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ABSTRACT 

 
The roots and leaves of Pluchea dioscoridis extracted in water and used in Petri dish experiments or 

mulched on the soil surface in pot experiments have inhibitory effects upon the seed germination and seedling 
growth of itself and the test species Corchorus olitorius, Lepidium sativum, and Cynodon dactylon. The soil 
obtained from the rhizosphere zone of P. dioscoridis and planted with its seeds and with other test species 
caused significant growth reductions in the resulting plants. The contents (mg g-1dry weight) of the total 
phenolic compounds and flavonoids determined by the spectrophotometric method followed a gradient: leaf > 
root > rhizospheric soil (RS) and non rhizospheric soil (NRS). The content of total phenolic compounds 
determined by high performance liquid chromatography (HPLC) analyses followed a gradient: root (5.27) > RS 
(3.052) > leaf (2.69) >NRS (0.056). Gallic and vanillic acids were detected in the plant organs and soils (RS and 
NRS) analyzed while rutin-trihydrate was only detected in the plant parts. The leaf showed higher contents of 
gallic acid (0.41 mg g-1 dry weight) in comparison to the root (0.17 mg g-1 dry weight) and soils (ranged from 
0.052 to 0.12 mg g-1 dry weight in the NRS and RS, respectively). On the contrary, the root showed the highest 
content of vanillic acid (0.14 mg g-1 dry weight) in comparison to the leaf (0.03 mg g-1 dry weight) and soil. 
Moreover, 4-chlorophenol was the dominant phenolic compound in the RS (2.76 mg g-1 dry weight) and 
amounted 7.7 folds that in the root. The biological activities of catechol, syringic acid and rutin trihydrate were 
determined with C. olitorius seeds. Catechol exerted the highest effects on test plant since the application of 30 
ppm resulted in the lowest values of radicle and shoot lengths. The half maximal inhibitory concentration (IC50) 
of the different treatments could be arranged into the following order: catechol > rutin tri-hydrate > syringic 
acid. 
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Introduction 

 
The term “Allelopathy” was first defined by Molish (1937), combining Greek words allelon = of each other 

and pathos = to suffer. In 1996 the International Allelopathy Society defined allelopathy as follows: "any 
process involving secondary metabolites produced by plants, microorganisms, viruses and fungi that influence 
the growth and development of agricultural and biological systems (excluding animals), including positive and 
negative effects (Tores et al., 1996). Natural chemical compounds (allelochemicals) released by crops, weeds 
and desert plants or their residues may offer phytotoxicity for individuals of the neighboring species and 
sometimes their own (Putnam et al., 1983; Hegazy and Fahmy, 1999). Once entered into the soil, the bioactive 
concentration of allelochemicals is determined through sorption, fixation, leaching, chemical and microbial 
degradation (Ashrafi et al., 2008; Blum, 2011).They can be present in different plant exudations, volatilizations, 
above ground leaching or via the decomposition of plant material (Rice, 1984; Tiwari and Rajwar, 2010).The 
important allelochemicals include alkaloids, terpenoids, flavonoids, steroids, tannins and phenols that usually 
have inhibitory effects on crops (Mandava, 1985;  Shaukat et al, 2003). Among these, phenolic compounds are 
perhaps the most commonly investigated and often constitute the principal allelopathic agents in allelopathic 
plants (Burhan and Shaukat, 2000; Blum, 2011). 

Generally in many allelopathic studies, extracts, leachates, residues or plant parts are added to the soil for 
assessing the allelopathic potential of the plant (Mersie and Singh, 1987; Tiwari and Rajwar, 2010). Adverse 
effects of aqueous extracts of different plant parts on seed germination and growth have been reported by 
several warkers (Economou et al., 2002; Shoukat et al., 2003, Ashrafi et al., 2008; Tiwari and Rajwar, 2010; 
Djurdjević et al., 2011). 

Pluchea dioscoridis. (L.). DC. is an important wild evergreen shrub, attaining a height of one to three 
meters, richly branched with hairy and glandular surfaces and belongs to family Asteraceae (Compositae). The 
plant is widely distributed in the Middle Eastern and surrounding African countries. In Egypt, it occurs mainly 
in the Nile region, oases of the western desert, Mediterranean coastal strip, Eastern Desert and Sinai Peninsula 
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(Boulos, 2002). It inhabits the banks of water courses, moist habitats, abandoned fields, depression along roads 
and railways and demolished houses, solid and liquid refuses (Shaltout et al., 1999). 

Many active chemical constituents have been reported in different parts of P. dioscoridis plant (Zaghloul, 
2005). These include volatile oils (0.28-5%), flavonoids, triterpenoids, sesquiterpenoids, pluchecin and 
thiophene derivatives. Studies have indicated that several types of extracts of P. dioscoridis leaves exerted 
repellent and insecticidal activites (Abdallah et al., 1986; Peterson et al., 1989). The volatile fractions obtained 
by hydrodistillation of the fresh leaves of P.dioscoridis showed a marked mosquito larvicidal activity against 
Culex pipiens (Grace, 2002) and had a promising antimicrobial activates against some microorganisms (El-
Hamouly and Ibraheim, 2003; Zaghloul, 2005). 

According to our knowledge, no studies reported to date have assessed the allelopathic potential of 
P.dioscoridis. Studies on other species of the genus Pluchea (a synonym of Conyza) which was named after 
Noel Antoin Pluche (1688-1761) and of the other species of the genus Conyza, showed that they have natural 
plant compounds which offer phytotoxicity for some weeds, molluscicidal activities and potential medicinal 
values (Economou et al., 2002; Shaukat et al., 2003; Atta and Mouneir, 2004). Thus, it is postulated that P. 
dioscoridis contains phytotoxic or allelochemic substances. 

The aims of the present study are: 1. to identify the possible allelopathic and auto allelopathic effects of the 
extracts of P. dioscoridis, and 2. to carry out some phytochemical studies to analyze and identify active 
chemical constituents from the aqueous extracts of the target species and their potential allelopathic effects. 

 
Materials and Methods 
 
Plant materials: 

 
This study was conducted during 2010-2012. The plant materials were collected in March 2010. The site 

from which P. dioscoridis plants were collected is located along the bank of a Nile island called Al-Roda 
(latitude 30◦ 5´ 33´´ N, longitude 31◦ 12´ 2´´ E) which is located in the Greater Cairo, Egypt. Many species 
associated the target species in the collection site. Among them, the following are the most common families 
and species:  Family: Poaceae [Cynodon dactylon (L.) Pers., Imperata cylindrical (L.) Raeusch., Phragmites 
australis (Cav.) Trin. Ex Steud., Polypogon monspeliensis (L.) Desf., Saccharum spontaneum L.], Family: 
Asteraceae [Sonchus oleraceus L.], Fahmily: Chenopodiaceae [Chenopodium murale L.] and Family: 
Solanaceae [Solanum nigrum L.]. Identification of the target species and the associating plants in the study area 
was according to Boulos (1999, 2002, 2005). 

