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1.
CaxeTak

VOBOj MoHOTpadHju TIPHUKa3aH je KNM Kao JICKOBUTA W apoMaThdHa OWJbKa,
Koja je mmpoM EBpolle OMHJBEHH 3a4MH, MOCEOHO Yy MEeCHUM Tpepale-
BHHaMa W TIEIMBHMMA, Ka0 W TPAIHUIHMOHAIHU JEeK KoJ mopemeheHor Bapema.
[Tocnenmux TomMHAa HAyYHO je MOTBphEHO Ma KM MMa BEJIMKH TIOTEHITH]ajl
nmoceOHO y (hapmaneyTckoj MHIYCTPHjH, U Kao JHUjETETCKH CYIUIEMEHT y CBa-
KOJTHEBHO] MCXPaHU y IIUJbY MPEBEHIIN]je MHOTHX OOJIECTH.

Y Monorpaduju cy nare aerajbHe HHGOpManHje 0 MOP(OIIOIMKIM KapakKTe-
pucTHKama OmJbke M IIona. Kako ce Ko KMMa MpPBEHCTBEHO KOPHCTH ILION,
dorar eTapckuM yJbeM, IMOCeOHa MaXkma je MocBeheHa HeroBOM XEMHjCKOM
cacTaBy, ka0 W (paKTOpHMMa KOjH Tra YCJOBJbaBajy. /loMHHaHTHE KOMITOHEHTE
€TapcKOT yJba KUMa Cy KapBOH U JIMMOHEH, a IbHXOB OJHOC ofpelyje kBamureT
TUIO/IOBA.

MoHorpaduja ce 6aBU ¥ aHATN30M arpOEKOJIOIIKUX YCJIOBa yCIIEBamkha OBE
ombke U (peHomomkuM Qazama, aly u IoTpedama 3a TOTUIOTOM, BIIaTOM U OCYH-
yaHOThy TOKOM pa3BOjHOT IUKITyCa jeTHOTOUIIHET KIMA.

AyTOpKa JIeTaJbHO OIHCYj€ Tajerhe jeHOTOUIILET KIMa, TIPYU YeMy je Ha-
pounTa nmaxkma nmocBeheHa miongopery, oOpany 3emJpuINTa U yOpemy Kako y
KOHBEHIIMOHAIHOM TaKO M y OPTaHCKOM CHCTeMy parapema. [lomro ce Kum
pa3MHOKaBa UCKJbYYMBO JAWPEKTHOM CETBOM, aHAIM3MPAHU Cy: BpEMe CETBE,
CeTBeHa HOpPMa M KBAIMTET CEMEHCKOT MaTepyjaia (eHepruja Kiifjama 1 YKyITHa
knujaBoct). Hera yceBa u xeTBa, MpUHOC U ITpepajia OBe OUIJbKE Takohe cy Tema
MoHOTpadwuje.

Y MoHOTpaduju je npruKa3aH U KyMHH, KOjU C€ Ha3uBa jOIIl U UHANjCKH KUM
wn hupa. [Tnox oBe OMIbKe 1O W3NSy je BPJIO CIMYaH €BPOIICKOM KUMY, T€
ce oBe JBe BpCTe YecTo Memajy. [ImogoBu kymuna cy takohe Gorarn erapckum
yJbeM, I y BeMy JOMUHHPA KyMHUHAJIJIEXH], KOjU Jaje OITap MUPHC Kapak-
TepUCTHYAH 32 HH/IH]CKY KyXHIbY.

VY 0B0j MOHOTpaduju cy MPUKa3aHU AyTOPCKH PE3YyNTaTH, Ka0 M Pe3yNTaTH
Beher Opoja McTpaknBada KOju Cy MpOydYaBaJid OBE OHMJbKE, TaKo Jla MOHOTpa-
¢wuja mpencTaBiba CHHTE3y J0CANAIIBHIX Ca3HAmbA O KUMY M KYMUHY, H CAaMHM
THM j€ 3Ha4yajaH JINTepaTypHH U3BOP 3a APyTe HAYIHHUKE, KA0 U 32 OHE KOjH JKele
Jla ca3Hajy BHUIIIE O OBOj TEMHU.
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2.
YBoa

KHM (Carum carvi L.) jecte 6uibka u3 dpamunuje Apiaceae (Umbelliferae),
MTOPEKIJIOM M3 MEAUTEpPaHCKOT Tompydja. Mima nBe (opme: jemHOTONUIITY
(Carum carvi var. annua), Koja ce Taju y TOIUTHjeM KJIIMMATCKOM TIOAPYY]Y, H
nBoronuy (Carum carvi var. biennis), Koja ce Taju y XJIaJIHHAjeM KINMAaTYy.

KumMm je jemna on HajcTapujux 3auMHCKUX OMibaka, mpoHal)eH je mpu apxeo-
JIOIITKMM MCKOTIaBamHMa Hacesba u3 100a Heonurta. Toxom X VIII u y mpBoj mo-
nouHA XX Beka MII010BM KUMa cy KOpHITheHH 3a moboJbllIamke yKyca Xieoa,
aJjy 1 Aa O ce CIpevro pasBoj mecHu [57].

Kao nmpuponHn koH3epBaHC M KOPUTEHC YKyca KUM ce JIofiaje U Kobacuiiama,
Mel)y kojuMa je W HaJaieKko TO3HaTH KyJlIeH Koju ce mpousBomu y Cpbuju, y
oxonmHu baukor Ilerposma (Petrovska klobasa) [51]. ETapcko yipe kuma Moke
YCHEITHO J1a c€ KOPUCTH U Kao MPHUPOIHH KOH3EPBAHC IIPH TPOU3BOIHH MIIEU-
HuX npepaleBuHa, mocedHo rpukor jorypta [83]. CinynHa My je ymorpeda u'y
MOCIIACTUYAPCKO] WHAYCTPHjH, TIIE€ CE HAPOUYUTO KOPHUCTH Kao JI0JaTak KPemo-
BHAMA M CJIaJI0JIeINMA.

[upom EBporie xopucTu ce u 3a apoMaTH3alyjy ajkoxonHux nuha. Y Cp-
Ouju ce mMpaBW KUMOBa pakHja, Koja ce J00Hja mpepasoM MPUPOIHOT BUHCKOT
JIECTHIIaTa OTUIEMEH-EHOI KUMOM, a y HapoAdy je MO3HATO Jia OTBapa ameTHT U
mo0oJbIIIaBa Bapeme. Y CKaHANHABCKAM 3eMJbaMa MPaBHU Ce aIKOXOJIHO Muhe ca
JIoJIaTKOM KuMa ,,Aquavit”, Ha Mcmanmy ,,Brennivin®, nok ce y Hemaukoj mpasu
. Kummel.



3.
Mopdonornja kKuma

OBOM TIOIVIABJBY JIAT je JieTajbaH ONMUC OMJbKE M IUIOJIa KMMa ca ClIMKama.

ITopen Tora, mar je mpwka3 meT MOP(HOIIOMKHX KapaKTepHUCTHKA (BICHHA
Oumsbaka, Opoj MTHUTOBA IO OMJBITH, IPEUYHUK IITHTOBA, OPOj IUIOIOBA Y IITHTY,
maca 1000 miogoBa) koje cMo mparuiu TokoMm 2011. m 2012. romuHe Ha Tpu
orne/iHa Nojba y BojBoaunm.

3.1. Mopdoaomku onuc OMbKe

Kum (Carum carvi L.) (2n = 20) jecte 3ejpacTa OMIbKA, a jeHOTOIUIIHE U
JaBoroguiImke Gopme cy Mel)ycoOHO Beoma ciuuHe Y MOP(OJIOIIKOM TOIIIEAY.

Kopenos cucrem je ocoBuHCKH, Oere miu 071e/10 xKyTe 00je, myxuHe 15-20 cm
u pedspune 1-2 cm. Kum knmja ca 1Ba aHneracra cuiiazeha KoTuiie10Ha, cia-
00 u3paxkeHe HepBaType. BpXoBu KoTWieqOHUX nucTHha Cy MIMJBATH U CTOjE
XOPHU30HTAIHO. XHUIIOKOTHI je KpaTak u aebeo. [IpBu npaBu JHCT je HEjeAHAKO
MEPacTo U3JEIbEH.

,»JIACTOBH JINCHE PO3€TE Ka0 U JAOHH JIMCTOBH Ha CTAa0Ny Cy Ha AYTUM JIMC-
HUM JpIukama, ca 6—12 cenehux pexxmeBa Koju Cy IBOCTPYKO MIIM TPOCTPYKO
nepacTo JesbeHu. JlnctoBu Ha cTabny cy pacnopeheHn HAN3MEHUYHO, a JIUCTO-
BHU IpH BpXy cTabia cy koruactu, cenehu’ [1, ctp 3] (cimuka 1).

JBoroguuime GopMe KMMa y NPBOj TOAWHU 00pasyjy camo JHCHY pO3ETy,
Kojy uuHH 7—18 nmucroBa o0nuHO AyxkuHe u 10 20 cm. Ca 3aBpIIeTKOM BereTa-
LMOHOT NIEpUoJa HAJl3eMHH JICO U3yMHUPE, a KOPEH Mpe3uMJbaBa, U y mpoisehe
Hape/aHe TOJMHE Pa3Boj OMJbKE MOUMIbE paHo, a Beh 4—5 Hexesba HAKOH I0jaBe
MPBUX M3JJaHAKa M3pacTajy LBETOHOCHE cTabsbuke. Bereraunonu nepuon ose
¢dopme kuma o0uuHo Tpaje 440-460 nana.

Jennorogumme GopMe KuMa GOpMHUPAjy PO3ETy Ca MHOTO Mame JHCTOBA
(oObuvHO 10 TeT), U BP0 Op30 MOYMIbE Pa3BOj LIBETOHOCHOT CTabia, a Berera-
umonu nepuon Tpaje 140—160 nana.

L[BeToHOCHO cTabI0 je ycupaBHO, y TOpHEM Aeiy pasrpanaro. [IpoyuaBamem
(DEHOTHIICKUX CBOjCTaBa M TEHETUYKOT JMBEP3UTETA MOIyIallija JBOTOJUILIEHET
KuMa y JIUTBaHUjH yCTaHOBJbEHO je Jla ce BUCHHA Omsbaka Kperaja of 33 1o
100 cm [91].
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Canka 1. JlucroBH KuMa: A) JHCT JiMcHe po3ere, B) JiMcT ca 1BeTOHOCHOT
cradna [1]

VY ucrpaxxuBamruMa Koja CMO ypaJuii Ha jeJHOTOJHUILILEM KUMY TOKOM JIBE
ronune (2011/12) na tpu nokanurera y BojBoaunu (Momopun, Benuku Pa-
JuHIM 1 OcTojuheBo), mpu NPUMEHH HIECT Pa3IMUnuTHX pexumMa hyopema (KoH-
tposa, Cnason, BactoFil B—10, Royal Ofert Ouoxymyc, NIMCTEHAK U XEMH]jCKO
NPK hybpuso), Bucuna omsbaka ce kperana ox 39,04 no 74,71 cm (tabena 1).
VYca0Bu ToAMHE 3HATHO Cy YTHLAJIM Ha 0Baj mapamerap. ,,¥Y 2011. roqunu oct-
BapeHa je 3a oko 14% Beha BucuHa Ouspaka y nopehemy ca 2012. roguHOM
[1, ctp 62]. CMameme BUCHHE OMJbaKka TOKOM CYIIHE TOiMHe, Kao 1 3a oko 20%
Mame 0oOpazoBaHe Omomace, HaBojie U Jipyru aytopu [70]. U3 oBora ce moxe
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3aKJbYUUTH J1a CyIlIa 3HaTHO YTUYE HA CMabehe BUCHHE Onsbaka. KoncraroBaHo
je na je BucuHa Ousbaka y AMPEKTHO] 3aBHCHOCTHU OJf METECOPOJIOIIKUX YCIIOBA,
Tj. Aa 3aBHCH OJ KOJIMUMHE MaJaBHHA U TeMIIEpaType Ba3ayXa OAHOCHO O XH-
nporepmainHor koeduuujenta (HTC) [91].

JlokanuTer je Takohe 3HaTHO yTHIIA0 HA BUCHHY OMibaka. Ha excriepumenTan-
Hoj napuenu y OcrojuheBy 3a0esekeHe cy HajHIKE OuJbKe, HOK cy y Moro-
puHYy OMJIe HajBUIIE, IITO CE€ JOBOAH Y Be3y ca HajBehoM KOIMYWHOM YKYITHOT
a30Ta Ha OBOM JIOKAJIMTETY, a IO3HATO j€ Jla 0Baj MaKpOeJIeMEHAT CTUMYJIHILE
BEreTaTuBHU MOpacT Onsbaxa.

UcnutuBamem yTI/IL[aJa hyOpuBa Ha BUCHMHY OMJbaKa MOXKE Ce BUJETH J1a Cy
CTaTUCTUYKH 3HA4YajHO HajHWXkKe OuJbKe Ouie Ha KOHTpOJ'IHO] napuesny, 0K cy
[pY IPUMEHH TIIMCTeaKa ouie 3a 4,6% BHILE, IITO je CTATUCTHYKU 3HaYajHa
pasnuka. [Ipumena xemujckor NPK hyOpuBa takohe 3narHo moBehaBa BUCHHY
ouspaka (3a 3,4%) y nmopehemy ca KOHTPOJIOM.

VY arpoexornomkuM ycioBuMa Erumnra yTBpheHo je ma ce BucHHa Omibaka
kpetana og 91,5 no 116,5 cm y 3aBUCHOCTH Ol KOIMYMHE MPUMEHEHOT a30Ta U
kanujyma. Ca nosehameM KonnunHe a3oTa nosehasa ce U BUCHHA OuJbaka, JOK
KaJIMjyM 3HATHO yTHWYe Ha OBaj mapamerap Tek y konuanau o 90 kg/ha [36].

L[BacT je clIo¥KeH IUTHT, KOjHU ce cacToju oA 5 10 16 mpuMapHuX 3paKa — ITH-
tuha. L[BeToBHU cy meropenHu, KpyHUUHH Juctuhu cy Oene uinm 61e10 pose
00je, BpXoM caBUjeHH HaBulIe. L[BETOBM Cy CUMETpHYHH, 1O 000AY LITUTA CY
OOMYHO KPYMHUjU OJ] CpeauiImbuX. LIBeToBH cy XxepMadpoIuTHH, a MPH Kpajy
LBeTama Hajyemhe caMo MyIIKHU (aHIPOMOHOCIH3aM).

VY mpoceKy IBOTOANIILUX HCTPAKHUBaba Ha TPHU JIOKAIUTETA M IIPH IPUMEHN
LIeCT Pa3IMIUTUX pekuMa hyOpema OnsbKe jeTHOTOMUIIET KMMa Cy 00pa3o-
Baje no 15,40 mtutoBa. ,,Ha Opoj 0oOpa3oBaHUX INITUTOBA IO OMJBIIU 3HAYA]HO
Cy YTHLAJM KIMMAaTCKU YCJIOBHU TOKOM rofivHe U JokanuteT. Y 2012. ronuHu
Ousbke KuMa cy (opmupale 3HadajHO Mambu Opoj IITHTOBA MO OWJBLIM Y TO-
pehemy ca 2011. roquaom™ [ 1, cTp 65]. Hamm pesynraru cy HOTBpANIA KOHCTa-
Talyjy Apyrux ayTopa Jia y ycloBHMa CyIIe J0JIa3u 10 CMambemka 0poja MITUTO-
Ba 110 OWJBIH, IITO JOBOJIH JI0 CMabEHa IPUHOCA 110 jeuHuIy nospiiuae [70].

Ha noxanurery Benuku Pagunum 3abenexeH je HajMamH, a y MomopuHy
Hajehu Opoj wturoBa mo Omwblm (Tabena 1). IlpumeHa pazauyuTUX BpCTa
hyOpuBa HHje 3Ha4YajHO yTHUIlAJIa HA OBaj IapaMeTap, HaKo Cy y IPOCeKy 3a 00e
TOJIMHE UCTpakuBamwa Omibke hyopene ca NPK hyopusom dopmupane najsehn
Opoj mrutoBa (16,04).

HcrpaxuBama Ipyrux ayropa nokasyjy Jia ce Opoj ITHTOBA KOJI JJBOTOJIUIIIEET
kuMma kpetao of 15,0 1o 20,1 y 3aBUCHOCTH 0J] pa3BHjeHOCTH OMJbaKa, OMHOCHO
o1 7,0 mo 51,8 y 3aBUCHOCTH OJ1 TIOITYyJIalMje U JIOKaJIuTeTa rajema [88; 91].

Bpoj mtuToBa Koje jenHa OusbKa 00pasyje 3HATHO 3aBHCH U OJI arPOTEXHHY-
KHX Mepa, HapouuTo of hyOpema u rycTuHe ycesa. McrpakuBama n3BeieHa y
Mabapckoj mokasyjy ga ce 6poj ITUTOBA MO OMIBLIN KO/ jeTHOTOJHUIIHET KUMa
»SZK-1“ xpehe on 5,6 no 50,1, u ipu TOME je YCTAaHOBJHEHO JIa C& CMAEHEM
Opoja Ousbaka 1o jeAMHUI MoBpiIuHe nosehasa Opoj MWITHTOBA 110 OUIBIH, 0K
edekar npumene hyopusa ymHorome 3aBucu o1 yciioa rogute [121]. Y Erunrty
j€ YCTaHOBJBEHO Jia ce Opoj mITUTOBA 10 OusbIM noBehapa ca nmoBehamem mpu-
MEHEHE KOJIMYMHE a30THOT U KaJInjyMOBor jyOpuBa [36].

[Ipeunuk mTUTa y HallleM UCTPaXXUBamwy ce KpeTao ox 5,92 no 8,77 cm, 1 Ha
Hera cy 3HauajHO YTHIATIH YCIOBHU FOIMHE, JIOKATUTET U IPUMEEeHO fyOpuBo.
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VY 2011. ronuHu ocTBapeH je 3HaTHO Behu mpeunuk wrurta (7,28 cm) y mo-
pehemy ca 2012. rogunom (6,61 cm). Ha nokanurery Mormopun oOpa3oBaHu
LITUTOBH Y IPEUYHUKY Cy UMaJIM poceyHo 7,89 cm, mTo je OMII0 CTaTUCTHYKU
3HauajHO BHIIE y mopelemy ca ocrana jBa Jiokanurera. [Ipuirkom npumene
DIACTEeHaka U MUKpoOunonowmkor hyopusa BactoFil B-10 6uibke cy hopmupaie
HajBHILE MITUTOBA.

Ta6ena 1. Ilpnka3 BucHHe OU/baka KMMa, 0poja IITHTOBA M0 OMJbIN, TPEYHUKA IITH-
TOBa ¥ Opoja MJI0A0Ba y LITHTOBMMA Y IBOTOAUIIB-EM HCTPaKUBamy y BojBonunu
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Ha oGpasoBame Opoja miogoBa y ITUTY 3HATHO YTUYY KIMMATCKH yCJIOBH
TOJIMHE U JIOKAJUTET Kao U lbUXOBa MHTEpaKIKja (Tadbesna 1). Y moBOJbHUM YCII0-
BuMa rojute (2011) Ousbke cy oOpaszoBaie y npoceky 72,37 1iooBa y IITUTY,
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JIOK CE Yy HEITIOBOJbHHUM YCIIOBHMa Taj Opoj cMamyje 3a oko 40%. Ha nokanurery
Moropun 3abenesxeH je 3HatHO Behu Opoj monoBa y mWTHTY y nopehemy ca
Benmukum Pagunnuma u OcrojuheBoM, mTo OM ce MOIIIO JIOBECTH y Be3y ca
KonuauHOM (pocdopa y semspuinty ox yak 81,6 mg P,0/100 g semsbuinra, a
o3Hato je aa pocdop uma 3HayajHy yaory y GopMupamy riogosa.

Wako npumena hyOprBa HUje CTaTUCTUYKH 3HA4YajHO yTUIlaga Ha Opoj miio-
JI0Ba y LITUTY, MOXKE CE€ KOHCTATOBATH /i je y MPOCEKY IBOTOIUIILUX OINIEAa
Ha cBa TpH JiokanuTeTa HajBehu Opoj mimogoBa oOpazoBan npu npumenn NPK
hyopusa (59,25), a morom rucremaka 1 MUKpoduosomkor hyopusa BactoFil
B-10 (58, 59).

3.2. Mopdosiomku onuc nioaa

[Tnox xuma (Carvi fructus) jecte MMU30KapI, U UCTOBPEMEHO je U ceme (pe-
MPOIYKTUBHHU OUJEHH OpraH) v Ipora (JIeKoBHTa cupoBHHa). [1071 je cuBo Mpke
0oje, nyxxune 3—7 mm u mupuHe 1-1,25 mm, cpnacto caBujeH (ciuka 2). O6-
MYHO, IIM30KapIl Ce paciaza CIOHTaHO Ha JBa Mepukapra. CBaKd MepUKapIl
¥Ma JICBET JIOHTUTYIMHAIHUX (y34y)KHUX) pedapa, u3Mel)y Kojux ce Hajasze Ka-
HAJIM UCTTYHCHU €TAPCKUM YJbEM.

7 .
Lk _caxe

Cauxa 2. Ilnox xuma (Carvi fructus) [1]

Maca 1000 mionoBa y HallUM HCTpakKMBamuMa je Bapupana ox 1,26 1o
3,91 g. Ha macy 1uio1oBa cy 3Ha4ajHO YTHIAIA BPEMEHCKH YCIIOBH, JIOKAJIUTET
u npumemeHo hyopuso. YV cymnoj roguau (2012) maca 1000 mogoBa Ounna
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]e 3a 50% Humxa. CauuHo, y MCTPAKHBARLY Y MaljapCKOJ Maca 1000 mmogosa
_]CILHOI‘OILI/IH_II-LCF KHMMa y M3Yy3€THO CYIIHOj TOAMHU je uzHocuina 1,9-2,6 g, nok
je y HopManHMM yciioBuMa ouna 2,15-4,31 g [121]. YV apyrom ucTpakuBamy,
u3BeneHoMm y Tynwucy, maca 1000 miomosa ce kpetana ox 2,36 no 3,05 g, npu
YeMy je 3Ha4ajHO CMameHme 3a0eNeKeHo y ycnoBumMa cyie [70].

AHM cHomuhu
ar bundle

- Enjeenepm
«endosperm

b

Kanaau ca eTapcKkuM yjbem
Vittae

Cauxka 3. Mukpockoncku npenaparu: A) Ilonpeunu npecek mioga kuma [115],
B) JleTta/b ca monpeyHor npeceka njioaa kuma [115]
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VY omrenuma Koje cMO MM U3BenH, Ha jtokanurety OctojuheBo, 3a0eexeHna je
najseha maca 1000 momoBa, Koja je Ouia cTaTUCTUYKY 3Ha4ajHO Beha y ogHOCy
Ha siokanurete Bemnku Pagunim n Momopus. [TpumenoM MUKpoOHOIONIKOT
hybpusa BactoFil B-10 octBapeHa je Hajseha maca mionosa (2,61 g), mro je cra-
TUCTUYKH 3HauajHa pa3nuka. 3HayajHo noBehame mace 1000 momoBa jaBika ce
U TIpH IPUMEHH OCTaJMX BpcTa hyOpuBa y nopehemy ca koHTposom (tabena 1).

Uctpaxuama mokasyjy aa maca 1000 riogoBa Bapupa y 3aBUCHOCTH O I'e-
HOTHUIIA, KYJITUBapa, €KOJIOIIKHX yClIoBa U Tuna 3emsbuuTa [17; 108; 120].

Ha crnunm 3 npukasanu cy MUKPOCKOTICKH IIperapaTH MOMPEYHOr Mpeceka
wiona kuma (Carvi fructus). Ilnoq kuma Ha MOMPEYHOM IIpeceKy MMa OOJINK
MPaBUIIHOT TIETOYIVIa Ha KOjeM Ce BUJE YETHUPH yCKa HCTaKHyTa )KyTocMeha Ka-
Hasa Ha jie)HOj, 1 1Ba Ha TPOYIIIHOj CTPaHH, KOja Cy UCITyHeHa €TaAPCKUM YJbEM,
LITO C€ BHIY O] JIYTIOM.

