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Introduction

Invasion of weeds is one of the major factors in the reduction of yield of agricultural crops in the field
conditions. The use of allelopathic plants is one of the methods for weed control. To date, numerous laboratory
and field techniques have been developed to evaluate allelopathy in various plant species. Recently,
advancements in allelopathy research have emerged with the introduction of innovative techniques and more
effective bioassays. Researchers have shown that many challenges in allelopathy studies can be addressed
through these improved methods. Traditional approaches have increasingly been replaced by newer techniques,
such as the Sandwich method, which allows the allelopathic properties of different plants to be evaluated in a
very short time using only a minimal amount of plant material.

Materials and Methods

Considering that there is a significant evidence of the presence of allelopathic compounds in invasive weeds
as well as medicinal plants, therefore, in the current research, the main focus was on these two groups of plants
for the selection. In this research, the allelopathic activity of 57 plant species (60 samples including leaf, stem,
seed, rhizome, flower, gum) of 18 families was investigated using the Sandwich method. In this method, plant
samples were first dried at 40 degrees Celsius and then weighed in three replicates with amounts of 10 and 50
mg. Special containers with 6 well were used for cultivation. The diameter of each well was 3 cm. In one row of
the wells, 10 mg and 50 mg of plant sample powder were placed in the other row. Then 5 ml of 0.5% agar
solution was added to the samples and after the agar cooled and coagulated, another 5 ml of agar solution was
added to each well. In this way, the plant sample was placed between two layers of agar. Then, in each well, 5
seeds of lettuce (Lactuca sativa) variety Great Lakes 366 were planted vertically on the agar surface. This variety
of lettuce has been selected as an indicator due to its high sensitivity to metabolites. Then the containers were
sealed and placed in an incubator with a temperature of 25 degrees Celsius in the dark conditions. After 3 days,
the percentage of seed germination was checked by measuring the length of lettuce radicle and hypocotyl. To
make it easier to compare plants, data clustering was performed using Minitab software.
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Results and Discussion

Using this method, 59 plant samples were placed into 10 distinct clusters. The similarity of plants in each
cluster was 85%. The findings revealed that the leaf residues of Anethum graveolens and a Cynara cardunculus
clustered together based on their allelopathic activity, demonstrating the most significant growth-inhibitory
effect at a concentration of 10 mg of the plant sample. The average percentage of inhibition of radicle and
hypocotyl growth of lettuce seedlings caused by these two plants was reported to be 94.95 and 87.65 percent,
respectively. Also, 13 plants including leaves of Chenopodium album, Prangos ferulacea, Lepidium draba,
Petroselinum crispum, Dianthus barbatus, Convolvulus arvensis, Narcissus tazetta, Heracleum persicum,
Onosma dichroantha, Stellaria media, Brassica cretica, Ipomoea purpurea and Apium graveolense Seeds were
placed in one cluster. This group also had significant growth inhibitory effects. Although their inhibitory effects
were always less than Anethum graveolens and a Cynara cardunculus. The average percentage of radicle and
hypocotyl growth inhibition in these plants with 10 mg of dry plant sample was 79.76 and 62.27, respectively.
This study demonstrated that both the leaf residue of Hypericum perforatum and Hypericum scabrum
significantly enhanced the growth of lettuce seedlings. Even minimal amounts (10 mg of the dried plant sample)
resulted in a remarkable increase in radicle growth by 14.65% and hypocotyl growth by 45.15%. Additionally, at
amount of 50 mg, Pistacia lentiscus gum demonstrated exceptional efficacy, enhancing radicle growth by an
impressive 90%. Among the plants studied in this study, Cupressus sempervirens leaf residues had an inhibitory
effect on radicle growth but stimulated hypocotyl growth. Centaurea behen leaf residues only produced a
growth-stimulating effect (43.3%) on hypocotyl growth at amount of 10 mg, and in other cases, they showed
allelopathic effects in the form of growth inhibition.