In the study area, ten P. dioscoridis shrubs were randomly selected. Five fully mature shoots were cut from 
each shrub. From the same shrubs, the fully mature fruits (achenes) were collected and stored in paper bags and 
transferred to the laboratory. From the selected 10 shrubs, about one half of the soil surface below the canopy of 
each individual was excavated to expose part of the root system. The roots exposed were cut with a strong 
scissor and rapidly stored in plastic bags. The collected shoots and roots were stored in an ice box and 
transferred to the laboratory within 45 minutes from sampling. The collected materials were cleaned in running 
tap water and then rinsed with distilled water and blotted dry with soft tissue paper. Roots were cut into small 
pieces. Leaves were removed from the shoots and together with the root segments were left in the laboratory in 
the shade and air dried for several days. The leaves and roots were ground with a mill to pass 1-mm screen and 
then stored in air tight sample tubes in a refrigerator at 2◦C. The seeds of Eruca sativa, Corchorus olitorius and 
Lactuca sativa were obtained from Seed and Grain Unit of Agricultural Research Center in Giza, while the 
seeds of the two weeds; Lepidium sativum and Cynodon dactylon were obtained from the local market in Cairo, 
Egypt. 
 
Preparation of aqueous extract: 

 
Ten grams of air dried and powdered leaves and roots of P. dioscoridis were mixed with 100 ml of distilled 

water and left for 24 h at room temperature. Filtration was carried out through a double layer filter paper 
(Whatman No. 1). The filtrate was served as the stock solution of 10 % concentration. By subsequent dilutions 
with distilled water, leaf and root extracts of 0.5, 1, 2, 4 and 6% concentrations were prepared (Hegazy et al., 
2001). 
 
Effect of aqueous extract of P. dioscoridis on seed germination and seedling growth: 

 
The seeds of the tested species were surface sterilized by dipping into 0.5% aqueous solution of sodium 

hypochlorite for 1 minute followed by several rinses with sterilized distilled water. Fifty uniform seeds of each 
tested plant species were placed in separate Petri dishes (9 cm diameter) lined with one layer of filter paper and 
moistened with 5 ml of aqueous extract of leaf or root. Control was maintained with distilled water. Each 
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treatment was replicated four times. All treatments were incubated in a dark chamber for 7 days at 27°C. 
Germination percentage, lengths (mm) and dry weights (mg) of radicles and shoots were obtained at the 7th day. 
The dry weights of the radicles and shoots of the tested plants were obtained by drying each organ in hot air 
oven at 70◦C till constant weight. 
 
Mulching experiment: 

 
This was carried out during the period from June 28th to August 4th 2010 in plastic pots (18-cm in diameter  

x 17 cm depth) containing clay loam soil which was sieved through 2-mm sieve. The pot experiments were 
placed under natural conditions in a protected area in the greenhouse of Cairo University. Twenty-five seeds of 
C. olitorius, L. sativum, C. dactylon and P.dioscoridis were sown in every pot at depth of 1cm. Ground 
powdered leaves and roots of P. dioscoridis with three application rates of 11.5, 23 and 46g per 2kg soil, were 
evenly mulched on the soil surface of the corresponding pot. Per 1 cm2 of the soil surface of the pot, the above 
mentioned mulching rates equaled: 0.045g, 0.09g and 0.180g, respectively. In the control treatment the seeds 
were sown in soils without mulching. The amount of water per pot was adjusted to avoid leaching of the soil 
water out of pots. The dry weights of shoots and roots and the anatomical characters of the roots were measured 
after 35 days from planting. The root system of the test plants was extracted from the adhering soil by carefully 
pulling the soil mass from the pot. The soil mass of each pot was placed on 2-mm mesh sieve and a strong jet of 
water was directed to the soil mass in order to remove the soil adhering to the root system. The soil material was 
gradually removed by the action of the water jet. Any fine broken roots were retained on the sieve and were 
collected together along with the intact extracted root system. The entire collected root fragments and the 
washed root system of the plant of each treatment were collected together and represented one sample. The root 
and shoot systems of each treatment were dried in hot air oven to obtain the dry weight. 
 
Rhizospheric (RS) and non rhizospheric soil (NRS) experiments: 

 
Collected rhizosphere samples of each individual shrub were obtained from the soil supporting the roots 

used in the allelopathic study (see Plant materials). This was done by pulling the roots out of the ground and 
mechanically separating the soil adhering to them. The NRS was collected from the upper soil layer (0-30cm in 
depth) from a zone not covered by plants.  Twenty-five seeds of C. olitorius, E. sativa, L. sativum, C. dactylon 
and P. dioscoridis were sown in every pot at depth of 1cm. Four replicates were used for each treatment. The 
pots were watered regularly and the amount of water per pot was adjusted to avoid leaching of the soil water out 
of the pot. The dry weight of shoot and root were obtained after 35 days from planting. 
 
Chemical Analysis of P. dioscoridis and soil: 
 
1-Determination of total phenols and flavonoids in aqueous extracts: 

 
One gram of grounded air dried leaves, roots, rhizospheric (RS) and non rhizospheric soil (NRS), were 

mixed with 10 ml of distilled water, kept for 24 h at room temperature, and then filtered through double layered 
filter paper. The filtrates served as the stock solution of 10% concentration and used for the determination of 
phenolics and flavonoid contents. The total phenolic content of the extracts was determined using the Folin-
Ciocalteu�s reagent (Kaur and Kapoor, 2002) and expressed as mg catechol equivalents per g dry weight of 
plant tissue or soil. The total flavonoid content was determined according to the method of Kim et al. (2003) and 
expressed as mg kaempferol equivalents per g dry weight of the plant tissue or soil. 
 
2- HPLC analyses: 

 
Aqueous extracts of leaves, roots, rhizospheric and non rhizospheric soil were freeze dried at temperature 

from +100 to- 100°C using freeze dryer model: Edwards (England). The vacuum ranged from 5 to 
10atmosphere. 
 
A-Phenolic compounds: 

 
Freeze dried samples were extracted according to the method outlined by (Baldwind and Debowski, 1988). 