[Tynep nnona kuma (Carvi pulvis) jecte xxyrocmel). JlujarHoctiuke ocodnne
Mpamika cy: IeJ0BH KaHana u3rpahau ox xyhKkacTHX 10 MPKHX, TOJTUTOHAITHUX
CeKpeTopHuX henuja TaHKKUX 3UI0Ba, OKPYKEHHU CJI0jeM MOMPEYHO U3AYKEHHX
henuja TaHkux 3um0Ba, mupuHe 8—12 mm. Taxol)e cy BUAJBUBYU U JEOBU €IH-
Kapra, Koju cy cacTaBjbeHU of henuja nebenux 3uI0Ba U ca PeTKUM aHOMO-
LUTHAM CTOMama, Kao M JIEIOBH E€HIOCIIepMa KOjU cajpikKe aleypoHCKa 3pHa,
KaIbHIle MAacHOT yJba M MUKPOKpHCTaJIE KaJlMjyM-OKcaiaTa y oOJIHMKy Apy3a.
[IpucyTHe cy u ciupaiHo 3a7e0JbaHe Tpaxeje, yIPYKeHe ca CKICPEHXUMCKUM
BJIAKHMMa, Ka0 ¥ PETKH CHOIIOBH BJIaKaHa KOja MOTUYY O Kaprmodopa u rpyme
MPaBOyraoHUX J0 CKOPO MPaBOYTaOHHUX CKIIEpEn1a U3 MEe30KapIia, yMEepeHo 3a-
ne0JbaHuX U jaMuuaBux 3ujoBa [41].
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4,
XemMujckmn cactaB nyioga Kuma

Kao npora y dapManeyTcKoj HHIYCTPHjH, aJld U Kao 3a4rH y IpexpamMOeHO]
WHIYCTPHUjH, O KUMa ce KOPUCTH UCKIByunBo 1mox (Carvi fructus). Ilnon
KknMa canipxu 3—7% erapckor yiba, 10—18% mumnmna, oxo 20% mporenHa, OKo
15% yripenux xuapara, Gpenomnne kucennne, Gpruasonoune [40].

4.1. Caapikaj eTapcKor yjba y IJjioay Kuma

Erapcko yibe mnoga kuma (Carvi aethroleum) noduja ce AeCTHIAIN]OM BOJIe-
HOM mapoMm. To je OucTpa, TaKormoKpeTIbuBa 0€300jHa TEYHOCT, peJIaTHBHE T'yC-
ture 0,904-0,920 g/cm?, Haropkor u OMITPOr yKyca, KapaKTePUCTHYHOT apo-
MaTU4HOT MupHca. ETapcko yibe je JIOKamIn30BaHo Yy TI0A0BUMA, Y IIN30TeHUM
KaHaJIMMa KOjuX uMa IiecT (4eTupu cy Ha yehHoj crpanu y Opasznama usmely
pebapa, a 1Ba Ha TPOYIIHO] CTPAHN).

VY orneanMa ca jeAHOTOAMIIELUM KUMOM, KOjHU j€ TajeH TOKOM JBE FOIUHE Ha
TpH Jokanutera y BojBoannu, mpoceyan caapikaj eTapckor yiba je ouo 3,95%,
U IIPY TOME je y CYIIHHUjO0] ¥ TOTUTHjOj ronnHu 3a0enexen Behu caapxaj (4,12%)
y nopehemwy ca 2011. roqunom (3,78%) [8]. Moxe ce pehu aa je Ha TOKaIUTETY
OcrojuheBo y nmpoceky 3a 00e roniuHe UCIHUTUBamba 3adesexkeH Hajehu yaeo
erapckor yJba (4,38%), a Ha nokanurery Benuku Pagunum najmamu (3,60%)
(Tabena 2).

Tabesa 2. Cagp:kaj erapckor yiba (%) y IJIOI0OBMMA KUMA I'ajeHor HA TPU JIOKAJIH-
TeTra y BojBOIMHH TOKOM /IBe rOAUHE HCTPAKUBaA

Mormopmia Benuku OctojuheBo TIpocex
Panuaim
2011 3,18 3,50 4,66 3,78
2012 4,56 3,69 4,10 4,12
IIpocex 3,87 3,60 4,38 3,95

Canprkaj eTapcKor yjba y IUIOJOBUMA KMMa 3aBHUCH O BapHjETeTa, arpoeKo-
JIOLIKHMX YCJIOBA M arpoTeXHUYKHX Mepa [24]. IIpoyyaBameM jeAHOTOANIIIBUX
Y IBOTOJUILHUX BapHjeTeTa KUMa YCTAaHOBJBEHO j€ J1a JeIHOTOANIILY KUM UMa
TOTOBO JYTIJIO Mamb€ €TapCKOT yJba OJ] IBOTOJUIILET [25].

KonuuaurHa eTapckor yJba KoJ| jeTHOTOAMIIEET KuMa je 2,8—3,3%, a koj 1Bo-
roauimer 3,9-5,0% [30].
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[lopen Bapujerera u reorpadcku MoJjokaj perMoHa MMa 3HaTaH YTHIA] Ha
cazupikaj erapckor yJjba. Tako, y miomoBuMa KuMma mHopekioMm u3 banrmanema
yaeo erapckor yJba je 0,80%, Tynuca 0,86—1,20%, Erunra 1,73-2,16%, Ayc-
tpuje 2,8-3,3% [17; 19; 36; 70]. Y JIutBanuju je npoydaBameM pa3aIuuUTUX I10-
MmyJanyja KuMa rajeHux Ha Pa3induTUM JOKINTETUMa YTBPH)EHO BEJIMKO BapH-
pame y KOJIMUYMHU €TapcKor yJba, Koje ce kpehe y pacrony ox 2,6 1o 8,4% [91].

VY ucrpaxxuBamuma y CpOuju yCTaHOBJBEHO je J1a Ce calpiKaj eTapcKor yJba
y IJIOAOBUMA jeAHOroauuImer kuma kpehe ox 2,62 no 4,51%, y 3aBucHOCTH
07l HAIMOPCKE BHCHHE. Y OBOM HCTPa)XHMBamby C€ YKaszyje Ha YHHCHUILY Ja Ce
CaMOHHKJIM KMM YIJIaBHOM jaBJba Y OpJCKO-IUIAHUHCKHUM MOJAPYYjUMa, T€ Y TUM
arpoekosiomrkuM ycnosuma (Bmacuna, 1200 m HagMopcke BUCHHE) IIJION J1aje
3HaTHO Behy KOMMUMHY €TapcKOr yjba y OJHOCY Ha UCTH J0OUjeH y paBHUYApC-
koM nonpyyjy (ITanueBo, 70 m HagmMopcke BucuHE), 1 TO 3a 72,10% [92].

4.2. XeMHjCKH CACTAB €TAPCKOTI Y/ba KHMA

Etapcko yspe 1utonoBa kuma caapxu oko 30 xommonentu [44; 107]. Ilpe-
Ma EBporickoj (apmakorneju, eTapcko yibe IJIOA0Ba KuMa Tpeda Ja cajpiku
50—-65% kapBona, 30—45% numoHeHa, HajBuIle 2,5% mpanc-TuXuapoKapBoOHa
u mpanc-xapseosia u 0,1-1% f-mupriena [41].

VY ucrpaxxuamuMa Koja CMO YPaJIuiId, Y €TapCKOM YJbY KHMa je UIICHTU(PHKO-
BaHo 16 komnoHenT y 2011. u 15 kommonenTn y 2012. roauHu, mMTo je MpuKa-
3aHo y Tabenu 3. KapakTepucTHYHN XpOMaTorpaM eTapcKor yJjba KMa je Jar Ha
ciuiu 4, a CTpykTypHe Gopmysie Haj3HAuYajHHjUX KOMIIOHEHTH Ha CIIUIH 5.

Etapcko ysbe 1ioza KuMa 4rHE MOHOTEPIICHH, KOjU Cy Y CTBapH JepHUBaTH
U30Mpena Koju cajpike ase C, jeuuulle, ca pasiuIuTuM QyHKIMOHATHUM IPy-
rama ¥ CECKBUTEPIICHH ca TPU M3OMpeHCKe jeanHuie. MoHOTepIieHn ¢y Onnn
HAaj3acTyIJbCHHUja KJlaca jeUbeha y HauM y3opiuma (peko 98%), 10k cy
CECKBUTEPIICHU OWJIM MPUCYTHHU Y MaJMM KonnuuHama (ucrof 1%).

MoHOTepIeHCKH YIbOBOAOHUK JIMMOHEH je OO Haj3acTyIJbCHU]ja KOMIIO-
HEHTa y €TapCKOM YJbY KMMa y HalllUM y30pLKMa, Y IPOCEKy 3a 00e ToauHe 1
cBa Tpu Jokanuteta ca 61,46%. JIMMOHEH /1aje eTapCKOM YJbY CIIATKY, IIUTPYCHY
apoMy HaJIMK Ha MOMOpaHUHY Kopy. OcTann MOHOTEPIIEHCKH YTJbOBOJAOHUIIN
(a-mtuHeH, cabMHEH, MUPIIEH, p-IIMMEH U y-TePIHUHEH) OWIN Cy IPUCYTHU y Ma-
JIMM KOJTMYMHAMA.

MoOHOTEPIEHCKHU AJIKOXO0JI MPaHC-KAapBEOJI, KOjU je MHTEPMEInjep CUHTE3e
KapBOHA U3 JINMOHEHA, OO je 3acTyrbeH y nmpoceky ca 0,20% y 2011. u 0,29%
y 2012. ronuHm.

OxcuaoBaHH MOHOTEPNEHH yucC W mMpauc-TUMOHEH OKCUJ OwWiM cy 3a-
crymbenuju y 2011. roqunu, y nmpoceky 3a cBa Tpu Jiokanurera 0,18% u 0,17%
y nopehemwy ca 2012. kana je yuc-muMoHeH OKcHJ] OMO IPUCYTaH y TParoBuma,
a mpanc-nmumoHeH okcup ca 0,14%.

MoHoTepreHCKH KeTOH KapBOH je Jpyra KOMIOHEHTa MO 3aCTYIJbEHOCTH
y eTapcKoM yiby KuMa. tberoB mpoceuan cajprkaj y HalIUM y30pliuMa je Ouo
36,73%. KapBoH naje cnenmduuaH MUPUC M YKyC KHUMY, OLITap U OCBEKa-
Bajyhu. O ocTannx MOHOTEPIIEHCKHX KETOHA 3a0eNeXeHU CY H MpaHc-IuXH-
npokapsoH (ca 0,21% oxgrocHo 0,17%) u Heo, u30 TUXUIPOKAPBEOIL, KOjJH je OHO
MPUCYTaH caMo Yy JAPYToj TOIUHM UcTpakuBama (ca 0,24%).
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Ta6ena 3. KoMnoHeHTe eTapCKOr yJba MJ10/1a KHMA U HHXOB YI€0 Y eTapCKOM YJbY
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Response_ Signal: Kim Mosorin p4.D\FID1A.ch

3500000
3000000
2500000
2000000
1500000
1000000 17.702

500000
5.942 7.683 8.649 123307 15.97681 25373 32244

T T T T T T T T T UAEAA) T T LSRR AR RARARAA} T T
Time 500 600 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 16.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00

Cinka 4. KapakTepucTHYHH XPOMATOIPaM eTapcKor yJba IJI0ia KHMa

MoHOTEpPNEHCKHU aJIeXH/, IEPUJ aJIJIEXUJl, IETSKTOBaH je caMo y MPBOj ro-
JIMHHU UCTPAKUBAa, U TO Y TParoBuMa.

On ceckBUTepIIEHA y €TAPCKOM YJbY IIOAA KMMa 3a0eJIeKeHHU Cy f-eTleMeH,
mpanc-f-kapuodunen, mparc-mypona-4,(14),5-nuen u kapuoduieH okcua, u
TO y MaJIUM KOJIMYHMHAMA.,

O, HO,

/

numoneH (limonene) KapeoH {carvone) mpatc-Kkapseon (trans-carveol)

ol T
O

MPaHC-NMMOHEH OKCHA, YUC-TMMOHEH OKCHA, MPaHC-ANXNAPOKaPBOH
(trans-limonene oxide) (cis-limonene oxide) (trans-dihydrocarvone)

nepwna anaexmp, mpatc-kapuoduneH

mupueH (mircene) {perilla aldehyde) {trans-cariophylene)

Cauka 5. CTpykTypHe (hopMyJie Ha3HAYAjHHjHX KOMIIOHEHTH €TAPCKOT yJba IL10/a
KHMa

buocuHTe3a 1Be Haj3aCTyM/beHU]e KOMIIOHEHTE €TapCKOT yJba KUMa, IMMOHE-
Ha ¥ KapBOHa, o/iBUja ce y Mel)ycoOHO moBe3aHoM ITyTy, o1 repaHui audocdara
(GDP). Ogaj OuoJioniky npoliec ujie y HEKOJIUKO Kopaka (ciuka 6). Y mpBom
KOpaky, repanui audocdar ce NUKIu3yje y TUMOHEH y3 moMoh eH3uMa MOHO-
TeprieH cuHTeTase (A). 3aTuM ce 0Baj HHTEpMEAHjep CKIAANIITH Y KaHATUMa ca
eTapcCKUM yJbeM 0e3 Jajber MeTaboI3Ma WK ce KOHBEpTYje y3 moMoh eH3umMa
nuMoHeH-6-xunpokcmiase (b) y mpanc-kapseon. Hakon tora, mparnc-kapBeosn
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ce okcuayje y3 momoh enzuma xapBoH aexunporenase (B) y xapBon. butho je
HarJlacuTH J1a je bnorpancopmalja JMMOHEHa y KapBoH Moryha camo ox jm-
MOHEHA KOjU HHj€ CKJIQAMIITEH Y KaHaiuMma [25; 26].

Se ey

repassn aschocdgar IemacHEH MPaHG-XaPBEaN RXapeoH
{geranyl diphosphate) {Emonene) {trans-casveol) {carvone)

Cauka 6. BuocuHTe3a JIMMOHEHAa U KapBOHa

XeMHjCKH cacTaB €TapCKOr yjba KMMa JOCTa Bapupa y 3aBUCHOCTHU O TO-
nynamnuje, reorpad)ckor mopekia U eKOJOLIKUX YCI0Ba, Ka0 U Ol IPUMEHECHOT
hyopusa [9; 19; 44]. V mnonoBuMa kuma n3 XolaHIWje caapikaj KapBoHA ce
kpetao ox 53,94 no 59,34%, a mumoneHa on 39,65 no 45,23%, 1ok je y erap-
CKOM yJby KnMa u3 TyHuca ycraHoBbeHO 76,8—-80,5% kapBona u 13,0-20,3%
muMoHeHa [25; 70]. V erapckoM yiby IUIOJ0Ba KMMa mnopekyioM n3 Kune kap-
BOH M JIUMOHEH Cy 3aCTyIUbEHH y 3HaTHO MameM MpoueHTy (ca 37,98% wu ca
26,55%), a 3atum cnene o-nuHeH (5,21%), yuc-xapeeon (5,01%) u f-muplieH
(4,67%) [44].

['maBHM cacTojuu eTapcKor yjba KuMa MopekioM u3 Wramuje cy KapBOH
(23,3%), mumonen (18,2%), repmakpen (16,2%) u mpanc-maXuapOKapBOH
(14,0%) [52]. Anannu3oM eTapcKor yjba IUI0JI0Ba KUMa MOPEKIOM U3 AJKUpa yT-
BpheHo je Aa Cy KapBOH M JIMMOHEH 3aCTYIUbEHH Y PEIaTUBHO MaJioj KOJMUIMHU
(xapBoH ca oko 10,3—11,0%, a mumoneH ca 11,4—12,3%), 10K je UCTpaKUBaAHEM
YEeTUPU BapHjeTeTa jeAHOTOANIIHLET KUMA rajeHnX Y AYCTPHjH YCTaHOBJBEHO /1a
j€ TMMOHEH 3aCTyIUbEH ca 13,37-22,93%, a KapBOH ca 10,45-19,91% [17; 29].

MelyTtum, nocroje u eTapcKa yjba Kiuma y KQ]I/IMEI HHUCY JICTEKTOBaHE OBE JIBE
komnonente. [Tpumep je kum rajen y Upany, koju caapsxu y-reprnunet (24,40%),
2-metuin-3-penmnnponanoin (13,20%) u 2,4(10)-tyjanuen (14,02%) xao raBHe
KOMITOHEHTE [55]. 3HaTHO Ipyradnju XeMH]jCKU CacTaB eTapcKoOr yJba KUMa HaBO-
Jie 1 APYTY ayTOpH, TIPH YeMy Cy JBa [VIaBHA cacTojka KymuHanaexun (22,08%)
u y-tepruneH (17,86%), a 3arum ciemu p-ummed (7,99%) [93]. Y erapckoM yiby
kuMa U3 banragema gomuHupamu cy tumon (48,20%), o-ommmen (19,29%),
y-tepriuHeH (17,61%) u tpumermnen quxmiopu (8,81%) [19].

Ta6ena 4. Kope.ﬂalmona AHAJIN3a KOMIIOHEHATA €TAPCKOTI Y/ba IJIOa KUMaA

mpawnc-  mpatc-
YUC-TUMOHEH  TUMOHEH — OUXUOpo  Mpauc- nepun

Mupyen JIUMOHEH OKCUo oKCUo KapeOH  KAp8eon KAp8OH andexud

JIAMOHEH -0,10

Yuc-IIMMOHEH OKCH 0,35 -0,20

MpaHC-ITAMOHEH OKCHA 0,23 0,20 0,83*

mpanc-muxuapo kapsod 0,43 0,10 -0,14 -0,11

mpanc-KapBeon 0,04 0,42 0,45* 0,70* -0,24

KapBOH 0,05 -1,00* 0,20 -0,19 -0,18 -0,41

TepHUIa aNEXH 0,43 -0,49* 0,41 0,08 0,25 -0,21 0,45*

mpanc-xapropuieH 0,19 0,33 -0,56* -0,48* 0,77* -0,37 -0,39 -0,14

*kopenauyje cy 3Ha4ajue Ha HUBOY p<0,05%
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MelhycoOHOM KopenanujoM KOMIIOHEHTH €TapcKOr yJba M3 Haller HCTpa-
XKuBama (Tabena 4) MoXke ce BUICTU Jia Cy JUMOHEH U KapBOH y CTaTHCTHUUKU
3HAYajHOj Kopenauﬂjn (p = —1). JIlumoHeH, ka0 Haj3acTyIJbeHNja KOMIIOHEHTA,
TaKOI)e je 'y 3HayajHoj HeFaTI/IBHO_] KOpeJanuju ca neput anaexuiom (p =—0 49)
JOK je KapBOH Ca OBHM jCAMIGEHEM Y 3Ha‘{a_]HO_] MMO3UTUBHO] KOpeanuju
(p = 0,45). JIumonen okeuau (yuc u mpawuc) jecy y MehycoOHO] CTaTHCTHUKU
3HA4YajHOj MO3UTHUBHO] Kopenauuju (p = 0,83), kao U ca mpanc-KapBeoIoM, 0K
Ccy ca mpanc-KapruoQuIeHOM y HETaTUBHO] Kopenauuju. Tpanc-kapuoduiieH je y
CTaTHCTHYKH 3HAYajHOj MO3UTUBHO] KOPEIALHUjHU Ca MpPaHC-TAXUIPOKAPBOHOM.

4.3. MacHoO yJ/be I101a Kuma

[Inox xuma canpxu oxo 10—-18% macHor yipa (Oleum carvi), Koje ce yrias-
HOM cactoju on merpocemnHcke (30-43%), munomue (34-37%), omenwHCKe
(15-25%) n manmutnncke (4-5%) macue xkucenune [40].

ExcneprMeHTHMA ca jeTHOTOAUIIHIM KAMOM, TajeHHM Ha JokanuTety Mo-
mopuH TokoM 2014. ronune, y miogoBuMa je yrBphero 6,94% macHor yiba.
Cwmerna nerpocenuHcke U ojenHcke kucenune (C18:1) ynanna je 57,78%, mo-
ToM je ciemmia nuHoiHa (C18:2) ca 32,26%, manmutuacka (C16:0) ca 5,47%,
oytepHa (C4:0) ca 2,12% u creapuncka (C18:0) macHa kucenuna ca 2,08%.
Kapaxrepuctianu XxpomarorpaM MacHOT yJba IUIOJIa KUMa MPUKa3aH je Ha CIIH-
1 7. Kako ce Moke BHIIETH U3 OBE aHAJIM3€e, MACHO yJhe KnMa Hajehum nemom
ynHe MoHOHe3acuhene kucenune (58,07%), 3arum monuHe3acuhene (32,26%),
JIOK cy 3aculieHe MacHe KHceInHe npucyTHe ca 9,67%. Uctpaxuamwa y TyHucy
yKa3yjy Aa IUIOfOBH KuMa cazapxke 2,95-5,68% macHor yspa ca 31,53-38,36%
MIETPOCEIMHCKE KHCETNHE, ITPH TOME j€ YCTAaHOBJLEHO Ja CYIIa PenyKyje caap-
’Kaj MacHOT yJba y IJIOZIOBMMA KMMa, Kao U y/Ieo MeTpoceTuHCKe kucennHe. Ha
caZpkaj MacHOT yJha y TUIOJOBHMA TIOpPE]] YyCJIOBa CpeluHe, 3HaYajaH yTHUIA]
MMajy ¥ TeHETCKH (PaKTOPH Kao IITO Cy BapHjeTET U COpPTa, alh M Teorpadcko
nopexkio [69; 70; 71].
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5.
Ynorpeba Kuma

KHM je yrmaBHOM noMahu W HapOIHM JIeK, a HapouuTo 3aunH. Hajuemrhe ce
KOPHCTH 32 JIeUethe TIpobiieMa ca BapeheM, ajl j¢ YCTaHOBJLEHO U Ja e(u-
KacHO CHW)KaBa XOJIECTEPOI, JIa UMa JJ00pa aHTHOKCHIATUBHA U aHTHMHUKPOOHA
cBojcTBa. Y IIpexpaMOCHO] HHAYCTPHjU KUM CE KOPHCTH 32 N3PaTy aJTKOXOITHUX
nuha, Kobacn4apcKux Mpou3BoJa, cupesa, Typmmja [6]. Ilopen Tora, kum Hama-
3W NPUMEHY U Y BETCPHHU U CTOYAPCTBY, KA0 U Y OPTaHCKO] MOJLOIIPHBPETHO]
IpOU3BOIKH [7].

5.1. ®apmako/01IKa ynnorpeda Kuma

Kum ce ox naBHHHA KOPHCTH 3a JIUCHE OpraHa 3a Bapeme KaKo KOJ ofpa-
CIIMX TAKO U KOJ Jele. YIIaBHOM ce yHoTpeOJbaBa 3a MoOoJblIame aneTuTa, 3a
OTKJIamamke 00JI0Ba y CTOMaKy, MPOTHB JIOLIET Bapema, HaJuMama U BETPOBA,
Kao U JICHHX LIPEBa.

Hemauka xomucuja E (Kommision E), xoja 00jaBibyje MOHOTpaduje y Kojuma
ce Hayase 3HauajHe nH(popMaIyje, XeMujcke, (papMaKoIoke, KITMHUIKE U TOK-
CHKOJIOIIKE CTyAM]€, TPUKA3U CIydajeBa, CIUICMHIIONIKH MOAAIH TPor3Bolada
OMJbHUX MeOUKaMeHara, of0o0puiIa je MpUMeHy IUIoAa KUMa U HErOBOT eTap-
CKOT' yJba 32 JIeUCHE JUCIENTUYHUX Teroda, Kao IUTO Cy IPYEBH y TaCTPOMH-
TECTHHAJIHOM TPaKTy W HagyTocT. Ilpenmopyuena qHeBHa 103a MJIoAa KuMma je
1,5-6 g unm exBUBaJeHTHA J[03a mpernapara, oqHocHo 3—6 kamu (0,15-0,3 ml)
erapckor yspa. [Ipamak mioga kuma (Carvi pulvis) KOpUCTH ce 3a CIpaBibarbe
uH(Yy3a U APYruX TajJeHCKUX Mpenapara, a eTapcko yJbe 3a MPUIIPEMy TajieH-
CKUX Ipernapara Wil OpajiHy OpuMeny [22].

Cucrem oprana 3a Bap€me

Hajno3natuju yaj npoTUB HaIuMama U BETPOBa (KapMUHATUB) jeCTe KUMOB
4aj, KOju ce Impenopydyje 4ak U HOBOpoleHUagumMa (Tako3BaHa KMMOBA BOAM-
na). Kum ce xopuctu ¥ y yajHUM MeIIaBHHaMa MMPOTHB racoBa M HAaIUMama
y CTOMaKy M 3a moOoJblIame Bapema, ajli Ce y Ty CBPXY KOPHUCTH U BHHO ca
JIOAATKOM KHMa.

HcTpaxxkuBamKMa je yCTaHOBIJHEHO Jla CE KM Ca YCIIEXOM MOYKE KOPUCTHUTH 32
YCIOCTaBJbaKk-€ HOPMAITHOT MOTHIIMTETA LIPeBa KOJ )KEHa HAKOH LIApPCKOT pe3a,
KOJI KOjHX j€ MHTeCTUHAIHA ONCTpyKUHja Hajeehu npodaem [127]. Kum ce moxe
KOPHCTHUTH U Ka0 IOMONHA CYTICTaHLIa 3a JieYehe XpOHUYHE onctunanuje [123].
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ITopen Tora, BOJCHO-aIKOXOJIHH EKCTPAKT MJIM €TAPCKO YJbe KHMa epuKacHo
JeUH yHanHy OoJiecT peBa Ha Taj HaYMH LITO PEAyKyje yaueposHa omrehema u
nenyje anturH(IamaropHo [60].

