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LTNY2 DYV DIAYY MPIATHY MPHRI DNPYTA

1D .NVNN YR DY DMNMYN DMINND DINYN MYOYN PA DDTIN NION DR
(1 N520) DMNNN DNNYD DMWY DIPHN YR DY DMYNII DD TIN DHMP 12
,DPINND DNNYO 500 7172 DXYNI DPONMNIRD DPNON Y DI )2 Dy I
WNND M DN NOY YD DWW NDVNN YT, NINTD ;DNINNY DY Mt mad

143 1994 ,(2) 't ,ONIW3 INOPN IPNN




DMINN DNV MY NN YN DY NVIIN 21D 11 4PN
Fig. 1: Effect of essential oils on germination of wheat seeds
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Legend N2

M3a> non M Micromeria fruticosa
> avy @ Cymbopogon citratus
M 2 O Ocimum citriodorum
Pwmn o O Origanum majorana
NNM DMMINDS A Pelargonium graveolens
VYPOINN MY A Artemisia absinthium

.50% S¥ MY NN NNNOND NNMY MNND JOYN TN NN DN DPIIND ONPN

The vertical lines indicate the amount of the essential oil necessary to
cause 50% inhibition of germination.

Wya DN DY DNMYY (1 NDIV) 1M WD HHD TITA DYHRYHNN ,NVNN
YONPN 112 PINN DN 10 ,ONNTNNY DY MNRD JOYN N9 DN MY
.(Salvia sclarea) nnwnn my i (Ocimum basilicum - Methyl-chavicol type)
Y9N YTDY P KDY DXNNY MNNONN 20¥D DI DMINND DNHYN 1D NN
IMYINYN IN YNN IMHNSD 21D V2N NS 21D PTHY DI KON NV
VN VI DY DNNMY NTTH NTIAYNI NPYTIAL YPIPA VN DY PPNN M
1PY DY NTITH 7N N 09 MINDED NIANNY H7H 2-1 DY TN NYNY DYl
D MTNAYN MINSIND .DNDSN NDINY NTHRHINY )OI NDIO 19DV MNN
022 MINIM PYNYN DY DNMHS DN 20Y0 ,5UNd5 1002 23Uy DY NNRN 1HYn
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DYNN NV 50% DY NPYD NRMY (NNDXA I0OMPM) MINNN JIWn Mno 11 HYaY
DY DN HY
Table. 1: Essential oils affecting seed germination - the quantity (ml per Petri
dish) which reduced the germination to 50% of the control value

YR | mam | aTvnen N PN A [N yavn mpn
N (5np) nnvnmn Essential oil
Melissa Carum Coriandrum Salvia Ocimum | source k "
officinalis carvi sativum sclarea basilicum DY P
*) Seeds of
*PWn ona
143 2.50 1.75 >2.50 2.50
Ocimum basilicum *
nnvnmn amn
1.68 0.88 0.70 2.16 1.44 ;
Salvia sclarea
2p) MMM PN
0.84 1.35 1.27 127 " P e e
Carum carvi
N9 NOW
0.47 0.28 0.28 1.66 1.78 ) . _D, -
Melissa officinalis
nomn
1.87 1.20 1.15 230 >2.50 i oy
Triticum aestivum
27N
0.95 2.06 >2.50 >2.50 >2.50 et
Sinapis nigra
My
1.30 0.85 1.92 >2.50 1.10 )
Lycopersicon esculentum
* Methyl-chavicol type. JONPN 1t +

WMV JIVUN IMND (2 ION) 20¥0N 1Y INOWN 29 KON NI TONN 1YY
10N 20DYI WAV NOND IILP PN PNIXIM NYNYN NNHNN 50% 21909
YT .NVMN POINN IV NN YD YOI 0N INRY PONNY PN 12092
02N 25V NN 21D%Y NDDY NUN PTY MINN JAYY qUNIY mMInd v