The extract was dissolved in 3ml methanol HPLC grade, and 10µl  was injected on Agilent 1100 HPLC 
instrument with Diode array detector at 280 nm wave length with mobile phase consisting of A: methanol with 
0.1%H3PO4 and B: water with 0.1% H3PO4 in gradient elution timetable. Flow rate is constant at 1 ml min-1, 
column Eclipse XDB-C18 (4.6x150mm I.D, 5µm particles) at ambient temperature. Result integrated with 
ChemStation soft ware. Phenolic compounds of each sample were identified by comparing their relative 
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retention times with those of the standard mixture chromatogram. Concentration of each individual compound 
was calculated to mg phenolic compound g-1 dry weight. All chemicals and solvents used were HPLC spectral 
grade.  The standard phenolic compounds were obtained from Sigma (St. Louis, USA) and from Aldrich 
(Steinheim, Germany). 
 
A-Flavonoid compounds: 

 
Freeze dried samples was re-dissolved in 3ml methanol and filtered (PTFE Syringe filter, Whitman, UK). 

Ten µl of this solution was injected for HPLC analysis. The chromatographic analyses (Rajalakshmi and 
Senthil, 2009) were performed on a 250 mm × 4.6 mm i.d., C18 (ODS), Shimadzu, Japan with 0.5% aqueous 
solution of ortho phosphoric acid and methanol (HPLC grade) as mobile phase at a flow rate of 1ml min-1. The 
HPLC equipment comprised Age lint (1100) USA. The standard flavonoid compounds (rutin tri-hydrate and 
kaempferol) were obtained from Sigma (St. Louis, USA). 
 
The effects of some phenolic compounds and a flavonoid on C. olitorius: 

 
The effect of some phenolic compounds and flavonoids which were identified by the HPLC analysis of this 

study was tested on C. olitorius. Two phenolic compounds (syringic acid and catechol) and one falvonoid (rutin 
tri-hydrate) were selected in this test since their concentration was the highest among the other compounds 
analyzed by the HPLC analyses. It is hypothesized that the possible allelopathic effect of P. dioscoridis would 
be attributed to the occurrence of such compounds. Different concentrations (50, 100, 150 and 200 ppm) of 
syringic acid and 10, 20, 30, and 40 ppm of both catechol and rutin tri-hydrate were tested individually on C. 
olitorius. Fifty uniform seeds of C. olitorius were placed in Petri dish (9 cm diameter) lined with one layer of 
filter paper moistened with 5 ml of test solution. Control was maintained with distilled water. Each treatment 
was replicated four times. All treatments were incubated in the dark at 27±1.2 ◦C. The lengths (mm) of radicle 
and shoot were measured after 7 days. 
 
Statistical analysis: 

 
One way analysis of variance (ANOVA) was performed to clarify the effect of different treatments on the 

studied parameters. Statistical differences and homogeneity among the different groups were determined using 
least significant test (LSD) and Duncan test, respectively. Statistical analysis was computed by SPSS software 
version. The half maximal inhibitory concentration (IC50) of the pure phenolic compound or rutin tri-hydrate 
was computed to identify the concentration of the substance which is required for the 50% inhibition of the 
lengths (mm) of radicle and shoot. This was done from the regression analyses of x (ppm substance or 
percentage of the mixture used) on y (the change in the parameter tested) according to the function: x = a – b y. 
 
Results: 
 
Bioassay tests: 
 
Effect of aqueous extracts of root and leaf of P. dioscoridis on seed germination: 

 
The aqueous extracts of leaf and root of P. dioscoridis significantly reduced the seed germination of itself 

and the other tested species (Tables 1 and 2). There was a slight reduction in germination percentage at the 
lowest extract concentration (0.5%) of root and leaf. Gradual declines of germination percentages occurred at 
1% and at higher concentrations (2-6%). Comparisons of the germination percentage of the species tested 
(including P. dioscoridis) at similar concentrations of root and shoot aqueous extracts (Tables 1 and 2) revealed 
that the effect of leaf aqueous extract was more prominent than that of the root. C. olitorius was tolerant to the 
effects of the leaf and/or root aqueous extract in comparison to other tested species. Comparison of the 
germination percentages at 2 and 4% concentrations revealed that L. sativum seeds were more affected than 
those of P. dioscoridis. Germination of C. dactylon was inhibited at the leaf extract concentrations of 4 and 6% 
while L. sativum and P. dioscoridis germinations were inhibited at 6% treatment. 

 

Effect of aqueous extracts of root and leaf of P. dioscoridis on radicle and shoot lengths: 
 
Reductions of radicle and shoot lengths were apparent in all species at 0.5% and greater concentrations of 

the aqueous extracts of root or leaf (Tables 1 and 2). The radicle and shoot of the test plants germinated in root 
extracts of P. dioscoridis (Table 2) were less affected than those germinated in the leaf extracts (Table 1). The 
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greatest reduction in radicle (0.4% of the control) and shoot lengths (0.13% of the control) occurred in L. 
sativum seedlings at the concentration of 4% aqueous leaf extract (Table 1). The radicle lengths of C. olitorius, 
and C. dactylon were more affected by the different concentrations of P. dioscoridis than the shoot lengths 
(Tables 1 and 2). Exceptions occurred in the cases L. sativum and P. dioscoridis seedlings treated with 2 and 4% 
aqueous leaf extract (Table 1) and in P. dioscoridis seedlings treated with 4% root extract (Table 2), where the 
radicles were longer than the shoots. 

 
Effects of mulching with P. dioscoridis leaves and roots on its own and other test specie: 

 
The increase in the amounts of mulches of leaves or roots of P. dioscoridis (mulching rate of 0, 11.5, 23 and 

46 g applied on the surface of 2kg dry soil of each pot) resulted in significant reductions in dry weights of roots 
and shoots all the test plants (Tables 3, 4). Complete inhibition of growth occurred at the highest treatment of 
mulching (46 g on the surface of the pot). C. olitorius was tolerant of leaf mulching with 23 g, due to the least 
intensive reductions of its shoot dry weight which amounted 9.8% of the control (Table 3). The worst results of 
shoot dry weights reductions occurred in the other species especially in C. dactylon where the dry weight 
reached 2% of the control plants. Moreover, the greatest mean per cent of dry weights reductions due to leaf 
mulching were found in roots of the test species especially in P. dioscoridis and C. olitorius treated with 23g 
pot-1 and amounted 2 and 3.9% of the control plants respectively (Table 3). 

