ce fAafeHu Bo Tabenu 2 u 3. [IpoceynuTe BpeHOCTH 32
OBa CBOjCTBO, BO JIBETE FOJIMHKA HA UCTIUTYBakE, CE MOBUCOKU 32 FEHOTUIIOBUTE
onraenyBanu Ha jJokanuteToT OBue [losie, Bo cnopenda co ucture noo6ueHu 3a
reHotunoBute aHanusupanu Bo Ctpymuna. CpejiHaTa BpeHOCT 3a Macara Ha
1.000 3pHa, 3a cute reHoTunoBu ofrienyBanu Bo Opue [lose, 3a nepuofoT Ha
UCIIUTYBame, u3HecyBaile 44,5 g, nogeka Ha jJokanuretor Ctpymuna 41,4 g.
Oy ucTpakyBamara cripoBejieHn Ha jjokanuretot OBue [ose, 3a oBa CBOjCTBO,
HAjBMCOKA CpeJIHa BPEJHOCT, MPOCEYHO 3a JIBeTe TOJMHM Ha WCIHUTYBakhe,
nobuBMe 3a reHoTUnoT auxuja 2 (46,5 g), nopeka Ha jgokanuretor CTpymuna
TaKBU FEHOTUINOBU Oea xum u aunuja 1 (42,3 g).

[Tpoceunure BpemHocTu 3a macata Ha 1.000 3pHa Kaj HEKOM COPTHU
MoOXe fia u3HecyBaat of 34,5 g 1o 59,5 g [41]. [JoOueHuTe BpesHOCTUTE 3a
OBa KBAJIMTETHO CBOJCTBO, O] HAILLIETO UCTPAsKyBake CE BO IPAHUIIUTE HA OBUE
ONTUMAJIHU BPETHOCTH.

XeKkTonuMTapckaTa Maca € BaskeH IapaMeTap 3a KBaJIMTETOT Ha 3PHOTO Kaj
jauMEHOT U e TOBp3aHa CO ToJIEMUHATA U UCTIOJIHETOCTA Ha 3pHATa.
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AKo ce HampaBu criopefida Ha MPOCEUHNUTE BPEHOCTU 3a OBa CBOjCTBO,
3a MEepUOJIOT Ha MCTNTYBaHe, K& ce BUIM JleKa M Ha JIBaTa JIOKAJNTETa OBWE
cpepiHM BpefHocTu ce MHory Omumcku (Bo Oue Ilone 57,90 kg/hl, noneka Bo
Crpymuna 57,31 kg/hl). Bo npBata excnepumenTanna rogusa (2012-2013) u
Ha JIBaTa JIOKAJIINTETA Ce IOOMEHN MTOBUCOKY CPEJTHI BPETHOCTH 32 OBA CBOjCTBO,
BO OJTHOC Ha BTOpaTa rOfiiHa Off UCTPaxKyBameTo. Bo HaieTo ucrpaxyBame
cnposenieHo Bo OBue [osnie o6MBMe JieKa TeHOTHTIOT AuHUja | Ma HajBICOKA
CpefiHa BpefHOCT 3a XeKrosuTapckaTta maca (60,23 kg/hl), 3a nepuonoT Ha
UCTIUTYBame, JIofleKa Ha JoKammTeToT CTpyMHuIla KaKo TaKOB TeHOTHN Oellre
aunuja 2 (58,95 kg/hl).

Ha nmBaTta nokamureTa, Off CUTe aHATM3UPAHW KBAIUTETHO-TEXHOJOMIIKI
CBOjCTBa, HAjMaJIO BapUpame MIOKaXKa CBOjCTBOTO CTETIeH Ha HAKMCHYBambe (BO
Ogue Ilose 2,08%, nopeka Bo Ctpymuna 1,20%).

[ToBp3aHocTa OHOCHO OjIajieueHOCTa Ha WCIHUTYBAaHWUTE TEHOTUIIOBU
HarpaBeHa Bp3 OCHOBA Ha TIOfIATOLNTE 3a KBAJMTETHO-TEXHOJIOIIKUTE CBOjCTBA
3a JIBaTa JIOKAJINTETa OJJICITHO € TIPETCTaBeHa CO KylacTep aHaimm3a (cimku 1 u
2).Op ciuka 1 ce riepa geka cute aHanau3upan renotunosu Bo OBye [lose ce
noBp3aHu Mery cebe BO efleH KJlacTep, CO UCKIYUYOK Ha TeHOTHIOT AuHuja 1.
Hajmuory 651mcku Bp3 OCHOBa Ha OBUE CBOjCTBA CE€ T€HOTHUIIOBUTE XU U U3B0D,
TofieKa HajoIasIeueHn Ce Xum U AUHUja 2.

=4 Jlerenna:

w ] ’7 1 Xum

-3 2 H3zeop

+4 3 2ef .

e 4 Jluituja 1
5 Jlunija 2

Cnuka 1. Knacrep aHanmsa Bp3 OCHOBa Ha KBAJIMTETHO-TEXHOJIOIIKHUTE CBOjCTBA Kaj
AHAJIM3MPAHNUTE FEHOTHUIIOBH 32 NIEPHOJIOT Ha MCTIUTYBabe Ha JokamTeToT OBue ITone
Figure 1. Cluster analysis based on qualitative — technological properties on analyzed

barley genotypes during the period of study in Ovche Pole locality

IlITo ce ogHecyBa 0 CTENEHOT Ha MOBP3aHOCT, OHOCHO OfJAJICUeHOCT
Ha aHaJIM3MpPaHWTE TeHOTMNOBU Ha JokamureroT CTpymmua, of ciaMka 2 ce
riiefa jieka CUTe THE BP3 OCHOBA HA KBAJMTETHO-TEXHOJIOLIKUTE CBOjCTBA CE
MeryceOHO MoBp3aHu Bo efieH Kiactep. Hajronema nosp3anoct nocrou nomery
TEHOTUINOBUTE Xum W AuHuja 1, Kako 1 NoMery reHOTUIIOBUTE U3B0OP W AUHUJA
2. Ha 0BOj loKanmMTeT, HAjOJlAJICUeHN Ce TIOKaXKaa FeHOTUIIOBUTE Xum U ezej.

93



lopumen 36opauk 2015 Yuusepsurer ,,l one emauen” — Lltum, 3emjonencku dakynrer

Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture
P Jlerenpa:
- 1 um
- 2 Hseop
2 3 Ezej
s 4  Jlunuja 1
-3 5 Jluniija 2

Cnuka 2. Knactep aHanm3a Bp3 OCHOBA Ha KBAJIMTETHO-TEXHOJIOIIKUTE CBOjCTBA Kaj
aHATIM3UPAHNUTE TEHOTHUIIOBH 3a NIEPHOJIOT Ha VCIUTYBakbe Ha JJokammTeToT CTpyMuLa
Figure 2. Cluster analysis based on qualitative — technological properties on
analyzed barley genotypes during the period of study in Strumica locality

4. 3akay4ok
OpoBaucTpaxKyBambe, Bp3 0CHOBA HA PE3YJITATUTE JOOMEHH 32 KBAJIUTETHO-
TEXHOJIOLIKHATE CBOjCTBA MOXKAT Jla C€ YTBPAAT CJCAHUBE 3aKITyYOLH:

— CHTE aHANIM3UPAHM KBAJIUTETHO-TEXHOJIOLIKM CBOJCTBA CE€ BO I'PaHULIUTE
Ha ONTUMAJHUTE BPEHOCTH CO UCKIIYUOK Ha COAP>KMHATA HA IPOUTEUHH,
KOja Kaj CUTe aHAIM3MPaHU TEHOTUIIOBH € OBUCOKA ot 12%;

— BO /IBaTa JIOKAJIUTETa, BO NpBaTa IOfMHA Off UCIHUTYBAHKETO, JOOUBME
MOBUCOKM MPOCEYHM BPEJHOCTM 3a CTENEHOT HA HAKUCHYBakbe MU
XEKTOJIMTApCKAaTa Maca;

— 32 cHTe FeHOTUNOBM KoM 6ea MpefiMeT Ha MPOoyUyyBabe Ha JIOKAIUTETOT
Osgue [losne, mpoceyHo 3a NMEpPUOIOT HA UCTPAKYBaHE, TOBUCOKHU CPEIHU
BPEHOCTH J100MBME 3a CJCIAHMBE KBAJUTETHO-TEXHOJIOLIKM CBOjCTBA:
COZIP>KMHA Ha MPOTEMHM, U3e[HAUCHOCT Ha 3pHaTa ol I kmaca, maca Ha
1.000 3pHa 1 XeKToaUTapcKa Maca;

— TEeHOTWIIOBUTE JuHUja | N aunuja 2 ce N3IBOM]ja CO HAjlo0py KBAUTETHO-
TEXHOJIOLIKKA CBOjCTBA M BO JBaTa JIOKAJIUTETA, HO CO 100ap KBAJIUTET
Ha 3pHOTO C€ MOKaXKa U FeHOTUIIOT U360p, AHANM3UPAH HA JIOKAJIUTETOT
Ogue Iloge;

— CO KJacTep aHaluM3aTa HalmpaBeHa BpP3 OCHOBA HAa KBaJMTETHO-
TEXHOJIOLIKHUTE CBOjCTBA CE MOKAaXKa [ieKa CUTE aHAJIM3MPAHU TeHOTHUIIOBU
1 Ha JIBaTa JJOKaJIMTeTa ce GIIMCKO NOBp3aHu Mefycebe, n3audepeHupanu
BO €[eH KJIacTep, CO MCIY4YOK Ha TCHOTUNOT .uHuja 1, UCTUTYBaH
sokammteToT OBue [one.
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OpurnHajieH Hay4eH TPyQ YK 543.51:546

METOJ 3A OJPEOJYBAIBE HA COOP2KMHATA HA 35 EJIEMEHTU
BO PA3JINYHU TIPUMEPOIIN CO IPUMEHA HA
MUKPOBPAHOBA ITUT'ECTUJA 1 UHAYKTUBHO CITIPETHATA
IIJIABMA CO MACEHA CIIEKTPOMETPUJA (ICP-MS)

Bumana Bana6anosa!®, Biaxko Boes?, Caiia Mutpes',
Buonera Msanoa-TTetpomynoc!

AncrpakTt: MHIyKTUBHO CperHarta Imjia3Ma co MaceHa CIeKTpoMeTpuja
(ICP-MS) 1 MUKpOOpaHOB CHCTEM 3a iUrecTja 6ea KOpUCTEHU Kako paboTHU
TeXHMKU 3a OfjpeflyBame Ha cofpxkuHata Ha 35 enementu (Ag, Al, As, B, Ba,
Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hg, K, Li, Mg, Mn, Mo, Na, Ni,
P, Pb, Rb, Sb, Se, Sn, Sr, Ti, V u Zn) Bo mpumMepolLu o Macjo 3a jafewe,
OBOIIIje, 3eJICHUYK U aJKoxoJiHu nujanany. OBoj Tpyj ondaka onTuMusaimja
U Balyjalyja Ha YCJIOBUTE 32 MEpPEHEe Ha W30TOMUTE Ha EJIEMEHTUTE BO
AWrecTUpaHuTe npuMepouy. Banupanujara Ha MeTofaTa € HampaBeHa Mpeky
OmpefeNyBalke Ha IPaHUIIaTa Ha JIETeKIMja U KBaHTU(UKAalLM]a, TMHEAPHOCTA,
MEPHHMOT OIfCer U MepHaTa HEOAPEfICHOCT, KAKO MU TOYHOCTA M MPELM3HOCTA
(TIOBTOPJIMBOCT U pEeNpPOAYKTUBHOCT) HA Meperarta. VicnuTyBaHuTe napameTpu
yKaxKyBaaT fleKa MeTofaTa TI'M 3aJ0oBoJlyBa Oapamara 3a Ipe/iBUjeHaTa
ynorpeoa.

Kuayunu 300poBu: easemenmu, macao 3a jaoerwe, 08ouije, 3€ACHUYK,
ANAKOXOAHU nujasauu, Mukpooparnosa ouzecmuja, ICP-MS.

METHOD FOR DETERMINATION OF 35 ELEMENTS CONTENT
IN VARIOUS SAMPLES WITH APPLICATION OF MICROWAVE
DIGESTION AND INDUCTIVELY COUPLED PLASMA WITH MASS
SPECTROMETRY (ICP-MS)

Biljana Balabanova®*, Blazo Boev*, Sasa Mitrev?,

Violeta Ivanova-Petropulos®

Abstract: Inductively coupled plasma with mass spectrometry (ICP-
MS) and microwave digestion system were used as working techniques for

! 3emjopienicku pakynret, Y HuBepsurer ,,['oue Hemyes®, lltun, P. Makegonuja
daxynreT 3a IPUPOJHU U TEXHUUKU HayKu, Y HuBep3uter ,.I'one Hemues®, lltum,
3 Faculty of Agriculture, “Goce Delcev” University, Stip, R. Macedonia

4 Faculty of Natural and Technical sciences, “Goce Del¢ev” University, Stip, R. Macedonia
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determining the content of 35 elements (Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co,
Cr, Cs, Cu, Fe, Ga, Ge, Hg, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, Sb, Se, Sn,
Sr,Ti, V and Zn) in various samples: edible oils, fruits, vegetables and alcoholic
beverages. This paper includes optimization and validation of the conditions for
measurement of the elements isotopes in prepared samples. Method validation
was done using calculation of the limit of detection and quantification, lineary,
measurement range and measurement uncertainty, as well as the accuracy and
precision of the measurements. The examined parameters indicated that the
method meets the requirements for the intended use.

Kew words: elements, edible oils, fruits, vegetables, alcoholic beverages,
microwave digestion, ICP-MS.

1. Introduction

The objective of any analytical measurement is to obtain consistent,
reliable and accurate data [1]. Validated analytical methods play a major role
in achieving this goal. The results from method validation can be used to judge
the quality, reliability and consistency of analytical results, which is an integral
part of any good analytical practice. Validation of analytical methods is also
required by most regulations and quality standards that impact laboratories.
The objective of validating an analytical procedure is to demonstrate
the “suitability for its intended purpose” [1, 2]. The intent of analytical
measurement is to generate accurate and reliable data. Method validation alone
cannot guarantee this, but it should be part of integrated quality assurance for
analytical measurement. Instrument qualification and method validation are
equally important. Instrument qualification means that the specifications are
defined, tested and confirmed so that the instrument is suitable for the methods
to be validated [3]. The analytical methods are then validated on qualified
instruments to prove that the method works as intended. This is independent
of any specific instrument. If we want to use the method with instruments
from different vendors, the method should be validated on those instruments
as well. Method validation occurs between analytical instrument qualification
and system suitability testing and is linked to all other quality elements.
Methods should be validated using qualified instruments [4-6]. During method
validation, parameters and acceptance criteria for system suitability checks
and quality control checks should be defined.