In vitro cTynuja je okasana a eTapcko yJbe KMMa HCII0JbaBa BEIUKH CTEIICH
CEJIEKTUBHOCTH, IIPH Y€MY MHXHOHMpa PacT MOTECHIM]jATHUX TaTOreHa y KOHIICH-
Tpauujama Koje Hemajy HeraThBaH e(eKaT Ha KOPHCHE WIaHOBE MUKpOQIope
racTPOMHTECTHHAIHOT TPAKTa, TE CE CTOra MOXKE KOPUCTHUTH 32 JICUeHhe AUCOH-
03¢ 1peBa (IpoMeHe HopMaliHe paBHOTexke 1peBHe (uiope) [49]. Takohe je yc-
TaHOBJHEHO JIa €TAHOJHM €KCTPAKT IUI0Ja KUMa Jieinyje OakTepuoCTaTCKu U Ha
Helicobacter pylori, xoja ce moBoau y Be3y ca HacraHkoM ractputuca [99]. Kum
OTKJIaa ¥ TACTPOMHTECTUHAITHE CMETHE KOj€ CE jaBJbajy Kao MOCIEqHLa AHC-
nercuje (JIoIIer Bapemha) U TOPYLINILIE, jep jé YCTAHOBJHEHO Ja CMalbyje aluu-
TET racTpUyHOr coka [12; 63].

Yaj 00 kuma: jeony Kawuuuyy nioda Kuma 30pooumu y aeamy, npeiumu ca
0,2 [ npoxysane 600e, NOKIORUMU U OCABUMUY 04 CIOjU 084 Cama, RUMU NOC1e
jena. Ilpenopyuyjy ce 08e 0o mpu wome uaja OHesHo [122].

Kumosa 6oduua: oea niooa kuma kpamxo npoxysamu y 0,1 [ 6ode, ocmasu-
mu 0a ce ox1aou, U HaKoH moaa dasamu bebu 0a nuje ymecmo ooe.

Yajua mewiesuna npomue 2acosa U HAOUMArA VY CMOMAKY: HANPABUMU cCMe-
wy 00 no 25 g n10006a KUMA, AHUCA, KOMOPAYA U KOPUJaHOPA, UCmyyamu y aéd-
HY, U 00 moza y3emu jeOHy cynery kawuxy u kyeamu y 0,2 [ 6ooe 2—3 munyma.
Kao ce oxnaou npoyeoumu u numu 06a 0o mpu nyma y moxy dana [119].

Yajna mewiasuna 3a nobosuarse saperba: Hanpasumu cmeuty oo no 20 g nio-
006a Kuma, anuca, mopaya u mamuursaxa u no 10 g nane u majxune oywuye. O0
moea yzemu mpu cynene Kauiuxe, ucmyyamu y asany u nonapumu ca 0,5 [ xwy-
uane ooe, NOKJIONUMU U NOCe 08a cama npoyeoumu u numu nocie jeaa [119].

Kumoso euno (3a omxnamware nadumarba y cmomaxy): 30 g y agany ycu-
MmreHUx n1o0osa kuma npearumu ca 1 [ b6enoe suna u nakow nem oauna caopicaj
npoyedumu. [Tumu no jeony uawuyy euna npe ceéaxoe oopoka [116].

Jlukep 00 kuma (3a omkiarare ocehaja meeobe y dicenvyy u cmomay):
v ¢nawy cunamu 0,5 [ komoge pakuje u dooamu 08e Kauiuxke nio0osa Kumd,
30pobsenux y agany. Onauty 3ameopumu u ocmagumu 0d cmoju Ha X1a0HOM
Mecmy ocam 0aua, a NOmMom npoyeoumu u 0ooamu xiaoan wehepuu cupyn,
Koju ce npunpema 00 300 g wehepa u 0,2 | 600e. Hakon 06a dana nuxep ce
modce kopucmumu. [Ipenopyuyje ce no jeona uawuya npe jena [64].

Iberogast® (STW 5) jecte KoMmepuMjajHH OWJBHH TIpEmapar KOju Caapikd
JIeBET JICKOBUTHX OWJbaka, Mely kojuma u kuMm (lberis amara totalis, Menthae
piperitae folium, Matricariae flos, Liquiritae radix, Angelicae radix, Carvi
fructus, Silybi mariani fructus, Melissae folium w Chelidonii herba), a weropa
eduxacHocrt je norBphena 6pojuum cryaujama [12;13; 50; 59; 105].

XunepannuiaeMuja u XuneprinKeMuja

Xunepnunuaemuja (mosumeHe macHohe y KpBH) jecte Hajuemthu dakxTop
pH3MKa 32 HACTAHAK aTepOCKIIEPO3e U IPYTUX KIMHHYKUX MaHHdecTalmja oBe
0osecTH, Kao ImMITo Cy KOpoHapHa 601ecT cpiia u nepudepHa BacKyaapHa 601eCcT
cpua. [IpuMeHOM BOJIEHOT EKCTpakTa IUIoJa KUMa YCTaHOBJbCHA je 3HavajHa

24



nHxubuMja nosehama yKyImHOT XonecTepoia U HHBoa Tpuruuepuna [47; 72;
101]. Kum moke 1a ce KOpUCTH M Kao moMohHa cyrncraHia 3a Je4ere XHUIep-
mrKeMuje (oBuieH HuBo mehepa y kpBu) [35; 85].

HepBHu cucrem

Bonenu excTpakT miiogoBa KMMa HCIoJbaBa aHTUCTPEC akTUBHOCT. Excriepu-
MEHTHMa Ha XKMBOTHI-aMa je JJOKa3aHo J1a OBa OMJbKa MMa aJanToreHy, aHTHOK-
CUJATUBHY U HOOTPOIIHY aKTHBHOCT [66].

Yajna mewasuna 3a cMupuearbe Hepeose, CPYAHUX cMemiby i nopemehenoz
KPB8HO2 NPUMUCKA: HANpasumu mewasury oo no 10 g niooosa kuma u mopauda,
KOpeHa 000/beHa, Yeema 21024 U 1aeanoe, xepbe cpoauuye u ucma Mamuirakd.
Tpu cynene xawuke 06e mewasune nperumu ca 0,5 | kvyuane 6ode u ocmagumu
da cmoju 08a cama, HAKOH 4e2a ce npoyedu u nuje mpu nyma oHesro [119].

CucreM oprana 3a u3Jay4uBame

Boznenu excrpakt kuMa 3Ha4ajHO oBehaBa uypesy, a KOJIMYHUHA U3ITy4eHOT
ypuHa HakoH npuMene 100 mg/kg BomeHOr ekcTpakTa Ioga KuMa WaeHTHYHa
j€ Kao HakoH mpuMeHe (pypocemuna (AIMypeTHK KOju ce IpUMEYje Y KIMHIY-
Koj mpakcw) [68].

[Topex Tora, npuMeHa BOAEHOT €KCTPAKTa IJI0/Ia KUMa CMarbyje HUBO TIIYKO-
3¢ y KpBH, ypee, KpeaTHHUHA, YKYITHUX IPOTeHHAa U MUKPOAIOyMUHA y YPUHY.
Kum uma jaky aHTHOKCHIATHBHY aKTUBHOCT Koja 00e30el)yje 3amruty Oyope-
ra on komrutukamuja aujadereca [100]. Takohe je ycTaHOBIbEHO U J1a €TapCKO
yipe mruth OyOpere of omrehema, Koja HacTajy Kao MOCiequIa AujadeTHake
He(pomnaruje [38].

Yajna mewasuna 3a uziyyusare moxpahe I: nanpasumu meuaguny o0 no
20 g nnooosa kuma, Komopauda, Mpxee, nepuyna u yeiepa. Tpu xagene xawiu-
yuye oge cmewte ucmyyamu y agawny, npeaumu ca 0,5 | xwyuane 6ode, noknonu-
mu u nocie mpu cama npoyeoumu. Ilumu mpu nyma onesno npe jeaa [119].

Yajna mewasuna 3a uznyuuearbe moxkpahe Il: nanpasumu meuwasuny oo no
20 g n1odosa kuma, cemena ryoeHuye, KyKypy3He ceuie, Kopena penyuiune u
aucmosa nawe. Tpu kagene kawuduye oge cmeule UCMyyamu y asamny, npeaumu
ca 0,5 | kwyuane 6ooe, nokionumu u nocie mpu cama npoyeoumu. Ilumu mpu
nyma OuesHo npe jena [119].

AHTI/lMI/IKQOﬁHa H AHTHOKCHUIATUBHA AaKTUBHOCT

AJIKOXOITHM ¥ BOJAEGHHM €KCTPAKT IUIO0BAa KMMa HCIOJbaBajy jaKy aHTHOAaK-
TEPUjCKY M aHTU(YHranHy akTuBHocT [52; 112; 114]. Ha ocHOBy 0oBHX uCTpa-
JKMBamba KOHCTAaTOBAHO je Jia MJIOJ KMMa UMa 3HadajHe MOT'YhHOCTH 3a pa3Boj
OMJbHUX aHTUMHUKPOOHHX (opmynanuja [46].

Kum uma no6ap antuokcunarusau notennujai [31; 102]. Cmarpa ce na cy
(eHOTHE KOMIIOHEHTE MTPUCYTHE Y KUMY OJITOBOPHE 33 HeTOBY aHTHOKCHIaTHB-
HY aKTUBHOCT [18].
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5.2. Ynorpe6a kuMa y OpraHckoj no/b0npuBpeau

Kum je Beoma 3HauajHa OMIJbKA y OPTaHCKO] MoJbonpuBpenu. Mima uHceKTH-
LUIHO JICjCTBO, IITO CE MOXE KOPUCTHUTH 32 Cy30Mjambe CKIaIUIIHIX ILITETOYH-
Ha, aHTU(YHTAJHO JISjCTBO HAa HEKE O] BEOMa 3HauajHUX (PUTONATOreHUX IJbUBa
y TIOBPTapCTBY, a JIelyje U Kao HHXUOUTOP Kinjama Kpomnupa. Kum ce takohe
MOYKE KOPUCTHTH M 'y BETEPUHH U CTOYAPCTBY.

HNHCceKTHINIHO /IejCTBO

KuMm mocenyje MHCEKTUIIMIHY aKTUBHOCT MPOTHB CKJIAIUIIHUX IITETOYMHA
Sitophilus zeamais, S. oryzae w Tribolium castaneum [23; 44]. Takole, erapcko
yJbe KuMa e(hukacHo cy30uja Oeiry JIenTUpacTy Bail, Ritortus clavatus u OyOari-
BaOe [14; 125; 126]. [To3Hatu cy 1 MHCEKTUIM/IN U PETICICHTH Ha 0a31 KapBOHA
npotuB BohHe MymIHIile U Komapana [27].

AHTH(VHIAJTHO I€jCTBO

UctpaxuBamuma y DUHCKO] je YCTaHOBJBEHO Ja IUIaMemada KpOMITHpa
(Phytophtora infestans) moxe ehUKacHO Jia ce Cy30Hja eTapCKUM yJbeM KHMa,
JIOK Cy MCTpaKMBama y Erunry mokasana aa ce CKIEpOLUjCKa TPYJIekK rpar-
ka (Sclerotium rolfsii) MOXxe yCIIEIIIHO CYy30UTH TPETHPAHEM CEMEHa Pe CETBE
ekcTpakToM kuma [37; 61].

Nuxubunuja kanjamba KpoMnupa

VYrBpheno je na kapBoH nHXUOUpa KiHjambe kpomrupa [90; 103]. Umajyhu y
BUJTy J]a HHjE TOKCHYaH 32 JbyJIe U Jia He 3araljyje )KHBOTHY CPE/IMHY, KHM Ce Kao
MIPUPOIHU M3BOP KapBOHA HAITMPOKO KOPUCTH Y OPTaHCKO] MPAKCH, YaK je y Xo-
JIAH/IMjU KOMEPIMjaTn30BaH mperapar Ha 0a3u KapBOHa 0]l HATHBOM ,, Tent™ [27].

Ynorpe6a y BeTepuHHU U CTOYAPCTBY

Koz cBuma u roBena, kKao ¥ KOJ JbYIU, KHM CMambyje HaJyBEeHOCT, YMUpYje
rpueBe, Mo0oJbIIIaBa areTuT. ExciepuMenTrMa je yTBpheHo na qomaBame KuMa
y XpaHy roBehaBa aneTHT 1 KOH3yMaIlljy Ko/l OJUTy4YeHe npacanu (mpacuhu Koju
cy mpectanu aa cucajy) [106]. FMcto Tako, KM Kao CYIUIEMEHT XpaHH 3a OUKOBE
1o0oJbIIIaBa CBapJBUBOCT XPAHJEUBUX MaTepHja, iepdopMance pacra, hepMeH-
Tanujy y Oypary u Metaboiaudku cratryc [48]. YibaHe morave Koje 0CTajy HaKOH
JIeCTHIIAIN]e eTaPCKOT yJba MOTY C€ KOPHCTUTH Kao XpaHa 3a MpekuBape, mo-
ce0Ho 3a KpaBe My3ape, jep moBehaBajy MIICTHOCT KpaBa.

Y ucxpanu xxuBuHE yrmorpeda 2% mymepa miomaa KuMa JOBOIH 10 CMamkbeHmha
KOHBEp3HUje XpaHe, y3 nmosehame TenecHe TeKUHE, a TIPU TOME peayKyje abmo-
MuHAITHE MacTh. [IporieHar meca y 6araky u mpcuma ce mosehasa nmpu npuMeHu
KHMa y ucxpaHu Opojnepckux nuiuha. Turap anturena Ha Bupyc New Castle
0oJIecTH je 3Ha4ajHO BHINHU Kaja ce Opojiaepu XpaHe XpaHOM Ca BUCOKHM CaJIp-
KajeM kuma [53; 62].

HctpaxuBama ca HIICKOM TrianujoM (Oreochromis niloticus) okazamna cy
Jla WCXpaHa ca JI0JIaTKOM IUIOJI0Ba KMMa JIOBOJM JI0 moBehama pacra pubda u
60Jbe ucKopucTIFMBOCTH XpaHe [11].

Etapcko yibe kuMa MoOXe Ja ce KOPHCTH 3a Cy30ujame aMepHuKe TPYJISKU
MUETABLET JIeTa Kojy u3asusa Paenibacillus larvae [67].
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6.

®eHonowke Ppase

N arpoeKoJIOLIKN yC/I0BU
ycneBaka Kuma

VOBOM TIOTIIaBJbY OTMHCaHEe Cy (eHoomKe haze jeTHOTOANIIHET KIMa, Kao
W HETOBH 3aXTEBU MpEeMa BIAKHOCTH, TEMIIEPATYPH U CBETIOCTH TOKOM
BETETAITMOHOT TICPHO/Ia U TOKOM TojennHuX (heHomomkux ¢asa. Takohe, mat je
W YTHIIa] BPEMEHCKHX TPUJIMKA Ha MOjEIMHE MMapaMeTpe, Y TIPBOM Py JKETBe-
HU WHJIEKC, KOjU MMa BEJIMKH 3Ha4aj 3a (popMupame MPUHOCA, alld ¥ KBAIUTETA
TUIOJIOBA KUMA.

6.1. ®enoutomIKe (pase KUMA

,,Ha OCHOBY M3BEIECHUX EKCIIEpUMEHAaTa Ca jeJHOTOAMIIUM KHMOM, HUCY
yTBpheHe pas3iuKe y Ay:KWHH BEreTalMOHOT MEepHoJa Kao HU y Tpajamy I0je-
JUHAYHUX (peHOoTOomKNX (a3a y 3aBUCHOCTHU O] puMemeHux yopusa. Paznuke
Cy TOCTOjajie Ha HUBOY JIOKAJUTeTa W UCIHTUBAaHUX roxuHa“ [1, ctp 55]. Ha
CIIMIM § IPUKA3aHU Cy Pa3BOjHHU CTAANjyMH jEJHOTOAMIIELET KMMA.

Cumnka 8. Pact u pa3Boj 0u/baka jeqnoroguiimer kuma [1]

Jy>)xnHa BereTalyoHOI MEepUOAa jeIHOTOIUIIET KUMa Kao W I10jeuHad-
HUX QeHonomknx (asa npukazane cy Ha rpadukony 1. U3 oBor rpadukona
ce MOXe BHJIETH JIa j& BereTalllioHu nepuoj Tpajao ox 136 mo 177 nana u na je
2011. roguae Tpajao myxe (y mpoceky 169,0 nana) y ogrocy Ha 2012. roguny
(140,7 nana).
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Benuku PaguHum

2012

Ocrojuheso

WUcnutuBaHa roguHa

Benukv PaguHum

2011

Ocrojuheso

Bpoj aaHa

| BCH BHNC @NC-Lj mL-on mon-3]

I'padpuxon 1. Tpajame BereTaMOHOI NMEpPHOJA jeJHOTOAUIIH-eI KHMAa M IOje-
JAUHAYHUX (peHOJOMKHUX (a3a HA TPH UCNUTHBAHA JOKAJTUTETA TOKOM /B¢ TOAU-
He (C — cerBa, H — nunamwe, I[IC — nopact uBeronocHnor cradnaa, Il — uBerame,
®II — popmupame u caspeBame M1010Ba, K — keTBa).

[epuon Hunama tpajao je oxn 14 no 19 nana, a HajIy)u nepuoa je OMO o
HHUIIala JI0 Topacra y cTabiio, ogHOCHO (opmupame mcHe posere (40-51
nan). Ox mopacTta BETOHOCHOT cTadJia 10 MoYeTKa I[BETamka KUMY je Tpedasio
16-27 nana. llBerame je Tpajano 15-29 nana, a hopmupame u ca3peBame miIo-
nosa 40-51 nam.

Tpeba ucrahu na cy ce peHonorke dase y Toky 2012. rogune tpajaie kpahe
y TIpoceKy 3a 5,7 mana y nopehemy ca 2011. rogquaOM, TITO je HA Kpajy pe3yii-
TUpaJo cKkpahemeM BereTarioHor nepuoa 3a 28,3 nana.

6.2. YTuuaj BpeMeHCKHUX YCJI0Ba HA (peHOoI01IKe
(¢aze kuma

Ha rpaguxony 2 npukazana je cyma e(peKTUBHHX TeMIIepaTypa y TOKY pas-
BOja KMMa y 00e roJuHe ucTpakuBama. Kao mro ce moxe Buaery, y 2011. ro-
JIMHH, KOja je Ouia moBoJpHHja 38 GopMHUpamke MPUHOCA KUMa, TPoceyHa cyma
edextuBHUX TeMmeparypa je omma 3207 °C (3048-3317 °C). V toky 2012. ro-
IMHE cyMa e(eKTHBHUX Temreparypa je Ouna 3a 13,2% Mama, 1 y Ipoceky je
uzHocuma 2783 °C (2693-2960 °C).

VY nepuoay o ceTBe 0 HHLAmba cymMa e(peKTUBHHX TemIeparypa je Oumna
170 °C (y 2011), onnocno 179 °C (y 2012. rogunn). Ox nepuona ¢popMupama
JIUCHE PO3eTe Ma CBE JI0 ca3peBama, y Toky 2012. ronuHe 3a0enexeHe cy Mame
Temneparypae cyme y nopehemy ca 2011. roquHoM. Y mepuoay o0pa3oBama
mcHe posete, y 2012. ronunu 3abenesxeHo je 3a 63 °C Mama cyma e()eKTHBHUX
Temreparypa y nopehemy ca mpeTxoaTHOM TOJMHOM. Y TIepHOAYy IBETama pas-
nka je n3nocuna 83 °C, y nepuony ¢popmupama mionosa yak 212 °C, a 'y Toky
caszpeBama 75 °C.
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I'padpuxon 2. Cyma epeKTHBHHUX TeMIepaTypa y TOKY pa3Boja jeIHOTOTWIIH-er
KHMa Ha CBa TPH JIOKAJIMTETA y 00e roquHe HCTPAKHBAHA

Mehytum, Tpebaio Ou HarIaCUTH a Cy Y TOKY APYTe TOAMHE UCTPAKUBAHA
CpeIme JHEBHE TeMIleparype Ouie Buile y mpoceky 3a 1,2 °C (tadena 5). Bume
CpeIme JIHEBHE TeMIieparype Morie Ou OUTH y3pok ckpaherma BereTanuoHOr
MepUoJia KuMa y JIpyroj TOJUHHI UCTPAKUBAHA.

Tabesa 5. Cpeamwe qHeBHe Temmneparype (°C) y Toky ¢eHoomKUX (a3za jexHoro-
TUIIHET KUMA HA TPU UCIUTHBAHA JIOKAJINTeTa Y BojBonunn TokoM JBe ToquHe

HCTPaKUBakbA
2011 2012
M P 0 X M P 0 X
C-H 13 12 13 12,7 12 11 13 12,0
H-TIC 15 17 18 16,7 17 17 18 17,3
TIC-1] 21 20 20 20,3 21 22 24 223
113 22 23 23 22,7 24 25 26 25,0
3-K 23 22 23 22,7 25 24 24 24,3
X 188 188 194 | 190 | 198 198 21,0 _ 202

M — Momopus, P — Benmmkn Pagunim, O — OcrojuheBo, X — npocek, C — cetBa, H — Humlame,
TIC — mopact nBeroHOCHOT cTabina, 11 — nperame, 3 — 3peme, XK — xera
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[lagaBuHEe TOKOM BereTalMOHOI MEpHOAa KMMa MpUKa3zaHe cy y Tabenu O.
VY toky 2011. ronune, y npoceky je 3abenexeHo 3a oko 20% BuIlle TalaBUHA
y nopelemy ca ApyromM TOJMHOM HCTPaXHBama, U Te MaJaBUHE Cy UMalie Mo-
BOJbHUJU PACIOpPEa Y TOKY BEreTallMOHOT MEpUoAa, C THM HITO je y MEPUOIY
07l CEeTBE 10 HULama 3a0eJie’KeHa Marba KOJIMYMHA NaJaBUHA, alld je ceMe 3a
mpolec KiHMjamka MOIVIO Jla KOPHCTH pe3epBe Biare U3 3UMCKOT NIEpUOAa, TaKO
Ia 0Baj Ae(QULUT HUje HETaTUBHO yTULA0. /lajbe TOKOM BereTalroHOr epruoaa
najiaBuHe cy Omiie paBHOMEpHO pacnopelene, u Ouie cy 10BOJbHE 3a HopMH-
pame 04eKHBaHOT IIPUHOCA.

VY toky 2012. rogune, y IepuoAy O] CETBE JI0 HHUIIaka, Talia je J0BOJbHA KOJIU-
yuHa kuiie (34—50 mm), mro je omoryhuo paBHOMEpPHO U OP30 HULAKHE KUMA.
Takohe, u y nepuogy oOpa3oBama JUCHE po3eTe (o HULAmba 10 GopMUpama
LBETOHOCHOT CTa0Jia) KOJMYMHA TaJjaBuHa je Ouia ontuMaina. Mehytum, y ne-
pHUOAY O TIopacTa y cTabiIo JI0 MoYeTKa [BETamba OeJIexKH ce 3HaYajaH ASPUIUT
nagaBuHa. Haume, Ha Teputopuju Hoor Cana O6mio je ceqaM KHMIIHUX JaHa
ca MPOCEYHOM KONMMYMHOM manaBuHa o 4,1 mm, Kukunnae net ca 3,4 mm u
CpemMcke MuTpoBHIle YeTHPH KHUILIHA AaHa ca mpoceyHo 4,5 mm nagasuaa. OBe
KOJJMYMHE Cy Ouiie HEJOBOJHHE M HETaTWBHO Cy ce oipasuie Ha (GopMHpame
npuHoca. CylIHM Neproj] ce HaCTaBHO U TOKoM (eHonomke dasze hopmupama
IUTOZIOBA, IITO je HeraTUBHO yTHLano Ha Macy 1000 miogoBa 1 KIujaBocT. Y me-
pHOny ca3peBama II00Ba NaJlo je nmpocedHo 47 mm kuiie, Meh)yTium, To HUje
yTunano Ha nosehame npuHoca mioaa. M3 oBora ce MoXe 3aKJbYUUTH Aa CyIIa
y TeHepaTHBHUM (a3aMa pa3Boja Jeiyje HEMOBOJHHO Ha (POpMHUpaIbE MII00BA.