220 VXY YT TY ,PYSN

D225913N DYININD MY 1P2) 13957 NIanh 3 9Ypn ) pHo
DMINND DNRYN Y DMPYN DYDY YW DNYOWN Mpn 1Nay mmaya
Asplund .(13) an»a NPINN MM Y5Yad 1¥NNATYDN  DNAIVMNI INYD)
(camphor) MONNP NANTY ,ANPLNI MNP NP DIINN NINOY (2) NN

MIINTN NXMNND I 1IN ,ANNI PN M»yan N, (pulegone) N9
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Fig. 2: The effect of the essential oil, extracted from lemon grass
(Cymbopogon citratus) on the growth of the radicle and coleoptile of
germinated wheat seeds
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Legend NYp»

nvON YL NWNYN M The radicle of germinated wheat seeds
nLXN YL NN O  The coleoptile of germinated wheat seeds
50% S MY NVIIN NNNAND NNNY MINND JAYN MDD IR DMMYN DNIINN OMNPN
The vertical lines indicate the amount of the essential oil necessary to cause 50%
inhibition of germination.
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MINAY INYD 1D NDWN DY DMIMN DY 21¥N MW NN 1PTA DN T8
MOPDIOMMDRDND NOWO IMYRYN NTHI NOXIN NN IDY TOPIN- TN
MNPANNI INIINPN NXIPD \INN 9190 WP XY TN DT 1IN NIy

CH, 9 CH, 0
C-CH-C-CH, C=CH-C-CH,
cH,” cH,”
NOP~PVMN-DINN TOPINDNNN
Methyl-isobutyl-ketone Mesityl-oxide

D970MHN MIYY DV N1DYHRN NYIYNN NN IPoY Reynolds Yy mysinn o)
M2 1M Connik" Bradow .(28) nmT mman Yy my»asn ,nonn syt noaas Sy
DPRY OGN DY N101) 120 7099 NIAVN PNV ,DMNY DMNVP-NNY INSD
.(4) DTNV

DN TTAZ ¥ DXIIYHNN DMMNA VILWN NN TNYI DY NNSY Y Tow M3
7YY 1132 NN OV OINKR 1PV (3 IN) YUY NDNI .9%WeN 10N TN
NX¥D) (51 NP0 NMDIPA TN YNDA MOMONDID YTHY) MNNINNPNIY
NN IPWA 20NY YOPRN NMYS NMAY MOW AN DN Ipwa Hnw yopnov
-(8) TIND NPIN M2 NN PVIININ) YPI MY DI INNM YWY 2297 I

DN YT NV 50% DY 21DYY 1DMY DTN NPNNIT DT DMIIN M1 2 NbaL
(2) myv 48 T2 ,(Raphanus sativus)
Table 2: Concentrations of volatile substances in ambient air which yield a
50% reduction in germination of radish seeds (Raphanus sativus) (2)

(2/2%m0Mpn) NN DN WOND DN WINN
Concentration (umole/l) Chemical category Volatile substance
55 + 03 -- HCN
33 + 12 Ketone (+)-Camphor
31 + 08 Ketone (-)-Camphor
V.50 ki 09 Ketone (-)-Pulegone
210 + 08 Alcohol (-)-Borneol
780 + 4.6 Ether 1,8-Cineole
450 *+ 13 Diene Limonene
570 + 22 Diene o-Phellandrene
510 + 58 Aromatic p-Cymene
300 + 19 Monoene o-Pinene
1700 + 11.0 Monoene B-Pinene
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Fig. 3: The effect of two fractions of essential oil extracted from Micromeria
fruticosa on germination of wheat seeds
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DPYNN NN 20¥N "NPIA2N MDY SY NN JRYNY NID) NYMOLNIN MPTI2
PNon M MNRN YN (Cucumis sativa) 19970 70121 DRI 5S¢ MOINNIM
981 YV DWMVYN MEPAY DNNN DY MMV DR Dpn3w NTN3
Hmn YYD B D37 .(24) MTNNYNI IP°YI DMNIIND N [(Allium cepa)
NN DT HYY DWW DYNITION DINNI POIP MII0IM MOYY NN
NPTAY NHRMN DYDOYM POIPN NN NNIYY NIOX 11D Muller .opoMpPN
(24) NON DMNIN DYDDN DNPNA ,DMNRND DNOVN
1290 ,NNWIN NP 2Y 2N NNND JPYN SY NYOWN DR8N DMINN DMDN
A8P NN 1Y DOMDH DNVY T ;IR NN NNRM NY on pun