Mulching with the roots of P. dioscoridis caused significant reductions in growth of the test species (Table 
4). At the mulching rate of 11.5g pot-1, the dry weights of the shoots of the test plants were significantly higher 
than those resulting from mulching with 23g pot-1 (Table 4). The lowest reduction in the root dry weight of the 
test species treated with 23g pot-1 occurred in L. sativum amounting 19.6% of the control plants. 

 
 
Effects of rhizospheric soil (RS) and non rhizospheric soil (NRS) on emergence percentage, growth and dry 
weight of test plants: 

 
The RS caused statistically significant reductions in the dry weights of the roots and shoots of all the test 

species (Fig. 1). The highest reductions in shoot dry weight (12.4% of the NRS) occurred in E. sativa followed 
by C. olitorius and C. dactylon and amounted 28.5 and 32% of the control plants grown in the NRS, 
respectively. The roots of P. dioscoridis and E. sativa were considered tolerant to the effects of RS, since the 
reductions of their dry weights were relatively smaller (35.1 and 37.1% of the roots growing in the control NRS, 
respectively) than the roots of the other test species. 

 
 
Chemical analyses of phenols and flavonoids in leaf and root of P. dioscoridis and in the soil Total phenols and 
flavonoids: 

 
The content of total flavonoids in the leaf and root of P. dioscoridis were higher than the total phenols (Fig. 

2) and the content of each group of the two compounds followed a gradient: leaf > root > rhizospheric soil (RS) 
and non rhizospheric soil (NRS). The phenols contents in the roots and in the RS were none significantly 
different and each of them was significantly higher than that in the NRS. Comparison between the RS and NRS 
revealed that they had similar contents of total falvonoids and were significantly different in their contents of 
total phenols. The total phenols in the RS were significantly higher (3.5 mg g-1 dry soil) than that in the NRS 
(0.47 mg g-1 dry soil). 

 

Identification of phenolic compounds and flavonoids by HPLC: 
 
The retention time (minutes) and the contents (mg g-1 dry weight) of phenolic compounds and falvonoids 

analyzed in the plant materials (roots and leaves) and in the soils (RS and NRS) are shown in Table 5. Despite 
using standards of 6 phenolic compounds and two falvonoids, the 4-chloro-3-methylphenol and kaempferol 
were not detected in plant parts and in the soils analyzed. The sum of the individual phenolic compounds 
analyzed in the roots of P. dioscoridis by HPLC was higher (5.27 mg g-1 dry weight) than the total phenolic 
compounds estimated by Folin Ciocalteu�s method (Fig. 2). The reverse holds true occurred in the case of leaf, 
where the sum of the individual phenolic compounds reached 2.69 mg g-1 dry weight which was lower than the 
total phenolic compounds (6.64 mg g-1 dry weight) in the same organ (Fig. 2). 

The content of total phenolic compounds (mg g-1 dry weight) determined by HPLC analyses in plant parts 
and soils (Table 5) followed a gradient: root (5.27) > RS (3.052) >leaf (2.69) > NRS (0.056). Gallic and vanillic 
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acids were detected in the plant organs and soils (RS and NRS) analyzed while rutin-trihydrate was only 
detected in the plant parts. The leaf showed higher contents of gallic acid (0.41 mg g-1 dry weight) in 
comparison to the root (0.17 mg g-1 dry weight) and soils (ranged from 0.052 to 0.12 mg g-1 dry weight in the 
NRS and RS, respectively). On the contrary, the root showed the highest content of vanillic acid (0.14 mg g-1 
dry weight) in comparison to the leaf (0.03 mg g-1 dry weight) and soil (ranged from 0.004 to 0.03 mg g-1 dry 
weight in the NRS and RS, respectively). Syringic acid and rutin tri-hydrate were only detected in the plants 
organs and were absent from the soils. The content of syringic acid in the root was 1.7 folds higher than that in 
the leaf (1.79 mg g-1 dry weight). The content of rutin tri-hydrate in the leaf (0.052 mg g-1 dry weight) was 7.2 
folds higher than that in the root. P-nitrophenol and 4-chlorophenol were detected in the root and were absent 
from the leaf. Moreover, 4-chlorophenol was the dominant phenolic compound in the RS (2.76 mg g-1 dry 
weight) and amounted 7.7 folds that in the root (0.13 mg g-1 dry weight).The contents of gallic and vanillic acids 
in the NRS were much lower than in the RS and in the plant organs analyzed. 
 
Biological activities of two phenolic compounds and rutin tri-hydrate and their mixture: 

 
The biological activities of catechol, syringic acid and rutin trihydrate were determined with C. olitorius 

seeds (Figs. 3, 4). The results showed that the differential biological activity depended on the concentration 
(ppm) of the compound. Reductions in the, radicle and shoot lengths were apparent in the test plant at 10 ppm 
and greater concentrations of catechol, rutin tri-hydrate (Fig. 4). Catechol exerted the highest effects on test 
plant since the application of 30 ppm resulted in the lowest values of radicle and shoot lengths (17.8% and 
30.2% of the control, respectively).  The effect of rutin tri-hydrate on the test plant was better than catechol. For 
example, at 40 ppm, the germination percentage and seedling length of the test plant were completely inhibited 
in the case of catechol and reached the lowest values in the case of rutin tri-hydrate (Fig. 3). 

In order to make a quantitative comparison between the effects of phenolic compounds (catechol and 
syringic acid) and the flavonoid (rutin tri-hydrate) the data lengths (mm) of radicle and shoot were used to find 
regression equations (Table 6). The half maximal inhibitory concentration (IC50) of the different treatments 
could be arranged into the following order: catechol > rutin tri-hydrate > syringic acid. Catechol showed the 
highest inhibition since the IC50 reached 19.1 ppm in the case of roots, followed by rutin tri-hydrate which had 
the IC50 of 29.5 ppm. The IC50 of syringic acid (ranged from 111.6 to 124.7 ppm). 

