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ABSTRACT

The study of alleopathic potential of Seriphidium leucotrichum (Krasch. ex Ladyg.) K. Bremer & Humphries ex Y.R.
Ling, on seed germination and early seedling growth of four test plant species including Triticum aestivum (wheat), Zea
mays (maize), Brassica compestris (mustard) and Pennisetum americanum (millet), was conducted under laboratory
conditions. Aqueous extract of the air-dried plants of S. leucotrichum at different concentrations i.e. (25, 50, 75 and
100% of stock solution) inhibited germination of the test species in the order: Brassica compestris> Zea mays>
Triticum aestivum> Pennisetum americanum. Root and shoot growth of the test species was also reduced by the
extracts in the order: Brassica compestris> Zea mays> Triticum aestivum > Pennisetum americanum. It was observed
that the soil application of the aqueous extract had considerable delaying effect on Triticum aestivum growth while
shoot spray or root dip treatment had no such effects. Decaying shoot of S. leucotrichum in sandy—loam at 5, 10 and
20g/400g soil caused considerable inhibition of germination and seedling growth of Pennisetum americanum at high
concentration (20 g/400g soil). Bioassay of the ether extract of S. leucotrichum exhibited three zones of inhibition at Rf
values 0.7-0.8, 0.8-0.9 and 0.9-1.0 while a promoter was detected between Rf value 0.4-0.5. Paper Chromatography
was employed for the identification of phenolic constituents and as a result, caffeic acid, p-coumaric acid and gallic
acid were identified while one constituent remained unknown. In this connection, the possible role of the phenolic
compounds through their allelopathic effect in driving the structure of natural communities is discussed.
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INTRODUCTION

Seriphidium leucotrichum (Krasch. ex Ladyg.) K. Bremer & Humphries ex Y.R. Ling is a perennial, basally
woody herb that belongs to the subgenus Seriphidium of the genus Artemisia and the family Asteraceae, commonly
seen growing at dry hillside slopes in fine gravely soil away from glaciers in the subalpine zone from 3000 to 4500
m of N. E. Afghanistan, Soviet Union (Pamir) and N. W. Pakistan (Breckle et al., 2010). Seriphidium
leucotrichum is often seen, forming more or less pure populations on the dry slopes of the mountains. Formation of
pure populations indicates the allelopathic potential of the species. Allelopathy plays a significant role in the intra-
specific and inter-specific competition and also involves determining the type of inter-specific associations. Plants
release allelochemicals into the environment through root diffusates, leaching by rains and decomposition of plant
parts in soil and by volatilization (Rice, 1984; Inderjit and Dakshini, 1995; Inderjit, 1998; Inderjit and Duke, 2003;
Einhellig, 2008). Such chemicals are present in almost all plant’s tissues including leaves, stems, roots, flowers,
seeds bark and buds (Weston and Duke, 2003). The plants may exhibit inhibitory or rarely stimulatory effects on the
germination and growth of other plant species growing in the immediate neighborhood (Einhellig and Rasmussen,
1975; Shaukat et al., 1985; Ahmed and Wardle, 1994; Burhan and Shaukat, 1999; Rebaz et al., 2001; Shaukat and
Siddiqui, 2001; Shaukat et al., 2002; Tajuddin et al., 2002). A wide variety of secondary compounds have also been
implicated in allelopathic action, including phenolic compounds, alkaloids, terpenoids, flavonoids, steroids,
glycosides and tannins. Secondary metabolites usually have inhibitory effects on crops (Whittakar and Feeny, 1971;
Mandava, 1985; Stupnicka-Rodzynkiewicz, 2004, Li et al., 2010; Chotsaeng et al., 2017). Phenolic compounds
often constitute the major allelopathic agents in weeds and other allelopathic plant species (Inderjit, 1998; Ferreira et
al., 1998; Burhan and Shaukat, 2000; Inderjit and Duke, 2003; Li et al., 2010). A number of weed species have been
reported for possessing allelopathic potential. According to Holm (1978) around 200 species of twelve families are
most important weeds throughout the world. In this account, the family Asteraceae is known in many parts of the
world for comprising weed species. These species contain ecologically important bioactive compounds of survival
value in ecosystems (Meepagala et al., 2003). Among them, several species belong to the genus Artemisia which
have been reported to have allelopathic potential (Yun, 1999; Alexa et al., 2004; Chaves and Escudero, 2006; Khanh
et al., 2007) while S. leucotrichum an allied member of the genus Artemisia is consequently suspected (based on
field observations) to have allelopathic potential and could be involved in the suppression of the other species
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growing in its vicinity. The objectives of this study were multifold as follows: 1) to examine the effect of aqueous
extract of S. leucotrichom on the germination and early seedling growth of four crop species, namely Brassica
compestris L. (mustard), Pennisetum americanum, (bullrush millet), Triticum aestivum L. (wheat) and Zea mays L.
(maize), 2) to assess the effect of decaying S. leucotrichum on the germination and seedling growth of four test
species (as above), 3) to perform coleoptile straight growth bioassay to test the presence of inhibitors and promoters
in S. leucotrichum , and finally 4) to identify the phenolic compounds present in S. leucotrichum.