Tabena 6. Komunna nagaBuHa (mm) y ToKy (eHOIOIKNX (a3a jeTHOroqUIIer
KHMa Ha TPHU JOKAJuTeTa Y BojBOIMHN TOKOM /1Be TOAUHE HCTPAKUBAKA

2011 2012
M P 0 X M P 0 X

C-H 7 15 5 9,0 34 50 48 44,0
H-IIC 71 121 63 85,0 99 104 51 84,7
Ju(eni| 40 18 35 31,0 29 18 17 21,3
I1-3 33 87 79 66,3 1 6 2 3,0
3-X 43 23 29 31,7 48 39 54 47,0
X 194 264 21 223,0 211 217 172 200,0

M — Momopus, P — Bemuku Pagranu, O — OcrojuhieBo, X — npocek, C — cera, H — Humame,
TIC — nopacT 1BeToHOCHOT cTabna, 1] — nserame, 3 — 3peme, K — xeTBa

VYTuilaj ocyH4aBama Ha Tpajarme BEreTal[OHOT [IEPHO/ia KUMa ¥ TI0jSAMHUX
(denonomkux ¢asza npukaza je Ha rpadukony 3. Kao mro ce Moxe BuIETH
13 MPUKa3aHOT rpaUKOHA, y TOKY BereTaluoHor nepuojaa kuma 2011, ronuxe
MIPOCEYHO Tpajame oCyHYaHocTu Omto je 1442 cara. Y toky 2012. ronuue mnpo-
ceuaH Opoj CyHYaHMX caru je Ouo Mamu 3a 117 u uzHocwuo je 1325 caru.

JenuHo je y nepuoay Gopmupama JiMcHe po3ere 3abesexeH Behu Opoj CyH-
yanux catu y 2012. roguan y nopehemy ca 2011, 1ok je y cBUM ocTanum ¢e-
HOJIOIIKUM (pa3ama ocyHuUaBame OUII0 Mambe Y JIPyroj ToauHY u3Bohema oresa.
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I'pa¢pukon 3. OcynuaBame (h) y Toky penosomkux (paza jerHOrogummer KUMa Ha
CBa TPU HCIUTHBAHA JIOKAJUTETA TOKOM 00€e roiiHe HCTPAKHBaHba

6.3. YTu1aj BpeMeHCKHUX YCJI0BA HA KBAJUTATHBHE
U KBAHTHUTATHBHE MapaMeTpe

BpeMeHCKI/I YCJIOBY YTULIAJIN CYy HAa TOTOBO CBC UCIIUTHBAHC IIapaMETPEC KUMa
Kako Mopdoromnike (BUCHHA OMIbaka, MPEYHUK IITUTA, OpOj IITUTOBA TIO OWJb-
11, 0poj mozoBa y mtuty, Maca 1000 mogoBa) Tako U Ha TapaMeTpe IpruHOCca
(Mmaca 1iene OMIbKe, IPUHOC TUIOI0BA TI0 OWJBIIH, JKETBEHH HHJICKC), ajld U KBa-
JTUTATUBHE 0COOWHE TUIoAA (Campikaj €TapcKor yiba y IUIOTY, YO KOMIIOHSHTH
y eTapcKoM YJbY, KIHjaBOCT ceMeHa). Mop(doomky mapaMeTpu Cy JeTaJbHO
oOpalhenn y morasspy 3, Tako aa he oBae OWTH pedn 0 mapameTpruMa IpruHOCca
M KBaJIMTETAa II0AA.

IIpunoc nnoodosa no bumyu. Ha mpuHOC 110108 10 OUIBLM 3HAYAJHO Cy YTH-
[JIA YCJIOBH TOJIMHE U JIOKAJIUTET, IOK IPUMEHBeHO yOpHBO, K0 HU MHTEPaK-
uje Hucy Omim 3Havajuu (Tabena 7). Y MOBOJbHHU]O] TOAWHHU IPUHOC TIOI0BA
no Ousbim je 6uo 4,25 g, nox je y cymnoj 2012. 6uo apacTH4HO Mamu (Camo
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0,96 g). Ha nokanurery Benuku Pagunuu octBapeH je HajMamwy, a y Momopu-
Hy HajBehu mprHOC MI0/10Ba IO OUJBIIH.

[IpunoC m1010Ba 110 OUJBIM 3HAYAJHO 3aBUCH OJ1 Opoja IITUTOBA MO OUJBIIH,
Opoja romosa y mtuty u Mace 1000 mmomosa. Kako cy cBu HaBeneHH mapame-
TpH OWJIM CTAaTUCTHYKY 3Ha4ajHO Behu y pBoj rofuHn uenntuBama (2011), paz-
YMJBMBO j€ J1a je OCTBapeH M Behn MPUHOC MJI010Ba M0 OUJBLH Yy OBOj TOJAMHHU.

VY ycioBuma jake cymie y Mahapckoj mpuHOC 1o OUJbIH je OO Beoma Maliu, U
Kkpetao ce y rpanunama oxa 0,02 1o 0,82 g, 10K je y yMepeHO CYIIHUM YCIIOBUMA
6mo Hemto Behm — 1o 1,73 g [121]. ¥V TyHucy nak mpuHOC 11072 110 OUIBLIU Ce
kperao 0,70-1,33 g, nok je y JIutBanuju 1,1-2,9 g [70; 91].

Maca yene bumre. I Ha Macy cyBe OMIbKE 3HAYajHO Cy YTHIIAIH YCIOBH TO-
IHE U JokauTeT (Tabdena 7). Kao mTo ce Moxe BHIETH, Y TIOBOJHHU]O] TOTUHU
y TIpoceKy orviena jeaHa Ouspka je oopasopana macy ox 10,02 g, mok je y cymi-
HOj rofiuHKN Maca Oousbke Omma camo 4,21 g, mTo je cMameme 3a 58%. [locroje
MOJALM J]a y 3aBUCHOCTH OJf HHTEH3HUTETa CylIe MPUHOC OMoMace MOXe Jia ce
cmamu o 20 no yak 40% [70]. OBu pesynratu noTBplyjy Aa je HeaocTarak
BOJIe orpann4aBajyhu (hakTop 3a pacT Kuma.

JKemeenu unoexc. XKerBeHn MHAEKC OApa)kaBa pacHojelly Mpojpykara ¢o-
TOCHHTE3€e M3Mel)y ImTo/a u BereTaTuBHOT Jenna OwmibKe. ,,Ha oBaj mapamerap y
HAIUM OIJIeAUMa YTHLAIM Cy CaMO YCJIOBH TOAMHE, JOK YTHLAJU APYTHX UCIIH-
TUBaHUX (aKTOpa HUCY OWIIM CTaTUCTHUKH 3HadajHU  [1, cTp 72]. ’KeTBeHu uH-
nekc je y mpoceky ornena y 2011. roqunau n3nocuo 43,16%, 1ok je y 2012. 61o
BeoMa Manu (22,65%), mTo ykasyje Ha TO Jia je y[eo BereTaTHBHE Mace OHO
BehiM y OJJTHOCY Ha MPHUHOC TUIOAOBA, Tj. J]a )KETBCHU WHJICKC 3HAYajHO omaja y
yCIIOBUMa CyIIE.

Tabena 7. BpeanocTu Mace n1010Ba 1o 6M/bIH, Mace neJie OM/bKe H KeTBEHOI HH-
JeKca jeTHOroMIIber KMMa y 3aBHCHOCTH 0] BpEMEHCKHUX YCJI0Ba roANHe, JOKa-
JINTETA U NpuMem-eHoOr h)yOpuBa

Maca nionoBa mo
& Maca uene 6mibke  JKeTBeHM HHIEKC

OHIBITH
2011 4,25 10,02 43,16
Tomma (A) 515 0,96 421 22,65
TTo or MomopuH 3,27 9,21 32,50
®) B.Pagpamm 1,79 4,78 31,99
Ocrojuheso 2,76 7,37 34,23
KorTpomna 2,29 6,87 30,70
Cnason 2,61 7,09 33,04
IIpumewedno  BactoFil B-10 2,85 7,22 34,89
hy6puso (C)  Royal Ofert 2,59 7,16 32,98
I'mucremak 2,47 7,07 31,47
NPK 2,81 7,30 34,37
3nauajuoct F—Tecra 3a cBaku H3BOp Bapujauuje

A 0,40 0,67 4,12

B 0,50 0,82 H3

C H3 H3 H3

AB H3 H3 H3

AC H3 H3 H3

BC H3 H3 H3

ABC H3 H3 H3

H3 — HHj€ 3Ha9ajHO CTATHCTUIKH
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Caopoicaj emapckoe yma y niody. Caapxaj €TapcKor yjba y MJIOAY OCHM Y
MPOLIEHTY MOXE Cce MCKazaTu U y pg/miofy. OBaj Apyru HauuH NpUKa3a Hapo-
YHUTO je 3HauajaH, jep YKOJIHMKO Ce caapiaj eTapcKor yjba McKaszyje y %, OH y
CTBapy NPECTaBIba 3alPEMUHY €TapPCKOT yJba y ofpeleHoj Macu y3opka (V/w).
[TomTo cy BpeMEeHCKH YCIIOBH TOKOM T'OJMHE 3HAYajHO YTULAIU U Ha Macy TJI0-
JIOBa, Koja je y ycjoBuUMa cymie Ouia 3HauajHO Mama, UCKa3HBame caapikKaja
eTapCKOT yJba Y WLE/TUIONy NMpeACcTaB/ba KOMIUIETHU]U TTOKa3aresb (Tabena §).

Tabesa 8. Caap:kaj erapckor y/ba y IUIOAY jeIHOroAuIIber kKuMa (Ug/miony) y
3aBHCHOCTH 0] BpEMEHCKHX YCJI0BA TOIMHE U JIOKAJTUTETA

Mouopra Bemuku OcrojuheBo TIpocek
Panuaim
2011 94,42 146,29 128,49 123,07
2012 77,16 51,71 74,45 67,78
IIpocek 85,79 99,00 101,47 95,42

Ha ocHOBY IBOTOIUIIIELUX pe3yaTaTa T00MjeHUX Ha TPH OIVIE/IHA T10Jba, MOXKE
ce 3aKJbYUYHTH J1a je Y KIIMMAaTCKH MOBOJbHU]j0j ToauHu (2011) maox kuMa akymy-
JIUPAo TOTOBO JIBOCTPYKO BHIIE eTapckor yiba (123,07 pg/miony) y nopehewmy
ca cymHoM 2012. ronunoMm (67,78 pg/miony). Ca npyre crpaHe, yTUIlaj JoKa-
JUTeTa je Takohe 0o M3paxkeH. Y MpoCeKy 3a 00€ rojiuHe, HajMamky KOJIUYUHY
€TapCKOT yJba aKyMYJIMpPaJH Cy TUIOJOBU OMJbaka rajeHnx y Momopuny (85,79
pg/miony), 1ok cy Ousbke rajene y Bennkum Pagmanmma u OctojuheBy umane
npubIIKHO ucte rmpoceude BpenHocty (99,00 u 101,47 pg/mnony). MehyTum,
BUJIJbMBA j€ jaKa MHTEPaKIMja BPEMEHCKHX YCIIOBA M JIOKAIUTETA.

Yoeo xapsona u numonena y emapckom ywy. Yneo kapBoHa U JTUMOHEHA Y
eTapcKoM yJby KMMa HajooJbe ce Buau npeko K/JI ogHoca (tadena 9). Cmarpa
Cce JIa je KBAJIMTET ETapCKOT yJba KuMa 00JbH 1ITO je ogHoc K/JI Bumu. Y Hamum
uctpaxuBamwrma K/JI ogHoc je y mpoceky oriena usnocuo 0,61, Ha OCHOBY
Yera ce MOXKe 3aKJbYyUYHTH Jla UCIIMTHBAHA MOMYJIalija KiMa MpuIaia JMMOHCH
xemoruiy. Y ®uHckoj oBaj onHoc ce kpehe 1,7-2,4, y Amepunu 1,49, y Yenkoj
1,85-2,74 [25; 58; 107].

Tabesaa 9. K/JI ogHoc eTapckor y/ba jeJTHOrOAMIII-ET KUMA Y 3aBUCHOCTH OJ1 Bpe-
MEHCKHUX YCJIOBA TOANHE U JOKAJTHTETA

Mouopra Bemuku OcrojuheBo TIpocek
Panuaim
2011 0,73 0,74 0,82 0,76
2012 0,40 0,61 0,39 047
IIpocex 0,57 0,68 0,61 0,62

AHaJIM30M UCIIMTUBAHUX TOJIMHA MOXKE CE YCTAHOBHUTH Ja je y Toky 2011. ro-
JIMHE OCTUTHYT Behn yieo KapBoHa y etapckoM yiby (42,53%) y nopehemy ca
2012. ronuaom (30,93%). M3 oBora ciienu Jia je y TOKY CYIIHH]E U TOILIH]e TOH-
He K/JI ogHOC OMO MamU, OJHOCHO JIa j& KBaJIMTET €TapCKOT yiba OHO Jiomuju [4].

[TocToje noxanu jga HeOCTaTaK BOJIE A0BOIM 10 noBehama cajipikaja JIuMo-
HEHa U cMamema KapBoHa 3a 7—10%. Mehytum, cymia He yTHYe Ha XEeMOTHUIT
kuMma. [Topehame HUBOA Ccyllie CTUMYITHIIIE OMOCUHTE3Y MOHOTEPIICHCKUX YIJhO-
BOJIOHHKA, JTOK C€ MOHOTEPIIEHCKN KETOHU (KapBOH U MpaHC-IAXUIPOKAPBOH)
cMmamyjy [71].
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[IpomeHa y akyMmysanuju KapBoHA U JIMMOHEHA MOXeE Jla ce 00jacHH ImpoMe-
HOM HHBOA aKTHBHOCTH OMOCHHTETHYKHX €H3MMAa, IIPH Y€MY je YCTAaHOBJHEHO
Jla ce KapBOH y Behoj KOJMYMHM aKyMyJaupa MpU XJIaJHOM H BIAYKHOM BpeMe-
Hy [91]. OBO je BUAJBHMBO W y HAIIUM HCTpakuBamuMa. Hamme, y Tomimjoj u
cyBJsboj 2012. roquau popmupano je 28% mame kapBoHa y ofHocy Ha 2011.
ronuny. Beoma 6utan ¢akrop Koju yclloBJbaBa cajpiKaj eTapcKor yjba je U UH-
TeH3uteT cBeTocty [109]. CyHuaHo BpeMe MoCTHYE aKTUBHOCT €H3MMa JIUMO-
HEH-6-XHPOKCHIIa3e, U Kao pe3yiTar jaBjba ce nosehame kapBoHa y nopehemy
ca JINIMOHEHOM.

Kaujasocm cemena. KnujaBoct cemeHa kuma ozipel)eHa je y maboparopujckum
ycnoBuma nipema nipaBunuma ISTA (International Seed Testing Association) y
IUIACTUYHUM KyTHjaMa Ha (QUiITep Mmamumpy, a OYNTaBaAke CHEepThje KIHjama je
paheHo HaKOH cenmam, a yKyIlHe KiujaBocTd HakoH 21 man. 13 tabene 10 ce
jacHO MOJKEe BHJIETH JIa je TOIMHA MMalla CTATUCTHYKY 3HadajaH yTUIaj Kako Ha
eHeprujy Kirjamka Tako ¥ Ha yKYIHY KiujaBocT. EHepruja knujama je y 2011.
ronguHu npocedHo uzHocuina 80,11%, mox je y 2012. ronuau Omia jako mana,
0K0 22,76%. YKynHa KI1jaBoCT je y HOBOJbHHU]O] TOAMHU n3HOcHa 85,72%, a'y
CYIIHH]jO] ¥ TOIUIN]jOj cBera 27,97% [4].

Tabesna 10. Enepruja kiMjama 1 yKylHa KJIMjaBOCT CeMeHA jeHOTroIM el KUMa
Y 32aBHCHOCTH O] BpeMEHCKHX YCJIOBA I'O/IMHe, JIOKAJIUTeTa H NpuMeeHor yopusa

Enepruja xnnjama VKkyTiHa KIHjaBoCT
Tomuna (A) 2011 80,11 85,72
2012 22,76 27,97
TlokamTer Momopun 50,48 53,83
B.Paguunu 47,88 56,25
(B) OcrojulieBo 55,96 60,46
Kontpona 51,58 60,29
CnaBon 51,04 55,54
IIpumemeno  BactoFil B-10 53,25 60,08
hyopuso (C)  Royal Ofert 51,79 56,88
Iucremax 50,92 55,54
NPK 50,04 52,75
3nauajaoct F-tecta 3a cBaku H3BOp BapHjaimje

A 1,36 1,39

B 1,67 1,71

C 2,36 241

AB 3,33 3,41

AC H3 241
BC H3 4,18

ABC H3 H3

H3 — HHj¢ 3Ha4ajHO CTaTHCTHIKA

VY mpoceky, 3a 00e ToaMHE HCTpaKMBama HajBehe BPEAHOCTH W EHEprHje
KIIMjaba W yKYIIHE KIWjaBOCTH Cy 3a0enexeHe Ha jokamutery OctojuheBo
(55,96% onnocHo 60,46%). I1ITo ce THUEe NpUMEHE Pa3ININTHX BpCTa I)y6p1/1—
Ba, y MPOCEKy 00e NCIUTHBAaHE TroiHe HajBeha BpeJHOCT eHepruje Kinjama je
noOujeHa TpeIceTBEHOM MMPUMEHOM MUKpoOHoiomkor hyopusa Bactofil B-10,
JOK je HajBeha yKynHa KiMjaBoCT 3a0enenekeHa Ha KoHTpoiu (60,29%), a mo-
ToM nipu npumenu Bactofil B-10 (60,08%).
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VY ucTpaxkuBamuMa KOja CMO M3BEIM y IIMJbY OLICHE Ipenapara Ha 0asu
Bacillus-a (Bacillus subtilis FZB24 n RhizoVital 42 L) na eneprujy xiujama
KMMa yCTaHOBHJIM CMO Jia c€ eHepruja kinujama nosehana 3a 3% ogHocHo 8%
Ipy IPUMEHH OBHUX Ipemnapara y nopehemy ca konrponom (73,8%), mehyTum,
TO HHje OMJIO CTAaTHCTHYKHM 3HauajHO. YKynHa KnujaBoct nosehana 3a 1%, ox-
HOCHO 5% y omHOCY Ha KoHTpOy (77,2%), mTo Takohe Huje OUII0 CTaTUCTUYKU
3Ha4ajHo [5].
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7.
fajerbe KMma

BO TIOTJIaBJh¢ MIMAa HEKOJIHMKO IEIMHA KOje Cy 3HaudajHe 3a rajeme Kuma:

(1) 3acHuBame ycesa, rue je oopaleHa mpodnemaruka n300pa 3eMIBHILITA
U TpejayceBa, OCHOBHE oOpaje u hyOpeme, Kao U MpelceTBeHa MpUIpemMa U
ceTBa, (2) Hera yceBa, Koja ce 3HaYajHO Pa3iKyje KOJ| jeTHOTOUIIHET 1 JBO-
TOIUILBEr KUMa, ca OCBPTOM Ha 0oJecTH u3a3BaHe (PUTONATOTEHUM TJbUBaMa,
6aKTepI/I_]aMa 1 BUPYCUMA, Ka0 ¥ HAa HHCEKTE MTETOUYHHE, U (3) )KeTBa, IPUHOC U
KaJIKyJalnja Mpou3BOIh-e, Kao U Mpepaja rmiogoBa kuma. Ha cimmm 9 npukasa-
HU Cy JIeTaJb!l U3 TIPOU3BOHE KIMa y MTOJHCKUM YCIOBHUMA.

7.1. 3acHuBame yceBa

3emmuwme. KuM ce MOXe TajUTH Ha PA3IUYUTAM 3E€MJBWIITAMA, ali
My HajOOJbe OJATOBapajy pacrpecura, QyOOKa, yMEpPEHO BJaKHA U IUIOJIHA
3eMJBHINTA KaKBE CY NIMHOBUTE MECKYIIIe, YePHO3EM U CTPYKTypHE Tajimade. He
MTOJTHOCH 3€MJBHINTA Ha KOjIMa Ce 3a/IpKaBa BOJIa, KA0 HU TIECKOBUTA M KHCela
3emspumiTa [111].

Ilpedyces. Kao HajOoIBH TIpElyceBU 3a KUM ce cMaTpajy hyOpeHe okonaBu-
He, ToceOHO KopeHacTH yceBd u noBphe. JloOpu npexyceBu Cy u JeryMHHO3E,
ay ¥ OMJbKe 3a0paHe Kao 3eieHuIIHo )yopuBo. Kum ce He cMme cejaTn HaKoH
Ousbaka u3 ucre paMuirje, Kao HA Ha 3eMJBHUIITE 3aPayKCHO BHJIMHOM KOCHIIOM.
Takolje, cMaTpa ce Ja CTpHA KHUTa HUCY JOOPH MPEAYCeBH 3a KUM, aJlH Ja je
KuM j100ap nmpenyceB 3a BbHX jep PaHO HAITyIITa 3eMJBHIITE, 114 0CTaje JJOBOJHHO
BpPEMEHA 3a [IPEACETBEHY IPUIIPEMY U CETBY 03UMMX kuTapuua. Ha ucro mecto
KHUM CE MOXE CEjaTH HAKOH YSTUPHU TOJHMHE.

Ocnosna obpaoa. OcHoBHY 00pany Tpeba M3BPLIMTH PAaHO y jeCeH, LITO
IyOJbe, Y 3aBUCHOCTH Of] JJyOMHE OpaHUYHOT CJi0ja, HajooJbe HA AyOHUHY o1 25
1o 30 cm. Ha ny0spmM 3eMJBHIIITHIMA Ce TIpenopydyje yrmorpeda gusena. [1oo-
paHO 3eMJBHMINITE CE OCTaBJba Y OTBOPCHUM Opaszzama Jia mpe3uMH, a y mnpoinehe
ce MoBpIIKUHCKU oOpalyje.

Byoperve. Kum 3axteBa 10CTa XpaHuBa, T¢ je HajO0Ibe hyOpeme u3BpmTh
HA OCHOBY XEMHJCKHX aHaliu3a 3eMJbHINTA. KMM MO3UTHUBHO pearyje Kako Ha
MpUMEHY MUHEPATHUX TaKo M Ha MPUMeEHy opranckux hyopusa [2; 3].

Ilpeocemsena npunpema. Y npoinehe npeaceTBeHa npunpema tpedasa Ou ia
ce m3BpiM 1mto panuje. [Ipernopydyje ce appame (1a Ou ce pazoOuie rpyase) U
paBHambe JIAKMM BaJbKOM (Kako OU ce CIpeyro ryOUTaK 3eMJbUILHE BlIare Karu-
JIAPHUM TIyTeM ¥ 00e30e/11ia nperu3Hmja ceTBa).
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Canka 9. [Ipou3sBoama KHMa y IOJLCKUM YycjioBUMa: A) DopMupame peioBa Kuma,
B) IMopact uBeroHocHor cradja, B) IiBerame kuma, I') @opmupame mioxoBa y
NpUMapHUM IITUTOBHMA, /) da3a 3eseHux niioaosa, B) CazpeBame.

Ceme u cemsa. Kum ce pasMHOXKaBa JUPEKTHOM CETBOM Ha CTaJIHO MECTO.
CetBy TpeOa nzBecTH paHo y nposnehe, y MapTy Mecely, y PeAOBe Ha pacTojarby
3040 cm, ca 80-100 knujaBuX 3pHA O Ty’KHOM METPY, 3a LITA je NOTPEOHO
oko 10-12 kg/ha cemena. Ceme ce ceje IMTKO (He 1yOsbe o7 2 cm), TOTOBO
Ha caMoj HOBPIUMHHU, T€ CTOTa, Aa OU ce yOp3ajo KiIMjamke CEMEHa M HULAbE
Owmsbaka, Mocjie CeTBE MOBPILMHY HUBE Tpeda MmoBasbaTH. Y MOBOJHHUM YCIIO-
BHMa CeMe MPOKJIMja HakoH 18 mo 25 mana. OBO BaxH U 3a jEHOTOUIILE U 32
JIBOTOJIUILIFHE BapHjeTeTe.

[Tocroje momany 1 Aa ce IBOTOAMIIILM KUM MOXE CejaTH Kpajem Jjera (aB-
rycT — cenrem0ap), Tako Aa 710 oYeTKa 3UME Pa3BHje HaJI3eMHH JIC0 KOjU Mpe-
3uUMJbyje, a cienehe rogrHe MIOJOHOCH. JecemhoM CeTBOM M30erasa ce 3ay3u-
Mambe 3eMJBHIITA TOKOM JIBE TOIUHE.
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Hnmepkponune. Kum Moxke 11a ce raju Tako IITO Ce ycejaBa y HeKH 3alITUTHU
yceB, Hajuenihe MUBCKHM jedyaM KOju ce OOMYHO ceje HemTo pehe, kako He Ou
YIYIINO TeK W3HHKJIE OMJbKe KuMa. Kum ce y jeuam yceBa Mmomnpeko Ha mpasaif
penoBa. Tek HaKoH JKETBE jeuMa MPUMEHY]y ce Mepe Here (MPUXpambuBame U
okomnasame). [Topen Tora, KUM MOXe 3APYXKEHO Ja Ce raju U ca OalTeHCKUM
MaKoM, TPAIIKOM, YyKypOTOM, YJbaHOM PEIHIIOM, KOPHjaHAPOM, MUpOhHjoM,
KaMUJIMIIOM, JIAHOM, IIIIAHATOM. 3a Pa3JIMKy O]l jeuMa, OBe OUJbKE Ce Cejy y
HCTOM TpaBity penona [88].