 

Discussion: 
 
The experimental results of this study demonstrate that the root and leaf of Pluchea dioscoridis extracted in 

water and used in Petri dish experiments or mulched on the soil surface have inhibitory effects upon the seed 
germination and seedling growth of itself and other test species. The inhibitory action of the target plant (P. 
dioscoridis) appears to be due to the role of specific chemicals. This notion is further supported from other 
experimental results which indicate that the soil obtained from the rhizosphere zone of P. dioscoridis shrubs and 
planted with the seeds of it or of other test species caused growth reductions in the resulting seedlings. About 20 
classes of secondary metabolites are produced by living organisms, stored and released into the rhizosphere 
(Waller et al. 1999). These compounds have biological activity as well as undergo microbial transformation and 
degradation. Several secondary metabolites were isolated from P. dioscoridis, such as flavonoids, tri-terpenoids, 
sesquiterpenoids, pluchecin and thiophene derivatives (Zaghloul, 2005). As a chemical class, the phenolics have 
been isolated from species of Pluchea, such as P. lanceolata (Inderjit and Dakshini, 1992), P. indica (Normala 
and Suhaimi, 2011) and Conyza species, such as C. albida (Economou et al., 2002), C. sumatrensis (Chai et al., 
2008) and C. canadensis (Djurdjević  et al., 2011). The results of the present study report for the first time the 
phenolic compounds in P. dioscoridis and the quantification of some individual compounds by HPLC. Phenolic 
compounds are a class of the most important and common plant allelochemicals in the ecosystem (Li et al., 
2010). The inhibitory action of the aqueous extracts or mulch of P. dioscoridis is possibly attributed to the 
presence of phenolic compounds. 

The discrepancy between the contents of the total phenolic compounds determined by Folin Ciocalteu�s 
phenol reagent and the sum of the individual phenolic compounds determined by the HPLC analysis was 
discussed by Box (1983) to be related to the presence of a variety of compounds, other than phenolic acids in the 
aqueous extract of the plant and soil. The compounds react (i.e., reduce) the reagents of the spectrophotometric 
method, resulting in the observed overestimations in the case of root (see Fig. 2 and Table 5). The quantification 
of phenolic compounds by HPLC analysis does not have the above mentioned problems (Blum, 2011). The 
discrepancy between the contents of the total phenolic compounds in the non rhizospheric soil determined by 
the HPLC method (0.056 mg g-1 soil) and by the Folin Ciocalteu�s phenol reagent method (0.36 mg g-1 soil) 
indicates two possibilities. First, the presence of phenolic compounds other than gallic and vanillic acids which 
could not be detected and matched with the authentic samples of phenolic compounds analyzed by the HPLC 
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method. Second, the presence of some other compounds in the extract of the non rhizosphere soil which 
interfere with the reagents of the Folin Ciocalteu�s phenol reagent method (Blum et al., 1991). 

The analysis of the total phenolic compounds in the rhizospheric soil of P. dioscoridis showed that it was 
lower (3.052 mg g-1 soil) than that in the forest peat bog (6.561 mg g-1 soil) reported by Djurdjević et al. (2003) 
and higher than in a mixed Austrian and Scots pine forest and beech-fir forest (Djurdjević, 1998). In a recent 
study on P. canadensis populations, the content of total phenolics in the sandy soil under the plants was 270 µg 
g-1soil (Djurdjević  et al., 2011),  which is about 11 times lower than that in the clay soil supporting P. 
dioscoridis plants of the present investigation. Moreover, the rhizospheric soil contained about 2.3 folds more 
gallic acid and 7.5 folds more vanillic acid and total phenols than the non rhizospheric soil (Table 5).  Catechol 
and 4-chlorophenol were only present in the rhizospheric soil and in the root. The presence of non statistically 
significant differences between the contents of total phenols in the root of P. dioscoridis and in the rhizospheric 
soil (Fig. 2) possibly reflects that the phenols in the later may be derived from the leaf and root materials 
mulched on the soil from the roots as root exudates, released during root degradation in the soil or leached out 
from the litter on soil surface. Accordingly, water soluble phenolic compounds are released onto the soil and 
possibly affect seed germination and establishment of seedlings of the target plant and associating species. The 
underground parts of annual and perennial plants produce extensive amounts of root exudates (Bertin et al., 
2003). The role of root exudates in allelopathic interference has been well documented (Inderjit and Weston, 
2002; Inderjit and Duke, 2003). Centaurea maculosa Lam. (Asteraceae) exudes both enantiomers of the 
polyphenol (±)-catechin from its roots (Bais et al. 2003) which exert negatively affect the germination, growth 
or survival of a number of species (Thorpe et al., 2009). Several phenolic compounds, such as vanillic acid, p-
coumaric acid, p-hydroxy benzoic acid, protochatechuic acid, catechol and gallic acid, tested alone and in 
combinations were able to inhibit enzymatic activity during germination (Muscolo et al., 2001) and act as plant 
growth inhibitors (Bertin et al., 2003). 

The experimental results demonstrated that P. dioscoridis has autotoxic and allelopathic effects. 
Autotoxicity is an intraspecific allelopathy which occurs when a plant species releases chemical substances that 
inhibit or delay the germination and growth of the same plant species (Putnam et al., 1983). In the present study, 
it is apparent that the chemical substances released from P. dioscoridis and affected itself were those present in 
the aqueous extract of leaf or root and in the dry plant material mulched on the soil.  Autotoxicity has been 
identified in many field crops, agricultural weeds (Wu et al., 2007) and desert plants (Hegazy and Fadl-Allah, 
1995). Cast et al. (1990) found a trend towards greater autotoxicity in the soil of wheat by wheat under no-till, 
concluding that accumulation of phytotoxic chemicals occurred. The propagules of P. dioscoridis are provided 
with pappus that aid in wind dispersal away from the mother plant. This mechanism of dispersal possibly 
reduces the intraspecific competition for resources, competition between individuals of the same species 
(Molles, 2005). This raises the question, what is the significance of autotoxicity in P. dioscoridis which has 
populations resulting from individuals established from wind dispersed propagules? It is assumed that the 
allelopathic compounds leach out of the litter of P. dioscoridis or exuded from the roots into the soil below the 
shrub negatively affect the source plant. However, this assumption is not valid since the source shrubs have deep 
roots (Shaltout and Slima, 2007) which avoid the allelopathic compounds leached by their own litter and 
accumulated in the soil layer below the plants. 

The variable allelopathic efficacy of P. dioscoridis among the test plants of this study may enable it to 
inhabit different environments. This conclusion is further supported from my field observations during this 
investigation and from the previous studies which indicate that the target plant grows everywhere near water 
banks, ways and marshes (Simpson, 1932), in reclaimed areas and in abandoned fields (Shaltout  et al., 1999). 

The observed differences in the response of each test species to the aqueous extract and/or the mulching 
with the leaf or root of P. dioscoridis appear to be species dependant. The data of the dry weight reductions 
indicated that both Corchorus olitorius and Eruca sativa were tolerant to the effects of the treatments with 
aqueous extract and mulching with leaf of P. dioscoridis in comparison to other species tested. These different 
responses could be attributed to the presence of different concentrations of allelochemicals (phenolic 
compounds analyzed in root and leaf of P. dioscoridis) and/or the type and nature of the phenolic compound 
specific to the organ used (aqueous extract or mulch of root or leaf). Orcutt and Nilsen (2000) suggested that the 
ability of plants to tolerate the allelochemicals depends upon the following: (i) reduction of the uptake of the 
allelochemical by the root, (ii) compartmentalization of allelochemicals away from target position into 
depository sites and their excretion and (iii) detoxification. 