MATERIALS AND METHODS

Seriphedium leucotrichum (Krasch. ex Ladyg.) K. Bremer & Humphries ex Y.R. Ling was collected from
Skardu and air-dried in the laboratory. Because of its more or less pure populations, it was suspected to have the
allelopathic effects on the germination and seedling growth. Therefore, a laboratory experiment was performed to
test its phytotoxicity on four test species including Brassica compestris L. (mustard), Pennisetum americanum (L.)
Schumann (bullrush millet), Triticum aestivum L. (wheat) and Zea mays L. (maize). Aqueous extract of S.
leucotrichum was used to check its effect on germination and early seedling growth of the four test species.

Effect of Aqueous Extract on Germination and Early Seedling Growth

Air dried material of S. leucotrichum was chopped into small pieces to prepare an aqueous extract. 10 g
chopped material of S. leucotrichum was soaked in 100 mL of distilled water for 24 h to obtain stock solution (S)
which was subjected to decant. Stock solution was used further for making solutions of various concentrations i.e.
25, 50, 75 and 100%.

The seeds of four test species: Triticum aestivum L., Zea mayz L., Brassica compestris L., and Pennisetum
americanum (L.) Schumann were sterilized with 0.3% calcium hypochlorite (Ca(CIO),. Whatman #.1, filter paper
was placed in 9-cm diam., sterile Petri plates. 20 seeds of each test species were placed on the Petri plates. Petri
plates were kept at laboratory temperature (25+ 1° C) and the humidity approximately 50 to 55%. Five mL stock
solution (S) of different concentration i.e 75, 50 and 25%, were poured in the plates. Small amounts of respective
solutions were added when it was obvious that Petri plates were drying out. Germination was recorded daily while
seedling growth was recorded at 120 h. Speed of germination (S) for each species in the treatments and controls was
determined using the following formula developed by Khandakar and Bradbeer (1983).

S= {N1/1+N2/2+N3/3+.....+ Nn/N} x 100
Where Ny, N, Ns....N, are proportion of seeds in a treatment which germinated on day 1,2,3.....N following the
commencement of experiment; the index S ranges from 0 (when no seed ever germinated) to 100 (If all seeds
germinated on the first day). The program GVSSS developed by one of us (S.S.S) in C++ was used for this
computation of germination speed and is available on request.

Coleoptiles Bioassay

10 g air dried shoot part of S. leucotrichum was blended in 200 ml distilled water. The centrifuged homogenate
was adjusted to pH 3 with 0.5 N H,SO, and extracted three times with peroxidase free ether and evaporated to
dryness using argon gas. Two ml (80 %) ethanol was added to the dry material and was streaked on Whatman #1.,
filter paper. Duplicate 10 cm wide chromatograms were developed in the solvent system; isopropanol- ammonia -
water (10: 1: 1, v/v/v) by ascending chromatography. After the solvent had moved 30 cm from the origin, they
were taken out and dried in a chromatogram dryer. The dried chromatograms were divided into 10 equal size strips.
The strips were assayed for growth regulators using wheat coleoptiles straight growth test by Nitsch and Nitsch
(1956). Five mm segments of 3 days old dark grown wheat coleoptiles (after removal of tip 1.5mm) were excised
and put into the distilled water for 1 h. Subsequently, 10 coleoptiles segments were placed in between two strips of
the chromatograms of the same Rf value and kept in 11.5 cm diameter Petri plates over two layers of tissue papers
moistened with 4 mL (0.02 M) citrate phosphate buffer (pH 4.8) solution. Controls were also kept similarly. After
48 h of growth in dark, length of coleoptiles segments were measured.