The main goal of this work was method development and validation
of a multi-element analysis of various samples, such as edible oil, fruit and
vegetable samples and alcoholic beverages. For that purpose, microwave
digestion was applied for total digestion of the samples and inductively
coupled plasma with mass spectrometry was used for measurements of the
elements contents.
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2. Material and methods

2.1. Standards and reagents

The standards for ICP-MS were prepared from multielement stock
solution (Periodic table Mix 1 for ICP, 10 mg/L, Sigma Aldrich, Munich,
Germany) containing 33 elements (Al, As, Ba, Be, Bi, B, Cd, Ca, Cs, Cr, Co,
Cu, Ga,In, Fe,Pb, Li,Mg,Mn, Ni, P,K,Rb, Se, Si,Ag, Na, Sr, S, Te, T1, V, and
Zn). Single-element standards were used for the construction of the calibration
curves for Ti, Ge, Sb, Sn, and Mo (10 ppm in 10 % HNO, trace select, Sigma
Aldrich, Munich, Germany). Spiked solutions were prepared from the stock
solution as necessary. Ultrapure nitric acid, HNO, (69.0 %, w/w, trace select,
Sigma Aldrich, Munich, Germany) and hydrogen peroxide H,O, (69.0 %,
w/w, trace select, Sigma Aldrich, Munich, Germany) were used in a mixture
for total digestion of samples. Rhodium standard solution (1 mg/L, Sigma
Aldrich, Munich, Germany) was used as an internal standard for correction of
the drifts for external calibration curves. Ultrapure water was used (0.065 uS/
cm), obtained from water purification system TKA Microlab, ASTM Type 11
water (Thermo Electron LED GmbH, Germany).

2.2. Microwave-assisted digestion for sample preparation

In this study, five step set or combination of power, pressure, and time
conditions for microwave-assisted digestion (Table 1) was tested using
two CRMs representing edible oil (CRM-TMSO, soybean oil, High purity
standards, Charleston, South Carolina, USA) and aquatic plant (Lagarosiphon
major) to determine the optimum set of conditions. This method was described
for use with 12 microwave vessels simultaneously.

Microwave-assisted digestion conditions involved the digestion of 0.5 g
of the CRM with 5 mL HNO, and 2 mL of H,O, in the microwave oven. After
digestion, the vessels were allowed to cool until the pressure of the vessel was
reduced to below 50 psi and temperature was below 40 °C. The caps of each
vessel were then carefully removed and the contents were filtered using 2 um
filter paper, diluted to 25 mL in a volumetric flask using deionized water, and
stored in polyethylene vial prior to the final determination of the elements’
concentration.
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Table 1. Microwave digestion program for digestion of oil and wine samples

Step Initial 7 (°C) Final 7 (°C) Power (W) Time (min.)

1 25 150 800 15
2 150 150 800 10
3 150 180 1600 5
4 180 200 1600 10
5 200 200 800 5

2.3.ICP-MS measurements

A standard Agilent 7500cx ICP-MS system with a glass concentric
nebulizer was used for all analyses. The instrument was tuned for standard
robust plasma conditions (Table 2) and the ORS was operated in helium mode
only. This means that all elements were measured under identical helium
mode collision conditions and no mode switching was necessary. Furthermore,
the helium mode conditions used are generic and do not have to be set up or
modified for specific sample matrices. Method parameters are shown in Table
2. In this work an extended sequence of samples simulating the workload in
a typical environmental laboratory was analysed repeatedly for more than
10 hours. The samples included high dissolved organic matrix and spikes,
dissolved CRM’s, and duplicates.

Table 2. Instrument (ICP-MS) tune and acquisition conditions used

Instrument ]
Sampler cone Ni (standard
Skimmer cone Ni (standard

Nebulizer MicroMist (stan
AS1ma to 14 d

0 I' Ame
RF power

10d
1500 W Same
Sample depth 7.6 mm, Same
Carrier gas 1.00 L/min Same
Makeupgas 0.25 L/min Same
Spray chamber 2oC Same
temperature
Extract | +6 V Same
Extract 2 -145V Same
Omega bias -24V Same
Omega lens 0.6V Same
Cell entrance . 30V Same
Energy discrimination 3V Same
Cell exit, -30V -44'V
Octopole bias A% -18 V
bias 35V 4514E/V'
. .5 mL/min

Reaction gas 0 He
CeO/Ce 0.55% 045%
Ce++/Ce 2.08% 1.95%
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2.4. Validation procedures

Using calibration solutions calibration curves: y = ax + b, were determined,
where y is the signal intensity and x is the know concentration of the given
analyte in the calibration solution. The linearity of the calibration curve was
considered acceptable with correlation factor R > 0.999.

The limit of detection (LOD) is the lowest concentration or quantity
of analyte which can be measured with reasonable statistical certainty. To
determine the limit of detection 3SD method was used. Ultra-pure water was
aspired and signal intensities for blank were recorded. A solution of 10 ug/L
multi-element solution was aspired and the signal intensities for the analytes
were recorded. The analysis of the blank solution (2 mL H,0, and 5 mL HNO,,
diluted to final volume of 25 mL) for all target elements for 10 times with three
repetitions at each measurement was conducted.

The limit of quantification (LOQ) is the lowest concentration that can be
quantitatively determined with an acceptable level of repeatability accuracy.
The quantification limit is generally considered to be approximately ten times
the minimum detection limit. The maximum measurement limit is conditioned
by the dynamics of the spectrometer detectors and limited by the requirement
that the total amount of the dissolved solid must not exceed 0.2% in the sample
solution (unless clogging of the nebulizer nozzels would lead to instabilities
and loss of sensitivity). To test the maximum detection limit, a multielement
sample of 10 mg/L was used.

The validated range is the interval of analyte concentration within which
the method can be regarded as validated. While the calibration may cover a
wide concentration range, the remainder of the validation (and usually much
more important part in terms of uncertainty) will cover a more restricted
range. In practice, most methods will be validated at only one or two levels of
concentration. The validated range may be taken as a reasonable extrapolation
from these points on the concentration scale [1].

Precision was defined as relative standard deviation (RSD) which was
calculated as a percentage using the standard deviation divided by the mean of
replicated samples.

Repeatability concerns the test results obtained with the same method, on
the same sample in the same laboratory, with the same equipment, by the same
operator, in short intervals of time.

Reproducibility was expressed as the closeness of agreement between test
results obtained with the same method on identical test material analysed from
two analysts. 7-test was used as a statistical parameter for the reproducibility
testing [1].

Accuracy was determined by comparing the measured concentration
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with the certified values and was expressed as percentage recovery R (%).
To determine the accuracy, the concentration of elements in the certificate
materials described earlier was determined. Also spikes were analysed for the
same purpose.

Uncertainty estimation. A laboratory has to demonstrate the quality of
the results produced and their fitness to the purpose, by giving an estimate of
the confidence that can be associated with the result. All the possible sources
of uncertainty have to be carefully identified and taken into account. While
measuring the concentrations by ICP-MS with external standard, fluctuations
in the measurement of ionic currents occurring as a result of the electrical noise
in the detector, instabilities in plasma discharge, instabilities of the electrical
parameters of the analyser, lead to uncertainties in the determination of the
parameters of the calibration line. Possible errors in the preparation of the
calibration solutions increase these uncertainties [1].

3. Results and discussion

All microwave-assisted digestions were performed using CEM model
MARS 5 (CEM Corporation, Matthews, NC, USA). The Microwave
Accelerated Reaction System (MARS) is designed for laboratory use of
digesting, dissolving, hydrolysing, extracting or drying a wide range of
materials. Its primary purpose is the rapid preparation of samples for analysis
with atomic and mass spectroscopy. This system was designed to hold 12
polytetrafluoroethylene (PTFE) digestion vessels. The digestion vessels had
rupture membranes for safe operation under 200 psi. At full power, the MARS
delivers approximately 1600 watts of microwave energy at the frequency of
2450MHz.

The elemental analyses were conducted using an Agilent 7500ce
inductively coupled plasma mass spectrometer (ICP/MS) AgilentTechnologies,
USA). Optimization of the instrument was done as outlined in the Agilent
7500cx user’s manual. This type of ICP-MS is fitted with an octopole reaction-
collision cell, operated in collision mode that will minimize the isobaric
interferences from polyatomic ions such as oxides (MO™) that may occur from
either the matrix or the plasma through kinetic energy bias [7]. Additionally,
this instrument is extremely sensitive, with a very large dynamic range that can
measure analytes from the very low ng/L (ppt) level to the upper mg/L range
(1000 mg/L) in one run.

3.1. Method validation

The ICP-MS system was optimized under typical tuning conditions for
high and variable sample matrices. Table 3 shows the instrumental conditions
used for the analyses, including preferred isotope, the tune mode (normal or
helium collision) integration time, calibration range and approximate detection
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limit. The linearity of the calibration curve was acceptable for all of the
analysed elements (R>0.999).

Table 3. Limits of detection (LOD), limits of quantifications (LOQ) and linearity of
the calibration curves

ORS Integration | Linear range LOD LOQ
Element | Isotope mode time (s) (ug/L) Slope | Intercept R (ugl) | (ug/L)
Li 7 Normal 0.1 0.5-50 0.045 0.023 0.9997 | 0.042 0.140
Be 9 Normal 0.1 0.5-50 0.010 0.166 0.9960 | 0.012 0.040
B 11 Normal 0.1 10-1000 0.295 -7.648 0.9989 0.98 3.273
Na 23 Normal 0.1 1000-10000 2.125 391.2 0.9992 8.12 27.12
Mg 24 Normal 0.1 1000-10000 1240 13785 0.9995 5.77 19.27
Al 27 Normal 0.1 10-1000 0.882 19.36 0.9990 1.22 4.075
P 31 Helium 0.5 1000-10000 13455 12963 0.9991 5.96 1991
K 39 Normal 0.1 1000-10000 35964 40552 0.9995 10.2 34.07
Ca 42 Normal 0.1 1000-10000 1796 3995 0.9991 2.34 7.816
Ti 48 Helium 0.5 1-100 1.36 5.998 0.9996 0.12 0.401
A\ 51 Normal 0.1 1-50 0.022 0.799 0.9999 | 0.096 0.321
Cr 53 Helium 0.5 0.5-50 0.024 -0.051 0.9991 | 0.0063 | 0.021
Mn 55 Normal 0.1 1-100 1.754 -9.321 09993 | 0.074 0.247
Fe 56 Helium 0.5 1-100 0.55 1.90 1.0000 | 0.017 0.057
Fe 57 Helium 0.5 1-100 1.25 15.6 1.0000 | 0.214 0.715
Co 59 Normal 0.1 0.5-50 1.528 -0.724 0.9996 | 0.0031 0.010
Ni 60 Normal 0.1 0.5-50 0.042 1.33 0.9993 | 0.0044 | 0.015
Cu 63 Helium 0.5 1-100 0.66 10.24 0.9991 | 0.199 0.665
Zn 64 Helium 0.5 1-100 0.322 7.82 0.9995 | 0.0017 | 0.006
Ga 69 Normal 0.1 0.5-10 0.037 | -0.0059 | 09994 | 0.013 0.043
Ge 72 Normal 0.1 0.5-10 0.0014 | 0.0055 | 0.9990 | 0.0046 | 0.015
As 75 Helium 0.5 0.5-50 0.010 0.0022 | 0.9993 | 0.0011 0.004
Se 77 Helium 0.5 0.5-50 0.0069 | -0.0037 | 0.9997 | 0.0019 | 0.006
Rb 85 Normal 0.1 1-100 1.150 2483 1.0000 0.10 0.334
Sr 88 Normal 0.1 10-1000 1.680 10.27 0.9995 0.77 2.572
Mo 95 Normal 0.1 0.5-10 0.0079 | 0.0022 | 0.9991 | 0.0033 | 0.011
Ag 107 Normal 0.1 0.5-50 0.0037 | -0.0059 | 0.9995 | 0.012 0.040
Cd 111 Normal 0.1 0.5-50 0.021 0.0025 1.0000 | 0.0044 | 0.015
Sn 118 Normal 0.1 0.5-10 0.0011 | 0.00069 | 0.9994 | 0.0012 | 0.004
Sb 121 Helium 0.5 0.5-10 0.038 10.47 0.9998 | 0.054 0.180
Cs 133 Normal 0.1 0.5-50 0.144 18.59 0.9991 0.13 0434
Ba 137 Normal 0.1 1-100 0.058 | -0.0063 | 0.9994 0.29 0.969
Hg 202 Helium 0.5 0.5-10 0.617 -0.55 0.9991 | 0.077 0.257
Tl 205 Normal 0.1 0.5-50 2019 -5.94 1.0000 | 0.062 0.207
Pb 206 Normal 0.1 0.5-50 0.023 0.0647 | 09991 | 0.019 0.063
Pb 207 Normal 0.1 0.5-50 0.019 0.0565 | 09991 | 0.022 0.073
Pb 208 Normal 0.1 0.5-50 0.048 0.1333 ] 09995 | 0.014 0.047
Bi 209 Helium 0.5 1-100 0.0092 | -0.1046 | 0.9992 0.54 1.804

The precision explains the closeness of agreement between independent
test results obtained under prescribed conditions. Precision depends only on the
distribution of the random errors and has no relation with the true or specified
value. The value of precision (explained through Variation of 10 replica)
means that in 95% of the cases, the difference between two values obtained by
the method, under the conditions defined, will be lower than or equal to Var-
value. For none of the elements the RSD was above 10%. Repeatability was
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determined with the standard deviation, ranged between 0.029 p g/L for Be and
0.764 3.94 ug/L for Sr and between 0.050 mg/L for Mg and 0.419 mg/L for
Ca (Table 4).