1994 ,(2) 7t 5N INIPN PNP 148




1T ANYDI INR MNDNI .AMKN 1PN DMINN N ,NVN 0 SY npdwIn
(1M NS 2030 N IPTYY 25WI) 1NN NN WM DX NPOWIA
Mo”5 MNN YIYY DNHYNH INKIND APWIN NN 0N DYyay Tiya
Y 9MIn MDY 18HpNn NYSP D) L(11) (Artemisia tridentata) "nwSvwn
(camphor) ManNp (1,8-cineole) JANPN-8,1 YTHY IPwa NI IV
: .(24)

2Y MINNN 1NYA DY NP myswn wvibw Yy ¥axnb weN 995 19182
DRN NPI2NI NYN9 ,DIMIAN YW1 NNNN HY PN MNdYa nynNs 0NN
2V N2WHN MIMN MY (NHWI) DYIIINDND DMHANI NYNI , DMOINNNY
MO0P DY DMWY 1INY Ty N Proym PATH YN PR PTY DIAYHN
YNNYND Y72V 11 XU PN Iphn DPP 9N T DY37 DYONPD DYy
DN2WH 1IN NN DTIP 1PANY Y2 N3N NYY MPHRII DY DNMINa

NTY ININI) Y202 NHALY NVIAY Y2515 BIINN DIV :7h 799

DXNNY YTIY NN NI 11 Y3 Y202 PNNYONA DY oYp Dy NMTY
Muller ¥ n1ax¥n 195 ,mM237 MMaya MAaNInm 09T DYPINOON DDInN
,16) INIWI DWW NPOSNI (31,24 ,6 ,5 ,3) Y5 m1anTa ININY , 01
"I2TNN NWO OTDY DOMVETN DAYY 1YY IMITY  INSD) (17
DTN DMMNT 2DIY N8N 12 19D .20 AN TH a3 (Artemisia sieberi)
Muller mmaya mnY ,7mM9dpn mydrn S mS AT 3100 mySra
DYNNY MNDY DIMNI WYV 12700 MIYS” NPDIYIIN Y PN . 111Im
WX INTID APITTY MR NNV 11D IIMYNYN NYOWN RSN XY 1000
NON DYNINIY NN N INTI DYPRDIYINN NYOWN DWW DIMINIAY (16)
MAvY) 1PNY 2V DMN MNND NN MYPIPM N 91T NHP¥I OHOMNM
MM Muller . N1y N0 PYIY PR MY 12009 L(DYPYHN 0N nnnn)
DXNDX WY NMPIIT ,NNNNI DOONNPIIN DNNY SY 05 nNnn 003 191
DM D3 (23 ,22) NHNNN2 DNIYID DNNY PN ROV IN ,DOONMIN DPRY DMNN
DMORDMND DNNYN NP DO MNNSNNI SMYHPYH 1Y Sapnn mt
DY NN DY DY PNINI YPIPA DY DIDN YW nyswnn NPT WM
YPIP ORIN1 WAV D0IVY PN NPYNKRa N2 NRPYTIN .03 NOWH AN
“O0IP SY DMYH NP1 MOYPHN Mowa ,DYXZYI YN POy DMWY
(NNY 5TIM NVN) DWIRN ND (4 IN) NYRD DRI NYIOY 1272 07wy
1AYN M2 NNNWNA (D7D 1,0.5,0) 7YRN pow (N7 nop) ¥YpIpn No
MO MW 1HYS I Y 57INN D REDI STIM NVON Y S 2wy SY nNn
NRTNI PN 1NYA DIV IWRD NP 171 1% Hapnn mMpn Y32 apTY YPIpn
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190-NVY” NODINA (1%) 1YY WY YV NN 1OV PNINT DIDM NYOUN :¢ 4PN
DMWY NI IPIYAY FATN MND NI ,DXNNYI NOIM NNY 37N It NISN DY (50%)
2o (@) 11,(0) 0.5 ,(m) 0
Fig. 4: Effect of sprayed lemon grass (Cymbopogon citratus) essential oil
suspension (1%) + surfactant "Shatah-90" (alkyl-phenol-ethylene) oxide 920
gr/1 - SL) (0.5%) on emergence of mustard (Sinapis ni gra) and wheat
(Triticum aestivum) seeds in light or heavy soil in pots and at three sowing
depths: 0 (m), 0.5 (0) and 1 (@) mm.
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YawNN NyNI3 .NTI0N NNTRN 2Y IN 11N NNPHDN WD Y933 NN ,ndp
PRI PAY DYN NVIIII YIPNN 21YN IPYY RN DNY DIPOIYI DYt by
AZPI NONN NN PO 1 5V PPya PV DYNI DI D DN ,0"0 0.5 Ty v
N2 NONN YNY TIVA DN PA NPDOVPYD NV NTIIN ANTNI NV
1OP PRWI P, TIND NI 27NN WA NV NN OMYHRYA 19N WINN
{4 N) p'o 17