Compared to several literature sources, it is apparent that the ranges of total phenolic compounds (3.6-6.6 
mg g-1 dry weight) and total flavonoids (5.7-10.43 mg g-1 dry weight) in P. dioscoridis although narrow are not 
always consistent with the contents of other species. In the seeds and sprouts of Amaranthus cruentus (red 
amaranth) and Chenopodium quinoa (quinoa), (Paśko et al., 2008) the ranges of total phenolics (0.46-0.49 mg g-

1 dry weight) and total flavonoids (0.69-3.04 mg g-1 dry weight) were lower than those in P. dioscoridis of the 
present study. Moreover, the contents of the total phenolic compounds in P. dioscoridis lie within the ranges 
reported by Andarwulan et al. (2010) in 11 Indonesian vegetables, but the contents of total flavonoids in the 
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same plant were lower than the range in the vegetables analyzed. For example, in the analyzed vegetables the 
total phenolics ranged from 4.45 to 11.43 mg g-1 dry weight in Portulaca oleracea and Cosmos caudatus, 
respectively, while the total flavonoids ranged from 0.04 to 3.8 mg g-1 dry weight, respectively. 

 

 
Fig. 1: Effect of rhizospheric (RS) and non rhizospheric soil (NRS) collected from the natural habitat of Pluchea 

dioscoridis on dry weights of its own shoots (A) and roots (B) and of other test plants. Each value is the 
mean of 4 replicates. Vertical line above each bar represents ± one standard deviation. The asterisks 
above columns indicate that the NRS and the RS are significantly different at p <1% (**) and p< 5% (*) 
levels of probability. 

 

 
 
Fig. 2: The content (mg g-1 dry weight) of total phenols (determined as catechol equivalence) and flavonoids 

(determined as kaempferol equivalence) in the leaf and root of Pluchea dioscoridis and in the 
rhizospheric (RS) and non-rhizospheric soils (NRS) collected from the natural habitat in March 2011. 
Each value is a mean of six replicates obtained from 6 individual plant samples or soil types. Vertical 
lines above bars represent ± one standard deviation. In each category (total phenols or total flavonoids), 
the bars with different letters are significantly different at p<5% level of probability. 
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Fig. 3: Effect of different concentrations (ppm) of catechol and rutin trihydrate on lengths (mm) of radicle and 
shoot of Corchorus olitorius seedlings. The seeds have been germinated for 7 days in the dark at 
27±1.5◦C. Each value is the mean of 4 replicates. Vertical line above each bar represents one standard 
deviation. Comparisons of the different concentrations of each category are significantly different at 
0.1% level of probability when the bars have different letters. 

 

 
 

Fig. 4: Effect of different concentrations (ppm) of syringic acid on lengths (mm) of radicle and shoot of 
Corchorus olitorius seedlings. The seeds have been germinated for 7 days in the dark at 27±1.5◦C. 
Each value is the mean of 4 replicates. Vertical line of each point represents one standard deviation. 
Comparisons of lengths at different concentrations of each category are significantly different at 0.1% 
level of probability when the data points have different letters. 

 
Four phenolic compounds (gallic acid, syringic acid, catechol and vanillic acid) were detected in the leaf 

and root of P. dioscoridis. The same compounds were isolated from Conyza canadensis by Shaukat et al. (2003) 
and Djurdjević et al. (2011). Moreover, the present study revealed that both 4-chlorophenol (detected in the leaf 
and root of P. dioscoridis) and p¬-nitrophenol (detected in the leaf) were not reported in C. canadensis 
(Djurdjević et al., 2011). 

The effects of individual phenolic compounds of catechol, syringic acid and the flavonoid rutin-trihydrate 
on growth of the test plant C. olitorius varied considerably. In the present study, catechol was inhibitorier than 
both syringic acid and rutin tri-hydrate. These variable effects of individual phenolic compounds agree with 
previous published studies. Gerig and Blum (1991) and Blum and Gerig (2005) reported that cinammic acids 
(such as caffeic and ferulic acids) are frequently more inhibitory than benzoic acids (such as vanillic and 
syringic acids) in soil systems. This is further supported from the results of the IC50 (the half maximal 
inhibitory concentration) of each phenolic compound or rutin tri-hydrate revealed that low concentrations of 
catechol showed the highest inhibition (range: 19.1 to 22.6 ppm) followed by rutin tri-hydrate (range: 27.2 to 
32.1 ppm) and syringic acid (range: 111.6 to 124.7 ppm). 
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Table 1: Effect of different concentrations of aqueous leaf extract of Pluchea dioscoridis on germination percentage (G%), lengths (mm) of 
radicle (RL) and  shoot (SL) of itself and other test plants. The seeds have been germinated for 7 days in the dark at 27◦C ± 1.5. 
Each value is the mean of four replicates followed by ± one standard deviation. The values between brackets are the percentages of 
control (seeds germinated in distilled water). In each column the values followed by asterisks indicate that they are different from 
the control at p < 1% (**) and p < 5% (*) levels of probability. 

Extract 
Concentration 
(%) 

Corchorus olitorius Lepidium sativum Cynodon dactylon Pluchea dioscoridis 
 
G (%) 

 
RL 

 
SL 

 
G (%) RL SL G (%) RL SL G (%) 

 
RL 

 
SL 

0 49.8± 
0.5 
(100) 
 

44.8± 
2.8  
(100) 

38.6± 
10.1 
(100) 
 

50.0±
0.0 
(100) 

54.0±
1.9 
(100) 

48.0±
0.4 
(100 
 

40.3±
7.3 
(100) 

16.9±
1.4 
(100) 

17.6±
0.8 
(100) 

40.6± 
1.7 
(100) 

5.5± 
2.7 
(100) 

8.9±
0.9 
(100) 

0.5 47.5± 
1.3 
(95.4) 

38.1± 
1.8** 
(85.1) 

29.4± 
1.6** 
(76.2) 

33.3±
2.8**  
(66.6) 

45.7±
1.4 
(84.6) 

47.2±
3.1 
(98.3) 

21.3±
2.6** 
(52.9) 

12.5± 
0.5** 
(74) 

16.3±
0.1 
(92.6) 

22.3± 
2.2** 
(54.9) 

4.8± 
0.7 
(87.3) 