Table 4. Precision and repeatability of the measurements (1ppb, 10 ppb and 1 ppm
standard solution), N=10

Unit 1 2 3 4 5 6 7 8 9 10 X Var SD RSD (%)

Li ugL 101 111 115 106 101 102 105 110 1.164 123 109 0005 0.073 6.65
Be ug/l 098 100 095 097 099 1002 101 095 099 105 099 0001 0.029 2.93
B ugL 101 102 101 105 104 105 101 105 102 105 103 0038 0.196 1.89
Na mg/L 124 123 107 145 122 109 104 123 114 123 1.19 0014 0.118 9.87
Mg mgL 105 1.12 098 099 099 102 101 1.0 098 099 1.03 0002 0.050 4.84
Al mgL 12 105 099 098 106 1.10 107 099 102 1.10 106 0004 0.066 6.21
P mgL 122 098 1.1 125 108 1.15 107 105 1.1 099 1.10 0.007 0.085 774
K mgL 101 102 102 984 997 985 985 1024 10.1 105 10.1 0051 0226 224
Ca mg/L 957 102 104 988 965 102 106 107 9.85 987 10.12 0.7 0419 4.14
Ti pugL 105 102 104 105 109 989 103 104 102 104 104 008 0.283 272
V  ug/ll 101 979 958 102 104 974 985 952 102 101 997 009 0311 3.12
Cr ug/L 105 107 109 103 975 103 955 9.68 102 988 10.19 022 0476 4.67
Mn pug/l 963 955 105 106 113 985 112 107 109 968 104 045 0.674 647
Fe wug/L 102 112 112 105 109 102 107 114 106 995 107 024 0491 458
SFe ug/L 987 10.1 102 104 107 11.1 108 104 102 104 104 0.14 0376 3.59
Co pug/l 1.14 098 1.4 1.17 126 108 1.1 102 106 104 1.10 0.007 0.082 744
Ni pug/L 987 103 104 114 102 107 102 102 112 104 105 023 0480 456
Cu pg/L 101 105 112 986 974 956 958 102 104 112 102 037 0610 5.95
Zn pg/l 104 114 105 108 987 985 102 101 112 112 105 033 0.582 5.50
Ga g/l 1.1 103 125 109 1.2 126 101 125 1.14 099 1.13 001 0.100 8.90
Ge pug/L 098 095 097 101 108 105 111 112 115 097 104 0005 0.070 6.71
As pug/L 125 097 095 108 107 096 097 097 1.11 12 106 0011 0.106 10.0
Se pug/lL 104 112 105 958 967 984 1054 108 107 11.1 104 034 0.589 5.63
Rb ugL 112 105 102 108 104 112 114 114 112 105 109 0.19 0443 4.05
Sr  upg/l 107 112 987 965 102 101 104 118 117 105 106 058 0.764 7.17
Mo gL 145 127 1.5 1.1 111 131 116 135 122 125 124 001 0.112 9.07
Ag pug/l 097 105 095 089 094 111 107 106 097 096 100 0.005 0.070 7.06
Cd pgL 122 107 105 107 1.2 119 115 104 109 1.12 1.11 0004 0060 5.39
Sn  ug/L 095 094 098 104 1.10 1.1 105 087 085 09 098 0009 0.093 9.49
Sb  ug/ll 1.16 123 097 104 09 095 114 12 097 098 106 0012 0.110 10.3
Cs pug/L 101 104 958 936 104 112 107 105 109 988 103 034 0589 5.70
Ba pug/l 945 105 103 1074 102 958 975 961 958 104 100 023 0479 478
Hg pug/l 133 125 147 137 124 16 155 124 126 133 136 0018 0.133 9.73
Tl pug/l 102 104 103 967 954 936 112 107 984 955 100 036 0.603 5.98
206ph  ug/l 155 124 132 124 127 144 125 136 1.1 12 130 0016 0.128 9.84
2Py ug/ 136 123 125 144 113 1.1 114 125 1.3 144 125 0016 0.128 10.2
08Py pe/ 122 124 125 136 1.7 128 126 1.1 123 133 124 0005 007 5.96
Bi ug/L 102 104 103 116 103 112 102 105 103 104 105 023 048 4.53

N-number of samples measurements, with 3 repetition for each measurement; X - mean
value; Var — Variation; SD — standard deviation; RSD - relative standard deviation.
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Reproducibility of the applied method was proved with measurements
of the three levels of standard solution with known concentration of elements,
independently from two analysts. Not significant differences were assumed
between the measurements from both analysts.

Table 5. Reproducibility of the measurements (1 ppb, 10 ppb and 1ppm standard
solution), significant differences at p<0.05, N=10

_Element  Unit X RSD (%) X, RSD(%) p T
Li ug/L 107 3.13 Byl 0.58 044 -085
Be ug/L 0.98 2.12 01 122 009 -2.19

ug/L 103 1.05 0.4 1.5 047 -0.80

Na mg/l. 124 1.14 .15 2.15 031 1.17
M mg/L  1.03 044 02 3.22 0.88 0.16
A mg/L  1.06 533 06 0.69 095 -0.07
mg/L 113 421 08 0.78 020 1.52

K mg/L.  10.1 1.25 0.1 43 0.88 -0.16
Ca mg/L  10.1 3.45 0.3 3.9 006 -2.61
Ti ug/ 106 2.35 0.3 1.7 008 232
\Y ug/lL 100 1.47 9.89 1.55 0.19 159
Cr ng/l 105 125 9.92 2.36 0.15 1.75
ug/l 103 222 0.5 20 0.74 -0.35

SFe ug/ 108 7.14 0.6 1.1 030 1.18
Fe ug/L 103 1.36 0.6 3.5 031 -1.15
Co ng/L 14 5.26 06 5.10 020 132
Ni ug/lL 105 3.36 0.6 2.5 0.67 -046
Cu ug/ 103 2.25 0.2 6.1 0.86 0.18
Zn ug/l 106 5.09 0.5 272 0.88 0.16
Ga ng/L 12 3.01 .13 425 0.82 -0.24
Ge ug/L 00 2.44 08 2.11 0.17 -1.68
As ug/L 07 577 05 1.09 0.77 031
Se ug/L 1031 5.14 0.6 1.2 0.53 -0.68
Rb ng/l 107 3.26 12 1.6 0.10 -2.17
Sr ug/L 103 249 1.0 0.8 0.39 -0.96
Mo ug/L 22 1.05 26 1.25 0.58 -0.60
Aﬁ ug/L 99 0.84 03 0.89 025 -1.34
C ng/L A1 0.95 12 2.05 0.56 -0.64
Sn ug/L 00 1.25 0.96 1.23 0.58 0.6l
Sb ug/L 07 4.36 1.05 411 0.76 032
Cs ug/lL 9.99 1.25 10.7 0.9 0.14 -182
Ba ng/l 103 2.77 9.79 123 0.15 L.76
I’-II% ug/L 33 3.04 40 433 0.57 -0.62
ug/L 10,0 2.98 0.1 1.6 0.73 -0.37

206phy ug/L 32 1.25 27 2.335 0.19 157
27ppy ng/L 28 3.64 21 6.23 0.56 0.63
25Ph ng/lL 25 3.77 24 3.05 090 0.14
ug/ 0.6 L.08 0.6 0.7 097 004

i
N-number of samples measurements, with 3 repetition for each measurement; X,-mean
value from the first analyst; X,-mean value from the second analyst; RSD — relative standard
deviation; p - probability value (significant differences at p<0.05); T- value (T-test for dependent
samples).

To confirm the accuracy of the method, two certified reference samples
were analyzed repeatedly (BCR-060: Aquatic plant (Lagarosiphon major) and
CRM-TMSO (soybean oil). Each sample was measured multiple times over
the sequence and the mean concentration, percent relative standard deviation
(% RSD), and mean recovery were calculated for each analyte (Table 6).
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Table 6. Determined accuracy using certified reference materials, N=10

BCR-
X BCR- CRM- CRM-
Bement " g KPR qyso mwsor RSP R
oy (mgkg) (mgkg)  (mg/kg)
B 25 243 1.2 97 / / / /
Na* 9 9.81 1.7 109 / / / /
Mg 10 113 0.7 113 100 923 1.5 92
Al 4180 4057 2.6 97 / / / /
¢ 11.8 10.6 22 90 100 88.9 28 89
K 137 142 0.6 104 / / / /
Ca* 433 451 15 104 100 94.5 14 95
A 6 532 038 38 / / / /
Cr 26 273 13 105 / / / /
Mn 1760 1675 15 95 / / / /
S657Fe / / / / 100 107.8 23 108
Co 4 3.70 1.3 93 / / / /
Ni 40 38.6 1.1 7 100 109.3 14 109
Cu 51.2 52.4 27 102 100 89.6 0.9 90
Zn 313 3178 15 102 100 9273 1.1 92
As 8 934 19 116 / / / /
Se 07 059 07 84 / / / /
Rb 23 257 26 99 / / / /
Mo 7 731 21 115 / / / /
Ag 02 0.22 1.8 110 100 90.7 2.7 91
cd 22 227 0.6 103 / / / /
Sn 6 5.60 13 93 / / / /
Sb 04 0.34 1.9 85 / / / /
Cs 04 042 12 105 / / / /
H 0.34 031 25 9f / / / /
ﬁ 024 025 07 104 / / / /
206207/208p}y 64 66.1 1.3 103 100 101.2 4.1 101

N-number of samples measurements, with 3 repetition for each measurement; a — certified
value; b — measured value with the applied method; R — mean recovery; RSD — relative standard
deviation; * - data are given for mass fraction of elements oxides: CaO, MgO, Na,O, P,0,,K,0
in g/kg.

Along with the above CRMs, Matrix Spike (MS) CRMs and Matrix
Spike Duplicates (MSD) CRMs spiked at the calibration midpoint (10 ppb
for trace elements, 1 ppm and 10 ppm for mineral elements (Na, Mg, K, P,
Ca, Al and Fe), and 1 ppb for Hg) were analyzed periodically, interspersed
with the other samples throughout the sequence. No matrix matching of the
calibration standards and blanks to these samples was required, as the octopole
collision cell effectively eliminates matrix suppression by ensuring very high
temperature robust plasma conditions (around 0.2% CeO/Ce ratio in He mode).
All elements met the limits of 80% to 120% recovery for matrix spikes with
satisfactory accuracy.

Optimized and validated method was applied on analysis of various
matrixes: edible oil (sunflower cold-pressed oil), vegetables (tomato), fruits
(apple) and alcoholic beverages (brandy). Results are presented in Tables 7, 8,
9 and 10, respectively.
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Table 7. Spike recoveries and matrix spike (MS)/matrix spike duplicate (MSD) for
oil samples (sunflower cold- pressed oil), N=25

Element Unit “2UX  pop (g MatrixspikeMS)  poyy ) gpike R
mean mean (%)
Li ngkg  <LOD 2.19 10.2 1.02 10 102
Be  pugkg < 123 9.89 325 10 989
B ngl/kg 0.89 1.15 12.6 1.14 10 117
Na mg/kg 1.025 0.88 201 0.75 1 99.0
M mg/kg 2.85 28 3.79 1.25 1 94.2
A mg/kg 0.78 00 1.82 3.12 1 104
mg/kg 452 36 545 2.25 1 93.1
K mg/kg 1.32 0.75 241 201 1 108
Ca mg/kg 0.58 2.45 1.70 1.55 1 112
Ti mg/kg 0.23 3.18 1.35 1.26 1 112
ugks 49 0.66 15.6 112 0 107
Cr  ugks 732 0.95 823 I 0 915
Mn  ugks 623 1 733 1.07 0 112
Fe mg/ke 087 35 201 0.88 1 114
Co  ufke 2.3 36 135 075 10 112
Ni ng/keg 78 75 887 045 10 107
Cu  ugks 140 178 149 09 0 9.1
Zn uglks 354 1.05 442 1.02 0 88.5
Ga uglkg 15.2 0.88 25.3 1.07 0 101
Ge  ugkg 925 2.16 20.1 144 0 108
As ng/kg  <LOD 4.36 921 1.52 0 92.1
Se uglks  <LOD 125 .87 138 0 887
Rb ug/ks 875 215 20.1 254 0 113
Sr nglkg 124 378 133 133 10 936
Mo  ug/ks 742 241 185 144 0 110
Ag ug/ks  <LOD 0.35 8.75 1.65 0 87.5
C ug/kes  <LOD 106 10.4 208 0 104
Sn ugks 2 1.15 36.6 133 0 933
Sb uglkg  <LOD 1.89 9.15 2.14 0 91.5
Cs ng/ks 3 1.24 455 2.25 0 98.3
Ba ngl/kg 88.1 0.55 96.8 147 10 87.5
H nglkg  <LOD 0.7 0.88 222 1 87.7
T uglkg 493 1.66 60.1 2.32 10 108
Pb uglkeg  <LOD 1.78 8.69 2.25 10 86.9
Bi usglks  <1.0D 99 9.11 1.06 10 91.1

N-number of samples measurements, with 3 repetition for each measurement; R — mean
recovery; RSD — relative standard deviation.

Table 8. Spike recoveries and matrix spike (MS)/matrix spike duplicate (MSD) for
fruit sample (apple fruit), N=30

Matrix Matrix spike (MS)

Elem.ent Unit mean RSD (%) RSD (%) Spike R(%)

:

Li nglkg  <LOD 043 9.15 136 10 915
Be  ug/kg <LOD 1.22 11.1 136 10 111
ngke 852 147 964 2114 10 112
Na  mgkg 5,8 1.69 152 108 10 943
M mg/kg 359 277 447 1.16 10 88
A mg/kg  0.15 281 9.18 147 10 90.3
mg/kg 612 0.66 70.5 2145 10 933

K mg/kg 253 089 334 2.19 10 81
Ca  mgkg 152 0.92 234 305 10 82
Ti mg/kg 022 135 115 4.12 10 112
v nglkg 266 1.99 13.8 2.1 10 111
Cr ngkg  1.63 141 109 1.55 10 927
Mn  jugkg 85 0.95 96.8 117 10 118
Fe mg/keg 033 0.74 8.57 1.96 10 824
Co  pugkg 89 0.66 19.6 205 10 107
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Ni nglkg 135 125 10.8 347 0 952
Cu ug/ke 105 091 114 101 0 93
Zn nglkg 5.1 0.55 15.5 1.55 0 104
Ga nglkg 1.15 345 9.87 1.06 0 87.2
Ge nglkg 245 2.18 11.2 0.89 0 87.5
As uglkg  <LOD 5.17 10,23 1.33 0 102
Se uglkg  <LOD 2.36 9.55 0.78 0 955
Rb ngke 121 033 132 0.98 0 112
Sr ng/ke 243 0.44 251 125 0 81
Mo  ugks 659 19 5.6 3729 0 90.1
A nglkg  <LOD 322 8.02 1.99 0 86.2
C nglkg  <LOD 4.19 9.11 2.67 0 91.1
Sn nglkg  <LOD 245 10.3 5.14 0 103
Sb uglkg  <LO 1.36 11.2 2.15 0 112
Cs uglkg 10.5 0.88 20.3 3.12 0 98
Ba nglkg 244 0.95 255 1.88 0 113
He  pks  <IOD 156 092 1.65 [ 9273
ug/ks <LOD 2145 877 0.87 0 877
Pb nglkg  <LOD 3.17 9.15 0.55 0 915
Bi ug/kg 1.2 1.02 10.6 1.33 0 94

N-number of samples measurements, with 3 repetition for each measurement; R — mean
recovery; RSD — relative standard deviation.