NV YN YRYI MUY DMINN DNMNY PNINI DIDNY NN DY MHNAD
MINND 1DYN OV MPNIYNN NYOWNN NN NPT DNIY DMDNIA .YPIpa D) DOy
NI DYD 9NN YPIPN D10 INRD DMNY DITIINT WINY NOND Yt Dy
1PYN DY MIMNVNN NYOWNN .NA2YN DYV LYNI PN MYY 24 INNY 110V
19INDY PNINT 12N MYHPDYN NTHI MDD NPNY NMYY YPIPa DN
DMNYI VI MOW MNS DYTTIYA Y202 MPOXNM DMDNN MNNIN NN
DMy NVIN NMHY IDYNI DMINN

=)=l

IN N20VYID ,DMXNY 19INI MO0 99D TITA NININD MNNYINA NYan
,IM NNN DY NV IN DMHPY WYY P NN DNNYN 1TV DIPIN
DN 21YM 5533 212%9N MM 23D YN (30,27 ,19) ¥ILI IN NTIYNI
MUNT APNNS PPN PONN T2A5N . TIRD LIV NI VIO DPINNN DVPYN SPSY
YMNMIIN PRD M MYTINN MINYND APY :DOUYN MIWN ¥ Mt DINNA
DYONPD DIAYYIOVIPI YIDWN NININN NNNIND 1108HN N0
IN/Y D21 2D¥D DVNDHN DMYIV DINNI PHYA DMYI AN ,MNYPNI
POWD IPNNN NN ,ANINM TN DIAVYIL0IPA IPNHRNY Tya ,DYINY .Invny
DWW DD D PRY TA21 OMNNN NNIT PITY N8N DOPIIIYIN]
(30,27 ,12,10 ,7) o»wyn

NYPINNN DNPRI AMOYNN NINSIND ANINN DY MIATH MNINI YIDOWH
DMMINI YANYNZHD NYINIY ,IININNDT MNOPNY .ONY MTHYN MI2ann Sva
MNZYDIAN NIIN DWW DIVYY NYIND MPIDN MWD PTY PR ,OPONPDN
MANSND DMNOPI NIATA YRR MM YHDY NIOK NNIYY 219N N Sy
VIV MUYD AWAN 7P PINTTNON TNYAY 1200 .D»ON»ON DY VIDOIYH
PONND VI DMINN ONVHPYA 5513 AP MY Ydya DMIPINT Y9I
TA50 ,DPINNN DNNYN HY qD1 518 WHN 1t VI .OMMNDHD DIYYIOVIPY
.MM DYVS MPPId DN S2PHPN YYD