1. Chromatography

Ether extract of S. leucotrichum was evaporated to dryness and was dissolved in 2 mL of 80% ethanol, loaded
on TLC plate. Chromatograms were developed in a system of n-butanol: acetic acid: water (50:2:48) by ascending
chromatography on silica gel TLC (F254) plates using various phenolics as reference compounds. Phenolic
principles were detected using Rf-values, ferric chloride-ferric cyanide reagent and UV light (+NH3 vapours)
(Harborne, 1973).
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2. Statistical Analysis

Data sets obtained through experimentation were subjected to analysis of variance (ANOVA) using completely
randomized design CRD (lab experiments) and randomized complete block design RCBD (greenhouse experiment).
Percentage data were arcsine transformed prior to analysis. As a follow up of ANOVA, Fisher’s, Least significant
difference (LSD) test and Duncan’s multiple range test were performed at p=0.05. In data sets where significant
heteroscedasticity occurred, log(x) transformed values were used in the ANOVA. Computer programs for the
analyses were developed in Microsoft FORTRAN-77 by the second author (S.S.S.) of the current paper. The
statistical procedures of Zar (2008) was followed.

RESULTS

Effects of Aqueous Extract on Germination and Seedling Growth of the Test Species

Germination of three species was inhibited by various concentrations of the aqueous extract (P at the most 0.05)
over the control (Table 1) Inhibitory effect increased with the increase in concentration. Different species were
affected with different extent; the degree of inhibition varied in the order: Brassica compestris> Zea mays>
Tritecum aestivum> Pennisetum americanum. Seedling growth of two test species affected adversely and growth
reduction was found greater at higher concentration (Table 1). Root and shoot growth of B. compestris and Zea
mays were inhibited to a greater extent compared to Triticum aestivum and Pennisetum americanum. Generally, root
growth was reduced to a greater degree than the shoot growth.

Phytotoxicity of decaying S. leucotrichum

Germination of Pennisetum americanum was significantly (P<0.001) reduced at high concentration (10 and 20
0/400 g soil) of decaying S. leucotrichum (Table 2). Germination percentage declined sharply with the increase in
concentration. Similarly, both root and shoot growth were significantly (P<0.001) suppressed at all the
concentrations of the decaying shoot material compared to controls. These inhibitory effects increased with the
increase in concentration.

Table 1. Phytotoxic effects of S. leucotrichum extract on final germination % and speed of germination.
Concentrations are % of Stock solution; 0%= control. Values are Means = SE

Species Concentration of extract
0 25 75 100

Germ.% Germ.% Germ.% Germ.%
Speed Speed Speed Speed

P. americanum 97.2+55 86.9+5.3 80.0+4 62.0+ 3.8
69.4 62.5 56.8 46.9

T. aestivum 98.0+ 5.0 79.5+45 70.0+35 56.2 + 3.0
59.0 54.4 49.0 43.1

Z. mays 845143 720+4.2 78.3+4.3 494 +3.2
53.7 48.4 50.4 36.7

B. compestris 78.2+52 62.5+3.8 40.0+25 25.5+3.0
50.4 49.4 31.8 22.4

Wheat coleoptiles bioassay
Wheat coleoptiles bioassay disclosed three significant inhibitory bands at Rf- values of, 0.7-0.8, 0.8-0.9 and
0.9-1,0 while one significant promoter was detected at Rf-value of 0.4-0.5 (Fig. 1).

Chromatography

Five significant bands were identified during chromatography of aqueous extract of S. leucotrichum, under UV
light on TLC plates. Maximum wave lengths of the bands after treatment with ferric chloride-ferricyanide were
appeared with minor differences to the standards of phenolic compounds i.e p-coumaric acid, caffeic acids and gallic
acid, while one band was found unknown (Table 3).
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Table 2. Effect of aqueous extract of S. leucotrichum on shoots and roots length (cm.) of test species.

Species Concentration (% stock solution)
0 25 50 75 100
P.americanum
Root 10.2+£1.25 10.0+1.34 8.2.0+0.67 | 8.2+0.85 6.7+0.74
Shoot 114+141 11.1+1.28 8.9+0.86 85+0.73 7.3+0.83
Z. mayz R 6.5+ 0.52 4.0+0.25 3.9+0.92 1.8+0.15 0.5+0.18
S 7.0+0.44 45+0.31 3.6+078 1.9+0.21 0.4+0.15
T. aestivum R 7.4+0.61 7.0+£0.38 6.5+0.63 6.4 +£0.49 5.5+0.46
S 7.8+0.65 7.2+0.42 6.8 £0.66 6.5+0.48 5.8+0.52
B. compestris R 6.0 £ 0.66 40+0.34 40+0.34 1.0+0.25 0.7+0.24
S 6.5+0.43 4.2 +£0.47 4.2 +£0.47 1.2+0.14 0.8+0.33

R= Root; S= Shoot

Table 3. Rf-values (x100) of phenolic constituents in ether fraction of aqueous extract of S. leucotrichum.