Table 9. Spike recoveries and matrix spike (MS)/matrix spike duplicate (MSD) for
vegetable sample (tomato) N=22

Matrix Matrix spike (MS)

Element Unit RSD (%) RSD
i mean

~

o)  Spike R(%

mean
Li nglkg 2.55 10.7 321 0 99
Be ng/kg <LOD 1.62 9.83 1.55 0 98.5
ng/kg 46.3 1.08 352 1.56 0 89
Na mg/kg 79.5 1.44 87.9 1.12 0 84
M mg/kg 450 0.78 461 0.95 0 112
A mg/kg 150 0.96 158.9 1.7 0 89
mg/kg 648 345 656 2.26 0 85
K mg/kg 552 3.00 562 144 0 103
Ca mg/kg 89.3 278 974 1.23 0 81
Ti ng/kg 10.2 222 19.6 047 0 93.8
nglkg <LOD 1.05 11.5 0.99 0 115
Cr nglkg 0.8 1.19 9.8 42 10 90.2
Mn nglkg 89.6 0.55 98.66 1.61 0 90.6
Fe mg/kg 0.582 1.49 9.66 2.14 0 90.7
Co ngkg 1.12 326 12.3 1.06 0 112
Ni ng/ks <LOD 425 8.78 4.11 0 87.8
Cu nglkg 135 2.09 245 2.53 0 110
Zn nglkg 124 1.34 133.1 3.08 0 91.3
Ga nglkg <LOD 1.1 9.12 3.11 0 91.2
Ge nglkg <LOD 0.85 10.5 1.02 0 105
As nglkg <LOD 2.64 8.66 1.11 10 86.6
Se nglkg 0.2 1.25 10.7 147 0 105
Rb ng/kg 122 1.46 134 0.88 0 120
Sr nglkg 184 1.92 1952 0.65 0 112
Mo nglkg 190 0.86 27.8 0.78 0 88.1
A uglkg <LOD 4.55 9.05 1.02 0 90.5
C ngkg 0.04 2.73 10.2 1.55 0 101
Sn ng/kg <LOD 1.26 8.65 1.36 10 86.5
Sb nglkg <LOD 0.85 9.34 1.11 10 934
Cs nglkg 1.23 0.69 12.3 1.28 10 110
Ba ngkg 62.3 1.1 73.5 0.96 10 115
H ng/kg <LOD 145 0.853 1.25 | 853
ngks <LOD 136 112 2.36 10 112
Pb nglkg 0.056 0.77 9.63 335 10 95.7
Bi ug/kg 0.87 344 12.5 1.28 10 116.3

N-number of samples measurements, with 3 repetition for each measurement; R — mean
recovery; RSD — relative standard deviation.
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Table 10. Spike recoveries and matrix spike (MS)/matrix spike duplicate (MSD) for
grape brandy, N=10

Element Unit VRTX  pop () MatrixspikeMS) popy o) Spike K
_ mean mean ( %8_
T gL 0.6 733 10.2 69 010
Be LB <0 313 8 67 203 10 867
WeT 363 129 455 566 0 9
Na el 608 078 753 039 1 {16
M mol 15 056 233 123 1 118
Af mer 021 213 713 104 1 04
melT 9963 700 1G.48 213 1 85
K mell 227 125 23557 525 | &7
Ca  mol 566 163 6,58 0778 1 )
T WL 354 104 637 059 0 83
Wer 033 244 10,17 093 0 984
Cr her 123 358 16.5 134 g 95
Mn  W9r 362 386 643 196 0 8
Fe  mgl 034 2.14 9.48 158 0 914
Co gL 078 077 875 130 0 847
Ni o her 5Ty 1:99 16.3 035 0 i1
Cu  hEr 128 2768 10,65 127 0 937
n gL 100 345 1934 3’55 0 91l
Ga  her 04 410 955 1723 0 901
Ge  hem <OD 296 873 153 0 875
As  wer 0078 108 513 136 0 903
Se LB <oD 233 1108 096 0 11
Rb  her 487 114 157 088 0 103
St her 256 1’57 3387 135 0 824
Mo  WET 144 036 1027 243 0 883
A Wer 0716 071 9.66 133 g 03
¢ BT 0057 165 904 114 0 898
Sn hET <lOD 338 10,04 3’55 0 102
b hEr rop 283 9.55 280 0 923
Cs  hEr 348 1124 129 9 952
Ba kol 105 353 1i7 111 0 120
He  ugL <Lob 03 117 058 1 117
Wer 014 111 917 124 0 903
Pb hEL 112 1:37 123 255 0 112
Bl WL 195 285 105> 134 0 837

N-number of samples measurements, with 3 repetition for each measurement; R — mean
recovery; RSD — relative standard deviation.

4. Concluding remarks

Multi-element determination method for sample preparation followed
with ICP-MS for analysis of edible oils, vegetables, fruits and alcoholic
beverages was optimized and developed. The method presented satisfactory
linearly, LOD, LOQ, accuracy, repeatability, and reproducibility for total 35
elements (Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hg,
K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Rb, Sb, Se, Sn, Sr, Ti, V and Zn).
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OpurnHajieH Hay4eH TPyQ YK 635.649-278.6(497.742)

BJINJAHUE HA TEMIIEPATYPATA BP3 UHTEH3UTETOT HA

INOJABA HA TAMYKOBATA COBMUIA (HELIOTHIS OBSOLETA

FABR.=HELICOVERPA ARMIGERA HB.) KAKO IITETHUK HA
IMUITEPKATA BO CTPYMUNYKUOT PET'TOH

Hyman Cnacos, [Iparuia CnacoBa, Mute Mnuescku, Bunjana Aranacosa’

Aocrpakr: Helicoverpa armigera e w3pazen nonudar. llteTHuk e Ha:
Jomar, nunep, TYTyH, MUYeHKa, MamykK, JyK, KpOMuJ, 3esKa, coja, bopaHuja
1 roneM Opoj APYru JIETYMMHO3HM M TUKBEHU KYJITYPU W Pa3HU TUIEBEJIHU
pacrenuja. lllteTuTe o OBaa coBUIa MMaaT EKOHOMCKO 3HAUaHE , 0COOEHO KOTra
BUJIOT € BO mporpajjauyja. PacnmpoctpaneTa e Hacekaje BO CBETOT, 0COGEHO BO
MOTOIUIUTE KJIMMATCKU Tofipavja. 3rojieMyBamheTO Ha MOMyJanyjaTa Ha oBaa
COBHIIA CE TIOBP3YBa CO TTIO0ATHOTO 3aTOIITYBahe Ha KIIMMaTa BO CBETOT.

KJ'ly‘lHI/l 360])031/1: nonuqbazeu wmemnHuKk, €eKOHOMCKO 3Hauvawe,
namykoea cosuya.

THE INFLUENCE OF THE TEMPERATURE AT THE
INTENSITY OF THE SPREAD OF THE COTTON BOLLWORM
(HELIOTHIS OBSOLETA FABR. = HELICOVERPA ARMIGERA HB.)
AS A PEST OF THE PEPPERS IN THE STRUMICA REGION

Dusan Spasov, Dragica Spasova, Mite Ilievski, Biljana Atanasova?

Abstract: H. armigera is typical polyphagous insect which attacks:
tomatoes, peppers, tobacco, maize, cotton, garlic, onions, cabbage, soy, beans
and many other leguminous and pumpkin crops and various weed plants. The
damages from the cotton bollworm have economic importance, especially when
the species is in progradation. It is widespread all over the world, especially
in warmer climates. The increase in the population of this cotton bollworm is
associated with global warming.

Key words: polyphagous pest, economic importance, cotton bollworm.

136Mj0)16JICKI/I axynrer, Yuusepsurer ,,['oue demyes, Itun
2 Faculty of agriculture, “Goce Delcev” University, Stip
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1. Bosen

IIretnTe Koum rM mpeaus3BUKyBa H. armigera ce 3HaYajHU Kako Off
€KOHOMCKH, TaKa M Off arpoeKoJIOMIKN acnekT. Of eKOHOMCKA TJieiHa TOUKa,
WITETUTE BJII/ljaaT Ha HaMajlyBalh€ Ha NPUHOCOT U KBAJIMTETOT HA MJIOAOBUTE,
0co0eHO Kora raceHuaTa Ke HaBJese Bo miojioBute. Off arpoeKoJIOUIKH ACTIEKT
noceOHO € 3HayajHa ynoTpedaTa Ha rojieM OpOj MHCEKTHLMAM 32 HEj3MHO
YHULITYBa-e, IPY LITO Jloara JIo 3arajyBame Ha MIOIOBUTE, TIOUBATAa, BOJATA U
BO3JYXOT CO Pe3ujlyu Off MHCEKTULMAN. H. armigera Tv Hanafa cuTe OpraHu Ha
pacTeHueTo JoMakuH, cTe0J10, IUCT, UBeT U riofl. HajMHory 1wreTu mpaBu kora
Ke M HamajHe penpojyKTHBHUTE OpraHu ofi pactenueto. [lopagu Hej3uHaTa
noJinharHocT YecTo Ousa, Ho U cera € MpefMeT Ha MPOoydyBame Ha rojieM 6poj
Hay4YHULMU.

H. armigera ce cpekaBa noj| pa3anyHi HAPOJIHA UMHUHbA BO 3aBUCHOCT O]
MECTOTO M KYyJTypaTa Ha Koja HajMHOry e 3actaneHa. [la Moxe jia ce cpeTHe
KakKo: TaMyKoBa COBHMIIa, TYTYHOBa COBHMIIA, MYEHKOBA COBMLA CEMEHApKa,
nomaToBa coBuua u ap. Kaj Hac HajuecTo ce cpekaBa Kako MaMyKoBa COBUIIA,
TYTYHOBA COBMIIA U CEMEHapKa.

Camprag et al. (2004), koj gocera uma o6jaBeHo okomy 600 Tpyma 3a
OBOj LUTETHHUK, 3a0esexkan fieka MpuONm»KHO 25% ofi o0jaBeHUTe TPYOBU
ce ofHecyBaaT Ha OMOJOrHMjaTta, eKoJorhjaTa U ITETHOCTa, OKOdy 25% 3a
XeMHCcKaTa KOHTpoJa, okoay 30% Ha NpupofHUTE HenpujaTeau u OMOJoIIKa
KOHTpoua, a okosy 20% Ha OCTaHaTUTEe METOAM (OTIOPHU COPTH, arPOTEXHUYKU
MEepKM M TporHo3Hu mepku). Co oBaa aBTOpPOT 3aKjydyBa JileKa TOJIEMO
BHUMAHUE CE€ NMOCBETYBA HA NPOYYYyBakh€ Ha UHTECIPAJTHUTE MEPKU 3a KOHTPOJIa
Ha IITETHUKOT.

Camprag et al. (2004), koHcTaTupa fieka 3a AUHAMMKATA Ha MOMyJanyjaTa
Ha maMyKoBaTa COoBHulia, O KIIUMMAaTCKUTE qﬁ)aKTOpl/l, JOMMUHAHTHO BJIl/ljaHI/le nMma
Temnepartypara. ['M aHnmM3upan KIMMAaTCKUTE YCJIOBU 32 Pa3MHOXKYBaHe Ha
namykoBaTa coBulla BO MakenoHuja u Ha jyrot of Pycuja 3a fma ja cnopenu
MO>KHOCTA 33 Pa3MHOXYBakhe Ha TaMyKoBaTa coBulia Bo BojsouHa.

Bo Makefonrja MeauTepaHcKaTa KiIMMa € MHOTY [OTHUCHAaTa Off
KOHTMHEHTAJIHATa KOja € MPUCYTHA ceKajie. 3a Pa3Boj Ha MaMyKoBaTa COBUILA,
BO MakefioHuja, ce MOBOJIHM BUCOKUTE TEMIIEpPaTypu BO MEPUOAOT jyaud —
CENTEMBPHU, JIOfIeKa 3UMCKUTE TeMIepaTypy HeMaaT BJIMjaHUE HAa Pa3BOjOT Ha
oBoj Bujl. [IpocevnaTa rofiHa BO3AYyILIHA TeMIIepaTypa 3a HEKOJIKY JIOKAJIUTETH
usnecysa: [Tpunen 11,3°C, Burtona 11,2°C, llItun 12,9°C, Ctpymuna 13,0°C,
Ckomje 12,3°C u I'esrenuja 14,3°C. Bo jykuuort gesn Ha Makefonuja 6pojoT Ha
JIGHOBM BO KOM MakcMMallHaTa Temneparypa HaaMuHyBa 25°C usnecysa 130.

Bo cnopen6a co Bojsoguna, Bo Makenonuja ce o6e36efeHu MOBOJHU
TEeMIepaTyPHH YCJIOBH 32 Pa3MHOXYBaHke Ha TAMYKOBAaTa COBHIIA.
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2. Marepujan u metoq Ha padora

NcrpaxyBamaTa 3a peanusupare Ha MOCTaBEHUTE LEJN Ce BPLLEHU TPU
rogunu (2012, 2013, 2014 ropuna).

IIpu oprnegyBame Ha nMNepkata ce MNPUMEHETH BOOOWYAEHUTE
arpoTeXHUYKY MEpPKH, BKIYyUyBajKu ja ynorpebara Ha (yOpuiba 1 eCTULIN.

NcrpaxyBamaTa 3a yTBp/lyBae Ha BIMjaHUETO HAa TeMrepaTypaTa Bp3
MHTEH3UTETOT Ha MaMyKOoBaTa COBMIA C€ M3BPIIEHU CO COOJIBETHU METOAU BO
TMOJICKHU U JTaO0OPaTOPUCKU YCIIOBH.

2.1. IToacku ucTpaxyBamwa

I/ICTpa)KyBaH)aTa C€ M3BPILUCHU HA TPU NOJICKU NPOU3BOJHU JIOKAJIMTETU HA
nunepKa, ofriaeqyBaHa Ha OTBOpeHo, Bo Ctpymuukuot peruoH (ITpocenunkoso,
[MunepeBo u MypTuHO).

3a yTBpAyBame Ha MPUCYCTBO M OpojHA cOCTOjOa HA MOJIOXKEHU jajua €
NpUMEHET BU3YEJHMOT METOJl Ha TperJje] Ha JIoJHATa CTpaHa Ha JIMCTOBUTE,
NnoOJKMCKY 0 1BETOT.

YTBpayBame Ha 6POjOT Ha MOJIOXKEHU jajiia U 6poj Ha UCTIUJICHU JIAPBU Ce
Bpiielte co nperdeq Ha 50 onOpaHu pacTeHUja Off CEKOj MPOU3BOJICH JTOKAIUTET.
KonTponara Ha ofidpaHuTe pacTeHuja ce Bplielle of] MOYeTOK Ha pacajlyBarbe
Ha nunepkata (15.05) mo kpajot Ha Bereraumjata (15.10), Bo unTepBan of 7
JieHa.

[MopaTouure 3a TeMmeparyparta 3a AaJIeHHOT Tepuoji 6ea 3eMeHH Off
MeTeopoJiolikaTa ctanuia Bo CTpymuia.

2.2, JIJaGopaTOpuUCKH HCTPaXKyBama

JTabopaTopuckara 00paboTKa Ha MaTepUjaJIoT ce BplIelle KOHTUHYUPAHO
BO TEKOT Ha liejaTa Bererauyja Ha mnunepkata. Bo ma6opartopujaTa ce
Hocellle JIeJl Ofl MCMWICHUTE JIapBU 32 Jla Ce M3BPLIM JeTepMMHALMja Ha
BunioT. JleTrepmuHanujaTa Ha BUJIOT € u3BpileHa Ha Karenparta 3a 3amitura
Ha pacTeHWjaTa M >XXMBOTHaTa cpeguHa — OjpyienieHHe 3a €HTOMOJIOTHja Ha
3emjopenckuoT dakyateT npu YL — Ultumn.

3. Knumartckm yciaoBu

Bo nmepuogor Ha  TpPUrOMILIHWTE WCIUTYyBama Oea  CJEJEHU
METEOPOJIOIIKUTE MOKA3aTEeN 32 CPEJTHOMECEUHU TeMIepaTypu Ha BO3JYXOT
BO I_Ieﬂ3l/lyCOBI/I CTCINEHU U MECEYHU CYMU HA BPHEXKUTE BO MUJIUMETPU.

Cpennara roauiiHa reMmnepartypa Bo Ctpymnukara Kornuna (Tabenal),
3a nepuop of pecet ropuau 2001/2011, uznecysa 13,4°C.