MMA2 DAT NN DY DY DNND NYY NVIADAIYN DMYIV DXININ N
VNN DN PYYNO - 721 ,09¥20 01PN MNT DAY DPONPD OXIMM M)
LDNOPNN MYTD DY TIYN DIAYYN"YOD YU

151 1994 ,(2) 't ,ONWP3 INIPN 3PND




MH2PN IIPYH

1IUM DXNNXN TPNNIMD NN DY N2ID 0N NYown (1988) N PRT .1
A Ny (Origanum syriacum var. syrigcum) N80 1IN MINND
DVDINNY NYNN PMNOPNN YTNI THOW” NN NOIPD

.M2INT ,MNOPNY NVLIPON , DDV NMIAYN

2. Asplund, R.O. (1968) Monoterpenes: relationship between structure and
inhibition of germination. Phytochemistry 7: 1995-1997.

3. Bonner, J. (1950) The role of toxic substances in the interactions of higher
plants. Bot. Rev. 16: 51-65.

4. Bradow J.M. and Connik, W.J. (1988) Volatile methyl ketone seed germination
inhibitors from Amaranthus palmeri S. Wats. residues. J. Chem. Ecol.
14: 1617-1631.

5. Chou, C.H., (1986) The role of allelopathy in subtropical agroecosystems in
Taiwan. in: Putnam, A.R. and Tang, C.S. [Eds.] The Science of
Allelopathy. Wiley - Interscience, New York. pp. 57-73.

6. Chou, C.H. (1989) The role of allelopathy in phytochemical ecology. in:
Chou, C.H. and Waller G.R. [Eds.] Phytochemical Ecology:
Allelochemicals, Mycotoxins and Insect Pheromones and Allomones.
Institute of Botany, Academia Sinica Monograph Series No. 9. Taipei,
ROC. pp. 19-38.

7. Cutler, H.G. (1986) Isolating, characterizing, and screening mycotoxins for
herbicidal activity. in: Putnam, A.R. and Tang, C.S. [Eds.] The Science
of Allelopathy. Wiley - Interscience, New York. pp. 147-170.

8. Dudai, N., Poljakoff-Mayber, A., Lerner, H.R., Putievsky, E., Ravid, U. and
Katzir, I. (1993) Inhibition of germination and growth by volatile
substances from Micromeria fruticosa. in: Proc., Int. Symp. on
Medicinal and Aromatic Plants, ISHS, Tiberias, Israel.

9. Dudai, N., Werker, E., Putievsky, E., Ravid, U., Palevitch, D. and Halevy,
A.H. (1988) Glandular hairs and essential oil in leaves and flowers of
Majorana syriaca L. Isr.J. Bot. 37: 11-18.

10. Duke, S.O., Paul, R.N. and Mark Lee, S. (1988) Terpenoids from the genus
Artemisia as potential pesticides. in: Cutler H. G. [Ed.] Biologically
Active Natural Products - Potential Use in Agriculture. American
Chemical Society, Washington, DC. pp. 318-333.

1994 ,(2) 't , 5N SNOPN PND 152




11.

12

13.

14.

13,

16.

L7

18.

19.

20.

21,

22,

23,

24.

153

Einhellig, F. A. (1986) Mechanisms and modes of action of allelochemicals.
in: Putnam, A.R. and Tang, C.S. [Eds.] The Science of Allelopathy.
Wiley - Interscience, New York. pp. 171-188.