Tpeba mmatu y By Jla C€ MPH rajerby KiMa y MEIIOBUTOM YCEBY CETBEHA
HopMa cMmamyje 3a 20—40% y nopehemwy ca unctum yceBom. [Ipu rajemy Ha
OBaj HAYWH MOCTIKE CE TO JIa C€ Y MPBOj TOIMHU ca 3acejaHe MOBPIINHE J00Uje
MPUHOC IMOKPOBHOT yCEBa, jep KMM, Ka0 JBOTOAMIIbA OMIJbKA, TUIOA0BE JOHOCH
TEK Y IPYroj TOJHHHU.

7.2. Hera yceBa

Heza kuma y npeoj 2oounu eecemayuje. On Mepa Here y pBOj TOXMHU Bere-
Talyje MpuMemYjy ce MeXaHUIKe Mepe Y LBy cy30ujama KOPOBA U IIPHXPabH-
Bame. O] MEXaHWYKUX MEpa TOKOM rajemha KMMa MpHMEmYjy ce MehypenHo
KYJTHUBUPA-E, OKOMAaBake U TUIeBJbee. [IpBa Meljypeana oOpama ce 0OMYHO
W3BOJIM UMM C€ YKy ITPBH PEIOBH, Kako O ce pa30uiia MOKOPHIIA U YHUIITHIIC
TEK N3HHKJIE KOPOBCKE OMIbKe. J[pyro okomaBame je 0OMIHO JBE 10 TPH HENEThEe
HAaKOH TIPBOT, IIITO 3aBHCH O]] TT0jaBe KOPOBA.

[Ipu rajersy ABOTOAMIIEBET KMMA Y ITPBOj TOAMHN OOUYHO Ce IPaKTHKYje YHO-
meme 120-150 kg/ha azotHux hyopusa npe apyror okonaBama. OBO MpUXparbH-
Bamke TIOBOJHHO YTHYE Ha Pa3Boj, jep ce JBOTOIUINLM KUM CHOPO pa3BHja Y
roueTky Bereranmje. Ca Ipyre cTpaHe, CTyauje Cy MoKaszalie Ja ITBOTOMUIIELN
KHM ONITUMATHO hyyOpeH y IpBOj TONWHU Tajemha 00Jbe pa3BHja KOpeH, nMa Behu
MpoleHaT Mpe3nMeNuX Ouibaka, u naje Behn npuHoc mioxa [ 124].

Heza kuma y opyeoj 2oounu eecemayuje. Y Apyroj TOAWHH BETETALMOHHM TIe-
pHOJ KMMa TTo4YHbe paHo y nposehe. Unm 3amovne Bereranuja, Ha Imapueiy ce
paszbaua 150-200 kg/ha azotHux hyOpusa, u 3aTuM ce yceB okonasa. Beh y majy
Mecelly KHM IIBeTa, a KpajeM jyHa ca3pesa.

bonecmu. llatorene u canpoduTHE TJEMBE KOje CE jaBJbajy HA KHMY JIOBO-
Je JI0 CMamema NPUHOCA IUIoa M KBape KBAIUTET ceMeHa. VcrnuTuBameMm
MHKOIOIyNAIHje 1072 (ceMeHa) KUMa YCTaHOBJbEH je BeNTMKU Opoj riprBa [89; 117].
Melyytum, ekOHOMCKHU Haj3HadajHUje Cy: Septoria carvi, Mycocentrospora acerina,
Phomopsis diachenii, Colletotrichum demantium wu Sclerotinia sclerotiorum. Ilo-
pen ®\HUX HaBome ce jomr W nernenHuna (Erysiphe umbelliferarum), mnaMmemada
(Plasmopara nivea), pha (Puccinia cari-bistortae) n neraBoct (Cercospora carvi).
Taxole je ycTaHoBibeHO U 12 cy Alternaria alternata, A. tenuissima, Ulocladium
consortiale n Fusarium equiseti naroreHe 3a kum [79; 94].

o Septoria carvi Syd.

CumntomMu nHQEKIHje OBOM I'JbHBM jaBJbajy c€ y BHIY HEKPOTHYHHUX I1eTa Ha
JMCTOBMMA U CTa0Ny KMMa, IITO Ha Kpajy pe3yaTyje yrunyhem Ousbaka. JaBibajy
ce Mase HekporuuHe nere 0,5 10 2,8 mm y NpeyHuKy, ca TAMHUM LHEHTPOM U
LpBEeHKacTO-OpaoH oboxom. MHunmpano numihe nonako *KyTH, U Ha lbEMY ce
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MOTY YOUUTH LIPHE TAUKHUIIE KOje MpelCTaBJbajy MUKHUAE ribuBe. Konuauje cy
U3AyKeHe, Onaro 3aKpuBJbeHe. [ JbuBa 4ecTo KOJIOHU3Yje U LITUTOBE U IIO0BE,
n3a3uBajyhu oJyMUpame 1 OTIIaJIakhe WK OCHIIake MTUTOBA. KosloHu]a ribuBe
Ha PDA momio3m je Meka, coMoTacTa, MacluHacTo 3eleHa. Huje 3abenexeH
CaBpIIIEHH CTaaujyM oBe TibuBe [74; 129].

O Mycocentrospora acerina Hartig

Oga rspuBa je 3eMJBUITHE TTaToTeH. CMaTpa ce Ja ’eHOM IHPEHY 3HATHO J10-
MIPUHOCHU W KMMOBa KOpeHoBa Bail (Pemphigus passeki Borner) xoja omrehyje
KOPEH ¥ Ha Taj Ha4MH IOTHOMaXke poop naroreHa. Kaia xmaMumocmnopa u3Bp-
M MHQEKIHjy KOpeHa KUMa, Ha IbeMy ce jaBJbajy Jie3uje Koje ce Op30 mupe u
MPCTEHACTO 3axBaTajy KopeH. [1omTo je KopeH KuMa peaTiBHO TaHak, OoiecT
ce TIPOTPECUBHO pa3BHja U OP30 JI0NIa3M JIO Pa3BO/haBara IeJI0r KopeHa. AKOo
j€ y IMTamy ABOTOAUIILYA KUM, OHJIA TJRUBA TIPE3UMH Y KopeHy (jep je dhusuo-
JIOIITKA aKTUBHOCT KOPEeHA 3UMU CMarh-eHa) U y pojiehe HacTaBibaja pa3Boj [42].

o Phomopsis diachenii Sacc.

CuMnToMH ce jaBJbajy Ha KOPEHY M IPU3EMHOM JIeTy cTalna y BUay Jie3uja.
OBa 1JpHBa ce Takole jaBJba U Ha TUCTOBMUMA, IITHTOBUMA U TI00BUMA. [IpBU
CHMIITOMH C€ UCII0JbaBajy y IEpHoay IBeTama OWibaka, Ha MTUTOBHMA KOjH
nocrajy opaoH 60je U oCTajy CTEPHJIHH, OJIAKJIe CE IaTOreH IMpPH Ha cra0o.
YKOIHKO Ce 3apasa jaBH y KaCHHjeM CTajijyMy pasBoja II0J0Ba, OHH OIyMHPY,
a KJII/I_]aBOCT ceMeHa ce cMmamyje 3a 60 10 uak 90%. [lopen Tora, Ha BEJIUKOM
Opojy KiHjaHama ce yodaBa HeKpo3a. CHMIITOMH Ha JINCTOBUMA CE jaBJbajy y
BUly MaJMX OpaoH Taukuna npednnka 0,5 mm Ha Bpxy smmha. Hekposa ce
Op30 WMpHK Ka OCHOBM JIUCTA, U JUCT ogymupe. Kononuja je 6eno cuse 6oje, a
ca Hannvja OpaoH-cuBa a0 OpaoH-upHa. [lukHUAN cy npHE O0je U hopmupajy
ce Yy MUIICIIU]H, 0L KOHUJIH]E Cy jeJIHONEINjCKe OBaJIHE, a [ KOHUAH]je CY IIpaBe U
koHUacte [73; 76; 96].

o Colletotrichum demantium Fr.

OsBa rypbHBa HacesbaBa HAJA3EMHHU Ae0 OWJbKE, YITIABHOM JIMCTOBE, CTA0I0 M
mrutose. MelyTum, Ha OMIBIIM HUCY YOUJbUBH cuMInToMu Oosnectu. [IpucycTBo
OBE TJbHMBE HAa CEMEHY KHMa CMamyje KirujaBocT 3a 25-30%, a Ha KiujaHuma
ce youaBa Hekpo3a. [ JpuBa ¢opMupa TAMHOCHBY, TOTOBO LIPHY, COMOTCKY MH-
uenujy [75; 128].

o Sclerotinia sclerotiorum (Lib.) de Bary

Ckuieporiyje oBe TJbHUBE CE OPKaBajy y 3CMJBHILTY, & Y IOBOJLHUM yCIIOBHMA
BIIQ)KHOCTH TJBHBA C€ IIMPH acKocropama Koje ce GpopMHpajy y arnoTenujama.
CumnToMH ce jaB/bajy Ha HaJ3eMHUM [ENOBHMA y BUIY JIE3Uja Ca Pa3BOC-
HUM TKHUBOM KOj€ BpEMEHOM TaMHe, 1 HAKOH JIeCeTaK JaHa o]l [10jaBe CUMIITOMA
OmIbKe ce cymie. Y yciIoBHMa BeJMKe Biare U Temreparypa ox 15 1o 21 °C moxe
ce pa3BUTH U OeJa manepjacta Murenuja [43].

[Topen ripuBa, 3a0€1eXKEHO je ¥ HEKOIMKO BHpyca u Oakreprja Ha Kumy. Of
BUpyca cy 3Hauajuu: Caraway latent virus (CwLV) u Caraway yellow mottle virus
(CwYMLtV), anu u Celery mosaic virus (CeMV) u Tobacco rattle virus (TRV). Ox
Oakrepuja 1o cy: Pseudomonas spp., Xanthomonas spp. v Erwinia spp.

Hucexmu. HajomacHuje IITETOYMHE KMMa Cy KHMOB MOJball U KHMOBa
rpuma. [lopex Tora, yceB xuMa Mory ja HamaiHy u aucHe Bamu (Cavariella
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aegopodii Scop. u Dysaphis crategi Kalt.), anmu 1 KUMOBa KOpPEHOBa BaIll
(Pemphigus passeki Borner) kao u crenuue (Lygus campestris L. v L. kalmi L.).

o KumoB mosbainl (Depressaria nervosa Haworth)

Onpacnu wHCEeKkTH cy Benmwkd 10-12 mm ca pacmonom kpuia om 20 1o
25 mm. Kpuna cy G6paon-Gena ca OPOJHMM y3IyKHHM 3apesiMa H HOmped-
HUM Tpakama OpaoHn Ooje. YKeHke monaxy jaja y Ha60pe mumha. ['ycenuna je
15-20 mm xyra, TaMHOCHBE JI0 IpHE 00je, ca peIoM jaCHUX I[PHUX OpajaBuIia
ca 6enrM 000JI0M M YOUJbMBOM KYTOM IPYTOM I10 Iy>KUHHU. Y TOYETKY I'yCEeHH-
IIe ce XpaHe IumiheM, a Kako OMJbKa pacTe, OHE IMpena3e y MITUTOBE, IIPEKPUBA]jy
VX TIAy9nHOM, YHUINTaBajyhm mBeroBe W oHemoryhaBajy cTBapame ILIOOBA.
Kana 3aBpiie xpameme, IITO ce TMOKIana ca NepHoJoM Ca3peBarma IUI00Ba,
TYCEHHMLE Ce MPEeMELITajy JI0jie, MPOrpHu3ajy cTadio u ymyTkasajy ce. Onpacnu
ce Mo0jaBJbyjy mociie 2—3 HezeJbe, Y jydy Mecelly WM KacHUWje, U oJyia3e Ha
npe3nMIbaBamke (HCToa Kope napBeha, y )KeTBeHe ocTarke, y cmwioce). OBa mire-
TOYMHA MOXKE J1a CMambU MPUHOC KuMa u 110 50%.

o KumoBa rpuma (Aceria carvi Nal.)

OBa mITeToYrHa je HeBUJIJbHBA TOJIMM OKOM. KM MOke OWTH HamajHyT To-
KoM 00e ronuHe Bereranuje. Onpacie rpumbe Koje Ipe3uMibaBajy y JIMCTOBUMA
JMCHE po3eTe y MapTy MOuumby Ja ce XxpaHne. HamanuyTo numrhe je nmpekpuBeHo
CBETJIMM TAuKHIIaMa, a yCJIe]] jJaKOT Hallaaa JIMCTOBH IOCTajy TajlacacTh U HC-
KpUBJbEHU U HA KPajy BeHy. Y anpuiry >KeHKe MOJIaXKy jaja Ha HAJINY]jy JINCTOBA.
JlyTke Koje ce ucmmIIe U3 jaja mocie JBe Helesbe ce TpaHchopMuIly y ozpacie.
Hexonuko renepanuja Moxe 1a ce pa3BHje TOKOM jenHe ce3oHe. HakoH mojase
I[BETOBA, TPUILE NIPEIA3E U HA BUX, a OHU yCJIE] Tora Memajy 00jy y pyKu4acty
WU 3€JICHKACTY U y IOTIYHOCTH CY JIeT€HEePUCAHU.

7.3. KerBa

JKemea. [11010BY KMMa HEPaBHOMEPHO ca3perajy. Kao HajmojecHuje Bpeme
3a )KETBY KMMa C€ cMaTpa Kaja IUIOJO0BU MOUUibY Aa A00ujajy MpKy 00jy, Tj.
Kaja je 65-75% mionoBa y ¢asu BoitaHe 3penoct. Koj ABOrouImer Kuma
TO je OOMYHO KpajeM jyHa, a KO jeIHOTOAMIIELET KPajeM aBryCcTa Uid MOYETKOM
cenreMOpa Meceria. JXKeTBa ce BPIIKM paHO YjyTPoO, JOK j€ YCEB jOIIT TIO POCOM,
Ja O ce CMarbHIIO OCHIIAhE.

Ilpunoc. IlpuHOC KMMa je BPJIO Pa3iUIMT. J|BOTOAMIIBN KUM, ako CE Taju
Kao 9ucT yce, maje oko 1000-1200 kg/ha tutoma, a ca 3alITUTHAM yCEBOM
700-1000 kg/ha. JenHoronuIIB-U KUM J1aje HELITO Mamke NPUHOCE Y nopehemy
ca IBOTOJUILHUM.

Kanxyrayuja npoussoomwe. [lpema HaBomuMma cTpyumaka u3 WHcTuTyTa 32
npoydaBame JiekoBuTor ousea ,,Jp Jocud [lanumh®, TpomkoBu mpousBoame
kuma u3Hoce 490 €, a npu ranupanoM npuHocy o 800 kg/ha u oTkymHOj 1IeHU
on 1,5 €/kg moke n1a ce octBapu 100uT oj1 oko 710 €/ha [34].

Ilpepaoa. IIeCTI/mauHJOM mioaa Kuma Jobuja ce erapcko yiee. [Ipoceyan
IPUHOC ETAPCKOT YJba ]e 10 mo 12 kg/ha. Hakon necruianuje erapckor yiba
0CTajy yJbaHe Ioraue Koje cy Oorare MpoTeMHNMa U YJhEM, ali 300T BEITUKOT
caapiKaja BJaKaHa MOTY C€ KOPHCTUTH HCKJbYUHBO 32 UCXPaHy MPEKUBApa.
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8.
KymuH (Cuminum cyminum L.)

ymuHn wm hupa (Cuminum cyminum L.) jecte Onmibka w3 daMuimje

Apiaceae (Umbelliferae), mopexiiom u3 ncrounor Memutepana (Erunra u
Cupuje). Manuja je najsehn mponssohau oBe 6msbke Ha oko 410.000 ha, ca mpo-
M3BOIAHO0M of1 Tipeko 176.000 t rogumme [95].

Kymun je TpagunuoHaiHW WHAMjCKH 3a4MH, KOjU MMa OINTap M JbYTKACT
yKyc. JenaH je o OCHOBHHX cacTojaka Kapvja W rpaM macalie, a KOpUCTH Ce U
Ka0 3a4MH 3a cajare, MeluBa, BAPUBA, IMPUHAY, MAXyHAPKE U MIICUHE ITPOU3BO-
ne. Kopuctu ce v 3a 3aunmbaBame Meca Kako KyBaHOT Tako U MIEYCHOT, HAPOYHUTO
jarmerune u uetune [20].

8.1. Mopdosioruja kymMuna

Kymun je Hucka, jenqnoronumima Ousbka. JIMCTOBU Cy UIITMYacTH, TIaBo-3e-
neHe 0oje. LIBeToBU cy cUTHH, po3e 00je, CaKyIUhEHH y MaJjie ITHUTACTE IIBaC-
tu. [0 je mu3oKap, Koju ce CIIOHTAaHO paciajia Ha Ba Mepukapiia xyhkac-
TO-OpaoH 0oje, nyxune 4-5 mm. Ha nnoxy je BuasbuBo neBet pedapa uzmely
KOjUX Ce Haja3e KaHalli ca eTapcKuM yJbeM (Vittae).

[Ipoceuna BucuHa OUJbaka KyMuHa rajeHux y Moropuny je Ouna 18,5 cm,
U Tipu ToMe je Bapupana ox 16 mo 21 cm [10]. UctpaxuBamuma y Mpany ycra-
HOBJBCHO j€ Jla ce BUCHHA Ombaka kpeTana ox 15,29 mo 24,42 cm y 3aBUCHOCTH
on exoruna [97]. OnemuBameM edexra mpumeHe He-Ne nacepa Ha Mmopdosronr-
Ke mapaMeTpe Ousbaka KyMHHa YCTaHOBJHEHO je Jla C€ OBOM METOOM BHCHHA
Moxke roBeharu ca 18,25 cm (koHTposa) Ha yak 32,59 cm [39].

busbke xymuna rajene y Momopuny ¢opmupaine cy ox 11 no 17 mruToa, a
y TIpoceKy jemHa Omsbka je gopmupana 13 mruroBa. McTpaknBama n3BeIeHA
y Unnuju yxaszyjy na o6usbke popmupajy 9,80 mo 20,10 mTuToBa npu mpuMeHH
pasnmunTux Tunosa hyopusa [113]. V Upany nak Ousbke cy o0pa3zoBajie 3HaTHO
BHILIC IITUTOBA, 011 28,24 1o 42,34 y 3aBUCHOCTHU O]l KOJIMYUHE MPUMEHCHOT
a3oTHOT hyOpuBa u ryctuse ycesa [16].

[Ipeunnk mTUTa KyMHHA j€ y TpoceKy u3Hocno 2,75 cm. OGHUYHO ce HaBOAH
Jla je TPEYHUK MTHTa 10 3,5 cm U Ja ¢ cacToju Of MeT 0 cemaM ImTHUTHha.
buibke kymuHa ¢y y ipoceky ortena gpopmupane 19,33 3pnHa o mtuty. Y cry-
JIUjH y KOjOj je u3y4aBaHO JCBET €KOTUIIOBA KyMHHa U3 paHa ycTaHOBJBEHO je
na ce oBaj napamerap kpehe o 13,75 no 15,50 [84], nok je y Unauju yrBpheHo
Ja Oribke KyMuHa 00pa3yjy on 18,25 no 23,14 miomoBa y WITUTY, Y 3aBUCHOCTH
on BpcTe nmpuMemeHor hyopuna [80].
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8.2. XeMujckm cactaB u ynorpeéa KyMuHa

Ko kymuHa, ka0 1 KOJI KUMa, KOPUCTHU ¢€ UCKIbYUHUBO 1o (Cumini fructus).
Canpikaj eTapckor yjba y IUIOJ0BUMa KyMUHa U3 MHIMje, KOju CMO MU KOpHC-
THJIM KAa0 CEMEHCKH Marepujai, ouo je 3,32%. Y miogoBuMa Ousbaka rajeHux
y CpOwuju canpikaj eTapckor yjba 6uo je 3natHo Behu, yak 5,31% [10]. Y nure-
parypu ce HaBOAHM Jia caJpiKaj €TapcKor yjba y IUIOJOBUMA KyMUHA yITIABHOM
Bapupa of 2,5-4,5% [86]. MeljyTumM, npuMeHOM caBpeMeHHX HAyYHHX METOAa
y MOJHOIIPUBPEIHOj MPOU3BOAH, Kao 1mTo je He-Ne nmacep, nmpuHoc eTapckor
yJba MOJKe 3Ha4ajHo jaa ce noseha ca 3,82%, KouKo je 010 y KOHTPOIH, Ha YaK
9,17%, xonuko ce 100Mja Kajia ce ceMe Mpe CETBE U3JI0KH JISjCTBY OBOT Jiacepa
y BI&KHHUM yCJIOBUMA y Tpajamy ox 20 munyTa [39].

VY erapckom yJby miogoBa KymMuHa u3 MHIuje, Koje CMO KOPHCTHIIN Kao ce-
MEHCKH MaTepHjall, HIeHTU(UKOBAHO je 19 KOMIIOHEHTH, JIOK je y eTapcKOM
yIby III0/10Ba Tajenux y CpOuju yctaHOBJbeH 3HAaTHO Behu 0poj (30). Xemujcku
cacTaB UCIIMUTHBAHUX y30paka IMpHKa3aH je y Tadenu 11.

Tadena 11. XemMujckH cacTaB eTapcKor y/ba IJIOA0BAa KyMUHA rajenux y Mnauju
ny Cpouju

Jennmeme RT RI  HMaamja Cpouja
a-TyjeH 5.588 926 0,2 0,3
o-TTHHEH 5.779 933 0,8 0,8
cabuHeH 6.861 973 0,8 1,0
p-nuHeH 6.980 977 16,7 16,6
MHpIIEH 7.345 991 0,6 1,0
o-benanaperH 7.811 1006 Tpar Tpar
0-3-kapeH 8.008 1011 HI Tpar
O-TEPIUHCH 8.215 1017 HI Tpar
Pp-IIAMEH 8.633 1023 4,9 9,3
[-benanapen 8.723 1027 0,3 0,5
1,8-nmaeon 8.763 1031 0,1 0,1
y-TEPIHHEH 9.724 1059 11,8 12,8
yuc-cabUHEH XUapar 10.031 1062 HI Tpar
TepIMHONEH 10.858 1088 HI Tpar
mpanc-cabuHeH Xuapar 11.228 1099 HI Tpar
mpaHc-TAHOKAPBEOIT 12.905 1038 HI Tpar
MHUHOKapBOH 13.923 1161 HI Tpar
NI 14.063 1162 HJL 0,1
NI 14.128 1163 HI 0,1
TepnuHeH-4-01 14.558 1176 HI Tpar
1,3-mmukioxekcamueH- 1 -metanodn, 4-(1-MeTHI,METHI) 15275 1194 0,4 0,4
KYMHHAJJICXHUT 17349 1241 26,2 24,5
O-TepIHHEH-7-a11 19.253 1284 6,8 5,5
y-TepIMHEH- 7-aJ 19.623 1292 30,2 26,8
p-Mera-1,4-nuen-7-on 21.269 1331 Tpar 0,1
JlayTieH 23.519 1381 Tpar Tpar
mpanc-KapruopHIeH 25243 1422 0,1 Tpar
mpanc-f-papHesan 26.859 1461 Tpar 0,1
10-enu-p-axopanvieH 27.598 1478 HI Tpar
KapoTol 32.633 1601 0,1 Tpar
bpoj naeHTHGHKOBAHHX KOMIIOHEHTH 19 30

NI — HennenTHHKOBaHA KOMIIOHEHTA , TPar — KOMITIOHEHTa MPHUCYTHA ca Mawe o 0,1%, Hx —
HHje JeTEKTOBaHO
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HajzactymbeHrje KOMIIOHEHTE U Y €TapCKOM yJby KymuHa u3 MHauje u u3
Cpbuje O6une cy y-tepnunen-7-an (30,2% oxnocHo 26,8%), KyMUH alJexun
(26,2% omHOCHO 24,5%), f-ttuneH (16,7% onnocHo 16,6%), y-TeprivueH (11,8%
onHocHo 12,8%) u a-Teprnunen-7-an (ca 6,8% omnocHo 5,5%). CBe ocTane KoM-
MOHEHTE ¢y Ouie mpucyTHe ca Mame o 1%. KapakTepucTHYHH XpoMaTrorpam
€TapCKOT yJba MJI0a KyMUHA TpuKa3aH je Ha ciuim 10.