Conclusion
This study confirms the reliability of the sandwich method for identifying allelopathic plants and assessing
their properties. It efficiently evaluates a variety of plants with fewer samples and time. The results suggest that
plant residues could be used in organic farming to control weeds. Further research is necessary to identify the
specific allelopathic compounds involved.
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Figure 1- Dendrogram of cluster analysis by Average method for 59 plant samples with 85% similarity
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Table 2- Results of clustering for 56 plant species (similarity level between plants in each cluster is 85%)
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1 9 39.9 21.91 67.65 48.36
2 3 24.9 -11.86 67.46 45.56
3 25 63.32 40.04 382.19 66.44
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5 2 94.95 87.65 95.65 93.15
6 2 30.35 95 315 17.65
7 1 45 -43.3 91.6 79.3
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o1d oS slasyze baulpd )3 olS cpl (S bl (el S
byl 4> (Pakhshan & Maulood Shireen, 2012) cou!
Loy V1B Clale )3 olS oyl oty S ojlas o aELL
cdale 3 oS Jlboys g yd Jladhs ddiles g daady; Ady Sy
Dorina, ) cusly ol cpl ady » Suybib all dep zu
S it J Jols o el 5 cgliie | a5 (2019
4 (Orobanche crenata) ;Jls JS 5,0 cale o 1) S5
e 0,8 Al &S b LS Basd pl il LSaile, @l
jpodile cpl 43y 5l Bl ©jgod Mg SB-a ol ol
Fo bV plie 5 o (SuiS e psd > g AS Colas alys
Slosliwl b awslie > SB o SolS 2 4 wsd )b g p)S
550 (1 ke +TV0 Sl b)Y olugils asuils
w1y olS oyl 53 ondosalin ol 55 @Il ldixe g Anlgs
(Messiha et al., 2024) w3l Cows (ga5999M8 o L ©loS
W ool olS opl (ingy 0,0 3l odelcmddy uilul ¢ IS joboas
olS oyl (il jd 29390 slinl oy Lol Ll sadais s oSy
5 ° R (T g8 gy0med il Mgl Jel ey
3 30 Y Cyeminns o (Sharopov et al., 2013) ssb o ™ yoed
Vokk et al.,) 15l o olS () 15 39550 sadaidlis wluS 5,50
338 o] 35 LS )5 o ) Cpmmmasions o aSi] s 4 (2011

(s>, (llori & llori, 2012; Zhao et al., 2020) 5l

1- Broomrape

2- Glyphosate

3- Carvone

4- Trans dihydrocarvone
5- a-phellandrene

6- Limonene

7- Myristicin

o2 )l S5 SIS A 5 ¥ laadss )3 dgvge olblS
ol 92l8 Jlghy a3y (SW)lbk oa 5 (SIS ©)g0n
obS 5y cblis g olS Sy (o5l radgs ol 5 Ky pa ol
«wd)S 18V s o o (Centaurea behen) oMb puis IS
2l ad) S ps Gl (LS dges p)5 (e Ve lade
e )lae audy 43 g (1oyd FY/Y) 5,8 Jlael 9alS” Jloils anddle
Voolde men g dpdBle g dpddy; AD) p S ke O
obS (S bl cudls (SHbik Sl crads) a8 n S ke
ool 48,5 515 A adgs > a5 (Cupressus sempervirens) g
5o L eals Jlaily axdile y lads |y Wi, SuusS o0
algl Ve 94 gladdeys cuib by SuScwles yl axddy,
Cogots pSGke 0 g Ve Jlie g0 a1 el S5
Pistacia ) Slaas olS zewo b olis ad; SusS'S o0
oplcd )8 13 asgs > el S5 gla Shg s 5l (lentiscus
Aladdle uly o g dpady) A5 n e (LS 4
Qe Hlade 0 oSyl e oaedd i SuS K peu
oilPl 2oy A Bl 9l Sl dpady; a8 cudly )5 e
s (Hypericum perforatum) -jea,,lsn olS 93 5y (sblas .amd
8 Ve adss j» (Hypericum scabrum) owgos sl S
R pSike B g Ve e 93 0 )0 (LS digel g3 oyl 8T
US55 IS Jeih s sl 15, 1 o 5 arady 43,
Wgod p)S (s Vo) o5 Jlow cdale )3 (s 0l 9> cpl il A3,
dndBlo g (Mo VF/PO) dvddy ) by o0 oUly (Sis olS
Sl (6ol lded 1y (Ao ¥O/V0)
M) ¢ b (SH)5L JI G cpl 3 &5 Sl I (S
AlocSy (AL ud b bgd D 29l olS ol L sals Sl
cll (Al-Snafi, 2014) Wil olys olgl 4 e