Einhellig, F.A. and Leather, G.R. (1988) Potentials for exploiting allelopathy
to enhance crop production. J. Chem. Ecol. 14: 1829-1844.

Elakovich, S.D. (1988) Terpenoids as models for new agrochemicals. in:
Cutler, H. G. [Ed.] Biologically Active Natural Products - Potential Use
in Agriculture. American Chemical Society, Washington, DC. pp. 250-
261.

Fischer, N.H. (1986) The function of mono and sesquiterpenes in plant
germination and growth regulation. in: Putnam, A.R. and Tang, C.S.
[Eds.] The Science of Allelopathy. Wiley - Interscience, New York, pp.
203-218.

Fraenkel, G. (1959) The raison d'etre of secondary plant substances. Science
129: 1466-1470.

Friedman, J. (1987) Allelopathy in desert ecosystems. in: Waller, G.R. [Ed.]
Allelochemicals: Role in Agriculture, Forestry and Ecology. American
Chemical Society, Washington, DC. pp. 56-68.

Friedman, J., Orshan, G. and Ziger-Cfir, Y. (1977) Suppression of annuals by
Artemisia herba-alba in the Negev Desert of Israel. J. Ecol. 65: 413-426.

Friedman, J. and Waller, G.R. (1983) Seeds as allelochemic agents. J. Chem.
Ecol. 9: 1107-1117.

Leather, G.R. and Einhellig, F.A., (1986) Bioassays in the study of
allelopathy. in: Putnam, A.R. and Tang, C.S. [Eds.] The Science of
Allelopathy. Wiley - Interscience, New York, pp. 133-145.

Lerner, R.H. and Evenary, M. (1961) The nature of the germination inhibitor
present in leaves of Eucalyptus rostrata. Physiol. Plant. 14: 221-229.

Molisch, H. (1937) Der Einfluss einer Pflanze auf die andere - Allelopathie. G.
Ficher. Jena.

Muller, C.H., Muller, W.H. and Haines, B.L. (1964) Volatile growth
inhibitors production by aromatic shrubs. Science 143: 471-473.

Muller, W.H. (1965) Volatile materials produced by Salvia leucophylla: effect
on seedling growth and soil bacteria. Botan. Gaz. 126: 195-200.

Muller, W.H. (1986) Allelochemical mechanisms in the inhibition of herbs by
chaparal shrubs. in: Putnam, A.R. and Tang, C.S. [Eds.] The Science of
Allelopathy. Wiley - Interscience, New York. pp. 189-199.

1994 ,(2) 7t 98P INSPN WPND




25.

26.

2

28.

29,
30.

31,

Putnam, A.R. (1985) Weed allelopathy. in: Duke, S.O. [Ed.] Weed Physiology
Vol 1. CRC Press, Boca Raton, FL. pp.131-150.

Putnam, A.R. (1988) Allelochemicals from plants as herbicides. Weed Tech. 2:
510-518.

Putnam, A.R. and Tang, C.S. (1986) Allelopathy: state of the science. in:
Putnam, A R. and Tang, C.S. [Eds.] The Science of Allelopathy. Wiley -
Interscience, New York. pp. 1-19.

Reynolds, T. (1987) Comparative effect of alicyclic compounds and quinones
on inhibition of lettuce fruit germination. Ann. Bot. 60: 215-223.

Rice, E.L. (1984) Allelopathy. 2nd ed. Academic Press Inc., Orlando, FL.

Waller, G.R. (1989) Allelochemical action of some natural products. in: Chou,
C.H. and Waller G.R. [Eds.] Phytochemical Ecology: Allelochemicals,
Mycotoxins and Insect Pheromones and Allomones. Institute of Botany,
Academia Sinica Monograph Series No. 9. Taipei, ROC. pp. 129-154.

Went, F. W. (1942) The dependence of annual plants on shrubs in Southern
California deserts. Bull. Torrey Bot. Club 69: 100-114.

1994 ,(2) 't , DN ONIPN WNB 154