Response_ Signal: KUMIN 15.D\FID1A.ch
140000
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120000
100000
80000 9.811

60000
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20000
5828 ¢ 2 199607
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Cummka 10. KapakTepucTUHYHH XpOMATOrPaM €TapCKoOr yjba 1042 KyMHHA

[Ipema pesynTatuma Apyrux ayropa, y eTapckoM yJjby Kymuna u3 Unaumje no-
MuHupa o-nuHeH (29,1%), mumoner (21,5%), 1,8-mureon (17,9%) u nunamon
(10,4%) [45]. YV erapckoM ysby KymMHHA W3 TyHHCa TOMUHHPA]y y-TEpPIHHEH
(25,58-34,16%), kymun amuexun (13,22-23,53%), f-nunen (9,72-16,33%) u
1-bennn-1,2 eranauon (8,25-23,16%), y 3aBucHOCTH 0/1 00e30eheHocTr Onsba-
Ka BOJIOM TOKOM BereTarmoHor nepuona [21].

HcnuruBameM 1onoBa kymuHa rajennx y Cpouju tokom 2014. roaune yc-
TaHOBJBCHO j€ J1a OHU cajpike 8,39% MacHOTr yJba, Y KOME CMeIlla OJICHHCKE U
nanmutuHcke kucenune (C18:1) uma Hajehu yneo (59,33%), moroM ciieau Jin-
nonHa (C18:2) ca 26,95%. KapakrepucTuaHN XpoMaTorpaM MacHOT yJba IUI0Ia
KyMHHa ITpHKa3aH je Ha caunu 11.
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.
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Ciuka 11. KapakTepucTHYHE XpOMATOTIPAM MACHOT yJba IJIOAA KYMHHA

Canprkaj MacHOT yJba y TUIOAOBHMA KyMHuHa rajeHor y llakucrany je 6mo
20,42%, nok cy y3opuu nopexiom u3 Tynuca cagpxanu 17,77% macHor yiba, a
3 Uunmje 15,40% [20; 110]. ¥V xymuny u3 [lakncrana Haj3acTyJbeHHja MacHa
KHCennHa je Omna onenHcka (65,87%), a motom cy cienwe muHonHa (18,67%)
n nanvutrHcKa (11,69%). V y3opumma u3 Tynuca m MHauje meTpocennHcka
KHCeNnHa je Omta qoMuHaHTHA ca 55,90% n 41,42%, a ToToM Cy ciemuie ma-
MUTHHCKA W JINHOJTHA.

43



Y Wnaujckoj HapoaHOj MEITUIIMHU KyMUH C€ KOPHCTH Kao ITUYPETHK, 3a Jie-
Yeme CTOMaka M HagyTocTH. VcTpakuBamuMa je moTBpheHo na KyMUH IITH-
Tn OyOpere ox omrehema, a Ha OCHOBY TpanuiuoHaaTHuXx MHInjcKux peuerna-
Ta HalpaBJbCHE Cy KOMepuujanHe OuibHe (popmynanuje Ha 6a3u oBe OHIbKE 32
neyewme kameHa y Oyopery [33; 77]. McrpaxuBamuma je MOTBphEHO Ja jak u
cneunpryuaH MUPUC KOjH MOceayje KyMHUH I10jadyaBa Jy4eme IJbyBauKe y yCTU-
Ma, ajJli U APYTUX JUTCCTUBHUX €H3UMa, T Ha Taj HAYMH CTUMYIHUIIE alleTUT U
nomake Bapewy xpane [81; 87]. [lopen tora nenyje u onymTajyhe Ha TiiaTke
munrhe cToMaka, ITOo yTHYe Ha CMambeme rpuesa [32].

VY HOBHje BpeMe je OTKPUBEHO Ja 0Ba OMJbKA MOCEe/yje BEIMKY (hapMaKoJIOmI-
Ky akTHBHOCT. To ce y mpBOM peay OJHOCH Ha aHTUMHUKPOOHA U aHTHOKCHIA-
THUBHA CBOjCTBA, 3aTUM Ha aHTHKAHLEPOT€HY U UMYHOMOAYJIATOPHY aKTHBHOCT
[20; 28; 45; 52; 87]. KymuH ce ca ycrexoM MOXXe KOPHCTUTH H 32 JICUCHE J1ja-
Oereca u enunerncuje [54; 56].

8.3. Ycii0BM ycnieBama U rajeme KyMUHA

Bereranuonu nepro/i KyMHHA y arpoeKoJIOIKUM ycioBuMa Cpouje je Tpajao
98 nana. Ceme je HUKJIO HAKOH TPH HEZIEJbE, a MECeIl JlaHa HAKOH HUIIakha OUJbKe
cy mouene Ja nBerajy. LlBerame je Tpajano Mecer jnaHa. [lepuon caspeBarmba
je Tpajao Tpu Henesbe. Pact u pa3Boj Omibaka kymuHa rajeHor 2014. romuHe
Ha OIVICJIHOM I0JbY Y MotopuHy npukasas je Ha ciaunu 12. KymuH je Ousbka
KpaTKOT' BereTaloHor nepuoja koju tpaje oa 70 10 91 mxan. Oj ceTBe 70 HU-
nama y yciosuma Mpana npohe oxn 10 1o 17 nana, ox Hunama 10 50% nBerama
44 no 54 nana, a of uBeTama 10 KeTBe 16—19 mana [82]. YV HamuMm arpoeko-
JIOUIKMM YCJIOBUMA BETETALMOHU MIEPHO]] je Tpajao HemTo aysxe (7 1aHa), U CBe
(denonomke (aze cy Ouiie 0 HEKOJIIMKO JaHa JYXKe OJ] HaBEJACHUX BPEAHOCTH
3a0enexenux y Mpany.

Cauka 12. PacT n pa3Boj On/baka KyMuHa
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KymuH ce yrmaBHOM raju y apuJHUM U CEMHApHIHUM PETHOHUMA, Ha TIe-
CKOBUTOM 3€MJBUIITY. Y TOM TOAPYYjy >KEMJBHIITE j¢é OOMYHO CHPOMAIIHO
XpaHJbUBUM Marepujama, fa ce 3HadajHo nosehame npuHoca 1001ja IPUMEHOM
Y MHUHEpAIHUX U opranckux hyopusa [15].

VY Hpany, KyMHH ce 00MYHO ceje TOKOM 3uMe (o1 HoBeMOpa 1o Mapra) [98].
V arpoekosomkuM ycinoBuma CpOuje KyMUH CMO Cejaliil TOYETKOM alpuiia Me-
cella, IITO je ONTHMAJIHO BpeMe 3a ceTBy BehnHe Onsbaka u3 pamuimje Apiaceae
Yy OBOM MOAPYYjY.

HUcrpaxkuBama y Mpany ykasyjy ia ce HajOOJbH pPe3yaTaTd HOCTUKY IIPU IYCTH-
HU Omsbaka ox1 120 o 150 Oribaka 1o MeTpy KBaJpaTHOM, OJJHOCHO Tipu Mehypen-
HOM pa3maky of 20 cm, o 2,5 1o 3,0 cm m3mely Ousbaka y pemy [16; 104].

[Ipunoc mnona kymuHa ce kpehe ox 400 no 1000 kg/ha [16; 118], nox je
NPUHOC €TapCKOr yJba Koje ce o0Hja NeCTHIalujoM BOJCHOM IapoM Off
6,6-20,1 I/ha [65; 78].
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9.

NUHpaeKkc nojmoBa

Aceria carvi 40
AKTHBHOCT

— AaHTUMMKpPOOHa 25

— aHTHOKCHIATHBHA 25

oosectu 38

opoj
— mjaoaoBa y mruty 13, 14
— IITATOBA MO OMJbIH 12

BHCHHA OnJbaka 10, 11
rajeme 36

Depressaria nervosa 40
hyoOpemwe 36

skeTBa 40

KapBoH 18
KHCeJIHHA
— JINHOJIHA 22
— oJIeMHCKa 22
— MaJIMUTHHCKA 22
— meTpoceanHCcKa 22

JIMMOHEH 18

maca 1000 mionoBa 14, 15
MOHOTepneHu 18

Mopgoaouke kapakrepuctuke 10
Mycocentrospora acerina 39

Hera yceBa 38

ocHoBHa o0pana 36
Oleum carvi 22
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npexayces 36

NMpeYHHuK mTuToBa 12, 13
npuHoc 40

Phomopsis diachenii 39

ceckBuTepnenu 20
ceTrBa 37
CHCTeM OpraHa
— 3a Bapeme 23
— 32 M3Jy4YuBame 25
— HepBHH 25
Sclerotinia sclerotiorum 39
Septoria carvi 38

mpauc-IuXupoKapsBoH 18, 21
mpanc-kapBeoa 18, 20, 21

yibe
—erapceko 17, 18
—macHo 17,22
ynorpeda 23
YCJIOBH yCIIeBamba
— arpoexoJjiomku 27, 28

(enosomke gaze 27, 28

XunepriimkemMuja 24
XunepaunuaemMuja 24
xpomarorpam 20, 22

Carum carvi L. 9

Carvi aethroleum 17

Carvi fructus 17
Colletotrichum demantium 39
Cuminum cyminum L. 41
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2.
Abstract

his monograph deals with caraway as a medicinal and aromatic plant, a

favored spice throughout Europe, especially in meat products and pastries,
as well as traditional remedy for digestion disorders. During the last few years, it
was established that caraway has great potential especially in the pharmaceutical
industry, as well as a dietary supplement in everyday nutrition in order to prevent
many diseases.

In this monograph, we get familiar with the morphological characteristics of
caraway plant and fruit. The fruit, which is the main part of the plant, is rich in
essential oil. Special attention was paid to its chemical composition, as well as
the factors that influence it. The dominant volatile compounds are carvone and
limonene, and their ratio influences fruit quality.

This monograph deals with the analysis of agro-ecological growing conditions
for the plant, the phenological stages and the need for heat, humidity and light
throughout the development cycle of annual caraway plants.

The author describes in detail the growing practices for annual caraway,
in which the emphasis is on crop rotation, tillage and fertilization in both
conventional and organic cropping system. Since caraway reproduces exclusively
by direct sowing, the time of sowing, sowing rate as well as the quality of seed
(germination energy and total germination) is analyzed. Cultivation technique,
harvest, yield and postharvest processing are also one of the topics.

The monograph presents cumin as well, which is also called Indian caraway
or jeera. Cumin fruit resembles caraway fruit, so these two species are often
mistaken for one another. Fruits of cumin are also rich in essential oil, with
cuminaldehyde as the main compound. They have a pungent odor which gives
the typical fragrance in Indian cuisine.

The monograph presents the authors results in addition to the results of a
number of researchers who have studied these plants, so it provides a synthesis of
the current knowledge of caraway and cumin, and is an important literary source
for other scientists, but also those who want to learn more about these plants.
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2.
Introduction

Caraway (Carum carvi L.) is a plant from Apiaceae family (Umbelliferae)
originating from the Mediterranean region. It has two forms: annual (Carum
carvi var. annua) which usually grows in warm climates and biannual (Carum
carvi var. biennis) which grows in cooler climates.

Caraway is one of the oldest spice plants, found in archaeological excavations
of settlements from the Neolithic period. During 18" and first half of 19"
century, caraway fruits were used for improving the taste of bread, but also for
prevention of the development of molds [57].

As a natural preservative and flavoring, caraway is added to sausages,
including the famous “kulen” produced in Serbia, around Backi Petrovac
(Petrovska klobasa) [51]. Caraway essential oil can be used successfully as a
natural preservative in the production of dairy products, especially Greek yogurt
[83]. It is used in a similar manner in confectionery industry, where it is added
to creams and ice creams.

Through Europe, caraway is used for flovoring alcoholic beverages. In
Serbia, caraway brandy is made by processing natural wine distillate enriched
with caraway. It is known that it stimulates the appetite and improves digestion.
“Aquavit”, the alcoholic drink flavored with caraway, is made in the Scandinavian
countries, in Iceland “Brennivin”, while in Germany “Kummel” is made.
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3.
Morphology of caraway

his chapter provides a detailed description of the caraway plant and fruit

with pictures. In addition, there is an overview of five morphological traits
(plant height, number of umbels per plant, umbel diameter, number of fruits in
an umbel and thousand fruit mass), which were observed in 2011 and 2012, on
three experimental fields in Vojvodina.

3.1. Morphological description of the plant

Caraway (Carum carvi L.) (2n=20) is a herbaceous plant, annual and biannual
forms are very similar in morphology.

The root system is tap, white or pale yellow, 15-20 cm long and 1-2 cm thick.
Caraway germinates with two lanceolate descending cotyledons with poorly
expressed nervature. The tips of cotyledon leaves are pointed and positioned
horizontally. Hypocotyl is short and thick. The first true leaf is feathery and
unequally divided.

“The leaves of the leaf rosette and lower leaves are on long petioles, with
6—12 lobes that are double or triple pinnate. The leaves on the stem are arranged
alternately, and the leaves at the top are thread-like” [1, pg 3] (Picture 1).

Picture 1. Caraway leaves: A) leaf from leaf rosette, b) leaf from stem [1] (see
page 11)

Biannual caraway forms only the leaf rosette in the first year, which consists of
7—-18 leaves usually up to 20 cm long. With the end of the vegetation period the
above-ground part dies, while the root winters. In the spring, the development of
the plant starts early, and 4-5 weeks after the first shoots appear, a flower stem
develops. The vegetation period of this form of caraway usually lasts 440—460
days.

Annual caraway forms a leaf rosette with less leaves (usually up to five), and
quickly starts developing the umbel. The vegetation period lasts 140-160 days.

Flower stem is upright with a branching upper part. By studying the phenotypic
traits and genetic diversity of populations of the biannual caraway in Lithuania,
it was found that the plant height ranged from 33 to 100 cm [91].

In the studies that we have done with the annual caraway in two years
(2011/12), at three localities in Vojvodina (MosSorin, Veliki Radinci and
Ostoji¢evo), with the application of six different modes of fertilization (control,
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Slavol, BactoFil B-10, Royal Ofert biohumus, vermicompost and chemical
NPK fertilizer), plant height ranged from 39.04 to 74.71 cm (Table 1). Weather
conditions during a year had a significant influence on this parameter. “In 2011,
14% greater plant height was realized in comparison with 2012” [1, pg 62].
The reduction in height of caraway plants during the dry year conditions and
about 20% less biomass formation was cited by other authors [70]. From this it
can be concluded that drought substantially reduces plant height. That the plant
height is directly dependent on meteorological conditions, i.e. on the amount
of precipitation and air temperature, and hydrothermal coefficient (HTC), has
already been stated [91].

The locality also significantly affected the plant height. At the experimental
plot in Ostoji¢evo, the shortest plants were recorded, while in Mosorin the
tallest. This is associated with the highest total nitrogen content on this site, and
it is known that this macronutrient stimulates vegetative growth of plants.

The influence of fertilizers on plant height can be seen in the fact that a
statistically significant percentage of the shortest plants was on control plot,
while with the application of vermicompost it was 4.6% higher, which was
a statistically significant difference. Applying chemical NPK fertilizer also
significantly increases plant height (3.4%) compared with control.

In the agro-ecological conditions of Egypt, plant height ranged from 91.5
to 116.5 cm, depending on the amount of applied nitrogen and potassium. By
increasing amounts of nitrogen the height of the plants increases, while potassium
significantly affects this parameter only in the amount of 90 kg/ha [36].

Inflorescence is an umbel, consisting of 5 to 16 primary rays — umbelletes.
The flowers consist of five petals which are white or pale pink with tips bent
upward. They are symmetrical, larger on the umbel periphery than the central.
The flowers are hermaphrodite, and at the end of flowering usually only male
(andromonoecious).

Plants of annual caraway formed 15.40 umbels on average during the two-
year research at three localities and with the application of six different regimes
of fertilization. “Weather conditions during the year and the locality had a
significant influence on the number of umbels per plant. During 2012, caraway
plants formed a significantly smaller number of umbels per plant in comparison
to 20117 [1, pg 65]. Our results confirm the conclusion of other authors that in
dry conditions the number of umbels per plant decreases and leads to a decrease
of the yield per unit area [70].

The smallest number of umbels per plant was registered at the locality Veliki
Radinci, and the highest in MoSorin (Table 1). The application of different
types of fertilizers had no significant effect on this parameter, although plants
fertilized with NPK fertilizer formed the largest number of umbels on average
during both years of the study (16.04).

Studies of other authors indicate that the number of umbels of biannual
caraway ranged from 15.0 to 20.1, depending on the development of plants, or
from 7.0 to 51.8, depending on the population and growing localities [88; 91].

The number of umbels that one plant forms depends substantially on the
agro-technical measures, especially on the fertilization and plant density.
Research carried out in Hungary shows that the number of umbels per plant in
annual caraway “SZK-1” ranges from 5.6 to 50.1, by reducing the number of
plants per unit area the number of umbels per plant increases, while the effect
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of fertilizers depends on the weather conditions [121]. In Egypt, it was found
that the number of umbels per plant increased with the increase of nitrogen and
potassium fertilizers application rate [36].

Table 1. Display of caraway plant height, number of umbels per plant, umbel
diameter and number of fruits per umbel in a two-year study in Vojvodina
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In our study, umbel diameter ranged from 5.92 to 8.77 cm, and it was
significantly influenced by weather conditions, the locality and applied fertilizer.
During 2011, a significantly bigger umbel diameter (7.28 cm) was achieved
in comparison to 2012 (6.61 cm). At the locality Mosorin, umbels in diameter
reached an average of 7.89 cm, which was statistically significantly higher
than in the other two localities. Caraway plants formed the highest number of
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umbels per plant with the application of the vermicompost and microbiological
fertilizers BactoFil B—10.

The formation of the number of fruits in the umbel is significantly affected
by the climatic conditions and the locality as well as their interaction (Table 1).
In favorable conditions of the year (2011), the plants formed on average 72.37
fruits in the umbel, while in the unfavorable conditions that number was reduced
by about 40%. At the locality MoSorin, a significantly higher number of fruits
in the umbel was recorded in comparison to Veliki Radinci and Ostoji¢evo. This
could be linked to the amount of phosphorus in the soil, 81.6 mg P,O,/100 g, and
it is known that phosphorus has an important role in the formation of the fruits.

Although the application of fertilizers does not significantly affect the number
of fruits in the umbel, it can be concluded that, on average during two years on
all three locations, the largest number of fruits was achieved by applying NPK
fertilizers (59.25), followed by vermicompost and microbiological fertilizer
BactoFil B-10 (58.59).

3.2. Morphological description of the fruit

Caraway fruit (Carvi fructus) is a shizocarp, and at the same time is a seed
(reproductive plant organ) and drug (medicinal raw material). The fruit is gray
brown in color, 3—7 mm long, 1-1.25 mm wide, with a crescent curve (Picture 2).
Usually, a shizocarp separates spontaneously into two mericarps. Each mericarp
has nine longitudinal ridges, between which are the channels with essential oil.

Picture 2. Caraway fruit (Carvi fructus) [1] (see page 14)

Thousand fruit mass in our experiments varied between 1.26 and 3.91 g. Fruit
mass was significantly influenced by weather conditions, locality and fertilizers.
During the drought (2012), thousand fruit mass was 50% lower. Similarly,
in investigations done in Hungary, thousand fruit mass of annual caraway
in the extremely dry year was 1.9-2.6 g, while in normal conditions it was
2.15-4.31 g[121]. In other investigations in Tunisia, thousand fruit mass ranged
from 2.36 to 3.05 g, where a significant reduction in growth due to dry conditions
was recorded [70].

In the experiments which we have carried out, on the locality Ostojicevo, the
largest thousand fruit mass was recorded, which was significantly higher than
in the localities Veliki Radinci and Mosorin. The application of microbiological
fertilizers BactoFil B—10 achieved the highest fruit mass (2.61 g), which is a
statistically significant difference. Significant increases in the thousand fruit
mass occur with the application of other types of fertilizers in comparison to
control (Table 1).

Studies show that the weight of thousand fruit mass varies depending on the
genotype, cultivar, environmental conditions and soil types [17; 108; 120].

Picture 3 shows the cross section of the caraway fruit (Carvi fructus). In cross
section caraway seed has the shape of a regular pentagon and four vittae on the
dorsal surface and two on the commissural surface seen with a lens.

Picture 3. Microscopy of caraway: A) The cross section of the caraway fruit [115],
B) Detail from the cross section of the caraway fruit [115] (see page 15)
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Caraway fruit powder (Carvi pulvis) is yellowish-brown. The powder shows
the following diagnostic characteristics: fragments of the secretory cells are
composed of yellowish-brown or brown, thin-walled, polygonal secretory cells,
frequently associated with a layer of thin-walled, transversely elongated cells,
8-12 mm wide. There are also fragments of the epicarp with thick-walled cells
and occasional anomocytic stomata. Numerous endosperm fragments containing
aleurone grains, droplets of fatty oil and microcrystals of calcium oxalate are in
rosette formation. Spiral vessels are accompanied by sclerenchymatous fibers
rarely some fiber bundles from the carpophores. Groups of rectangular to sub-
rectangular sclereids from the mesocarp with moderately thickened and pitted
walls may be present [41].
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4,
Chemical composition
of caraway fruit

As a herbal drug in the pharmaceutical industry, as well as a spice in food
industry, the fruit (Carvi fructus) is used. Caraway fruit contains 3—7%
essential oil, 10-18% fixed oil, about 20% proteins, about 15% carbohydrates,
phenolic acids and flavonoids [40].

4.1. Essential oil content in caraway fruit

Caraway essential oil (Carvi aethroleum) is obtained from dry caraway fruits
by steam distillation. It is a clear, colorless or yellow liquid, with the relative
density of 0.904-0.920 g/cm?. It has a distinct odor and a slight peppery smell.
Essential oil is located in fruits, in six shizogenic channels (oil ductus, four on
dorsal side between ridges, and two on commissural surface).

In the trials done with annual caraway grown during two years at three
localities in Vojvodina, the average content of essential oil was 3.95%. During
the dry and hot year, high content (4.12%) was noted in comparison to 2011
(3.78%) [8]. It can be said that on locality Ostoji¢evo, on average for both years,
the highest contribution of essential oil (4.38%) was noted, while on locality
Veliki Radinci the smallest (3.60%) (Table 2).

Table 2. Essential oil content (%) in caraway fruits grown at three localities in
Vojvodina during two years

Mosorin Veliki Radinci Ostoji¢evo Average
2011 3,18 3,50 4,66 3,78
2012 4,56 3,69 4,10 4,12
Average 3,87 3,60 4,38 3,95

Essential oil content in caraway fruits depends on variety, agro-ecological
conditions and agro-technical practices [24]. By studying the annual and
biannual caraway varieties, it was established that annual caraway had almost
halfas much essential oil [25]. Essential oil content in annual caraway is between
2.8-3.3%, and biannual 3.9-5.0% [30].

Apart from variety, geographical region also had significant influence on
essential oil content. Therefore, the fruits of caraway originating in Bangladesh
have up to 0.80% of essential oil, from Tunisia 0.86 to 1.20%, Egypt 1.73 to
2.16% and Austria 2.8-3.3% [17; 19; 36; 70]. In Lithuania, by studying different
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populations of caraway growing in different localities, great variations in the
amount of essential oil were found and they ranged from 2.6 to 8.4% [91].

In one study in Serbia, it was established that the essential oil content in the
annual caraway fruits ranged from 2.62 to 4.51% depending on the altitude. This
study points to the fact that the wild caraway is mainly found in mountainous
areas, and in these agro-ecological conditions (Vlasina, 1200 m altitude) fruits
give a significantly higher content of essential oil in comparison to caraway
grown in the lowland (Pancevo, 70 m altitude) for 72.10% [92].

4.2. Chemical composition of caraway fruit essential oil

Essential oil from caraway fruits contains about 30 compounds [44; 107].
According to European Pharmacopoeia, caraway essential oil consists largely
of carvone (50-65%) and limonene (30—45%). The oil also needs to contain
less than 2.5% of trans-dihydrocarvone as well as trans-carveol and 0.1-1%
p—myrcene [41].

In the studies that we have done, 16 components were identified in the
essential oil of caraway in 2011, and 15 components in 2012, as shown in Table 3.
A typical chromatogram of essential oil of caraway is given in Picture 4, and the
structural formulas of the most important components in Picture 5.

Picture 4. A typical chromatogram of the caraway fruit essential oil (see page 20)

The essential oil of caraway consists of monoterpenes, which are in fact
derivatives containing two isoprene C5 units with different functional groups
and sesquiterpenes that consist of three isoprene units. Monoterpenes were
the most frequent class of compounds in our samples (over 98%), whereas
sesquiterpenes were present in small amounts (less than 1%).

Monoterpene hydrocarbon limonene was the most abundant compound
in the essential oil of caraway in our samples, the average for both years and
all three localities was 61.46%. Limonene gives the essential oil that sweet,
citrus-like aroma similar to orange peel. Other monoterpene hydrocarbons
(o-pinene, sabinene, myrcene, p-cymene and y-terpinene) were present in small
amounts.

Monoterpene alcohol frans-carveol, which acts an intermediate in the
synthesis of carvone from limonene, was present on average with 0.20% in 2011
and 0.29% in 2012.