Cnopen mopatouuTe Bo Tabena 1 Moxke Ja ce KOHCTaTupa feka
CPE[IHOMECEUHUTe TEMIIEPATypy Ha BO3IyXOT C€ HAJHUCKU BO MPBUTE MeCeUU
of] cekoja ropuHa, oqHOcHO Bo janyapu (of -0,3°C Bo 2012 ropuna, 3.4°C Bo

115



lopumen 36opauk 2015
Yearbook 2015

Vuusepsurer ,,loue Hemdes” — Lltun, 3emjonerncku dhaxyarer
Goce Delcev University — Stip, Faculty of Agriculture

2013 ropuna no 4,7°C Bo 2014 roguna), a HajBucoku Bo jynu (27,6 Bo 2012
ropuHa, 23,6°C Bo 2013 no 24,1°C Bo 2014 ropuna). Cnopeyi mogaTouuTe Of
TabesnaTa, CpeqHOrouIlIHUTE Temnepatypu ce iuKat 13,7°C Bo 2012 ropuHna,
14,1°C Bo 2013 ropuna u 13,8°C Bo 2014 ropuHa.

Ta6ena 1. CpeHomeceunn Temnepatypu Bo LlensunycoBu crenenn
Table 1. Average month temperatures in Celsius degrees

Mecenu / Months T'on. Cpen

T'on. cyma roj
Year I Im | ur | Iv V | VI | VII |VIII | IX X | XI | XII [Ha Temn./
Temn./ |Average

Year year

sum of |temp.

temp.

2012 031081 9,1 [135 (17,7240 (27,6 |25,1 |20,6 [153 (9,6 | 1,5 | 5000,5 13,7
2013 34 |61 |88 [153 20,1 |220 (23,6 (258|190 (135 |98 | 19 |51465 14,1
2014 |47 |75102 [12.8 | 174 [21,7 | 24,1 |240 | 182 [ 134 (95| 15 | 51395 | 136
200172011 | 21 39| 8,0 | 13,0 | 185|227 (255 (249|190 |135|73| 30 | 47835 | 134

4. Pe3yaratu v qUCKycHuja
NcnuryBamara Oea BpLIEHM HAa TpU JoKanuTeTdh Bo CTPyMUUKHOT
peruoH u Toa Bo peoHute Ha cenarta [Ipocenukoso, ITunepeso u MypTuHoO.
Pesynrature of ucnuTyBamarta ce fgaieHu Bo Tabenure 2, 3 u 4.

Ta6ena 2. [Ipoceuen 6poj Ha JIapBU Off TAMyKOBaTa COBHUIIA TI0
JokanureTy u Meceuy Bo 2012 ropuHa
Table 2. Average number of cotton bollworm larvae by localities

and months in 2012

Jlokanurer
Locality | IIpocennkoso IIunepeso MypTuHo BkynHo

Mecen Prosenikovo Piperevo Murtino Total
Month
v 3 2 6 11
VI 7 7 10 24
VII 64 60 71 195
VIII 65 63 78 206
IX 13 15 21 49
X 8 5 11 24
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TaGena 3. [Ipoceuen 6poj Ha JapBU O] TAMYKOBATa COBHUIIA MO
nokamuTeTy 1 Meceny Bo 2013 roguna
Table 3. Average number of cotton bollworm larvae by localities
and months in 2013

Jlokanurer

Locality | IIpoceHukoBo Iunepeso MypTuHo BkynHo
Mecen Prosenikovo Piperevo Murtino Total
Month
\4 7 8 15 30
VI 24 28 33 85
VII 88 93 112 293
VIII 94 98 125 317
IX 26 27 36 89
X 11 13 18 42

TaGena 4. [Tpoceuen 6poj Ha JTApBU Of] TAMYKOBATA COBUIIA MO
JnokamuTeTy 1 Mecenm Bo 2014 roguHa
Table 4. Average number of cotton bollworm larvae by localities
and months in 2014
Jlokanuter

Locality | IIpocenukoBo IMunepeso MypTtuno BkynHo
Mecen Prosenikovo Piperevo Murtino Total
Month
\Y 2 1 3 6
VI 18 21 30 69
VII 44 38 49 131
VIII 53 49 65 167
IX 11 13 16 40
X 5 6 8 19

AHanu3ara Ha NOfATOLMTE JJaIcHN N0 MECEeLM ¥ TO[IMHU, CIope]] TabenuTe
(Tabemu 2, 3, 4) nokaxa jeKka HajMana OpOjHOCT Of JApBUTE HAa MaMyKOBa
COBHIIA, BO CUTE T'OIMHY HA UCTIMTYBakbe, Ma BO Maj. Bo nctnor Mecen (Tabena
1) mpoceunara MeceyHa remMnepatypa ce ipuxku 17,7°C Bo 2012 roguna, 20,1°C
B0 2013 roguna n 17,4°C Bo 2014 ropuna.

Hajronema 6pojHOCT ofi TapBUTE HAa NAMyKOBAaTa COBMLA C€ 3a0esesKaHu
BO aBryCT M BO TPUTE FOJIMHU HA UCTIMTYBame. Bo aBrycT npoceunure Meceunn
temnepatypu ce asmkat: 25,1°C Bo 2012 ropuna, 25,8°C Bo 2013 roguna u
24 0°C Bo 2014 ropguna.
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CriopefieHO 1O T'OfIMHM, HajrojieMa OpPOJHOCT Off JIapBM Ha MamyKoBaTa
coBuna uma Bo 2013 ropuna, 856 enunku, Bo 2012 ropuHa uma BKynHO 509
enuHku, Bo 2014 ropuHa e 3abene’kaH HajMan Opoj of JapBu, 432 efuHKH.
CpenHorofuiHaTa TemnepaTtypa Bo oBue roaunu ce: 13,7°C Bo 2012 roguna,
14,1°C Bo 2013 roguna u 13,6°C Bo 2014 roguna.

5. 3akay4ok

Op M3BpIICHNTE UCTIUTYBAkATA 32 yTBPAYBahE HA MHTE3UTETOT Ha T0jaBa
Ha MamyKoBaTa COBHMIIA 3aBHUCHO Of TEMIEpaTypUTe MOXKE Jia TO 3aKIyuume
CJIE[IHOTO:

— HajrosemMa OpOJHOCT Ha MCINWJIEHW JIapBM Off MaMyKoBaTa COBMIA,
CHOpENIeHO M0 Mecelly, MMa BO jyJIU U aBryCT, Kora UMaMe W HajBUCOKU
CPEJTHOMECEUHU TeMIepaTypH;

— HajrosieMa GPOjHOCT HA UCTIWJICHU JIapBu 1o roguxu uma Bo 2013 ropuHa
KOTa M CPeJJHOTOJIMIIHATA TeMIIepaTypa e HajrojiemMa;

— HajManma OpojHocT mma Bo 2014 ropguHa Kora CpeHOroMIIHATa
TeMIrepaTypa e HajMaJa.
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METO/U 3A ONIPEJENYBABE HA SO, 1 PETYIIUPAYKHA
HEKEPU BO BUHA U AJIKOXO.]IHI/I IMNJAJAIII

Buonera NBanosa-Ilerponynoc'*, [Iparana Ilerpymesa’,
Cama Murpes'

AnctpakTt: Bo oBa ucTpaxyBame 0ea ONTUMU3MPAHU W BATWAMPAHU
BOJIyMETPUCKUTE METOAM 3a ompefienyBarbe Ha SO, (CI00OAEH U BKYNEH) U
penyuppavKy leKepy BO BUHA U aJIKOXOJTHU NUjajany. JInHeapHOCTa, TOUHOCTA
U TIpeuyM3HOCTa Ha MeToauTe Oelle TMOTBPJeHA CO MPUMEHA Ha CTaHJapjHU
pactBopu ofi SO, u pefyuupauku mekepu (hpyKTo3a U IMKO3a) NOArOTBEHN
BO ONpeJielieH KOHIEHTPALMCKK OMCer, KaKO M CO HUCKH, CPEJHM M BUCOKHU
KOHIIEHTpaluu. [JOMONHUTETHO, TOYHOCTA HAa METOuUTe Oellle MpoBepeHa Cco
MeTojlaTa Ha cTaHjapyHu AopaTouu. IToBTopanBocTa M penpopyuuouIHOCTA
Ha MeTojTe 6ea MOTBPJIEH! CO MOBTOPEHM aHAIN3a HA PEealHi PUMEPOLI Of
BUHA U AJIKOXOITHU Njanauy. Pe3ynrarure ofi aHanu3uTe OTBP/M]ja IeKa IBETe
METOJM C€ TOYHU M MPELM3HH 1 CEe COOJIBETHH 32 aHAIIN3a Ha BUHA U aJTIKOXOJIHU
npujanaayy.

Kuyunn 360posn: SO, pedyyupauxiu wekepu, 6UHO, AAKOXOAHU NUJANAYU,
saauoauuja.

METHODS FOR DETERMINATION OF SO, AND REDUCING
SUGARS IN WINES AND ALCOHOLIC BEVERAGES

Violeta Ivanova-Petropulos**, Dragana Petruseva?, Sasa Mitrev>

Abstract: In this study, volumetric methods for determination of SO,
(free and total) and reducing sugars in wines and alcoholic beverages were
optimized and validated. The linearity, accuracy and precision of the methods
were confirmed using standard solutions of SO, and reducing sugars (fructose
and glucose) prepared in appropriate concentration range, as well as with low,
medium and high concentrations. Additionally, the accuracy of the methods
was checked by standard additions. Repeatability and reproducibility of the
methods was confirmed with repeated analyses of real samples, wines and

1 Yuusepsuret ,,[loue [lenues”, 3emjopencku gaxynret — Hlun, Penybmika Makenonuja

2 University “Goce Delev”, Faculty of Agriculture — Stip, Republic of Macedonia
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alcoholic beverages. Obtained results for both methods presented satisfactory
accuracy and precision, suggesting that these methods are appropriate for
analysis of wines and alcoholic beverages.

Keywords: SO, reducing sugars, wine, titration

1. Introduction

Quality control of wines and alcoholic beverages is very important to
be performed during the production as well as on the final product. One of
the parameters responsible for the quality of wines is the content of SO,.
The use of SO, in winemaking is due to its ability as an effective antoxidant,
preventing oxidation, antimicrobial agent, potential for bleaching the pigments
and elimination of unpleasant odours. SO, can selectively act against the wild
yeasts, which come from the grape skin or equipment in the winery, and
stop their activity. Sulfur dioxide can be added in a form of a salt, potassium
metabisulphate (K,S,0,), which can be ionized in acid media, releasing
gaseous SO,. Only free SO, possesses antiseptic and antioxidant properties.
Higher amounts of SO, negatively influence the wine quality (flavor and taste)
(Ivanova-Petropulos & Mitrev, 2014). The content of SO, (free and total) is
usually determined by iodine titration, according to the Ripper’s method (Vahl
& Converse, 1980), using standard solution of iodine in presence of stretch as
an indicator and sulfuric acid. Before titration, solution of NaOH is used in
order to release the bound SO,.

The main carbohydrates in grapes and wine are glucose and fructose,
usually called “reducing sugars”. During the fermentation, reducing sugars
are broken down by the action of the yeast, forming an alcohol (ethanol)
and carbon dioxide. For determination of reducing sugars in must and wine,
chemical methods usually are based on reduction-oxidation (redox) reactions
between sugars and Fehling’s solution, according to the Shorl’s method.
Fehling’s solution contains copper (II) ions that can be reduced by some sugars
to copper (I) ions (Ivanova-Petropulos & Mitrev, 2014).

The aim of this work is validation of volumetric methods for determination
of SO, (free and total) and reducing sugars in wines and alcoholic beverages,
and then, application of the methods on real samples.

2. Materials and methods

2.1. Reagents

Standard solution of SO, and standards of glucose and fructose were
purchased from Sigma Aldrich (St. Louis, MO). All other reagents used were
with analytical grade of purity.
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2.2. Wines and alcoholic beverages

In total, ten different red and white wines from various varieties (vintage
2015) and three alcoholic beverages (yellow brandy, white brandy and mastika)
(produced in 2015) were analyzed.

2.3. Determination of SO,

Free SO,. A volume of 50 mL wine or brandy was transferred to flask of
250 mL, followed by addition of 10 mL 25 % (v/v) solution of sulfuric acid
(1+43) and 2-3 mL 1 % solution of stretch as an indicator. Sulfuric acid is added
since the oxidation in acid conditions is more intensive. The prepared sample
was titrated with a standard solution of iodine with concentration of 0.01 mol/L
until the endpoint of titration (change of color to dark-blue for the wine and
yellow for the brandy). The following equation was used for calculation of the
content of free SO, (Ivanova-Petropulos & Mitrev, 2014):

Free SO, /mg/L = V(L) - ¢(L)) - M(SO,) - 1000/V(wine)
Free SO /mg/L = V(L)) - 12.8

Total SO,. A volume of 25 mL solution of 1 M NaOH was transferred to
the flask of 250 mL, followed by addition of 50 mL sample (wine or brandy).
The sample was mixed, flask was closed with a rubber stopper and left for 10
min in a dark place. Then, 10 mL of 25 % (v/v) solution of sulfuric acid (1+3)
and 2-3 mL 1 % solution of stretch were added. The sample was titrated with a
standard solution of iodine (0.01 mol/L) until the endpoint of titration (change
of color to dark-blue). The following equation was used for calculation of the
content of total SO, (Ivanova-Petropulos & Mitrev, 2014):

Total SO, /mg/L = V(L) - ¢(L) - M(SO,) - 1000/V (wine)
Total SO /mg/L = V(L) 12,8

The content of SO, (free or total) can be directly read out from Table 1,
using the consumed volume of I, for titration of the sample.

2 4. Determination of reducing sugars

For determination of reducing sugars, 1 mL sample (wine or brandy) was
transferred to 100 mL flask, followed by addition of distilled water to the mark.
Then, 10 mL of the diluted sample was transferred to a flask (250 mL) that
contained 10 mL Fehling I and 10 mL Fehling II solutions. The flask with the
sample was heated on a moderate temperature until boiling temperature (or
until appearance of 1-2 bubbles), followed with a change of color to red-brown
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(depending on the sugar content in the sample). After the heating, flask was
cooled down (under tap water), and then, 10 mL of 20 % (m/v) solution of KI
and 10 mL of 25 % (v/v) sulfuric acid were added to the flask. The flask was
closed with a rubber stopper and left in a dark place to stand for 2-3 min. Then,
a volume of 2-3 mL of 1 % (m/v) solution of stretch was added and the sample
was titrated with 0.1 mol/L solution of Na,S O, until change of the color from
yellow-brown to milky-white. Previously, a blank sample should be prepared
and titrated in a same way as the sample, using distilled water (20 mL). The
total consumed volume of Na S ,O, was calculated as a difference between the
volumes of Na,S O, consumed for titration of the blank and sample:

V(Na,$,0,) = V(Na,S,0,), - V(Nas.0,)

blank sample)

and used for determination of the sugars content, using the Table 2
(Ivanova-Petropulos & Mitrev, 2014).