VP Glno oF o)lods A als o((65)9liS pobo g pole) Ll pole a4y pis £ F

Chrd w5 Sl G cpl &S SlalS s
S5 SIS oS g S o s 5, (S ik &gk
3 xSsle olS ol ol 55 Bl gely 2o Bl g
Scavo et al., 2018; ) cusl oais &)l 5,0 glacile 5| 5, 03,
gy s l Jols ojlas 5,48 (Chinchilla et al., 2014
olis jyacile £ b A g (Fjaler p (SH)L Sl elS
O g olS Q,gl ojlas clale fyy  couiime aayl, olkises bl
o] Clids @l ezan 035 )15 50 cladile e
165 b cov ol ol ojlas ()18 e a5 b ol
can] 3 LS wholis (late 0,8 o HIE 55 jecile
Lds sl yiSle ) dgeyd gliwly 0 1) olS (pl > 29390
5l b (Scavo et al., 2018) wlod,S Chuogs 0455 laisel sl
&S s o LS (J8 aluS 5y ol pl Sy dey g
2l oo M SIS sl 5 Y il gyl gl ol Baes
slis gpdided iuliel el L oSy (Miri et al., 2013)
5035 oy ol @l & Jsho gy Slgime ol Jlisey g 00
2 93980 oo Lt (gmlinsly B 4 oxie dxis
S Sye e g 4l ialS LS il a3, culy
o I ol olge Cls mlo uzmen SliSy ol Sedise
3,5 Colan o s J oS5k J3Lo 3 s Sl b (L
Delonix regia .ugs o LS ady)y s Jigb @lo 4 1o 4
o u_..moi)fb s S oliize & cwl o ol des
LIV PP VI WA S PN Rk g OT 5 oddosaline (g4
Bt 0 el )8 o)Ll Sl il 4 i LS5 ol Alas
sl 1 wilgy o (L 0S5 &S cnl snd (515 ldllas
Al S el Sl By cdld g 08 e o
59wl cllid oS sl LS5 dles ) Sl
Mg Gl el ol Jlas cldale 3 oS5 ol S e Cilon
25 o w1 51 (B Clleb 5 i a3 5 911 sla IS0,
olS > adyy by By 5 pljady, Sl el wns &S
oLS 3 oad plolis el 5 % 5 (L et al,, 2010) 593
dox oGSy Gl dlioe Szl sl ()8 5S
Miri ) 5,15 )13 ol 55 GluS 5 cond )3 &S conl b SluS 5
(etal., 2013

6- Chlorogenic acid
7- Cynarin

8- Caffeic acid

9- Phosphorylase

S gl oS S (S el Lol 552 Sl (el 55 S
85 S oy 0y90 g 033 ol gl iSile gl M3
Ol K39 Hgedd 5 ()8 gesd < Js SIS Jolis Slial
Wl oo 59)S 9 Jgow (JoS1o)lS & 23,5 )1 Bais cul
S S el S sladdle wd) I el b lacble > o
ol S Ule SIfl S g S5 dlar §) iged S oy
S 6ss 098 4 )51 (Azirak & Karaman, 2008) sls
Cgbre 3 &S gjp cladile w3, Skl @l ki
b 1y X9 485 )15 LS ye ogae Cawgy 5l ol Camds il
Ribeiro &) xS BSyme Sy ol jd (yged 3935 jl
—® PP SO opged ((Lima, 2012; El Sawi et al., 2019
alyl g o cdl 35 S e adlgls Gl e SlS 4o a8 wil
o1b ub 5y ladile u3) 5l (Sl ©ygot o el S
Sy odd plelid oluS s 5 51 (Miri et al., 2013) cul
553 3 S il A3l T oS 3 g oS i)
B opl cwl ol olelis o Sassafras albidum )l
)l g Sy 1) e pliie o col Jlad g0l o2
bl g ady 53 sl 55 SLS 5 3529 dlady sblie 13 1)
S W bS5 ol 5 S len,S bme 55 el Sy
SrSol Ko (S plo jod a3, 9 Siale I a5 Al e
SLSp des 3l o, 5MWI (Gant & Clebsch, 1975) xS’
(Eucalyptus globulus) wsudiSsl olS Sy sbla o oS sl
9l 5k Sl ol eSS g col oud Lol 5
J(Puig et al., 2018) cuwl odpwy L]

ol 0ad ()55 g olS )3 55 TlaadsisMs o7 la L8 g2
P ol 5 TSIl Jold olS ol o bS5 ol el
s> adgds 4 L8 olSy (Al-Snafi, 2014) wil .
LS 5 ol 5l otee 09,5 9 Db oo (Sl sl 55 DS 5
5 Jbb ol il ey OluS g ol s o S5 |y
B)b 1) b iSedl gl pSiale colo )3 505,50 LUy oo
b iScale da @Scdl g cluly 3 o O )jgod byl g
e S5 Sl (L et al, 2010) 3550 odlizul b iS5
Gub 3l ey oal sl ol ()1 LaSile ©jg0d (8lS
Bais) 35,5 o a Jgh 5 po 4 yomio 351 sla JBG0l) s il
(& Kaushik, 2010

1- Carvacrol
2- Phenols

3- Flavonoids
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1- Luteolin
2- Apigenin
3- Narciclasin
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