Monoterpene oxides cis and frans-limonene oxide during 2011, on average
for all three localities was present with 0.18% and 0.17% respectively, in
comparison to 2012 when cis-limonene oxide was noted in traces, and frans-
limonene oxide with 0.14%.

Monoterpene ketone carvone is the second most abundant compound in
caraway essential oil from our study. Its average content was 36.73%. Carvone
gives a specific pungent fresh smell and taste to caraway. Trans-dihydrocarvone
(with 0.21%, and 0.17%) and neo, izo dihydrocarveole which was present only
in the second year (with 0.24%) were also recorded among other monoterpene
ketones.

Monoterpene alehyde, perillaldehyde, was detected only in the first year of
investigations in traces.
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Sesquiterpene in caraway fruit essential oil was noted pf-elemene,
trans-f-caryophyllene, trans-muurola-4,(14),5-diene and caryophyllene oxide,

in small amounts.



Picture 5. The structural formula of the most important components of the caraway
fruit essential oil (see page 20)

The biosynthesis of the two most common components of the caraway fruit
essential oil, limonene and carvone, proceeds from geranyl diphosphate (GDP)
via three-step pathway (Picture 6). First, geranyl diphosphate is cyclized to
limonene by a monoterpene synthetase enzyme (A). Then, this intermediate is
stored in essential oil ductus without further metabolism or it is converted by
enzyme limonene-6-hydroxilase (b) to frans-carveol. Lastly, trans-carveol is
oxidized by a enzyme carvone dehydrogenase (B) to the carvone. It is important
to emphasize that the biotransformation of limonene to carvone is only possible
from limonene which is not stored in the oil ductus [25; 26].

Picture 6. Biosynthesis of limonene and carvone (see page 21)

The chemical composition of the essential oil of caraway varies greatly
depending on the population, on the geographic origin and ecological conditions,
but also on the applied fertilizer [9; 19; 44]. In caraway fruits from Holland,
carvone content ranged from 53.94 to 59.34%, and limonene from 39.65 to
45.23%, while in the essential oil of caraway from Tunisia 76.8-80.5% carvone
and 13,0-20,3% limonene was found [25; 70]. In the essential oil of caraway
fruits originating in China carvone and limonene are presented in a smaller
percentage (37.98%, and 26.55%, respectively), followed by a-pinene (5.21%),
cis-carveol (5.01%) and B-myrcene (4.67%) [44].

The main constituents of the essential oil of caraway originating in Italy
are carvone (23.3%), limonene (18.2%), germacrene (16.2%) and trans-
dihydrocarvone (14.0%) [52]. By analyzing essential oil of caraway fruits
originating in Algeria, it was found that carvone and limonene are present in
relatively small quantities (carvone with 10.3—-11.0%, and limonene 11.4—-12.3%)),
while the study with four varieties of annual caraway grown in Austria found that
limonene was presented by 13.37-22.93%, and carvone 10.45-19.91% [17; 29].

However, there are essential oils of caraway in which these two components
were not detected. For example, caraway grown in Iran contains y-terpinene
(24.40%), 2-methyl-3-fenilpropanole (13.20%) and 2,4(10)-thujadiene
(14.02%) as main compounds [55]. There is a significantly different chemical
composition of the essential oil of caraway cited by other authors, with the two
main ingredients cuminaldehyde (22.08%) and y-terpinene (17.86%), followed
by p-cymene (7.99%) [93]. Essential oil of caraway from Bangladesh was
dominated by thymol (48.20%), o-ocimene (19.29%), y-terpinene (17.61%) and
trimethylene dichloride (8.81%) [19].

From the correlation between the components of essential oils from our
research (table 4) it can be seen that limonene and carvone are in a statistically
significant correlation (p = —1). Limonene, as the most abundant compound,
is also in significant negative correlation with perillaldehyde (p = —0.49),
while carvone is in significant positive correlation (p = 0.45) with the present
compound. Limonene oxides (cis and trams) are in mutually significant
positive correlation (p = 0.83), as well as with frans-carveol, while the trans-
caryophyllene is negatively correlated. 7rans-caryophyllene is in statistically
significant positive correlation with trans-dihydrocarvone.
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Table 4. Correlation analysis of the components from the caraway fruit essential oil

cis- trans- trans-
limonene  limonene dihydro trans- perill
myrcene limonene oxide oxide carvone  carveol carvone aldehyde

limonene -0.10
cis-limonene oxide 0.35 -0.20
trans- limonene oxide  0.23 0.20 0.83*
trans-dihydro carvone  0.43 0.10 -0.14 -0.11
trans-carveole 0.04 0.42 0.45* 0.70* -0.24
carvone 0.05 -1.00* 0.20 -0.19 -0.18 -0.41
perill aldehyde 0.43 -0.49* 0.41 0.08 0.25 -0.21 0.45%
trans-caryophillene 0.19 0.33 -0.56* -0.48* 0.77* -0.37 -0.39 -0.14

*correlation are significant on level p<005%

4.3. Fatty oil of caraway fruit

Caraway fruit contain about 10-18% fatty oil (Oleum carvi) which mainly
consists of petroselinic (30—43%), linoleic (34-37%), oleic (15-25%) and
palmitic (4-5%) fatty acids [40].

In experiments with annual caraway grown on locality MoSorin during 2014,
6.94% of fatty oil was found in the fruit. A mixture of oleic and petroselinic acids
(C18:1) was comprised of 57.78%, followed by linoleic (C18:2) with 32.26%,
palmitic (C16:0) with 5.47%, butyric (C4:0) with 2.12% and stearic (C18:0) fatty
acid with 2.08%. A typical chromatogram of fatty oil in caraway seed is shown in
picture 7. As it can be seen from this analysis, caraway fatty oil consists mostly of
monounsaturated acids (58.07%), followed by polyunsaturated (32.26%), while
saturated fatty acids are present with 9.67%. Research in Tunisia showed that
caraway fruits contain 2.95-5.68% fatty oil, with 31.53-38.36% petroselinic
acid, when it was determined that drought reduces the content of fatty oil in
the caraway fruits and decreases petroselinic acid content. Genetic factors such
as variety and geographical origin largely influence the content of fatty oil in
addition to fruits environmental conditions [69; 70; 71].

Picture 7. A typical chromatogram of fatty oil from caraway fruit (see page 22)
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5.
Caraway uses

araway is mainly used as a homemade traditional remedy and a spice. It is

most commonly used to treat digestive problems, but it was also found that
it effectively decreases cholesterol, and has good antioxidant and antimicrobial
properties. In the food industry, it is used in the production of alcoholic
beverages, sausages, various types of cheese and preserves [6]. In addition, the
application in veterinary medicine and animal husbandry, as well as in organic
agriculture is also evident [7].

5.1. Pharmacological uses

Caraway has been used to treat digestive disorders for a long time, both in
adults and in children. It is mainly used to improve the appetite, for stomach pain
relief, against indigestion, bloating and gassiness, as well as for lazy bowels.

German commission E approved the use of caraway fruits as well as its
essential oil for treating dyspeptic problems such as mild spastic conditions
of the gastrointestinal tract, bloating and gassiness. The recommended daily
doses of caraway fruits are 1.5-6 g, or equal dose of the remedy, or 3—6 drops
(0.15-0.3 ml) of essential oil. Caraway powder (Carvi pulvis) is used for
making infusions and other galenic formulations, while the essential oil is used
for making galenic preparations or for oral use [22].

The digestive system

The most popular tea against bloating and gassiness (carminative) is caraway
tea, which is recommended even for newborn babies (called caraway water).
Caraway is used in tea blends against bloating and gassiness and for improving
digestion. Wine with added caraway seed is also recommended for these
purposes.

It was established that caraway can be used successfully for establishing
normal intestinal motility in women after the cesarean section in which the
intestinal obstruction is the biggest problem [127]. Caraway can be used as
adjunct substance for healing chronic constipation [123]. Apart from this,
hydroalcoholic extract and essential oil of caraway are efficient in healing
inflammatory bowel disease and reducing ulcer damage. They also have anti-
inflammatory properties [60].
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In vitro study has shown that caraway essential oil has great degree of
selectivity. It inhibits the growth of potential pathogens in concentrations which
have no adverse effect on the beneficial members of the flora of gastrointestinal
tract, so it can be used for healing dysbiosis (change of the normal balance of
intestinal flora) [49]. It was also found that an ethanol extract of caraway acts
as a bacteriostatic on Helicobacter pylori, which is connected to gastritis [99].
Because it reduces the acidity of gastric juices, caraway relieves gastrointestinal
problems that occur as a consequence of dyspeption and heartburn [12; 63].

Caraway tisane: Crush one teaspoon of caraway fruits in a mortar with a
pestle, pour 0.2 [ of boiling water over it, cover and leave for two hours, drink
after a meal. Use two to three cups during the day [122].

Caraway water: Briefly boil two caraway fruits in 0.1 [ water, leave to cool,
and give it to the baby to drink instead water.

Tisane against bloating and gassiness: Make a herbal tea blend from 25 g
each of caraway, anise, fennel and coriander fruits, crush in a mortar with a
pestle, use one tablespoon of this blend and boil in 0.2 | water 2—3 minutes.
When cool, filter and drink two to three times a day [119].

Tisane for digestion: Make a herbal tea blend from 20 g each of caraway,
anise, fennel fruits, lemon balm leaves, and 10 g each of peppermint and thyme
herbs. Take three tablespoon of this herbal tea blend, crush in a mortar with a
pestle and pour 0.5 | boiling water over it, cover and filter after two hours, drink
after a meal [119].

Caraway wine (against bloating): Crush 30 g of caraway fruits in a mortar
with a pestle, pour 1 | white vine, and filter after five days. Drink one small glass
before a meal [116].

Caraway liqueur (for relieving discomfort in the stomach): Crush two
tablespoons of caraway fruits in a mortar with a pestle, pour 0.5 | of grape
brandy over it. Close the bottle and store it in a cool place for eight days, after
that filter and add cold sweet syrup which is made from 300 g sugar and 0.2
[ water. After two days the liqueur can be used. The recommended dose is one
small glass before a meal [64].

Iberogast® (STW 5) is commercial herb preparation which contains nine
medicinal plants, among which is caraway (lberis amara totalis, Menthae
piperitae folium, Matricariae flos, Liquiritae radix, Angelicae radix, Carvi
fructus, Silybi mariani fructus, Melissae folium and Chelidonii herba). Its
efficiency has been proven by numerous studies [12;13; 50; 59; 105].

Hyperlipidemia and hyperglvcemia

Hyperlipidemia is the most common risk factor for atherosclerosis and
other clinical manifestations of diseases such as coronary heart disease and
peripheral vascular disease. The application of aqueous extract of caraway fruits
significantly inhibits the increase of total cholesterol and levels of triglycerides
[47;72;101]. Caraway can be used as adjuvant in the treatment of hyperglycemia
[35; 85].
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The nervous system

Aqueous extract of caraway fruits shows anti-stress activity. Experiments
show that this plant has adaptogenic, antioxidative and nootropic activities [66].

Tisane for calming the nerves, treating heart diseases and regulating blood
pressure: Make a herbal tea blend from 10 g each of caraway and fennel fruits,
valerian root, hawthorn and lavender flowers, motherwort herb and lemon balm
leaves. Pour 0.5 [ of boiling water over three tablespoons of this herbal blend,
and leave for two hours, filter and drink three times a day [119].

The excretion system

Aqueous extract of caraway fruits significantly increases urine output, and
the total volume of urine excreted after applying 100 mg/kg of caraway extract
is identical to furosemide (diuretic used in clinical praxes) [68].

In addition, the aqueous extract of caraway fruits decreases the level of glucose
in serum, urea, creatinine, total urinary protein and microalbuminuric levels.
Caraway possesses strong anti-oxidant activity which provides renoprotection
against diabetes and its complications [100]. It is established that the essential
oil also protects the kidneys from damages which occur as a consequence of
diabetic nephropathy [38].

Tisane for urine excretion I: Make a herbal tea blend from 20 g each of
caraway, fennel, carrot, parsley and celery fruits. Crush three teaspoons of this
mixture in a mortar with a pestle, pour 0.5 [ of boiling water over it, cover and
filter after three hours. Drink three times per day before a meal [119].

Tisane for urine excretion Il: Make a herbal tea blend from 20 g each of caraway
fruits, watermelon seeds, corn silk, greater burdock roots and peppermint
leaves. Crush three teaspoons of this mixture in a mortar with a pestle, pour
0.5 [ of boiling water over it, cover and filter after three hours. Drink three times
per day before a meal [119].

Antimicrobial and antioxidative activities

Alcoholic and aqueous extracts of caraway fruits show strong antibacterial
and antifungal activities [52; 112; 114]. According to this research it was
established that caraway fruits exhibit significant properties for development of
antimicrobial formulations [46].

Caraway also possesses strong antioxidative potential [31; 102]. It is
believed that the phenolic compounds present in caraway are responsible for its
antioxidant activity [18].

5.2. Uses in organic agriculture

Caraway is a very important plant in organic agriculture. It has insecticidal
properties, which can be used to control storage pests. It has an antifungal effect
on some of the most important plant pathogenic fungi in vegetable crops, and
acts as a potato sprout inhibitor. Caraway can also be used in veterinary medicine
and animal husbandry.
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Insecticidal activity

Caraway has insecticidal activity against storage pests Sitophilus zeamais, S.
oryzae and Tribolium castaneum [23; 44]. Also caraway effectively suppresses
white whitefly, Ritortus clavatus and cockroaches [14; 125; 126]. There are also
well-known insecticides and repellents against fruit flies and mosquitoes based
on carvone [27].

Antifungal activity

Research in Finland has found that potato blight (Phytophtora infestans) can
be effectively suppressed with caraway essential oil. Research in Egypt has
shown that sclerotic rot peas (Sclerotium rolfsii) can successfully be controlled
by seed treatment with caraway extract before sowing [37; 61].

Allopathic activity

It was found that carvone inhibits potato germination [90; 103]. Caraway
is a natural source of carvone widely used in organic practices. Bearing in
mind that it is not toxic to humans and does not pollute the environment, in
the Netherlands, caraway is used for the synthesis of commercial preparations,
called ,, Tent“, based on carvone [27].

Use in veterinary medicine and animal husbandry

Caraway reduces bloating, soothes colic, and improves appetite in pigs and
cattle as well as in humans. Experiments showed that adding caraway to food
for pigs increases appetite in newborn piglets [106]. Similarly, it improves
digestibility of nutrients, growth performance, ruminal fermentation and
metabolic status as food supplement for bulls [48]. Oil-cake remaining after the
distillation of essential oils can be used as feed for ruminants, particularly dairy
cows, because it increases milk yield.

In poultry nutrition, the use of 2% fruit caraway powder leads to a reduction
in feed conversion with an increase in body weight, and thereby reduces
abdominal fat. The percentage of meat in the leg and chest increases with the
application of caraway in chicken diet. The titer of antibodies to the New Castle
virus disease is significantly higher when the broilers are fed with a high content
of caraway [53; 62].

Experiments with Nile tilapia (Oreochromis niloticus) showed that a diet
supplemented with caraway fruits leads to the increase of fish growth and better
utilability of the food [11].

Caraway essential oil can be used for suppression of American foulbrood
disease caused by Paenibacillus larvae [67].
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6.

Phenological stages

of caraway and environmental
conditions

his chapter describes the phenological stages of annual caraway and its

requirements for moisture, temperature and light during the growing season,
as well as during certain phenological stages. Weather conditions influence
certain parameters, firstly the harvest index, which further influences yield and
quality of caraway fruits.

6.1. Phenological stages of caraway

“According to the experiments with annual caraway, there have not been any
differences observed in the length of caraway growing seasons or in the duration
ofindividual phenological stages depending on the applied fertilizers. Differences
existed in the locality and years” [1, pg. 55]. In Picture 8, phenological stages of
annual caraway are shown.

Picture 8. Growth and development of annual caraway plants [1] (see page 27)

Mosorin

Veliki Radinci

2012

Ostojicevo

Mo3orin

Investigated year

Veliki Radinci

2011

Ostojievo

Days

| BS-G BG-SE @SE-F WF-FF EFF-M|

Figure 1. Duration of phenological stages of annual caraway during 2011 and
2012 at all three localities (S — sowing, G — germination, SE — stem elongation,
F — flowering, FF — fruit formation and maturation, H — harvest).
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The duration of the vegetation period and phenological stages of annual
caraway are show in Figure 1. It can be seen that the vegetation period of annual
caraway lasted from 136 to 177 days. It also can be seen that in 2011 it lasted
longer (an average 169.0 days) when compared to 2012 (140.7 days).

The germination period lasted 14—19 days, the period from germination to
stem elongation, i.e. leaf rosette formation, was the longest (between 40 and
51 days). From stem elongation to flowering, caraway needed 16-27 days.
Flowering lasted 15-29 days, and fruit formation and maturation 40-51 days.

All phenological stages during 2012 were shorter on average by 5.7 days
when compared to 2011, which in the end resulted in the shortening of the total
vegetation period by 28.3 days.

6.2. Influence of weather conditions on phenological
stages of caraway

The sum of effective temperatures (GDD) during phenological stages of
annual caraway in both years is shown in figure 2. As it can be seen, in 2011,
which was more favorable for caraway yield formation, the average sum of
effective temperatures was 3207 °C (3048-3317 °C). During 2012, the sum
of effective temperatures was lower by 13.2% and the average was 2783 °C
(2693-2960 °C).
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Figure 2. The sum of effective temperatures (GDD) during phenological stages of
annual caraway at all three localities in both investigated years
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During the period from sowing to germination, the sum of effective
temperatures was 170 °C (in 2011), and 179 °C (in 2012). The period from
forming a leaf rosette until maturation, the sum of temperatures was lower in
2012 in comparison to 2011. In 2012, during the period of leaf rosette formation,
a lower sum of effective temperatures by 63 °C was recorded when compared to
the previous year. During the period of flowering, this difference was 83 °C, in
the period of fruit formation 212 °C, and during maturation 75 °C.

However, it should be stressed out that during the second year, the mean daily
temperatures were higher on average by 1.2 °C (Table 5). Higher average daily
temperatures could have caused the shortening of caraway vegetation period in
the second year of the study.

Table 5. Average daily temperature (°C) during phenological stages of annual
caraway at all three localities in Vojvodina during both years of investigations

2011 2012
M R 0) X M R 0 X
S-G 13 12 13 12.7 12 11 13 12.0
G-SE 15 17 18 16.7 17 17 18 17.3
SE-F 21 20 20 20.3 21 22 24 223
F-M 22 23 23 22.7 24 25 26 25.0
M-H 23 22 23 22.7 25 24 24 24.3
X 18.8 18.8 194 19.0 19.8 19.8 21.0 20.2

M-Mosorin, R—Veliki Radinci, O—Ostojiéevo, X—average, S—sowing, G—germination, SE—
stem elongation, F—flowering, M—maturation, H-harvest

Precipitation during the vegetation period of caraway is shown in table 6. In
2011, precipitation higher by 20% on average in comparison to second year of
investigations was recorded. Also, the precipitation in the first year had better
distribution during the vegetation period. However, from sowing to germination
the smallest amount of precipitation was noted. Nevertheless, the seed used the
moisture reserves from the winter period, so this deficit did not have a negative
influence. During the rest of the growing season, rainfall was evenly distributed
and sufficient for the formation of high yield.

Table 6. Amount of rainfall (mm) during phenological stages of annual caraway at
three localities in Vojvodina during two investigated years

2011 2012
M R 0 X M R 0 X
S-G 7 15 5 9.0 34 50 48 44.0
G-SE 71 121 63 85.0 99 104 51 84.7
SE-F 40 18 35 31.0 29 18 17 21.3
F-M 33 87 79 66.3 1 6 2 3.0
M-H 43 23 29 31.7 48 39 54 47.0
X 194 264 211 223.0 211 217 172 200.0

M—Mosorin, R—Veliki Radinci, O—Ostoji¢evo, X—average, S—sowing, G—germination, SE—
stem elongation, F—flowering, M—maturation, H-harvest

In 2012, in the period from sowing to germination there was enough rainfall
(34-50 mm) which enabled equal and fast germination of caraway seed.
Also, during the period of leaf rosette formation (from germination to the
stem elongation) the quantity of rainfall was optimal. However, in the period
from stem elongation until flowering, there has been a significant rainfall
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deficit. Specifically, in Novi Sad there were seven rainy days with an average
precipitation of 4.1 mm, in Kikinda five with 3.4 mm and Sremska Mitrovica
had four rainy days with an average of 4.5 mm of rainfall. These amounts were
insufficient and had a negative impact on yield formation. Dry period continued
during the phenological stages of fruit formation, which had a negative impact
on the thousand fruit mass and germination. In the period of fruit maturation
there was an average of 47 mm of rainfall, but it had no effect on the increase of
fruit yield. It can be concluded that drought in generative stages had a negative
effect on the caraway fruit yield formation.

The influence of insolation on the duration of the caraway vegetation period
and some phenological stages are shown in Figure 3. As it can be seen in the
graph, during the caraway vegetation period in 2011, the average duration of
insolation was 1442 hours. In 2012, the average number of sunshine hours was
lower by 117, and amounted to 1325 hours.

When compared to 2011, in 2012, a higher number of sunshine hours was
recorded only in the period of the leaf rosette formation. In all other phenological
stages, the amount of insolation was smaller in the second investigated year.
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Figure 3. Insolation (h) during phenological stages of annual caraway at three
localities in Vojvodina during two investigated years
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6.3. Influence of weather conditions on some
traits of caraway

Weather conditions influenced almost all investigated parameters of caraway,
such as morphological (plant height, umbel diameter, number of umbels per
plant, thousand fruit mass), yield (whole plant mass, yield of fruits per plant,
harvest index) as well as qualitative parameters (essential oil content in
fruit, component ratio in essential oil, seed germination). The morphological
parameters were studied in detail in Chapter 3, therefore the yield and fruit
quality will be discussed in this one.

Yield of fruits per plant. Fruit yield per plant was influenced by weather
conditions and locality, while different fertilizers as well as the interaction was
not significant (Table 7). In the favorable year, the yield of fruits per plant was
4.25 g, while in the dry 2012 it was significantly lower (only 0.96 g). At the
locality Veliki Radinci, the lowest yield of fruits per plant was achieved, while
in MoSorin the highest.

The yield of fruits per plant is determined by the number of umbels per
plant, number of fruits per umbel and thousand fruit mass. All the parameters
mentioned had statistically significant higher values in the first year of the
investigation (2011), so the yield achieved in this year was higher in comparison
to the second year of investigations.

During a dry year in Hungary, the yield of fruit per plant was very low, and
ranged between 0.02-0.82 g, while in moderate drought conditions it was
slightly higher, up to 1.73 g [121]. In Tunisia, the yield of fruit per plant was
between 0.70—1.33 g, while in Lithuania it was 1.1-2.9 g [70; 91].

Whole plant mass. Whole plant mass was significantly influenced by weather
conditions and locality (Table 7). As it can be seen, in the favorable year, in the
trial average, one plant achieved the mass of 10.02 g, while in the dry year only
4.21 g, which is a reduction by 58%. Depending on draught level, whole plant
mass can be reduced by 20 even 40% [70]. These results prove that water deficit
is a limit factor for the growth and development of caraway.

Harvest index. Harvest index shows the division of photosynthesis products
between fruits and vegetative parts of plant. “In the research that we carried out,
harvest index was influenced by weather conditions, while other investigated
parameters were not statistically significant™ [1, pg. 72]. The average of the
harvest index in 2011 was 43.16%, while in 2012 it was very small (22.65%).
This pointed out that the percentage of vegetative parts was higher in comparison
to generative parts i.e. that harvest index significantly decreases in conditions
during a draught.
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Table 7. Values of fruit mass per plant, whole plant mass and harvest index of
annual caraway depending on weather conditions of the year, locality and fertilizers

Fruit mass per

Whole plant mass Harvest index
plant
2011 4.25 10.02 43.16
Year (A) 2012 0.96 421 22.65
MoSorin 3.27 9.21 32.50
Locality (B) V.Radinci 1.79 4.78 31.99
Ostojiéevo 2.76 7.37 34,23
Control 2.29 6.87 30.70
Slavol 2.61 7.09 33.04
Fertilization BactoFil B-10 2.85 7.22 34.89
© Royal Ofert 2.59 7.16 32.98
Vermicompost 247 7.07 31.47
NPK 2.81 7.30 3437
Significance of F—test for each source of variation

A 0.40 0.67 4.12

B 0.50 0.82 ns

C ns ns ns

AB ns ns ns

AC ns ns ns

BC ns ns ns

ABC ns ns ns

ns — not significant

Essential oil content in fruit. The content of essential oil in fruit, apart from
percentage can be shown as pg/fruit. The second mentioned parameter is very
important. If the content of essential oil is shown as % it actually represents
the volume of essential oil per specific weight (v/w). As the weather conditions
during the year significantly affected the fruit mass, which was significantly
lower in drought conditions, the expression of essential oil content in pg/fruit is
a more complete indicator (Table 8).