3.5±
0.8** 
(39.3) 

1 45.0± 
0.8 
(90.4) 

33.6± 
1.3** 
(75) 

27± 
1.5** 
(70) 

9.8±
1.7** 
(19.6)

33.0±
4.8** 
(61.1)

34.7±
3.4** 
(72.3)

11.0±
3.4**   
(27.3)

9.4±
1.6** 
(55.6)

11.5±
2.4** 
(65.3)

17.5± 
2.1** 
(43.1) 

1.5± 
0.4** 
(27.3) 

3.2±
1.9** 
(36)

2 40.5± 
1.3** 
(81.3) 

26.6± 
5.5** 
(59.4) 

25.9± 
2.6** 
(67.1) 

5.0±
1.8** 
(10) 

5.4±
1.6** 
(10) 

0.5±
0.5** 
(1) 

3.3±
3.2** 
(8.2) 

0.4±
0.5** 
(2.4) 

0.05±
0.1** 
(0.3) 

15.0± 
4.8** 
(37) 

0.9± 
0.1 ** 
(16.4) 

0.7±
0.3** 
(7.9) 

4 33.3± 
3.4** 
(66.9) 

12± 
1.3**   
(26.8) 

27.1± 
4.7** 
(70.2) 

1.8±
1.0** 
(3.6) 

0.2±
0.15** 
(0.4) 

0.06±
0.08** 
(0.13) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

11.3 
±1.** 
(27.8) 

0.8± 
0.1** 
(14.6) 

0.5±
0.3** 
(5.6) 

6 17.3± 
5.6** 
(34.7) 

12± 
1.3**   
(26.8) 

20.4± 
3.2** 
(52.9) 

0.0±
0.0** 
(0) 

0.0±
0.0** 
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

0.0± 
0.0**   
(0) 

 
Table 2: Effect of different concentrations of aqueous root extract of Pluchea dioscoridis on germination percentage (G%), lengths (mm) of 

radicle (RL) and shoot (SL) of itself and other test plants. The seeds have been germinated for 7 days in the dark at 27◦C ± 1.5. 
Each value is the mean of 4 replicates followed by ± one standard deviation. The values between brackets are the percentages of 
control (seeds germinated in distilled water). In each column, the values followed by asterisks indicate that they are different from 
the control at p < 1% (**) and p < 5% (*) levels of probability. 

Extract 
Concentration 
(%) 

Corchorus olitorius Lepidium sativum Cynodon dactylon Pluchea dioscoridis 
G (%) RL SL G (%) RL SL G (%) RL SL G (%) RL SL

0 49.5± 
0.6 
(100) 

44.5± 
1.0 
(100) 

46.8± 
2.5 
(100) 
 

48.5±
1.3 
(100) 

36.5±
1.7 
(100) 
 

46.0±
1.63 
(100) 

47.8±
1.5 
(100) 

25.8±
3.0 
(100) 

25.6±
1.7 
(100) 
 

42.5± 
1.0 
(100) 
 

10.5± 
0.6 
(100) 

10.8±
0.5    
(100) 

0.5 46.3± 
1.0 
(93.5) 

36.3± 
2.6** 
(81.6) 

44.25± 
3.0 
(94.6) 

44.0±
1.8   
(90.7) 

31.0±
2.2* 
(84.9) 

44.3±
2.15 
(96.3) 

42.3±
2.2 
(88.5) 

17.8±
1.7** 
(69) 

24.3±
1.3 
(94.9) 

36.3± 
3.0* 
(85.4) 

9.5± 
0.6 
(90.5) 

10.3±
0.5 
(95.4) 

1 42.8± 
2.5** 
(86.5) 

36.3± 
2.6** 
(81.6) 

44.0± 
0.8 
(94.0) 

36.0±
2.8** 
(74.2) 

23.5±
2.4** 
(64.4) 

39.8±
3.59 
(86.5) 

34.8±
2.2** 
(72.8) 

13.0±
0.8** 
(50.4) 

21.5±
1.9* 
(84) 

23.0± 
3.2**   
(54.1) 

8.0± 
0.8** 
(76.2) 

9.5±
0.6 
(88) 

2 37.5± 
1.3** 
(75.8) 

19.6± 
1.0** 
(44.0) 

34.3± 
2.5** 
(73.3) 

29.3±
1.7** 
(60.4) 

22.8±
1.0** 
(62.5) 

39.0±
2.0* 
(84.8) 

22.5±
2.1** 
(47.1) 

10.8±
0.5** 
(38.8) 

22.0±
0.8   
(85.9) 

14.8± 
4.4** 
(34.8) 

5.3± 
1.3** 
(50.5) 

6.3±
2.1** 
(58.3) 

4 35.8± 
2.2** 
(72.3) 

13.8± 
2.5 
(31.0) 

37.0± 
7.1** 
(79.1) 

5.8±
3.3** 
(13) 

14.8±
1.5** 
(40.5) 

35.0±
1.6** 
(76.) 

15.5±
1.3** 
(32.4) 

8.5±
1.0** 
(33) 

15.5±
2.4** 
(60.6) 

6.3± 
2.2**   
(14.8) 

2.8± 
0.5** 
(26.7) 

2.0±
0.9** 
(18.5) 

6 24.8± 
1.0** 
(50.1) 

8.5± 
0.6** 
(19.1) 

32.3± 
1.7** 
(69) 

1.3±
1.9** 
(2.7) 

4.0±
7.4** 
(11) 

0.03±
0.07** 
(0.1) 

0.5±
0.9** 
(1.1) 

0.1±
0.2** 
(0.4) 

0.0±
0.0** 
(0) 

0.0± 
0.0** 
(0) 

0.0± 
0.0** 
(0) 

0.0±
0.0** 
(0) 

 
Table 3: Effect of different rates of mulching with Pluchea dioscoridis leaves (g plant material on the surface of the pot [diameter = 18 cm] 

containing 2 kg air dry clay soil) on dry weights (mg) of roots (RDW) and shoots (SDW) of itself and different test plants grown 
in a fenced area under the prevailing natural conditions during June 2010. The dry weights were measured after 35 days from 
emergence. Each value is the mean of 4 replicates followed by ± one standard deviation. The values between brackets are the 
percentages of control (no mulching). In each column, the values followed by asterisks indicate that they are different from the 
control at p < 1% (**) and p < 5% (*) levels of probability. 