Table 1. Table for SO, (mg/L) in wine and alcoholic beverage

V({L)/ 0 1 2 3 4 5 6 7 8 9
mL
0 0.00 1.28 2.26 3.84 5.12 6.40 7.68 8.96 1024 | 11.52
1 12.80 | 14.08 | 1536 | 1664 | 1792 | 1920 | 2048 | 21.76 | 23.04 | 24.32
2 25.60 | 26.88 28.16 2944 | 30.72 | 32.00 | 33.28 34.56 35.84 | 37.12
3 3840 | 39.68 | 4096 | 4224 | 4352 | 4480 | 46.08 | 4736 | 48.64 | 4992
4 51.20 | 5248 | 53.76 | 55.04 | 56.32 | 57.60 | 58.88 | 60.16 | 6144 | 62.72
5 64.00 | 6528 | 6656 | 67.84 | 69.12 | 7040 | 71.68 | 7296 | 7424 | 7552
6 76.80 | 78.08 79.36 80.64 | 8192 83.20 84.48 85.76 87.04 | 88.32
7 89.60 | 90.88 | 92.16 | 9344 | 9472 | 96.00 | 97.28 | 98.56 | 99.84 | 101.12
8 102.40 | 103.68 | 104.96 | 106.24 | 107.52 | 108.80 | 110.08 | 111.36 | 112.64 | 113.92
9 11520 | 11648 | 117.76 | 119.04 | 120.32 | 121.60 | 122.88 | 124.16 | 12544 | 126.72
10 128.00 | 129.28 | 130.56 | 131.84 | 133.12 | 134.40 | 135.68 | 136.96 | 138.24 | 139.52
11 140.80 | 142.08 | 143.36 | 144.64 | 14592 | 147.20 | 148.48 | 149.76 | 151.04 | 152.32
12 153.60 | 154.88 | 156.16 | 157.44 | 158.72 | 160.00 | 161.28 | 162.56 | 163.84 | 165.12
13 166.40 | 167.68 | 168.96 | 170.24 | 171.52 | 172.80 | 174.08 | 175.36 | 176.64 | 177.92
14 179.20 | 180.48 | 181.76 | 183.04 | 184.32 | 185.60 | 186.88 | 188.16 | 189.44 | 190.72
15 192.00 | 193.28 | 194.56 | 195.84 | 197.21 | 198.40 | 199.68 | 200.96 | 202.24 | 203.52
16 204.80 | 206.08 | 207.36 | 208.64 | 209.92 | 211.20 | 212.48 | 213.76 | 215.04 | 216.32
17 217.60 | 218.88 | 220.16 | 221.74 | 222.72 | 224.00 | 225.28 | 226.56 | 227.84 | 229.12
18 23040 | 231.68 | 232.96 | 234.24 | 235.52 | 236.80| 237.08 | 238.36 | 239.64 | 240.92
19 24320 | 244.48 | 245.76 | 247.04 | 248.32 | 249.60 | 250.88 | 252.16 | 253.44 | 254.72
20 256.00 | 257.28 | 258.56 | 259.84 | 261.12 | 262.40 | 263.68 | 264.96 | 266.24 | 267.52
21 268.80 | 270.08 | 271.36 | 272.64 | 273.92 | 257.20 | 276.48 | 277.76 | 279.04 | 280.32
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Table 2. Table for reducing sugars (g/L) in wine and alcoholic beverage

V(NasS,0,)/ 0 1 2 3 4 5 6 7 8 9
mL
0 0.0 03 0.6 1.0 1.3 1.6 1.9 22 2.6 2.9
32 35 3.8 42 4.5 4.8 5.1 5.4 5.7 6.1
2 6.4 6.7 7.1 14 1.1 8.1 84 8.7 9.0 94
3 9.7 100 [ 104 [ 107 [ 110 | 114 [ 11.7 | 120 | 123 | 127
4 130 | 133 | 137 | 140 | 144 | 147 | 150 [ 154 | 157 | 16.1
5 164 | 167 | 171 | 174 | 178 | 181 | 184 | 188 [ 19.1 [ 19.5
6 198 | 20,1 [ 205 [ 208 | 212 [ 215 [ 218 [ 222 [ 225 [ 229
7 232 | 235 [ 239 | 242 [ 246 | 249 | 252 | 256 | 259 | 263
8 265 | 269 | 273 | 276 | 280 | 283 [ 286 | 290 | 293 | 297
9 299 | 303 | 307 | 310 | 313 [ 31,7 [ 32,0 | 327 | 327 | 330
10 334 | 337 | 341 | 344 | 348 | 351 | 354 | 358 | 36.1 | 365
11 368 | 372 | 375 | 379 | 382 | 386 | 389 | 393 | 396 | 40.0
12 403 [ 407 | 410 | 414 | 417 | 421 | 422 | 428 | 43.1 | 435
13 438 | 442 | 445 | 449 | 452 | 456 | 459 | 463 | 466 | 470
14 473 | 477 | 480 | 484 | 487 | 49.1 | 494 | 498 | 50.1 | 50.5
15 508 | 512 | 515 1 519 | 522 | 52,6 | 529 | 533 | 53.6 | 54.0
16 543 | 547 | 550 | 554 | 558 | 562 | 565 | 568 | 57.3 | 57.6
17 580 | 584 | 588 59.1 59.5 599 | 603 1 607 | 610 | 614
18 618 | 622 | 625 | 629 | 633 | 637 | 640 | 644 | 648 | 65.1
19 655 | 659 | 663 | 667 | 671 | 675 | 67.8 | 682 | 686 | 69.1
20 604 | 698 | 702 | 706 | 710 | 714 | 717 | 72.1 725 | 729
21 733 1 737 | 74.1 745 [ 749 | 753 | 756 | 760 | 764 | 76.8
22 772 1 776 | 780 | 784 | 788 | 792 | 79.6 | 80.0 | 804 | 80.8
23 812 | 81.6 | 80 | 824 | 828 | 832 | 836 | 840 | 844 | 84.8
24 852 | 856 | 86.0 | 864 | 868 | 872 | 87.6 | 88.0 | 884 | 88.8
25 892 | 896 [ 900 1 904 [ 908 [ 912 [ 91.6 [ 92.0 [ 924 [ 92.8

3. Results and discussion

3.1. Methods validation
Linearity, accuracy, precision, repeatability and reproducibility were
checked for SO, and reducing sugars in wine and brandy using standard

solutions of SO2

and carbohydrates (glucose and fructose), respectively.

Linearity. The linearity data for determination of free SO,, total SO, and
reducing sugars are presented in Table 3. Linearity was satisfactory in all cases
with correlation coefficients (R?) of 0.999.

Table 3. Intercept, slope and correlation coefficients (R*)

Compound Intercept Slope R? Range
Free SO, 0.4305 0.9933 0.9999 0-500 (mg/L)
Total SO, 0.3510 0.9957 0.9999 0-500 (mg/L)

Reducing sugars 0.0611 0.9985 0.9998 0-100 (g/L)

Reducing sugars: glucose+fructose
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Accuracy and precision. The intra-day and inter-day accuracy and
precision were determined with titration of standard solutions of SO, and
reducing sugars with low (5 mg/L), medium (25 mg/L) and high concentration
(50 mg/L), as presented in Table 4. For determination of intra-day accuracy and
precision, freshly prepared solutions were used, analyzed immediately, in 10
repetitions during one day. Inter-day accuracy and precision were determined
with titration of the standard solutions during 10 consecutive days.

The accuracy was expressed with a relative error of the determined
concentration compared with the true (nominal) value. Satisfactory results are
considered when relative error is lower than 20 % for low concentrations and
lower than 10 % for high concentrations.

Precision was expressed as a relative standard deviation (RSD).
Satisfactory results are considered when RSD is lower than 20 % for low
concentrations and lower than 10 % for high concentrations.

The relative errors for inter-day and intra-day accuracy for SO, ranged
between -0.8 to 6 % and -10.4 to -2.4, while for the reducing sugars were -0.8
to -4 and -2.8 to 1.2, respectively (Table 4). These results confirmed that the
suggested are accurate and convenient for quantitative analysis of SO, (free
and total) and reducing sugars.

Table 4. Intra- and Inter- day accuracy and precision data for standard solutions of
SO, and reducing sugars (n=10)

SO, Reducing sugars
Sample 5 mg/L 25 mg/LL 50 mg/L 5 mg/L 25 mg/LL 50 mg/L
Found ¢, Found e, Found e, |Found ¢, Found e, Found e,
(%) (%) (%) (%) (%) (%)
Inter- day accuracy and precision
<x> 470 60 252 -08 503 -0.6 [52 -4 252  -08 519 -22
SD 0.75 0.74 0.73 0.17 0.35 0.74
RSD (%) |15.8 2.93 1.46 3.33 1.39 1.44
Intra- day accuracy and precision
<x> 552  -104 260 -40 512 -24 |51 -2 257 28 494 12
SD 0.73 0.74 1.28 0.30 0.72 0.56
RSD (%) |13.1 2.84 2.5 5.88 2.81 1.11

Labels: <x> - average value of ten repetitions, SD — standard deviation, RSD —
relative standard deviation

Additionally, the accuracy of the methods was checked using standard
addition method. Samples, including red wine, white wine and brandy,
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previously analyzed, were spiked with appropriate volumes of the standard
solutions of SO, and reducing sugars (glucose and fructose) with concentration
of 5, 10 and 50 mg/L for each standard. Obtained results for the recovery were
satisfactory recovery ranging from 94.8-102% (Table 5), confirming that
methods are accurate and convenient for quantitative analysis.

Table 5. Results from the standard additions method for checking the accuracy of the
volumetric methods for determination of SO, (free and total) and reducing sugars in
wine and brandy (n = 3)

v (Free SO.) v (Total SO.) ¥ (Reducing sugars)
WSl:;le d‘:rl(l;e Calculated Found Recovery, Calculated Found  Recovery, Calculated Found Recovery,
addition /mg/L /mg/L % /mg/L /mg/L % /mg/L /mg/L %
I 40.85 39.68 97.1 97.16 96.0 98.8 6.60 6.40 96.9
11 45.85 46.08 100.5 102.1 99.84 97.7 11.6 11.0 94.8
11 85.85 8448 985 1422 140.1 99.0 51.6 50.8 984
Red wine
1 19.08 20.48 107 63.88 62.72 98.2 7.20 7.40 102.7
11 24.08 2431 101 68.88 70.4 102 122 12.0 98.3
1 64.08 6272 978 108.8 106.2 97.6 522 52.6 100.7
Brandy
1 6.28 6.4 101.9 8.84 8.96 101.3 8.50 8.40 98.8
1I 11.28 11.52 102.1 13.84 12.8 925 13.5 13.7 101.5
111 51.28 4992 973 53.85 53.76 99.8 53.5 52.9 98.9

Repeatability and reproducibility. Repeatability was checked with 10
repetitions in one day, while reproducibility was checked with 3 repetitions in
3 consecutive days, both performed on real samples (white wine, red wine and
brandy) (Table 6).

Values for the standard deviations were very low for all methods, ranging
from 0.15 to 0.70 for repeatability and 0.13 to 0.75 for reproducibility,
confirming that methods are accurate and can be applied for determination
of SO, (free and total) and reducing sugars in white wines, red wines and
alcoholic beverages.
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Table 6. Results for repeatability and reproducibility of SO, (free and total) and
reducing sugars in white wines, red wines and alcoholic beverages

S ! Content of Content of Content of reducing
amples free SO, /mg/L total SO /mg/L sugars/g/L
White wine Repeatability (10 replicates in one day)
<x> 338 749 1.15
SD 0.66 0.70 0.15
RSD (%) 1.95 0.94 13.7
Red wine
<x> 15.8 41.8 2.81
SD 0.66 0.62 0.15
RSD (%) 4.17 1.47 5.16
Brandy
<x> 2.16 3.68 13
SD 0.31 0.49 0.15
RSD (%) 14.2 13.6 11.1
White wine Reproducibility (3 replicates x 5 days)
<x> 335 75.1 1.24
SD 0.57 0.75 0.13
RSD (%) 1.7 0.99 10.8
Red wine
<x> 15.6 419 2.84
SD 0.57 0.57 0.13
RSD (%) 3.67 1.36 4.72
Brandy
<x> 2.06 3.52 13
SD 044 0.70 0.13
RSD (%) 21.1 20.0 10.3

<x> - average, SD — standard deviation, RSD — relative standard deviation

3.2. Application of methods for analysis of wines and brandies

Validated volumetric methods for determination of free and total SO,
and reducing sugars were applied on real samples, including white wines
(Smederevka, Chardonnay, Riesling, Muscat Ottonel and Sauvignon blanc),
red wines (Vranec, Merlot, Cabernet Sauvignon, Pinot Noir and StanuSina) and
alcoholic beverages (yellow brandy, white brandy and mastika). All wines were
protected from oxidation and microbial contamination, containing sufficient
levels of free and total SO, (free SO,: 20.48 to 47.37 mg/L for white wines and
10.24 to 26.88 for red wines; total SO,: 88.32 to 112.6 for white wines and 44.8
to 65.28 for red wines). All wines were considered as dry wines, presenting low
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values of reducing sugars, ranging from 1 to 2.9 g/L). Brandies also contained
low levels of sugars (0.3 to 3.8 g/L). Results were in accordance to previous
published data for Macedonian wines (Ivanova-Petropulos et al. 2015).

Table 7. Content of SO, (free and total) and reducing sugars in wines and alcoholic

beverages
Wines Free SO, Total SO, Reducing sugars
(mg/L) (mg/L) (g/L)
White wines
Smederevka 42.24 112.6 29
Chardonnay 30.72 98.56 1.6
Riesling 35.85 88.32 1.3
Muscat Ottonel 20.48 1024 1.9
Sauvignon blanc 47.37 90.88 2.6
Red wines
Vranec 15.36 44 .80 29
Merlot 21.76 60.16 29
Cabernet Sauvignon 10.24 65.28 1.3
Pinot Noir 11.52 49.92 10
StanuS$ina 26.88 60.16 1.3
Alcoholic beverages
White brandy 1.28 3.84 03
Yellow brandy 1.28 3.84 2.2
Mastika 2.26 5.12 3.8

4. Conclusion

Volumetric methods for determination of SO, (free and total) and reducing
sugars in wines and alcoholic beverage were checked. Validation parameters
confirmed its accuracy and precision. These methods are fast and very easily
available in every laboratory. These methods are widely applicable in wineries
for control of the content of SO, and sugars during the wine production. The
content of SO, was higher in the white wines compared to the red wines since
white wines are easily oxidizable and therefore higher dose of SO, is needed for
protection of oxidation. All wines were dry, containing low value of reducing
sugars (< 5 g/L).
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IIperaenen Tpyna YK 633.1(497.7)

MMPOU3BOACTBO N BACTAIIEHOCT HA XKUTHUTE
PACTEHUJA BO PEITYBJIUKA MAKEJOHUJA

Mure Unnesckn', Iparnua Cnacosa', Jbymuo Muxajios’,
Hyman Cnacos', Hatanuja Mapkosa Pyxnuk', Bepuua Unuesa!,
Enennna Co¢ujanosa’

Kparok n3Bagok: [IpounssoscTBoTo Ha >kuta Bo Peny6smka Makeyionuja
(2014 ronuHa) ce ocTBapyBa CO MPOU3BOJICTBO HA 3pHO of mueHuna (287.454 t),
jaumen (153.055 t) u muenka (136.930 t). *Px, opu3s u oBec ce npousBeiyBaaT
BO MOMaJi KOJIMYUHU.