Table 8. Essential oil content in fruit of annual caraway (ug/fruit) depends on
weather conditions and locality

Mosorin Veliki Radinci Ostoji¢evo Average
2011 94.42 146.29 128.49 123.07
2012 77.16 51.71 74.45 67.78
Average 85.79 99.00 101.47 95.42

According to the results of a two-year research performed on three
experimental fields it can be concluded that caraway fruits accumulated more
essential oil (123.07 pg/fruit) in the favorable year (2011) when compared with
dry 2012 (67.78 pg/fruit). The influence of the locality was also evident. On
average for both years, the smallest amount of essential oil was accumulated
in fruit of the plants grown in MoSorin (85.79 ug/fruit), while the plants grown
in Ostoji¢evo and Veliki Radinci had approximately the same average values
(99.00 and 101.47 pg/fruit). However, strong interaction between weather
conditions and the locality is also present.
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Carvone and limonene ratio in essential oil. The content of carvone and
limonene in caraway essential oil can be seen from C/L ratio (Table 9). If the
C/L is higher, the quality of caraway essential oil is better. In experiments which
we have done, the C/L ratio was on average 0.61, so it can be concluded that this
population belonged to the limonene chemotype. In Finland, this ratio ranged
between 1.7-2.4, in America 1.49, in Czech Republic 1.85-2.74 [25; 58; 107].

From the analysis of the investigated years, it can be established that during
2011 the content of carvone in the essential oil was higher (42.53%) when
compared to 2012 (30.93%). From this, it can be concluded that during the dry
and hot year the C/L ratio was lower, i.e. that the quality of essential oil was
worse [4].

Table 9. C/L ratio in annual caraway essential oil depends on weather conditions
and locality

Mosorin Veliki Radinci Ostoji¢evo Average
2011 0.73 0.74 0.82 0.76
2012 0.40 0.61 0.39 0.47
Average 0.57 0.68 0.61 0.62

There is evidence that water deficit leads to an increase in the content of
limonene, and a decrease of carvone by 7-10%. However, draught does not
influence the chemotype of caraway. The increase of draught intensity stimulates
the biosynthesis of monoterpene hydrocarbons, while monoterpene ketones
(carvone and trans-dihydrocarvone) decrease [71].

The change in the accumulation of carvone and limonene can be explained
by the level of activity of biosynthetic enzymes. It was found that carvone
accumulates in higher concentration during cold and wet weather [91]. This is
can be observed in our experiments as well. Actually, during the hotter and dry
2012, 28% less carvone was achieved in comparison to 2011. A very important
factor influencing the content of essential oils is light intensity [109]. Sunny
weather stimulates the activity of limonene-6-hydroxilase enzyme with the
consequence of a high accumulation of carvone in comparison to limonene.

Seed germination. Caraway seed germination was determined in laboratory
conditions, according to the ISTA (International Seed Testing Association)
rules. A hundred seeds were placed in plastic boxes on filter paper, and the
evaluation of germination energy was carried out after seven days, while total
germination after 21 days. From table 10 it can be seen that the year had a
statistically significant impact on both germination energy and total germination.
Germination energy in 2011 on average was 80.11%, while in 2012 it was
significantly lower, approximately 22.76%. Total germination in the favorable
year was 85.72%, while in the hotter and dry 2012 it was only 27.97% [4].

For both years, the greatest value of both germination energy and total
germination was recorded at the locality Ostojicevo (55.96%, and 60.46%,
respectively). When the application of different types of fertilizers is in question,
on average both years, the highest value of germination energy was obtained by
pre-sowing application of biofertilizer Bactofil B-10, while the highest value of
total germination was achieved on control plots (60.29%), followed by Bactofil
B-10(60.08%).
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In the studies that we carried out in order to evaluate the efficacy of preparations
based on Bacillus (Bacillus subtilis FZB24 and RhizoVital 42 L) on germination
energy, we concluded that it increased by 3% and 8%, respectively, in comparison
to the control (73.8%). However, this was not statistically significant. The total
germination increased by 1% and 5%, respectively, in comparison to the control
(77.2%), but it was not significant either [5].

Table 10. Germination energy and total germination of annual caraway seed
depend on weather conditions, locality and fertilizer

Germination energy Total germination

2011 80.11 85.72

Year (A) 012 2276 27.97
Mogorin 50.48 53.83

Locality (B)  V.Radinci 47.88 56.25
Ostoji¢evo 55.96 60.46

Control 51.58 60.29

Slavol 51.04 55.54

. BactoFil B-10 53.25 60.08
Fertilizer (C) ool Ofert 51.79 56.88
Vermicompost 50.92 55.54

NPK 50.04 52.75

Significance of F—test for each source of variation

A 1.36 1.39

B 1.67 1.71

C 2.36 241

AB 3.33 3.41

AC ns 241

BC ns 4,18

ABC ns ns

ns —not significant
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7.
Caraway growing technology

his chapter is divided into several parts which are important for the growing

technology of caraway: (1) crop establishment, which deals with the
selection of soil and previous crop, primary processing and fertilizer, as well
as seed and sowing, (2) crop care, which is significantly different for annual
and biannual caraway, as well as pests and diseases and (3) harvest, yield and
cost production, as well as postharvest processing of caraway fruits. Details of
caraway prodactions in field conditions are shown in picture 9.

Picture 9. Caraway production in field conditions: A) Caraway row formation,
B) Steam elongation, B) Caraway flowering, I') Fruit formation in first order
umbels, /) Green fruit phase, B) Maturation (see page 37).

7.1. Crop establishment

Soil. Caraway can be successfully grown on different types of soil, but it
favors lax, deep, moderately humid and fertile soil such as clay-sandy soil,
chernozem and structural cambisol soil type. Soil which retains water, as well
as sandy and acid soil are not suitable for growing caraway [111].

Previous crop. The best previous crops for caraway are fertilized crops,
especially root and tuber crops and vegetables. Leguminosae and plants
furrowed for the purpose of making green manure are also good previous crops.
Caraway should not be sown after plants from the same family, or on the soil
affected by flowering plant dodder. However, grains are not good previous crops
for caraway, but caraway is a good previous crop for grain because it is an early
harvest crop, so it leaves enough time for pre-sowing processing and sowing
for winter type cereals. Caraway can be sown at the same place after four years.

Primary processing. Primary processing should be carried out in autumn, on
maximum depth depending on arable layer, preferably 25-30 cm. The use of
chisel plough is recommended on deep soil. After primary processing, the soil
should be left in the open furrows during the winter.

Fertilization. Caraway needs a lot of nutrients, and because of this, the
fertilization should be adjusted to soil fertility analysis. Caraway responds
positively to the application of the chemical as well as organic fertilizers [2; 3].

88



Pre-sowing processing. Early in spring, furrows should be closed using a
harrow (in order to eliminate the lumps) and leveled by a roller (in order to
prevent loss of soil moisture by capillarity and perform more precise sowing).

Seed and sowing. Caraway is propagated by sowing seeds directly in the
field. Early in spring, during March, caraway should be sown, at row spacing
3040 cm, with 80-100 seeds per meter in a row. Sowing rate usually ranges
from 10 to 12 kg/ha. Seeds are sown almost on the soil surface (up to 2 cm).
Therefore, to speed up the germination and plant sprouting, the surface of the
soil should be rolled after sowing. Under favorable conditions, seeds germinate
after 18 to 25 days. This applies both to annual and biennial varieties.

There is data which shows that biannual caraway can be sown in late summer
(August—September), and that it develops the aboveground parts which winter.
Next year early in spring, plants flower and develop the fruits. By sowing in
autumn, the occupation of the land for the period of two years is avoided.

Intercropping. Caraway can be cultivated by the sowing in the cover crop,
usually winter barley, which is sown with a low density, in order not to suppress
young caraway plants. Caraway is sown in the barley crop transversely to the
direction of rows. After the barley harvest, caraway crop cares are applied
(fertilization and hoeing). In addition, caraway can be grown together with
garden poppy, pea, black seed, rapeseed, coriander, dill, chamomile, flax and
spinach. Contrary to barley, these plants are sow in the same row direction [88].

It should be noted that the cultivation of caraway in a mixed crop sowing rate
is reduced by 20—40% compared to pure crop. When caraway is grown in mixed
crop, in the first year of cultivation the benefit of cover crop is achieved, while
caraway is harvested in the second year.

7.2. Crop care

Growing practices in the first year of vegetation. Growing practices in the
first year of vegetation are mechanical weeding and foliar fertilization. In order
to suppress weeds, usually the inter-row cultivation, hoeing and weeding are
applied. The first mechanical weeding is usually done when rows appear in order
to crush the crusting and destroy weed germs. The first mechanical weeding is
done usually two to three weeks after the first, depending on the weed frequency.

In the first year of biannual caraway growing, 120-150 kg/ha nitrogen
fertilizers are usually applied before the second mechanical weeding. This
fertilization positively influences the development, because biannual caraway
has slow initial growth. On the other hand, studies show that biannual caraway
optimally fertilized in the first year of cultivation develops the root better, has a
higher percentage of overwintered plants, and gives a higher fruit yield [124].

Growing practices in the second year of vegetation. In the second year, the
vegetation period of biannual caraway starts early in spring. When vegetation
starts, 150-200 kg/ha nitrogen fertilizers and inter-row cultivation needs to be
applied. Caraway flowers in May and ripens in late June.

Diseases. Pathogenic and saprophytic fungi occurring on caraway lead to
reduced fruit yields and damage the seed quality. By investigating caraway fruit
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(seed) mycopopulations a large number of fungi is established [89; 117]. However,
the most important economically are: Septoria carvi, Mycocentrospora acerina,
Phomopsis diachenii, Colletotrichum demantium and Sclerotinia sclerotiorum.
There are also powdery mildew (Erysiphe umbelliferarum), downy mildew
(Plasmopara nivea), rust (Puccinia cari-bistortae) and leaf spot (Cercospora
carvi). It was also found that the Alternaria alternata, A. tenuissima, Ulocladium
consortiale and Fusarium equiseti are pathogenic for caraway [79; 94].

o Septoria carvi Syd.

The fungus causes necrotic spots on leaves and stems of caraway which result
in mass death of plants. These are small, necrotic lesions of 0.5 to 2.8 mm in
diameter with a pale center and carmine brown hallo. Infected leaves yellow
progressively and small single black points occurre, which represents pycnidia.
Conidia are elongated, hyaline, slightly curved. S. carvi commonly colonized
the umbels and shizocarps causing the death of the former and diminishing or
scattering of the later. The colonies on PDA medium are soft, velvety, olive
green with small margins. There is no information on the perfect stage of this
fungus [74; 129].

O Mycocentrospora acerina Hartig

This fungus is a soil borne pathogen. The caraway root aphid (Pemphigus
passeki Borner) may damage caraway roots and provide points of entry to M.
acerina. When chlamidospores infect caraway root, lesions appear on it, spread
quickly in the form of decayed rings. As the caraway root is relatively thin,
the disease is progressive and develops rapidly leading to liquorices of the
whole root. In biannual caraway, the fungus overwinters in the root (because of
the reduced physiological activity of the root during the winter) and in spring
continues to develop [42].

o Phomopsis diachenii Sacc.

Symptoms occur on the root and stem basis as lesions. This fungus appears
on leaves, umbels and fruits. Infection occurs at the flowering stage and then
the umbels become partly discolored. The infected parts of such umbels do
not develop further and remain sterile. If umbel infection occurs at the later
stage of development, even the unripe fruits being formed die. Infection of
ripe fruit causes the reduction of seed germination by 60 to 90%. In addition,
necrosis is visible on a large number of germs. Symptoms on the leaves appear
as small brown dots with a diameter of 0.5 mm at the top of the leaves. Necrosis
develops progressively on the leaf basis, and the leaf dies. The colony is white
gray, and from bottom side is brown-gray to brown-black. Picnids are black,
and form in mycelia, o conidia is an oval one cell, while B conidia is filiform
to hamate [73; 76; 96].

o Colletotrichum demantium Fr.

This fungus inhabits the aboveground part of the plant, mainly leaves, stem
and umbels.

However, the plant disease symptoms are not apparent. The presence of this
fungus in the seed reduces germination of caraway seeds by 25-30%, while
necrosis is visible on germs. The fungus forms a dark gray, almost black, velvet
mycelia [75; 128].
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o Sclerotinia sclerotiorum (Lib.) de Bary

Sclerotia of this fungus is in the soil, and in favorable humid conditions,
the fungus spreads by ascospores formed in apothecia. Symptoms occur on the
aboveground parts of the plant in the form of lesions with liquorices tissue,
which become dark, and after ten days from the appearance of symptoms plants
die. In conditions of high humidity and temperatures between 15 and 21 °C,
white fluffy mycelium may develop [43].

Apart from fungus, there are several viruses and bacteria on the caraway.
Important viruses are: Caraway latent virus (CwLV), Caraway yellow mottle
virus (CwYMtV), Celery mosaic virus (CeMV) and Tobacco rattle virus (TRV).
While Pseudomonas spp., Xanthomonas spp. and Erwinia spp are bacteria
which occur in caraway.

Insects. The most dangerous caraway pests are caraway moth and caraway
gall mite. In addition, caraway crop can be attacked by aphids (Cavariella
aegopodii Scop. and Dysaphis crategi Kalt.), as well as caraway root aphid
(Pemphigus passeki Borner), and capsids (Lygus campestris L. and L. kalmi L.).

o Caraway moth (Depressaria nervosa Haworth)

Adult insects are 10—-12 mm long and with a wingspan of 20—25 mm. Wings
are brown-white with brown longitudinal and transverse strips. Females lay
eggs in the folds of leaves. The caterpillar is 15-20 mm long, deep grey to black
with an array of black warts with white brims and a yellow streak alongside
the body. Firstly, the caterpillars feed on leaves, and as the plant grows, the
caterpillars go to the umbels, spin webs, destroy flowers and disable fruit
formation. The completion of feeding coincides with the ripening of caraway
fruits, so caterpillars move down, eating through the stem and making the pupa.
Adult insects appear 2-3 weeks after that, in July or later, and go to winter
(under the bark of trees, crop residues, in silos). The pests can reduce yields of
caraway by 50%.

o Caraway gall mite (Aceria carvi Nal.)

This pest is nearly invisible to the naked eye. Caraway can be damaged in
both years of the vegetation. 4. carvi overwinters hidden within leaves of young
caraway plants, and during March start feeding. Attacked leaves are covered
with bright small spots, and due to a strong attack leaves become wavy and
distorted and die. In April, the females lay their eggs on the bottom side of the
leaves. Pupae that emerges from the eggs, two weeks later transforms into an
adult. Several generations can develop during one season. After the appearance
of flowers, mites and migrate to them, and they consequently change color to
pink or greenish and fully degenerate.
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7.3. Harvest

Harvest. The caraway fruits ripen unevenly. The most suitable time for
harvesting caraway is when the fruits begin to brown, i.e. when 65-75% fruits
are at the stage of wax ripeness. In the biannual caraway it is usually in late June,
and in annual caraway in late August or early September. Harvesting is done
early in the morning when the crop is still covered by dew in order to reduce
shattering.

Yield. The yield of caraway varies on a large scale. The yield of biannual
caraway, when grown as sole crop, is 1000-1200 kg/ha of fruit, while in an
intercropping system the yield is 700—-1000 kg/ha. Annual caraway gives a
smaller yield in comparison to biannual.

Cost calculation. According to experts from the Institute of Medicinal Plants
“Dr. Josif Pan¢i¢” caraway production costs amount to 490 €, and where the
planned yield of 800 kg/ha and the purchase price of 1.5 €/kg can make a profit
of about 710 €/ha [34].

Postharvest processing. Essential oil is obtained by distillation of caraway
fruit. The average yield of essential oil is 10 to 12 kg/ha. Oil cakes remain after
the distillation of essential oils. They are rich in protein and oil, but due to the
high fiber content can be used exclusively for the feeding of ruminants.
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8.
Cumin (Cuminum cyminum L.)

umin or jeera (Cuminum cyminum L.) is a plant from Apiaceae family

(Umbelliferae) originating from the eastern Mediterranecan (Egypt and
Syria). India is the largest producer of this plant with the production of above
176.000 t per year on around 410.000 ha [95].

Cumin is a traditional Indian spice with a pungent odor and peppery taste. It is
one of basic compounds of curry powder and gram masala, it is used as a spice
in salads, baked goods, pottage, rice, legumes and dairy products. It is also used
as a spice for meat, both stew and roasted, especially lamb and chicken [20].

8.1. Morphology

Cumin is a short, annual plant. Leaves are acerose, blue-green. Flowers
are small, pink congregated in small umbeliferous formations. The fruit is a
shizocarp which spontaneously separates into two yellow-brawn mericarps, 4-5
mm long. On the fruit there are nine ribs visible, between which are channels
with essential oil (vittae).

The average height of the cumin plants cultivated in MoSorin was 18.5 cm, and
varied between 16 and 21 cm [10]. Research in Iran determined that plant height
ranged from 15.29 to 24.42 cm depending on the ecotype [97]. By assessing the
effect of the He—Ne laser application on the morphological parameters of cumin
plants, it was established that this method can increase the plant height from
18.25 cm (control) to 32.59 cm [39].

Cumin plants grown in MoSorin formed 11 to 17 umbels. On average, one
plant formed 13 umbels. Investigations carried out in India indicated that plants
formed 9.80 to 20.10 umbels with the application of different fertilizers [113].
In Iran, plants formed a significantly large number of umbels, between 28.24
and 42.34 depending on the dose of nitrogen fertilizer and plant density [16].

The diameter of cumin umbels on average was 2.75 cm. It is usually stated
that the diameter of the umbel is 3.5 cm, and that it comprises of 5—7 umbellets.
Cumin plants of the trial formed 19.33 fruits in the umbel on average. In a
study with nine ecotypes of cumin from Iran this parameter ranged from 13.75
to 15.50 [84], while in India it was established that cumin plants formed from
18.25 to 23.14 fruits in the umbel depending on the type of fertilizer [80].
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8.2. Chemical composition and use

The cumin fruit, as well as caraway, is the main part of the plant (Cumini
fructus). Essential oil content in cumin fruits from India, which we used as seed
material, was 3.32%. In fruits grown in Serbia essential oil content was higher,
5.31% [10]. The literature states that the essential oil content in cumin fruits
generally varies from 2.5 to 4.5% [86]. However, by using modern scientific
methods in agricultural production, such as He-Ne laser, the yield of essential
oil can significantly increase, from 3.82% in control, to 9.17% obtained when
the seeds were exposed to this laser in wet conditions for 20 minutes before
sowing [39].

In the essential oil of cumin fruits from India, which we used as seed material,
19 components were identified, while in the essential oil of fruit grown in Serbia
a significantly higher number (30) was established. The chemical composition
of both investigated samples is shown in the table 11.

Table 11. The chemical composition of the essential oil of cumin fruits grown in
India and Serbia

Compound RT RI India Serbia
a-thujene 5.588 926 0.2 03
a-pinene 5.779 933 0.8 0.8
sabinene 6.861 973 0.8 1.0
S-pinene 6.980 977 16.7 16.6
myrcene 7.345 991 0.6 1.0
o-phellandrene 7.811 1006 tr tr
J-3-carene 8.008 1011 nd tr
o-terpinene 8.215 1017 nd tr
p-cymene 8.633 1023 4.9 9.3
[f-phellandrene 8723 1027 0.3 0.5
1,8-cineole 8.763 1031 0.1 0.1
y-terpinene 9.724 1059 11.8 12.8
cis-sabinene hydrate 10.031 1062 nd tr
terpinolene 10.858 1088 nd tr
trans-sabinene hydrate 11.228 1099 nd tr
trans-pinocarveol 12.905 1038 nd tr
pinocarvone 13.923 1161 nd tr
Ul 14.063 1162 nd 0.1
Ul 14.128 1163 nd 0.1
terpinene-4-ol 14.558 1176 nd tr
1,3-ciclohexadiene-1-methanole, 4-(1-methyl,methyl)  15.275 1194 0.4 0.4
cuminaldehyde 17349 1241 26.2 24.5
a-terpinene-7-al 19.253 1284 6.8 55
y-terpinene-7-al 19.623 1292 30.2 26.8
p-metha-1,4-diene-7-o0l 21.269 1331 tr 0.1
daucene 23.519 1381 tr tr
trans-caryophyllene 25243 1422 0.1 tr
trans-f-farnesane 26.859 1461 tr 0.1
10-epi-p-acoradiene 27.598 1478 nd tr
carotol 32.633 1601 0.1 tr
Number of identified compounds 19 30

UI-Unidentified Compound, tr—compound present with less than 0.1%, nd — not detected
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The major components in the essential oil of cumin from India and Serbia
were y-terpinen-7-al (30.2% and 26.8%, respectively), cumin aldehyde (26.2%
and 24.5%), f-pinene (16.7% and 16.6%), y-terpinene (11.8% and 12.8%) and
o-terpinene-7-al (6.8% and 5.5%). All other components were present with less
than 1%. A typical chromatogram of the essential oil of the fruit of cumin is
shown in Picture 10.

Picture 10. A typical chromatogram of the cumin fruit essential oil (see page 43)

According to the results of other authors in the essential oil of cumin fruits
from India the dominant compounds were a-pinene (29.1%), limonene (21.5%),
1,8-cineole (17.9%) and linalool (10.4%) [45]. In the essential oil of cumin
from Tunisia the dominant compounds were y-terpinene (25.58-34.16%),
cumin aldehyde (13.22-23.53%), p-pinene (9.72-16.33%) and 1-fenil-1,2
ethanediol (8,25-23,16%) depending on the water availability during the
growing season [21].

In the research conducted with cumin plants grown in Serbia during 2014,
it was found that fruits contain 8.39% fatty oils, where the mixture of oleic
and palmitic acids (C18:1) had the highest ratio (59.33%), followed by linoleic
(C18:2) with 26,95%. A typical chromatogram of the cumin fruit fatty oil is
shown in Picture 11.

Picture 11. A typical chromatogram of the cumin fruit fatty oil (see page 43)

The content of fatty oil from the cumin fruits grown in Pakistan was 20.42%,
while samples originating from Tunisia contained 17.77% fatty oil, and from
India 15.40% [20; 110]. In cumin from Pakistan most common fatty acid
was oleic (65.87%), followed by linoleic (18.67%) and palmitic (11.69%). In
samples from Tunisia and India, petroselinic acid was dominant with 55.90%
and 41.42%, followed by palmitic and linoleic.

In Indian folk medicine, cumin is used as a diuretic, to treat the stomach and
against flatulence. Studies have established that cumin protects the kidneys from
damage. Based on traditional Indian recipes commercial plant based formulations
were made for treating kidney stones [33; 77]. Studies have established that the
strong and distinct smell that cumin has enhances the secretion of saliva in the
mouth and other digestive enzymes thus stimulating the appetite and helping the
digestion of food [81; 87]. Apart from this, cumin relaxes smooth muscles of the
stomach and decreases spasms [32].

More recently, it has been discovered that this plant has a high pharmacological
activity. This primarily relates to the antimicrobial and antioxidant properties,
then the anticancer and immunomodulatory activity [20; 28; 45; 52; 87]. Cumin
can be successfully used to treat diabetes and epilepsy [54; 56].
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8.3. Environment and cultivation

The vegetation period of cumin in agro-ecological conditions of Serbia lasted
98 days. The seed germinated after three weeks. A month after germination, the
plants began to flower. The flowering lasted a month, after which the maturation
period started and it lasted three weeks. The growth and development of cumin
plants cultivated during 2014 on experimental field in MoSorin are shown in
Picture 12. Cumin is a plant with short vegetation period, which lasts from 70 to
91 days. In growing conditions in Iran, the period from sowing to germination
lasts from 10 to 17 days, while from germination to 50% flowering cumin needs
44 to 54 days, and the period from flowering to harvest lasts 16—-19 days [82].
In our climatic and soil conditions the growing period lasted a little longer
(7 days) and all phenological phases were a couple days longer than the specified
values recorded in Iran.

Picture 12. Growth and development of cumin plants (see page 44)

Cumin is mostly grown in the arid and semi-arid regions, on sandy soil. In
this area, the soil is usually poor in nutrients, therefore the obtained yield is
significantly increased by using mineral and organic fertilizers [15].

In Iran, cumin is usually sown during the winter (November to March) [98].
In agro-ecological conditions of Serbia, cumin is sown in early April, which is
the optimal time for sowing most plants from the Apiaceae family in this area.

Research in Iran indicates that the best results are achieved when the density
of plants ranges from 120 to 150 plants per square meter, or with row spacing of
20 cm and 2.5 to 3.0 cm between plants in a row [16; 104].

Cumin fruit yield ranges from 400 to 1000 kg/ha [16; 118], while the essential
oil yield obtained by hydrodistillation is between 6.6-20.1 1/ha [65; 78].
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