Reagent: Ferric chloride-ferric cyanide
Compound Rf-values Reagent UV-light
Unknown 1 96.24 Bluish Blue
Caffeic acid 68.75 Dark blue Bright blue
p-Coumaric acid 72.35 Blue Bright violet
Gallic acid 5.33 Bluish brown Bluish brown
DISCUSSION

S.leucotrichum is a weed species belongs to the family Asteraceae (Breckle et al., 2010) that has not been
reported previously for allelopathic interference. Present study clearly indicates the allelopathic potential of the
species as indicated by various experiments. For instance, the aqueous extract of S. leuacotrichum produced
differential inhibitory effect on germination and early seedling growth of the four test crop species. The inhibitory
effects on test species are probably due to the varied secondary metabolites such as phenolic constituents (Whittakar
and Feeny1971; Mandava, 1985; Stupnicka-Rodzynkiewicz, 2004, Chotsaeng et al., 2017). Phenolic constituents
have strong potential of inhibition (Burhan and Shaukat, 1999; Dambolena et al., 2012). They are responsible of
inhibition of germination and early seedling growth (Kuiter, 1989; Ishikura et al., 2001) but due to morphological
and physiological differences among the species they might respond differentially.

The application of an aqueous extract of S. leuacotrichum was found to have significant impact on the growth
of Triticum aestivum in the soil. The prominent growth reduction in the soil can be attributed to direct absorption
and upward translocation of inhibitory compounds through roots thereby causing detrimental impact on growth.
Furthermore, the decaying plant material changes microbial community structure and composition (Shaukat and
Siddiqui, 2001; Siddiqui et al., 2002) following soil application of plant material which could suppress certain
pathogenic organisms that in turn might result in better plant growth.

The late germination and maximum growth reduction in Pennisetum americanum were observed in the soil
which may presumably be due to the release phytotoxic substances from the decaying S.leuacotrichum. Phytotoxins
are active substances and are known to maintain their stability for considerable duration in the soil (Han et al.,
2009). When present in enough concentration they can have adverse effects on the growth of other plant species. In
this connection, Shaukat et al. (1985) reported adverse effects on the growth of millet plants by decaying Citrullus
colocynthis while Burhan and Shaukat (1999) studied inhibitory effects of decomposing Argemone mexicana.
Previous works carried out on the inhibitory effects of weeds by allelopathic plants strongly support the present
findings and therefore it can safely be assumed that the phytotoxins released from the S. leuacotrichum plant under
natural conditions can accumulate over the years in the soil in sufficiently high amounts and therefore they can play
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a vital role as an edaphic variate exerting a detrimental impact on the growth and development of other neighboring
plant species.
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Fig.1. Wheat coleoptiles test showing inhibitors and stimulators at various Rf-values. The x-axis represents the coleoptiles length
of control. The numbers on the X-axis represent Rf-values: 1, 0-0.1; 2, 0.1-0.2; 3, 0.2-0.3; 4, 0.3-0.4, 5, 0.4-0.5; 6, 0.5-0.6; 7,
0.6-0.7; 8,0.7-0.8; 9, 0.8-0.9; 10, 0.9-1.0.

The four inhibitory zones were observed during the wheat coleoptiles bioassays of S. leuacotrichum which are
most likely described as phenolic substances while one significant promoter at Rf value of 0.4-0.5 could be a growth
hormone such as indol acetic acid (IAA). Finally, the chromatographic study of an aqueous extract of S.
leuacotrichum was performed to examine the presence of phenolic constituents and their identification in the
species, resulting the Rf values of the observed band under UV light and subsequent spray of ferric-chloride ferric-
cyanide reagent were found with minor error equal to the standards of three compounds including caffeic acid, p-
coumaric acid and gallic acid while one remained unknown. It is also disclosed that S. leuacotrichum is an allied
species of the genus Artemisia whose several species are known for phenolic components ( Swiatek et al., 1998;
Sengul et al., 2011; Baiceanu et al., 2015) therefore previous findings also support the results of the current study.
The present investigation discloses the presence of considerably phytotoxic substances in the plant. It is also
assumed that secondary metabolites other than phenolic constituents might also be important allelopathic agents
occur in S. leuacotrichum. However, species grows abundantly in Gilgit-Baltistan region and could be responsible
for the accumulation of phytotoxins in the soil when regularly added over the years and finally suppress other
species in the vicinity in natural communities and also when occurring as a weed in the crops whose germination
and growth may be retarded. Often, in disturbed habitats S. leuacotrichum eventually forms more or less pure
population. Perhaps it expresses inter-specific competition (interference) due to its accumulated toxic
allelochemicals in the associated soils. Thus, this species not only interferes with crop growth through its
allelopathic action but could also be a significant regulating factor in determining the biodiversity of mountainous
plant communities.