ZKuTHuTe pacTeHMja He ja 33/J0BOJTyBaaT joMalllHaTa nodapyBayka, nako
THE MMaaT CTPATEUIKO 3Ha4yeHe M ce Haj3acTtaneHu KyaTypu. [TyeHunara e
JOMMHAHTHA >KUTHA KYyJATypa Koja 3adpaka noBeKe Off MOJIOBMHA Off BKyMHaTa
3acajieHa MOBPIIMHA CO XKUTHU KYJITYPH, TOTOA CJIE[IN jJaUMEHOT CO MPUOIMKHO
24% w myeHkara co okoiy 17% o BKyMHOTO 00pabOTIMBO 3€MjHILLTE.

JauMeHOT 1 MueHKaTa HajuecTo ce KOPUCTAT KAKO CTOYHA XpaHa, HO UCTO
TaKa rojieM JieJl Off MUCHULATa ce KOPUCTH KaKO CTOYHA XpaHa, 0OCOOEHO BO
cemejHuTe papmu. IIpoceyHOTO roMIIIHO MPOU3BOJICTBO HA XKUTHU KYJATYPH €
okony 546.760 TOHM CO MPOCEUEH NPUHOC HA CUTE KUTHU KYJITYPU HA OKOIY
3,38 t/ha.

Kuyunu 360poBu: npou3soocmeo, seuma, nPUHOC, NOBPUUHA, PACTEHUA.

PRODUCTION AND BALANCE AMONG OF CEREAL PLANTS IN
REPUBLIC OF MACEDONIA
Mite Ilievski®, Dragica Spasova’, Ljupco Mihajlov?, Dusan Spasov?,
Natalija Markova Ruzdic?®, Verica Ilieva®, Elenica Sofijanova*

Abstract: Grain production in the Republic of Macedonia is accomplished
by producing a grain of wheat (287 454 t), barley (153 055 t) and maize (136
930 t). Rye, rice and oats are produced in a smaller quantities.

! 3emjopencku daxynrer, Yuusepsurer ,,Loue Jdemues”, Iltun
Exkonomcku dakynreT, YuusepsuteT ,,['oue Hdenues”, Ultun

3 Faculty of Agriculture, ,,Goce Delchev” University, Stip, Macedonia

*Faculty of Economy, ,,Goce Delchev” University, Stip, Macedonia

129



lopumen 36opauk 2015 Yuusepsurer ,,l one emauen” — Lltum, 3emjonencku dakynrer
Yearbook 2015 Goce Delcev University — Stip, Faculty of Agriculture

The cereal plants do not satisfy the domestic demands, even though
they have strategic significance and are the most present crops. Wheat is the
dominant cereal that takes up more than half of the total planted area with
cereal crops, and it is followed by barley with approximately 24% and maize
by around 17% of the total arable land.

Barley and maize are mostly used as feed, but also a large part of wheat
is used as feed, especially in the family farms. There is an average annual
production of cereal crops of about 546 760 tons with an average yield of all
cereal crops of about 3,38 t/ha.

Key words: production, cereals, yield, area, plants.

1. Bosep

XKutara ce MHOry 3HauajHa rpyrna Ha HUBCKU KYJITYpHU pacTenuja [1].
Op BkymHaTa 3eMjofiesicka nospiirHa Bo Peny6nmka Makeponuja (1.263.000
ha), 40,46% e o6pabdorauBo 3emjuire (511.579 ha) [3]. Ckopo 81% on
00pabOTIMBOTO 3EMjHUILITE € CO OPAHULM M OaBYM, Off KOM TOJ] SKUTHU KYJITYpPH
ce 38,98% umu 160.988 ha [3]. [Tuenunata e Ha MPBO MECTO MO MOBPILIMHA Off
CUTE KUTHU pacTeHuja.

2KutHuTe pacTeHMja UMaaT MHOTyCTpaHa MpUMEHa, M TOoa 3a MCXpaHa
Ha JIyfeTo, JOMAallHUTe >KMBOTHM M NpepaboTyBaukara uHpyctpuja [S].
[Tpoun3BOACTBOTO Ha 3pHO Of1 >KUTHUTE PACTEHHUja HE ja 3a[J0BOJTYBa JJOMAILIHATA
nobapyBauka, Mako THE MMaaT CTPATElIKO 3HAauele M Ce Haj3acTaneHu
pacTeHuja BO pacTUTEIHOTO MPOU3BOJICTBO Kaj HAC.

OBue cocTojOU ce pe3ynTaT Ha HEKOJIKY MPUYMHU, Mery KOMU:

—  KOpHUCTEH€ Ha HecepTU(ULMPaH HUICKONPUHOCEH CEMEHCKN MaTepHjal;
— HECOOBETHA MPUMEHA HA arpOTEXHUYKHU MEPKU (KaKO ITO € JOIUHECHE CO

HAaBPEMEHOTO NPUXPaHyBalke BO COOJBETHA €Tana Off OpraHOreHeTCKUOT

Pa3BUTOK Kaj XUTHUTE PAaCTEHH]a);

— HETIOBOJIHM KJIUMATCKUTE YCJIOBU — Cylla (nopa)m HENOCTUroT, HO "

HeCOOJIBeTHA ynoTpeba Ha CUCTEMHTE 32 HABOJIHYBAE);

— ynorpeba Ha cTapa MeXxaHu3aluja;
— cjaba ynoTpeba Ha Cpe/ICTBa 32 3allITUTA Ha PACTEHUjaTa U pyro.

3a ocTBapyBam€ Ha BHMCOKO U CTaOWJIHO MPOM3BOJICTBO BO rosiema
MEpa BJll/IjaaT " MOYBCHO KIIMMATCKUTE YCJIOBU HA PEOHOT, HO U CTECIICHOT Ha
ynorpebeHaTa arpoTeXHUKaTa.

ArpOoTeXHMYKNUTE MEPKM CO YMjalllTO MPHUMEHa MOXKAT Jia ce OCTBapar
MOr0JIEMU MMPUHOCH C€, Mel'y OCTaHATUTE, U IPABUJICH 300D HAa MPETKYJTYpaTa,
OfIIIe/lyBamb-e BO MJIONIOPE]] U OfI0ETHYBahe Ha OfiIJIelyBale BO MOHOKYJITYpa
U NPETKYJNTYPU KOM JOLHA Ce NMPUOMPAAT U OHEBO3MOXYBAAT MPUP>KYBaHE
KOH ONTUMAJIHUTE POKOBU Ha cem16a, MpaBUJICH 1/1360p Ha COpTU, KBAJIMTETHA
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o0paboTKa Ha MoYyBaTa, KOPUCTEHE€ Ha ONTUMAJHM KOJMYMHM Ha CeMme,
ycorjacyBabe Ha [IONOJIHUTEHATa MUCXPaHa Ha pacTeHWjaTa CO NPUPOAHATA
TUIOJHOCT HA MoyYBaTa, OfrJie/lyBatbe Ha OTMOPHU MEHOTUIOBM Ha IITETHWLH,
60JIeCTH U TIIeBEJ U Jipyro [2].

Bo npou3BofcTBOTO Ha KUTHUTE pacTeHuja Bo Peny6nuka Makenonuja
OBME MOMEHTHM YECTONMaTH He ce IMOYMTYBaaT, IITO AWPEKTHO BOJIM KOH
HaMaJlyBamwe Ha MPOCEYHUTE MPUHOCH MO eJMHULA MOBPIIVHA.

Bo Peny6nuka MakeyioHuja noctojaT Majyd pas3yiMKM BO MOCTUTHATUTE
MPOCEYHN PUHOCH Off 3eMjOJICJICKUTE NMPETIPUjaTHja U CeMEJHUTE hapMHu.

2. [Ipupopnu yciioBu 3a NpOU3BOACTBO HA JKUTHUTE PacTeHUja

Bo Peny6suka Makefonrja nocTou MOXKHOCT 3a OfrJIeyBamke Ha CUTE
>KUTHU PacTeHH]a.

3umMckuTe (POPMHU Ha >KUTA TMOJHECYBaaT MHOTY MOHMCKM TeMIepaTypu
Bo crnopenda co mposietHute [S5]. Kaj 3umckute opmMu onTUMyMOT 3a
MOMUHYBaH-e Ha MPBUOT BeretanuoneH nepuop e of 0 no 15°C. Bo nogouHuoT
NepuoJ Ha pa3Boj, a MOCceOHO BO (ha3a Ha (hOpPMUPaE Ha TeHEPATUBHUTE OPraHU
Y LBETaETO, TMEe UMaaT NoTpeda off MOBUCOKU TEMMEPaTypHu CO ONTUMYM Off
16 no 22°C [6].

HajornopHn >WTHM pacTeHWja Ha HUCKM TEMMEepaTypu ce 'p>KTa U
nmyeHutata. Tue 6e3 cHexkeH MoKpuBay nogHecysaat of -20 go -25°C, a Mmoxke
u noBeke [5]. HajoTmopHu Ha HHMCKU TeMmmepaTypu ce 3uMckuTe popMu Ha
>KHTa BO (peHopaza Ha OpaTeme.

IIpocoBupiHUTE KMTA CE€ MHOTY OCETJMBM Ha HHUCKM TeMIepaTypH.
IIpocoTo, cpakoT, OPM30T U eJjaTa MHOTY TEILKO MOJHECYBa TeMIMepaTypu
nog 0°C, a popmeka myeHKaTa BO peHoa3aTa Ha HUKHEH-E TOJHECYBa
HeraTuBHU Temmneparypu off -2 fo -3°C. ZKutHute pacTeHuja UMaaT rojema
notpeba ofi BOAa U HEj3MHUOT HEOCTUT TelKO ro nogHecysaart [5]. Exen on
TJIABHUTE MPOOJIeMU BO POM3BOJCTBOTO HA SKUTHUTE pacTeHuja Bo Permybmuka
Makenonuja € TokMy 0BOj pakTop. Off BACTUHCKUTE >KUTA HAjUyBCTBUTEITHU
ce OBECOT M 'pyKTa, a MoToa MYEHMLATa U jayMEHOT U Toa BO (peHopa3nuTe
HaJleBahe Ha 3PHOTO U MIIEYHA 3PEJIoCT.

ZKwurara Bo Hajronema Mepa ce OfirJie/lyBaaT Ha CUTE MOYBEHU TUIOBU.

Crniopep; peakypjaTa Ha MOYBEHUOT PAacTBOP THE Ce JIeJaT Ha JIBE TPYIH:
>KUTHU pacTeHHja KOM HOPMAJTHO PAcTaT M BEreTHpaaT Ha HeyTpaJiHa Wil ci1abo
kucena peakuyja (pH 6-7): mueHuua, jayMeH 1 MYeHKa 1 SKUTHA pacTeHrja KOU
NojIHECyBaaT MOLIMPOK MHTepBasl Ha pH BpegHOCT: ’p3K, OBeC, MPOCO M ejla

[6].
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3. IIpouseoacTBo Ha mueHnIa Bo Pemyommka MakenoHuja

3acTaneHocTa Ha BUCOKOMPUHOCHU COPTU U ceupdaTa CcO KBAIUTETEH
CEMEHCKU MaTepHjai € efIeH Off TJIABHUTE (PaKTOPH 32 MOCTUTHYBAH-E Ha BUCOKU
npuHocU off mueHuna [4].

Bo Tabena 1 ce pageHu mnopgaTolM 3a 3acTaneHOCTa, MPUHOCOT U
OCTBapEeHOTO MPOU3BOJICTBO HA MUeHuIa Bo mpoussopuute 2012, 2013 u 2014
FOVHA U NPOCELMTE 3a TPUTOIMIIHUOT NEPUOI.

On nopatoyuTe ce riiefa ieka MOBPLIMHUATE MOJI MUEHUIIA C€ KOHCTAHTHU,
CO MaJli OCUMJIALIMK Of] TOIMHA BO TOJJMHA, HO MOJATOLUMTE 3a MPOCEYHUOT
NPUHOC MO E€IMHUIA MOBPIIMHA MOKAXKyBaaT TEHCHIMja HA 3roJieMyBambe.
IIpoceyHOTO MPOU3BOACTBO HA MUEHWYHO 3PHO 32 TPUTOJUIIHUOT MEPHUO] €
253.959 Tonu. OBaa KoJAMYMHA 33J10BOJYBa OKoJy 55 0 60% on notpedute
Ha Peny6nka Maxkenonuja. OcTaHaraTa KOJM4YMHA c€ ylITe ce 00e30eyBa off
YBO3.

Tadema 1. IlpomsBopcTBo Ha nuennna Bo PemyGmuka Makeponuja cropey
ocuumjanHu nogaTouu o1 [Ip>KaBHUOT 3aBoj1 3a cTaTUCTUKA HA Peny6nuka Makenonuja

Table 1. Wheat production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuopn IToBpmmnna IIpunoc IIpousBoacTBO
(ha) (t/ha) (t)
2012 79 745 2,69 214 963
2013 80 924 3,19 258 960
2014 76 861 3.75 287 954
ITpocek 2012/14 79 176 3,21 253 959

4. IlpousBoacTeo Ha jaumeH Bo Penyoimka Makenonuja

Bo TabGena 2 ce pjajeHu mnojgaToOuM 3a 3acTaneHocTa, MPUHOCOT U
OCTBapeHOTO MPOM3BOJICTBO Ha jauMeH Bo mpousBogaute 2012, 2013 u 2014
TOJIMHA ¥ IPOCELUTE 32 TPUTOANIITHUOT TIEPHO].

TaGena 2. IlpousBojcTBo Ha jaumen Bo Peny6imka Makeyionuja cropey
ochuiMjaTHu ofpaToy off [Ip>KaBHUOT 3aBOJ 3a CTATHCTHKA Ha Pery6mika Makefionnja

Table 2. Barley production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuopn IToBpmmna IIpunoc IIpousBoacTBO
(ha) (t/ha) (t)
2012 41 057 2.20 90 366
2013 38 138 2.99 125 565
2014 41202 3.71 153 055
IMpocek 2012/14 40 132 2.96 122 995
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Op nogarouure ce riea ieKa NOBPLIMHUTE M0/l jAUMEH C€ KOHCTAHTHU, CO
MaJli OCUUJIALIMY Off FOIMHA BO FOJIMHA, HO NOIATOLUTE 3 IPOCEYHUOT IIPUHOC
10 eIMHMLA TIOBPLIKMHA MTOKAXKyBaaT TEH/EHIIM]ja Ha 3rojieMyBabe. [IpoceynoTo
MPOM3BOJICTBO HA jauMEH 3a TPUTOAUIUHMOT nepuop e 122.995 Tonu.

5. IIpoussoacTBo Ha mueHKa Bo Penyonmuka Makenonuja

Bo Tabena 3 ce pageHu mopgaTolM 3a 3acTaneHOCTa, MPUHOCOT U
OCTBapEeHOTO MPOU3BOJICTBO HA MueHKa Bo mpousBofguute 2012, 2013 u 2014
roavHa U nNpoceuuTe 3a TpUroJuIIHNOT NEPUO/[I.