Mulching 
rate 
(g) 

Corchorus olitorius Lepidium sativum Cynodon dactylon Pluchea dioscoridis 

RDW SDW RDW SDW RDW SDW RDW SDW 

0 900±82          
(100) 

1025±50         
(100) 

175±150
(100) 
 

425±126
(100) 

175±96
(100) 

1000±0.
0 
(100) 

1500±577 
(100) 

4500±577
(100) 
 

11.5 225±50**      
(25) 

335±202**    
(32.7) 

55±13**        
(31.4) 

53±30**         
(12.5) 

25±6**           
(14.3) 

100±0.0
** 
(10) 

108±64**        
(7.2) 

2000±0.0**      
(44.4) 

23 35±6**          
(3.9) 

125±50**      
(12.2) 

20±8.2**       
(11.4) 

28±19**         
(6.6) 

13±5**           
(7.4) 

20±0.0*
* 
(2) 

30±8.2**            
(2%) 

350±173**       
(7.7) 

46 0.0±0.0**      
(0) 

0.0±0.0**       
(0) 

0.0± 0.0**   
(0) 

0.0±0.0**       
(0) 

0.0±0.0**       
(0) 

0.0±0.0*
* 
(0) 

0.0±0.0**           
(0) 

0.0±0.0**         
(0) 
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Table 4: Effect of different rates of mulching with Pluchea dioscoridis roots (g plant material on the surface of the pot [diameter = 18 cm] 
containing 2 kg air dry clay soil) on dry weights (mg) of roots (RDW) and shoots (SDW) of itself and different test plants grown 
in a fenced area under the prevailing natural conditions during June 2010. The dry weights were measured after 35 days from 
emergence. Each value is the mean of 4 replicates followed by ± one standard deviation. The values between brackets are the 
percentages of control (no mulching). In each column, the values followed by asterisks indicate that they are different from the 
control at p < 1% (**) and p < 5% (*) levels of probability. 

Mulching rate 
(g) 

Corchorus olitorius Lepidium sativum Cynodon dactylon Pluchea dioscoridis 
RDW SDW RDW SDW RDW SDW RDW SDW 

0 850±238 
(100) 

1075±96      
(100) 
 

325±96 
(100) 

475±96 
(100) 

150±58         
(100) 

225±96         
(100) 
 

1275±96       
(100) 

4475±359     
(100) 
 

11.5 150±58** 
(15.6) 

575±96**     
(53.5) 

108±64**     
(32.9) 

300±82**   
(63.2) 

25±6**         
(16.7) 

55±31**       
(24.4) 

400±82**     
(31.4) 

1025±150*
*    (22.9) 

23 15±5.8** 
(1.8) 

100±0.0**    
(9.3) 

35±5.8**      
(10.8) 

93±96**     
(19.6) 

10±0.0**      
(6.7) 

15±6**         
(6.7) 

40±8.2**      
(3.2) 

175±96**     
(3.9) 

46 0.0± 0.0** 
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

0.0±0.0**     
(0) 

 
Table 5: Quantitative determination by HPLC of the retention time (minutes) and concentrations (mg ml-1) of seven standard phenolic 

compounds  and two falvonoids (rutin trihydrate and kaempferol)  and their contents (mg g-1 dry weight) in the aqueous extracts of 
leaf and root of Pluchea dioscoridis, in rhizospheric and  non rhizospheric soil supporting the plant in its natural habitat. The sign 
“- “denotes that the compound was not detected in the analyzed plant and soil samples. 

Compound Leaf 
(mg g-1  
dry weight) 

Root 
(mg g-1  
dry weight) 

Soil 
(mg g-1 dry weight) 

Name Retention 
time (min) 

Concentration 
(mg ml-1) 

 
Rhizospheric 

 
Non rhizospheric 

Gallic acid 1.198 0.28 0.41 0.17 0.12 0.052 
Syringic acid 1.524 0.30 1.79 2.95 - - 

Catechol 2.051 0.60 0.46 0.28 0.142 - 

P-nitrophenol 4.469 1.03 - 1.6 - - 
4-chlorophenol 7.009 1.07 - 0.13 2.76 - 

4-chloro-3-
methylphenol 

9.098 1.38 - - - - 

Vanillic acid 1.972 1.25 0.03 0.14 0.03 0.004 

Rutin tri-hydrate 2.234 1.52 0.052 0.0072 - - 
Kaempferol 5.625 1.30 - - - - 

     
Table 6: Regression analyses of the relationships expressing the effect of the different concentrations (ppm) of catechol, syringic acid and 

rutin trihydrate on the lengths (mm) of radicle (RL) and shoot (SL) of the test species Corchorus olitorius. The seeds have been 
germinated for 7 days in the dark at 27◦C ± 1.5. Data were fitted to the function of x = a – by, where x represents the concentration 
(ppm), y is change in the parameter tested. The IC50 represents the concentration of the compound (ppm) that is required for 50% 
inhibition of the parameter tested.  

Compound Parameter 
(Y) 

a b Probability level (p) IC50 (ppm) 

Catechol RL 38.6 -1.07 �0.001 19.1 

SL 40.8 -1.02 �0.001 20.5 
Syringic acid  RL 198.0 -4.39 0.002 112.4 

SL 2.13 -4.53 0.001 111.6 

Rutin tri- hydrate RL 53.3 -1.56 0.004 29.5 
SL 54.6 -1.36 0.002 27.2 

 
Conclusions: 

 
The results of the present study revealed that the allelopathic potential of Pluchea dioscoridis could be 

related to the presence of phenolic compounds in the leaf and root as well as in the rhizosphere of the soil 
supporting the plant in its natural habitat. Moreover, the target plant is sensitive to the compounds present in its 
aqueous extract and to those present in the soil supporting its root, a phenomenon known as autotoxicity. The 
results also indicated that the effects of different concentrations of catechol, syringic acid, as well as, rutin tri-
hydrate individually which mimicked their contents in the plant organs, on the test plant Corchorus olitorius 
varied considerably. Catechol was inhibitorier to seed germination and growth of the test plant followed by 
rutin-trihydrate and syringic acid. Previous studies revealed that the extracts and/or the residues of some weeds 
may be used as herbicides to control the germination and growth of other plants (Kadioiglu, 2004). The 
autotoxic and the allelopathic behavior of Pluchea dioscoridis of this study together with the inhibitory effects 
of the phenolic compounds in its aqueous extract suggest that this plant and/or the allelochemicals present in it 
are promising tools for further studies to prepare a bio herbicide to control the germination and growth of other 
plants. Further field and laboratory studies of the interactions between the plant extract, the residues, and the 
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allelochemicals with other plants, microorganisms and the soil, could provide important clues to further clarify 
the allelopathic phenomenon and consequently in the production of natural herbicide. 
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