Acknowledgements

The first author is grateful to Higher Education Commission (HEC), Islamabad, Pakistan for financial assistance
during this project. Logistic help of colleagues in the fieldwork at Karakorum International University is also
gratefully acknowledged.

REFERENCES

Ahmed, M., and D.A.Wardle (1994). Allelopathic potential of vegetative and flowering ragwort (Senscio jacobea
L.) plant against associated pasture species. Plant and Soil, 164:61-68.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (4): 743-749, 2018.




748 Z.F. TAJUDDIN ET AL.,

Alexa, N., JE Seal, HL Terry, G. Lewin ( 2004) . Screening rice varieties for allelopathic potential against
arrowhead (Sagittaria montevidensis), an aquatic weed infesting Australian Riverina rice crops. Austral. J. Agr.
Res., 55: 673-679.

Baiceanu E., L. Vlase, A. Baiceanu, M. Nanes, D. Rasu and G. Crisan ( 2015). New polyphenols identified in
Artemisia abroti herba extract. Molecules, 20: 11063-11075

Breckle, SW., A.Dittmann and A.D.Rafigpoor (2010). Field Guide Afghanistan-Flora and vegetation. Scientia
Bonnensis-Langer Grabenweg 68-D-53175 Bonn.

Burhan,N and S.S.Shaukat (1999). Allelopathic potential of Argemone mexicana L. a tropical weed. Pak. J. Bio.
Sci., 2: 1268-1273.

Burhan,N and S.S.Shaukat (2000). Effect of phenolic compounds on germination and seedling growth of some crop
plants. Pak. J. Bio. Sci., 3:269-274.

Chaves N. and C. Escudero (2006). Effect of allelopathic compounds produced by Cistus ladenifer on germination
of 20 Mediterranean taxa. Plant Ecol., 184: 259-272.

Chotsaeng N., C. Laosinwattana, P.Charoeying (2017). Herbicidal activities of some allelochemicals and their
synthetic behavior towards Amaranthus tricolor. Molecules, 22: 12-17.

Dambolena J.S., AG. Lopez, JM. Meriles, R.Hector, Rubinstein, JA. Zygadio (2012). Inhibitory effects of 10 natural
phenolic compounds on Fusarium verticillioides. A structure-property activity relationship study. Food Cont.,
28(1):163-70.

Einhellig, F. A. (2008). Mechanism of action of allelochemicals in allelopathy. In: Allelopathy Organism Processes
and Application. American Chemical Society, Washington, USA. pp. 96-116.

Einhellig, F. A. and J.A. Rasmussen (1973). Allelopathic effects of Rumex crispus on Amaranthus retroflexus, grain
sorghum, and field corn, Am. Mid. Nat., 90:79-86

Ferreira, D., B.l.Kamara, E.V. Brandt and E.Jonbert (1998). Phenolic compounds from Cyclopia intermedia (honey
bush tea). J. Agri. & .Food Chem. 46: 3406-3410.

Han A., L. Yue, Y. Liz Wang, Q.Ye, L. Lu, J Gan (2009). Plant availability and phytotoxicity of soil bound residues
of herbicide ZJO273, a novel acetolactate syntheses potential. Chemosphere, 77: 955-61.

Harborne, J.B. (1973). Phytochemical methods. Chapman and Hall, London, pp:278.

Holm L. (1978). Some characteristics of weed problems in two worlds, Proc. Western Soc. Weed Sci., 3: 3-12.

Inderjit (1998). Influence of Pluchea lanceolata (Asteraceae) on selected soil properties. Am. J. Bot., 85: 64-69.

Inderjit and K. M. M. Dakshini (1995). On laboratory bioassays in allelopathy. Botanical Reviews, 61: 28-44.

Inderjit and S. Duke (2003). Ecophysiological aspects of allelopathy. Planta, 217: 529-539.