Op nopaTouyTe ce riejia eka NoBpIIMHKUTE TOJ] MYEeHKa ce KOHCTAHTHH, CO
MaJI OCLMJIALIMY Off TOJIMHA BO FOJIMHA, HO MOJIATOLMTE 32 MPOCEYHUOT MPUHOC
N0 e/IMHULA TTOBPILMHA MOKaXyBaaT TeHJISHIM]ja Ha 3rosieMyBatbe. [IpoceqHoTo
MPOM3BOJICTBO HA 3pHO Of] MUEHKA 3a TPUTOUIUIHMOT Tnepuof e 127.967 Tonu.
Ce mpou3sBeyBa Ha MOBPILIMHA Of] OKOJTy 28.413 xekTapu co mpocevyeH NpuHOC
on 4,22 t/ha.

Tadema 3. IlpomsBopcTBo Ha mueHka Bo Peny6mmka Makeonuja cropey
ocuumjanHu nogaTouu o JIp>KaBHUOT 3aBoj1 32 cTaTUCTUKA HA Peny6nvuka Makenonuja

Table 3. Maize production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuopn IHopmuna IIpunoc IIpousBoacTBO
(ha) (t/ha) (t)
2012 29 180 397 115928
2013 25 567 422 131 043
2014 30 493 4,49 136 930
ITpocek 2012/14 28413 422 127 967

6. IIpoussoacTeo Ha opu3 Bo Penyonuka MakenoHuja

Opu30T e KUTHAa KyJITypa KOja BO BKyIHATa MOBPLIMHA TOJ KUTHU
KYJATYpH y4yecTByBa co okony 3%. IIponsBopcTBoTO Ha opn3 Bo Penmy6mmka
MakenoHuja € co joJira TpaulKja Ha OfifJIeyBaHe.

Bo Tabena 4 ce pageHM MOjATOLM 3a 3aCTAleHOCTa, NPUHOCOT U
OCTBapEHOTO IMPOU3BOACTBO Ha opu3 Bo mpousBoguute 2012, 2013 u 2014
rOAMHA ¥ MPOCELMTE 38 TPUTOAUILIHUOT NEPHO.

Cnopen nopgaTouute Ha [Ip>KaBHUOT 3aBOf, 3a CTaTUCTUKA Ha PenyOsuka
Makepnonuja Bo nepuogot of 2012 no 2014 roguHa opu3oT OWI 3aceaH Ha
nospurHa oft 5.096 ha co npoceven npunoc op1 5.702 kg/ha.
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Taoena4.[IponsBoscTBo Ha opu3 Bo Peny6iimka Makeionuja ciopen opuipjanim

noparouu of [Ip>kaBHUOT 3aBoj1 3a cTaTucTUKa Ha Penybnrka Makefonuja

Table 4. Rice production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuon Iospmmna IIpunoc ITIpounzBopcTBO
(ha) (t/ha) ()
2012 4 656 5,23 24 361
2013 4 865 5,92 27921
2014 5174 5,89 30 500
IMpocek 2012/14 5096 5,70 27 594

Bo MakefoHuja opu3oT HajMHOry ce npousBegyBa Bo Kouanckuor
peruon. Ilpepenure okonmy OmmrnHa Kowyanu mmaaT ujpeanHu ycjoBH 3a
NpOM3BOACTBO Ha KBanuTeTeH opu3. IloBosHaTa Kimma, IUIOfHATA MOYBA,
M300MJICTBOTO Ha BOJa M TOMJIMHA I'M npaBatT arapure Ha OnwrrHa Kovann n
Onmwrruna YemmHoBo n O6Je1eBO NOrOAHY 3a OArJIEAyBatbe U POU3BOJICTBO
Ha HajKBAJIMTETHUTE cOpTH Ha opu3. OBnie ce nmpousBeyBaar okoay 95% opn
BKYITHOTO NPOM3BO/ICTBO Ha opu3 Bo Penybnnka Makenonuja.

7. Ipoussoncreo Ha *px Bo Peny6auka Makenonuja

Bo Tabena 5 ce jageHM mnopjaTouM 3a 3acCTaNeHOCTa, NPUHOCOT U
OCTBapeHOTO MPOU3BOACTBO Ha ’pxX BO mnpousBopnure 2012, 2013 u 2014
rOfMHA ¥ MPOCELMTE 38 TPUrOAULIHUOT NEPHOA.

Ta6ena 5. [TpousBojicTBO Ha “p3k Bo Peny6ninka Makejionuja ciopesi opuiujaiHmd
nopraToi off Jp>kaBHUOT 3aBOJI 3a CTaTUCTHKA Ha Peny6mka Makenonuja

Table 5. Rye production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuopn IloBpmmna IIpunoc IIpousBoacTBO
(ha) (t/ha) ()
2012 3767 1,93 7288
2013 3760 2,36 8 898
2014 4380 2,74 11402
ITpocek 2012/14 3969 2,34 9196

Op nopaTouTe ce Iea jieka MOBPIIMHUTE CO 'P3K C€ KOHCTAHTHM, CO
MaJii OCLMJIALIMK Of] FOJIMHA BO TOJIMHA, HO MOJIATOLUTE 3a MPOCEUYHUOT MPUHOC
1o eanHuLa HOBpH_[I/IHa HOKa)K}/BaaT TeH}leHqua Ha 3FOJICMyBaH)C. BKyHHOTO
NPOKM3BOJICTBO BO MOCJI/IHATA FOJIMHA € 3roJieMeHo 3a uesu 4.114 ToHu unu 3a
56% Bo cniopenda co 2012 roguna.
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8. IIpou3BoncTBo Ha oBec BO Penyouka MakenoHnja

Bo Hamiata 3eMja OBECOT IO HeMa 3HAUCHETO KaKO JIPYrUTe >KUTHU
KyaTypu. [ToBpuiHUTE NOJT OBEC C& HAMaJIeH! BO OJIHOC Ha MEPUOOT O] MPef
HEeKOJNIKY fietiennn. OBecoT uMa JIoOpO pa3BUEH KOPEHOB CHUCTEM U YCIieBa
Ha pasjiMyHu MOYBU. HO)IO6pO O1 IPpyruTe KuTa yCrneBa Ha KUCEJ/IM MOYBHU, a
NoJIHeCYBa U BapoBHUYKY No4YBKU. OBECOT Kaj HAC Ce OfIrVIe/lyBa Kako MPOJIETHA
KYJITypa U Ce ceaT MOIMyJIaly U COPTH Of MPOJIeTHUTE (hOpPMHU.

Bo Tabena 6 ce pageHu mopgaTolM 3a 3acTaleHOCTa, MPUHOCOT U
OCTBapEeHOTO MPOU3BOACTBO Ha OBec BO mpousBopuutTe 2012, 2013 u 2014
rofIHA ¥ NPOCeLUTe 32 TPUTOAULIIHUOT NEPUO/.

Ta6ena 6. IIponsBoacTBo Ha oBec Bo Peny6unika MakejioHnja ciopes opuipjanim
noparouu of [Ip>kaBHUOT 3aBOj1 3a cTaTucTUKa Ha Peny6anka Makefonuja

Table 6. Oats production in Republic of Macedonia according to official data
from the State statistical office of the Republic of Macedonia

ITepuopn IloBpmuna IIpunoc IIpousBoncTBO
(ha) (t/ha) (t)
2012 2632 1,49 3898
2013 2789 1,87 5215
2014 2 878 2,10 6 033
Ipocexk 2012/14 2766 1,82 5049

Op mopaTouuTe 32 BKYMHOTO MPOM3BOJCTBO MOXE Jla C€ BUU JIeKa BO
nocJieHaTa roflMHa € 3rojieMeHo 3a uesau 2.135 Touu unm 3a 54,7% Bo cniopenda
co 2012 ropguHa.

9. IIpoceyen mnpuHOC Ha JKUTHUTEe pacTeHHja Bo Penyonmka
Makenonuja

Bo Tabena 7 ce majieHu MOAATOLM 32 MPOCEYHMOT MPUHOC 1O EMHMLA
MOBPLIMHA HAa CUTE 3aCTAlleHU XUTHU pacTenuja Bo PenyOmrka Makenionuja 3a
npouzBopHuTe 2012, 2013 1 2014 rogrHa U TPUTOJUILHUOT MPOCEK.

Ta6ena 7. [IpoceyHHOT MPUHOC TI0 XeKTap of1 XXuTHU pactenuja (kg/ha)
Table 7. Average yield per hectare of cereal plants (kg/ha)

I'opuna 2012 2013 2014 IIpocek
2012/2014

[Muenuia 2 696 3198 3755 3216
Jaumen 2201 2994 3719 2971
[MTuenka 3973 4223 4495 4230

Opwus 5232 5992 5 895 5706

“Px 1930 2 360 2 740 2 340

Osec 1490 1870 2102 1820
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Op nopaTouuTe BO Tabesa 7 MoXKe jja ce 3a0eliexku ieKa HajBUCOK IPoCceyeH
npuHoc no xekTap 3a nepuopot 2012/2014 roguna uma opuzot (5.706 kg/ha), a
Hajmaun oBecoT (1.820 kg/ha).

Tpeba fa ce coMHe W MOAATOKOT jieKa Kaj mueHntaTa Bo 2014 roguHa
MMaMe 3rojieMyBarbe¢ Ha TMPOCEYHMOT TPUHOC MO EAMHMIA TMOBPIIMHA BO
criopefda cO MPETXOfHUTE fIBE TOIMHU. TakoB e ciay4ajoT M Kaj jauMeHOT,
MYEHKaTa, "P>KTa 1 OBECOT (OCBEH Kaj OpM30T).

OBOj NofIaTOK € 0XpadpyBayuKy 1 1aBa MOXKHOCTH 32 BEPYBatbe JIeKa OCBEH
KIIMMATCKUTE YCJIOBH, MPOM3BOUTEINTE M HAMUHYBAaaT HEIOPEUCHOCTUTE
Y TPEUIKUTEe BO MPUMEHATa Ha COOJBETHM arpOTEXHUYKM MEPKM M MEPKH Ha
Hera BO TEKOT Ha MPOM3BOJICTBOTO Ha >XMTHWUTE pacTeHHja. Toa BO rosjema
Mepa Ke MpujoHece 3a HaMallyBatbe Ha 3aBUCHOCTA Off YBO3 Ha 3PHO O KUTHU
pacteHuja.

10. BkynmHO NMPOM3BOACTBO HAa 3PHO O] KUTHHUTE pacTeHHja BO
Peny6auka Makenonuja

Bo Tabena 8§ ce gajeHn nogaToLM 3a BKYNHOTO MPOU3BOJICTBO BO TOHU Ha
SKUTHU pacTeHnja Bo Penmy6mmka Makenonuja 3a npomsBopanTe 2012, 2013 n
2014 ropguHa ¥ TPUrOAULLIHUOT MPOCEK.

Ta6ena 8. BkynHo npou3BoicTBO (t) O KUTHU pacTeHHja
Table 8. Total productions (t) of cereal plants

TI'oguna 2012 2013 2014 IIpocek
2012/2014

ITyenua 214 963 258 960 287 954 253 959

Jaumen 90 366 125 565 153 055 122 995

[Tyenka 115 928 131 043 136 930 127 967
Opus 24 361 27921 30 500 27 594
“Px 7 288 8 898 11 402 9 196
Ogec 3 898 5215 6033 5049

BKYIIHO 456 804 557 602 625 874 546 760

Op nopaTouuTe BO Tabena 8 MOXe Ja ce KOHcTatupa jieka PenyOmuka
Makenionnja HajrosieMo npom3BojicTBO 3a mnepuopoT 2012/2014 ropuna of
SKUTHUTE PACTeHMja OCTBApHIIA O] ITICHNIIA, TIa CJIeyBaaT jauMeHOT, TUeHKaTa,
OpU30T, 'p3KTa U OBECOT.

Bo 2014 roguna ¥MamMe M HajrojieMoO BKYNHO MPOU3BOJCTBO HA 3PHO Off
>KUTHU pacTeHuja u toa 625.874 unjagu ToHM, wto e 3a 169.070 ToHM mimn
37,01% 3ronemeHo nmpou3BOACTBO BO cropenda co 2012 ropuHa.
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11. 3akayqoum
Bp3 ocHOBa Ha Hampeji M3HECEHOTO MOKE Jla CE W3BJIEYAT CIIC/IHUTE

3aKJIy4donu:

[TpousBoncTBOTO Ha XWTa BOo Pemy6mmka Makenonnja (2014 roguHa) ce
OCTBapyBa CO MPOM3BOJICTBO Ha 3pHO off TueHuIa (287.454 ToHn), jaumeH
(153.055 Tonm) m muenka (136.930 Tonm). 'Pxxra, opm3oT u oBec ce
NpoM3Be/lyBaaT BO MOMAIM KOJIMYMHHU.

Peny6mka MakenoHnuja HajrosemMo npon3BoiCcTBo 3a nepuofot 2012/2014
rOfIHA Off KUTHU PAaCTEeHMja OCTBApUJIA Of] MMUEHULA, A jauMeH, MUeHKa,
opu3, ‘P U1 OBEC.

ZKutHuTe pacTeHHja He ja 3a0BOJIyBaaT JloMallHaTa nodapyBadka, nako
THE MMAaT CTPATELIKO 3HAUCHE U CE Haj3acTaleH! KyJITypH.

Bo 2014 ropguHa mMamMe W HajrolieMo BKYITHO MPOW3BOJICTBO Ha 3PHO Off
>KUTHU pacTeHuja u Toa 625.874 unjagu Tonu, wro e 3a 169.070 Tonu nmm
37,01% 3ronemeHo Mpou3BOACTBO BO cropenda co 2012 rofuHa.
[ToBpLuMHKTE IO >KUTHM PACTEHUja C€ KOHCTAHTHHU, CO MaJIM OCLUJIALUN
Of1 TOAIHA BO TOAMHA.

Bo npownsBopcTBOTO Ha MueHnyaTa Bo 2014 rogyrHa MMa 3rojieMyBambe Ha
MPOCEYHUOT NPUHOC MO €MHMLA MOBPILIMHA BO CIIOpeida CO MPETXOHUTE
roguHu. TakoB € cy4ajoT M Kaj jauMeHOT, MYEHKaTa, P>KTa U OBECOT
(OCBeH Kaj opu30T).

[TopaToKOT 3a 3rosieMyBatbe Ha IPOCEUHMOT NPUHOC MO SAMHULIA TOBPLIMHA
Kaj NMOBEKeTO >KUTHM PACTeHHja € OXpaOpyBauku M JaBa MOKHOCTH
3a BEepyBame JeKa OCBEH KJIMMATCKUTE YCJIOBHM, TPOU3BOJUTENNTE '
HaJIMMHYBAaT HE[IOPEUYCHOCTUTE U IPELLKUTE BO MPUMEHATA HA COOJIBETHU
arpoTeXHUYKM MEPKH M MEPKH Ha Hera BO TEKOT Ha MPOM3BOACTBOTO Ha
>KUTHUTE pacTenuja. Toa BO rojemMa Mepa Ke NpUOHECE 3a HaMallyBarbe
Ha 3aBMCHOCTA Of] YBO3 Ha 3PHO Of KUTHHU PacTeHHja.
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