Ishikura, Y., Y. Kojima and M. Terazawa (2001). Effect of phenolic compounds on seed germination of Shirakamba
birch, Betula platyphylla var., japonica. Eur. J. For. Res., 2: 17-25.

Khandakar, A.L. and J.W. Bradbeer (1983). Jute seed quality Dhaka, Bangladesh Agricultural Research Council.,
Dhaka, Bangladesh.

Khanh, D. TD. Xuan and IM. Chung (2007). Rice allelopathy and the possibility for weed management. Ann. App.
Bio., 151: 325-339.

Kuiter, A.T. (1989). Effects of phenolic acids on germination and early growth of herbaceous wood land plants. J.
Chem. Ecol., 15: 467-79.

Li, Z-H.,Q.Wang, XRruan, C.D. Panand, De An Juang. (2010). Phenolics and plant allelopath. Molecules, 15:8933-
8952.

Mandeva, N.B. (1985). The chemistry of allelopathy, ACS Symp. Series no 268. Pp.33-54

Meepagala K.M., J.M.Kuhajek, G.D.Sturtz, D.E. Wedge (2003). Vulgarone B, the antifungal constituent in the
steam-distilled fraction of Artemisia douglasiana, J. Chem. Ecol., 29: 1771-1780.

Nitsch, J.P. and C. Nitsch (1956). Studies on the growth of coleoptiles and first internode sections. A new sensitive
straight growth test for auxins. PI. Physiol., 31:131-138.

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

Rebaz, Z., S.S.Shaukat and 1.A.Siddiqui (2001). Allelopathic potential of Anagallis arvensis L.: a cosmopolitan
weed. Pak. J. Bio. Sci., 4: 446-450.

Sengul, M., S.Frcisli, H. Yeldiz, N.Gungor, A.Karaz and B. Cetin (2011). Antioxidant, antimicrobial and total
phenolic content within the aerial parts of Artemisia absinthum, Artemisia santonicum and Saporia offisinalis.
Iran J. Pharm. Res., 10: 49-56.

Shaukat, S.S., P. Ghazala, D. Khan and M. Ahmed (1985). Phytotoxic Effect of Citrullus colocynthis ( L).Schard. on
certain crop plants. Pak. J. Bot., 17:235-46.

Shaukat, S.S and I.A. Siddiqui (2001). Lantana camara in the soil change the fungal community structure and
reduces impact of Meloidogyne javanica on mungbean. Phytopathol. Medit. 40:245-253

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (4): 743-749, 2018.




ALLELOPATHIC POTENTIAL OF SERIPHIDIUM LEUCOTRICHUM 749

Shaukat, S.S., I.A. Siddiqui, G.H. Khan and M.J. Zaki (2002). Nematicidal and allelopathic potential of Argemone
mexicana, a tropical weed. Plant and Soil, 245:239-247.

Siddiqui, LA. , S.S. Shaukat and M. Hamid (2002). Role of rhizobacteria-mediated suppression of root-infecting
fungi and root knot nematodes. J. Phytopathol., 100: 569-575.
Stupnicka-Rodzynkiewicz E., F. Dubert, T. Hochol, T. Hura, A. Lepiarczyk and A. Stoklosa (2004). Possibility of
application of plants allelopathy for weed control. (in Polish) Zesz. Probl. Post. Nauk Roln., 496: 343-355.
Swiatek, L. B. Garbiz and D. Kalembra (1998).Phenolic acids in certain medicinal plants of the genus Artemisia.
Pharmaceut. and Pharmacol. Lett., 8: 158-160

Tajuddin, Z., S.S. Shaukat and I.A. Siddiqui (2002). Allelopathic potential of Solanum forskalii Dunal: A tropical
weed. Pak. J. Bio. Sci., 5:866-868.

Weston, L.A. and S. O. Duke (2003).Weed and crop allelopathy. Critical Reviews, Plant Sci.,, 22: 367-389.

Whittaker, R.H and P.P. Feeny (1971). Allelochemicals: Chemical interaction between species. Science, 171: 757-
770.

Yun, KW. (1991). Allelopathic effects of chemical substances in Artemisia princeps var. orientalis on selected
species, Ph.D. thesis, Wonkwang University, Iri, Korea.

Zar, J.H. (2008). Biostatistical Analysis. 8" ed. Prentice-Hall, Englewood Cliffs, New Jersey, USA.

(Accepted for publication September 2018)

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 15 (4): 743-749, 2018.




